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4 Number of Assignments planned 4’
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Reference material
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Mid-Semester Review
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1, Is the attendance updated on ERP?
2 Percentage of students who are not meeting the attendance 37 ./’
criteria of 75%
3. Pass percentage in Internal Assessment so far 15 '/-
4, Identification and motivation advanced learners \//QEQWC H oy
(Advanced learner sheet attached) ‘ LPCOMING SYSTH Nﬁﬁﬁgﬁﬁfﬁlj
5, IAdentification and remedial classes for slow learners (Slow \/ @xfﬁT
learner sheet attached) ATTAC HED)

Dean’s Review and recommendations
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End-Semester Review

1. Is the attendance updated on ERP? s/No
2, Percentage of students who are not meeting the attendance 6 .
. criteria of 75% XA
3. Pass percentage = 5"/ .
Summary of CO attainment
5 Student Feedback
/
6. Exit Feedback by faculty member for improvement in future g URRWT

Dean’s Review

(Signature of Faculty Member with Date) (Signature of Dean with Date)
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ELECTIVE COURSE

Course Title : Allied Fields 3 (Sustainable Materials and Green Buildings)

Course Code : 21IBAR6GAL31S

Course Credits +3

Teaching Mode

TEACHING EXAMINATION SCHEME

HOURS/WEEK

COURSE COURSE TITLE
CODE

21BARGAL31S [Allied Fields 3 (Sustainable
i Materials and Green

Buildings)

Course Objectives

To understand the concept of Sustainability in the context of buildings and conventional engineered building
materials.

Course Qutcomes

The student will be able to

COL1: Understand the role of materials in the Building sector and other disciplines.
CO2: Determine embodied energy and carbon content of buildings.

CO3: Explore performance rating of green buildings and zero energy building.

Course Content

Module 1:

Introduction and definition of Sustainability. Carbon cycle and role of construction material such as concrete and steel,
etc. CO2 contribution from cement and other construction materials. Construction materials and indoor air quality.
No/Low cement concrete.

Module 2:

Recycled and manufactured aggregate. Role of QC and durability. Life cycle and sustainability. Components of embodied
energy, calculation of embodied energy for construction materials. Exergy concept and primary energy. Embodied energy
via-a-vis operational energy in conditioned building. Life Cycle energy use.

Module 3:
Control of energy use in building, ECBC code, codes in neighboring tropical countries, OTTV concepts and calculations,
features of LEED and TERI Griha ratings.

Module 4:
Role of insulation and thermal properties of construction materials, influence of moisture content and modeling.
Performance ratings of green buildings. Zero energy building.

PEDAGOGY

® Lecture about the given topic e —

® Predominantly, discussions in the classroom £ )t
® Research on topics
® Site Visits relevant to the topics being studied

{
\ \ | | \ % ' ’ ‘ /& ’,"l
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®  Analysis based learning
® C(Case Studies

Text Book :
® Newman, ]. and Choo, Ban Sang, Advanced Concrete Technology-Constituent Materials, 1st Edition,
Elsevier, 2003
® McQuiston, F.C, and Parker, ].D. Heating, Ventilating, and Air Conditioning, Analysis and Design, Fourth
Ed. John Wiley & Sons, Inc,1994.
® Green Building Basics, California Integrated Waste Management Board
(Www.ciwmb.ca.gov/GREENBUILDING/Basics.htm#\X/hat)

Resoutces :

Suggested Readings
1. Kubba, S, LEED Practices, Certification, and Accreditation Hand book, 1st ed. Elsevier, 2010.

2. TERI-Griha’s Green Design practices (www.tetiin.org/bcsd/griha/griha.htm)

3. Minsitry of Power, Energy Conservation Building Code 2018, Revised Version, Bureau of Energy
Efficiency, 2018

Course Assessment Scheme

Intermediate Reviews by Internal Faculty : 100 Marks
Total : 100 Marks
INTERNAL 1 (I1) INTERNAL 2 (12)
Contin i Contin Internal Test /
ontinuous n nternal Tes ;
o Problem / | Internal Test / e . i . MSE T ESE
Evaluation ; : _ Evaluation Time Quiz / Project
; Seminar Quiz / Project . . 11 +12)
(Assignment, s (Assignment, Problem Presentation
P fation) (Open Presentation P e (Bxt %)
resentation ern.
o Book®) resentation) X a
20 J 10% 10 30 10 20 100

PROGRAM OUTCOME - (PO)

Upon successful completion of this program of study, the graduates shall:

Demonstrate a high degree of critical thinking, technical competence and skills related to thebuilt
environment (knowledge and skill)

PO1

PO2 | Exhibit knowledge of emerging tools and techniques in the field of architecture (tools andtechnology)

[ustrate understanding of the social, cultural, political and ecological factors affecting the built

PO3 .
.| environment (context)
- Examine and analyse the built environment through research and critical thinking (ctiticalthinking)
POS Show the ability to represent the ideas/concepts using appropriate media and skill sets.
(communication)
POE Exhibit high degree of ethical and professional standards. (ethical and professional understanding)

e ———

{ Sy |5}
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PO7 | Demonstrate the ability to work in a collaborative environment. (collaborative engagement)

POS Understand the importance and impact of proposed solutions on environment for a sustainable
development (environment and sustainability)

Exhibit resilient leadership and the ability to evaluate situations to achieve goals (leadership and

PO9
management)

PROGRAM SPECIFIC OUTCOME (PSO)

® PSO1: Demonstrate design thinking through technical, theoretical, conceptual and analytical skills of architecture
for enriching the lives of communities

¢ PSO2: Apply the knowledge and skills gained through fundamental/foundation of hands on learning, critical
thinking, heritage, sustainability and arts in the built environment

e PSO3: Implement the understanding gained through experiential learning, industry connect national and
international collaborations in the field of architecture

® PSO4: Show the ability to evaluate, adapt and achieve goals, acknowledging the changing trends and technology
in the built environment

Mapping of COs and PSOs

Note : H= High relationship (covers up t0 75-95% of //lc desired outeome); M=Medium (covers up to 50 to 75%); =1 ow
(covers up 10 10-50% of the desired ontcome)

Mapping of COs and POs

Note : FH= High relationship (covers up to 75-95% of the desired onteome); M=Mediun (covers up to 50 to 75%); I=Low
(covers up to 10-50% of the desired ontcome)

School of Art and Architecture, Sushant University Document
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Program: Bachelor of Architecture (B.Arch.)
COURSE OUTLINE- [LESSON PLAN]

Course Title: Allied Fields 3 (Sustainable Materials and Green Buildings)
Course Code: 21BARGAL31S

Semester: 5th Academic Session: Core/Elective: Elective Credits: 3
Odd - 2024-25
Course Designed by: Dr. Purva Mujumdar Course Instructor: Dr. Purva Mujumdar

E-mail: purvamujumdatr@sushantuniversity.edu.in | E-mail:

purvamujumdar@sushantuniversity.edu.in

Pre-requisites :NA ~ QUSTAIN ABLE  APPROACH ES

1. Course Outcomes: Upon successful completion of the course, the student should be able to

CO1: Understand the role of materials in the Building sector and other disciplines.
CO2: Determine embodied energy and carbon content of buildings.
CO3: Explore performance rating of green buildings and zero energy building.

2. Text Books

1.

2;

Newman, ]. and Choo, Ban Sang, Advanced Concrete Technology-Constituent Materials,
1st Edition, Elsevier, 2003

McQuiston, F.C., and Parker, ].D. Heating, Ventilating, and Air Conditioning, Analysis and
Design, Fourth Ed. John Wiley & Sons, Inc,1994.

Green Building Basics, California Integrated Waste Management Board
(www.ciwmb.ca.gov/ GREENBUILDING/Basics.htm#What)

3. Reference Books

1.

2.
3.

Kubba, S, LEED Practices, Certification, and Accreditation Hand book, 1st ed. Elsevier,
2010.

TERI-Griha’s Green Design practices (www.tetiin.org/besd/griha/griha.htm)

Minsitry of Power, Energy Conservation Building Code 2018, Revised Version, Bureau of
Energy Efficiency, 2018



4. Lecture Plan (Total Sessions —15)
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Week | @ Performance 5.11.2024 PPT + Software L C/Q,«

12 ratings of 5 \ ] Demo P
green 7o ‘;é
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® Zero energy Wf g
building. Ao i
Week 12.11.2024 g
13
Week 19.11.2024 (End Term Submission) 60%
14
Week 26.11.2024 (Remedial Week)
15

Aim/ Objectives

The aim of this course is to expose the students to the concepts of sustainability in the context of building
and conventional engineered building materials, such as concrete, bricks, and achieving the same through
lower carbon cements, superior brick kilns and recycled aggregate minimizing consumption of natural
resources including water. VOC and indoor air quality. Exposing the student to concepts of embodied,

operational and life cycle energy, minimizing energy consumption by optimal design, use of BIPV. The
_course also intends to make student aware of ECBC, LEED, GRIHA etc.

Course Description

This course deals with the Sustainable Materials and Green Buildings minimizing carbon content of the
Buildings and energy consumption.

Teaching Method

® [ecture about the given topic

Predominantly, discussions in the classroom
Research on topics

Site Visits relevant to the topics being studied
Analysis based learning

Case Studies

Approach

This course shall be taught with class lectures on the relevant topics, class presentations with involvement
of students, case studies, site visits, class discussions etc. The goal is to achieve basic qualitative
understanding of sustainable materials and green buildings theory in order to minimize carbon content
of the buildings. Introduction of project related topics and assighments for presenting technical
information to students.




Deliverables

Assignment | Assignment Specifications Weightag | Submission Course
No. Type e Date Outcomes
Assessment 1 Individual Presentation/Report on 20% 3.09.2024 CO1
s Traditional Building
luash Rainng Materials and their
Carbon Content
Assessment 2 Individual Presentation/Report on 20% 1.10.2024 CO2
i Sustainability and
(A4 print) Embodied energy
Assessment 3 Individual Presentation/Report on 30% 22.10.2024 | CO1, CO2,
. Life cycle energy use, CO3
(kB ECBC, GRIHA and
LEED Rating
Assessment 4 Individual Presentation/Report on 30% 19.11.2024 CO3
A Performance rating of
( ity green buildings and
zero energy building

Assessment Scheme

INTERNAL 1 (I1) INTERNAL 2 (I2)
Time

Continuous Problem / Continuous Internal Test / MSE

; Internal Test / p . Quiz / Project
Evaluation S tinas 2 / Project Evaluation Time 2} 11+ 12)
(Assignment, Quiz Tojee (Assignment, Problem Presentation

- O Presentation .
Presentation) (Open Presentation) (External**)

Book*)
20 10 10 30 10 20 100




GRADING CRITERIA AND ASSESSMENT RUBRICS APPLICABLE ON ALL

ASSIGNMENTS
Dimension Below Average Above Good Excellent
Average average
(5 to 6) (7 to 8) (8 to 10)
(0 to 5) (6 to 7)
Understandin | Lacked Little Fair knowledge | Good knowledge | Excellent, Able
g of the technical knowledge not | capable of and mquisitive to answer
Topic: knowledge adequate to understanding queries
Technical understand
Knowledge
Application Unaware of | Little Fair and Good Very Good
of the application awareness capable of understanding of | understanding of
Knowledge of vatious application of | identification application of application of
' sustainable various various various various
materials sustainable sustainable sustainable sustainable
materials materials materials materials
Presentation: | Poor Quality of Fair quality of | Good quality of | Very good
Quality of quality/ work not up to | completed work includes quality of work
work mncomplete | standard of the | work lucid drawings includes well
work class and well- drawn drawings,
organized set of | with graphics,
drawings with text neatly
graphics organized
thereby resulting
in a professional
quality work.
Finishing of Inactive and | Active but less | Active and Active and Active and
presentation | lack of involved with involved involved with involved with
participatio | group complete interest | leadership
n members qualities
Compilation | Copied Not adequate Fair inputs Good work Very good work
of data visible relevant to the with respect to
topic the topic
Analysis of Inability Unable to Fair inputs Good work Very good work
data explain visible relevant to the with respect to
topic the topic
Participation | Poor Moderate Adequate Full Full

in class and
projects




Plagiarism

What is Plagiarism?

The theft of ideas (such as the plots of narrative or dramatic works) or of written passages or works,
where these are passed off as one's own work without acknowledgement of their true origin; or a piece
of writing thus stolen.

-- The Oxford Dictionary of Literary Terms. 2008. Oxford University Press.

Common Forms of Plagiarism

* Copying directly from others without acknowledgement of the original source

* Using ideas or rephrasing text from without acknowledgement of the original source
* Using charts, tables, pictures or diagrams from others without referencing

* Reusing some parts of your previous work

* Submitting other people’s work as your own

How to avoid plagiarism?
* Use your own ideas.
* Paraphrase + give proper credit to the original source.

* Use quotation marks when using exact words from other authors + give proper credit to the original
source.

* Organize and track your sources and materials
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Students List

Program: B.Arch.
Course Name: Allied Fields 3
Faculty: Dr. Putva Mujumdar

Total No. of Students enrolled in the course: 19

Sem: 5
Course Code: 2IBARGAL31S

soiring 49{/2

Shweta Sharma

Student Name Roll No
Chirag Yadav 220BARCH026
Rongsennukla Yaden 220BARCHO046
Annanya Bindal 220BARCHO016
Ishita Gupta 220BARCHO053
Simran thakran 220BARCHO008
Manaj Baweja 220BARCHO001
Amritam Gupta 220BARCHO022
Abeer Bhasin 220BARCHO036
Naveen Chauhan 220BARCHO048
Raghav Sethi 220BARCHO054
Dhruv Dogra 220BARCHO062
Aarushi Agrawal 220BARCHO010
Harshita Dang 220BARCHO047
Ronnit Garg 220BARCHO046
Rudra Pratap Singh 220BARCHO024
Rushil Soni 220BARCHO018
Shriya Khurana 220BARCHO018
Sudevi Gayen 220BARCHO15
220BARCHO005
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Sustainability in Building and Construction: Revising
Definitions and Concepts

Hossein Zabihi', Dr. Farah Habib', Leila Mirsaeedie'"*

'PhD, Assistant Professor ,Department of Art and Architecture, Science and Research Branch, Islamic
Azad University, Tehran, Iran.
2PhD candidate, Department of Art and Architecture, Science and Research Branch, Islamic Azad
University, Tehran, Iran.
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h.zabihi@srbiau.ac.ir, * architecture.doc@srbiau.ac.ir, > mirsaeedi@iaugonbad.ac.ir

Abstract. Building construction challenge, in recent years, is reduction of social,
economical and environmental impacts of buildings along with their economical
nature and increasing of life quality, and for these aims sustainable construction
becomes important as building construction has important role in sustainable
development. Sustainable development in any fields as construction and architecture
defines in any words and from different point of views. In this study by review and
studying definitions and concepts of sustainability in building and architecture
sector, as sustainable design, architecture and construction, a comprehensive
definition as Building sustainability model have been presented. Also, some aspects
and main categories of sustainability in architecture and building are presented.
Sustainability aspects in the building are categorized in four groups of
environmental, social, economical and technical issues. In each group some of
general factors are shown. The mentioned characteristics are some items consistent
with sustainability principles and goals and they are effective in fulfilling goals of
sustainability.

Keywords: Sustainability, sustainable design, Sustainable Construction, Sustainable
architecture, definitions and concepts, Building sustainability model.

1. INTRODUCTION

Building construction has important role in sustainable development, it is not only due
to participation in national economy, but it is due to the fact that constructed
environment has great influence on life quality, comfort, security, health, etc.

ol Corresponding author: Leila Mirsaeedie, Department of Art and Architecture, Science and Research
Branch, Islamic Azad University, Tehran, Iran. Fax: +982144865011, Tel: +989111704079, E-mail:
Imirsaeedi@gmail.com.
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Construction, maintenance and updating of constructed environment have potential
effects on environment, and buildings consume most of unrecoverable resources and
create great amount of waste, and buildings create half of the total carbon dioxide .[1]
The current building construction challenge is creating economical buildings that
increase life quality while reducing social, economical and environmental effects.[1]
Achieving sustainability in architecture and construction is the goal emphasized more
these days. There are many theoretical basics but some of them are not practical.
Vernacular architecture due to some of characteristics has many sustainability aspects,
but Architecture without sustainability as a serious challenge appeared after industrial
revolution. The technology and its achievements are mainly considered, and
architecture converts from "part of environment" to "separate from environment". So,
architecture destroys environment and it would be changing and also noneconomic
without adequate qualities. [2] In result, new solutions should be proposed to benefit
from technology in addition to interaction with environment.in this regard,
sustainability approach presented and defined in building and architecture sector to
improve these challenges.

2. DEFINITIONS AND CONCEPTS OF SUSTAINABILITY

2.1- Sustainability and sustainable development

Several attempts have been made to describe sustainability concept. Sustainable
development defines in any words and from different point of views. Sustainable
development is about ensuring a better quality of life for everyone, now and for
generations to come. This requires meeting four key objectives at the same time in the
world as a whole: [3]

e Social progress which recognizes the needs of everyone;

e Effective protection of the environment;

e Prudent use of natural resources;

¢ Maintenance of high and stable levels of economic growth and employment.

The main idea of sustainability is to concentrate on environmental conditions to
achieve a designed product with maximum internal attributes of environment so that it
can minimize the undesirable aspects of these constructions. Buildings must reply to
environment from design stage and settling when they are to decrease confronting with
nature. [3] Figurel presents another concept of sustainability principles. In table 2 some
of definitions about sustainability and sustainable development are presented.
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Table 2- selected concepts of sustainability

1

Sustainability

Sustainability

Sustainable
development

Sustainable
development

Sustainable
development

Sustainable
development

the concept of sustainability to be used in the corporate
community, developing the principle of triple bottom line.
Triple bottom line refers to the three prongs of social,
environmental and financial performance, which are directly
tied to the concept and goal of sustainable development. They
are highly interrelated and are of equal importance
Sustainability as a three-legged stool, with a leg each
representing ecosystem, economy and society. Any leg missing
from the ‘sustainability stool’ will cause instability because
society, the economy and the ecosystem are intricately linked
together.

". . . Requires meeting the basic needs of all people and
extending opportunities for economic and social advancement.
Finally, the term also implies the capacity of development
projects to endure organizationally and financially. A
development initiative is considered sustainable if, in addition
to protecting the environment and creating opportunity, it is
able to carry out activities and generate its own financial
resources after donor contributions have run out."

"[uses] . . . natural renewable resources in a manner that does
not eliminate or degrade them or otherwise demise their
renewable usefulness for futurc generations while maintaining
effectively constant or non-declining stocks of natural resources
such as soil, groundwater, and biomass.

"[is based on the premise that] . . . current decisions should not
impair the prospects for maintaining or improving future living
standards . . . This implies that our economic systems should be
managed so that we live off the dividend of our resources,
maintaining and improving the asset base.

".. . Is the search and the carrying out of rational strategies that
allow society to manage, in equilibrium and perpetuity, its
interaction with the natural system such that society, as a
whole, benefits and the natural system keeps a level that
permits its recuperation.”

Cooper
(2002)

Young
(1997)

Bread for
the
World,
1993.

Guide to
the
Global
Environ
ment,
1992.

R.
Repetto,
1986.

San Jose,
1993.

(4]

(4]

(5]

(3]

(3]

[3]
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sustainability
where the
circles/pillars
intersect

.

f human
systems

ecological
systems

N
?<
\

Figurel- pillar concepts of sustainability [6]

2.2- Sustainable Design and Architecture

In recent years, there has been an increasing amount of literature on sustainable
building and architecture. The main idea of sustainability is to concentrate on
environmental conditions to achieve a designed product with maximum internal
attributes of environment so that it can minimize the undesirable aspects of these
constructions. Buildings must reply to environment from design stage and settling when
they are to decrease confronting with nature.

environmental design as

follows: [3]

- Maximizing the human comfort

- Efficient planning

- Design for change

- Minimizing waste of spaces

- Minimizing construction expenses

- Minimizing buildings maintenance expenses

- Protecting (keeping) and improving natural values

Sustainability in architecture is referred to imagination of design and construction
for future. Sustainability not only aimed at physical Sustainability, but also sustaining
and protection of earth and its energy resources. Sustainable architecture. is integrating
two aims include technology and human's aims. International Council of Building (CIB)

573

The aims of sustainability in

e
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in 1994 defined the purpose of sustainable architecture creating and innovate an
artificial healthy environment based on ecologic design and resources efficiency. A
sustainable building is a building with the lowest inadaptability with artificial and
natural environment and it is including the building itself, surrounding environment,
regional and global environment. [7, 8]

In general and comprehensive definition, sustainable architecture is: sustainable
architecture is an architecture replying and interacting with environmental and local
conditions and it is trying to apply contexts ecological abilities to create desirable
environmental conditions; consequently, it is ecological equilibrium means it has
minimum damages on ecology in addition to its flexibility, adaptability and continuity
to changes and needs, and it is distinctive since it has some local attributes." [3,9]

2.3- Sustainable Construction

Sustainable construction is defined as "the creation and responsible management of a
healthy built environment based on resource efficient and ecological principles". [5]
The OECD project has identified five objectives for sustainable buildings: [5]

- Resource Efficiency

- Energy Efficiency (including Greenhouse Gas Emissions Reduction)

- Pollution Prevention (including Indoor Air Quality and Noise Abatement)

- Harmonization with Environment (including Environmental Assessment)

- Integrated and Systemic Approaches (including Environmental Management
System)

To sum up, in table 4 some selected definitions about sustainable construction and
building are shown.

Table 4- selected definitions of sustainable buildings and construction

1 Sustainable  Sustainable construction refers to construction activities whose [10]
construction  negative impacts are minimized and positive impacts
(SC) maximized so as to achieve a balance in terms of
environmental, economic and social performance.
2 Sustainable A high-performance property that considers and reduces its Yudelson  [10]
construction  impact on the environment and human health 2008
(8C)
3 Sustainable  Healthy facilities designed and built in a resource- efficient Kibert [10]
construction — manner, using ecologically based principles 2008
(8C)
4 Sustainable  "Sustainable building" can be defined as those buildings that OECD [6]
building have minimum adverse impacts on the built and natural Project

environment, in terms of the buildings themselves, their
immediate surroundings and the broader regional and global
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sctting. "Sustainable building” may be defined as building
practices, which strive for integral quality (including
economic, social and environmental performance) in a very
broad way. Thus, the rational use of natural resources and
appropriate management of the building stock will contribute
to saving scarce resources, reducing energy consumption
(energy conservation), and improving environmental quality.

3 MATERIALS AND METHODS

In recent years, there has been an increasing interest in sustainability in construction
industry, especially in developing countries, however the major problem with
construction is sustainability. In this regard the aim of this paper is to review and study
recent researches into subject of sustainability in the field of construction and
architecture. Previous studies of sustainability in construction industry have not deal
with practical attributes and guides for developing countries, also researchers often have
not treated attributes of sustainable building and architecture in detail.

This paper follows review of resources with in-depth analyses of concepts and
summarizing and concluding data to reach a model for sustainability in construction
field. In this study by review and studying definitions and concepts of sustainability in
building and architecture, a comprehensive definition fulfilled, also aspects and main
categories of sustainability in architecture and building are presented.

4 SUSTAINABLE BUILDING INDICATORS AND MODEL

Achieving sustainability in architecture and construction is the goal emphasized more
these days. There are many theoretical basics but some of them are not practical.

Perception and interpretation of building’s sustainable development have been
changed in recent years. At first the important point was emphasis on resources
limitation namely energy and the method for reduction of its impact on natural
environment. In the past decade, the emphasis was on technical issues of building and
construction such as materials, building parts and components, construction techniques
and energy. Today, most of non-technical issues were taken into consideration and
economical issues and social development were raised as sustainable development
indices.[11] Thus, using some solutions such as selection of good construction materials
and applying new building engineering systems (such as industrial production and pre-
fabricated systems), environmental goals and sustainable development in the industry of
building are pursued.

Optimized use of construction materials, making the consumption of raw material
minimum and recovering them, building industrialized production and maintaining
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building by minimum costs are factors which influence on achieving sustainable
development in building industry.[12]

One of the most important aspects of sustainable development goals in constructed
environment is adaptability with social, economical, and environmental conditions and
one of its important characteristics is efficient planning, facilitation of adaptation and
changeability, and design for change, reducing costs, protection and improving natural
and environmental values [3].

Sustainability aspects in the building are categorized in four groups of
environmental, social, economical and technical issues. In fig2 some of the main issues
in sustainability are presented.

As result, Sustainable development objectives are as below and all indicators must
be toward them:

- Increasing the asset and economic

- Reducing the impact and increasing

- increasing the social usefulness

- Increasing the quality and optimization

In each group some of general indicators are shown. The mentioned characteristics
are some items consistent with sustainability principles and goals and they are effective
in fulfilling these goals, so the model of parameters of building sustainability presented
in figure3.

Social Environmental
Public participation Environmental
focusing on future and Qrotectlon
A Protection of resources
continuity
Technical Economical
Flexibility and Waste reduction
adaptability Efficient planning
Optimization

Fig2.The main issues in sustainability

N

.
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Reduce Reduce Consumptio Recycling Compatibili Environmental
Pollution Waste n ty aspects of
sustainability
Public Flexibility Individualiz Systematiza Social aspects of
Participatio ation tion sustainability
Constructio Programmin Reduce Profit Economical aspects
n Speed g Waste of sustainability
Compatibili Increase Simplicity Optimize Technical aspects
ty Quality design of sustainability

Fig3. Building sustainability model

5 CONCLUSION

The purpose of the current study was to determine the main attributes of sustainability
in the field of construction, and make a comprehensive definition of sustainability in
this field. As conclusion, the model of sustainable building (fig3) summarize in four
categories that main and essential aims in each one are presented. Generally, features of
sustainable building are connected with four major objectives in social, economic,
technical, technological, environmental groups and these four objectives include
enhancing the finance and economic savings, reducing the impact on environment and
increasing the compatibility with environment, increasing the social efficiency and
usefulness, enhancing the quality, and optimizing the building. This model generally
indicates and proposes features which building should have in order to achieve
sustainability.

This result is in agreement with previous researches and further support the idea of
sustainability in construction field but indicate practical and detailed indicators, so
attempts to draw a guideline to application of choices toward sustainability. However,
more research on this topic needs to be undertaken in case studies and practical
solutions must be designed for developing countries.
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A oL SAMPLE AssienmEnT

g/Q Life Cycle Assessment of Construction Materials: Past vs. Present
Aim

The aim is to analyze the life cycle assessment of past and present construction materials, examining the shift
in embodied and operational energy values, environmental impacts, and efforts to achieve sustainability in
future construction practices.

Introduction

Construction practices have evolved significantly from using natural, locally sourced materials to highly
processed and manufactured ones. These changes have affected the environmental impact and sustainability
of the built environment. The life cycle assessment (LCA) of construction materials is a method used to
quantify the environmental impacts of a building from raw material extraction to end-of-life disposal. This
paper aims to compare the life cycle of materials used in traditional and modern buildings, focusing on
embodied energy and operational energy, two key factors in sustainable building design.

Definitions

1. Embodied Energy : Embodied energy encompasses all the energy used in the extraction,
manufacturing, transportation, and assembly of building materials. It is often quantified in terms of
megajoules (MJ) or kilowatt-hours (kWh) per unit of material (e.g., kg).

2. Operational Energy : Operational energy is the energy consumed during a building's functional life.
This includes energy for heating, cooling, ventilation, lighting, and equipment operation. Operational
energy is typically measured annually and can vary widely based on building design, usage patterns,
and energy sources.

3. Assessing Embodied Energy : involves evaluating the total energy consumed throughout the life
cycle of a building material, from raw material extraction to manufacturing, transportation,
installation, use, maintenance, and disposal. This assessment is crucial for understanding the
environmental impact of construction materials and making sustainable choices in building design.

1. Understanding Life Cycle Assessment (LCA)

Life cycle assessment is a comprehensive analysis of the environmental impacts associated with all stages of
a product's life cycle, from raw material extraction (cradle) to end-of-life disposal (grave). For construction
materials, the LCA covers several phases:

1. Raw Material Extraction: Includes energy consumption and environmental damage during
extraction, such as mining for metals or harvesting timber.

2. Manufacturing and Production: Energy required for converting raw materials into usable building
components.

3. Transportation: Energy used to move materials from production sites to the construction site.

4. Construction: Energy consumed during the actual construction process, including the use of heavy
machinery.

5. Use and Maintenance: Energy required for heating, cooling, and maintaining the building during its
operational life. )
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. -~ ; \

6. End-of-Life: Involves energy for demolition, recv+iing o= cisnosal.
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This assessment helps designers and engineers make informed decisions about material selection, aiming to
minimize both embodied and operational energy, thereby reducing the building's overall carbon footprint.

2. Life Cycle of Traditional Construction Materials

Traditional materials include mud, stone, timber, clay bricks, and lime, which were widely used in rural and
historical buildings in India and other parts of the world.

2.1 Embodied Energy of Traditional Materials

The embodied energy of traditional construction materials encompasses the total energy required for
extraction, processing, and transportation of natural building components like mud, stone, timber, lime,
thatch, straw, and various forms of bricks. These materials generally exhibit much lower embodied energy
compared to modern materials due to their minimal processing and reliance on local resources. For instance,
materials like mud and adobe bricks require little to no energy for additional processing, while straw and
thatch are simply cut, dried, and used directly for construction without needing complex manufacturing
steps. Stone, which is often utilized in its natural form, necessitates only basic extraction and shaping, making
it an energy-efficient choice. Timber, though having a higher embodied energy based on drying and
transportation, remains a sustainable option when sourced locally. Lime plaster involves some energy costs
from calcination. Fired bricks, while more durable, have a considerably higher embodied energy due to the
energy-intensive kiln firing process.

The table below summarizes the embodied energy characteristics of these traditional materials :

Material Embodied Energy (MJ/kg) Key Characteristics

Mud/Adobe 0.3-0.5 Sun-dried, no firing required,
locally sourced

Stone 0.85 Minimal shaping needed,
mainly used in raw form

Timber 8.5 Requires drying and transport,
varies by source location

Lime Plaster 1.1 Involves calcination

Thatch/Straw 0.2 Cut, dried, and directly used, no

. additional processing
Sun-Dried Bricks 0.3-05 Naturally dried, no kiln firing
Fired Bricks 3 Energy-intensive kiln firing

The low values of embodied energy associated with these materials can be attributed to several factors:

e Minimal Processing: Traditional materials like mud, thatch, and straw require little to no energy-
intensive processing, relying instead on natural drying or simple harvesting methods. This
significantly reduces their overall energy consumption.

e Local Sourcing: Many traditional materials can be sourced locally, minimizing transportation energy.
For example, mud and straw are often found in close proximity to building sites, which further lowers
their embodied energy.

e Natural Characteristics: Materials such as stone and timber possess natural structural properties that
require less modification and energy for shaping or treatment compared to modern materials that

~ often undergo extensive industrial processes.

e Simplicity of Production: The methods used for creating traditional materials, such assun-drying

bricks, do not require the high energy inputs typica! GErmoar manufacturing techniques, such as
P — \ vv

firing bricks in kilns or producing concrete. /< ‘ \ h}/(/\[/,



2.2 Operational Energy and Environmental Impact

Traditional buildings often have thick walls made of high thermal mass materials, which naturally regulate
indoor temperatures, reducing the need for mechanical heating or cooling systems. This passive approach
results in minimal operational energy consumption. Furthermore, these materials are locally sourced and
biodegradable, leading to a low carbon footprint and minimal environmental impact.

2.3 End-of-Life Considerations

Traditional materials can be easily reintegrated into the environment. For instance, mud walls decompose
and return to the soil, while stone and timber can be reused or repurposed without generating significant
waste. This end-of-life scenario ensures that traditional materials have a circular life cycle, contributing to
sustainable construction practices.

3. Life Cycle of Modern Construction Materials

Modern construction relies on materials like reinforced concrete, steel, glass, synthetic insulation, and
advanced composites. These materials offer structural strength and versatility but come with a high
environmental cost.

3.1 Embodied Energy of Modern Materials

The embodied energy of modern construction materials includes the total energy consumed during the
extraction, manufacturing, transportation, and installation of materials such as reinforced concrete, steel,
glass, and synthetic insulation. Unlike traditional materials, modern materials often require extensive
processing and are frequently sourced from various locations, leading to higher embodied energy values. For
instance, reinforced concrete is a widely used structural material that has significant energy consumption
due to the energy-intensive processes involved in cement production and aggregate processing. Steel, known
for its strength and durability, has an even higher embodied energy, largely attributed to the energy-intensive
smelting and refining processes required to produce it from iron ore. Glass, commonly used in facades and
windows, requires high temperatures to melt silica and form glass products, resulting in substantial
embodied energy. Additionally, synthetic insulation materials, while effective for energy efficiency, have
varying embodied energy values depending on the type and manufacturing process.

The table below summarizes the embodied energy characteristics of key modern materials:

Material Embodied Energy (MJ/kg) Key Characteristics

Reinforced Concrete 1.1-15 Widely used for structures, high
energy in cement production

Steel 20-25 Very strong, energy-intensive
smelting and refining

Glass 28 High energy for melting silica at
extreme temperatures

Synthetic Insulation 16.8—-28 Commonly used for thermal
performance, varies by type




The high values of embodied energy associated with these materials can be explained by several factors:

e Energy-Intensive Manufacturing: Modern materials often require complex manufacturing processes
that consume large amounts of energy. For example, the production of cement involves heating
limestone to high temperatures, which releases significant amounts of CO2 and consumes fossil
fuels.

e Transporting Raw Materials: Many modern materials are sourced from multiple locations, leading to
increased transportation energy costs. For instance, steel production often involves transporting iron
ore from mines to smelters, while glass may require silica from different geographic areas.

e Advanced Processing Techniques: Materials like glass and synthetic insulation undergo advanced
processing techniques that require significant energy inputs. The melting of silica for glass
production, for example, demands extremely high temperatures, further contributing to its
embodied energy.

e Use of Non-Renewable Resources: Many modern materials are derived from non-renewable
resources, which not only increases their embodied energy but also raises concerns about resource
depletion and sustainability.

3.2 Operational Energy and Environmental Impact

Urban buildings constructed with modern materials often feature large glass fagades and rely on active
heating, ventilation, and air-conditioning (HVAC) systems. These systems consume large amounts of energy,
especially in hot climates like urban India, leading to high operational energy costs. However, advancements
in insulation and energy-efficient systems can mitigate some of these impacts.

3.3 End-of-Life Considerations

Modern materials present significant end-of-life challenges. Concrete, steel, and glass require energy-
intensive demolition processes, and the resulting waste is often non-biodegradable. While steel and some
glass can be recycled, the energy required to do so is substantial. Moreover, composite materials and
synthetic insulations are often non-recyclable, ending up in landfills and contributing to environmental
degradation.

4. Comparative Analysis of Rural and Urban Construction in India

The connection between traditional construction materials and rural areas of India is deeply rooted in the
region's cultural and environmental contexts. In rural settings, materials such as mud, thatch, and bamboo
are commonly used, reflecting a vernacular approach that prioritizes local resources and low embodied
energy. These materials are well-suited to the-climatic conditions of rural India as well the past, providing
thermal comfort and resilience. In contrast, modern materials like reinforced concrete, steel, and glass
dominate urban construction, driven by the demands of rapid urbanization and the need for durability and
aesthetic appeal in densely populated areas. This shift towards modern materials in urban India often leads
to higher energy consumption and environmental impacts, emphasizing the need for a balance between
traditional and contemporary practices to promote sustainability in both settings. This dynamic highlights the
importance of adapting building methods to local contexts while considering the environmental implications
of material choices. TR

Embodied and Operational Energy of Materials: Past vs. Present N
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Time Embodied Energy
Material Operational Ener,
Period (MI/kg) B -
Low: Used passive cooling, minimal heating needs d
Adobe/Clay Brick Past 0.3-0.5 P .g " e e
to thermal mass properties
20th Medium: Dependent on external heating/coolin
Concrete (Old) 1.1 < g/ b
Century systems
Concrete Medium: Often includes insulation improvements for
Present 1.5 .
(Present) reduced operational energy
Wood Past 8.5 Low: Good insulation properties, minimizing
(Traditional) ' heating/cooling requirements
Low: Similar to past but enhanced insulation reduces
Modern Timber Present 12 (e.g., Glulam) P : "
energy usage further
High: No inherent insulation, relies on active systems for
Steel Past 20-25 B o
temperature control
High: Often requires extensive HVAC systems,
Modern Steel Present 20.1 (recycled) 8 e o ) . ¥
contributing to high operational energy
Low: Good thermal erties, used passively for
Stone/Marble Past 2 . % . RraR DG
heating/cooling
High: Transparent, needs active systems for temperature
Modern Glass Present 28 & - P ¥ P
regulation
Insulation Very Low: Reduces operational energy significantly due
Present 16.8 [
(Rockwool) to high R-values
Low: High th | efficiency, leading to reduced
Aerated Blocks Present 3.5 S FUEERE S e e

operational energy costs

Embodied Energy: Historically, natural materials like adobe, timber, and stone had low embodied energy.
Modern materials, especially those that are heavily processed (e.g., concrete, steel, and glass), have higher
embodied energy due to the energy-intensive manufacturing processes.

Operational Energy: Traditional materials often had better passive thermal properties, reducing the need for
heating or cooling. In contrast, modern materials sometimes require active systems (HVAC), leading to higher
operational energy. However, advancements in insulation have reduced operational energy in modern

buildings.

Shifts in Energy Usage: The shift from low-embodied-energy materials to high-embodied-energy ones like
concrete and steel has increased the environmental impact of modern construction. But, with better
insulation and energy-efficient design, operational energy requirements can be significantly lower today.

Sustainability Considerations: Embodied energy is now a crizciakicoissideration in sustainable design, with a
focus on using materials like recycled steel or low-carbon cincrete to reniuce the overall carbon footprint.

Tl

\ ‘ ‘ A
b A



5. Conclusion

28.0

=R Traditional Materials

== Modern Materials
250

25}

201

Embodied Energy (Mj/kg)
-
w

3.0
o' 4 -
o @ &> o i
e & @
& & & & &
& ¢
> i
@ o
& &
&8 &
@ )
Materials

The change in energy values and material patterns is primarily due to the evolving needs of construction,
driven by urbanization and rapid population growth, which demanded stronger and faster-building solutions.
As a result, traditional low-energy materials were replaced by modern materials like concrete and steel,
which, although offering durability and scalability, required energy-intensive manufacturing processes,
leading to a spike in embodied energy values. Over time, the push for sustainability and innovation has
focused on reducing these high energy values through recycling, green manufacturing techniques, and
improved efficiency, reflecting a gradual shift back towards eco-friendly practices.

Thus, while the transition from traditional to modern materials has resulted in greater environmental impact,
the evolving emphasis on sustainability is driving efforts to minimize energy consumption and environmental
damage, ensuring that future building materials are both advanced and ecologically responsible.

Understanding and analyzing both embodied and operational energy is essential for achieving sustainability
in the building sector. By conducting life cycle assessments, stakeholders can make informed decisions that
minimize energy consumption and reduce environmental impacts. Future research should focus on
developing innovative materials and construction methods that lower both embodied and operational
energy, promoting a holistic approach to sustainable building practices.
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6 Manaj Baweja 12

7 Amritam Gupta 0

8 Abeer Bhasin 0

9 Naveen Chauhan 0

10 Raghav Sethi 10

11 Dhruv Dogra 0

12 Aarushi Agrawal 11

13 Harshita Dang 15

14 Ronnit Garg 11

15 Rudra Pratap Singh 10

16 Rushil Soni 12

17 Shriya Khurana 14

18 Sudevi Gayen 16

19 Shweta Sharma 12 o

Signature of Course Coordinator/F acultyq W W“ W

Programme Cood#dinator o g DTN

Dean LD
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1. Introduction -Building materials have historically played a significant role in architecture,
construction, and cultural expression. Traditional materials such as wood, stone, clay, and
metals were primarily sourced locally, driven by regional availability. However, the
environmental impact of these materials, particularly their carbon footprint, has become a -
critical concern in modern construction practices. This report explores common traditional
building materials, their sources, associated carbon content, and potential sustainable
alternatives that can contribute to reducing environmental impact.

Stone
Brick
Timber
Slate
Lead
Mud!
Plaster (gypsum)

®

2. Traditional Building Materials

a. Wood

~ urce: Wood is a natural material derived from trees. It has been widely used for construction,
especially in housing, furniture, and structural elements. Different types of wood, such as hardwood
(oak, maple) and softwood (pine, spruce), offer varying properties like durability and workability.
Carbon Content: Wood is a carbon-sequestering material, meaning it stores carbon dioxide absorbed
by trees during their growth. However, its carbon footprint is affected by factors like deforestation,
transportation, and energy used in processing. If sourced sustainably, it can have a relatively low
carbon footprint compared to other materials.

Sustainable Alternative: Sustainable timber, harvested under certified forest management practices
(e.g., FSC certification), and engineered wood products like cross-laminated tlmber (CLT) are
alternatives that enhance sustainability. L0




b. Stone
Source: Stone has been used for centuries in construction, ranging from granite and marble to
limestone and sandstone. It is quarried from natural rock formations and is highly durable and fire-
resistant.
Carbon Content: Stone itself does not release significant carbon dioxide during its use. However,
quarrying, cutting, and transportation are energy-intensive processes that contribute to its carbon
footprint. The environmental impact also varies based on the distance it is transported from its source
to construction sites. '
Sustainable Alternative: Reclaimed stone and local sourcing can reduce transportation emissions.
Additionally, using less energy-intensive materials such as stabilized earth blocks can serve as
alternatives in some applications.

Clay (Bricks and Tiles)

Source: Clay is a naturally occurring material that has been extensively used for making bricks

and roofing tiles. It is extracted from soil and baked at high temperatures to achieve durability

and strength.

Carbon Content: The process of firing clay to make bricks is energy-intensive and generates
‘gnificant carbon emissions. The production of clay-based materials also involves land

disturbance due to mining.

Sustainable Alternative: Fly ash bricks, compressed earth blocks (CEBs), and rammed earth

offer sustainable alternatives. These materials use less energy during production, reduce the

demand for natural resources, and minimize emissions.




. Concrete

Source: Concrete is made from a mixture of cement, sand, gravel, and water. It is one of
the most widely used construction materials due to its strength and versatility.

Carbon Content: Cement production, a key ingredient in concrete, is one of the largest
single contributors to global carbon emissions. The process involves the release of large
amounts of CO2 from the calcination of limestone and the energy-intensive nature of kilns.
Sustainable Alternative: Green concrete, which incorporates industrial waste products like
fly ash, slag, and recycled aggregates, can reduce the carbon footprint of traditional
concrete. Additionally, using geopolymer concrete, which substitutes cement with
materials like fly ash and slag, can drastically cut emissions.

e. Metals (Steel and Aluminum)

Source: Metals like steel and aluminum are heavily used in construction for structural support,
cladding, and roofing. Steel is produced from iron ore, while aluminum is derived from bauxite
ore.

Carbon Content: The extraction and processing of metals are highly energy-intensive and result
in substantial carbon emissions. Steel production accounts for around 7-9% of global carbon
emissions, while aluminum production is similarly carbon-heavy due to the high energy required
for smelting.

Sustainable Alternative: Recycled steel and aluminum have a lower carbon footprint as they
reduce the need for new raw materials and energy-lntenswe productlon Advances in green

industry. P




Lime and Gypsum: Both materials are essential for finishing processes like plastering. Lime is

known for its slow hardening and significant volume shrinkage, while gypsum offers strong moisture
absorption properties and ease of manipulation in construction

* Raw Earth Materials: Such as mud, are particularly popular in non-urbanized areas of
India, East Africa, and South America, where earth remains an abundant and cost-
effective building resourceS

. * Ice: In Arctic regions, ice is historically used to construct igloos, highlighting the
adaptability of building materials based on regional climate




4. Sustainable Alternatives to Traditional Building Materials Emerging sustainable alternatives present viable
solutions to reduce the environmental impact of traditional materials.

* Bamboo: A rapidly renewable resource, bamboo has a low carbon footprint and exhibits extraordinary tensile
strength, making it an excellent candidate for construction.

* Hempcrete: Made from hemp, lime, and water, this material is energy-efficient and offers low carbon emissions
during production. Its insulation properties make it favourable for modern sustainable constructions.

* Recycled Steel: Sourcing steel from recycled materials significantly decreases emissions associated with new
steel production. It is durable and can be endlessly recycled without compromising its properties.

* Rammed Earth: Utilizing local soil, rammed earth construction utilizes minimal energy for production and
provides a high thermal mass, ensuring energy efficiency in buildings.

* Reclaimed Wood: Using previously used wood decreases the demand for new wood and minimizes waste,
contributing positively to the ecological balance. It is favoured for its unique aesthetics and historical significance.
* Other Materials: Emerging materials such as bio composite cement made from algae and mycelium processed
into structural elements are being explored for their low environmental footprints and sustainability

The environmental impact of traditional building materials, particularly their carbon content, is
a' 3jor factor in the ongoing efforts toward more sustainable construction practices.
Sustainable alternatives such as recycled materials, low-carbon manufacturing processes,
and energy-efficient innovations are crucial in reducing the carbon footprint of the
construction industry. By adopting these alternatives, the industry can move towards more
eco-friendly and carbon-neutral buildings, which will contribute to combating climate change
and resource depletion.
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1. Introduction

This is a guidance document for the participants of the Solar Decathlon India (SDI) 2024-25 Net Zero Building
Challenge. It contains information about the competition divisions, ten contests, resources made available to
the participating teams, requirements, and rules for this year’s challenge.

SDl invites post-graduate and undergraduate students from Indian institutions to join forces to combat climate
change. This is an opportunity for student teams to develop innovative and climate-resilient building solutions,
contributing to solving real projects and real problems, and by partnering with industry leaders and
professionals. SDI helps students stay a step ahead and introduce innovative, affordable, and market-ready
solutions that enable a clean energy transition. This is the resilient and carbon-neutral way forward for
sustainable buildings and communities in India. SDI is conducted by the Indian Institute for Human Settlements
(1IHS) and the Alliance for an Energy Efficient Economy (AEEE) under the aegis of the Indo-US Science and
Technology Forum (IUSSTF).

India is the third-largest carbon emitter, accounting for 7% of global emissions in 2020. Summer temperatures
in many cities cross 402C, and extreme weather events leave large sections of the population vulnerable to
climate change risks. Urbanisation and economic growth will lead to 70% more building stock by 2050. India’s
Nationally Determined Contribution under the Paris Agreement for up to 2030 target a 45% reduction in
carbon emissions. Climate resilient net-zero energy buildings (NZEB) are the way forward. To that end, SDI
focuses on creating capacity amongst students and creating partnerships with the industry.

SDI provides the platform and resources necessary for students to learn and design net-zero buildings and
contribute to a sustainable future. They get hands-on experience in developing solutions for real buildings and
learning product innovation.
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2. The C.hallenge

Teams can choose to compete in any one of the Divisions in the 2024-25 Challenge. The 2024-25 Challenge

includes 5 Building Divisions and 1 Product Division. The Building Divisions are challenges to design an entire

building for a building owner or a developer who acts as a Project Partner. The Product Division is a challenge

to design, develop, and test a working prototype as a product solution, with a product, material, or equipment

manufacturer acting as an Industry Partner.

Building Divisions Product Division

Office

Construction Residential
Building Resilience Housing Building Worker Cooling
Shelter Housing ¢ Retrofit

Educational

Multi-Family

Community

Figure 1: Competition Divisions in SDI 2024-25

2.1

Tasks

Read this Competition Guide thoroughly.

Form a team (Refer Section 4.6 for Building Divisions and Section 5.2 for Product Division).
Register your team.

Identify a Project Partner/ Industry Partner.

Ensure that all team members complete all mandatory online learning modules.

Study the resources provided by SDI.

Identify additional partnerships for the areas of the competition that need collaboration.

Check your emails for regular updates and announcements. Consult the SDI website and the FAQ
page for more information.

Design and document your work, in compliance with the requirements listed in this guide, and its
subsequent updates.

Submit all Deliverables before the deadlines.

2.2 Registration and Fees

Team Leads will register their teams on the portal which can be accessed through the SDI website. The
registration fee for the 2024-25 Challenge is INR 7,500 (inclusive all taxes) per team, which is non-refundable.

2.3 Benefits

a)

b)

Alumni: Students from teams who submit Deliverable 3 become Alumni of Solar Decathlon India.
The SDI Alumni Group on LinkedIn frequently lists job openings and other opportunities.

Career development: As part of SDI, students gain real-world industry experience while working
alongside project partners and implementing their ideas on live projects. The benefits of this are
far-reaching and include developing industry connections, gaining exposure to multiple
technologies, and coaching by mentors.

Career fair: SDI conducts a career fair at the Finals event, which gives students from finalist teams
access to organisations leading the work on climate action.
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d) Trophies, cash prizes': The winning teams in each competition division (i.e., Division Winners and
Runner-up) receive cash prizes, and trophies. Winners of the Grand Prize, Best Component Model,
Best Movie, and People’s Choice awards also receive cash prizes and trophies.

e) Certificates: Team members who complete the Self Learning Modules receive a completion
certificate. Students from teams who submit Deliverable 3 will receive participation certificate.
Finalists, winners and runners-up will also receive certificates.

! The relevant Faculty Lead is responsible for distributing any cash prizes. The competition organisers are not responsible once the funds
are disbursed to the team. The competition organisers only ask for details for transferring the funds, which must be signed off by the
Faculty Lead. Participation does not guarantee any compensation or award.

5 7
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3. Schedule

Stage 1 of the competition formally begins on 01 September 2024. However, teams that register earlier are

welcome to start working before that. Similarly, Stage 2 of the competition formally begins in January 2025.

However, teams are encouraged to start working on Stage 2 in December, soon after submitting Deliverable 2.

Stage 1 Competition ] Stage 2 Competition
featty SDI Finals |
Development Evaiit .
Programm
g \ © Deliverable 1 Deliverable 2 Deliverable 3 Deliverablea iy,

SDI Finals' &
Movie

Finalists
Announced

SDI Finals'
Presentations
& Poster

Figure 2: Solar Decathlon India 2024-25 Schedule

3.1 Deliverables and Milestones?

a)
b)
<)
d)
e)
f)

8)
h)
i)
)
k)
1)

m)

Registration closes at 5 pm on 31 August 2024.

Team name to be finalised by 16 September 2024.

Division and Project Partner to be finalised by 16 September 2024.3
Deliverable 1: Due by 5 pm on 8 October 2024.

Deliverable 2: Due by 5 pm on 26 November 2024.

Team composition finalisation (addition or removal of team member) by 5 pm on 10 January 2025.
*

Self-learning Modules to be completed by 5 pm on 10 January 2025. *
Deliverable 3: Due by 5 pm on 25 February 2025.

Deliverable 4: Final Design Report: Due by 5 pm on 21 April 2025.
Movie: Due by 5 pm on 8 May 2025.

Division Jury Presentation slides: Due by 5 pm on 19 May 2025.
Grand Jury Presentation slides: Due by 5 pm on 19 May 2025.
Posters: Due by 5 pm on 19 May 2025.

*Note: All team members who do not finish the SLMs before the deadline will be removed from the team.
Teams with less than 5 or more than 15 members will be disqualified.

3.2 Events and Other Milestones

a)

Faculty Development Programme for Faculty Leads and Faculty Advisors: 18-21 September 2024.
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b) Finalists’ Announcement: The finalists’ teams of the 2024-25 Challenge will be declared on 12
March 2025. Faculty Leads and Team Leads of all the Finalists’ team will be informed via email.

c) SDI Finals®: The selected teams (Finalists) will present their work during the SDI Finals on 23-25
May 2025. Details of the event will be shared with Faculty Leads and Team Leads closer to the
event.

d) Grand Jury: Division Winners will present their work in a 5-minute pitch to the Grand Jury on 24
May 2025. Division Winners will be announced on the morning of 24 May 2025.

* Format, date, and nature of these events are subject to change due to the government regulations or events beyond our control.

7




TRADITIONAL BUILDING MATERIALS AND THEIR CARBON CONTENT
ELECTIVE ASSIGNMENT 1

NAME - SIMRAN THAKRAN
ROLL NO. - 220BARCH008

INTRODUCTION

Traditional building materials are derived from natural resources and are often used in low-rise,
low-density settings. They are often sustainable and environmentally friendly, and can be
beneficial to developing countries.

TRADITIONAL BUILDING MATERIALS

Mud
“Itis the most commonly used material in house construction. Ever since man felt the necessity
of a house, mud is widely used. Its main features are as follows.
1. Abundantly available natural material.
2. Cost is cheap.
3. Easily made and repaired.
4. Sufficiently lasting.
5. Maintain equitable temperature both in winter and summer.
6. Highly useful for low-income people.
The use of mud mixed with chopped straw and cow dung helps for coating the inner and outer
walls of the house. A thin coating of mud and cement maintains the surface in a good condition.

Traditional building materials



Stone

Stone is a natural material of construction and is obtained from quarries. Since prehistoric days,
it has been used for

« Constructing different components of buildings like foundation, walls, lintels, floors, roofs etc.

* The stones used for foundation and walls should be sound and free from cracks and decay.

« Stones of different forms such as granite, marble, slate, sandstone and limestone are
commonly used as building materials.

* Waxing and polishing make them more attractive.

* Gravel which are stones not larger than 2 cm is essentially needed for building. Care should
be taken in using proper sizes of stones and correct interlocking In the width of walls.

Traditional building materials




Sand

It consists of small grains of silica and is formed by the disintegration of rocks caused by
weather. Sand should have the following qualities.

*It is hard, durable, clean, free from organic matter and does not contain appreciable amount of
clay.

* It does not contain harmful impurities such as iron pyrites, salts,

* Coal, mica, alkaline or other materials, which will affect hardening.

* This should be coarse, clean, hard, strong, uncoated and free from clay, dust, mica and soft
flanky particles such as of shell.

* Crushed stone is also used but it should be free from excessive proportion of very fine
particles like dust.

* Sand required for mortar for brick — work needs to be sieved through a 3/8 in. Mesh sieve.

Surkhi

* Where sand is not available or is very costly, surkhi is substituted in preparing lime mortar. It
generally consists of crushed brickbats. When these are not available in large quantities, round
balls of clay are made, burnt into kilns and crushed or ground to fine powder.

* The best surkhi is made of clays containing 10 to 20 % of lime kunkar and this should be under
burnt. Clay containing little or no lime must be thoroughly burnt to bring out the excellent quality
of surkhi from it.

« Surkhi should not be used in lime mortar for plaster, since it is likely to disintegrate after a time
due to destructive agencies of the atmosphere.

Traditional building materials ' M)V“/



Lime

* Lime has been used as a cementing material since time immemorial. In India till recently, lime
has been extensively used for all types of construction purposes. Big palaces, forts,
monuments, temples, bridges that were constructed centuries back and that still exist in good
condition substantiate that the use of lime for constructional purposes had reached perfection in
the past.

* Lime mortars have some advantageous properties like good workability, plasticity, less
shrinkage on drying and durability.

* Lime is cheaper and easily available, even though cement has replaced the use of lime.

Asbestos
It is available in nature as a mineral in Marwar , Garhwal (Uttar pradesh) and Bhandra in /
Madhya Pradesh.
* It is silicate of calcium and magnesium found in the form of very thin fibres which are elastic
and capable of being woven into fabrics.

* It can withstand high temperatures and acids without any change s
doors and partitions. ‘

'
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* However it is not advisable to use asbestos as a roofing material essentially in our country
since they transfer heat.

Leaves

Grass, palm leaves and Palmyra leaves are used for roof structure. They are temporary and
highly inflammable.

Wood

It is the nature’s most abundant useful building material.

* It is comparatively inexpensive, strong, durable and easy to work with.

* Mainly wood is used for paneling, ceiling, roofing, partitions, doors, windows and for making
veneers and plywood.

* Plywood is made of odd number of wood piles or layers laminated with plastic resins under
high temperature and pressure.

* It is used for doors, cupboards and decorative paneling. 0 TN
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* Deodar, teak, mango, jack, toon, mahogany and bamboo are some of the common Indian
timber trees used for building purposes.

Cement
Cement should be used for the purpose of durability and strength of buildings.

* It has the quality to bind together loose particles of gravel, broken stones or other aggregates.

* Its quick setting property, strength and ease with which it can be used under a variety of
conditions has revolutionized the concept of construction.

* Hence it has become the most popular cementing material.

* Concrete is a building material made by mixing cement, sand, gravel and water, which
becomes rock hard, when dry and set.

* It is fireproof, sturdy and can withstand high pressure.

* Because of these qualities, almost all huge structures are molded by concrete.

Traditional building materials \ WA/ J



Brick

The most extensively used construction material because it is locally available, cheap, strong,
and durable and it has the good insulating property against heat and sound. It can be moulded
to any shape or size. The standard size of bricks is 9" X 4 % “ X 3* (230 X 115 X 75 mm),
though the size varies according to local practice in India. The characteristics of a good brick
are that

* It should be so hard that it should not be possible to make a scratch on the surface with the
finger nail

* It should give a ringing sound when struck

* It should be heavy, and if allowed it should not absorb water more than % of its own weight

* If kept immersed for two hours in water.

* It should be free from any lumps and the most important test is that, if 5 or 6 bricks, selected at
random, be kept immersed in water overnight, none of them should show a crack and a
tendency to fall to pieces

* If this happens, it may be assumed that the brick contains particles of lime kunker in its clay,
which have been converted into quick — lime by burning. These bricks are unsuitable for work.

* Color of bricks is no test, because it depends upon the nature and constituents of the clay and
the fuel used for burning.

' S-‘U’ﬂ%[}!‘fiécf il Bu mt Clay Br;ckg
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CARBON FOOTPRINT OF THE TRADITIONAL BUILDING MATERIALS

Material Embodied CO2/ kg
Concrete 0.159
Bricks 0.24
Marble 0.116
Stainless steel 6.15
Timber | 0.72
Glass wool 1.35
Clay tile 0.45
Aluminum 8.24
MDF 0.72
Plywood 1.07
Glass 0.85
Iron 1.91

SUSTAINABLE ALTERNATIVES TO TRADITIONAL BUILDING MATERIALS

1. Bamboo: A versatile, renewable, and lightweight material that can be used for flooring,
roofing, walls, and furniture. Bamboo is strong, flexible, and absorbs more carbon
dioxide than trees. e

Traditional building materials Dttt ugralt
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2. Rammed earth: A mixture of dirt, sand, and gravel that's compressed into strong walls.
Rammed earth structures are energy-efficient, have a low carbon footprint, and can
naturally control temperature.

3. Recycled glass: A flexible and lightweight material that's easier to install and transport
than traditional concrete.

4. Recycled metal: A durable, strong, and weather-resistant roofing material.

5. Cork: A renewable and recyclable resource that's commonly used for insulation in
European construction. Cork is harvested by hand from the cork oak tree without killing
it.

6. Natural insulation materials: These include cellulose, flax, reed, and paludiculture
crops.

7. 3D printing: A technology that allows companies to manufacture raw materials on-site
using additive manufacturing.

8. Papercrete: An aggregate replacement that can help reduce energy consumption.

REFERENCES

1. https://lugcmoocs.inflibnet.ac.in/assets/uploads/1/105/3396/et/W8-L4-
%20Script%20-Building%20materials200228050502025757.pdf

2. https://pliteq.com/news/building-vs-carbon-
footprint/#.~:text=Stone%20emits%20about%20237kq%20embodied,pun%2
Ointended)%20for%20building%20materials.

3. https:/iwww.ucem.ac.uk/whats-happening/articles/sustainable-building-
materials/
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ASSVOGNMENT 4 —
PRE REMEDIAL

ASSIGNMENT 1 & 2

AMRITAM GUPTA
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ASSIGNMENT 1- A Review of Traditional Building Materials, Their
Carbon Content, and Sustainable Alternatives

1. Introduction

. Overview of Traditional Building Materials: Introduction to
commonly used materials in the construction industry such as concrete,
steel, brick, and timber, and their environmental impact, particularly in terms
of carbon emissions.

. Purpose of the Review: To analyze the carbon content of traditional
materials and explore sustainable alternatives that have been researched and
adopted in modern construction practices.

. Research Sources: Journals such as Building and Environment,
Journal of Cleaner Production, and reports from the International Energy
Agency (IEA) will be cited.

2. Traditional Building Materials and Their Carbon Content
2.1 Concrete

. Source: Concrete is a composite material made from cement, sand,
gravel, and water.

. Carbon Content: Cement, the main binding component of concrete, is
responsible for 8% of global CO: emissions due to the calcination process in
its production.

. CO: Emissions: 0.9 kg CO: per kg of cement.
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. Environmental Impact: Large amounts of energy are required to
produce cement and transport materials, making it one of the most
carbon-intensive materials used in construction.

2.2 Steel
. Source: Steel is produced from iron ore, coal (as a reducing agent in
blast furnaces), and other metals.
. Carbon Content: The production of steel results in 1.85 tonnes of COx
per tonne of steel produced.
. Steel is responsible for 7-9% of global CO: emissions.
. Environmental Impact: Mining, energy-intensive manufacturing

processes, and transportation contribute significantly to the material’s high
carbon footprint.
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2.3 Brick

. Source: Made from clay, which is fired in kilns to form hard bricks.

. Carbon Content: Firing bricks in kilns requires large amounts of
energy, typically derived from fossil fuels, leading to significant CO.
emissions.

. CO: Emissions: Around 0.2 kg CO: per brick.

. Environmental Impact: The carbon intensity of bricks depends on the

firing method and energy source used during production.
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2.4 Timber
. Source: Timber is sourced from trees, primarily softwoods such as
pine, fir, and hardwoods like oak and teak.
. Carbon Content: Unlike other materials, timber can act as a carbon
sink, storing carbon dioxide absorbed during tree growth.
. - CO: Emissions: Negligible during use but can vary depending on
harvesting and processing methods.
. Environmental Impact: Timber’s sustainability depends on forestry

management practices and its renewability.

3. Sustainable Alternatives to Traditional Building Materials

3.1 Geopolymer Concrete

. Source: Made using industrial waste such as fly ash or slag instead of
traditional Portland cement.
. Carbon Content: Geopolymer concrete has the potential to reduce CO:

emissions by up to 80% compared to conventional concrete.
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. Sustainability Benefits: Reuse of industrial by-products reduces
reliance on virgin materials and lowers carbon emissions during production.

3.2 Recycled Steel

. Source: Steel is one of the most recycled materials globally, with over
85% of steel used in construction being recycled. '
. Carbon Content: Producing recycled steel can reduce CO: emissions
by up to 60% compared to virgin steel.

. Sustainability Benefits: Reduces the need for raw material extraction
and energy consumption.




3.3 Hempcrete

. Source: A bio-composite made from hemp fibers mixed with a lime
binder.

. Carbon Content: Hemp actively sequesters carbon during growth, and
its production emits much less CO: than traditional concrete.

. CO: Emissions: Negative, as it can act as a carbon sink.

. Sustainability Benefits: Renewable, biodegradable, and low-energy

material. Hempcrete buildings are also well-insulated, reducing operational
energy needs.



3.4 Cross-Laminated Timber (CLT)

. Source: Manufactured from layers of wood glued together at right
angles to form structural panels.
. Carbon Content: CLT stores carbon, and its production has a much

lower carbon footprint than steel or concrete.

*  CO: Emissions: Similar to timber, but with added durability and
strength.

. Sustainability Benefits: Renewable, sustainable forestry practices can
ensure CLT is an environmentally friendly alternative to steel and concrete.



3.5 Rammed Earth

. Source: Made from earth, sand, and stabilizers like cement or lime,
compressed into formwork.
. Carbon Content: The CO: emissions are low due to minimal
processing, though adding cement can increase the carbon footprint.

e CO: Emissions: Varies depending on stabilizers used.
. Sustainability Benefits: Uses locally sourced materials, reducing

transportation-related emissions. Provides good thermal mass and durability.




4. Case Studies and Applications
4.1 Geopolymer Concrete in Infrastructure

. Case: The Toowoomba Wellcamp Airport in Australia used
geopolymer concrete for large parts of its infrastructure, achieving a
significant reduction in the carbon footprint.

. Impact: Reduced CO: emissions by 40,000 tonnes during construction
compared to traditional concrete.

4.2 CLT in Tall Buildings

. Case: The Mjestérnet Building in Norway is one of the tallest timber
buildings in the world, using CLT panels for construction.

. Impact: CLT construction sequestered more carbon than was emitted
during the production and assembly processes, making the building a carbon
sink.

4.3 Hempcrete Residential Buildings

. Case: Hempitecture, a US-based company, has developed several
residential buildings using hempcrete.

. Impact: The buildings boast high thermal efficiency and reduced
energy consumption during the operational phase, while sequestering CO:

during the hemp’s growth phase. P
S. Challenges and Opportunities f ( | ‘ ;i
5.1 Barriers to Adoption \ t{j .L .
. Cost: Sustainable materials like geopolymer concrete and CLT can be

more expensive upfront compared to traditional materials.
. Supply Chain Limitations: The production and supply of sustainable
alternatives, like hempcrete and rammed earth, can be limited based on

region and scalability.
g
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. Standardization and Building Codes: Many regions lack standard
building codes for new materials like geopolymer concrete, hampering
large-scale adoption.

5.2 Future Opportunities

. Innovation in Material Science: Research in bio-based and
nano-enhanced materials could lead to even more sustainable and
carbon-negative options.

. Circular Economy in Construction: Emphasizing reuse and recycling
of materials can reduce the carbon footprint of construction significantly.

. Government Policies and Incentives: Policies promoting low-carbon
materials, like tax credits for buildings made with sustainable materials, can
accelerate adoption.

6. Conclusion

. Summary: Traditional building materials like concrete, steel, and brick
have high carbon footprints, while sustainable alternatives like geopolymer
concrete, recycled steel, and hempcrete offer significant reductions in
embodied carbon.

. Future Directions: The building industry is moving toward low-carbon
solutions, but further research, investment, and policy support are necessary
to make these alternatives mainstream.

. Recommendations: Promote sustainable materials through
government incentives, standardization of building codes, and investments
in research to lower the cost and improve scalability.

7. References

. Sources from journals such as Building and Environment, Journal of
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1. Introduction

Buildings demand energy in their life cycle right from its construction to demolition.
Buildings are constructed for residential, office and commercial purposes all over the
world. They are major contributors to socio-economic development of a nation and also
utilize a large proportion of energy and available natural resources. Worldwide, 30—40%
of all primary energy is used for buildings and they are held responsible for 40-50% of
greenhouse gas emissions According to the United Nations Environment Program
(UNEP), the construction sector is responsible for up to 30% of all greenhouse gas
emissions.lt is therefore essential for the building construction industry to achieve
sustainable development in the society. Sustainable development is viewed as
development with low environmental impact, and high economical and social gains. To
achieve the goals of sustainability it is required to adopt a multi-disciplinary approach
covering a number of features such as energy saving, improved use of materials
including water, reuse and recycling of materials and emissions control.

Extensive focus on operational energy research has positively impacted both academia
and policymakers, facilitating new strategies that reduce the energy consumed by
building occupants. Much less emphasis has, however, been given to embodied energy.
Consequently, although studies now show that embodied energy can be responsible for
up to 50% of a building’s life cycle energy, little is known about the embodied energy
associated with the construction of buildings, materials, and components in the study
context.

2. Embodied Energy of Buildings

In order to define “embodied energy”, it is necessary to understand that energy is
associated with every stage of a building’s life cycle. Before building construction
commences, the building already has begun to consume a significant amount of energy.
There are direct and indirect energies associated with every building, while direct
energy is the energy related to the construction of the building, indirect energy is
associated with the extraction and manufacture of raw materials used in the
construction. Thus, there is energy used directly onsite and offsite during construction
and related processes, as well as indirectly in relation to the use of materials and
equipment. There are three components of embodied energy

l.  Initial embodied energy (IEE) refers to all energy associated with the initial
construction, including the energy used in material manufacture,
transportation, and delivery.
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Il.  Recurrent embodied energy (REE) is the energy that is consumed or
associated with servicing the building during its lifespan; it relates to
repair, replacement, and general maintenance of the building.

. There is the energy associated with demolition and disposal at the
end-of-life stage of the building.
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Figure 1. Life cycle stages of a building as defined by BS EN 15978 and associated energy.

3. Operational energy

Operational energy is the energy used to operate a building by operating processes
such as heating and cooling, lighting and appliances and maintaining the building after
its construction.

Any improvement in order to reduce the operational energy is possible at any stage of
the building’s life. But decisions taken at the early design concept stage in regard to the
selection of building materials can have very significant implications for reducing the
overall embodied energy of a building. Once the building is constructed the embodied
energy goes on increasing with the life of the building as one alters or renovates the
building over its lifetime.




Embodied emissions does not depend on the occupants of the
building. The energy consumed is built into the materials and it
largely depends on the type of material used, primary energy
sources, and efficiency of conversion processes in making the

building materials and products.

Operational emissions is directly related to the building
occupants and their pattern of energy usage. It
accumulates over time and can be influenced throughout
the ke of the building.

Recurrent embodied energy

Demolition and recyeling

23 years 40-60 years

4. Life cycle energy analysis (LCEA)

Life cycle energy analysis is an approach that accounts for all energy inputs to a
building in its life cycle. The system boundaries of this analysis include the energy use
of the following phases: manufacture, use, and demolition. Manufacture phase includes
manufacturing and transportation of building materials and technical installations used
in erection and renovation of the buildings. Operation phase encompasses all activities
related to the use of the buildings, over its life. LCA is a process whereby the material
and energy flows of a system are quantified and evaluated. Typically, upstream
(extraction, production, transportation and construction), use, and downstream
(deconstruction and disposal) flows of a product or service system are inventoried first.
Subsequently, global and/or regional impacts (e.g. global warming, ozone depletion,
eutrophication and acidification) are calculated; based on energy consumption, waste
generation, etc
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Fig. 1. System boundaries for life cycle energy analysis.

A paper titled “Life cycle analysis and embodied energy: A review by Abhishek R. Patil
and Suraj D. Shinde” discusses the various types of embodied energy considered in
the life cycle analysis of building and various methods along with their applications and
limitations in the Calculation of Embodied energy. The total embodied energy is
primarily divided into two parts:

Initial Embodied Energy

The energy in buildings represents the energy consumed in the acquisition of raw
materials, their processing, manufacturing,transportation to the site, and construction.
The initial embodied energy has two components. The direct energy, that is the
energyused to manufacture and transport building products to the site and to construct
the building. The indirect energy is the energy useassociated with processing,
transporting, converting and delivering fuel and energy to its point of use.

EEi=Y miMi + Ec[2]

Where EEi= initial embodied energy of building; mi=quantity of building material (i); Mi=
energy content of material (i) per unit quantity; Ec= energy used at site for the
construction of building.
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Recurring Embodied Energy

A large variety of materials are being used in building construction. Some of them may
have a life span less than that of the building. As a result, they are replaced to
rehabilitate the building. In addition to this, buildings require some regular annual
maintenance. The energy incurred for such repair and replacement (rehabilitation)
needs to be accounted during the entire life of

the buildings. The sum of the energy embodied in the material, used in the rehabilitation
and maintenance is called recurring embodied energy and can be expressed as:

EEr=y miMi [(Lb/Lmi) - 1][2]

Where EEr = recurring embodied energy of the building; Lb= life span of the building;
Lmi = life span of the material (i)

Embodied energy largely depends on the type of the materials used, primary energy
sources of energy, building techniques, and efficiency of conversion processes in
making building materials and products.

Operating Energy

The operating energy of the building is the amount of energy that is consumed by a
building to satisfy the demand for heating, cooling, ventilation, lighting, equipment and
appliances. Operating energy is convenient way to compare the energy consumptionof
different building system as it is independent of material used.

OE = EOA x Lb[2]

Where OE = operating energy in the life span of the building; EOA = annual operating
energy; Lb= life span of the building.

Demolition energy

At the end of buildings’ service life, energy is required to demolish the building and
transport the waste material to landfill sites and/or recycling plants.

DE = ED + ET[2]

Where DE= demolition energy; ED = energy incurred for destruction of the building; ET
= energy used for transporting the waste materials.

Life Cycle Energy



Life cycle energy of the building is the sum of all the energies incurred in its life cycle. It
is thus expressed as

LCE = EEi+ EEr + OE + DE[2]

At present, there are three commonly used LCA methods for assessing the
environmental impact of products or systems over its life cycle, including input-output
LCA (I-O LCA), process LCA and hybrid LCA. Various literatures have reported different
LCA methods in related studies. The merits and drawbacks of each method were also
discussed and compared by many researchers. The advantage of the process LCA
method is that a large amount of detailed data can be obtained through the analysis of
different stages in the entire life cycle, that would guarantee the accuracy and reliability
of the results and help improve the environmental performance. While the process LCA
method has been used in many LCA studies of buildings, truncation error becomes an
inevitable problem because of the impossibility to consider all of the upstream
processes, especially the higher order upstream. Conversely, the input-output LCA
method succeeds in establishing a complete system boundary on the basis of the
correlation between different parts; many building related LCA studies thus successfully
used I-O LCA to assess embodied energy and emissions of building components. The
I-O LCA method makes it possible for researchers to analyze a product including
services when the data is hard to get, but has its weakness when it comes to
characterizing various processes within the same sector. For instance, if two materials
come from the same building sector, the embodied energy of them cannot be compared
with each other using I-O LCA method.

Many scholars have committed to solving the contradiction between system boundary
and data accuracy. Treloar et al. proposed a hybrid method called I-O based hybrid LCA
to overcome weakness of process and I-O LCA. This method has been used in related
life cycle studies by several researchers. These studies show that the analysis results of
embodied energy or carbon emissions values by I-O based hybri@method are
obviously higher than those by equivalent process LCA method . Although I-O based
hybrid LCA method covers an integrated system boundary, it suffers from the same
uncertainty problem as I-O LCA method, for example, input-output data is out of date,
newer product information is not enough, and so on.

In the paper titled “Embodied and operational energy and carbon emissions of passive
building in HSCW zone in China: A case study by Xing Su, Shaochen Tian, Xiaolu
Shao, Xuan Zhao, embodied and operational energy and carbon emissions of a passive
building are evaluated. Passive building is generally regarded as the energy-efficient
building to reduce the primary energy consumption and related carbon emissions. It is
suggested that the most effective way to minimize the space heating energy demand is
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to decrease heat loss by enhancing the thermal and airtightness performance of
building envelopes. And it is suited to the buildings in cold climates for decreasing
space heating energy consumption which dominates the operational energy. However,
the appropriate design strategy of building depends on climates. In HSCW (hot summer
and cold winter) zone in China, for instance, space heating is just one issue of energy
demand in the operational stage, the energy use for cooling and dehumidification in
summer also accounts for a considerable proportion in the operational stage of
buildings. In this case, detailed life cycle analysis of embodied and operational energy
use and carbon emissions of a passive building is given and then compared with a
conventional building in the same unique climate zone. The embodied energy
consumption and carbon emissions of the passive building is 7.31 GJ/m2 and carbon
0.98 t CO2 eq/m2, 37.6% and 16.2% higher than that of conventional building
respectively. Due to the benefits on the operational stage, the total life cycle energy
requirement and carbon emissions of passive building is 17.4% and 22.7% lower than
that of conventional building, respectively.

A conferénce paper titled “Embodied and operational energy for a single storied
residential building at Chennai, India, 2004 ” concludes that in order to achieve total
energy conservation, the heat gain into the building must also be considered. This is
directly related to the thermal mass of the envelope. Heat transfer value through the
envelope of the building is called ‘Overall Thermal Transfer Value’ (OTTV). Therefore,
Overall Thermal Transfer Value is a measure of heat gain into the building through the
building envelope. Hence it acts as an index for comparing the thermal performance of
buildings.Control of OTTV implies the control of heat transfer through the building
envelope. If heat gain is controlled then the load on the air conditioner can be reduced,
leading to lesser consumption of electricity. Thus the operational energy can be
controlled. Complete energy efficiency can be achieved if building materials which are
low in embodied energy as well as which give less OTTV are used.

A study titled “Embodied and Operational Energy of a Case Study Villa in UAE with
Sensitivity Analysis” by Abdul Rauf Daniel Efurosibina Attoye and Robert Crawford has
focused on the calculation of the life cycle energy for a case study villa in the UAE. The
analysis showed that the embodied energy and operational energy of the villa, over a
50-year life span, were found to be 34% and 66% of the life cycle energy, respectively.
The initial embodied energy was about 57% of the life cycle embodied energy and 19%
of the life cycle energy of the building. The recurrent embodied energy was about 43%
of the life cycle embodied energy and 14% of the life cycle energy of the building. These
results suggest that embodied energy is critical in life cycle energy assessments and
represents a significant percentage of the life cycle energy consumption of residential
buildings. In addition, considering that the type of materials selected impacts the overall
embodied energy, it is necessary for both designers and clients to be made aware of the



life cycle consequences of their design decisions.A sensitivity analysis was carried out
to review the potential changes in life cycle energy proportions due to the adoption of
renewable energy using a rooftop solar PV system. The analysis showed that the
adoption of a solar PV system resulted in a significant increase (from 34% to 45%) in
the proportion of embodied energy. This shows that an increase in the use of more
renewable sources of energy in future building sectors will necessitate a focus on efforts
to reduce the embodied energy consumption of buildings. A sensitivity analysis was
also carried out to review the potential changes in life cycle energy proportions due to
+20% or -20% variation in the life cycle embodied energy (LCEE), as well as
operational energy (OPE). The analysis showed that in a scenario where the LCEE is
varied, its proportion could range from 29% to 38% of the life cycle energy, while the
OPE share could range from 62% to 71% of the life cycle energy. If, however, the OPE
was varied, its share in life cycle energy could range from 61% to 70% while the share
of LCEE would range from 30% to 39% of the life cycle energy. This confirms that the
impact of embodied energy is irrefutable and will become a bigger challenge if efforts
are made to only reduce the operational energy.

On the basis of the significance of operational and embodied energy shown in this
study, these results may be applicable in other countries where climatic conditions and
construction methods are similar. As opposed to the operational energy requirements to
cool the buildings in the harsh climate of the UAE, regions with less harsh climates may
result in further increases in the significance of life cycle embodied energy. This
confirms that in order to reduce the environmental impacts associated with the building
sector, every possible effort should be made to reduce the embodied energy
consumption of buildings along with the operational energy. This study has focused on
the calculation of the life cycle energy for a case study villa in the UAE. The analysis
shows that the embodied energy and operational energy of the villa, over a 50-year life
span, were found to be 34% and 66% of the life cycle energy, respectively. The initial
embodied energy was about 57% of the life cycle embodied energy and 19% of the life
cycle energy of the building. The recurrent embodied energy was about 43% of the life
cycle embodied energy and 14% of the life cycle energy of the building. These results
suggest that embodied energy is critical in life cycle energy assessments and
represents a significant percentage of the life cycle energy consumption of residential
buildings. In addition, considering that the type of materials selected impacts the overall
embodied energy, it is necessary for both designers and clients to be made aware of the
life cycle consequences of their design decisions.A sensitivity analysis was carried out
to review the potential changes in life cycle energy proportions due to the adoption of
renewable energy using a rooftop solar PV system. The analysis showed that the
adoption of a solar PV system resulted in a significant increase (from 34% to 45%) in
the proportion of embodied energy. This shows that an increase in the use of more
renewable sources of energy in future building sectors will necessitate a focus on efforts
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to reduce the embodied energy consumption of buildings. A sensitivity analysis was
also carried out to review the potential changes in life cycle energy proportions due to
+20% or -20% variation in the life cycle embodied energy (LCEE), as well as
operational energy (OPE). The analysis showed that in a scenario where the LCEE is
varied, its proportion could range from 29% to 38% of the life cycle energy, while the
OPE share could range from 62% to 71% of the life cycle energy. If, however, the OPE
was varied, its share in life cycle energy could range from 61% to 70% while the share
of LCEE would range from 30% to 39% of the life cycle energy. This confirms that the
impact of embodied energy is irrefutable and will become a bigger challenge if efforts
are made to only reduce the operational energy. On the basis of the significance of
operational and embodied energy shown in this study, these results may be applicable
in other countries where climatic conditions and construction methods are similar. As
opposed to the operational energy requirements to cool the buildings in the harsh
climate of the UAE, regions with less harsh climates may result in further increases in
the significance of life cycle embodied energy. This confirms that in order to reduce the
environmental impacts associated with the building sector, every possible effort should
be made to reduce the embodied energy consumption of buildings along with the
operational energy.

The paper titled “Embodied versus operational energy in residential and commercial
buildings: where should we focus? by Aysegul Demir Dilsiza, Juliana Felkner b,
Guillaume Habert ¢ , Zoltdn Nagya analyzed 100 case studies, which were conducted in
23 countries, and contrast their data on embodied and operational energy in residential
and commercial buildings. The case studies included conventional, retrofit, low-energy,
passive, and net-zero energy buildings and the buildings have different lifetimes varying
from 25 to 100 years. Their results showed that operational energy significantly
dominates the life cycle energy of the buildings by an average of 419 MJ/m2 per year
and an average share of 72%. The share of embodied energy increases with
decreasing operational energy. However, the overall LCE decreases significantly when
the operational energy decreases. Naturally, the assumptions on the lifetime of the
buildings have a great impact on the LCE. We conclude that operational energy should
be primarily reduced in order to decrease greenhouse gas emissions from the existing
building stock because most of the buildings are already built and changes in the
embodied energy are often obtained only through new construction or deep retrofit
strategies. Depending on the strategy to decrease OE, the share of EE was found to
show wide fluctuations within the case studies, ranging from 4% up to 100%. In
addition, most of the operational energy consumption has been reported by using
energy simulation tools. Only about 14% of the case studies had metered operational
energy data. In order to create more accurate data, metering of buildings should be
considered in future case studies.



In a study, “ Embodied energy and operational energy computations for a typical G+3
residential building in Vijayawada city of Andhra Pradesh, India, an attempt was made
to compute the EE and OE values of a residential building situated in Vijayawada,
Andhra Pradesh. In particular, the EE values of the various building materials were
estimated in this work. The case study wasan example of an RCC structure with ground
+ three floors. The cement used for building was observed to contribute 36% to the total
EE, followed by steel (33%) and bricks (17%).The total computed EE was calculated to
be 3.1GJ/m2. Alternative measures for reducing the EE in buildings, including the usage
of recycled materials, transportation, using solar energy, replacing cement with fly-ash
and GGBS, building interior products. As the total OE is calculated to be approximately
3.76 GJ/m2, without AC, the only OE of AC load is calculated to be 3.78 GJ/m2. The AC
load contribution to the OE for a typical residential building in a city located in a hot and
dry region such as Vijayawada is almost equivalent to the total load. This clearly shows
that the thermal comfort of the building is significantly affected, and considerable load
results from cooling the rooms in the building from the inside. Measures must be taken
to decrease the heat transfer in a building through the building envelope. The EE
content is incurred once apart from the upkeep and Renovation, whereas OE
accumulates over time and can be affected throughout the lifespan of the building. The
study quantified the lifespan that is the energy and cost and steps to minimize by

permits testing of various energy reduction actions together with the identification of the
most economical and useful steps. This study offers a foundation for future power
reduction strategies for residential structures by giving recommendations for reducing
energy consumption to every single contributor associated with the built environment
centered on the quantified benefits. This can ultimately reduce the adverse impact of
energy consumption on the environment and create a healthier built environment.

Embodied carbon is the “upfront carbon” that is generated before the building is used.
40% of annual CO2 emissions come from the built environment, and 13% of those
come from upfront, or embodied, carbon. If only 13% of emissions from buildings come
from embodied carbon, why do we focus on it? Because that carbon is being released
into the atmosphere now, not over the next 50 or more years. If we can reduce
embodied carbon now, we can have a significant impact on reducing the overall effects
of climate change more quickly. Making buildings more energy efficient has lowered
carbon operating emissions. But as operational carbon goes down, embodied carbon
will account for a larger percentage of total carbon. By the year 2050, almost half of the
carbon footprint in new construction will come from embodied carbon. Canada, Sweden,
and Norway are already seeing an almost 50/50 embodied carbon vs. operating carbon
split.
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1. Introduction

The construction and operation of buildings account for a significant portion of
global energy consumption and carbon emissions. As urban populations continue
to grow, the need for energy-efficient buildings becomes increasingly urgent.
Understanding the dynamics of embodied and operational energy can guide
architects, engineers, and policymakers in making informed decisions that lead to
sustainable building practices. This report provides a detailed exploration of these
energy types, their measurement, and their implications for sustainability.

2. Definitions

2.1 Embodied Energy

Embodied energy refers to the total energy required to produce and maintain a
building over its life cycle, encompassing the extraction, processing,
transportation, assembly, maintenance, and eventual demolition of materials. It is
measured in megajoules (MJ) per unit area or volume of the building.

2.2 Operational Energy

Operational energy is the energy consumed during the occupancy phase of a
building for heating, cooling, lighting, and powering appliances. This energy
demand is influenced by factors such as building design, climate, and user
behavior, and is also measured in megajoules (MJ) per unit area.
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Graph showing operational energy consumed over the life cycle of typical building

3. Importance of Energy Assessment in Buildings
Assessing embodied and operational energy is essential for several reasons:

1. Environmental Impact: Buildings contribute to approximately 40% of
global energy-related CO2 emissions. Understanding energy consumption
patterns can help mitigate environmental damage.

2. Economic Benefits: Reducing energy consumption can lead to significant
cost savings for building owners and occupants.

3. Regulatory Compliance: Many regions are implementing stringent building
codes and standards that require energy assessments as part of the permitting
process.

4. Market Demand: There is a growing market demand for sustainable and
energy-efficient buildings, making energy assessment a competitive
advantage.
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4.1 Components of Embodied Energy

Embodied energy can be broken down into several distinct components:

L

Material Extraction: The energy consumed during the extraction of raw
materials varies widely depending on the material type. For instance, mining
metals requires substantially more energy than harvesting timber.

Material Processing: The transformation of raw materials into finished
products often involves significant energy inputs. For example, producing
one ton of steel can consume up to 20,000 MJ.

. Transportation: This encompasses the energy used to transport materials

from their extraction sites to manufacturing facilities and then to
construction sites. Transportation energy consumption can range from 5 to
20 MJ/kg.

Construction: The energy expended during construction includes the

- operation of machinery, tools, and labor. Studies suggest this can vary from

10 to 30 MJ/kg, depending on the project scale and complexity.

. Maintenance and Repair: Throughout a building’s lifespan, maintenance

activities also contribute to its embodied energy. Regular upkeep of HVAC
systems, roofing, and other elements can cumulatively require substantial
energy.

4.2 Measurement and Calculation Methods

Assessing embodied energy involves several methodologies:

1.

Process Analysis: This involves evaluating the energy consumed in each
stage of a material's life cycle. This method requires detailed data on each
phase.

Input-Output Analysis: This economic-based method uses national or
regional input-output tables to estimate energy use based on material
production statistics.

. Hybrid Methods: A combination of process and input-output analyses,

these methods provide a more holistic view of embodied energy across
various materials and processes.
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4. Environmental Product Declarations (EPDs): Many manufacturers now
provide EPDs, which give a standardized assessment of the environmental
impact of their products, including embodied energy.

Case Studies

Case Study 1: The Bullitt Center, Seattle, WA

The Bullitt Center, often referred to as the greenest commercial building in the
world, has an embodied energy of approximately 550 MJ/m?. Its design prioritizes
local materials and sustainable practices, resulting in reduced energy consumption
during construction.
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Case Study 2: The Edge, Amsterdam, Netherlands

The Edge is known for its innovative use of technology and energy efficiency. Its
embodied energy is calculated at around 700 MJ/m?, with a significant focus on
using recycled materials and energy-efficient construction methods.

Table 1: Embodied Energy of Common Building Materials

Material Embodied Common Uses
Energy (MJ/kg)

Concre 1.0-1.5 Foundations, walls
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Steel 20 - 30 Structural frames
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5.1 Factors Influencing Operational Energy
Operational energy consumption is influenced by various factors, including:

1. Building Design: Key design elements such as orientation, window
placement, and insulation can significantly reduce heating and cooling
demands. For example, passive solar design can reduce operational energy
by 20-50%.

2. HVAC Systems: The efficiency of heating, ventilation, and air conditioning
systems plays a crucial role. High-efficiency systems can reduce energy
consumption by up to 40%.

3. Building Envelope: A well-insulated building envelope minimizes energy
loss and reduces the load on HVAC systems.

4. User Behavior: Occupant habits, such as thermostat settings and appliance
usage, greatly influence operational energy consumption. Studies have
shown that user behavior can account for up to 30% of energy savings
potential.



5.2 Measurement and Calculation Methods
Operational energy can be assessed using several approaches:

1. Energy Monitoring Systems: Smart meters and building management
systems provide real-time data on energy consumption, helping identify
inefficiencies.

2. Energy Simulation Software: Tools like EnergyPlus and eQUEST allow
architects to simulate energy use based on various design scenarios and
climatic conditions.

3. Post-Occupancy Evaluations (POEs): These evaluations assess actual
energy use after a building is occupied, providing insights into discrepancies
between predicted and actual performance.

4. Benchmarking: Comparing a building's energy performance against similar
buildings can help identify areas for improvement.

5.3 Case Studies

Case Study 1: The Empire State Building, New York, NY

Following a comprehensive energy retrofit, the Empire State Building achieved a
38% reduction in operational energy use, saving approximately $4.4 million
annually. Upgrades included high-performance windows and a modern HVAC
system.

Case Study 2: One Central Park, Sydney, Australia

One Central Park utilizes a combination of green design features and
energy-efficient systems, achieving a reduction of 50% in operational energy use
compared to conventional buildings of similar size.

Figure 1: Operational Energy Use by Building Type
(Hypothetical link)

6. Life Cycle Assessment (LCA)

6.1 Overview of LCA



Life Cycle Assessment (LCA) is a systematic method for evaluating the
environmental impacts associated with all stages of a product's life, from raw
material extraction through production, use, and disposal. LCA is essential for
identifying opportunities for improving environmental performance.

6.2 LCA in Building Design

In the context of building design, LCA provides a comprehensive view of energy
consumption and environmental impacts. The LCA process typically includes the
following stages:

|8

Goal and Scope Definition: Establishing the objectives of the assessment,
including the functional unit, system boundaries, and assumptions.
Inventory Analysis: Collecting data on energy inputs, emissions, and waste
generated throughout the building’s life cycle.

Impact Assessment: Evaluating potential environmental impacts based on
the inventory data, which may include global warming potential, ozone
depletion, and resource depletion.

Interpretation: Analyzing the results to identify areas for improvement and
informing decision-making.

6.3 Limitations and Challenges

Despite its advaﬁtages, LCA has several challenges:

1.

Data Availability: Reliable and comprehensive data for all materials and
processes can be challenging to obtain, leading to potential inaccuracies.

2. Complexity: The LCA process can be complex and resource-intensive,

3.

requiring specialized knowledge and tools.
Variability: Results can vary significantly based on the assumptions made
during the assessment, making consistency difficult.
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7. Comparative Analysis of Embodied and Operational

Energy

The interplay between embodied and operational energy is critical in designing
sustainable buildings. While operational energy dominates the energy consumption
profile of most buildings during their lifetime, the embodied energy associated

with construction materials can be substantial.

Table 2: Comparative Analysis of Energy Types

Energy Characteristics Implications for
Type Design
Embodie Associated with material Prioritize low-energy
d Energy production materials
fx/ \\ \




Operatio Related to energy use Optimize systems for
nal during occupancy efficiency
Energy
Synergy Efficient design can Integrated design
reduce both types approaches needed
Key Insights

. Total Energy Consumption: Research indicates that for most buildings,
operational energy accounts for about 80-90% of total energy consumption
over the life cycle, with embodied energy accounting for the remaining
10-20%. However, this ratio can shift significantly depending on building
materials and design.

. Lifecycle Costs: The initial cost of materials with high embodied energy
may be offset by lower operational costs, leading to overall cost savings. For
instance, investing in high-performance insulation may have higher upfront
costs but can significantly reduce heating and cooling expenses.

. Policy Implications: Understanding the balance between embodied and
operational energy can inform building codes and regulations, encouraging
the use of sustainable materials and energy-efficient systems.
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8. Future Directions in Energy Efficiency

To enhance energy efficiency in buildings, several strategies can be pursued:

1. Innovative Materials: Research into low-embodied energy materials, such
as recycled or biogenic materials, is essential. Innovations in prefabrication
and modular construction can also reduce energy consumption during
construction.

2. Building Automation: Implementing smart building technologies, such as
automated lighting and HVAC systems, can optimize operational energy use.
Data analytics can help predict and manage energy demand.

3. Policy Frameworks: Governments should implement policies that promote
energy-efficient building practices. This includes providing incentives for
sustainable design, such as tax credits or grants for using renewable
materials and energy systems.
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4. Education and Training: Educating architects, engineers, and builders
about the importance of embodied and operational energy can lead to more
informed decision-making and innovative solutions.

5. Integration of Renewable Energy: Incorporating renewable energy
sources, such as solar panels and geothermal systems, can offset operational
energy demands and reduce reliance on fossil fuels.
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9. Conclusion

A thorough understanding of embodied and operational energy is essential for
advancing sustainable building practices. By focusing on both energy types,
stakeholders can make informed decisions that enhance building performance
while reducing environmental impacts. Continued research and innovation in




materials, technologies, and policies are critical for achieving energy efficiency in
the built environment.
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INTRODUCTION

1.1 Overview of Building Energy Consumption

Buildings are significant consumers of energy worldwide, responsible for nearly 30%
of global energy use and about 40% of CO2 emissions. The energy used by buildings
spans their entire lifecycle, from material production to operation, maintenance, and
eventual demolition. This energy consumption supports functions such as heating,
cooling, lighting, and powering appliances. As urbanization and population growth
increase, buildings’ energy demand is projected to rise, making it critical to manage
energy use effectively throughout a building's life. -

1.2 Importance of Energy Efficiency in the Building Sector

Energy efficiency in buildings is vital for reducing operational costs and mitigating
climate change. Energy-efficient buildings reduce both energy consumption and
greenhouse gas (GHG) emissions, offering benefits such as lower energy bills,
improved comfort, and increased property value. Enhancing energy efficiency is a
cost-effective solution to reduce global carbon emissions, especially as more
buildings aim for net-zero energy performance.

1.3 Differentiating Between Embodied and Operational Energy

Building energy consumption can be classified into two major categories: embodied
and operational energy.

e Embodied Energy is the total energy used throughout a building's lifecycle
to extract, manufacture, transport, and assemble materials, as well as to
maintain and demolish the structure. This upfront energy investment occurs
before the building becomes operational.

e Operational Energy refers to the energy consumed during a building's
functional life, such as heating, cooling, lighting, and appliance use.
Operational energy is ongoing and typically accumulates throughout the
building’s lifespan.
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Historically, the focus has been on reducing operational energy, but with
advancements in energy-efficient technologies, the significance of embodied energy
has become more apparent. Both forms of energy must be addressed to reduce the
overall environmental impact of buildings.

Embodies and Operational Energy

Embodied Energy

Embodied energy refers to the total energy required to produce a building. This includes
energy used in every phase of the building’s creation, from raw material extraction,
processing, and manufacturing to transportation and on-site construction. It also
encompasses the energy used for maintenance, renovation, and ultimately demolition and
disposal of building materials. This energy is embedded in the materials and structure of the
building, representing the upfront energy invested before it becomes operational.

For example, the energy consumed in producing materials like steel, concrete, and glass, as
well as transporting them to the construction site, are key contributors to embodied energy.

Operational Energy

Operational energy is the energy consumed during the use phase of a building. This
includes the energy used for heating, cooling, lighting, ventilation, and running appliances or
equipment within the building. Operational energy is ongoing and directly related to the day-
to-day functions of the building, typically accruing over decades of use.

For instance, the energy required for running HVAC systems, powering lights, and operating
appliances is considered operational energy.

Key Differences

The main difference between embodied and operational energy is timing and scope:

¢ Embodied Energy is mostly a one-time expenditure, concentrated during the
construction phase and in periodic maintenance activities.

e Operational Energy is consumed throughout the building’s lifecycle, recurring
daily as the building is used.

While embodied energy is fixed after the building is constructed, operational energy
continues to accumulate for as long as the building is in use.

Significance in the Building Lifecycle

Both types of energy are crucial to understanding the full environmental impact of a
building. Traditionally, the focus has been on reducing operational energy through
energy-efficient design, appliances, and systems. However, as buildings become more
energy-efficient and operational energy decreases, the significance of embodied energy
grows. Reducing embodied energy, through material selection and construction practices, is
essential for minimizing a building’s overall carbon fnf‘%?:int especially in the contf:xt of
sustainable building practices. Addressing both is %2y te-2chisving lower energy’

consumption over the bulldmg s entire life cycle \ ‘ : MA’
1w s : : q /




Components of Embodied Energy

1. Initial Embodied Energy

Initial embodied energy is the energy used during the early stages of a building’s life cycle.
This includes:

e Material Extraction: Energy consumed in mining or harvesting raw materials like
metals, wood, and stone.

e Manufacturing: The energy required to process these raw materials into usable
building products, such as concrete, steel, and glass.

e Transportation: Energy spent in transporting building materials from factories to
construction sites.

e Construction: The energy involved in assembling materials and erecting the
building on-site, including the use of machinery, labor, and equipment.

This energy is consumed before the building is ready for use.

2. Recurring Embodied Energy

Recurring embodied energy refers to the energy used over the building’s lifecycle for:

e Maintenance: Energy required for repairs or upkeep, such as repainting or
replacing worn materials.

e Renovations: Energy used in remodeling parts of the building, which may involve
new materials and construction processes.

e Replacements: Energy expended in replacing building components like windows,
insulation, or roofing.

This energy recurs periodically during the building’s operational life.

3. End-of-life Embodied Energy

End-of-life embodied energy involves the energy required for:

e Demolition: Energy used to dismantle or demolish the building at the end of its
lifecycle.

e Recycling: The energy required to process reusable materials from the building’s
remains. o

e Waste Disposal: Energy expended in managing and transporting building waste to
landfills or recycling facilities.

This phase is crucial for reducing waste and improving resource efficiency through recycling
and reuse.



Components of Operational
Energy

Operational energy refers to the energy consumed during the building’s use phase, ensuring
comfort and functionality. The main components are:

1. Heating, Ventilation, and Air Conditioning (HVAC)

HVAC systems regulate indoor climate, consuming a large portion of operational energy.
Heating provides warmth in colder months, ventilation ensures air circulation, and air

conditioning cools spaces in warmer weather. Efficient HVAC systems with proper insulation

and controls can significantly reduce energy consumption.

2. Lighting

Lighting energy is used to illuminate interior and exterior spaces. The type of lighting
(incandescent, fluorescent, LED) affects energy use, with LEDs being the most energy-
efficient. Advanced lighting designs, such as daylight integration and motion sensors, can
help minimize energy waste.

3. Appliances and Plug Loads

This includes the energy used by appliances like refrigerators, computers, and other
electronic devices. Though often overlooked, these "plug loads" contribute significantly to
overall energy use. Using energy-efficient appliances and reducing standby power
(unplugging devices when not in use) can help lower this energy consumption.

4. Water Heating

Water heating systems provide hot water for domestic and industrial purposes. Traditional
electric or gas water heaters are energy-intensive, but high-efficiency models and solar-
powered systems can reduce the energy required to heat water.

5. Building Automation Systems (BAS)

BAS integrates and controls HVAC, lighting, and other systems, optimizing energy use by
adjusting settings based on occupancy, weather, and time of day. BAS reduces unnecessary
energy use by automating energy management, improving overall efficiency, especially in
large commercial buildings.

Together, these components represent the major energy-consuming systems in a building,
and improving their efficiency is key to reducing operational energy use. -



Life Cycle Assessment (LCA) of
Embodied Energy in Buildings

What is LCA?

Life Cycle Assessment (LCA) is a systematic method used to evaluate the environmental
impacts of a product, process, or service throughout its entire life cycle. In the context of
buildings, LCA measures the embodied energy and associated emissions from material
extraction to demolition. It provides insights into how to reduce energy consumption and
environmental footprints over a building’s lifetime.

Stages of L.CA for Embodied Energy

e Raw Material Extraction
.o This stage includes the energy consumed during the extraction and processing
of raw materials, such as mining ores for steel or harvesting timber for wood.
This phase represents the first point of energy use in the building’s lifecycle.
e Manufacturing and Transportation
o Once materials are extracted, they undergo processing and manufacturing to
become usable construction products like concrete, glass, and insulation.
Transportation to the construction site also consumes energy, contributing to
embodied energy.
e Construction Phase
o The actual assembly of materials into a building requires energy for
construction activities, such as machinery use and labor. The energy used at
this stage is also included in the total embodied energy.
e Operational Phase and Maintenance
o Though mostly contributing to operational energy, maintenance activities

(such as repairs, renovations, and replacements) also contribute to recurring - Al
embodied energy. This includes materials and energy required for periodic/., \
upkeep. [>| b |
e End-of-life and Deconstruction \ ~
o The energy involved in demolishing a building and managing its waste N t{ 11

(through recycling, disposal, or reuse) is part of the end-of-life embodied
energy. This phase also includes the energy saved by recycling materials,
which reduces the demand for new raw materials.

Tools and Methods for LCA Analysis

1. ISO Standards for LCA
0O IS0 14040 and ISO 14044 are international standards that provide guidelines \ riigrash,
for conducting LCAs, ensuring a consistent and comprehensive approach. o )
These standards outline the framework, methodology, and reporting /\.9?\/
requirements for LCA studies.
2. Popular LCA Tools
o SimaPro: A widely used tool for LCA analysis, enabling detailed modeling of
environmental impacts across different stages of a building’s life cycle.
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o OpenLCA: An open-source software that provides LCA modeling and impact
assessments, making it accessible for academic and professional users.

o OneClick LCA: A specialized tool for assessing the environmental
performance of buildings, focusing on both embodied and operational energy
impacts.

Energy Consumption Acrvos’s a
Building’s Lifecycle

Comparative Analysis of Embodied vs. Operational Ener

Embodied Energy is consumed during the construction phase, including material
extraction, manufacturing, transportation, and construction. It represents the
upfront energy required to build a structure and, depending on the materials and
methods, can make up a significant portion of total energy consumption, especially
for energy-efficient buildings.

Operational Energy, on the other hand, accumulates over time as the building is
used for heating, cooling, lighting, and appliances. Historically, operational energy
has been the larger share of total energy consumption, especially for less energy-
efficient buildings. However, in modern buildings designed for high energy efficiency,
the embodied energy becomes a larger percentage of the total energy over the
building’s lifecycle.

Factors Affecting Energy Distribution

Building Type: High-rise commercial buildings often have higher operational
energy due to HVAC and lighting demands, while smaller residential buildings may
have lower operational energy but relatively higher embodied energy.

Lifespan: Longer-lasting buildings accumulate more operational energy over time.
Shorter-lived buildings may see a higher proportion of their total energy as embodied
energy.

Location: Climate affects operational energy, with buildings in extreme climates
using more energy for heating or cooling. Local availability of materials and
construction practices also influence embodied energy.



Impacts of Embodied and
Operational Energy on Carbon
Emissions

Relationship Between Embodied Energy and Carbon Emissions

Embodied energy is closely linked to carbon emissions, as the energy consumed during
material extraction, manufacturing, and construction often derives from fossil fuels. The
carbon footprint associated with embodied energy reflects the total greenhouse gas
(GHG) emissions generated during these processes. For example, the production of cement
and steel has a particularly high embodied carbon due to the energy-intensive methods
involved. Reducing embodied energy through sustainable material choices and efficient
manufacturing processes directly decreases the associated carbon emissions.

Role of Operational Energy in Greenhouse Gas (GHG) Emissions

Operational energy primarily impacts GHG emissions during the building’s use phase.
Energy consumption for heating, cooling, lighting, and appliances usually relies on electricity
and fossil fuels, contributing to ongoing emissions. Buildings that are inefficient in their
energy use generate higher operational carbon footprints over their lifespan. By
implementing energy-efficient technologies and renewable energy sources, operational
energy consumption—and therefore associated emissions—can be significantly reduced.

Embodied vs. Operational Carbon Footprints Over a Building's Life gycle_

The comparison of embodied and operational carbon footprints over a building's life cycle
highlights important trends:

e Embodied Carbon Footprint: This is a one-time carbon emission represented at
the beginning of a building’s life and accumulates from the production and
transportation of materials. For many buildings, this footprint can be substantial,
especially in resource-intensive structures.

e Operational Carbon Footprint: This footprint continues to accumulate
throughout the building’s operational life, reflecting ongoing energy use. In many
buildings, operational emissions can surpass embodied emissions over the hfespan
particularly if the building is used for several decades.

In energy-efficient designs, the embodied carbon may represent a larger percentage of the

total carbon footprint as operational emissions decrease. Ultimately, understanding both

embodied and operational carbon footprints is essential for assessing the overa’llz /€
environmental impact of buildings and informing strategies for reducing GHG emissions Af}’/\/
throughout their life cycles.
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Strategies to reduce Embodied
Energy in Buildings

Use of Sustainable Materials:

e Opt for recycled or low-energy materials that require less energy for production, such
as bamboo, reclaimed wood, and recycled steel.

Efficient Material Selection and Sourcing:

e Choose locally sourced materials to minimize transportation energy and carbon
emissions; prioritize materials with lower embodied energy profiles.

Modular and Prefabricated Construction Methods:

e Implement modular construction techniques that allow for off-site fabrication,
reducing waste and energy consumption during the construction process.

Life Cycle Design Principles:

e Apply life cycle thinking in design to evaluate and minimize embodied energy
impacts from the outset, focusing on long-lasting and adaptable designs.

Material Reuse and Recycling Strate ies at the End of Life:

e Develop plans for deconstruction that prioritize the reuse and recycling of building
materials, reducing waste and embodied energy in future constructions.

Strategies to reduce Operational
Energy in Buildings .

—p—

Energy-Efficient Building Design: (AN

e Incorporate passive design principles, effective insulation, and strategic windsw"
placement to maximize natural light and minimize energy loss.

Use of Renewable Energy: . Py

e Install solar panels, wind turbines, or geothermal systems to generate clean energy
and reduce reliance on fossil fuels.

Smart Building Management Systems (BMS): 2 A.,QW

e Implement BMS for real-time energy monitoring, automated controls, and
optimization of HVAC, lighting, and other systems.

Integration of Energy-Efficient Appliances and Lighting: /\‘W




e Use ENERGY STAR-rated appliances and LED lighting to lower energy consumption
significantly.

Retrofitting Existing Buildings:

e Upgrade insulation, HVAC systems, and windows in existing buildings to improve
energy efficiency and reduce operational energy use.

Case Studies

Example 1: Bullitt Center, Seattle

The Bullitt Center is often referred to as the "greenest commercial building in the world."
This net-zero energy building features sustainable design practices that minimize both
embodied and operational energy. It utilizes renewable energy sources, including solar
panels, and emphasizes the use of locally sourced, sustainable materials. The building's
design incorporates extensive natural lighting and ventilation, significantly reducing
operational energy consumption.

Example 2: One Angel Square, Manchester

One Angel Square is recognized for its commitment to low embodied carbon. This innovative
office building was constructed using sustainable materials with reduced carbon footprints,
including recycled content. It employs energy-efficient systems and renewable energy
sources, allowing it to achieve significant operational energy savings. The design prioritizes
sustainability, making it a benchmark for environmentally responsible construction in urban
settings.

Example 3: Edge Building, Amsterdam

The Edge Building is celebrated for its advanced smart building technologies. Designed to
optimize energy efficiency, it incorporates intelligent systems for lighting, heating, and
cooling that adapt based on occupancy and environmental conditions. The building features
extensive use of renewable energy, minimizing its operational energy footprint. Its
innovative design and technology integration make it a leader in sustainable urban
architecture.

Future Trends

The Role of Circular Economy in Reducing Embodied Ener




The circular economy promotes the sustainable use of resources by designing buildings for
reuse, recycling, and regeneration. By emphasizing material lifecycle, buildings can be
constructed with lower embodied energy through the use of recycled materials and the
design of products that can be easily disassembled and reused. This approach not only
reduces waste but also minimizes the demand for new raw materials, contributing to lower
carbon emissions.

Net-Zero Energy Buildings and the Move Toward Carbon Neutrality

Net-zero energy buildings (NZEBs) are designed to produce as much energy as they consume
over a year, typically incorporating renewable energy systems like solar or wind. The
increasing focus on carbon neutrality aims to reduce both operational and embodied energy,
leading to substantial reductions in overall carbon footprints. This trend is driving
innovation in building design, materials, and energy systems, making NZEBs a central goal
in sustainable architecture.

Role of Technology and Innovation in Improving Energy Efficiency

Advancements in technology play a crucial role in enhancing energy efficiency in buildings.
Innovations such as smart grids, energy management systems, and IoT devices allow for
real-time monitoring and optimization of energy use. Additionally, new construction
materials and methods, such as 3D printing and advanced insulation technologies, are
helping to reduce both embodied and operational energy significantly.

Challenges

e Cost and Availability of Sustainable Materials: Sustainable materials can be
more expensive and less readily available than conventional materials, making them
less appealing to builders and developers.

e Lack of Standardized LCA Data and Methodologies: Inconsistent LCA data
complicates the assessment of embodied energy, making it difficult to compare
materials and designs accurately. Standardized methodologies are needed for reliable
evaluations.

e Barriers to Adopting Renewable Energy in Older Buildings: Retrofitting
existing structures to accommodate renewable energy technologies can be
challenging due to structural limitations, costs, and regulations.

e Regulatory and Policy Challenges: Existing building codes and regulations may
not prioritize sustainability, creating barriers to the adoption of energy-efficient
practices and technologies. Advocating for updated p011c1es is essentlal for fostermg
innovation in the building sector. O TN

Conclusion =

Addressing both embodied and operational energy is critical for reducing the overall
environmental impact of buildings. By minimizing energy consumption throughout a

5



building’s lifecycle, we can significantly decrease carbon emissions and contribute to global
sustainability goals.

1.

Emphasize sustainable material selection and lifecycle assessments in design
processes. '

Adopt net-zero energy and circular economy principles to enhance resource
efficiency.

Invest in smart technologies and renewable energy systems to optimize energy use.
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* Azero net energy building is designed to ensure zero net consumption,
which means the total amount of energy consumed by the building
annually
should roughly equal the amount of renewable energy created on site.
» The construction of these buildings has gained prominence in the last
few years, since they contribute significantly to reducing greenhouse
emissions. -
» The construction of zero net energy buildings is encouraged qs//natlons seek
ways of minimizing their carbon footprint

Below are case studies of two such buildings—one in India and one

internationally—that exemplify this concept. [x \yﬂ/




TATA CONSULTANCY SERVICES (TCS) CASE STUDY |
"SMART" BUILDING, MUMBAI, INDIA

Tata Consultancy Services (TCS), one of India’s largest and most influential IT
service providers, has long been committed to sustainability and innovation in its
building infrastructure.

In keeping with its corporate sustainability goals, TCS has taken significant steps to
design and construct Zero Energy Net Buildings (ZENBs) in various locations,
including its campus in Mumbai.

These buildings aim to produce as much energy as they consume on an annual
basis, contributing to reducing the company’s carbon footprint and improving
energy efficiency.

"BJECTIVES AN

5 1 5"
rCS's initiative to develop Zero Energy Net Buildings at its Mumbai com&{}s igbart of
1 broader vision to promote environmental sustainability. e

Energy Independence: Achieve net-zero energy consumption by producmg
enough renewable energy to meet the building’s energy needs. - \
Reduce Carbon Footprint: Significantly lower the operational carbon footprmt of
TCS's buildings. , ,LLL
Innovative Design and Technology: Integrate cutting-edge sustainable—— et
technologies, energy-efficient designs, and renewable energy solutions.
Sustainability Leadership: Position TCS as a leader in sustainable IT infrastructure

by setting a precedent for green buildings in the corporate sector. W



JESIGN AND CONSTRUCTION FEATURES

1.Building Envelope Optimization

o Thermal Insulation: The buildings at TCS's Mumbai campus are designed
with high-performance insulation materials to reduce heat gain and loss.
This helps to minimize the need for artificial heating or cooling.

o Energy-Efficient Windows: Double-glazed, low-emissivity glass windows
were installed to optimize natural light while preventing unwanted heat from
entering or escaping. This reduces the load on air-conditioning systems.

. Energy Efficient HVAC Systems

o Variable Refrigerant Flow (VRF) Systems: TCS's ZENB buildings use .
advanced VRF systems for heating, ventilation, and air condltlo/nmg (F VAC)
which adjust the flow of refrigerant based on the demand in di’fferent zoff:‘ es.
This allows for better energy efficiency compared to traditional syste @"/

o Smart Thermostats and Sensors: These systems allow for real- ~time
monitoring and optimization of the building's internal chmqte ensuring that
energy is only consumed when needed.




3. enewable Energy Integration

o Solar Panels: The most prominent feature of the ZENB is its large-scale solar
photovoltaic (PV) array on the roof. The solar panels generate renewable
energy that is used to power the building’s operations. TCS's Mumbai
campus has invested in an array that can generate a significant percentage
of the energy required for the building, helping to achieve a net-zero energy
goal.

Energy Storage: To ensure energy availability even when solar generation is
low (e.g, at night), the buildings are equipped with energy storage systems
like lithium-ion batteries, which store excess energy produced during the do
for use at night or during cloudy weather.

4.Lighting Systems

o LED Lighting: Energy-efficient LED lighting systems, with motion sensers and
daylight harvesting features, ensure that lights are only used'when .
necessary and adjust to available natural light, further reducmg energy
consumption.

Automated Controls: The lighting systems are m’cec'f’f-:-‘nT B 'th bu:ldmg
management systems (BMS) that track usage omq djust \?‘ cal-time,
contributing to overall energy efficiency ‘ )



5. Water Efficiency

o Rainwater Harvesting: TCS's ZENB includes rainwater harvesting systems thc
collect and store rainwater for non-potable uses like irrigation, cooling, and
toilet flushing. This reduces the building’s dependence on municipal water
supplies and lowers its overall environmental impact.

o Low-flow Fixtures: To minimize water wastage, low-flow faucets and water-
saving toilets are installed across the building.

6. Smart Building Management

o Building Management System (BMS): The BMS allows real-time monitoring
and control of energy consumption across various building systems. The
system tracks energy use patterns, weather conditions, and occupancy datc
to optimize heating, lighting, and cooling in response to actual needs.

o Predictive Maintenance: Through sensors and loT-enabled systems, the
building’s operations are continually monitored, and predictive analytics are
used to perform maintenance before issues arise, ensuring that the building
systems continue to run efficiently.

Environmental and Energy Impact

 Energy Generation vs. Consumption: The TCS ZENBs are designed to balance
their energy usage with self-generated renewable energy. Solar PV installations
on the building’s rooftops produCe a substantial portion of the energy needed,
contributing to a net-zero energy status. The buildings’ energy consumption is
also carefully managed through a combination of energy-efficient systems,
reducing demand and maximizing the effectiveness of the renewable energy
produced.

« Reduction in Carbon Emissions: By integrating renewable energy sources and
energy-efficient systems, TCS has significantly reduced its carbon emissions. Th
ZENB initiative helps offset the emissions that would otherwise be generated by
traditional energy sources, particularly from fossil fuel=based electricity. |

.

« Operational Savings: Although the initial cost of Geveloping|zero-energy
buildings is typically higher, the long-term soving's_\.:fé{; sigcificant. Reduced
energy costs, lower water usage, and fewer Maintenanes requirements result in
financial savings over time, making ZENBs a smart investment for TCS’s

operations. M |



KEY FEATURES AND STRATEGIES

* Energy-Efficient Design: The building is designed to minimize heat gain from the
sun using a combination of orientation, shading, and glazing techniques. Large
overhangs and high-performance glass help control the solar heat gain.

* Natural Ventilation: A sophisticated passive cooling system using natural
ventilation ensures the building uses less energy for air condltronmg, reducing its
dependence on mechanical cooling.

* Energy-Efficient Lighting: The building uses LED lighting and OCCUpPONCY Sensors
that ensure lights are only on when needed, significantly reducing electricity
consumption.

* Solar Panels: Rooftop solar panels are installed to harness renewable energy.
The energy generated is used to meet the building’s needs, contributing to its
goal of net-zero energy consumption.

* Water Management: Rainwater harvesting and the use of recycled water for
landscaping and non-potable uses help conserve water resources and reduce

the building’s environmental impact.

The TCS Smart Building highlights the importance of integrating passive design
strategies (like natural ventilation and solar shading) with active renewable
:echnologies (like solar panels) to achieve energy ney ﬁv\This case study also
amphasizes the role of efficient lighting, water moncrwemer\t und materials M
selection in reducing a building's overall environmery Lcn 1oc>’rr'"nt vgran A




THE EDGE, AMSTERDAM, NETHERLANDS CASE STUDY :

he Edge is a globally recognized example of a smart, energy-efficient office
ouilding, located in Amsterdam. It is designed to be one of the most sustainable and
snergy-efficient buildings in the world, with a strong focus on minimizing
snvironmental impact while enhancing user comfort and productivity.

r'he Edge has become a global benchmark for integrating cutting-edge green
ouilding technologies with innovative design, and it has gained particular
‘ecognition for its efforts in achieving Zero Energy Net (ZEN) status

SMART BUILDING TECHNOLOGY

'he edge building is not only sustainable but also incredibly smart, with o range of
nigh-tech features that make it one of the most advanced buildings in the o
vorld. these include a smartphone 5 \
Jpp that allows workers to control their workspace, i %nrcﬁ)g:\*hng the tempercature
and lighting to booking meeting rooms f\d R f)

and ordering food. S\ | _7¢
7 &eﬁf/




OBJECTIVES

Energy Efficiency: Design a building that generates as much energy as it consumes
dver a yedr, making it a net-zero energy structure.

Sustainability Leadership: Showcase the potential of sustainable architecture,
setting a new standard for green office buildings.

rechnological Innovation: Incorporate the latest in building management,
Jutomation, and renewable energy technologies.

Well-being of Occupants: Create an environment that optimizes human
serformance, wellness, and comfort, powered by sustainable energy solutions.

Operational Cost Savings: Reduce the building’s operational costs through energy
sfficiency and smart management systems.

DESIGN AND CONSTRUCTION FEATURES

e Building Envelope Design

tnergy-Efficient Insulation: The Edge’s design focuses on minimizing energy %\
>onsumption by using high-performance insulation in its walls and roaf reducmg
1eat loss and gaining from both the interior and exterior. X

rhermal Mass and Glazing: The building incorporates a fagade of triple-glazed
wvindows with a high thermal mass that reduces the need for mechanical heating
and cooling by absorbing and storing heat during the day and releasing it at night.

Shading Systems: Smart shading devices are integrated into the exterior of the
ouilding to minimize solar heat gain and prevent overheating while maximizing
hatural light intake.



* Renewable Energy Generation

Solar Power: The Edge is equipped with solar photovoltaic panels installed on its
‘oof and integrated into the building's design. These solar panels generate a
significant proportion of the building’s energy needs, ensuring that the building is
argely self-sustaining in terms of its energy consumption.

tnergy Storage: To optimize the use of the energy generated, The Edge incorporates
oattery storage systems that store excess solar energy during the day for use at
night or during periods of low sunlight.

On-site Combined Heat and Power (CHP): The Edge also utilizes a CHP system to
oroduce both electricity and heat. This system uses natural gas but operates with
much greater efficiency than conventional grid-based energy generation, making it
oart of the building's strategy to maintain low energy consumption while achieving
sustainability goals.

iy —\‘~ ¥ \

Intelligent Building Management System (BMS) ,-_;'}"" ‘\' \
Connected loT Sensors: One of the most innovative aspects of Théfc':"x'he vs its
internet of Things (loT)-enabledinfrastructure. Sensors placed throug. ‘out the
suilding monitor everything from occupancy and temperature to energy uscge omd
Jir quality.

Data-Driven Energy Optimization: These sensors feed data into the building’s I\@I/
central Building Management System (BMS), which uses advanced algorithms to
dptimize energy consumption. The system adjusts lighting, heating, ventilation, and
Jir-conditioning (HVAC) based on real-time occupancy data, ensuring energy is
Jsed only when and where it's needed. @

Predictive Maintenance: The BMS also helps with predictive maintenance, which
elps detect inefficiencies and equipment malfunctions before they lead to system
‘ailures or excessive energy usage.



+ Energy-Efficient Lighting and HVAC Systems

LED Lighting: The building uses energy-efficient LED lighting that is controlled
‘hrough a sophisticated system of motion sensors and daylight harvesting. These
systems automatically adjust light levels according to occupancy and available
natural light, further reducing unnecessary energy consumption.

Efficient HVAC: The Edge employs an advanced chilled beam system for cooling,
~vhich works by circulating chilled water through beams in the ceiling, efficiently
sooling the air. This system is quieter and consumes less energy than traditional air-
conditioning systems. It is combined with fresh air ventilation that helps optlmize
ndoor air quality.

Active Chilled Ceilings: To further reduce the reliance on mechanical cooling, the
ouilding integrates active chilled ceilings that use radiant cooling, ok@&rk
rom the occupants and their surroundings without creating exces. V/ air | )d

A \ o

Movement or noise. \ ) [N)S

» Water Efficiency and Conservation

Rainwater Harvesting: The Edge captures and reuses rainwater for nen potable
Jpplications such as irrigation, cooling, and flushing toilets. This syster’n sugmflcdntly
"'educes reliance on municipal water supplies. N /\@‘/

Water-Efficient Fixtures: Low-flow fixtures and sensors are installed throughout the
ouilding to minimize water usage, contributing to its overall sustainability gooﬂs /



e Building Design for Human Comfort and Well-being

Natural Light and Biophilic Design: The design of The Edge prioritizes natural
daylight, with floor-to-ceiling windows that allow occupants to enjoy an abundance
>f natural light throughout the day. The building also incorporates biophilic design
2lements, including the use of plants and natural materials to create a healthier,
mMore productive indoor environment.

Flexible Workspaces: The office spaces are designed to be highly flexible, catering
‘0 modern work styles with open-plan layouts, collaborative spaces, and access to
1atural ventilation and lighting.

indoor Air Quality: Sensors monitor air quality in real-time, adjusting ventilation and
air purification systems to maintain high standards of indoor air quality.

* Energy and Environmental Impact
Energy Performance

Zero Energy Net Status: The Edge produces approximately the same amount of
2nergy as it consumes over the course of a year, meeting the strict criteria of a Zero
znergy Net Building. This is achieved through a combination of energy-efficient
Jesign, renewable energy generation, and advanced energy management systems

Energy Savings: The building's intelligent systems help reduce overall energy

7 nsumption, with advanced BMS allowing for granular control of energy use across
all systems. Occupants also benefit from a healthier and more comfortable
2nvironment, while the building maintains low operating costs.

Carbon Emissions Reduction

rhe Edge significantly reduces its carbon footprint by relying heavily on renewable
anergy sources (solar power, rainwater harvesting) and incorporating effIC|ent
systems that minimize energy wastage. Its CHP system ensures that even natural
jas use is as efficient as possible, further reducing em" o) oS .compared to

conventional energy sources. (7 1A Mk/
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ELECTIVE ASSIGNMENT

OVERVIEW

The term net zero refers to the balance between the amount of produced greenhouse gas and the
amount removed from the atmosphere. The term Net Zero Energy Building (NZEB) are characterized
as zero net energy consumption buildings i.e. the total sum of energy used annually by the buildings
is approximately equal to the total sum of the renewable energy produced on site. Recently, the idea
of NZEBs, has changed from the study to practice. There are only a limited number of highly
productive builders at present. The construction of NZEBs is becoming more and more feasible owing
to advancements in building technology, renewable energy systems and academic research. Igbal
(2004) defined NZEB as the term used for the building that incorporates available renewable energy
technologies commercially with energy efficiency construction methods where no fossil fuels are
consumed. Kilkis (2007) defined NZEB as a building, which has a total annual amount of zero energy
transfer through the building during all electric and other transfers that occur during a particular
time span. Laustsen (2008) gave the general definition for ZEB: zero-energy buildings do not use
fossil fuels and rely entirely on solar and other renewable energy sources to meet their energy
needs. Noguchi et al. (2008) defined NZEB as the house that consume as much as energy it produces
over a certain period of time.

India is facing intimidating challenges in meeting its energy needs. If India continues with a sustained
growth rate of 8% per annum, its primary energy supply will need to grow by 3 to 4 times, and
electricity generation capacity/ supply by 5 to 6 times compared to 2003-04. It is estimated that by
2031-32, the country’s power generation capacity of 800,000 MW would be required as against the
installed capacity of 160,000 MW inclusive of all captive plants in 2006-07. It has been estimated that
the country is currently facing an electricity shortage of 9.9% and a peak demand shortage of 16.6%.

the NZEB approach in a country can differ depending on the climate, the resources for (green)
electricity in the grid, the heating and cooling grid infrastructures. To meet energy demands of
building long term strategy needed which can increase energy efficiency levels and use of renewable
energy resources. The main target is new buildings by using the energy conservation measures in
construction, to make energy-efficient buildings or NZEBs. Net-zero energy buildings do not exist in
isolation. Despite the multiple definitions of net-zero building. The wording —net-zero|| implies
interaction with a surrounding energy grid. It is expected that the accounting of the selected metric
(e.g., primary energy) over a relatively long period (typically a year), will yield a net balance close to
zero Designing of an NZEB typically requires successful integration and optimization of several
architectural concepts and strategies such as building orientation concerning sun path, natural
ventilation, solar shading, day-lighting, solar heat gains, thermal comfort as well as the deployment
of well-proven insulation practices, energy-efficient glazing, air conditioning; #c-lighting systems,
and incorporation of renewable energy technologies for on-site power {.rr;,.éém‘ic‘f.".

CASE STUDY 1 ( ' I

INDIA’S FIRST NET ZERO ENERGY BUILDING: INDIRA PAR\'A_\.%\\(B@N_[}HAWAN
7 AN

This is a project of the ministry of environment and forests for the construction of new office

buildings at Aliganj, Jor Bagh Road, New Delhi. The project has been designed to make the net-zero AT
energy building. First in government sector targeted for both ratings of green building (5 STAR GRIHA (%V
LEED India Platinum) The building has won awards such as the Adarsh/GRIHA of MNRE for ideal

illustration of Integration of Renewable Energy Technologies. This new office building has been

constructed in a composite zone. This building sets revolutionary change into conventional building




design. The building has been designed by CPWD by using an integrated design approach with the
help of multi-disciplinary fields experts like Architect, Electric Consultant, HVAC Consultant, Plumbing
Consultant, Green Building Consultant, Commissioning Authority, Landscape Consultant, Structure
Consultant, and other project team members. The project team emphasized on the energy
conservation measure at every step of building design and construction for reducing energy demand
by using passive design strategies by providing windows with shadings which again provide adequate
natural light with that landscape to reduce ambient temperature and for outdoor greenery access
with that energy-efficient active systems. All the possible energy-efficient and conservation practices
were adopted to lessen the energy load of the building and the remaining demand load was met by
an onsite solar PV System of 930 kW capacity to make the building Net Zero Energy building.

B Elect oty Moty Productor 3 £ty Morthty Consumgton

Fig. 2: Annual energy production and consumption graph

The energy consumption of Indira Paryavaran Bhawan is 67.3% less in comparison to the GRIHA
benchmark. The project adopted numerous green building concepts for occupants' wellbeing and
eco-friendly approaches like water conservation and rainwater harvesting. The building orientation.
set in the manner that it favors optimum solar access and shading. Two blocks facing north south
direction have been arranged parallelly having a linear open court in the middle. Building front is a
wider setback so that it can protect tree lines for occupant’s outdoor view access. Ap / A
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Fig. 3: Final design view of North-South blocks orientation and
courtyard

Native plants/trees were planted, and sprinklers and drip irrigation provided to reduce further water
requirement. Local ecology was preserved as much as possible to maintain cooler microclimatic.
Hard green spaces provided to elevate the greenery. Onsite STP with FAB/MBBR technology
constructed to recycle the total water amount to create zero wastewater. Water consumption has
been reduced by 64% by providing water-efficient fixtures. Building top, courtyard, and edges fully
covered by the Solar PV panels which gives shading and create a cooler microclimate. Onsite solar
energy capacity provides sufficient energy to meet the demand capacity of the building which plays
an essential role to make the building Net Zero Energy Building.

Fie. 4: Onsite installed Solar PV Panels

Effective ventilation provided by orientating the building N-S and by optimum integration with nature
which has been obtained by separating different blocks with connecting corridors and by providing a
huge central courtyard.

Fig.5: Effective ventilation pattern due to building design




Indira Paryavaran Bhawan was designed in three stages by using an integrated design approach. All
three stages -Passive design, Active design, and Renewable Design, elaborated below which helped in
achieving the net-zero energy consumption of buildings.

PASSIVE DESIGN STRATEGIES:

Orientation: The building is north-south oriented, which is favourable for effective ventilation. Two
separate blocks connected through corridors for optimum integration with nature and a huge central
courtyard provided which again helps in better air circulation and provides skylight also. The
courtyard has been provided with natural vegetation which reduces surrounding temperature,
enhances air movement thus by cool air is preserved and hot air escapes easily and provides a green
view. Orientation minimizes heat ingress. Window to wall ratio of the building is optimum according
to the energy conservation benchmark.

Landscaping: Greater than 50% area outside the building is covered with plantation especially native
plants that have been planted to reduce water consumption. Circulation roads and pathways are
softly paved to enable groundwater recharge
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Fig. 6: Landscape designing of the courtyard

» Ventilation: Courtyard in the center of the building helps in air movement as natural ventilation
happens due to the stack effect. Windows and jaalis add to cross ventilation.

tack and cross
ventilation
wough atriums

Fig. 7: Ventilation through the courtyard




Daylighting: The courtyard provided with skylight which provides indoor natural sunlight. 75% of
building floor space is provided with adequate daylight, consequently reducing dependence on
artificial sources for lighting.

Building Envelope and Fenestration: Building Envelope Optimized, rock wool insulation used. The
window uses high-efficiency low heat transmittance index double glazed glass of U-Value 0.049
W/m2K, VLT 0.59, SHGC 0.32. The hermetically sealed uPVC windows reduce incoming heat. Use of
high reflectance terrace tiles (Cool roofs) or heat ingress, high strength, hardwearing.

Materials and construction techniques: Building constructed with the use of low embodied energy
and a recycled content-based product like AAC blocks with fly ash, fly ash-based plaster & mortar.
The building has been constructed by providing local stone flooring, bamboo jute composite doors,
frames, and flooring. These products are of low embodied energy. High-efficiency glass, high VLT, low
SHGC & Low U-value, optimized by appropriate shading which helps in energy efficiency. Light
shelves have been provided for diffused sunlight. Stone and Ferro cement jaalis used.

ACTIVE DESIGN STRATEGIES:

The active design uses appliances and technologies to modify the state of the building, create
comfort and energy, ie. Fans, pumps, etc. This is the main part where much of the energy
conservation can be done.

Lighting Design: Building provided with an energy efficient lighting system that uses a lux level sensor
to optimize the operation of artificial lighting. The total lighting power density of the building is LPD =
5 W/m2 which is much more efficient than Energy Conservation Building Code benchmarks. Installed
integrated photovoltaic (BIPV) provides energy to the remaining lighting load.

Optimized Energy Systems / HVAC system: Building used chilled beam system to meet 160 TR of air
conditioning load. The use of a chilled beam system lessens energy use by 50 % in comparison to a
conventional system by saving AHU/FCU fan power consumption by approximately 50 kW. Chilled
water is supplied at 16° C and the return temperature is 20° C. This system is used from second to
the sixth floor in the building. Water-cooled chillers and double skin air handling units fitted
equipped with variable frequency drivers (VFD) which reduces energy consumption on variable load.
Chilled water pumping system, cooling tower fans, and AHUs use VFD. All HVAC equipment
controlled & monitored through an integrated building management system. Sensible & latent heat
energy recovery wheel used to precool fresh supply air from toilet exhaust air. Room temperature is
maintained at 26 +1 ° C which is again a brilliant step towards energy conservation. more efficient
than ECBC requirements.
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Fig. 8: Energy saving active design strategies (all in one)

The building used functional zoning to reduce air conditioning loads. With the chilled beams, drain
pans are provided to drain out condensed water droplets. The overall HVAC load of the building is 40
m2/TR, which is 50%.

Geothermal Heat Exchange System: Geothermal system has been set up to meet the cooling
requirement of the building which consists of 180 vertical bores to the depth of 80 meters with a
minimum of 3 meters distant all over building premises. By the use of a Geothermal system, 160 TR
of heat rejection is achieved without the use of a cooling tower. Each bore has an HDPE U-Loop pipe
having 32mm outer diameter, connected to the condenser water pipe system in the central air
conditioning plant room. Each U-loop grouted with Bentonite Slurry and one U-Loop has 0.9 TR heat
rejection capacity.

RENEWABLE ENERGY:

The Indira Paryavarn Bhawan met the energy demand with the green and clean energy solution,
Efficient Solar PV systems. The building has a solar PV system installed in a 6000 m2 area of 930 kW
capacity. The total area covered by the panel is 4650 m2 by 2844 solar panels which generate 14.3
lakh unit annually which is huge in amount. This is the first govt. building in the country to achieve
the landmark of net-zero energy building and one of the very few full fledged multifunctional office
buildings in the world to do so on a tight urban site.

CASE STUDY 2

DEVELOPING A NET ZERO ENERGY BUILDING: A CASE STUDY OF AN INSTI'I“‘.L'_

INTRODUCTION

Building accounts for low energy 40 percent of the total energy consumption (GRIHA 2015)-Indian
building stock is increasing so do the energy consumption. The energy consumption in India’is.
relatively low as compared to developed nations, but it is growing at the very high rate. To

mitigate this issue energy efficiency measures and use of renewable energy is seen as solutions | - |

and will help in optimizing the energy use in the existing buildings. Low energy, near zero energy
and net zero energy concepts, are coming which incorporate these two strategies. The = . :
definition of low-energy buildings is vague, and the primary energy demand for buildings
depends upon country to country, For example, green buildings in central Europe is 65




kWh/m2/year for residential and 100 kWh/m2/year for office building whereas the passive
house in Germany, Austria, Denmark have limit of 120 kWh/m2/year of maximum primary energy
consumption (Kibert 2012).Further, The EPI value of institutes in composite climate is 117
kWh/m2/year (BEE 2017),s0 there is no standard definition. A zero energy building (ZEB) is a
building (residential/ commercial) with greatly reduced energy performance index or energy
utilization index and the energy need can be supplied with renewable energy technology, say solar
photovoltaic (Torcellini et al. 2006). In recent years, researchers have tried to simulate office,
residential, hospitals, etc.; Very few researchers have been done on library buildings of higher
educational institutes. Library buildings belong to the large public building in which the energy
consumption is significantly high. So, it provides a large area for investigation in this sector. For the
study library building was taken up for finding the possibility of low energy-zero energy building.
For validation purpose, PVsyst is used. PVsyst along with other whole building design software can be
used for finding the likelihood of the low energy-zero energy status of building to reduce energy
consumption respectively. Together these two strategies can act as twin pillars of energy policy for
the institute. This study uses manual calculation for calculating the electricity requirement of the
building and using PVsyst for finding the potential of implementation of the solar photovoltaic
system. MNIT central library Jaipur was chosen as a case study which involves a two-story
building.

BUILDING DESCRIPTION

The building of library used for study covers an area of 15,847 Sq. feet plinth area on two floors
(Ground and first). The model of the library was created in eQUEST. The reading halls of the library
are air-conditioned with glass partition. The library has separate stack halls for books,
periodicals (current and bound volumes), videocassettes, Reference Section and book bank.
Every day 1700 approx. users visit the library (www.mnit.ac.in). The model of institute library
includes two stories. The floor-to-floor height is around 13 feet. The wall of the building is 15”
stone masonry wall with low u value. The central lobby zone has skylight covering an area
around 3.5 % of the zone. The library has the various zones namely reading area, office area,
computer lab area, central lobby, book stack area, etc. The reading area is located both in the
ground and first-floor area. The building model created in eQUEST is shown in figure-1. Due to the
operational characteristics of the university, the library is operational seven days a week with slight
modification in timings on weekends. For simulation, purpose stepwise energy efficiency measures
are used. The total built-up area used for simulation is 2850 sq. meter.

ENERGY CONSUMPTION PROFILE IN LIBRARY

Initially, the Energy Consumption in the library is calculated as per the reconnaissance survey. The
inventory was prepared for types of electrical appliances used, their quantity, occupational time
duration of users, etc., was done. The data collected through the survey is extrapolated for
summer and winter months, weekdays and weekends. The detail of energy consumption in the
library building is given in table 1.




Table-1: Electricity consumption profile of Institute Library

Duration Electricity Consumption Electricity Consumption
(W/day) (W/day)
Summer Week Day KN 1182087 1182.087
Summer (Weekend) 745397 745.397

Winter Week Day 250837 250837

Winter (Weekend) 220197 220197 |

(Source: author)

As per calculation total yearly electricity consumption comes out to be 274922 KW per year, which
comes out to be Rs. 14 lacks (approximately) as Electricity bill for the Library. Even if we take only
70 percent of the appliance working simultaneously, the total electricity consumption comes
around 200MWh/year. For 200MW/year,the EPl comes out to be 70 kWhr./m2/annum
approximately. The calculation is done after considering the operating hours of thelibrary in summer
months and winter months along with considering weekdays. A small energy efficiency intervention
can lead to decrease in EPI value and hence increasing the building performance. Figure-1
represents the Google image of the library building.

Figure 1: Google Image of Central Library, MNIT Jaipur

Assumptions for the project
Few assumptions have taken up for the study:

1) The roof of the Library building was considered flat, and the skylight was presumed to be
directly overlooking the central lobby.

2) The open to sky area between main library building and old book bank area is taken up as
covered unconditioned space for the simulation purpose.

3) The building footprint is taken with the help of reconnaissance survey and Google earth
imagery. The sizes of the different area taken for simulation purpose within the library are close to
actual areas.

4) The goal is to make library building energy efficient along the lines of NZEB. However, the
electricity demand is more and area of the building is limited, so it’s not possible to go for full

implementation of NZEB criteria. D SN

~TT N

ENERGY EFFICIENCY MEASURES-EQUEST




The Central Libraryis designed with traditional wisdom incorporating thick walls, fewer
windows on west facade, sufficient floor to floor height and simulation shows the EPI of 70
kWh/m2/year which is below the norms set by Bureau of energy efficiency. The central lobby has a
vertical skylight which was difficult to model and hence flat roof with horizontal skylight were
considered for simulation purpose. There is the good provision of daylight in building decreasing the
necessity of artificial light. Though the low watt LED, light can be used in place of existing 40-
wattfluorescent tube light.

Figure 2: The 3D drawing of Central Library, MNIT Jaipur

RENEWABLE ENERGY-PVSYST

The solar photovoltaic panels simulated to produce some of the electricity that can be used in the
building. For this simulation purpose, PVsyst software is used. Table 2 provides the typical
losses occurred in PV Connections as per NREL

Table 2: Detail of losses in PV connection as per NREL

Modify the parameters below to change the overall System Losses percentage for}rour systcin.
S. No. Losses Loss Fraction
1 Estimated System Losses 14.08%

Soiling (%) ' :
Shading (%)
Snow (%): 0
Mismatch (%)

Wiring (%)
Connections (%)
Light-Induced Degradation (%)
Nameplate Rating (%)
Age (%)
Availability (%)

Source: hitp://pvwatts.nrel. gov/India/pvwatts.php

For the project 240 Wp26 V Si-mono of Helios Technology was found to be appropriate
through various iterations done on PVsyst. For theinverter, Trannergy company inverter was
found suitable. A total number of 10 kW inverter is 6. Each inverter has 2 MPPT inputs.

RESULT

It was found that 94.42 MWhr. /annum electricity can be generated by 431-meter squaré PV
installation covering 500 sqg. the meter of the roof of the building. That e!:v\vf_.'.'j‘t';’*;enerated
from photovoltaic panels is equal to 47.21 percent of the total electricit; Lonsumptich of the
building. Further, if photovoltaic panels on southern and western fagad¢ cie irtegra:ed #long with
using the surrounding area around library building (which should be free, from aniy olsiacle and

2T AE 4\9’47




having good solar access) can be used for photovoltaic electricity generation. Thus if proper
energy efficiency measures are used along with solar photovoltaic panels, the library building can be
made low energy building.

CASE STUDY 3

THE INDIAN INSTITUTE OF MANAGEMENT (IiM) - BANGALORE, INDIA

Location: Bangalore, India
Building Type: Educational Institution

Energy Target: Net-Zero Energy Building
Completed: 2019

INTRODUCTION

The Indian Institute of Management (IIM) Bangalore academic block stands as a pioneering example
of net-zero energy buildings (NZEB) in India. As one of the most renowned business schools in India,
IIM Bangalore decided to incorporate sustainability principles into its campus by building a structure
that generates as much energy as it consumes. This ambitious project integrates energy-efficient
design, renewable energy systems, and sustainable practices to reduce its carbon footprint and serve
as a model for sustainable building design in the Indian subcontinent.

PROJECT OVERVIEW e

LIS 5
%

s

The IIM Bangalore academic block, which was completed in 2019, is India’s first net- -zery -r.er:y
building. It has been designed with a focus on minimizing energy consumption, maxim|zing the use Yl
of renewable energy, and incorporating sustainable practices across its operations. By a"‘.lew hg/rat)/
zero energy, the building not only meets its own energy needs but also demonstrates ho\. ; we ncac
green building technologies can be integrated into educational institutions in India. ’J— 1

The project was driven by IIM Bangalore’s commitment to sustainability and environmental
responsibility. The academic block integrates a wide range of features, including energy—efﬁuent
design strategies, solar energy systems, water conservation techniques, and waste management
solutions, all of which work together to reduce the building’s environmental impact.

DESIGN FEATURES AND SUSTAINABLE STRATEGIES ‘K%

The success of the [IM Bangalore academic block lies in its integration of passive design strategies,
renewable energy systems, and high-performance building components. Below are the key design
features and strategies that contributed to achieving net-zero energy:




ENERGY-EFFICIENT DESIGN

The building's design optimizes passive cooling and daylighting, which are fundamental strategies in
minimizing energy consumption.

Natural Ventilation: The building has been designed with ample cross-ventilation and natural
airflow. Strategic window placement, combined with the building’s orientation, ensures that
natural ventilation is maximized, reducing the reliance on mechanical air-conditioning
systems.

Daylighting: The use of daylight harvesting significantly reduces the need for artificial lighting
during the day. Large windows, strategically positioned skylights, and light shelves ensure
that natural light penetrates deep into the building, minimizing energy use for lighting.

Building Orientation: The academic block’s orientation and layout have been carefully
planned to minimize solar heat gain during the hotter parts of the day. The building’s long
sides face north and south, optimizing exposure to natural light while reducing the impact of
the harsh afternoon sun.

Passive Shading: Sunshades and louvers have been installed on the windows to reduce direct
sunlight entering the building during peak hours, further reducing cooling loads.

RENEWABLE ENERGY SYSTEMS

The incorporation of renewable energy systems is a key strategy for achieving net-zero energy. The
building relies on solar energy to meet its electricity needs and reduce its dependence on
conventional power sources.

e Solar Photovoltaic (PV) Panels: A large array of solar photovoltaic panels is installed on the!
building’s roof. These panels generate electricity by converting sunlight into usable power,
making them one of the primary sources of renewable energy for the building. The




installation has been carefully optimized for maximum energy production through
appropriate panel orientation, tilt angles, and placement to maximize sunlight capture
throughout the day.

Solar Water Heating: The building also features solar thermal collectors for hot water
generation, which reduces the need for conventional electric or gas-based water heating
systems. These systems help meet the building’s domestic hot water needs, such as for
washrooms and kitchens, further reducing the overall energy consumption.

ENERGY STORAGE SYSTEMS

To ensure that the building can continue to meet its energy needs during non-sunny hours, the IIM
Bangalore academic block incorporates energy storage systems. These systems store excess energy
generated by the solar panels during the day, which can be used to power the building during the
evening and night. This ensures that the building is able to achieve net-zero energy by balancing its
energy consumption with renewable energy production over a 24-hour period.

HIGH-PERFORMANCE BUILDING ENVELOPE

The building envelope (walls, windows, roof, and foundation) plays a crucial role in improving energy
efficiency by minimizing heat loss in winter and heat gain in summer.

e Thermal Insulation: The walls and roof of the building are designed with high-performance
insulation materials that help reduce heat transfer. This helps to maintain a comfortable
indoor temperature without the need for excessive heating or cooling.

Low-Emissivity Windows: The windows are coated with Low-E glass to reduce the amount of
solar heat entering the building while allowing maximum natural light to penetrate the
interior. This is particularly effective in tropical climates like Bangalore, where solar heat gain
can significantly increase cooling loads.

WATER CONSERVATION AND WASTE MANAGEMENT

The [IM Bangalore academic block incorporates water-efficient systems and sustainable waste
management practices to minimize its ecological footprint.

e Rainwater Harvesting: A rainwater harvesting system is integrated into the building’s design
to collect and store rainwater for non-potable uses, such as landscaping and cooling. This
reduces the building’s reliance on municipal water supplies.

Wastewater Recycling: The building employs an effective wastewater treatment system to
recycle graywater for non-potable uses, such as toilet flushing and landscaping, further
conserving water. Fab 53

Organic Waste Composting: Organic waste generated by the building’s occu.-ha s s
composted and converted into valuable organic fertilizer, which is used for lindscaping
within the campus. {\/

4. TI

Recycling: The building incorporates dedicated recycling stations for paper, plastics, and
metals, contributing to the reduction of landfill waste. »




CONCLUSION

The 1IM Bangalore academic block is a landmark project in India’s journey toward sustainable
building practices and net-zero energy solutions. Through its innovative design, integration of
renewable energy systems, and efficient use of resources, the building serves as a model for green
buildings in the Indian educational sector and beyond.

By demonstrating that net-zero energy is achievable even in India’s diverse climatic and economic
conditions, the project highlights the importance of adopting holistic design principles and
integrating sustainable technologies to achieve environmental goals. [IM Bangalore’s commitment to
sustainability not only supports the institution’s academic mission but also contributes to India’s
efforts to address climate change and environmental degradation
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Program:

Course
Code:

B.Arch.

21BARGAL31S

Assignment - 1

SUSHANT UNIVERSITY

School of Art and Architecture
(Odd Semester 2024-25)

Semester : 5 Assignment D 3.09.2024

Course Allied Faculty Dr. Purva

Name: Fields 3 Name: Mujumdar
QLQ Attainment |

farks) |

Batch No —
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0-10

Students 0-10 10-20
Marks v )

Assignment| 7
Assessme |Attainment Levels

. Levell Less than 50%
Assignme

o Level2 50% to less than 60%

Level3 more than 60%

CO Attainment Level

COs
CO1

Attainment Level

Level 2

11“1

2
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B 220BARCHO016  |Annanya bindal 2022-27 10
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6 220BARCIH001 Manaj Baweja 2022-27 12

7 220BARCI022  |Amritam Gupta 2022-27 8

8 220BARCI036 Abeer Bhasin 2022-27 i

9 220BARCI048  |Naveen Chauhan 2022-27 8

10 220BARCHO054  |Raghav Sethi 2022-27 9

11 220BARCI062 Dhruv Dogra 2022-27 6

12 220BARCHO010  |Aarushi Agrawal 2022-27 11

13 220BARCI047 I Harshita Dang 2022-27 15

14 220BARCHO035  |Ronnit Garg 2022-27 i1

15 220BARCI1024  |Rudra Pratap Singh 2022-27 0

16 220BARCHO006  |Rushil Soni 2022-27 12;

17 220BARCI1018  |Shriya Khurana 2022-27 14

18 220BARCII015  |Sudevi Gayen 2022-27 16

19 |220BARCII005 [Shweta Sharma 2022-27 12

Total Students|
Average|
Total Students Appeared In Assignment 1 (N
Number of students scored average% and above marks (P 9
CO attainment (P/N)*100] /5(}100“
“Mars | MxMars Deviion | 0%

10-20




Program: B.Arch.
Course  , BARGAL31S

Code:

SUSHANT UNIVERSITY

School of Art and Architecture

Mid Term Assignment (Odd Semester 2024-25)

Semester : 5 Assignment Date 3.09.2024
g Allied Fields 3 Faculty Name: DeciPiisia
Mujumdar

Name:

Max Marks

Marks

1 220BARC[ 1026 Chirag Yadav 2022-27 16 16

2 220BARCHO046 Rongsennukla Yaden 2022-27 17
3 220BARCHO16 Annanya bindal 2022-27 12
4 220BARCHO053 Ishita Gupta 2022-27 18
5 220BARCHO008 Simran thakran 2022-27 16
6 220BARCHO001 Manaj Baweja 2022-27 16
7 220BARCHO022 Amritam Gupta 2022-27 10
8 220BARCHO036 Abeer Bhasin 2022-27 10
9 220BARCHO048 Naveen Chauhan 2022-27 10
10 220BARCHO054 Raghav Sethi 2022-27 1
11 220BARCHO062 Dhruv Dogra 2022-27 10
12 220BARCHO010 Aarushi Agrawal 2022-27 17
13 220BARCHO047 Harshita Dang 2022-27 15
14 220BARCHO035 Ronnit Garg 2022-27 15
15 220BARCHO024 Rudra Pratap Singh 2022-27 14
16 220BARCHO006 Rushil Soni 2022-27 15
17 220BARCHO18 Shriya Khurana 2022-27 16
18 220BARCHO15 Sudevi Gayen 2022-27 13
19 220BARCHO005  [Shweta Sharma 2022-27 16

Total Students

Average

Total Students Appeared In Assignment 1 (N _
Number of students scored average% and above marks (P}
CO attainment (P/N)*100
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Deviation 40%

Students
Marks
Assignment |

0-10 10-20

50% to less than 60% ) TR -

Assessmen |Attainment Levels
. Levell Less than 50% students
Assignmen
t Level2
Level3

CO Attainment Level
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COs

Attainment Level \
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Program: B.Arch.

Course Coc 21BAR6AL31S

SUSHANT UNIVERSITY

School of Art and Architecture

Assignment 3 (Odd Semester 2024-25)

Semester : 5
Canise Allied Fields 3
Name:

Assignment Date 3.09.2024
Faculty Name: A

Mujumdar

1 220BARCHO026 Chirag Yadav 2022-27 24
2 220BARCHO046 Rongsennukla Yaden 2022-27 25 25
3 220BARCHO016 Annanya bindal 2022-27 23 23
4 220BARCHO053 Ishita Gupta 2022-27 28 28
5 220BARCHO008 Simran thakran 2022-27 15 15
6 220BARCIH001 Manaj Baweja 2022-27 10 10
7 220BARCHO022 Amritam Gupta 2022-27 10 10
8 220BARCHO036 Abeer Bhasin 2022-27 13 13
9 220BARCIHO048 Naveen Chauhan 2022-27 117
10 220BARCHO054 Raghav Sethi 2022-27 10
11 220BARCIH062 Dhruv Dogra 2022-27 10
2 220BARCIHO010 Aarushi Agrawal 2022-27 24
13 220BARCHO047 Harshita Dang 2022-27 24
14 220BARCHO035 Ronnit Garg 2022-27 0
15 220BARCHO024 Rudra Pratap Singh 2022-27 22
16 220BARCHO006 Rushil Soni 2022-27 20
17 220BARCIHO018 Shriya Khurana 2022-27 29
18 220BARCHO015 Sudevi Gayen 2022-27 24
19 220BARCHO005 Shweta Sharma 2022-27 25

Total Students

Average : 18579
Total Students Appeared In Assignment 1 (N)
Number of students scored average% and above marks (P)}
CO attainment (P/N)*100] 6
A[:/Ae;:ée Max Marks Min. Marks De\?itaciion e g
Students
| Marks
Assignment
6
4
Assessment|Attainment Levels
: Eovell TCSS UIaIT JU 70 STUUCTITS SCOTITE 2
Assignmen ST eSS T O U5 TS TUTreTTTS
l Levelz ITTU1 L aiamr v L:J SLUULTIILS D\-«n\“ j883 3
Level3 : I : a
CO Attainment Level
Attainment Level
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Program:

B.Arch.

Course Cod 21BAR6AL31S

SUSHANT UNIVERSITY

School of Art and Architecture
End-Term Examination (Odd Semester 2024-25)
Semester : 5

Assignment Date
Course Nam Allied Fields 3 Faculty Name:

3.09.2024
Mujumdar
Total Marks

(30 Maks )

Students
Marks

End term

1 220BARCI026 Chirag Yadav 2022-27 =
2 220BARCHO046 Rongsennukla Yaden 2022-27 23 25 23
3 220BARCHO016 Annanya bindal 2022-27 22 22 22
4 220BARCHO053 Ishita Gupta 2022-27 25 25 25
5 220BARCHO008 Simran thakran 2022-27 22 29
6 220BARCHO001 Manaj Baweja 2022-27 27 27
7 220BARCHO022 Amritam Gupta 2022-27 22 22
8 220BARCHO036 Abeer Bhasin 2022-27 20 20
9 220BARCIH048 Naveen Chauhan 2022-27 15 15
10 220BARCII054 Raghav Sethi 2022-27 22 22
11 220BARCHO062 Dhruv Dogra 2022-27 15 15
12 220BARCHO010 Aarushi Agrawal 2022-27 23 23
13 220BARCHO047 Harshita Dang 2022-27 28 28
14 220BARCHO035 Ronnit Garg 2022-27 0 0
15 220BARCHO024 Rudra Pratap Singh 2022-27 25 25
16 220BARCHO006 Rushil Sont 2022-27 24 24
17 220BARCHO018 Shriya Khurana 2022-27 25 25
18 220BARCHO015 Sudevi Gayen 2022-27 25 25
19 220BARCI005 Shweta Sharma 2022-27 27 27
35
Total Student:
Average| = 21947
In Assignment 1
Number of students scored average% and above marks (P ' .
CO attainment (P/N)*100
Ar:llle;fkg: Max Marks Min. Marks De\?itaciion MO;;;: i

End Term Examination

10
Assessmen |Attainment Levels 3 0-10
Levell Less than 50% students scoring
End term Level2 50% to less than 60% students
Level3 more than 60% students scoring

CO Attainment Level
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10-20
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School of Art and Architecture- Sushant University, Gurugram

Academic Year - Odd Semester- 2024-25

Course Exit Survey

Program: B.Arch. Sem: 5
Coutse Name: Allied Fields 3 Course Code: 21BAR6AL31S
Faculty Name: Dt. Purva Mujumdar Date of Survey:
CO1 CO2 CO3
Exit St et e [ixit Attainment of Exit Attatnment of
Student Full Name survey survey CO2 survey CO3
Chirag Yadav Excellent 20 Fixcellent 20 Excellent 20
Rongsennukla Yaden Excellent 20 Iixcellent 20 Excellent 20
Annanya bindal Excellent 20 Iixcellent 20 Excellent 20
Ishita Gupta Excellent 20 Lixcellent 20 Excellent 20
Simran thakran Excellent 20 Fxcellent 20 Excellent 20
Manaj Baweja Excellent 20 Iixcellent 20 Excellent 20
Amritam Gupta Satisfactory 11 Satsfactony 11 Satisfactory 11
Abeer Bhasin Satisfactory 11 Satisfactony 11 Satisfactory 11
Naveen Chauhan Satisfactory 11 Satisfactony| 11 Satisfactory 11
Raghav Sethi Excellent 20 Excellent 20 Excellent 20
Dhruv Dogra Satisfactory 11 Satisfactory 11 Satisfactory 11
Aarushi Agrawal Excellent 20 Fxcellent 20 Excellent 20
Harshita Dang Excellent 20 Iixcellent 20 Excellent 20
Ronnit Garg Satisfactory 11 Satisfactory 11 Satisfactory 11
Rudra Pratap Singh Excellent 20 Excellent 20 Excellent 20
Rushil Soni Excellent 20 Iixcellent 20 Excellent 20
Shriya Khurana Excellent 20 Excellent 20 Excellent 20
Sudevi Gayen Excellent 20 Excellent 20 Excellent 20
Shweta Sharma Excellent 20 [ixcellent 20 Excellent 20
Average
No of students >=Avg
Total students
Attainment Level (%)
Attainment Level
Assessment Methods Attainment Levels
Less than 50% students
Levell scoring more than average%o z "Z“"“ -
marks. -
{4
50% to less than 60% \ Y B /
PG Level2 students scor(i)ng more than N> {:“{ ,T :
average % marks. e
more than 60% students
1 0
Level scorxng_ rn_ore than average %
marks in internal assessment
tools
\ A
CO Attainment Level %
COs Attainment Level T
CO1 .
cO2
CO3
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Course Activity Sheet -
(Planning and Review)

N Lo L . L Rtz N
Programme.......... g ey - e B pend JEee e LA
Semester........... e e e
Course Name..... UAVING. .. QERMUEG.. 2.
Course COA. ... SABAR . DIDLEZT ... sssessmsssresssesessseessmsess e
school.....9MP......0F.... . ART... . AND.. . ARMITECAVIE..............

Planning Checklist

@M‘

1 Is the syllabus copy maintained and submitted by the faculty \/Yes/No
member?
2 Is lecture plan signed and updated by the faculty member? v’
3 Is Time Table made available? : v’
4 Number of Assignments planned 4
5 Number of quiz planned =
6 Digital Learning LX (Review) y'
Is it updated with following (suggestive) : 5
Syllabus
Reference material
Quiz/Assignment
7 Is mapping of students available on ERP along with the v
timetable?
8 Suggest atleast one innovative way for better engagement LR
of students in this course &WV /WM
bovds o~
w»an/]m

&=
\\
\
\
%0\
\ "2\
\ &
| "_)
Jw‘ w ’V
/9/

{
(Signature of Facul

—~+

y Member with Date) | .' I'I I I (Signature of Dean with Date)
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Mid-Semester Review

, . . %%ﬁﬁﬁ /Ity - .
Is the attendance updated on ERP? wres/No
2. Percentage of students who are not meeting the attendance [7 3y ‘/ .
criteria of 75%
3 Pass percentage in Internal Assessment so far lep /-
4 Identification and motivation advanced learners ’
(Advanced learner sheet attached) 1”
5. Identification and remedial classes for slow learners \/M
(Slow learner sheet attached)

Dean’s Review and recommendations

(Signature of Faculty’Member with Date) (Signature of Dean with Date)
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End-Semester Review

ce updated on ERP? ' \)(es/Nb

1, Isr trhe attendan
2. Percentage of students who are not meeting the attendance 9. I?%
criteria of 75%
3 Pass percentage )U’D‘/-
4. Summary of CO attainment cot ) -0’]7;
02 : |-3%
oz 1 09
@‘1 ’ Z - '
s ;18
5. Student Feedback W WCae
dehiofeed ik
cordit
6. Exit Feedback by faculty member for improvement in future /() "

Dean’s Review

(Signature of Faculty Member with Date) (Signature of Dean with Date)
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BUILDING SERVICES 2
(LIGHTING AND ACOUSTICS)

COURSE COURSE COURSE EXAMINATION
CODE TITLE STRUCTURE

CREDITS SCHEME

19BAR-3BS22T

Building
Services 2

COURSE OUTCOMES (COs)
The students would be expected to:

CO1-

CO2-

CO3-

CO4-

COS-

Understand and learn day lighting and its relevance in the buildings

Understand and learn the artificial lighting, its need and application in the building.
Analyse lighting design in the buildings.

Understand the concepts of acoustics design, materials and its usability.

Understand, apply and demonstrate the acoustic planning and detail in the building

PROGRAMME OUTCOMES (POs)

PO1

Demonstrate a high degree of critical thinking, technical competence and skills related to the
built environment (knowledge and skill)

PO2

Exhibit knowledge of emerging tools and techniques in the field of architecture (tools and
technology)

PO3

[lustrate understanding of the social, cultural, political and ecological factors affecting the
built environment (context)

PO4

Examine and analyse the built environment through research and critical thinking (critical
thinking)

POS

Show the ability to represent the ideas/concepts using appropriate media and skill sets.
(communication)

PO6

Exhibit high degree of ethical and professional standards. (ethical and professional
understanding)

PO7

Demonstrate the ability to work in a collaborative environment. (collaborative engagement)

PO8

Understand the importance and impact of proposed solutions on environment for a sustainable
development (environment and sustainability)

PO9

Exhibit resilient leadership and the ability to evaluate situations to achieve goals (leadership
and management)
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MAPPING OF COs AND POs

CO1 H L H L L L L H L
CO2 H L H L M L M H L
CO3 H M M M L M L M L
CO4 H H M L L H M H L
CO5 H M H M H M H M L

MAPPING OF COs AND PSOs

CO1 M H L M
CO2 H M M L
CO3 L L H H
CO4 M L M M
CO5 M H L M

H- High, M- Medium, L-Low
CONTENT

Module 1: Day Light: Solar radiation and visible light; colour; visual comfort; day lighting of interiors
principles and techniques. Day lighting: Physical parameters of day lighting Day light penetration:
Day light factor, Daylighting Design and considerations, GATE numerical, Daylight manual and
software calculations.

Module 2: Artificial Lighting- Integrating day lighting with artificial lighting; automatic control of
artificial lighting in relation to day lighting calculation of requirements of artificial lighting in relation
to availability of day lighting. Electric light sources and their efficiency; Lamps, incandescent lamp
etc, Lumens; lux; lighting level requirement for various functions. Lighting Design, GATE numerical,
Automatic control- motion sensors, IOT.

Module 3: Type of luminaries — Decorative commercial, Industrial, outdoor- Methods of describing
performance characteristics and performance efficiency. Artificial lighting strategies for interior
lighting for various activities, Facade Lighting, Incandescent lighting, Halogens, Metal Halides,
Fluorescent lamps, LED, Technical names of lights and fixtures, IP ratings of luminares, Hazer lights.

Module 4: Acoustics and Acoustical Treatments- Acoustical concepts- wave theory, sound power,
sound intensity, decibels, sound power level, sound intensity level, sound pressure level, frequency
bands concept of reflection, absorption, transmission, reverberation, sound absorbing materials, -
fibrous, membrane, resonators, perforated facing, application techniques, GATE numerical. Noise
control by absorption, sound transmission, transmission loss, composite barriers, noise reduction,
Acoustics in Auditorium, Conference rooms, Cinema Halls, Indoor Stadiums.
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ASSESSMENT SCHEME
INTERNAL 1 INTERNAL 2 MSE | ESE
Quiz(s)/ Presentation Quiz(s)/ Quiz(s)/

(s)/ Viva/Project (s) Presentation (s)/ Presentation (s)/

Viva/Project (s) Viva/Project (s)

20 15 15 50 50

SUGGESTED READINGS:

e Manual of Tropical Housing and Building — Otto H Koenigsberger

e SP41 (S and T), 1987 Handbook on Functional Requirements of Buildings (Other than

Industrial Buildings)

e The design of lighting — Peter Tregenza

e Architectural Lighting Design — A practical guide By Admir Jukanovic

e Noise control in buildings — fundamental and application by Mahavir singh

e National Building Code — 2016, Volume 2

e Handbook of Designing and Installing of Services in Building Complex (Er. V.K.Jain)

¢ Building services & Equipment (2nd Edition, Vol 2) by F. Hall

Recommended Videos

hitps.//youtube.com/playlist?list=PLbRMhDVUMngeGSqPVkrc8G_kApltxEEos
https://voutu.be/QeZESO7TwV7Y

https.//youtu.be/g8I8Q y LYw

hittps.//youtu.be/D7MGmbenrdo
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COURSE OUTLINE

Course Title : Building Services 2 Course Code: 19BAR-3BS22T
' Academic | Core/Elective: Core Credits: 2
Term: 2" Year, 4th semester Year:
2023-24
Course Designed by: Prerana Hazarika Course Designed by:

E-mail: prernahazarika@sushantuniversity.edu.in | E-mail:

Pre-requisites: B.Arch 4" semester

1. Course Outcomes: Upon successful completion of the course, the student should be
ableto:

CO1: Understand and learn day lighting and its relevance in the buildings

CO2: Understand and learn the artificial lighting, its need and application in the
building.

CO3: Analyse lighting design in the buildings

CO4: Understand the concepts of acoustics design, materials and its usability

CO5: Understand, apply and demonstrate the acoustic planning and detail in the
building

2. Text Books

° Noise control in buildings — fundamental and application by Mahavir
Singh

° Handbook of Designing and Installing of Services in Building Complex (Er.
V.K.Jain)

o Building services & Equipment (2nd Edition, Vol 2) by F. Hall

o Manual of Tropical Housing and Building — Otto H Koenigsberger

° The design of lighting — Peter Tregenza

o Architectural Lighting Design — A practical guide By Admir Jukanovic/



3. Reference Books
° National Building Code — 2016, Volume 2
o SP 41 (S and T), 1987 Handbook on Functional Requirements of Buildings
(Other than Industrial Buildings)

4. Lecture Plan (Total Sessions - 16)

1 Introduction to 1 Week 1 Briefing and cIs 2 ‘
course. Course discussion ‘
i bemmnente]
p!an to be | 12/01/2 |13-01-14 _
discussed. 024
2 Day Light: Sclar 1 | Week2 ‘
radiation and %
Date
visible light; colour; 19/01/2 e
visual comfort; day 024 discussion
lighting of interiors
principles and Assignment 1 :
techniques. Day o Report on
lighting: Physical standards of
parameters of day daylighting  and
lighting, Day light visual comfort
penetration: Day
light factor.
3 | HOLIDAY : Week 3 7
REPUBLIC DAY e Student§ to work M
on Assignment 1
26/01/2 7@0/"17 floated in class
024
4 | Artificial Lighting : 2 Week 4 Lecture and class
Integrating day discussion
lighting with P
artificial lighting; _ DT A‘@"’
Ix7 N Saf



automatic control Date
of artificial lighting 02/02/2 09-0). % é) fﬁ/
in relation to day 024
lighting calculation W
of requirements of :
artificial lighting in
relation to
availability of day
lighting.
Electric light Week 5 Lecture and class
sources and their discussion

- Date
fefﬁcuzncy; Latnl'lps, 09/02/2
incandescent lamp )
etc, Lumens; lux; e 07’02(57
lighting level
requirement for
various functions.
Lighting Design.
Type of luminaries Week 6 Lecture and class
— Decorative discussion

) Date
comme'rual, 16/02/2 ||(-61- ;L,) W
Industrial, outdoor- 024
Methods of )
describing . 0‘7
performance /(44 01»1/14
characteristics and
performance
efficiency.
Artificial lighting Week 7 Lecture and class
strategies for Date discussion f 4 {
mt(.erlor Ilgf.rt{n.g for 23/02/2 )13,02,57 Y .
various activities, .
o 024 Market study of bf/
RS SR different lighting }7
sources :

Market study Week 8 Class presentation g
presentation MID TERM s

_—-SHRMISSION

——




Date

01/03/2 |00y
024
9 REMEDIAL WEEK Week 09 &‘_‘IL_‘,‘
(S(:|8_/O?;/?: " Date 0703 ~
ivratri Holiday ) 07/03/2 MM
024
10 | Acoustical Week 10 Lecture and class
crc])ncepts- wadve Date | discussion ﬁz«««hw
theory, Sound 15/03/2 be}’l?'/' -~
power, soun 024
intensity, decibels, Com ‘.W,J,
sound power level, !
sound intensity /
level, sound
pressure level,
frequency bands
concept of
reflection,
absorption,
transmission
11 | Sound absorbing Week 11 Lecture and class
matesals, fibrous, Date discussion A 2t
membrane, 22/03/2 |72-03 27
resonators, 024 /5 vt
perforated facing,
application
techniques
12 | Sound absorbing Week 12 Assignment 3 : W
mate;als, fibrous, Date dC.ase study of
membrane, 29/03/2 M.03Y iverse spaces -
resonators, 024 ) showcasing

perforated facing,
application
techniques

application of

different sound
absorbing
materials

——

s W
4 = R N



13 | Market study Week 13 Class presentation f
presentation D o1k Wl\.w.
05/04/2
024
14 | Noise control by Week 14 Lecture and class
absorption, sound discussion A}
b, . Date
transmission, 12/04/2 T e
transmission loss, “/0*1'5‘ & )
. I 024 GATE numericals
composite barriers, e
noise reduction. on lighting and
acoustics
Discussion on GATE
numericals
. 15 | END TERM Week 15 Z ;
/ SUBMISSION "
Date ,
lq—ovfl?
19/04/2 —
4 WM/
16 | REMEDIAL WEEK Week 16 .
AND CLOSING &w—-—'("""
DISCUSSIONS ke Y -o4-2
26/04/2 |04 trehA—
4
Aim

The objective of the course is to provide a systematic understanding of environmental
support systems as they apply to human habitat, with special reference to Light and

acoustics. The course will integrate and emphasize issues related to day light, artificial
lighting, acoustic comfort.

Course Description

The course emphasizes on the intricate interplay between natural and artificial lighting, and
acoustics in architectural design. Students will be introduced to Daylighting principles,
learning techniques for solar and visible light infusion. The integration of artificial lighting with
daylight is covered, including automatic control and calculation of lighting requirements. The
course also delves into acoustics, covering wave theory and sound absorption, with focus on
noise control.

Teaching Method

® Lecture on the given topic




e Predominantly, discussions in the classroom
® Hands on approach through experiments and model making

® Research on topics
® Guest Lecture

Approach

Process Oriented, principles of science explained and guided research.
Assignment with group work to have co-operation, and individual etc.
Pedagogy offers practical approach of lighting and acoustics with an understanding of the
working from architectural point of view.

Assignment | Assignment Specifications Weightage Submission Course
No. Type Date Outcomes
Assessment 1 Individual Report on 10% of the to;al Due Week 4 CO1, Co2
[ standards of marks |
daylighting and
visual comfort
Assessment 2 Group Market study of 15% of total Due week 8 co3
different lighting marks
sources
Assessment 3 Group Case study of 15% of total Due week CO4
diverse spaces marks 13
showcasing
application of
different sound
absorbing materials
Assessment 4 Individual GATE numericals 10% of the total | Due week C03, Co4
on lighting and marks 15
acoustics
Assessment Scheme
INTERNAL 1 INTERNAL 2 MSE ESE
Quiz(s)/ Presentation (s)/ Quiz(s)/ Presentation Quiz(s)/ Presentation
Viva/Project (s) (s)/ Viva/Project (s) (s)/ Viva/Project (s)
20 15 .15 50 50

Grading Criteria and Assessment Rubrics applicable on all as:-!';:,:'i'.".’n”.?ﬁ%‘: \

¥

i
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|

B
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Dimension Excellent Good Average Below Average
(9 to 10) (7 to 8) (5to6) (0to 4)

Understandi | Excellent, Good Little knowledge not Lacked technical
ng of the Able to knowledge and | adequate to knowledge
Topic: answer inquisitive understand
Technical queries
Knowledge
Application Very Good Good Little awareness Unaware of application
of the understandi | understanding application of various of various systems of
Knowledge ng of of application of | systems of structural structural design

application various systems | design

cf various of structural

systems of design

structural

design ;
Presentation | Very good Good quality of | Quality of work not up | Poor quality/
: Quality of guality of work includes to standard of the class | incomplete work
work work lucid drawings

includes well | and well-

drawn organized set of

drawings, drawings with

with graphics

graphics,

text neatly

organized

thereby

resulting in a

professional

quality work
Finishing of | Active and Active and Active but less involved | Inactive and lack of
presentation | involved involved with with group members participation

with complete

leadership interest

qualities
Compilation | Very good Good work Not adequate Copied
of data work with relevant to the

respect to topic

the topic
Analysis of Very good Good work Unable to explain Lacking
data work with relevant to the

respect to topic O LN

the topic NG

A




Participation | Excellent Good Moderate Poor
in class and
projects

Plagiarism

What is Plagiarism?

The theft of ideas (such as the plots of narrative or dramatic works) or of written passages or
works, where these are passed off as one's own work without acknowledgement of their true
origin; or a piece of writing thus stolen.

-- The Oxford Dictionary of Literary Terms. 2008. Oxford University Press.

Common Forms of Plagiarism ]
| i

o éopying directly from others without acknowledgement of the original source

* Using ideas or rephrasing text from without acknowledgement of the original source
© Using charts, tables, pictures or diagrams from others without referencing

e Reusing some parts ‘of your previous work

e Submitting other people’s work as your own

How to avoid plagiarism?

e Use your own ideas.

e Paraphrase + give proper credit to the original source.

* Use quotation marks when using exact words from other authors + give proper credit to the
original source.

® Organize and track your sources and materials
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School of Art and Architecture - Sushant University

Program: B.Arch

Course Name: Building Services 2
Faculty: Asst. Prof. Prerana H

Even Semester (Jan-June) 2023-24

Students List

Sem: 4

Course Code: 19BAR-3BS22T

Total No. of Students enrolled in the course: 47

Student Name Roll No

Manaj Baweja 220BARCHO001

Pujan Garg 220BARCHO002

Pranita Saraf 220BARCHO003

Aditi Gupta 220BARCHO004

Shweta Sharma 220BARCHO005

Rushil Soni 220BARCHO006

Palak Mediratta 220BARCHO007

Simran Thakran 220BARCHO008

Aarushi Agarwal 220BARCHO010

Rudra Kumar Jha 220BARCHO011

Aryan Gupta 220BARCHO014

Sudevi Gayen 220BARCHO015

Annanya Bindal 220BARCHO016

Moeed Imtiyaz 220BARCHO017

Shriya Khurana 220BARCHO018

Ishan Shukla 220BARCHO019

Ansh Jalan 220BARCHO020

Chahat Suneja 220BARCHO021

Amritam 220BARCHO022

Rudra Pratap Singh 220BARCHO024

Apoorva Goel 220BARCH025

Chirag Yadav 220BARCH026

Paavan Jain 220BARCHO031

Himanshu Aggarwal 220BARCHO032

Chahat Kakkar 220BARCHO034

Ronnit Garg 220BARCHO035 »
Abeer Bhasin 220BARCHO36 s &
Nikita Chawla 220BARCHO37 [’/ /' /% \%A




Saanvi Gupta 220BARCHO038
Hardik Sharma 220BARCHO039
Maitreyi Rathore 220BARCHO043
Auditya Sheoran 220BARCHO044
Harshit Khatri 220BARCHO045
Rongsennukla Yaden 220BARCHO046
Harshita Dang 220BARCHO047
Naveen Chauhan 220BARCHO048
Advait Bansal 220BARCHO050
Priyal Jain 220BARCHO051
Avani Khurana 220BARCHO52
Ishita Gupta 220BARCHO053
Raghav Sethi 220BARCHO054
Sai Satyanarayana Reddy 220BARCHO055
Shritima Sharma 220BARCHO056
Taniya Mohanty 220BARCHO057
Apaar Agarwal 220BARCHO058
Aditya Dev 220BARCHO060
Dhruv Dogra 220BARCHO062
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|Sushant

4

School of Art and Architecture - Sushant University

Even Semester (Jan-June) 2023-24

Individual Assisnment éi)

Program: B.Arch Sem: 4
Course Name: Building Services 2 Course Code: 19BAR-3BS22T
Faculty: Prerana H Maximum Marks: 10

Submission Deadline: 02-02-24

Course Outcomes

CO1: Understand and learn day lighting and its relevance in the buildings

CO2: Understand and learn the artificial lighting, its need and application in the building
CO3: Analyse lighting design in the buildings

CO4: Understand the concepts of acoustics design, materials and its usability

COs5: Understand, apply and demonstrate the acoustic planning and detail in the building

Assignment:
Q.1 (CO1) Write 30 terminologies on lighting complete with diagrams and sources.
Q.2 (CO2) Compile areport on Study of Lighting standards :

1. Strategies for different light conditions

2. Daylighting Systems with and without shading

3. Parameters affecting visual comfort

4. Design strategies for daylighting

5. Design guidelines for daylighting

6. Daylight requirement for different building typologies according to various Indian standards
(compile in a chart)

7. Recommended daylight factor to be maintained in different interiors
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CANDLE POWER

Candle power (abbreviated as cp or CP) is a unit of measurement for
light intensity. It describes the level of light intensity relative to the light
emitted by a candle of a particular size and composition. Historical
candle power equals 0.981 candelas. In modern usage, candle power is
sometimes used as a synonym for candela.

CANDELA

the Sl unit of luminous intensity. One candela is the luminous intensity,
in a given direction, of a source that emits monochromatic radiation of
frequency 540 x 1012 Hz and that has a radiant intensity in that

" direction of 1/683 watt per steradian.

CLEAR DESIGN SKY

This is the clear sky corresponding to a solar

altitude of 15 degrees. The relative luminance of the sky relative to the
zenith opposite to the sun is constant for a given altitude up to 15
degrees and beyond 15 degrees it decreases as the altitude of the
angle of observation increases. The corresponding exterior design
illumination is taken as 8000 lux from the entire sky vauh, direct sunlight
being excluded.

CENTRAL FIELD

The monocular visual field consists of central vision, which includes the
inner 30 degrees of vision and central fixation, and the peripheral visual
field, which extends 100 degrees laterally, 60 degrees medially, 60
degrees upward, and 75 degrees downward (Figure 116.1)

COLOR OF AN OBJECT

The ‘colour’ of an object is the wavelengths of light that it reflects. This
is determined by the arrangement of electrons in the atoms of that
substance that will absorb and re-emit photons of particular energies
according to complicated quantum laws.

01

W WTqUNéw.

ALTITUDE

The height of an object or structure above a reference level, usually
above sea level or the Earth's surface. Altitude is used as a reference for

heights
Beluthoe: Above
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™ Timatod .
© o Atmiude
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Above Se L] Ground Lo

The azimuth angle is the
compass direction from which
the sunlight is coming. At
solar noon, the sun is always
directly south in the northern
hemisphere and directly
north in the southern
hemisphere. The azimuth
angle varies throughout the
day.

03 BRIGHTNESS RATIO OR CONTRAST

09

Contrast ratio is the ratio of a screenps whitest white (output 1eve1 255)
to its blackest b1ack (output 1eve1 0). It is expressed in the form of ~ :
“500:1”, and “500" and “1" respective 1y represent the relative
brightness ratio of “white” to “black”.

IS

b <

COLOR RENDERING INDEX (CRI)

Color Rendering Index (CRI) measures the ability of a light source to
accurately reproduce the colors of the object it illuminates.CRl is a
convenient metric because it is represented as a single, quantified
number.CRI values that are 90 and above are considered excellent,
while scores below 80 are generally considered poor.

Natural white fight (S000K} Red fight

10 CORRELATED COLOR TEMPERATURE

The colour temperature of a light source is the temperature of an ideal
black-body radiator that radiates light of comparable hue to that of the
light source. Colour temperature is conventionally stated in the unit of
absolute temperature, the kelvin (K). Colour temperature is a
characteristic of visible light that has important applications in lighting,
ph graphy, videography, publishing, manufacturing, astrophysics, and
other fields.

When the temperature of incandescent source is increased, more light is
produced. The colour of the material changes from red at low

temperature to yellow and finally to nearly white as the temperature is
increased.




11 DAYLIGHT AREA

A daylight zone, also called the daylight area (expressed in square feet)
is defined by the ASHRAE/IES 90.1-2010 energy standard as “the floor
area substantially illuminated by daylight.” In other words, it should
consistently receive significant quantities of daylight.

DAYLIGHT FACTOR
12

A daylight zone, also called the daylight area (expressed in square feet)
is defined by the ASHRAE/IES 90.1-2010 energy standard as “the floor
area substantially illuminated by daylight.” In other words, it should
consistently receive significant quantities of daylight.

1 3 DAYLIGHT PENETRATION

Itis a rule that determines the window's sill and lintel level along with
the amount of daylight penetrating through it.Typically, the depth of
daylight penetration is about two and one-half times the distance
between the top of a window and the sill.

S tte oo
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14 DIRECT SOLAR ILLUMINANCE

The sunlight without being diffused is known s
#. direct solar illuminance. i

1 9 INTERNAL REFLECTED COMPONENT
The internally reflected component
(IRC) of Daylight Factor (DF) refers to
the contribution of the light that is
reflected off internal surfaces within a
space. The IRC of DF is a measure of
the amount of light that is reflected off
internal surfaces and redistributed

within a space, and it is influenced by
several factors, including the
reflectivity of the internal surfaces, the
geometry of the space, and the
position of the openings.

20 LIGHT OUTPUT RATIO

Light Output Ratio (LOR) is the percentage of light emitted from the light
source that makes it out of the luminaire. For LED luminaires it is stated as
100%.

2 '] LIGHT PIPE

s inspo g i Light pipes are optical components that are
) el typically used to increase the uniformity of a

light source or to direct light. Light pipes may
also be referred to as homogenizing rods,
light guides, homogenizers, or light funnels.

Wrmhak.
22 LIGHT SHELF

A light shelf is a passive architectural device
used to reflect natural daylight into a
building. ‘Bouncing' sunlight off a horizontal
surface distributes it more evenly and deeply
within a space, whereas direct sunlight can
cause glare near an opening, whilst leaving
dark areas further in.

Light shelves can be fixed either externally,
internally or both (which often works best in
providing an even illumination gradient).
They are often designed as part of a broader
daylight and shading strategy.

s
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EXTERNAL REFLECTED COMPONENT

The externally reflected component of Daylight Factor (DF) refers to the
contribution of the light that is reflected off external surfaces, such as
adjacent buildings or the ground, to the total amount of natural light
that enters a space. The externally reflected component of DF is a
measure of the amount of light that is reflected off external surfaces and
into a space, and it is influenced by several factors, including the
reflectivity of surrounding surfaces and the geometry of the surrounding
environment.

GLARE

Glare is defined as an intense and blinding light that reduces visibility.

HUE

Hue represents the color being displayed, as found on
a red-green-blue scale, color wheel or grayscale. The
intensity of the primary colors or gray displayed grows
with increased brightness, but the color itself does not
change: Changing to different color values makes no
difference.

ILLUMINANCE

il 00 g troce”
shersahestf o Hox)

The lumen is a unit of measurement for the
brightness of light. If a light bulb is blindingly
bright, it produces a lot of lumens.

LUMINANCE

The apparent brightness of an object that appears to the human eye is known
as Luminance.

LUMINAIRE

A complete lighting unit consisting of a lamp or
lamps together with the parts designed to
distribute the light, to position and protect the
lamps, and to connect the lamps to the power
supply.

BRI,

Luminous flux is a measure of the power of
visible light produced by a light source or
light fitting. It is measured in lumens (Im).

e
MAINTENANCE FACTOR

A lighting system's maintenance factor indicates how much of the initial
luminous flux remains available at the end of its service life. The maintenance
factor must be determined by the planning lighting engineer and the new
value of the luminous flux multiplied by it.




28 REFLECTION FACTOR SOURCES
It may be defined as “the ratio of luminous flux leaving the surface to the hups: i i I altitude/
luminous flux incident on it". Its value will be always less than 1. e . -
29 ROOM INDEX hps:/iwww. ies-of-sunli I I
Room Index = Length (m) x Width (m) Height of light fitting above the working byjus.com
plane( Length + width) Room Index = L x W. www .wbdg.org
hups:/www eizo.com. if/wp_06-001A ndf
30 SKY COMPONENT ;
www.meriam-webster.com
The sky component normally refers to the diffused i ildings.net
sky; i.e. it is not used to describe direct sunlight. www ncbinlm.nih.gov
In other words, it can define as the ratio (or johting
| percentage) of that part of the daylight illuminance =
at a point on a given plane which is received www sciencedirect.com
~ directly from the sky as compared to the www sciencedirect.com
- simul exterior illumi e on a h | lightingcontrolsassociation.org
plane from the entire hemisphere of an .
8 www sciencefocus.com
unobstructed clear design sky.
www.lecturio.com
31 UTILIZATION FACTOR lightlouver.com
Utilization factor or co-efficient of utilization:- It is defined as the ratio of total Lo des DUUNIRGRICO N
lumens reaching the working plane to total lumens given out by the lamp. frontdesk.co.in
32 VISUAL FIELD
The visual field refers to the total area in
which objects can be seen in the side
" (peripheral) vision as you focus your eyes
@ 3 on a central point. i
i I3
B ; H
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Sir/Madam,
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S.No | Name of the student Roll No Slow learner/Advanced learner
1 | Aditi Gupta 220BARCH004 Advanced learner
2 | Shriya Khurana 220BARCH018 Advanced learner
3 Ishain Shukla 220BARCHO019 Advanced learner
4 | Nikita Chawla 220BARCH037 Advanced learner
5 Simran Thakran 220BARCH008 Slow learner -

6 Chahat Suneja 220BARCHO021 Slow learner
7 | Auditya Sheoran 220BARCH044 Slow learner
8 Rongsennukla Yaden 220BARCHO46 Slow learner
9 Raghav Sethi 220BARCHO054 Slow learner
10 | Shritima Sharma 220BARCHO056 Slow learner -
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Types of Artificial Lighting
By Raghav Sethi, B.Arch 4th Semester

Artificial lighting is a crucial component in architectural design, enhancing the functionality,
aesthetics, and ambiance of interior spaces. It is essential for creating comfortable, safe, and
productive environments. There are several types of artificial lighting, each with distinct
characteristics and applications. Understanding these types is vital for architects and designers to
make informed decisions that balance illumination needs with energy efficiency and design
aesthetics.

Incandescent lighting, one of the oldest forms of artificial light, produces light by heating a
filament until it glows. Although incandescent bulbs provide a warm and inviting light, they are
highly inefficient, converting only about 10% of energy into light, with the rest lost as heat. Due
to their low energy efficiency and short lifespan, incandescent bulbs are being phased out in
favor of more efficient technologies. However, they are still appreciated for their color rendering
and ability to create a cozy atmosphere in residential and hospitality settings.

Fluorescent lighting, a more energy-efficient option, operates by exciting mercury vapor, which
in turn emits ultraviolet light. This light then interacts with a phosphorescent coating inside the
bulb to produce visible light. Fluorescent lights are commonly used in commercial and
institutional settings due to their efficiency and longer lifespan compared to incandescent bulbs.
They are available in various forms, including linear tubes and compact fluorescent lamps
(CFLs). Despite their advantages, fluorescent lights have drawbacks, such as the presence of
mercury, which poses environmental hazards, and a tendency to flicker, which can cause
discomfort and eye strain.

Halogen lighting is a type of incandescent lighting that uses halogen gas to increase efficiency
and lifespan. Halogen bulbs produce a bright, white light that closely resembles natural daylight,
making them suitable for task lighting and highlighting artwork or architectural features. They
are more energy-efficient than traditional incandescent bulbs but still fall short compared to
modern alternatives like LEDs. Halogen bulbs also operate at high temperatures, which can pose
safety risks if not properly managed.

Light Emitting Diode (LED) lighting represents the most advanced and energy-efficient artificial
lighting technology available today. LEDs produce light through electroluminescence, where
electrons recombine with holes in a semiconductor material, releasing energy in the form of
photons. LEDs are highly efficient, converting a significant portion of energy into light with
minimal heat production. They also boast an exceptionally long lifespan, reducing maintenance
costs and environmental impact. LEDs are versatile, available in a wide range of colors, and can
be easily integrated into smart lighting systems for dynamic control over light intensity and color

temperature. Their adaptability makes LEDs suitable for almost any application, from residential -

to commercial, industrial, and outdoor lighting.

High-Intensity Discharge (HID) lighting, which includes metal halide, high-pressure sodium, and

,,,,,

NS



stadiums, and industrial facilities. HID lamps operate by passing an electric current through a
gas-filled tube, which produces an intense light. They are more energy-efficient than traditional
incandescent bulbs and provide high levels of illumination over large areas. However, HID
lamps have several disadvantages, including a warm-up period before reaching full brightness,
potential for color shifts over time, and the presence of toxic materials like mercury.

In conclusion, the choice of artificial lighting plays a significant role in the design and
functionality of built environments. While incandescent and halogen lights offer good color
rendering and warmth, their inefficiency and heat production limit their use in modern designs.
Fluorescent lighting provides a more efficient alternative, though it has environmental and
comfort-related drawbacks. LED lighting, with its superior efficiency, longevity, and versatility,
has become the preferred choice for a wide range of applications. HID lighting remains relevant
for specific high-intensity applications despite its limitations. As technology advances, it is
essential for architects and designers to stay informed about the latest developments in lighting to
create spaces that are both functional and aesthetically pleasing while minimizing energy
consumption and environmental impact.
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Daylighting and Corresponding
Usage with Artificial Lighting

Introduction

Daylighting refers to the strategic use of natural light to illuminate building interiors. It is
an essential component of sustainable architectural design, reducing the reliance on
artificial lighting, minimizing energy consumption, and enhancing the quality of indoor
environments. The integration of daylighting with artificial lighting is crucial in achieving
an optimal balance between natural and artificial illumination, ensuring comfort,
functionality, and energy efficiency. This report explores the principles, benefits, and
strategies of daylighting, along with its integration with artificial lighting systems.

Principles of Daylighting

Daylighting design involves the careful consideration of various factors, including
building orientation, window placement, glazing materials, and interior layout. The
primary goal is to maximize the penetration and distribution of natural light while
minimizing glare and heat gain. Key principles include:

. Building Orientation: Orienting the building to optimize solar exposure, typically with
longer facades facing north and south, can enhance daylight availability throughout the
day.

. Window Design: Properly sized and placed windows, skylights, and clerestories
facilitate natural light entry and distribution. Glazing materials should balance light
transmission, thermal performance, and glare control.

. Interior Layout: Open floor plans, light-colored surfaces, and reflective materials can

help distribute daylight deeper into the building, reducing the need for artificial lighting.

Benefits of Daylighting

The integration of daylighting in architectural design offers several advantages:



. Energy Savings: Reducing reliance on artificial lighting decreases electricity
consumption and lowers energy bills. Natural light also reduces the need for heating in
cold climates and cooling in warm climates, contributing to overall energy efficiency.

. Improved Well-being: Exposure to natural light positively impacts human health and
well-being. It enhances mood, productivity, and comfort while reducing the incidence of
eyestrain and headaches.

. Environmental Impact: Daylighting reduces the building's carbon footprint by lowering
energy demand and greenhouse gas emissions associated with electricity generation.

Strategies for Effective Daylighting

Effective daylighting requires a combination of design strategies and technologies to
optimize natural light utilization:

. Windows 2nd Glazing: High-performance glazing materials, such as low-emissivity
(low-e) glass, can improve light transmission while reducing heat gain and glare.
Operable windows provide natural ventilation and additional daylighting control.

. Skylights and Light Tubes: Skylights and light tubes can bring natural light into spaces
that are difficult to illuminate with vertical windows. These devices can be equipped with
diffusers to distribute light evenly and reduce glare.

. Shading Devices: Exterior shading devices, such as overhangs, louvers, and shading
screens, can control direct sunlight and reduce glare and heat gain. Interior shading
options, such as blinds and curtains, provide additional control over daylight
penetration.

. Light Shelves and Reflectors: Light shelves and reflective surfaces can redirect natural
light deeper into the building, enhancing daylight distribution and reducing the need
for artificial lighting.

Integration with Artificial Lighting

To achieve a seamless transition between natural and artificial lighting, it is essential to
integrate daylighting with artificial lighting systems effectively:

. Lighting Controls: Automated lighting controls, such as dimmers, occupancy sensors,
and daylight sensors, can adjust artificial lighting levels based on daylight availability,
occupancy, and user preferences. These systems ensure optimal lighting conditions
while maximizing energy savings.



2. Zoned Lighting: Dividing the interior space into lighting zones allows for more precise

control of artificial lighting, enabling the use of artificial light only where and when it is
needed.

. Complementary Lighting Design: The selection of artificial lighting fixtures should
complement the daylighting design, providing adequate illumination during periods of
low natural light and enhancing the overall lighting quality. Fixtures with adjustable
color temperature can mimic natural light, creating a more comfortable and visually
appealing environment.

Conclusion

Daylighting, when éffectively integrated with artificial lighting, offers significant benefits

in terms of energy efficiency, environmental sustainability, and occupant well-being. By
iincorporating principles of daylighting and employing advanced lighting controls and
technologies, architects and designers can create buildings that harness the full
potential of natural light while maintaining optimal indoor illumination. The thoughtful

design and implementation of daylighting strategies are crucial for the development of

sustainable and energy-efficient architectural solutions.
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Course Outcomes

COL1: Understand and learn day lighting and its relevance in the buildings

CO2: Understand and learn the artificial lighting, its need and application in the building
CO3: Analyse lighting design in the buildings

CO4: Understand the concepts of acoustics design, materials and its usability

CO5: Understand, apply and demonstrate the acoustic planning and detail in the building

Group Project Topic: Lighting systems market survey

1. (CO3) Conduct a MARKET STUDY ON DIFFERENT LIGHTING SYSTEMS AND
SUPPORTING HARDWARE.

e Collect catalogues, samples, photographic documentation

* Classify and identify brands and specifications, prices, modern lighting control systems
e Compile findings of online and market study, build a matrix for each category

e Conduct a brand contrast survey

Group Project Guidelines:
Form groups of 3-4
Present in ppt format

Compile in A4 sheets and prepare a report (Submission of 1 report per group)



Building Services
Assignment 1(B)
Name : Pujan Garg
Section : A
Roll No: 220BARCH002

1. Strategies for Different Light Conditions

Skylight

Strategies for diffuse skylight can be designed for either clear or cloudy skies.
However, the most significant characteristic of these strategies is how they deal
with direct sunlight. Solar shading always is an issue for daylighting except on
facades facing the North/South pole (in the northern/southern hemisphere
respectively). Solar shading and glare protection are different functions that
require individual design consideration

Cloudy Skies

Daylighting strategies designed for diffuse skylight in predominantly cloudy
conditions aim to distribute skylight to interior spaces when the direct sun is not
present. In this case, windows and roof lights are designed to bring daylight into
rooms under cloudy sky conditions, so windows will be relatively large and
located high on the walls. Under sunny conditions, these large openings are a
weak poinl, causing overheating and glare. To avoid decreasing daylight levels
under overcast sky conditions, moveable systems are usually applied.

Clear Skies
In contrast to daylighting strategies for cloudy skies, strategies that diffuse
skylight in climates where clear skics predominate must address direct sunlight
at all times. Shading of direct sunlight is therefore part of the continuous
operating mode of this strategy. Openings for clear sky
strategies do not need to be sized for the low daylight levels of overcast skies.

'

Direct Sunlight

Strategies for sunlight and diffuse skylight are quite different. Direct sunlight is
so bright that the amount of incident sunlight falling on a small aperture is
sufficient to provide adequate daylight levels in large interior spaces. Beam
daylighting strategies are applicable if sunshine probability is high. Since
sunlight is a parallel source, direct sunlight can be easily guided and piped.

2. Daylighting Systems with and without shading

B. Surface Reflectance: Surface reflectance is the ratio of luminous
flux reflected by a body (with or without diffusion) 10 the flux it
receives. Reflectance creates a well-balanced luminance distribution.
If reflectance is more than the desired range, it will contribute o high
luminance, which will cause glare.
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Daylight Systems with shading

Two types of daylighting systems with shading have been reviewed: svs
that rely primarily on diffuse skylight and reject direct sunlight. To increase
daylight while providing shading. advanced systems have been developed that
both protect the area near the window from direct sunlight and send direct and/
or diffuse daylight into the interior of the room.

Daylight systems without shading
Daylighting systems without shading are designed primarily to redirect daylight
1o areas away from a window or skylight opening.

* Diffuse light-guiding systems redirect daylight from specific areas of the sky
vault to the interior of the room.

* Direct light-guiding systems send direct sunlight to the interior of the room
without the secondary cffects of glare and overheating.

3. Parameters affecting visual comfort

It is relatively easy to identify a comfortable environment; however, it becomes
a challenge to describe a visually comfortable environment If the space is well-
lighted, then the subjects usually do not experience any significant visual
discomfort.

The following parameters are for visual
comfort in indoor lighting:

. Illuminance

. Surface reflectance

Uniformity ratio

. Glare

oo w>

>

Illuminance : It is a measure of how much the incident light illuminates the
surface and is measured in lux. It is the total luminous flux incident on a
surface per unit area (lumen perm2).

C. Uniformity Ratio: It plays a vital role in improving

user perception, visual acuity, and overallvisibility. When referring to light
uniformity of an area, the task area in which the objects

and immediate surroundings are considered.

CERAIAY - I01E W 04
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D. Glare: It is the sensation produced by bright areas within the field of view. It
may be experienced either as discomfort glare or as disability glare.

In interior workplaces, discomfort glare may arise directly from bright
luminaires or windows. Glare from windows can be minimised either by using
shading devices such as louvers, external hoods, curtains, or by cross-lighting
the surroundings to a comparable level.

4.  Design Strategies for daylighting:

There are many design strategies for daylighting in buildings as explained
below. These are also fundamental to the concept of solar passive design which
means thal buildings are designed in response 1o sun and climate.

Building orientation and form
The orientation determines access 1o sun. Buildings can be located and oriented
to take advantage of sun’s movement thzauehout the day.
Ty oy
.,

 Buildings that are longer o/
visual comfort.

= better for daylighting and




* Larger and taller buildings should have thinner profiles to maximize
daylighting potential from side windows.

* Focus should be given to maximum daylight factor, increasc uniformity of
light spread, reduce glare, and minimise solar gains.

= Spaces will high ceilings can accommodate taller windows that help pull
daylight further into the space.

Fenestrations

* Determine the window size, height and glazing treatments for each facade
Separately.

 Maximise southern exposure and optimise northern exposure.

* North-facing windows provide consistent indirect light with minimal heat
gains.

Shading Devices
Shading devices help bring in daylight without heat. Unlike artificial li ght
fixtures, you can block heat from sunlight and still get light.

 South-facing windows are the easiest 10 shade. Horizontal shading devices are
most effective as they can block summer sun and admit winter sun.

* East- and west-facing windows are best shaded with vertical devices, but
these are usually harder to incorporate into a building, and limit views from
the window.

5. Design guidelines for daylighting

° Buildings that are longer on their east-west axis are better for daylighting and
visual comfort

* Limit the depth of the floor plate to maximise day-lit area.

* Daylight penetration is about 1.5 times the window head .i

© Use skylights where side lighting cannot be used for adequate lighting of the
deeper areas of the floor plate.

* North facing skylights are most suitable for work spaces

6. Daylight requirements for different building typologies according to
various Indian standards

Sources:

Daylight in Buildings by SHC Summer Report

IS 2440 (1975): Guide for Daylighting of Buildings

Energy Conservation Building Code, 2017

IS 7942 (1976): Code of practice for daylighting of educational buildings
Guidelines for Optimum Visual Comfort by Teri and Mahindra Livespaces

L

Buildings task visibility

and productivity.

Building
Typology Daylight Requirements Standards/Guidelines
Residential Bedrooms. 5% of the fioor area should have  National Building Code
Buildings direct daylighting (NBC)
Living rooms: 10-15% of the figor area Bureau of Indian
should have daylight. Standards (BIS)
Commercial Office spaces: 6-8% of the floor area should ~ NBC, BIS
Buildings have daylight
Retail spaces: 8-10% of the floor area
should have daylight
Educational Classrooms' 15-20 foot-candles of NBC, BIS
Buildings illumination
Libraries, 20-30 foot-candles of illumination.
Healthcare Patient rooms: 10-15 foot-candies of NBC, BIS
Buildings fllumination " N
Industrial Workspaces: Adequate natural lighting for NBC, BIS

A minimum level of illuminance for satety

7.  Recommended daylight factor to be maintained in all interiors.

The daylight intensity at any point
inside a room is subject to severe and
frequent fluctuations, but it is,
however, found to bear a more or less
constant ratio to the simultaneous
external intensity when the sky is
clear or overcast throughout.

Daylight factor (DF) is a measure of

all the daylight reaching on an indoor

reference point from the following

sources :

a) The direct sky visible from the
point,
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b) External surfaces reflecting light directly to the point, and
) Internal surfaces reflecting and inter-reflecting light to the point




l Sushant
University

ANNEXURE-Ul

School of Art and Architecture -Sushant University

Course Title: Building Services 2 Semester: 4

Course Code: 19BAR-3BS22T Course Faculty: Prerana H

Programme: B.Arch

Sir/Madam,

Following students mentioned in the list are identified as Slow learner/Advanced learner
based on guidelines issued by IQAC after ?.“t‘assessment (assignment/quiz). [MiO TER"J

S.No | Name of the student Roll No Slow learner/Advanced learner
1 | Aditi Gupta 220BARCH004 Advanced learner
2 Palak Mediratta 220BARCHO007 Advanced learner
3 | Aarushi Agarwal 220BARCHO10 Advanced learner
4 | Shriya Khurana 220BARCHO018 Advanced learner
5 Ishan Shukla 220BARCHO019 | Advanced learner
6 | Himanshu Aggarwal 220BARCH032 Advanced learner
7 Nikita Chawla 220BARCHO037 Advanced learner
8 Hardik Sharma 220BARCH039 Advanced learner
9 Maitreyi Rathore 220BARCH043 Advanced learner
10 | Priyal Jain 220BARCHO51 Advanced learner
11 | Sai Satyanarayana Reddy 220BARCHO055 Advanced learner

No slow learners have been identified for the course.

Signature of Course Coordina'%Faculty

)

Programme Coordinator

A

Dean

ke



SCHOOL OF ART AND ARCHITECTURE- SUSHANT UNIVERSITY

LIST OF ADVANCED LEARNERS

. Program/Batch: B.Arch/2022-27 Semester: 4
Course Code: 19BAR-3BS22T Faculty Name: Prerana H
Course Title: Building Services 2

S.no Enrollment No. Student name Activities done to motivate ADVANCED learners

Recommended an advanced MOOC course : Energy Efficiency, Acoustics and
1 |220BARCH004 Aditi Gupta Daylighting in Building

Link : https://onlinecourses.nptel.ac.in/noc24 ce47/preview

Recommended an advanced MOOC course : Energy Efficiency, Acoustics and
2 [220BARCH007 Palak Mediratta Daylighting in Building

Link : https://onlinecourses.nptel.ac.in/noc24_ce47/preview

Recommended an advanced MOOC course : Energy Efficiency, Acoustics and
3 |220BARCH010 Aarushi Agarwal Daylighting in Building

Link : https://onlinecourses.nptel.ac.in/noc24_ce47/preview

Recommended an advanced MOOC course : Energy Efficiency, Acoustics and
4 |220BARCHO18 Shriya Khurana Daylighting in Building

Link : https://onlinecourses.nptel.ac.in/noc24_ce47/preview

Recommended an advanced MOOC course : Energy Efficiency, Acoustics and
5 |220BARCH019 Ishan Shukla Daylighting in Building

Link : https://onlinecourses.nptel.ac.in/noc24_ce47/preview

Recommended an advanced MOOC course : Energy Efficiency, Acoustics and
6 |220BARCH032 Himanshu Aggarwal Daylighting in Building

Link : https://onlinecourses.nptel.ac.in/noc24_ce47/preview

Recommended an advanced MOOC course : Energy Efficiency, Acoustics and
7 |220BARCH037 Nikita Chawla Daylighting in Building

Link : https://onlinecourses.nptel.ac.in/noc24_ce47/preview

Recommended an advanced MOOC course : Energy Efficiency, Acoustics and
8 220BARCHO039 Hardik Sharma Daylighting in Building

Link : https://onlinecourses.nptel.ac.in/noc24_ce47/preview

Recommended an advanced MOOC course : Energy Efficiency, Acoustics and
9 220BARCHO043 Maitreyi Rathore Daylighting in Building

Link : https://onlinecourses.nptel.ac.in/noc24_ce47/preview

Recommended an advanced MOOC course : Energy Efficiency, Acoustics and
10 |220BARCHO51 Priyal Jain Daylighting in Building

Link : https://onlinecourses.nptel.ac.in/noc24_ce47/preview

Recommended an advanced MOOC course : Energy Efficiency, Acoustics and
11 |220BARCHO55 Sai Satyanarayana Reddy Daylighting in Building
Link : https://onlinecourses.nptel.ac.in/noc24_ce47/preview

Lo
Faculty Signature: M /
/4

Pagelof1



pue amdo 019 j¥aL ‘191 vononisuoo pue ubisep Buiping E DIAIOA
SoleUWBYIBIN B § I .
sfeuolssajoid pue sjuspms sintoaliyory 3 buliasuibu:

‘[oJIU00 BSI0U [BULSIY

pue uoneiusA [einjeu iof ubisep uonenssusy buiwiopasd jo
fyung 1xeluod ueipu ur @1 sajewno jeoidon Ul Ajjeroedse
10} Buipjing jo ubisap jeuciouny s3deduoo syl 0} siu

NOILONAOYINI ( 3

6€91 :pajjoius SIBUIRD

ya L | eslieyoeireyg g 'Joid Joid Ag

Buipjing ui Bunybiiheq pue sonsnooy Aousioiyg ABiaug

| sesmnog |y | wekems nogy

@ (uiefEns)




.u.%%umz.u% vS6Y S1'9zZsz
m:hmmtmmm« AR TVINSNNOSIANILY _33 m% 2 *wz&xmmg 8

ve61 “uods Nagd xgmgﬁﬁnw

2 éwPQJDEmw >wmw2wg W mwtw,.u. w
( L ASI0M. g T Renin g
‘ssoud

uowiebliadg L 1-10A § Hiy Sjegods A swsols 'y
0861 "paM: 1d UL L AOHIANT ANV IIVINIO ONIOTING. NI SIHOW 3 "V L'STOpeN ¢

., 1 uewbuoT usug
ummaﬂmmwfuo% g

“NOISIA DLIVINITIG I-14

INIWAHINDIY TYNOILONNE 40008 ANYH %&EEm uepyl Jo nesINg L

8. L¥-dS) ‘SONIGTHNE 3078

AL E
. P LLYesm
101d pue sa0inos ssiou _Wm&ﬁs D OLYeIMm
9SIoU [eLIvIXE

008 Dised . }..,ﬁ%m,”mﬁm,m&oz LBeM

uonERUSA

)
L 9pam
L gooam

‘gouanyuL g : 2L mmﬁﬁmﬁ.ﬁzhm .mamﬁmu@_m“cm&aaom%w&%E:EE%
Yaim Buipjing jo sbuey SS90

[eway) 01 2suodsas UBWINE J0JWI0D UB OB § Mﬂu&%&%@»ﬁ mﬁmae%&cmﬁmx : «%m&
‘0}8 'SjUBLIUOIIAUB
3)is pue SjusuILGHAUS [eoidol) “Uoejussaidai 13U} PUE S10j0e SI0JOBY [BJUBWIUOIAUT & | Yoo

noAe| asino)

S L peeM



l Sushant
University

Annexure |V

School of Art and Architecture - Sushant University

Even Semester (Jan-June) 2023-24

Course Title: Building services 2 Semester: 4
Course Code: 19BAR-3BS22T Course Faculty: Prerana H

Programme: B.Arch

RESULT ANALYSIS
Sr. No. Name of the Student Marks Obtained (20)
1 Simran Thakran 12
2 Chahat Suneja 15
3 Auditya Sheoran 15,
4 Rongsennukla Yaden 14
5 Raghav Sethi 14
6 Shritima Sharma 14
7 =
6 3
£ 9% & No. of Students
§ 4 Appeared
E”: 3 | # No. of Students
g Passed
(o]
Z 2 -
1 =
0 .................
Signature of Course Coordinator/kaculty

Programme Coordinator

‘ 1 e =1 )
DeaM ¢ &j
\m’



B.Arch Result Even Sem 2024 2nd Year
N\ £ [[Sushant
architecwre llLINIVETSitY School of Art and Architecture
EVEN SEMESTER 2024 RESULT Course Code : 19BAR-3BS22T
Programme : B.Arch Course Name : Building Services 2
Section : A/B Max Marks :
Date : 03 May 2024 Faculty Name :
Atteno/dance ;;:;:::;al 1 ént:;r;al 2 Total . o
o id-Term | End-Term ermitte
S.NO. Roll No. Student Name End Term Marks Marks Marks Dbt d/
100 20 30 50
1 _|220BARCHO01 | Manaj Baweja i 14 19.0 33.0 Permitted
2 |220BARCHO002 | Pujan Garg 77 14 25.0 39.0 Permitted
3 |220BARCHO003 | Pranita Saraf 85 16 20.0 36.0 Permitted
4 | 220BARCHO004 | Aditi Gupta Ei 17 27.0 44.0 Permitted
5 [220BARCHO005 |Shweta Sharma 85 16 20.0 36.0 Permitted
6 | 220BARCHO006 | Rushil Soni 85 14 22.0 36.0 Permitted
7 |220BARCHO07 | Palak Mediratta 92 7 15.0 32.0 Permitted
8 |220BARCHO08 |Simran Thakran 77 12 25.0 37.0 Permitted
9 |220BARCHO010| Aarushi Agarwal 85 17 22.0 39.0 Permitted
10 |220BARCHO11 |Rudra Kumar Jha 92 16 15.0 31.0 Permitted
11 |220BARCHO14|Aryan Gupta 92 15 20.0 35.0 Permitted
12 |220BARCHO15 |Sudevi Gayen 85 15 22.0 37.0 Permitted
13 |220BARCHO16 | Annanya Bindal 92 14 25.0 39.0 Permitted
14 |220BARCHO017 |Moeed Imtiyaz 85 16 21.0 37.0 Permitted
15 |220BARCHO018 Shriya Khurana 85 17 20.0 37.0 Permitted
16 |220BARCHO019 |{Ishan Shukla 92 17 27.0 44.0 Permitted
17 |220BARCHO020 | Ansh Jalan 85 14 20.0 34.0 Permitted
18 |220BARCHO021 | Chahat Suneja 85 15 23.0 38.0 Permitted
19 |220BARCHO022 | Amritam 77 13 19.0 32.0 Permitted
20 |220BARCHO024 |Rudra Pratap Singh 85 15 20.0 B350 Permitted
21 |220BARCHO025|Apoorva Goel 92 16 25.0 41.0 Permitted
22 |220BARCHO026 | Chirag Yaday 92 13 23.0 36.0 Permitted
23 |220BARCHO031 |Paavan Jain 85 11 27.0 38.0 Permitted
24 |220BARCHO032|Himanshu Aggarwal Jd 18 21.0 39.0 Permitted
25 |220BARCHO034|Chahat Kakkar 85 14 23.0 37.0 Permitted
26 |220BARCHO035 | Ronnit Garg i 15 22.0 37.0 Permitted
27 |220BARCHO036 | Abeer Bhasin 85 16 15.0 31.0 Permitted
28 |220BARCHO037 | Nikita Chawla 7l 18 21.0 3940 Permitted
29 |220BARCHO038|Saanvi Gupta 85 15 15.0 30.0 Permitted
30 {220BARCHO039|Hardik Sharma 85 17 15.0 32.0 Permitted
31 |220BARCHO043 | Maitreyi Rathore 85 17 27.0 44.0 Permitted
32 |220BARCHO044 | Auditya Sheoran il 11 15.0 26.0 Permitted
33 |220BARCHO045 {Harshit Khatri 0 0.0 0.0 Debarred T .
34 | 220BARCH046|Rongsennukla Yaden 14 20.0 34.0 Debarred P
35 | 220BARCH047|Harshita Dang 85 13 22,0 35.0 Permitted | /- \
36 |220BARCHO048|Naveen Chauhan i 13 19.0 32.0 Permitted > | b d
37 [220BARCHO050 | Advait Bansal 85 16 23.0 39.0 Permitted 1=\
38 |220BARCHO51 | Priyal Jain 85 17 21.0 380 Permitted A
39 [220BARCHO052 | Avani Khurana 85 16 27.0 43.0 Permitted \ t'\ 4
40 | 220BARCHO53 | Ishita Gupta 77 13 20.0 33.0 Permitted N L
41 |220BARCHO054 Raghav Sethi 77 14 15.0 29.0 Permitted
42 1 220BARCHO55 | Kovvuri Sai 92 18 21.0 39.0 Permitted
43 1220BARCHO56 | Shritima Sharma 92 14 15.0 29.0 Permitted
44 |220BARCHO057 Taniya Mohanty i 16 20.0 36.0 Permitted
45 |220BARCHO58 | Apaar Agarwal 85 16 25.0 41.0 Permitted
46 | 220BARCHO60 | Aditya Dev 85 16 19.0 35.0 Permitted
47 1220BARCH062 | Dhruv Dogra il 15 15.0 30.0 Permitted
Permitted 45
Debarred 2
W
Faculty Incharge SAA Exam Head




B.Arch Result Even Sem 2024 2nd Year

Programme Coordina : Dean :
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Program:
Course Code:

SN

B.Arch
19BAR-3BS22T

SUSHANT UNIVERSITY
School of Art and Architecture
Mid-Term Examination (Even Semester 2023-24)
Semester :

Mid Term Date:

Faculty Name: Prerana H

- aa ézf%%
%%%%W‘f ;o

4
Building Services 2

. . (10 Marky)| €02 (10
1 220BARCH001 |Manaj Baweja 2022-2027 8 6 8 6
2 220BARCH002 |Pujan Garg 2022-2027 T 7 il
3 220BARCHO03 |[Pranita Saraf 2022-2027 8 8 8
4 220BARCHO004 [Aditi Gupta 2022-2027 8 9 8
5 220BARCHO005 |Shweta Sharma 2022-2027 7 9 7
6 220BARCHO006 |Rushil Soni 2022-2027 8 6 8
i 220BARCHO07 _|Palak Mediratta 2022-2027 8 9 8
8 220BARCHO08 |Simran Thakran 2022-2027 6 6 6
9 220BARCHO010 |Aarushi Agarwal 2022-2027 8 9 8
10 220BARCHO011_|Rudra Kumar Jha 2022-2027 7 9 7
11 220BARCHO014 |Aryan Gupta 2022-2027 6 9 6
12 220BARCHO15 [Sudevi Gayen 2022-2027 7 8 7
13 220BARCHO16 [Annanya Bindal 2022-2027 6 8 6
14 220BARCHO017 [Moeed Imtiyaz 2022-2027 8 8 8
15 220BARCHO18 |[Shriya Khurana 2022-2027 8 9 8
16 220BARCHO19 |Ishan Shukla 2022-2027 8 9 8
I'7 220BARCH020 [Ansh Jalan 2022-2027 6 8 6
18 220BARCH021 |Chahat Suneja 2022-2027 7 8 7
19 220BARCH022 |Amritam 2022-2027 5 8 5,
20 220BARCH024 |Rudra Pratap Singh 2022-2027 A 8 7
21 220BARCH025 |Apoorva Goel 2022-2027 8 8 8
22 220BARCH026 |Chirag Yadav. 2022-2027 6 7 6
23 220BARCHO031 [Paavan Jain 2022-2027 6 5 6
24 220BARCH032 |Himanshu Agparwal 2022-2027 9 9 9
25 220BARCHO034 |Chahat Kakkar 2022-2027 8 6 8
26 220BARCHO035 |Ronnit Garg 2022-2027 9 6 9
27 220BARCHO036 [Abeer Bhasin 2022-2027 8 8 8
28 220BARCH037 |Nikita Chawla 2022-2027 9 9 9,
29 220BARCHO038 |Saanvi Gupta 2022-2027 9 6 9 \ P\_/
30 220BARCHO039 [Hardik Sharma 2022-2027 9 8 9
31 220BARCHO043 |Maitreyi Rathore 2022-2027 9 8 5;
32 220BARCHO044 [Auditya Sheoran 2022-2027 7 4 7
33 220BARCHO045 [Hershit Khatri 2022-2027 0 0 0-°
34 220BARCHO46 [Re: kla Yaden 2022-2027 24 7 7
35 220BARCHO047 [Harshita Dang 2022-2027 6 7 6
36 220BARCHO048 [N aveen Chauhan 2022-2027 2 6 7
37 220BARCHO050 |Aclvait Bansal 2022-2027 8 8 8
38 220BARCHO51 |Tviyal Jain 2022-2027 8 9 &
39 220BARCH052 |Avani Khurana 2022-2027 8 8 8
40 220BARCHO053 |Ishita Gupta 2022-2027 7 6 7
41 220BARCH054 |Raghav Sethi 2022-2027 7 7 7
42 220BARCHO055 |Sai S: Reddy 2022-2027 9 9 9
43 220BARCHO056 [Shritima Sharma 2022-2027 7 0 7
44 220BARCH057 |Taniya Mohanty 2022-2027 8 8 8
45 220BARCH058 [Apaar Agarwal 2022-2027 7 9 7
46 220BARCHO60 [Aditya Dev. 2022-2027 8 8 8
47 220BARCHO062 [Dhruv Dogra 2022-2027 i 8 i
Total Students .
Average
Total Students Appeared In Mid-term (N)
Number of students scored average% and above marks (|
CO attalnment (P/N)*100 ??%w . A .
Max Marks
Students Marks Mid-term
Mid-term 4
o
Assessment __JAttainment Levels i N
Less than 50% students scoring ’
Levell imore than average% marks. . N
50% to less than 60% students 5
Mid-term  |Level2 scoring more than average % ’
imarks. 5 Premm—
04 10-15 16-20
jmore than 60% students scoring
Level3 imore than average % marks in
internal tools
co Level



SUSHANT UNIVERSITY
School of Art and Architecture

Group Project Presentation (Even Semester 2023-24)
Program: B.Arch Semester : 4 Presentation Date:
Course Coc19BAR-3BS22T Course Nam Building Services 2 Faculty Name:

=

[

. . €03 coda |  (10W 0 Marks
1 220BARCHO001 |Manaj Baweja 2022-2027 7 6 6 7 6
2 220BARCH002 |Pujan Garg 2022-2027 8 8 9 8 8
3 220BARCH003 |Pranita Saraf 2022-2027 7 6 7 7 6
4 220BARCHO004 |Aditi Gupta 2022-2027 9 9 9 9 9
5 220BARCH005 |Shweta Sharma 2022-2027 6 5 9 6 =
6 220BARCH006 |Rushil Soni 2022-2027 i 8 @ i 8
7 220BARCHO007 |Palak i 2022-2027 6 3 4 6 5
8 220BARCH008 |Simran Thakran 2022-2027 8 8 9. 8 8
9 220BARCHO010 |Aarushi Agarwal 2022-2027 8 7 7 8 7
10 220BARCHO11 |Rudra Kumar Jha 2022-2027 6 5 4 6 5
11 220BARCHO14 |Aryan Gupta 2022-2027 6 7 /i 6 7
12 220BARCHO15 |Sudevi Gayen 2022-2027 75 7 8 7 T
13 220BARCHO16 |Annanya Bindal 2022-2027 8 9! 8 8 9
14 220BARCHO017 |Moced Imtiyaz 2022-2027 8 6 7 8 6
15 220BARCHO018 |Shriya Khurana 2022-2027 6 6 8 6 6
16 220BARCHO019 |Ishan Shukla 2022-2027 9 9. 9 9. 9
17 220BARCH020 |Ansh jalan 2022-2027 7 6 7 7 6
18 220BARCHO021 |Chahat Suneja 2022-2027 7 8 8 iU 8
19 220BARCH022 |Amritam 2022-2027 % 6 6 7 6
20 220BARCH024 |Rudra Pratap Singh 2022-2027 6 8 6 6 8
21 220BARCH025 |Apoorva Goel 2022-2027 9 8 8 9) 8
22 220BARCH026 |Chirag Yadav 2022-2027 8 8 7 8 8
23 220BARCH031 |Paavan Jain 2022-2027 9 9 9 9 9
24 220BARCH032 |Himanshu Aggarwal 2022-2027 7 8 6 i 8
25 220BARCH034 |Chahat Kakkar 2022-2027 8 8 7 8 8
26 220BARCHO035 |Ronnit Garg 2022-2027 7 8 7 7 8
27 220BARCH036 _|Abeer Bhasin 2022-2027 6 5 4 6 5
28 220BARCHO037 |Nikita Chawla 2022-2027 8 8 5 8 8
29 220BARCHO038 |Saanvi Gupta 2022-2027 6 6 3 6 6
30 220BARCHO039 |Hardik Sharma 2022-2027 5 6 4 5 6
31 220BARCH043 |Maitreyi Rathore 2022-2027 9% 9 9 9 9
32 220BARCHO044 [Auditya Sheoran 2022-2027 5 4 6 5 4 -
33 220BARCHO045 |Harshit Khatri 2022-2027 ¢ 0 0 0 0
34 220BARCiH(46 |Rong: kla Yaden 2022-2027 7 7 6 ¥ 7
35 220BARCH047 |Harshita Dang 2022-2027 1 8 i 7 8
36 220BARCHO048 |Naveen Chauhan 2022-2027 5 7 6 6 7
37 220BARCHO050 |Advait Bansal 2022-2027 7 8 8 7 8
38 220BARCHO51 |Priyal Jain 2022-2027 7 7 7. 7 7
39 220BARCH052 [Avani Khurana 2022-2027 9 9 9 9 Ll T
40 220BARCHO53 |Ishita Gupta 2022-2027 6 7 7 6 7 sh
41 220BARCH054_|Raghav Sethi 20222027 6 ] 4 3 5 T
2 220BARCH055 [Sai S Reddy 2022-2027 6 7 8 6 7 J
43 220BARCH(3¢6 _|Shritima Sharma 2022-2027 6 5 4 6 5 : i
44 220BARCHO057 |Taniya Mohanty 2022-2027 7 5 8 i 5 [
4 220BARCH058 |Apaar Agarwal 20222027 9 3 8 9 8 i
46 220BARCHO060 [Aditya Dev 2022-2027 6 8 5 6 8 \
47 220BARCH062 |Dhruv Dogra 2022-2027 6 5 4 6 5 )
Total Students -
Average | 6.85106383 ~ t:\;‘ "
Total Students Appeared In Group Project/ Presentation (N) 2 4 | - )

Number of students scored average% and above marks (P
CO attalnment (PIN)*1 oo|

End term

Assessmen |Attal Levels
jassessman = 5%
Less than 50% students scoring = .
Levell more than average% marks. 2
5
Group 50% to less than 60% students "
Project/ scoring more than average % h
Presentatio Level2 marks. =
n o m——
more than 60% students scoring B34
Level3 imore than average % marks in
internal tools

CO Attainment Level

Attainment Level
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5. Water Bodies and Hydrology
Example https://images.app.goo.gl/wwhUp4uhkZhvER6q7
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Description of Analysis

» Hydrological Network Analysis: QGIS can be used to analyze the
connectivity and hierarchy of streams and rivers, identifying major rivers,
tributaries, and drainage networks.

Flood Risk Mapping: By combining elevation data, rainfall data, and
proximity to rivers, QGIS can model flood-prone areas, identifying regions
at risk of inundation during heavy rainfall or storm events.

«  Water Quality Assessment: Overlaying land use with hydrological data
can help assess potential water contamination sources, such as
agricultural runoff, industrial pollutants, or wastewater discharge.

« Groundwater Recharge Areas: Identify areas where rainwater percolates
through the soil to replenish underground aquifers, critical for managing
drinking water supplies and irrigation.

Key Attributes Involved

* River flow rates

+ Lakes, ponds, and reservoirs (area, volume)
¢ Groundwater recharge areas

*  Flood plains

»  Water quality (pH, dissolved oxygen)

TARRANAM GARG | FIRST YEAR, M.ARCH. UD
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ASSIGNMENT-I Akashdeep

OPEN SPACES MAP (Shahjhanabad) M.Arch(ud) 1% Sem.

1. Data Set:
@ Base map: Satellite imagery

® Open Spaces Data: existing and proposed Master Plan of Delhi or surveys from urban
development authorities (e.g., Delhi Development Authority).

o Administrative boundaries: Ward boundaries, roads, street layers

2. Attributes/Layers:

v Vv ‘_@ open spaces

nl . parking spaces
.| Planned greens
. [l Water bodies
v . Unplanned greens
' [} vacant land

3. Steps for generating file:

Opening a New Project
1. Create a New Project:

» Upon launching QGIS, you will see a blank canvas. Click on Project in the menu
bar and select New to create a new project.
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2. Set Coordinate Reference System (CRS):
» Click on the CRS status in the bottom right con:ner of the window.

» Inthe dialog that appears, type 7760 in the filter box to find "EPSG:7760-
WGS84/Delhi" and select it. Click OK to set this as your project's CRS
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Loading Data Layers

1. Open Data Source Manager:
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« Click on the Open Data Source Manager button (or press Ctrl + L). fi‘ws will zliovy \

you to load various types of data iayers into your project. { ) /o) I
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2.Add Raster Layer:
o In the Data Source Manager, select the Raster tab.

« Click on Add Raster Layer, browse to your raster file (e.g., esri), and double-click
it to add it to your project.
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3. Add Vector Layer:

» Still in the Data Source Manager, switch to the Vector tab. - |
- \ -
« Browse to your vector file (e.g \“;‘::{t; f [ S /G

https://server.ar_cgisonIine.com/ArcGIS/rest/services/WoLIc_i__lmagery/M %"}an:\;,
r/tile/%7Bz%7D/%7By%7D/%7Bx%7D") and double-click it or drag it into the
main QGIS window.
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Navigating Your Project

1. Zoom and Pan:

e Use the zoom tools in the toolbar to navigate around your map. You can also
click and drag to pan around.

2. Layer Properties:

» Right-click on any layer in the Layers panel and select Properties to adjust styles,
labels, and other settings for that layer.

3. Save Your Project:

+ Don't forget to save your work! Click on Project > Save As, choose a location, and
give your project a name with a.qgz extension.

By following these steps, you should be able to successfully install QGIS, create a
new project, load data layers, and start exploring spatial data visualization.

Create a Shapefile Layer for attributes

Access the New Shapefile Layer Tool:

+ Navigate to the top menu and click on Layer.

¢ From the dropdown menu, select Create Layer and then choose New Shapetiie Layer.
Alternatively, you can click the New Shapefile Layer icon in the toolbar if it's available
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Configure Shapefile Settings:

In the New Shapefile Layer dialog that appears:

File Name: Click the browse button {...) to specify the location and name of your shapefile (e.g.,
my_shapefile.shp). QGIS will automatically add the .shp extension.

Geometry Type: Select the geometry type you want for your shapefile from the dropdown
menu (Point, Line, or Polygon).

Coordinate Reference System (CRS): Click on the button next to CRS to choose a coordinate
reference system for your shapefile. You can search for a specific CRS by its EPSG code or name.
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Add Fields to Attribute Table: ‘ | AN /
+ Inthe same dialog, you can define fields (attributes) for your shapefile: N {{U‘ |
e Enter a Name for each attribute.
o Choose a Type for each field (e.g., Text, Whole number, Decimal number).

« Click on the Add to Fields List button after entering each field to include it in
your shapefile's schema.

s Adefault id column is added automatically but can be removed if not needed
Finalize Creation:

« Once you have configured all settings and added fields, click OK to create your new
shapefile layer. It will now appear in the Layers panel of QGIS




Key Problems Related to Open Spaces in Shahjahanabad

1.

Encroachment: Unauthorized constructions are diminishing the availability of open
spaces, particularly around historical landmarks.

Deterioration of Amenities: Public spaces often lack essential facilities like toilets and
drinking water, reducing their usability.

Overcrowding: Severe congestion affects access to open spaces and pedestrian
movement, making them less enjoyable.

Lack of Greenery: Insufficient parks and gardens contribute to urban heat and reduce
aesthetic appeal.

Neglect of Heritage Sites: Many historical sites within open spaces are deteriorating due
to neglect and lack of awareness.

Inadequate Recreational Planning: Existing public spaces often fail to accommodate
cultural activities or community gatherings.

Insufficient Stakeholder Engagement: Limited involvement of local communities in
planning leads to designs that do not meet residents' needs.

Environmental Degradation: Urban pressures are harming ecological balance and
biodiversity in open areas.

Inferences on Open Spaces in Shahjahanabad

Cultural Significance: Open spaces, like those around the Red Fort and Jama Masjid, are
vital for preserving the historical identity and cultural activities of the area.

Urban Commons: These spaces serve as shared resources that foster social interactions
and community cohesion in a densely populated environment.

Urbanization Challenges: Rapid urbanization has led to encroachment and
deterioration, compromising accessibility and functionality.

Participatory Planning: Engaging local communities in decision-making is essential for
effective management and revitalization of open spaces.

Revitalization Potential: Transforming open spaces through pedestrianization and
community events can enhance tourism and local engagement while preserving
heritage.

Environmental Benefits: Improving ecological quality is crucial for addressinzGr0gin,.,

¥ ot “\

heat issues and enhancing biodiversity through increased greenery. /




Integration with Infrastructure: Open spaces should be linked with urban infrastructure
to create pedestrian-friendly pathways that connect cultural hotspots.

Economic Opportunities: Revitalized open spaces can boost tourism and local
businesses, leveraging Shahjahanabad's unique cultural assets for economic growth.

Analysis of Open Spaces in Shahjahanabad

1. Historical Context:

« Recognized as a "Special Area," Shahjahanabad's historical and cultural
significance is threatened by urban pressures.

2. Urbanization Pressures:

« Rapid urbanization has led to encroachment on open spaces, particularly around
landmarks like Jama Masjid and the Red Fort, disrupting accessibility.

3. Land Use Distribution:

e Public facilities, including parks, account for only 17% of the area, indicating a
significant lack of recreational spaces amid residential (31.8%) and commercial
(11.7%) uses.

4. Participatory Planning:

o Engaging local communities in planning is essential for effective management
and revitalization of open spaces.

5. Revitalization Strategies:

» The MPD promotes pedestrian-friendly zones and heritage walks to enhance
community engagement and attract tourism.

6. Environmental Considerations:

« Urban congestion leads to environmental degradation; increasing green spaces is
vital for improving air quality and reducing heat.

7. Economic Opportunities:

« Revitalized open spaces can boost tourism and local commerce, enhancing
Shahjahanabad's economic viability while preserving its cultural identity.

8. Infrastructure Integration:

« Integrating open spaces with urban infrastructure is crucial for improving
accessibility and functionality. e




— cmn e, wm— e o mm—

/ \

DFANOFTHE NAVE

AVE¢ MAURICE

o




\L\n

I

5 e,

ALLRELRIITNNRWN

V|
1

l



. \&"3) oC 0O
e' CDocy o

o~ O 00

“"'”” X o©

,.,: }" 8 OO




202

2)

.
3 - "! .





{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}





