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“Resiliency is a multifaceted
lens which balances proactivity
and reactivity to inform
solutions to disruptions.”
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“Resiliency is a multifaceted
lens which balances proactivity
and reactivity to inform
solutions to disruptions.”
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PROACTIVE

Preventing problems

before they arise.
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REACTIVE

Reacting to
a problem
after it arises.
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“Climata dlsruptlons A

Preventing irreversible climate disruption
Is the race ofour lives and forour lives.

It is a race we can - and must - win.

g’@ Anténio Guterres
W S United Nations Secretary-General
1 August 2019
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Shift away from fossil fuels Focus on new commitments
and towards renewable energy on low-emission buildings
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An energy-efficient
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the aCtu al annu al BUILDING SYSTEMS Cooling

"""" > Ventilation
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Energy use DHW
elivered energy is
Plug Loads
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ELECTRICITY
LIGHTING
PLUG LOADS

RENEWABLE ENERGY

Solar
Thermal
Wind Turbines

ENERGY EFFICIENCY

Advanced
Lighting

BAPV, BIPV Con

Radiant Heating

PASSIVE

Passive Solar

Skylights | Heat Gain

Air Source
Heat Pump

Solar Tubes Adavanced

Ene
i Glazing

Efficient
Lighting

Sun Shading
BAPV/T

Natural Ventilation

Evaporative Cooling

Radiant Cooling

Solar Thermal Geothermal

COOLING

HEAT

Biomass
Powered
CHP

Biomass
Fired
Chillers

MEASURE

REQUIREMENTS

STRATEGIES MEASURES
CATEGORIES ADDRESSED (examples)
HEATING ;?)E)EE:I:SE ADVANCED ENVELOPE
PASSIVE ST REJECTION/COLLECTION SUNEHADING
LIGHTING CONTROL NATURAL VENTILATION
5o0UNG ENHANGE NATURAL FLows | PADIANT HEATING/ICOOLING
ENERGY MECHANICAL AIR HEAT
DHW LOAD SIZING
EFFICIENCY RECOVERY
i e L s I ADVANCED LIGHTING CONTROL
PLUG LOADS REUSE ENERGY FLOWS
RENEWABLE E:Eﬂmgm POWER GENERATION BAPV, BIPV
SEHINE HEAT GENERATION SOLAR THERMAL
ENERGY COMBINED HEAT & POWER BIPV/T

DHW




Heat Pump (Geoexcha,

Electrical Heating . nge) - Furnace - Boiler -
Heat Pump - Ajy ms“"ku-ﬂutn.:”'
Conditioners - Eyg

Fans (Whole House, wﬂ:’;“"v‘; Coolers -
Task Ambient Lighting Fi
Ing Fixtures -
Discharge - Fluomt!::’h Rty
Photovoltajess - Wind
Hot Water . Active

Turbines - Active ol
Solar Swimming ’D:I'Wonr'

Heating: Direct Ga;
* irect Gain® - Trompe
Wall* . syng,
Pace*

Cooh‘ng; Comfort Ven
Earth o

tilation - Ni
- ight - FJ, 5
upling - Coof To "”’h Cooling.

D-ylighﬂng: Light Shelves

- Clerestories+

LOC&tiOnt -
rientation* _Sc';e,oesx:gn* >

Landscap;
Ping*
Construmon g

Insulatiop, - Forms _
X - Exter;j, &
Matenals - Air ngh':':ei?admgt 5

Windows: o,
ows: Onentation*, Size*, Glazi
lnsulation, Shadir;g* v e,

Heating

Table 1.4A The Three-Tier Design Approach

Cooling

Tier 1 Conservation Heat avoidance
Basic Building 1. Surface-to- 1. Shading
Design volume ratio 2. Exterior colors
2. Insulation 3. Insulation
3. Infiltration 4. Mass
Tier 2 Passive solar Passive cooling
Natural Energies 1. Direct gain 1. Evaporative
and Passive 2. Trombe wall cooling
Techniques 3. Sunspace 2. Night-flush
cooling
3. Comfort
ventilation
4. Cool towers
Tier 3 Heating equipment  Cooling equipment

Mechanical and
Electrical Equipment

1. Furnace

2. Boiler

3. Ducts/Pipes
4. Fuels

1. Refrigeration
machine

2. Ducts

3. Geo-exchange
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Criteria of Bansal et al. [1]

Criteria of SP 7: 2005 [9]

Climate Mean monthly | Relative Climate Mean monthly Relative
temperature | humidity maximum humidity
(°C) (%) temperature(°C) (%)
Hot and dry 530 <55 g'@t and >30 <55
Warm and 30 55 Warm and >30 >55
humid humid >25 >75
Moderate 25-30 <75 Temperate 25-30 <75
88'5' d?”d <25 ~55
Cold <25 All values
Cold and o5 55
sunny < <
Composite | This applies, when six Composite | This applies, when six months

months or more do not fall
within any of the above

categories

or more do not fall within any of
the above categories
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Climatic Zones
and Rural Housing
in India

Editors

N.K. Bansal
Gernot Minke

Indlah Ch

(‘, ; a

Title of project

Passive Space Conditioning

Part I: Climatic Zones and Rural Housing in India

Part IT: Design Guidelines for Passive Space
Conditioning in Different Climatic Zones

Research Team
India

Solar Thermal Research Laboratory
Centre of Energy Studies

Indian Institute of Technology, Delhi
New Delhi 110016

Prof. Dr. N.K. Bansal, Energy Scientist
(Project Leader)

Mr. R. Muthu Kumar, Architect

Mr. Anil Misra, Building Physicist

Mr, Satendra Pal Singh, Physicist

in cooperation with

Central Building Research Institute, Roorkee
Dr. M.R. Sharma, Climatologist

Mr. Sharaft Ali, Climatologist

Sponsors

Department of Non-conventional Energy Sources,
New Delhi, India

mate zo n”es

Projekttitel

Passive Klimatisierung von Gebduden -
Erkennmisse aus traditionellen Bauweisen in
Indien und Méglichkeiten ihrer Ubertragbarkeit
Projeki-Nr. 03E-8665-A

Federal Republic of Germany

Foerschungslabor fiir Experimentelles Bauen
(Research Laboratory for Experimental Building)
Kassel University

Menzelstrasse 13

D-3500 Kassel

Prof. Dr.-Ing. Gernot Minke, Architect
(Project Leader)

Dipl.-Ing. Kiran Mukerji, Architect
Dipl.-Ing. Peter Reutter, Architect

in cooperation with

Ingenieurbiiro fiir Bauphysik, Baunatal
(Consuliants for Building Science)
Prof. Dr.-Ing. Gerd Hauser

Bundesministerium fiir Forschung und Technologie,
Bonn, Federal Republic of Germany
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UDC: 551.58(540) Keywords: Building design; Architectural Science Review
Climate; Climatic zones; Comfort. Volume 36, pp 31—36

Published in 1993

Table 1
Climatic Classification for Building Design Basis for Climatic Classification
. . S.No. Climatic Zone Mean Monthly Max. Mean Monthly
in India Air Temperature  Relative
Humidity
1.  Hot-dry above 30°C below 55%
Sharafat Ali, M.R. Sharma, and V.K. Maiteya 2.  Warm-humid  a) above 30°C above 55%

b) above 25°C above 75%
o 3.  Temperate between 25°-30°C  below 75%
Central Building Research Centre .
Roorkee, U.P., 247 667, India 4. Cold below 25°C all values

A study on climatic data for nearly 225 stations spread over the whole country has been carried out to
determine climatic zones which may meet common basic design features in buildings and requirements
of heat flow compuiations.The country is categorised in four major types of climates viz, hot-dry,
warm-humid, temperate and cold and a sub-group “Composite”. The greater part of the country
falls under composite followed by warm - humid zone.
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Month | Year | | Ahmedabad 100% Env Cond
Jan 1995 M Hot-Humid
Feb 1994 (ISH RAE 2014) 0.020 Hot
Mar 1998 = 80% . HOt-DI'y
Apr 1990 0016 5 10% Humid
May 1996 2 I Comfortable
Jun 1998 S 60% Dry
Jul 1996 - 0012 3 Cold-Dry
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https://archnet.org/sites/4454/media_contents/17672

LARGE VARIATIONS IN THE CLIMATIC CONDITIONS NECESSITATED A DEEPER UNDERSTANDING OF THE IMPLICATIONS OF EACH SEASON AND THE RANGE OF
SUN MOVEMENT, TEMPERATURE, HUMIDITY AND WIND VELOCITY VARIATIONS WITHIN IT, AND EVOLVING APPROPRIATE STRATEGIES FOR EACH SITUATION
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(MARCH - e [
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“ResiliermtDesigh Strategies

« Design and construct (or renovate) buildings to handle
severe climate related impacts that are expected to result
from a warming climate.

* Model design solutions based on future climatic conditions
as much as possible, rather than relying on past data.

* Rely on vernacular design practices that were prevalent
before the advent of air conditioning and central heating.
Combine these design strategies with modern materials to
optimize resilient design.
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