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Global Warming & Climate Change m

e Increased risk of collapse/ damage due to
storms, show, etc.

 Reduced building life time

e Deteriorating indoor climate

e Emissions from the production of buildings
materials (cement, steel etc.), and building
operation energy

Difference from 1991-2020 average (°F)

. Industry:
0 5 9,920 TWh
Cooking:
522 TWh one™ Commercial Lighting
2 & Appliances: 181 TWh
2010 2015 2020 Total En ergy
Brage | B Buildings | Commercial Heating
Demand: 2,287 TWh & Cooking: 580 TWh
The relentless surge of greenhouse gases ignites a 18,125 TWh
scorching inferno, fuelling the rise of global S - Domestic Lighting
temperatures and unleashing adverse climate changes. e W - SRS B2
G Tractors: "~ . _ Residential Heating
| 1798 TWH -~ &Cooling: 925 TWh

Source:2023_globaltempanom_recap.gif | NOAA Climate.gov Prof. S.K Singh CSIR-CBRI 1



https://www.climate.gov/media/15819

CBRI

S T ST T, 7
Central Buitding Research Institute, Roorkes
Jﬁym ol s e
e & Sustainable Habitat
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COP 26 & India’s Commitments CoRl
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BASED ON MODELLED DOMESTIC PATHWAYS*
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Sustalnable Constructlon’? m

. Constructlon that has m|n|mal |mpact on enwronment

« Reduce energy consumption of finished structures

 Using renewable and recyclable materials
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Inadequate
strategies

High cost of
sustainable
practices

Public ignorance of
essence of sustainable
practices

Lack of government support



e Al uses data and machine
learning to optimize building
performance

e Predicts energy demand and

optimizes HVAC systems

e Enables automated lighting and

energy management

 Reduces energy waste and

improves climate adaptability

e Supports predictive
maintenance

Role of Al in Climate Resilient Buildings

Renewable
Energy
Optimization

Carbon Extreme
Emission Weather

Reductions . Conditions

Climate
change

Water Forest and
Resource Biodiversity
Management Monitoring
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Al Agents Contributing to Climate Change Mltlgatlon

Prof. S.K Singh CSIR-CBRI



m
T T, T
ng Research Institute, Roorkes
RCICREE HEE ]

2 waq
Cendral Buidi
wif;

Role of Sensor in CRB

e /\ Sensors collect real-time data from buildings and their
| Urban Heat Island oo S u rro u n d i n gS .

e Common sensors used in smart buildings

Large Glazing Surface ‘
High insulation ‘
Airtight envelope

. . T

 Temperature and humidity sensors

Resilient Performance Scheme ¢ OCCUpancy Sensors

Non-Resilient Building = .
__ Resilient Building O —  Energy consumption sensors
Building Resilience Indicator & Mg:::

= P o Structural health sensors

Disruption Events: Resilient Building Solution

e Sensor data helps in monitoring environmental

o

Cool Envelope >
Shading ; ‘

conditions and detect risks early.

Air FLow

&""‘" . Real-time sensing improves safety, efficiency and

Climate Proof Design
Resilient Cooling
Solutions + Technologies
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Al and Sensor for Structural Health Monltorlng m

e Exposure to extreme heat, humidity, storms, ‘ @
heavy rainfall, and flooding increases the all
frequency of climate-induced hazards due to
global warming.

e Integration of solar PV systems, dgreen
infrastructure, and smart connectivity for ém

‘ Cllmate Change

energy efficiency, resilience, and Temp &  Ar  Temp. & Vibrations &
environmental responsiveness. Humidity Quality Humuduty Cracks
e Continuous Environmental Monitoring. m})i 37
» Machine learning models analyze sensor data  -1** L
for attern reco nitiOn climate Im aCt Data AnaIyS|s Failure prediction AIerts
. P ] g ’ P § Structural Health Monitoring
predICtlon. » Damage Detection =
e Early Warning

e Risk management and optimizing HVAC, . Predictive Maintenance
energy use, and water management. (= *
 Occupant Health & Safety Monitoring.

Prof. S.K Singh CSIR-CBRI

Climate Resilient & Sustainable Building



Climate Reésilient Infrastructure Solutions m
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e Global production of cement is around 4285 million ton (IEA, 2024).
e Cement free construction is need of hour to reduce the GHG emission.

T

Precast RC plank | 2PF5?<C§S1't5F>{<o 1'5' 230 x 115 X 75 mm )
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Cement Free Geopolymer Binder

Precast Geopolymer Concrete Plank Precast Building Products



Climate Reésilient Infrastructure Solutions J con L
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'-Sustalnabl'e Utlllsatloniof Steel Slag in Constructi
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e India’s first steel slag road at Hazira
Surat in April 2022, using 100,000
tons of processed EAF steel slag
aggregates.

e Joint-venture project by CSIR and

AMI/NS.

e Processed steel slag road li)s 30%

cheaper

than natural

y W _Y.Vi [}

aggregates.
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Climate Résilient Infrastructure Solutions ﬂ

Safe &Sustainable Habitat

Hydration &
aging

+ SR

FaBric_ation of
bricks

~Activated Lime
Sludge

Lime sludge Acid solution Mixing ingredients Filtration

Suitability " Strength testing Gypsum Synthesis

Assessment

2000z Paper Industry Solid Waste Utilisation .



Climate Reésilient Infrastructure Solutions m
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- Thermal Performance Improved Precast Light Weight Composite Materials using Solid Waste ==

Raw Materials:

Cement, fly ash, Stone waste, EPS 2
(sheet), EPS (beads), PUF, LECA,
air entraining agent and
polypropylene fiber

P 00 D T e S YN e TN S T (TR

Development steps: LECA VERMICULITE

50 mm EPS Sheet with
Basalt Fiber Connector

Benefits:
# Lightweight # Good mechanical properties

# Minimum requirement of surface finishes such as plaster work

# Durable against aggressive environment

# Thermal conductivity as per ECBC guidelines Prof. S.K Singh CSIR-CBRI
# Fire resistance # Sound Proof # Economical




Construction Ways
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Processes for creating built environment as eco- friendly and non-invasive to the nature

Sustainable Construction Building Information

a lower environmental
——impact from
construction

___Reduce pollution

+— Optimize material

usage

— Cost Savings and
Improved Efficiency

—

Better Health and
Wellbeing

1 process more transparent

___buying

used and

recycled materials

and products

Materials Modelling
. Reduce the carbon i I . i
short-term reduction . Quantifying contribution to source reduction, integrate
S . . —Use fewer natural — footprint of the S . . — . . — .
of waste in all of its carbon emissions salvaging, recycling scheduling and
resources product . . .. i
forms and reusing existing cost/material
materials estimation

generate less
waste and reduce

their carbon impact
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Right choice of
Optimum local and native
Envelope Orientation Cooling Daylighting Maximum plants for Thermal Natural
Design Form, Shape Strategies and shading Open area landscaping Comfort Ventilation
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Design Strategles for CRB Enwronment 3o L
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Passive Strategies .. : . .
| & Maximise windows on the south side for optimal solar
l | | l gain.
ir Control Thermal Control Thermal Zoning  Passive Coc
|
itural Nig-ht
tilation Ventilation
% e

"
For Hot- Humid Climate

Provide shading devices to block low-angle summer sun but Provide wide overhangs to protect walls from snow and rain.
allow winter sun. Seal windows and doors tightly during Design eaves with proper drainage systems to prevent ice dam

winter to reduce heat loss. Ventilate only during the warmest  formation.

part of the day. -
Summer sun Skylight

A

Insulated walls

e and roof ~_di
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CRB Passwe Strateg es m

Building Envelope - Steeply sloped south-facing Suilding Materials- Dark-coloured
roofs prevent snow accumulation, while snow weather-resistant materials (metal sheets,

guards enhance safety. tiles, treated wood) aid passive heating,

_ : and ridge/gable vents ensure ventilation,
A black-painted thermal wall (100-150mm air gap) Mreducing condensation. High thermal

absorbs solar heat, enabling thermosiphon@mass materials (stone, brick, concrete)
circulation for passive heating, with seasonal vent@llstore and release heat, improving energy
adjustments for temperature control. fficiency.

Coocl airfrom
North side

Prof. S.K Singh CSIR-CBRI 16




CRB Demonstration in Roorkee CoRI
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Indla s first Cllmate Resilient Bmldmg by CSIR CBRI specmcally for reglons with “composite cllmate”

Temperature variation of East wall in ground floor

e Structural Framework o - s
e Cold Formed Steel Columns T k =

« Hollow Box Section Beams et (i) — !

+ Deck Slab a— J

- Walling unit H

e Expanded Polystyrene Concrete (EPS) Panels

e Agro-industrial Waste Concrete Panels
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e Cellular Lightweight Concrete (CLC) Blocks : " oo

Real time performance monitoring of CRB Building
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CRB- Demonstration in Leh o
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e Climate resilient building
planning
» Use of locally available materials
e Hybrid envelope systems
» Passive solar heated spaces ﬁ
« Earthquake Resistance - = |
« Water resistance envelope ..o 1 s .- 4
e Superior Thermal properties . | Constructed Climate Ll -l ‘
Resilient Building at ITBP, | © "o

s Leh Real Time Thermal Performance Monitoring
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helps in redefining circularity and sustainability in construction

timises energy performance in construction/ operations
nart sensor with Al analytics enables real-time SHM

2ates smart, adaptive buildings, enhancing thermal comfort
oW

osroves sustainability, safety, and efficiency



Thank You for your
kind attention and questions!

For more information, For Partnership Interest, please

Website: https://cbri.res.in/
Director
X: https://x.com/CSIR_CBRI CSIR-Central Building Research Institute

Roorkee — 247 667, Uttarakhand, INDIA
Facebook:

L : Tel: +91 1332-283323, 272243
https://www.facebook.com/csircbri/mentio o _ _ _
ns/? rdr Email: director.cbri(@csir.res.in
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