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~d -“'\\\ The Indian construction industry is one of the fastest-growing sectors in the world and is expected
HI to play a pivotal role in achieving the vision of Viksit BEharat 2047. Along with rapid infrastructure
\ ‘EE /E growth comes an equally significant challenge—the generation of Construction and Demolition

(C&D) waste.

Construction and demolition waste is generated during:

a

i = Building construction » Demolition of existing structures # Industrial projects
FOLO'G' » |Infrastructure development » Road and bridge rehabilitation » Excavation activities
i * Building renovation » Metro rail construction *  Utility replacement works

Typical C&D waste includes:
n » Concrete debris *  Asphalt * Gypsum boards » Packaging materials

’ | » Reinforcement steel » Tiles s  Metals » Excavated soil
/ * Bricks and masonry » Glass » Pipes » Others
~— « Maortar e Timber e Electrical fixtures

s Plaster s Plastics

is transported to landfills or disposed of in open areas because of inadequate segregation at source.

r;fo\' Although a large proportion of these materials can be reused or recycled, most C&D waste in India
=

Poor segregation leads to:

I ] 3y Lossof A Incre?sed EI: Higher ' e R, e Increased
.\\\‘ue/ E(\:’ Q recyclable ‘ :::if:; g_‘w_ transportation pollistion @ carbon

= i 3 "
materials costs HV~ emissions

(T77) Megal @ Low recovery ¥ Reduced
Igl_'rfj\ dumping U efficiency ) economic value

of recycled materials

( @ The primary challenge is that mixed C&D waste significantly reduces recycling efficiency and
¢

limits its reuse in construction applications.

P

P ,‘\ The Indian construction industry requires innovative, affordable, scalable, and technology-driven
| — solutions that enable rapid segregation of mixed C&D waste into reusable material streams with
N minimum manual intervention,
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2. ) INDUSTRY PROBLEM STATEMENT

Develop an innovative method, machine, digital platform, hardware device,
software solution, Al-enabled system, or hybrid technology that improves the
segregation of Construction & Demolition (C&D) waste to maximize recycling
efficiency and enable high-value utilization of recovered materials in the
construction industry.

f—\' The proposed solution should support the principles of the Circular Economy,
% Resource Efficiency, and Sustainable Construction while addressing the
operational realities of Indian construction and demolition projects.

3.) CHALLENGE OBJECTIVE _\\\ .

Students are expected to design a solution that can:

@ (o3 @ Los’
oy 22s

\
Lo G @

Improve Reduce

. | r AW
segregation ncrefase ec;:lwery Eonariraition Redt;czo manual Imp:::e
. of reusable . r
efficiency of ; between material Ef = bl
materials requirements safety

mixed C&D waste streams

Reduce Improve Enal‘:\l_e Sup.p OF :

landill rosying traceability of : sustainable Promote cn‘cule‘lr

; i recovered infrastructure use of construction
disposal economics materials development resources
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"4) REALTIME INDUSTRY NEED |

India generates millions of tonnes of C&D waste annually from rapidly expanding infrastructure and
urban development projects. Contractors, municipal bodies, recyclers, and developers encounter

several challenges:

A

: lllle

&3

OPERATIONAL ECONOMIC ENVIRONMENTAL QUALITY
CHALLENGES CHALLENGES CHALLENGES CHALLENGES
* Mixed waste arriving * High transportation costs * lllegal dumping Poor segregation results in:
SECHSIRCTI * Low market value = Landfill overflow ¢ Contaminated recycled
* Lack of segregation at source of mixed waste aggregates

* High dependence on
manual sorting

* Slow processing rates

+ Dust pollution

¢ Poor recovery efficiency

« Water contamination

¢ High labour costs

* Loss of natural resources

e Space constraints on * Increased equipment wear

¢ Reduced profitability of

construction sites
® Limited automation

* |nconsistent quality of
recovered materials

'5.) SCOPE OF THE CHALLENGE

Students may develop solutions for:

SOURCE MOBILE
SEGREGATION SEGREGATION
- — - — SYSTEMS
Waste segregation ! hd
directly at Portable equipment
construction or capable of working

demolition sites. at project locations.
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* |ncreased carbon footprint

recycling operations

* Poor-quality recycled
concrete

* Reduced reuse potential

¢ Inconsistent recycled
products

Limited acceptance
by contractors

CENTRALIZED DIGITAL WASTE INTELLIGENT
RECYCLING MAMNAGEMENT MATERIAL
FACILITIES PLATFORMS RECOVERY SYSTEMS
= o+ : & L
Automation for Software solutions Al-enabled identification
large-scale C&D waste for waste tracking, and sorting
recycling plants. classification, logistics, technologies.

and reporting.
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Students may choose one or multiple engineering approaches.

—

{ﬂ% A. Al-BASED B. AUTOMATED aae C.SMART D. DIGITAL
i WASTE IDENTIEICATION .. SEGREGATION WASTE BIN CONSTRUCTION
(0-©-0) MACHINE WASTE PASSPORT
Develop Computer Vision o SYSTEM
models capable of identifying:
R - Develop a prototype capable Develop loT-enabled Develop a digital id?ntity fur
a B: n,": e of separating materials using: collection bins capable of: each waste stream including:
L TICKS
= » Reinforcement steel
@ + Timber s Conveyor systems 2 1
- ), Material identification Source project
g Z :;E:a" # Mechanical screening E e
s Plasti s Vibratory sieves o -
g i Wém.s . i, é Weight measurement t Material type
. o Air classification
& ¢ Aluminium {;@ Sinei
i i uanti
8 + Copper s Density separation ﬁi Fil-lovel monitoring 4
@ o Glass » Magnetic separation
#é =+ Gypsum i @ Quality grade
g : SC::amics i @ : c;.wrenlt it gg QR code integration
. t . .
& + Mixedwaste Rpt:a A {9 Recycling potential
¢ Robotic sorting arms @ :
Possible technologies include: GPS tracking "
: * Al-controlled actuators = [ Transportation history
* Deep Learning
+ Image Processing b e o
*» Object Detection The prototype should Reak-tima reporting @ Processing history
* Semantic Segmentation prioritize affordability,
» YOLO portability, and ease Waste categorization E; End- licati
+ OpenCV " teg use applications
e EdgeAl of deployment.

/’_-\3 E. DIGITAL

H. ROBOTICS FOR
: FFOBILE J G.PREDICTIVE et g e
@ MARKETPLACE INSPECTION [ | '. WASTE ANALYTICS
; APPLICATION SEGREGATION
Develop a platform connecting:
4 Contractors Develop an application enabling Use Artificial Intelligence to Students may propose robotic
&  Demolition agencies engineers to: predict: systems capable of:
5 Recyclers
Fa  Ready Mix Concl'.ete plants [E  Estimate waste generation * Waste generation quantity & Object recognition
& Aggregate suppliers (&) Categorize waste R ol
fl  Municipal bodies = iz amp IO & Automated picking
: (8] Upload photographs 5 .
Bl  Infrastructure companies » Recycling potential o : Ficati
= B Geo-tagwasts [=] Material classification
The platform should facilitate: 5 ® Equipment requirement @ . ’
« Material exchange & R“‘iz’:d";‘-"”d segregation - ] B 2, Intelligent sorting
*  Waste auctions P peApSTRALaY oRtiyzaon & Hazard detection
* Logistics optimization Generate digital reports * Revenue from recovered B Geniussosatai
© @ s Demant forecasting Track recycling performance materials ; o i

* Price discovery
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Students are encouraged to propose innovative technologies such as:

9 Fiet ) @ =
% S G
loT

5 CONCRETE BRICKS METALS

(9)

I
Artificial ComFuter Robotics Edg&+
Intelligence Vision Computing
H—o)
S & X
Drone-based Blockchain for Autonomous
Digital Twins GiS-based waste material sorting
waste mapping uantification traceabili
q ility systems
5) —. | AR-assisted 7/ Generative Al
(((})) E waste lﬁ % for waste
o | inspection 11. optimization
Sensor fusion Smart conveyor
systems

6 The emphasis should be on practical, industry-ready innovation.

B'"_'— DS = - .

The proposed solution should demonstrate robust engineering design.

{:ﬁ} HARDWARE </> | SOFTWARE ARTIFICIAL C b
' T INTELLIGENCE T

=

* Arduino
) Frontend CLOUD INTEGRATION
* Raspberry Pi i Floties » TensorFlow
s ESP32 A Torch s AWS Teams are encouraged
eact Native . orc ; i
* Industrial PLC . EE i e to integrate with:
ngular . Dpencv
= Servo motors g - Eloud = BIM platforms
+ Conveyor systems Backend * YOLO Ehr * ERP systems
» Load cells * Nodejs * Semantic e GIS
* RGB Cameras * gjaﬂgo Segmentation o Miiridpadiaaste
. ring Boot
§ DSeiCapes e * Object Detection management systems
= LiDAR (optional) Database : . ;
e * Machine Learning * Recycling plant
* Ultrasonic Sensors *» PostgreSQL . r e Rftans
= Proximity Sensors ¢ MongoDB » Predictive Analytics . ]
* RFID Readers + Firebase SN EonsiLevad gcjact

management systems
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'5.) PERFORMANCE EXPECTATIONS \\

The proposed solution should demonstrate measurable improvements in one or more
Key Performance Indicators (KPls), such as:

@ || O || # | 4

; i Reduction in Processin Reduction in Reduction in
Segregation Material | m:,]t.l i contamination Iundlﬁ” I
accuracy (%) recovery rate (%) e . 7 between material -

time (tonnes/hour) dridlod disposal
A J o
e ® || [ 2 loy 40
A => Ll mll
Increase in Operational Reduction in Improvement in Carbon emission Revenue generated
recyclable cost savings transportation worker safety reduction from recovered
material recovery costs materials

1 Teams should support their claims through prototype testing, simulations, laboratory validation,
firi) or engineering calculations.

10.) INDUSTRY APPLICABILITY \\\ :

The solution should be deployable across:

N~ g VIR £ A T

Building e
o ¢ High
construction D"m?l'tm“ Smart Cities M‘Etr.o Rail e Airports
projects projects projects
%N I:mﬂl ﬁ ifh -
. Industrial Urban local Municipal C&D waste
Bridges b N i
g davelonmants Ports bodies corporations r;‘::ﬂ::?
A
&o The proposed solution should address the practical constraints of
Indian construction sites, including limited space, varying waste
Infrastructure EPC composition, labour-intensive operations, and cost sensitivity.
developers contractors P § 4 i 4

1.3 USER EXPERIENCE EXPECTATIONS \| :
The solution should:

- o— 000

Gy bY mw (&

@ ¥
l“- -
O
Support role-based T

BB simple to Functinn in

Operate on Enable offline Generate access for contractors, Be modular
operate with dusty and multilingual Android devices data capture automated site engineers, recyclers, and scalable for
minimal training outdoor interfaces where with cloud reports and municipal authorities, projects of
environments applicable synchronization dashboands and project owners different sizes
;;{:EIE;::IEL?T::;EMM N SUPPORTED BY INCUBATION & SUPPORT BY
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12.) EXPECTED DELIVERABLES \\\ :
Each participating team should submit:
b - L4 e m
(@ier =
ﬂ INDUSTRY B PROPOSED PROTOTYPE m TECHNICAL
PROBLEM ANALYSIS SOLUTION DOCUMENTATION
v " A working prototype Include:
* Current C&D waste
management practices i demaogstlyaling: ¥ E:st;m arc:'-;ect =y
_y * Engineering design : i T nachanichlloesion
« Existing challenges 9 g g . ::rdwar::f appl:cat.ﬂe) : [Electiical desicn f appiicabia)
# Stakeholder mapping * System workflow ® Automatac segregation ystem e Software architecture
Mobil licati inti
» Benchmarking with national e Technology stack & Mobile or web application . ;L :nxel dtescr:jtnon
and international best . bt * Almodel : API: reace
. ¢ Expected benefits ¢ Dashboard
P i . 5::501 integration S 'Bomanility ey
o s Safety considerations
ﬂ
— VALIDATION BUSINESS DEMONSTRATION PITCH
p=! _@ STRATEGY .II MODEL VIDEO PRESENTATION
Teams should provide one Describe: A 5-7 minute video including: Maximum 10 slides covering:
or more of the fallowing: e Target customers e Industry problem * Industry Challenge
& Laboratory testing ¢ Revenue model s Sokition ot = Existing Problems
: Proposed Innovation
* Prototype performance * Manufacturing or s 2 p : 3
evaluation deployment strategy * Prgosteng damonstgtion ¢ Engineering Design
e Field simulation * Commercial viability * Innovaticn highlights :c:wr::aﬂ grchltec*t:ur:
) . . o BExpectedi ¢ ototype Demonstration
. Clomparatwe benchm_arklng * Lifecycle cost Apeaistingec ® Validation Results
with manual segregation ® Return on Investment (ROI) Business Model
+ Cost-benefit analysis * Scalability across India Industry Impact
Future Roadmap
13.) EVALUATION PARAMETER \\\ .
& O © SR AR 7
- - ol
e Q vy AR v
Understanding Innovation Engineering Quality Scalability and Business Presentation
of Industry and and Technical Improvement and Industry Viability and
Problem Originality Feasibility Structural Safety Readiness Demonstration

Impact
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14.) EXPECTED INDUSTRY

A successful solution should contribute to:

i
m Significant reduction in C&D waste sent to landfills

té Increased recovery of high-quality recyclable construction materials
A Reduced dependence on virgin natural resources such as aggregates and sand
aﬁ Improved productivity and automation in recycling operations
B Lower transportation and disposal costs
% Enhanced compliance with C&D Waste Management Rules and sustainable construction practices
Development of reliable recycled material supply chains for infrastructure projects

Promotion of a circular economy in the construction sector

Creation of new business opportunities in recycling, material recovery, and green construction technologies

Support for India’s transition toward resource-efficient and sustainable infrastructure in line
with the vision of Viksit Bharat 2047

&
@ Reduction in embodied carbon and environmental impacts associated with construction activities

15.) STRETCH GOALS (8oNus)  \\\ey .

Teams seeking advanced recognition may incorporate:
o [%l Integration with BIM to generate demolition
‘s o waste forecasts and material recovery plans

before project execution

Al-driven optimization of segregation processes
based on real-time waste composition

Robotic material recovery using
collaborative robots (cobots) Smart logistics optimization for waste

(] transportation using GIS and Al
Digital Twin of a C&D waste recycling facility *“‘B ik "o

for operational optimization
. - waste management systems, ERP platforms,

Blockchain-enabled traceability of recovered API recycling plants, and national digital

materials from demolition site to infrastructure initiatives

new construction project

(/ﬂ.) Open APls enabling integration with municipal
2

Solutions that demonstrate high segregation accuracy,
Carbon footprint and lifecycle assessment e practical deployment potential, affordability, measurable
dashboards for recovered materials environmental benefits, and strong commercial viability
' ‘ for the Indian construction industry will receive the
highest consideration.

D e B
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