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Bhutan
(Land of the Thunder Dragon)

• Gross National Happiness

• 70% of area under forests

• 1st carbon negative country in the world

Source: https://www.earthtrekkers.com/bhutan-land-thunder-dragon/

https://en.wikipedia.org/wiki/Gross_National_Happiness


Valley of Flowers Trek 
(July 2021)

https://www.youtube.com/watch?v=78VaIUrW0CY&t=30s
https://www.youtube.com/watch?v=78VaIUrW0CY&t=30s


Have you had any sustainable habitat experiences?



Introductions

• Name

• Program

• Interests and 
background related 
to Design of 
Sustainable Habitats

 TAs for the course



Design of Sustainable Habitats

Source: https://www.arenasolutions.com/resources/glossary/sustainable-development/
https://sustainability-success.com/social-sustainability-examples/#google_vignette

https://www.arenasolutions.com/resources/glossary/sustainable-development/
https://sustainability-success.com/social-sustainability-examples/#google_vignette






The effects of Climate Change

Source: https://climate.nasa.gov/effects/

Can someone quantify the impact of
global warming? 

Have you heard of 1.5 ℃ limit?
How do our actions relate to it? 



Evidence for Climate Change

Source: https://climate.nasa.gov/evidence/, https://en.wikipedia.org/wiki/Carbon_cycle
Prof Yama Dixit, IIT Delhi “Learning from the Past”

https://climate.nasa.gov/evidence/
https://en.wikipedia.org/wiki/Carbon_cycle
https://www.youtube.com/watch?v=4IW4B9t5a0M


What is causing Global Warming?

Source: http://css.snre.umich.edu/factsheets/climate-change-science-and-impacts-factsheet



Carbon is 
backbone of life 
on Earth

Source: [Photographs ©2007 MorBCN (top) and ©2009 sarahluv (lower).]

http://www.flickr.com/photos/bcnbits/1906433949/
http://www.flickr.com/photos/sarahluv/3234665501/


Carbon 
Cycle

Source: https://earthobservatory.nasa.gov/features/CarbonCycle

https://en.wikipedia.org/wiki/Carbon_cycle
https://en.wikipedia.org/wiki/Carbon_cycle


Source: https://www.metoffice.gov.uk/weather/climate/climate-explained/carbon-cycle
https://essd.copernicus.org/articles/11/1783/2019/

https://www.metoffice.gov.uk/weather/climate/climate-explained/carbon-cycle


Manmade 
emission 
sources



How do these numbers relate to each one of us? 

Source: https://www.carbonindependent.org/22.html#:~:text=CO2%20emissions%20from%20aviation%20fuel,CO2%20per%20passenger%20per%20hour.

You can relate 90 kg CO2 eq per person per hour to 50 billion tons CO2 eq per year for planet!
What would be the CO2 emissions if you use a car/public transport/bike ride? 

https://www.carbonindependent.org/22.html#:~:text=CO2%20emissions%20from%20aviation%20fuel,CO2%20per%20passenger%20per%20hour.




GHG emissions and Global Warming

Source: https://www.nytimes.com/interactive/2021/10/25/climate/world-climate-pledges-cop26.html?auth=login-google1tap&login=google1tap

https://www.nytimes.com/interactive/2021/10/25/climate/world-climate-pledges-cop26.html?auth=login-google1tap&login=google1tap


Source: https://energyswaraj.org/

https://energyswaraj.org/


Global Warming leading to intense heat waves in India



Rising intensity of heat waves of India

https://www.hindustantimes.com/cities/mumbai-news/11-dead-50-hospitalized-after-maharashtra-bhushan-award-function-in-navi-mumbai-questions-
raised-over-organization-and-lack-of-shade-and-water-101681673928462.html

• Severe heat waves increasing in frequency
• Higher temperatures arrive earlier and stay 
far longer
• They may break human survivability limit
• 2/3rd Indian population can’t afford an AC
• 38 crore people depend on heat exposed 
labour in India. 
• By 2030, 3.4 (8) crore in India (global) job 
losses due to heat stress 

Source: World Bank. 2022. Climate Investment Opportunities in India’s Cooling Sector.  www.worldbank.org

https://www.hindustantimes.com/cities/mumbai-news/11-dead-50-hospitalized-after-maharashtra-bhushan-award-function-in-navi-mumbai-questions-raised-over-organization-and-lack-of-shade-and-water-101681673928462.html
https://www.hindustantimes.com/cities/mumbai-news/11-dead-50-hospitalized-after-maharashtra-bhushan-award-function-in-navi-mumbai-questions-raised-over-organization-and-lack-of-shade-and-water-101681673928462.html
http://www.worldbank.org/


How should we bring down the CO2 emissions?

What could you do?
What if we do that on scale?

https://www.theguardian.com/environment/2019/jul/04/planting-billions-trees-best-tackle-climate-crisis-scientists-canopy-emissions

https://www.youtube.com/watch?v=oBtSoWh1hJg
https://www.theguardian.com/environment/2019/jul/04/planting-billions-trees-best-tackle-climate-crisis-scientists-canopy-emissions


AMG approach (Prof Chetan Singh Solanki, IITB)

First 'Avoid' use of energy by 1/3rd, 
even if solar energy, 

Then 'Minimize' use of energy by 
another 1/3rd, using energy efficient 
appliances, and 

At last, 'Generate' only remaining
1/3rd energy locally using renewable 
sources.

Source: https://energyswaraj.org/aboutourteam/amgapproch

https://energyswaraj.org/aboutourteam/amgapproch


Sectoral contribution to ambient air 
pollution in Delhi

Source: Delhi air pollution: Smaller sources add up to 11% of PM2.5 emission | Delhi News - Times of India (indiatimes.com)

Do you see any overlap between the sectors that cause CO2 emissions and air pollution?
Would it help if Delhi switches to Electric Vehicles?

https://timesofindia.indiatimes.com/city/delhi/smaller-sources-add-up-to-11-of-pm2-5-emission/articleshow/72090499.cms


https://www.youtube.com/watch?v=MnCbTTTi7ic


Source: https://en.wikipedia.org/wiki/Plastic_pollution



Water pollution in Yamuna

Source: https://www.indiatoday.in/cities/agra/story/polluted-yamuna-mars-taj-mahal-up-govt-yet-to-take-measures-1857552-2021-09-26

https://uk.linkedin.com/posts/chetan-singh-solanki-915bb7112_yamuna-energyswaraj-foam-activity-7067491923095093248-U1TU
https://www.indiatoday.in/cities/agra/story/polluted-yamuna-mars-taj-mahal-up-govt-yet-to-take-measures-1857552-2021-09-26


Sources of 
Water 

Pollution

Source: https://www.researchgate.net/figure/Sources-of-Water-Pollution_fig1_335207701

https://www.researchgate.net/figure/Sources-of-Water-Pollution_fig1_335207701


Health effects of 
environmental 
causes

• Prüss-Ustün, A., Wolf, J., Corvalán, C., Neville, T., Bos, R., Neira, M. (2017). Diseases due to unhealthy environments: an updated 
estimate of the global burden of disease attributable to environmental determinants of health. Journal of Public Health, 39(3), 464–
475. https://doi.org/10.1093/pubmed/fdw085



Green Trails Initiative, Indiahikes

Recycling shredded plastic

https://indiahikes.com/green-trails
https://www.youtube.com/watch?v=YyfputUXCD0


Design studios in UK aim to reduce envt. footprint

https://www.dezeen.com/2022/09/21/design-declares-campaign-launch-ldf/


Team 
S.H.U.N.Y.A.

Solar Decathlon Europe 2014



Fab Bhutan Challenge

https://fab23.fabevent.org/programs/fab-bhutan-challenge


Vigyan Ashram: self sufficient village
society composter

https://vigyanashram.online/our-technology-demonstration/


Fab City Network

https://fab.city/


What have we learnt so far?

• Causes of Climate Change

• Sectoral contribution of Climate 
Change

• CO2 emissions for an individual

• Global Warming and Heat Waves

• Air, Plastic and Water Pollution

• Health effects of environmental 
degradation

• Initiatives in design, architecture and 
engineering communities



Topic 1: Life Cycle Assessment

https://www.youtube.com/watch?v=nSByTBNv_Co
https://www.youtube.com/watch?v=kgGVbyVf1_U


LCA steps



LCA 
software use

Source: https://ecochain.com/knowledge/5-ways-to-use-your-lca/

https://www.youtube.com/watch?v=KtjBhljdbzQ&list=PLUgfnuxtyMiqCBQ5QqWXQcsc7iH-6YnRZ&index=2
https://www.youtube.com/watch?v=KtjBhljdbzQ&list=PLUgfnuxtyMiqCBQ5QqWXQcsc7iH-6YnRZ&index=2


Impact of our choices on our and our planet’s 
health

• Bike ride vs. public transport vs. a car

• AC vs. natural ventilation

• Local foods vs. Foods with ingredients 
from far off places

• Online order vs. Eating at a restaurant

• Biofuel vs. Petrol

Source: https://biodolomerforlife.se/lca-comparing-biodolomer-fossil-pe-bio-pe-september-1-2019/



Immersion 1: Communities living a low carbon 
lifestyle

Source: Dhariwal, J., Gangrade, S. (2023). Learnings from thermal comfort adaptation of Jain ascetics during heat waves. Energise India Conference.
The 'Perfect Ascetic' - Jainpedia

https://jainpedia.org/themes/practices/monks-and-nuns/the-perfect-ascetic/


Topic 2: Energy 

Source: https://www.sankey-diagrams.com/world-energy-flows-2012/

Global Energy Demand in 2010 (in Mtoe)





Energy 
measurements 
using Energy 
Monitors



Topic 3: Health and Wellness in Built Envt

Source: https://www.metrohealth.org/transformation/transformation-blog/well-building-means-a-healthy-building



House Design: Passive Solar Architecture



Climatic 
zones of 
India

• Nayak, J.K., and J.A.Prajapati. 
2006. Handbook on Energy 
Conscious Buildings IIT Bombay 
and Solar Energy Centre, Ministry 
of Non-conventional Energy 
Sources, Government of India: R & 
D project no. 3/4(03)/99-SEC.



Climate Analysis

Software: DesignBuilder, Climate Consultant, CARBSE tools

Sunpath Time Table Plot

WindWheel Comfort



New Delhi climate
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Daylighting simulation

Demand controlled ventilation



LULC map of Delhi – 2000, 2010 and 2020

Land Surface Temperature (LST) Distribution Delhi 2000, 2010, and 2020.

Heat stress assessment & mitigation

On 28th June 2022 , the outdoor 
temperatures in Delhi was 40°C, but 
because of high humidity, it felt like 
58°C & we had to use AC.

Urban heat island effect and
vulnerable populations

UTCI calculator

https://www.youtube.com/watch?v=5ASm2XGE6GQ
https://www.youtube.com/watch?v=ZQ6fSHr5TJg
UTCI%20calculator


Need for adequate ventilation (high CO2

levels)

Jacobson, Tyler A, Jasdeep S Kler, Michael T Hernke, Rudolf K Braun, Keith C Meyer, and William E Funk. 2019. 
“Direct Human Health Risks of Increased Atmospheric Carbon Dioxide.” Nature Sustainability 2 (8): 691–701. 
https://doi.org/10.1038/s41893-019-0323-1.



CO2 levels as a proxy for Covid-19 
transmission

Peng, Zhe, and Jose L. Jimenez. 2021. “Exhaled CO2as a COVID-19 Infection Risk Proxy for Different Indoor Environments 
and Activities.” Environmental Science and Technology Letters 8 (5): 392–97. https://doi.org/10.1021/acs.estlett.1c00183.



Impacts of Sick Building Syndrome on well-being

Ghaffarianhoseini, Amirhosein, Husam AlWaer, Hossein Omrany, Ali Ghaffarianhoseini, Chaham Alalouch, Derek Clements-Croome, 
and John Tookey. 2018. “Sick Building Syndrome: Are We Doing Enough?” Architectural Science Review 61 (3): 99–121. 
https://doi.org/10.1080/00038628.2018.1461060.



Door open

Calibration

Spatial Expt.

IAQ monitors from Testo and https://aerogram.in/
Courtesy: Prof Seshan Srirangarajan

Experiment 1: understanding CO2 build up with occupancy in a closed car
Date: 17th December, Location: Jodhpur

Insights:
1. CO2 levels
can build up
to unhealthy
levels in less
than an hour
with just 4
people.
2. CO2 levels
higher close
to the people
exhaling CO2
than in other
parts of the
car.
3. Have any
of you been
in such a
situation in
classes,
offices,
trains, etc.?

https://aerogram.in/


Experiment 2: CO2 levels in a bedroom (no heater)
Date: 25th December, Location: New Delhi

Insights:
1. Outside room CO2 levels were
around 800 ppm
2.   Indoor room CO2 levels reached 
3500+ for two occupants. It’s a fact 
as pointed out by the Nature paper.
3. CO2 levels inside the blanket
spiked to 10000+ ppm also. Its better 
to keep the face outside the blanket
as we spend 1/3rd of our life sleeping. 
How many of you would want to put
your face into the blanket as it is 
cold?
4. Door opening led to mixing of CO2

levels for inside and outside of room. 

Face in the blanket
causing CO2 spikes

Door closed

Door opened 



Experiment 2: CO2 levels vs. thermal comfort in a bedroom (no heater)
Date: 25th December, Location: New Delhi

Insights:
1. Outside and inside room 

UTCI was around 16 C
2. Inside blanket UTCI 

reached even 34 C
3. With no heater, it is 

better if the door can be 
kept open to have low 
CO2 levels.



PIs: Prof. Seshan Srirangarajan & Prof. Jay Dhariwal, IIT Delhi

Network of low-cost sensors
and network calibration

Pollution data analytics and 
dashboard

Data cloud

Sensor calibration

Calibration and Network Deployment of 
Low Cost Pollution Sensors

58



Air pollution mitigation

• Electric Vehicles
• Crop residue as insulation, 
eco-friendly plates, packaging
• Air purifiers
• Renewables

Face in the blanket
causing CO2 spikes Door opened 

Source: Delhi air pollution: Smaller sources add up to 11% of PM2.5 emission | Delhi News - Times of India (indiatimes.com)

https://timesofindia.indiatimes.com/city/delhi/smaller-sources-add-up-to-11-of-pm2-5-emission/articleshow/72090499.cms


● What happens if we 
don’t use systems 
thinking?

● Was the invention of 
electricity, cars, plastics 
good from systems 
thinking point of view?



Design for Health and Wellness in a Delhi Classroom

Thermal 
comfort

Air quality 
(indoors 

and 
outdoors)

Health and 
Wellness

(for People 
and 

Planet)

Maximize Health and Wellness for Class Occupants
Constraints: 
1) Keep Thermal Comfort: < 32℃ 
2) Keep Air Quality: CO2 < 800 ppm, PM2.5 < 50 µg/m3
3) Minimize Energy Consumption 



Topic 4: 
Other fun 
things

• Industry visit to 
understand plastic 
recycling

• Understand strategies 
to mitigate Water 
Pollution

• Documentaries 
related to 
environmental issues



Evaluation 
Policy

Evaluation mode

Weightage 

(%)

10 Assignments 50

Classroom Participation & Attendance 10

Project Proposal (5) + Project 

Presentation (20) + Project Display (5) 30

Exam and/or Viva 10

Other notes:

Marks required for D grade 40

Marks required for Audit Pass 40

The student should do at least 5 assignments for Audit 

pass.



The gist of the course: improve our and 
our planet’s health

H
U

M
A

N
 B

EI
N

G
S 

U
SE Products 

(Industry)

Shelter 
(Buildings)

Mobility 
(Transport)

Food 
(Agriculture)

C
A

U
SI

N
G

 E
N

V
T 

IM
PA

C
TS

Climate Change
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TS Stroke, COPD, 
Cancers,

Respiratory 
Diseases, Child

and Maternity 
Health,

Mental Health



Thank 
you!
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