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Climate Change 
affecting lives

• Race for 
Tomorrow –
Bangladesh, 
Amazon 
rainforests, 
Greenland

• Finland's Climate 
Warriors | People 
and Power

Source: https://www.savethechildren.net/blog/i-decided-take-role-climate-warrior#

https://www.simonmundy.com/videos
https://www.simonmundy.com/videos
https://www.youtube.com/watch?v=zSRbSyivs6Q
https://www.youtube.com/watch?v=zSRbSyivs6Q
https://www.youtube.com/watch?v=zSRbSyivs6Q


Climate responsive 
design

•Climate analysis

•Shoe box 
modelling

https://www.youtube.com/watch?v=LIpvsZVEOd4&list=PLri-ZFu2YBm81oSb4GYmsQ8ckMPhsORT2&index=2&t=3242s
https://www.youtube.com/watch?v=LIpvsZVEOd4&list=PLri-ZFu2YBm81oSb4GYmsQ8ckMPhsORT2&index=2&t=3242s


ECBC climate zone finder (example: Delhi)

https://ecbc.in/climatezonefinder


Climate Consultant based analysis (example: Ahmedabad)

Climate vs. weather, TMY, current weather, predicted weather, 
urban vs rural, urban microclimate  



Air temperature variation



Effect of air temperature and humidity



Prevailing wind directions





Climate 
zones of 
India

Source: 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.

https://drive.google.com/file/d/15ae5p_Ut-NkYOe1Gjcj6AhMNqkRvT8Eq/view?usp=sharing
https://drive.google.com/file/d/15ae5p_Ut-NkYOe1Gjcj6AhMNqkRvT8Eq/view?usp=sharing


Sunpath

Source: DesignBuilderLocation: Ahmedabad

https://designbuilder.co.uk/helpv7.0/Content/Sunpath.htm#:~:text=To%20do%20this%20first%20click,diagram%20in%20the%20same%20way.


Sunlight needs of our fruits and veggies

Source: https://www.pinterest.com/pin/376543218839357284/
https://www.naturehills.com/blog/post/how-much-sun-do-fruit-trees-need



Apparent 
motion of 
the Sun

Source: Prof Chetan Singh Solanki’s lecture notes from EN301, IIT Bombay

https://www.youtube.com/watch?v=7xZc7Io23C4
https://www.youtube.com/watch?v=7xZc7Io23C4
https://www.youtube.com/watch?v=7xZc7Io23C4


Solar 
geometry



Solar radiation variation with air mass

Source: “Renewable Energy Technologies” book by Prof Chetan Singh Solanki



Hourly variation 
in global solar 
radiation 

Source: https://www.researchgate.net/figure/Hourly-variation-in-global-solar-radiation-
over-four-test-days_fig2_372036568



ISRO Solar Calculator

Solar PV system design
Climate Consultant

https://vedas.sac.gov.in/solar-calculator/


House Design: Passive Solar Architecture



Applications of solar energy



Heat gains in a building

Source: Nayak, J.K., and J.A.Prajapati. 
2006. Handbook on Energy Conscious 
Buildings IIT Bombay

https://drive.google.com/file/d/15ae5p_Ut-NkYOe1Gjcj6AhMNqkRvT8Eq/view?usp=sharing
https://drive.google.com/file/d/15ae5p_Ut-NkYOe1Gjcj6AhMNqkRvT8Eq/view?usp=sharing


Building Energy Simulation



Heat balance processes in a zone (ASHRAE 2009)



New Delhi climate
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Daylighting simulation

Demand controlled ventilation







Lighting

Source: Page 97 NBC 2016 Volume 2



Light and health

https://www.sleepfoundation.org/bedroom-environment/light-and-sleep



https://www.darkskydefenders.org/light-pollution-effects.html



Sound levels

Source: Part 8, Section 4, Page 402, NBC 2016 Volume 2



Noise pollution sources and health 
effects

https://visual.ly/community/Infographics/health/effects-noise-health-and-hearing



Thermal 
Comfort

Source: Section 3 HVAC, Page 330 of NBC 2016 Volume 2



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


Communities 
living a low 
carbon lifestyle

Dhariwal, J. & Gangrade, S. (2023). Learnings from the extreme thermal comfort adaptation of Jain ascetics during the summer and the monsoon 
months in India. Accepted for publication at CATE2023, 13 - 15 December 2023 | CEPT University, Ahmedabad, India.

Areas: Design for Sustainability, 
Behavioural Design, Environmental 
Ergonomics

Research gaps: Human limits of 
thermal comfort, Behavioural 
adaptation of normal householders 
to reduce energy consumption, 
adaptation of IIT hostellers

Collaboration with Prof Pramod 
Khadilkar, Dept. of Design, IIT Delhi 

Neutral

Hot



Thermal imaging 
for identifying 
target behaviours
for low energy 
cooling

Shower Passive cooling



Ventilation

Source: Part 8 Building Services, Section 1, Page 118 of National Building Code Volume 2

https://drive.google.com/file/d/14GVA4-CfBboOmfWSwtjoLiKqHEHfAaPn/view?usp=sharing


Source: Section 3 HVAC, Page 333 of NBC 2016 Volume 2



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

44



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?

Source: Origin of System Dynamics - System Dynamics Society

https://systemdynamics.org/origin-of-system-dynamics/


Design for Health and Wellness in a Delhi Classroom

Maximize Health and Wellness for 
Class Occupants: 
1) Keep Thermal Comfort: < 32℃ 
2) Keep Air Quality: CO2 < 1000 ppm, 

PM2.5 < 50 µg/m3
3) Minimize Energy Consumption 



Experiments in the class on IAQ, 
PM2.5, thermal comfort and 

energy usage



VARIATION OF PM 2.5



Variation in concentration of PM2.5 in Air 
Conditioning and Natural Ventilation conditions



Comparison of Indoor-Outdoor PM2.5 in Air 
Conditioning 



Comparison of Indoor-Outdoor PM2.5 conditions in 
Natural Ventilation 



VARIATION OF CO2



Variation in concentration of CO2 in Air 
Conditioning conditions



Variation in concentration of CO2 in Natural 
Ventilation conditions (Oct 13,2023) FANS ON



Variation in concentration of CO2 in Natural 
Ventilation conditions (Oct 20,2023) FANS OFF



VARIATION OF TEMPERATURE



Temperature variation in Air Conditioning 
conditions



Temperature variation in Natural Ventilation 
conditions



Lessons from experiments

Date Status Indoor PM2.5

(µg/m3)

Outdoor PM2.5

(µg/m3)

CO2 (ppm) Air 

temperature 

(℃)

October 13 AC and fans ON, 

Windows closed

30 80 1800 25

October 14 AC and fans OFF, 

Windows open

70 80 500 28

There is a trade-off between keeping CO2 low or PM2.5 low.



Design for Health and Wellness in a Delhi Classroom

Maximize Health and Wellness for 
Class Occupants: 
1) Keep Thermal Comfort: < 32℃ 
2) Keep Air Quality: CO2 < 1000 ppm, 

PM2.5 < 50 µg/m3
3) Minimize Energy Consumption 



Thank 
you!
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