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 Effin’Art

  The Art of 

 Energy 
Efficiency                                



India, an old story 

• 1981-1983 Posted in Bhavnagar, Gujarat, in CSMCRI (Central Salt and 

Marine Chemicals Research Institute), development of a thermal solar 

irrigation pump (SDC-India collaboration)



• Study, concept and development of the 
energy programme of SDC in India

• Organisation of a workshop in 1994

• Launching of the programme in 1995
– Foundry

– Glass (Firozabad)

– Bricks

– Biomass gasification
• Thermal applications

• Rural electrification

• Involved until ~2007 as “backstopper” in all 
components

• Selection, recruiting and managing specialised 
consultants
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Later

GEOSER : STOCKAGE SOLAIRE A 
COURT TERME EN SERRES 
HORTICOLES
Pierre Hollmuller, and … CUEPE
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Indo-Swiss Building Energy Efficiency Project (BEEP)
2008-2023 (webinar on 30 of September)

Underground pipes Pierre Hollmuller CUEPE



Indo-Swiss Building Energy Efficiency Project (BEEP)

Building Design Technical Support to Builders: Constructed 

projects, examples
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31% Energy Savings
Potential to become a Net-Zero 

Building

Aranya Bhawan, Jaipur

IIIDEM (Election 
Commission 

Institute) New Delhi

Jupiter Hospital, Pune

Smart Ghar III, 
Rajkot

16% Energy Savings

29% Energy Savings

Reduction of >5°C room 
temperature on a peak 

summer day 

Ela Green School, Chennai

https://www.youtube.com/watch?v=vn-gOjrvkto
https://www.youtube.com/watch?v=y4DkOVzMjyQ
https://www.youtube.com/watch?v=y4DkOVzMjyQ
https://www.youtube.com/watch?v=y4DkOVzMjyQ
https://www.youtube.com/watch?v=y4DkOVzMjyQ
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ESTIMATED ENERGY PERFORMANCE INDEXES OF CHARRETTE PROJECTS
Energy Performance Index (EPI) - kWh/m2.y
Before Charrette

Energy Performance Index (EPI) - kWh/m2.y
After Charrette

EPI of BEEP Charrette Projects: Commercial Buildings

PUBLIC OFFICE BUILDING PRIVATE OFFICE/IT BUILDING EDUCATIONAL INSTITUTE HOSPITALTRAINING

22 design charrettes, ~ 2 millions m2 of projects
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Real monitored data foster interest of readers (not many in Asia)
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Effin’Art
 The Art of 
Energy 
Efficiency                                

Building Policy: BEEP and reduction of 
heat gains, India 1st standard on building 
envelope for residential buildings

• BEEP has been leading the development of the  building energy 
codes Eco Niwas Samhita ECBC-R (for residential buildings) and is 
actively working in the states with the government to promote the 
adoption.

• More than 40000 EnergyPlus simulation to derive a multi-linear 
regression method for a simple equation base calculation

• The code has been published  by the Bureau of energy efficiency of 
the Ministry of Power , India. Ref: 
https://www.beeindia.gov.in/sites/default/files/ECBC_BOOK_Web.p
df

• BEEP has been conducting since 2018 its flagship educational 
initiative of BEEP camp for engineers and architecture students 
(masters) and young professionals with selected faculty members.

• Book on heat transfer for under graduate engineering students( part 
of IIT Bhilai curricula) has been developed 



Indo-Swiss Building Energy Efficiency Project (BEEP)

Building Design: Development of a free CFD tool
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Efficiency                                

Other things in India: Hilti energy design and operation Energise 2025 conference

• Very efficient HVAC system
• 2-3 times lower energy for HVAC than known data in 

Asia
• «high» temperature cooling (fan activated chilled

beams) sensible cooling water supply at 20°C
• High performance chillers
• Etc …



 Effin’Art

  The Art of 

 Energy 
Efficiency                                

Refroidissement évaporatif centralisé pour la 
rénovation de logements sociaux en Inde pourquoi ?

• Number of deaths due to heat waves was grossly undercounted and is also actually growing

• Equipment
• Only ~10 % of flats equipped with active AC cooling

• The poorest section do have less than 5% AC

• About 15% have a desert cooler
• Ceiling fans are in almost all dwellings except some rural areas

• Emergency
• Time scale of improving buildings

• Improving buildings envelope, etc . Takes time (decades ?) and does not solve the cooling need for very high temperatures

• Centralised evaporative cooling can be installed much faster

• Lack of vision for short term actions

• Mitigation
• Evaporative cooling require less power than Air Conditioning

• Adaptation
• The time scale for reduction of actual UHS (Uncompensable Heat Stress) is too long with building envelope retrofit etc ..



 Effin’Art

  The Art of 

 Energy 
Efficiency                                

Refroidissement évaporatif centralisé pour la rénovation de 
logements sociaux en Inde pourquoi pas ?

• Pourquoi un tel 
concept et initiative en 
Inde

• Analyse simpliste
• Les fabricants d’air 

conditionés ne voient 
pas un marché 
intéressant

• Les scientifiques 
estiment que c’est 
connu, donc pas 
d’intérêt



 Effin’Art

  The Art of 

 Energy 
Efficiency                                

Evaporative Cooling system for extreme 
heat wave reducing the increasing  death 
numbers in the hot and dry areas of India

• With the new trend of regular heatwaves which can last for 5-7 days, at very high temperature (48-50°C), the 
number of deaths due to these heat waves, is increasing. 

• Many buildings including newly built are not well designed to protect the inhabitants who very often do not have 
air conditioning. 

• The improvement of building envelope will take time.  (difference between the new and retrofit approach)
• It is urgent to develop and make available for the people a low energy affordable evaporative cooling system 

(community level)
• Some ideas have been tested in real, but due to COVID could not be tested fully. The idea is to demonstrate the 

application of such systems with developer/manufacturers rapidly to offer one or more affordable kit as it is 
urgent 

• → in discussion with BeCool UNEP to find a demo and decided with Gram Vikas to demonstrate on their new 
building (two stage solution to cope with the climated there)

• Strategies for slums have not been explored in India (officially it does not exist anymore …)
• Project ongoing with Gram Vikas in Odisha for an auditorium 
• Can be used also for centralized night cooling
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• Beyond Strokes: How dangerous is 
extreme heat?see
https://energy.prayaspune.org/our-
work/article-and-blog/how-dangerous-
is-extreme-heat   

• Is India Ready for a Warming World? 
How Heat Resilience Measures Are 
Being Implemented for 11% of India’s 
Urban Population in Some of Its Most At-
Risk Cities (see 
https://www.sustainablefutures.org/pub
lication/is-india-ready-for-a-warming-
world-how-heat-resilience-measures-
are-being-implemented-for-11-of-
indias-urban-population-in-some-of-its-
most-at-risk-cities/  

Increasing number of deaths due 
to heat waves, but very large 
discrepancy in estimation of 
deaths due to heat waves
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More global analysis with focus on elder 
people
Exceeding human heat tolerance in a warming, ageing

world: a global projection modelling study
Qinqin Kong, Daniel J Vecellio, Matthew Huber, Rachel M Cottle, S Tony Wolf, Olivia K Leach, Kat G Fisher, Eran Bendavid, W Larry Kenney

• Older adults faced more frequent and spatially extensive exceedances under the 
1⋅5◦C global warming scenario relative to the preindustrial period than young adults 
did under 4◦C. 

• Using age-specific thresholds more than doubled the global population having 180 h 
or more of exceedance annually as compared with previous estimates. 

• Our results suggest accounting for age stratified vulnerability, intolerable heat will 
be experienced at much larger scales and for longer durations, affecting far 
more people than previously estimated

www.thelancet.com/planetary-health Vol 2026 Copyright © 2026 The Author(s). Published by Elsevier Ltd. This is an open 
access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Demographic comparison pyramid, different 
situation, more elder people at risk in Europe
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Diagnosis of existent and newly built (passive design 
against new practice of aluminium shuttering)

• Many buildings 
including newly built 
are not well designed to 
protect the inhabitants 
who very often do not 
have air conditioning. 

• The improvement of 
building envelope will 
take time. 

• It is urgent to develop 
and make available for 
the low-income people 
a low energy affordable 
evaporative cooling 
system
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Example of heat waves 
and climatic zones

• The area of very high temperature is very 
large in India

• When the temperature rise above 40°C 
the wet bulb does anymore increase
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Heat waves
• In dry hot climates, the wet bulb 

temperature  decreases (trend) when 
DB increases above 40 °C, 

• The differential TDB-TWB (depression) 
increases significantly (Delhi …) 

• So the evaporative cooling potential 
increases for higher temperatures (> 
40°C)

• So, with 65% evaporation efficiency, 
the air temperature after the 
evaporative pad is about 10-15°C 
lower
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India 44-48.3 °C Europe is “progressing” fast … 48.8 °C 
peak in Sardinia
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Importance of ceiling fans
• New high performance ceiling fans

• Increase in the thermal comfort zone → IMAC-R + 

15000 m3/h
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Building and Environment
Date: 1 July 2022
Article: 109187
Volume: Volume 219

Adaptive thermal comfort model based
on field studies in five climate zones 
across India
Rajan Rawal a,*, Yash Shukla a, Vishnu Vardhan a, Sneha 
Asrani a, Marcel Schweiker b, Richard de Dear c, Vishal 
Garg d, Jyotirmay Mathur e, Sanjay Prakash f, Saurabh 
Diddi g, S. Vikash Ranjan h, Abdullah N. Siddiqui i, Govinda 
Somani h

a Centre for Advanced Research in Building Science and Energy (CARBSE), CEPT University, Ahmedabad, 
India
b Institute for Occupational, Social and Environmental Medicine, Medical Faculty, RWTH Aachen 
University, Aachen, Germany 
c School of Architecture, Design, and Planning, The University of Sydney, Sydney, Australia
d Centre for IT in Building Science, International Institute of Information Technology, Hyderabad, India 
e Department of Mechanical Engineering, Malaviya National Institute of Technology, Jaipur, India 
f SHiFt - Studio for Habitat Futures, New Delhi, India
g Bureau of Energy Efficiency, Ministry of Power, Government of India, New Delhi, India 
h Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH, New Delhi, India i Faculty of 
Architecture and Ekistics, Jamia Millia Islamia, New Delhi, India

India Model for Adaptive Comfort Residential (IMAC-R)

https://www.sciencedirect.com/journal/building-and-environment
https://www.sciencedirect.com/journal/building-and-environment
https://www.sciencedirect.com/journal/building-and-environment/vol/219/suppl/C
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Centralised building retrofit evaporative 
system

• Use of central stair well
• Blow from the roof with a big axial 

fan and evaporative cooling pad or 
high-pressure mist
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• HMX Ambiator

Typical on roofs (example)2 stage)
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In Europe (except Spain) false judgement by 
lack of knowledge

• In some 
cases there 
have been 
testing of 
evaporative 
cooling 
without air 
change …..



 Effin’Art

  The Art of 

 Energy 
Efficiency                                

Dynamic simulation with TRNSYS IDEC and DEC
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Example without evaporative cooling, only air supply
(Delhi climate) (Simulation with TRNSYS 17)
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Example with evaporative cooling, 30 % 
efficiency (Delhi climate)
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Example with evaporative cooling, 65 % 
efficiency (Delhi climate)
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Example with evaporative cooling, 80 % 
efficiency (Delhi climate)
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Example with IDEC 60% and DEC evaporative
cooling, 80 % efficiency (Delhi climate)
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IDEC and DEC combination and performance
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Typical ratio of 
W/m2 power 
at peak

• Super efficient direct 
evaporative cooling → 
1.5 W/m2

• Worst design IEC+DEC 
→ 23 W/m2

• Split AC → 13.4 – 17 
W/m2



 Effin’Art

  The Art of 

 Energy 
Efficiency                                

Affordable housing example

• Multi-storey 
• Long buildings
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Principle of retrofit for centralised down draught 
evaporative cooling (example showing from roof to 
the lowest floor, others not shown) simplest system

• Roof evaporative cooler 
(fan and high-pressure 
mist or evaporative 
cooling pad (then 
vertical plan)

• Central staircase shaft 
(5-6 floors)

• Air flow from roof 
through corridors and 
through flats

• Calibrated openings
• Lower floor presented 

(higher are are similar)
• Each flat 6x6x3 m, 

corridors 1.2 m width
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Partial fiew of the air flow from roof to exhaust

Oneflat 6m
6m
3m

108m3

Nber of flats 16

Total volume 1728m3
Fan flow rate 5.76m3/sec

20736m3/hr
equivalent 
to 12ACH
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Pressure with minimal resistance at the 
entrance in the flats

• Good 
pressure 
distribution
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Age of air (12 ACH = 300 sec)
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Good distribution of air exhaust between flats
Initially ~ surface temperature in flats at 33 °C
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Experience in air flow distribution among flats 
in night cooling ventilation test
• No damper or mobile resistances
• Calibrated resistance
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Real study and testing of a simple energy efficient 
ventilative cooling system

• Real study and testing of a simple energy efficient ventilative cooling
system

• Test of simple and energy efficient ventilation system in a vertical 
shaft in the middle of 14 flats on 7 floors.

• The system is designed to draw in a balanced manner air from the 
flats with 12 air change per hour with a power of 1.3 W/m2 of floor 
area. The ratio of power on flow rate is of 0.515 kW/3.89 m3/sec = 
0.13 kW/(m3/sec). The numbers are the one measured on site.
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Central Ventilative cooling

57

• CFD design (Flovent Siemens Simcenter)
• Design of the resisitive element
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Night ventilative cooling

58
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Example of the Rajkot Smar Ghar centralised 
exhaust for ventilation across the windows of each 
flat (should be reverse of downdraft evaporative 
cooling)



Scs

Natural Ventilation Potential and use of Computational 
Fluid Dynamics (CFD) in Residential Buildings

Vayu Pravah वायु प्रवाह
Free software for the simulation of wind driven air movement around and inside buildings

Version 2

60
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Ventilative cooling
• Modelling with Vayu Pravah
• 7 flats with the 

corresponding system
• A fan which generates a 

pressure jump of 30 Pa
• Calibrated exhaust to the 

shaft for 30 Pa pressure 
loss

• Total air flow: 7200 m3/h

61
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Ventilative cooling

1st floor

2nd floor

3rd floor

3rd floor

4th floor

5th floor

5th floor

6th floor

7th floor

62



Indo-Swiss Building Energy Efficiency Project

Additional assisted night ventilation (no evaporative cooling but 
down draught can be done in a similar manner)

Indo-Swiss Building Energy Efficiency Project 63

A fan on top of the 

service shaft can provide 

additional ventilation 

through flats, to cool the 

flats during night when 

the ambient 

temperatures is low.
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Ventilative cooling actual test results (Smart 
Ghar 3, Rajkot)

64
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Central Evap Cooling: solution for an 
affordable housing with central stair case

• Evaporative central on the 
roof

• Vertical duct along the 
façade

• Horizontal ducts in the 
stair case

• Supply to each floor (2 
sides) 

• Conditions closing the end 
of corridor

• Closing the entrance door
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Solution for an affordable housing with central 
staircase integration example

• Evaporative central on the 
roof

• Vertical duct along the 
façade

• Horizontal ducts in the 
stair case

• Supply to each floor (2 
sides) 

• Conditions closing the end 
of corridor during 
operation

• Closing the entrance door 
during operation
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In affordable housing, relatively comfortable 
height to add some ducting if necessary
• Indian affordable housing (PMAY, EWS/LIG, and most private 

"affordable" segment projects), the typical floor-to-floor height is 
about 3.0 m.

• That number comes mainly from the National Building Code of 
India (NBC 2016, Part 3). Minimum clear height of 2.75 m for 
habitable rooms, measured from finished floor to the underside of 
the slab or ceiling.
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Example of ducting up to each flat 

1200 × 300

Flat

clear 2.85 m

Corridor

1.8 m wide

Flat

clear 2.85 m

Slab 0.15

Void 0.45

Clear 2.40

To relief

Section at trunk start · storey 3.00 m · corridor false ceiling at 2.40 m

Branch 600 × 200 through wall to side-wall grille ~800 × 300 (≈0.17 m² free)
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Distribution from shaft to each flat

fsda

Shaft

DEC unit

2.88 m³/s

Outdoor air
Flat 1

0.36 m³/s

Flat 3

0.36 m³/s

Flat 5

0.36 m³/s

Flat 7

0.36 m³/s

Flat 2

0.36 m³/s

Flat 4

0.36 m³/s

Flat 6

0.36 m³/s

Flat 8

0.36 m³/s

Trunk 1450×500

2.88 m³/s

1100×500

2.16 m³/s

750×500

1.44 m³/s

400×500

0.72 m³/s

Supply trunk, ~4 m/s Branch Ø400 + grille Relief to outside, 0.21 m²



 Effin’Art

  The Art of 

 Energy 
Efficiency                                

Testing, certification lacking for domestic systems 
in India (better for industrial applications)

• Recent certification from BIS (Bureau of Indian Standards (2025)
• Certification is very recent and hard to enforce. The mandatory BIS requirement only applied 

from April 2025. A large part of the market is also unorganised: metal desert coolers are 
fabricated in local workshops and sold through small shops, and they rarely pass through any 
certification. Market surveillance on that scale is weak.

• The BEE label appears to be voluntary. Manufacturers whose products would rate poorly simply 
don't register, so there's no star rating to display.

• Nothing requires ads to state efficiency or delivered capacity. Sellers compete on price and on 
features buyers recognise: tank size in litres, "air throw" in metres, honeycomb pads, ice 
chambers, remote control, inverter compatibility.

• Real effectiveness figure would expose differences between products. Without regulation forcing 
disclosure, nobody in a price-driven market wants to publish it first.

• In short, the market rewards cheap, visible features, and the standard doesn't make real 
performance visible.

• The 65% minimum versus field reality. If units pass 65% in the lab while field effectiveness is 35–
55%
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Testing, certification lacking for domestic 
systems in Europe

• Recent Eurovent Evaporative cooling does not 
consider systems below 2500 m3/hr and also 
portable units
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Importance of fast adaptation measures in 
Europe also …`?
• Time scale of building improvement  → decades ….
• Evaporative cooling → fast 
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Basel

Température 
sèche (TDB) et 
sortie  après 
évaporateur 
(T_evapo_outlet)

Jour le plus 
chaud 40 (°C)
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Basel 
evaporation 
directe
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Lack of performance testing in Europe for 
mobile evaporative cooler
• Search for tested mobile evaporative cooler

• → Found in Australia a model with certified performances as per Australian AS2913

• Not available internationally, so order in Australia and then import by a transport agency
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Quick test of the performance in a workshop

Mixing chamber for 
heating to 38 °C

Outlet 
measurement with 
testo instruments
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Mastercool quick testing in a workshop

• Performances 
looks quite
consistent,

• Needs more 
scientific
testing and 
comparison for 
swiss climate
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Actual sensible cooling as function of the 
room temperature

• The higher the room 
temperature the higher the 
cooling power

• Inclusion of ceiling fan extends 
the thermal comfort zone



CMS En Chardon
(CMC - Vernier)

Atelier Maintenance BUS

BIO-COOLER

Refroidissement nocturne par 
évaporation



Refroidissement Nocturne
Atelier Maintenance Bus

Niv0 : ≈ 30 000 m2

Atelier ≈ 7 500 m2 / H = 6.30 m



Refroidissement Nocturne
Atelier Maintenance Bus

Niv0 : ≈ 30 000 m2

Atelier ≈ 7 500 m2 / H = 6.30 m



TPG
Implantation BIO-COOLER



Etudes
De la Théorie à la Pratique



Exécution
Les BIO-COOLER

Groupe 1 :

3xAD70 H soit ≈ 180 000 m3/h

Groupe 2 :

2xAD70 H soit ≈ 120 000 m3/h



Aujourd’hui
Réalisation



Exemple de mesures en période chaude
Fonctionnement de 22h – 6 heures du matin au plus
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• Thank you
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