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T Skills for the Waste
Management Sector

Y i)

Utilise the appropriate Understand the ways in
applications to achieve the which digital transformation
desired objectives has contributed to the

optimisation of waste
management process

S

Know how the different
technologies impact the sector
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LINTRODUCTION

This module provides an overview of the digital skills and
technologies that are revolutionizing the waste
management sector. It covers topics such as the digital
revolution, advanced digitalization, circular economy,
digital tools, loT, big data analytics, robotics, Al, and cloud

computing.
Each chapter includes background theory, practical

applications, and examples of benefits, such as increased

efficiency and cost savings.
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LINTRODUCTION

This module highlights the importance of digital skills in
the waste management sector and how they can help
create more sustainable and efficient waste management

systems.

It also provides a comprehensive understanding of the
digital skills and technologies that are driving the waste

management sector forward.

Overall, with the help of the latest digital technologies,
waste management can be transformed into a circular
economy and automation can help to improve

decision-making.
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Unit 1: Digital Revolution in Waste Management @

Waste Management

PROCESS FLOW OF

Waste management is the SOLID WASTE

process of collecting, MANAGEMENT
transporting, and disposing

of waste materials. There
are many different steps
involved in waste D "
management, and each one I E]E]Eﬂ s
) , -o -=—-Q0&—
plays an important role in @ & =00

keeping our environment healthy. COLLECTION TRANSPORTATION RECOVERY PROCESSING  DISPOSAL

Overall, waste management is a crucial process that helps keep our communities
clean and safe while protecting the environment. By understanding the different
steps involved in waste management, we can all do our part to reduce, reuse,

and recycle waste materials.
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Unit 1: Digital Revolution in Waste Management

Waste Management

The above steps are the basic cycle of waste management, it starts
with the collection of waste in the community, then it is transported
to a facility, where it is sorted, and then it's either recovered or

.= treated. And finally, the process ends with their disposal.

&y
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Unit 1: Digital Revolution in Waste Management

‘Waste Management

The first step in waste management is
collection. This is when waste
materials are collected from homes,
businesses, and other locations.
Waste is usually collected by garbage
trucks and taken to a waste The next step is transportation.
management facility. Once the waste is collected, it
needs to be transported to a
facility where it can be properly
disposed of. This is usually done
by truck or train, and the waste is
taken to a landfill, recycling
center, or incineration facility.
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Unit 1: Digital Revolution in Waste Management

Waste Management

\ o

Once the waste arrives at a facility, it
goes through a process called sorting.
Sorting is when the waste is separated
into different categories, such as o-e¢
paper, plastic, metal, and glass. This
makes it easier for the waste to be
properly disposed of or recycled

He The waste is then processed
according to its type and
composition. This step can
include activities such as
recycling, composting, and
incineration. It can also involve
the use of specialized equipment
such as balers, shredders, and
sorting machines.
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Unit 1: Digital Revolution in Waste Management

G

‘Waste Management

=

II After processing and
treatment, the remaining “Waste treatment is a process of taking care of
waste is disposed of in a waste materials in a safe and
safe and environmentally environmentally-friendly way. There are different
friendly manner. This can ways to treat waste such as recycling, composting,
include activities such as incineration, and landfilling”
landfilling, composting, or
incineration.

Waste management hierarchy

. \
Prevention Most preferred B'y treatlng WaSte p r Op el’ /y We Can
Reduction redUCe ne at ]
ve
Recycle g ImpaCtS On the
envi
e Vironment ang Create g cleaner and
Disposal

Least preferred hea/thler en Vlronment fOI’ e Ve/yOne

Source: UNEP, Green Economy Report, 2011.

CC BY-SA-NC
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Unit 1: Digital Revolution in Waste Management

‘Obstacles in waste management

INHIBITORS

- Lack of digital literacy
- Investment costs
- Security issues

- Missing digital ecosystem

\ y

- Customer expectations

- Extended producer responsibility

- Increasing waste amounts Digitalisation of waste management - Pull towards circular economy

- Cost pressure

- Climate crisis

- Urbanisation

- Business models

12%91



Unit 1: Digital Revolution in Waste Management @

Obstacles in waste management

-

X

P>

e 1 +——— Inefficiency in collection routes

Lack of transparency and accountability
2 regarding how waste is collected,
transported, and processed

Difficulty in identifying areas in
3 need of more waste management
resources

Difficulty in monitoring and

e 4 +——— optimizing waste collection and
transport

Difficulty in managing and

<o

e 5§ e—— reducing the environmental
impact of waste
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Unit 1: Digital Revolution in Waste Management

Digital revolution

rlb\'ﬂi

DIGITAL REVOLUTION

The digital revolution in waste
management refers to the use
of technology to improve and
modernize the way waste
is collected, processed,
and disposed of. It has
had a significant impact
on the waste management
industry in recent years,
transforming the way
businesses and municipalities
handle waste.

——
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Unit 1: Digital Revolution in Waste Management @

Digital revolution

Digital technologies can be used to
optimize the scheduling of waste

collection and transportation, reducing

the number of empty trips and
improving the overall efficiency of

logistics operations. They also enable

-2 Anthesis

the real-time monitoring and control of
waste collection, transportation, and

: _ . o processing operations, allowing for
§ 1 hour free webinar on digital transformation in waste management

https://www.youtube.com/watch?v=KtShBK1uCUqg better communication and more

efficient logistics.
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Unit 1: Digital Revolution in Waste Management @

Digital revolution

SMART WASTE COLLECTION
SYSTEMS

These systems use sensors and GPS tracking to monitor the level of
waste in trash receptacles and alert waste management companies
when they need to be emptied. This can help to optimize collection
routes, reducing the amount of fuel used and decreasing the number

of pickups needed

Lstructure with access lo Cloud platform that supports g
aergy sources and long range, sensing as a service i Counc.
data communication @ “ It
S y S
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Unit 1: Digital Revolution in Waste Management

Digital revolution

DATA ANALYTICS

By collecting and analyzing data on waste streams and patterns,
companies can better understand the types of waste they are dealing
with and how to most effectively manage it. This can lead to more
efficient and cost-effective solutions for dealing with waste, such as

recycling and composting programs.

17%91
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Unit 1: Digital Revolution in Waste Management @

Digital revolution

SMART CITY INITIATIVES

aim to make cities more sustainable by reducing waste and
increasing recycling. These initiatives use technology to connect
waste management companies, businesses, and residents,
encouraging them to work together to achieve common goals.

c;ﬁ SMART CITY

- 18%91


https://creativecommons.org/licenses/by/3.0/

] ement
Unit 1: Digital Revolution in Waste Manag
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Overview and impact

\
Overall, the digital re Volution in waste

Waste Management Life Cycle
management js ha ving a significant

Impact on the industry, impro ving

il
[ N
efﬁciency and reducing Costs,

I
P =,

]

Recycling Depository O

Recycling Facility

Sustainaple.

It's helping waste Blagy — @ﬁ@
management Companies to achje ve

their goals in 4 more efficient

ofety Culture
and effective way.
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Unit 1: Digital Revolution in Waste Management @

‘ Objectives
By using digital tools, waste management companies can optimize collection
M routes, monitor waste levels in trash receptacles, and analyze data on waste
streams and patterns. This can help to reduce the amount of time and fuel
IMPROVED needed for collection, improve the efficiency of recycling and composting

EEFICIENCY programs, and make better-informed decisions about how to manage waste

s
With the help of digital tools, companies can track and %
monitor their operations, and make sure they are adhering
to regulations and environmental standards. This can help to INCREASED
build trust with customers, regulators, and the public TRANSPARENCY AND

ACCOUNTABILITY
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Unit 1: Digital Revolution in Waste Management

Objectives

By using digital tools such as GIS and digital mapping, companies can C ‘
improve the efficiency and effectiveness of recycling and composting ’
programs, and reduce the amount of waste that ends up in landfills. This
can help to reduce the environmental impact of waste management, and BETTER WASTE
create more sustainable and environmentally-friendly practices MANAGEMENT

V Digital tools can help to improve communication between waste

management companies and their customers, by providing
IMPROVED real-time status updates on collection services, allowing
COMMUNICATION customers to schedule pickups, and report issues with their
waste service

Digital tools can help waste management companies to
reduce their costs by optimizing collection routes, improving
the efficiency of recycling and composting programs, and
reducing the amount of waste that ends up in landfills COST SAVINGS

21%91
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Unit 1: Digital Revolution in Waste Management

‘ Main areas of digital WM

Robotlcs applications in the waste management sector-

AI applications in the waste management sector -

How loT can contribute to logistics optimisation-

Data analytics for waste management -

Cloud computing solutions -

0
O a
— 0O
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Unit 1: Digital Revolution in Waste Management @

Robotics applications in WM
<

~

Robotics applications in the waste
management sector refer to the use of robots to
assist in the collection, sorting, and disposal of
waste. These robots can be used to automate
certain tasks, making them faster and more
efficient than traditional methods.

Overall, robotics applications in the waste
management sector can help to improve

efficiency, reduce costs, and increase the
accuracy of waste sorting and disposal.
These technologies are playing an
increasingly important role in helping to
make the waste management industry more
sustainable and environmentally friendly‘/

23%91
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Robotics applications in WM

AUTONOMOUS VEHICLES

(such as drones and robotic carts)
to collect and transport waste. These robots can navigate through
tight spaces and can be programmed to avoid obstacles, making
them ideal for use in densely populated areas.

AUTONOMOUS
REFUSE TRUCK

nsport Solutiof

24%91



Unit 1: Digital Revolution in Waste Management

Robotics applications in WM

SORTING ROBOTS

These robots can use advanced sensors and cameras to quickly and
accurately sort waste into different categories, such as recyclable
materials and organic waste. This can help to increase the efficiency
of recycling and composting programs.




Unit 1: Digital Revolution in Waste Management @

Al applications in WM
<

~

Al applications in the waste management
sector refers to the use of artificial intelligence
technology to improve and automate various
aspects of waste management

Overall, Al applications in the waste w
management sector are helping to make the
process of waste management more
efficient, cost-effective, and sustainable.

They're also helping to reduce waste and
increase recycling, which is good for the

environment. ‘/
26
% 91




Unit 1: Digital Revolution in Waste Management

Al applications in WM

SMART WASTE COLLECTION

Al can be used to optimize waste collection routes and schedules.
This can be done by using sensors to monitor the level of waste in
trash receptacles and using GPS tracking to determine the most
efficient routes for waste collection trucks.
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Unit 1: Digital Revolution in Waste Management

Al applications in WM

WASTE SEGREGATION

Al can be used to sort and separate different types of waste. For
example, using computer vision, Al can identify the materials in a
waste stream, such as paper, plastic, and metal, and sort them into
different categories for recycling or disposal.




Unit 1: Digital Revolution in Waste Management @

Al applications in WM

PREDICTIVE MAINTENANCE

Al can be used to predict when equipment used in waste
management, such as garbage trucks, needs maintenance. This can
help to prevent breakdowns and reduce downtime.

29%91
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Al applications in WM

WASTE FORECASTING L‘(;\ 5

Al can be used to predict the amount of waste that will be generated
in a certain area, which can help waste management companies plan
for the future and be better prepared for changes in waste streams.

o) o) o]
[ ot ( con (=
© © ©
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Q Q ()]
()] ()] (]
Time . Time ‘ Time

CC BY-SA-NC
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Unit 1: Digital Revolution in Waste Management

Al applications in WM

CHATBOT

Al can be used to develop chatbot that can be integrated with the
company website or mobile apps, which can help customers to know
more about the waste management services and schedule the
pickups.

CCBY

O
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loT In logistics optimization
O

~
The Internet of Things (IoT) connects
everyday objects, such as waste bins, to the
internet, allowing them to communicate with each
other and with a central system. This technology
can be used to optimize logistics and make the
waste collection process more efficient.

j

Overall, IoT has the potential to significantly
improve logistics and optimize waste
collection in waste management, leading to
more efficient and sustainable waste
management practices. It helps waste
management companies to better understand
and manage the waste they are dealing with
by collecting data and making sense of it.

32%91



Unit 1: Digital Revolution in Waste Management

loT In logistics optimization

SMART WASTE BINS

These bins have sensors that can detect when they are full and send
a signal to the central system, which then sends a waste collection
truck to empty the bin. This helps to eliminate the need for regular,

scheduled pickups and ensures that waste is collected only when it is

needed, reducing fuel consumption and costs.

33%91
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loT In logistics optimization

TRACKING

loT can also be used to track waste collection trucks in real-time,

allowing waste management companies to optimize routes and

ensure that all bins are being serviced in the most efficient way
possible. This can help to reduce the amount of time and fuel needed
for collection, and can also help to reduce traffic congestion in cities.

oooooooooo

loT Platform SmarcBin loT Enabled Smart
bt | Waste Management
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loT In logistics optimization

MONITORING

loT can be used to monitor the weight and composition of waste in
real-time, allowing waste management companies to better
understand the types of waste they are dealing with and how to most
effectively manage it.

amazon
webservices

HealthyPi
(the Thing) Internet Cloud 35/
191
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Unit 1: Digital Revolution in Waste Management @

Cloud computing solutions in WM
<

~

Cloud computing allows data and software
to be stored and accessed remotely, over the
internet. This technology can be used to improve
the efficiency and effectiveness of the waste
collection process.

v

waste management companies to improve
efficiency, optimize logistics, and make
better-informed decisions about how to
manage waste. It allows companies to
access data, software and manage their
operations from anywhere, making their
process more effective and efficient. ‘/

36%91

Overall, cloud computing solutions can hem




Unit 1: Digital Revolution in Waste Management

Cloud computing solutions in WM

CLOUD-BASED SOFTWARE
APPLICATIONS

These applications can be accessed from anywhere and allow waste
management companies to manage and track waste collection routes,
Sschedules, and inventory in real-time. This can help to optimize
logistics and improve the efficiency of the waste collection process.

Quick, anywhere, and anytime access to Data

CC BY-SA-NC
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Unit 1: Digital Revolution in Waste Management

Cloud computing solutions in WM

CLOUD-BASED DATA STORAGE

This allows waste management companies to store and access large
amounts of data, such as information on waste streams and patterns,
remotely. This data can then be analyzed to better understand the
types of waste being produced and how to most effectively manage it.

[ share music

~~CLOUD

" STORAGE

pictures / \ T documents

contacts files

CC BY-ND
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Unit 1: Digital Revolution in Waste Management @

Cloud computing solutions in WM

SHARING DATA

Cloud computing can also be used to connect different systems and
devices, such as smart waste bins, waste collection trucks, and
recycling facilities, allowing them to share data and communicate with
each other in real-time.

o @° @@ 9 :
@@@@D@ ,
9 % !
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Unit 1: Digital Revolution in Waste Management

Data analytics in WM
O

~

Data analytics analyzes data to gain
insights and make better decisions. This
technology can be used to understand the
patterns and trends of waste, and to make more
informed decisions about how to effectively
manage it.

v

Overall, data analytics can be a powerful
tool in waste management, allowing
companies to make better-informed
decisions about how to effectively manage
waste. It helps companies to understand the
patterns and trends of waste they are
dealing with, track their performance and

improve fit. ‘/
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Unit 1: Digital Revolution in Waste Management

Data analytics in WM

TRACKING AND ANALYSIS OF
WASTE STREAMS

This involves collecting data on the types and quantities of waste
being produced, and analyzing it to understand the composition and
sources of waste. This information can be used to identify ways to
reduce waste, such as through recycling or composting programs.

CC BY-NC-ND
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Unit 1: Digital Revolution in Waste Management

Data analytics in WM

OPTIMIZATION

used to track and optimize waste collection routes, schedules, and

inventory. By analyzing data on the level of waste in trash receptacles
and the movement of waste collection trucks, waste management
companies can optimize logistics and reduce the amount of time and
fuel needed for collection

| 1~ I

1 Yo pm

CC BY-ND
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Data analytics in WM

MONITORING

used to monitor the performance of waste management systems,
such as recycling and composting facilities, and to identify ways to
improve their efficiency and effectiveness.

43 /
CC BY-SA-NC
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Unit 1: Digital Revolution in Waste Management

Digital technologies for more effective waste
management regimes

https://www.youtube.com/watch?v=afUTm7ZiFAK
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management regimes

DIGITAL

TECHNOLOGIES

4

Digital technologies are technologies that
use digital data, such as data from sensors
or cameras, to improve and modernize the

way waste is collected, processed, and

disposed of.

Digital technologies for more effective waste

Overall, digital technologies can help
waste management companies to improve
efficiency, optimize logistics, and make
better-informed decisions about how to
manage waste. They have the potential to
transform the way businesses and

municipalities handle waste.
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Digital technologies for more effective waste
management regimes

SMART WASTE COLLECTION
SYSTEMS

These systems use sensors and GPS tracking to monitor the level of
waste in trash receptacles and alert waste management companies
when they need to be emptied. This can help to optimize collection

routes, reducing the amount of fuel used and decreasing the number

of pickups needed.

46%91
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Digital technologies for more effective waste
management regimes

SMART CITY INITIATIVES L{\ 5

These initiatives use technology to connect waste management
companies, businesses, and residents, encouraging them to work
together to achieve common goals, such as reducing waste and
increasing recycling.

-
v‘
——

Reduction in No Missed Reduced Waste Generation CO2 Emission
Collection Cost Pickups Overflows Analysis Reduction
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Digital technologies for more effective waste
management regimes

GPS TRACKING SYSTEMS L‘(;\ 5

These systems use GPS technology to track the location of waste
frucks and containers. This can help waste management companies
to optimize routes and reduce fuel consumption.

Destination TipEnd ~+ A Source Trip End

‘ GPS Connectivity GPS Connectivity
m | Geofence Georence ‘: m :
Station A Station B
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Unit 1: Digital Revolution in Waste Management

Self-Assessment

* Read the following questions

Questions related to this unit

» Choose the number that best represents your
level of familiarity, understanding or ability
(numeric scale from 1 to 7)

» Based on the analysis, identify
Gaps specific gaps and areas where
Improvements can be made

_ * Develop a plan to
Action Plan address your needs and

set some goals
49
%91
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‘ Self-Assessment

1. How familiar are you with the concept of robotics?

2. How confident are you in your understanding of how Al is used in
waste management?

3. How familiar are you with the Internet of Things (loT) and its
potential applications in waste management?

4. How well do you understand the goal and general use of data
analytics?

5. How familiar are you with cloud computing?

))
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Unit 1: Digital Revolution in Waste Management

‘ Self-Assessment

O

How well do you understand the potential of using robotics to
improve waste management processes?

How well do you understand the use of Al in automating
processes?

How familiar are you with the concept of circular economy?

How well do you understand the benefits of digital transformation?

How confident are you with naming some of the most important
digital tools?



Module 3: IT Skills for the Waste
Management Sector
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Unit 2: Advanced Digitalization in Waste Management

What is advanced digitalization?

Advanced digitalization refers to the use of advanced
technology and digital tools to improve and

O Oo modernize various industries. It is a way of using
technology to make processes more efficient,
cost-effective, and sustainable. The concept of
advanced digitalization encompasses a wide range of
areas and technologies, including big data, the Internet
of Things (loT), artificial intelligence (Al), and cloud

computing.

In conclusion, advanced digitalization is a powerful tool that can help to
improve and modernize the waste management industry. By using digital
technologies such as e-trading platforms, waste-specific software, and
business analytics, waste management companies can reduce costs,

‘ improve efficiency, and make better-
95
, , %91
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Unit 2: Advanced Digitalization in Waste Management

‘ How it applies in waste management

e o
o e
Robotics

Artificial intelligence
and neural networks

temperature weight s s s : ﬂ
I-) s ananar 2

Internet of things

Cloud computing

Data analytics

PROCESS

EXAMPLES

Advancements in the
pneumatic sorting
process as a result of
automation technology
allow producing defined
waste streams of high
purity (over 90 %).

- Robots that are able
to identify and sort recyclables
and critical materials through
image recognition/IR scanning/
Al vision systems when
dismantling used
phones/electronics

Machine learning — using
neural networks based on
the use of data or examples
to solve problems without
explicit programming —

is used for classification
and pattern recognition

in the waste management
context, improving the
efficiency of sorting.

- Autonomous, self-driving
street sweepers,
refuse trucks

As more and more devices
are connected to the
internet or other networks,
sensor-supported containers
can collect data and transfer
it to central units.

- Smart waste bins with
identification systems,
weighing systems,
level sensors,
temperature sensors,
sofware for optimising
logistics

Storing and processing of
sensor data and cloud based
software solutions make

it easy to optimise workflows
and document failure to
collect, failure in sorting or
detect waste bins that are
not paid for.

Cloud based software for:

- Connection, standardising
and optimising internal
procedures

- Real-time order management,

route planning and optimisation,

customer self-service,
order-tracking and evaluation

Processing and analysing
data plays an important

role in the recycling industry
in order to identify patterns,
extract information, discover
trends or calibrate models.
This knowledge is important
in order to evaluate different
options for the transition to
a recycling economy.

- Electronically supported
diposition of waste collection
vehicles

- Evaluation of sensor data for
automated sorting plants

- Control of waste incineration
plants

- Drone based data collection
on landfills

56%91



Unit 2: Advanced Digitalization in Waste Management

Examples in waste management

E-TRADING
PLATFORMS

WASTE-SPE

CIFIC
SOFTWARE

finced digitalisation in waste management and treatment

currently mostly in the innovation phase. New business

models, such as waste e-trading platforms, and

waste-specific software and business analytics are

emerging.

G

BUSINESS

ANALYTICS

Pad
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E-trading platforms

In the waste management \
can

industry, e-trading platforms

One important area of advanced

digitalization is e-trading platforms.
These are online platforms that

be used to connect waste facilitate the buylng and Se"ing

management companies with of goods and services.

suppliers and customers, making

it easier to find and purchase the

materials they need. i €D -

This can also help to reduce costs and

improve efficiency by connecting ’ fhe G|6ba| quje,,-,__. <
Marketplace ™"

companies with the best deals and e m = SN :
k offers. / M . o A2 x4 e = . “ D
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‘ E-trading platforms

' E-trading platforms can also be l

used for recycling and
composting programs.
Companies can use these
platforms to buy and sell recycled
materials, and to find buyers for

. composted materials. ' r ﬂ
E-trading platforms can also be

used for collection and disposal
of hazardous waste. Companies
can use these platforms to find
specialized disposal companies

I for their hazardous waste. I

%
!

fi
|
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‘ E-trading platforms

find the best prices for the
materials and services you need

These platforms can also be
used to trade in waste
management services, such as
waste collection and disposal.

In the context of waste I L

management and treatment,
e-trading platforms can be used
to buy and sell recycled
materials, such as paper, plastic, find new customers and increase §/
and metals. the value of their waste streams
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Waste-specific software

Another important area of advance

For example, software that can digitalization is waste-specific

track and manage waste collection software. This refers to software

routes, monitor waste levels in trash that is specifically designed for

receptacles, and analyze data on the waste management industry

waste streams and patterns.

These tools can help waste Waste Management Software

management companies to better ww"‘s" o ’:d Z‘ l;;‘: “wm g
understand and manage the waste they e e S
are dealing with, leading to more ‘—Q
efficient and cost-effective solutions for o

Regulatory compliance

Scheduling
Simplicity and generality

dealing with it.
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Waste-specific software

WASTE MANAGEMENT
SOFTWARE

This type of software is used by waste management companies to
track and manage their operations, including waste collection,
transportation, and disposal. The software can be used to schedule
pickups, track routes, and monitor compliance with requlations. It can
also be used to generate invoices, reports, and other documents.
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Waste-specific software

RECYCLING MANAGEMENT
SOFTWARE

This type of software is used by recycling companies and facilities to
track the flow of materials, including sorting, grading, and packaging.
The software can be used to track the weight and volume of
materials, as well as the quality and value of the materials. It can also
be used to generate reports, invoices and other documents.
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Waste-specific software

LANDFILL MANAGEMENT
SOFTWARE

This type of software is used by landfill operators to manage and
monitor the operations of the landfill site. The software can be used to
track the volume and weight of waste deposited, as well as the
location of the waste in the landfill. It can also be used to generate
reports, invoices and other documents.
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Waste-specific software

HAZARDOUS WASTE
MANAGEMENT SOFTWARE

This type of software is used by companies that handle hazardous
waste to manage and monitor their operations. It can be used to track
the types and quantities of hazardous waste, as well as the location
and movement of the waste. It can also be used to generate reports,
invoices and other documents.




Unit 2: Advanced Digitalization in Waste Management

Business analytics

\_

This refers to the use of dah

and analytics to make
better-informed decisions
about how to manage waste.
By collecting and analyzing
data on waste streams and
patterns, companies can
better understand the types of
waste they are dealing with
and how to most effectively
manage it.

This can lead to more efficient and
cost-effective solutions for dealing
with waste, such as recycling and

composting programs.

Business analytics is another area
of advanced digitalization that is
becoming increasingly important in

the waste management industry

d o
J,@

-
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Business analytics

TRACKING

track the amount and types of waste generated by a particular facility
or community, in order to identify opportunities for reducing waste and
increasing recycling. Additionally, analytics can be used to monitor
the performance of waste management and treatment operations,
such as collection and disposal, in order to identify inefficiencies and
areas for cost savings.

FanalyticSteps

[
BIG DATA ®
IN WASTE

MANAGEMENT g *
& (

www.analyticssteps.com
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Business analytics

Customer’s Home

Garbage Bins with
RIFD Tags

Planning &

Garbage
Volume
Forecasting

Algorithms and Apps

%z\tabase

Cloud Site

Webpage

O

Planning, troubleshooting
and scheduling

Access Point:

o
o

Customer Support

Scheduling
T~
Consumed Electronics _
equipment Loa‘d.mg - B Stocks Processing
Position : s
Validate Operations Capacity
Garbage Truck Depot Waste Management Sites
= % < L T e ==
4+
) oo a ’ s
Garbage Truck with Garbage Truck Driver . ; : . C :
GPS and RFID Sorting  Recycling  Incineration Composting

with Tracking Devices
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Unit 3: Circular Economy

Circular economy

The linear economy model, also

known as the "take-make-waste"

In this model, resources
are seen as finite and
disposable, leading to

model, is based on the idea of

extracting resources, using them to

overconsumption and

luti produce goods and services, and
pollution.

then disposing of them as waste.

Infinite regenerative

capacuty of the Earth
Distributi Consumption Dispose

TAKE »  MAKE ~ WASTE

Infinite 3
resources ¢
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Circular economy

he linear mode/’s Impact on

ENTC) Mmanagement js

Significant, as it leads to large

amount of waste and pollution.

The linear economy model encourages
overconsumption, which is not sustainable in
the long term, as it will lead to the depletion of
natural resources, and pollution of air, water and
soil, resulting in negative impacts on human

health and the environment.
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Circular economy

The recycling economy refers to h
system where materials and
resources are kept in use for as
long as possible, extracting the
maximum value from them before

recovering and regenerating them.

/

Y

Lo
Overall, the recycling economy is
an alternative economic model that
aims to keep resources in use for
as long as possible, extracting the
maximum value from them before
recovering and regenerating them.
It is based on the principles of
circular economy, and includes a
wide range of activities that can
lead to a more sustainable and
resilient economy.

e
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What is circular economy?

K-
raw materials i < ._ @ design
A W
é f( 4 \3,_-7"'\",.‘_
/) £ \s-"}-b. =
1 production
el i ‘_ @ remanufact,uring
|
& ™\ ° | \,
y: i W
N circular o
recycling | .— Igé distribution
economy =
- o /‘!/‘/:.;;J
P  \ ; .... ¥ consumption
Waees, /V g

residual waste

V 4 .
af Y, repair,
o F =] reuse

® ®© ®© o e ==

CC BY-SA

Circular economy is an economic model that aims to make the most efficient use
of resources and minimize waste. It is based on the idea of keeping resources
in use for as long as possible, by recovering and regenerating materials. It is a
system where the waste of one industry becomes the raw material of another.
This creates a closed loop where resources are used, reused, and recycled in a
continuous cycle, rather than being discarded as waste. 75/
191
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Unit 3: Circular Economy

‘ What is circular economy?

The circular economy model
addresses the problems of the linear

economy by promoting the reduction,

i1
Y @

reuse, and recycling of waste. This is

DESIGN

achieved by keeping resources in use

PRODUCTION,
REMANUFACTURING

\E,

RESIDUAL DISTRIBUTION
WASTE

for as long as possible, extracting the
" CIRCULAR ECONOMY maximum value from them before

recovering and regenerating them.

CIRCULAR ECONOMY
CC BY-SA-NC

CC BY-SA

76%91


https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-nc-sa/3.0/

O

Unit 3: Circular Economy

‘ What is circular economy?

An ecosystem
collaboration model

- Linear Economy - . - Recycling Economy — Circular Economy ——

Opportunities to innovate and
differentiate in a circular economy lie
between organizations.

Companies utilizing the circular
economy’s competitive advantages
collaborate with their ecosystem
partners to create, capture, and deliver
sustainable value

) 4

* An efficient business ecosystem can
only operate if it is fully digitized.

* Efficient digital collaboration within a

&
Recycle / -
business ecosystem throughout a

<
product’s different usage cycles is

o2 critical for enabling attractive circular
<= Minimal waste business models and competitive user

experiences
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Importance and benefits

The importance of circular economy in
waste management lies in its potential
to create a more sustainable and
environmentally-friendly industry.
By reducing the amount of waste that
ends up in landfills, it can help to
reduce the environmental impact of
waste management, and create more
sustainable and
environmentally-friendly practices.
Additionally, by creating more efficient
recycling and composting programs, it
can help to conserve resources and
reduce the need for virgin materials.

Most Prevention

Preferred
Re-use

Least
Disposa
Preferred
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Principles

In a circular economy, a specification for any design is that
the materials re-enter the economy at the end of their use.

() ©o The circular economy is based on three principles, driven by

Principles...: _
design:

ELIMINATE WASTE AND POLLUTION

CIRCULATE PRODUCTS AND MATERIALS (AT THEIR HIGHEST VALUE)

REGENERATE NATURE

79%91
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Unit 3: Circular Economy
‘ Principles

ELIMINATE WASTE AND POLLUTION

i —
E Currently, our economy works in a
take-make-waste system. We take raw
materials from the Earth, we make
products from them, and eventually we
throw them away as waste. Much of this
waste ends up in landfills or incinerators
and is lost. This system can not work in the
long term because the resources on our

planet are finite.

The first principle of

the circular economy
is to eliminate waste
and pollution.
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O

Principles

CIRCULATE PRODUCTS AND MATERIALS (AT THEIR HIGHEST VALUE)

*

This means keeping materials in use,
either as a product or, when that can no
longer be used, as components or raw
materials. This way, nothing becomes
waste and the intrinsic value of products

The second principle and materials are retained.

of the circular
economy is to
circulate products By adopting the second principle of the circular economy
and materials at their we retain the value embedded in products and the materials they are made from.
highest value. By doing so, we keep finite materials
in the economy and out of the environment, and safely return biodegradable
materials to the earth.
81
% 91
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‘ Principles

REGENERATE NATURE

*
E By moving from a take-make-waste linear

economy to a circular economy, we
support natural processes and leave
more room for nature to thrive.

The third principle of
the circular economy
is to regenerate
nature

“No longer should our focus be simply on doing less harm
to the environment, but on how we can actively improve it”

82%91
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Unit 3: Circular Economy
The 5R’s of circular economy

The 5R's of circular economy are a framework for designing and
implementing circular systems, they are:

Rethink Overall, the 5R's of circular
economy are a framework that
helps to design and implement
circular systems.

Rot/Recover By following the 5R's, waste
management can be transformed
into a closed loop system where
resources are kept in use for as
long as possible, waste is
minimized, and resources are
conserved.
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The 5R’s of circular economy

L

This step involves rethinking the way we
design, use and dispose of products and
materials, with the goal of designing out

waste and pollution.

For example, in waste management, this step
could involve redesigning products to be more
\ sustainable, such as using biodegradable
materials, or designing products to be easily

disassembled and recycled.

ccysa 84/
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O

The 5R’s of circular economy

e

This step involves reducing the use of
products and materials that generate
waste, such as single-use plastics, or

products that are not needed.

For example, in waste management, this step
could involve reducing the use of single-use
plastics, such as straws and plastic bags, or

reducing the use of products that are not needed.
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O

The 5R’s of circular economy

e

This step involves finding new ways to
use or repurpose products and

materials, rather than throwing them away.

For example, in waste management, this step
could involve reusing or repurposing waste
materials, such as turning plastic bottles into

clothing or converting waste food into compost.
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O

The 5R’s of circular economy

e

This step involves recycling materials in
order to extract their value, and keep

them in the economy.

For example, in waste management, this step
could involve recycling materials such as paper,

metal, glass, and plastics to make new products.
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The 5R’s of circular economy

L

This step involves recovering energy,
nutrients or other resources from waste,

such as through anaerobic digestion or

incineration.

For example, in waste management, this step
could involve converting food waste to biogas, or

burning waste to generate electricity.
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The 5R’s of circular economy

can lead to a reduction in the use of can lead to the collection,
products that generate waste such as processing, and manufacture of new
single-use plastics products from waste materials
° °
° °
° °

[
a)- N v
@ i i ot
RETHINK REDUCE REUSE RECYCLE RECOVER
° ° °
° ° °
° ° °
can lead to redesigning can lead to finding new ways to can lead to recovering
products to be more use or repurpose products and energy, nutrients or other
sustainable and easily materials, such as turning plastic resources from waste, such
disassembled and recycled bottles into clothing or converting as through anaerobic
waste food into compost digestion or incineration
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Circular economy in waste management

In the waste management industry, circular economy practices include:

i :

‘ Composting
involves breaking down organic

waste such as food scraps and
yard waste into nutrient-rich soil

o v
4
. Industrial symbiosis
Recycling involves the sharing of resources,
: : such as waste heat, between
involves the collection, different industries to increase
processing, and manufacture efficiency and reduce waste.
of new products from waste \ /
materials

L / 90/
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Circular economy in waste management

Additionally, circular economy practices in
waste management can also include
product design for disassembly and

recycling, as well as extended producer

Technology plays a crucial
role in supporting the
circular economy by
improving waste

responsibility, which makes the producer management practices

responsible for the entire life cycle of a
product and its disposal.

Overall, technology can play a key role in circular economy by
improving waste management practices through IloT,
automation, and big data analytics. These technologies can help
to optimize waste management operations, such as waste
tracking, optimization, and recycling, and ultimately lead to more
efficient and sustainable waste management practices
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Digitalization of waste management

Digital transformation in the waste management
sector can also help to foster the development

of circular economy by connecting waste

management companies, businesses, and

residents, encouraging them to work together to
achieve common goals, such as reducing waste
and increasing recycling. This can lead to more
sustainable and environmentally-friendly
practices and help to move towards a more

circular economy.




Unit 3: Circular Economy

‘ Quiz

How does the circular economy model differ from the traditional
linear economy model, and what are the main benefits of
transitioning to a circular economy?

Can you explain the 5 Rs of circular economy and give an example of
how they can be implemented in practice?

How can the principles of circular economy be applied to the waste
management sector to reduce waste and increase resource
efficiency?

In what ways can circular economy contribute to achieve sustainable
development goals?
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Unit 4: Digital Tools for Waste Management

What are digital tools?

Digital tools are a set of
technologies that allow for

the collection, storage, and
analysis of digital data. These tools
can be used to improve the
efficiency and effectiveness of
various industries, including &
waste management. Some |/
of the most commonly used

digital tools in waste

management include Geographic
Information Systems (GIS),
Global Positioning Systems
(GPS), digital mapping, and
digital twins.
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Unit 4: Digital Tools for Waste Management

‘ Benefits

By using digital tools such as GIS, GPS, digital mapping, and
V digital twins, waste management companies can optimize

collection routes, monitor waste levels in trash receptacles, and
analyze data on waste streams and patterns.

EF:L\:g:TEIIEV'AéSYEEND (This can help to reduce the amount of time and fuel needed for collection,
improve the efficiency of recycling and composting programs, and make
AUTOMATION OF better-informed decisions about how to manage waste)

BUSINESS PROCESSES

With the help of digital tools, companies can track and monitor V
their operations, and make sure they are adhering to regulations
and environmental standards.
IMPROVED
(This can help to build trust with customers, regulators, and the public) TRANSPARENCY
AND

ACCOUNTABILITY
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GIS

~

GIS, or Geographic Information Systems, is a technology that
combines spatial data and related information to analyze,
manage, and visualize geographic information. GIS
technology can be used to create digital maps and spatial
databases, as well as to analyze and model spatial data.

\

Geographic Information Systems (GIS) are digital tools that
allow for the collection, storage, and analysis of data related
to a specific location. In the waste management industry, GIS
can be used to track the location of waste collection trucks
and identify the most efficient routes for collection. GIS can
also be used to map and analyze the distribution of waste in
a specific area, helping companies to identify areas where
waste management resources may be needed most.
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GIS

Database

The core component of GIS is

the GIS database, which stores GIS technology also includes software
and manages spatial data, such tools and applications that can be
as digital maps and satellite used to create, edit, analyze, and
images. The GIS database can visualize the data stored in the GIS
also store and manage database. These tools include functions
non-spatial data, such as such as data input, data management,
demographic information, to be data analysis, and data output.

associated with the spatial data.
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GIS

One of the key strengths of GIS
is its ability to analyze spatial
data in a way that can reveal
patterns, trends, and
relationships that would not be
apparent from looking at the data
alone. This capability makes GIS
technology useful in a wide
range of fields, including urban
planning, environmental
management, transportation, and
emergency management.

’

Advanced Metering ~ SCADA 9 i
Infrastructure (AMI) ;\\ ' Automatic Vehicle
Location (AVL)

Line Patrol e

. Outage Management
& Pole Testing System (OMS)
Records
L P>
E_, [ Service Order
: / History
w

Mobile Maps \ / \
Customer Information
S \ System (CIS)

Workorder :
s Substation, Regulator,
History & Other Records
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GIS

https://www.youtube.com/watch?v=AGWbKVpOr\Wc

10%91



O

Unit 4: Digital Tools for Waste Management

GIS

N
DIGITAL MAPS | ¢ ) 5

GIS technology can also be used to create interactive digital maps
and 3D visualizations, which can be used to communicate and share
information with a wide range of audiences, including the general
public, stakeholders, and decision-makers.
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GIS

TRACKING

GIS can be used to predict where illegal dumping may occur, using
data on past incidents and demographic information. This allows for
proactive enforcement and cleanup efforts.

10%91
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GPS

rGlobal Positioning Systems (GPS) is a satellite-based navigation \
system that allow for the precise tracking of the location of a
specific object or vehicle. It uses a network of satellites, ground
control stations and GPS receivers to provide precise location

and time information. GPS is used for a variety of applications
\including navigation, surveying, mapping, and tracking. l N
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GPS

MONITORING

GPS can be used to monitor the performance of waste collection
vehicles and equipment, such as tracking the amount of fuel used
and identifying any issues with the vehicles.

I
HLALE
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GPS

TRACKING

GPS can be used to track the location of waste collection trucks in
real-time, helping companies to optimize routes and ensure that all
bins are being serviced in the most efficient way possible.

GPS can also be used to track the location of waste receptacles and

monitor their fill levels, helping companies to schedule collection and
disposal more efficiently
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Digital mapping

([;igital mapping is the process of creating, storing, and \
analyzing digital maps using GIS technology. The process
involves the collection, storage, and manipulation of spatial

data in a digital format. Digital maps can be used to represent

a wide range of information, including topography, land use,
\demographics, transportation networks, and more.

Digital mapping is a digital tool that allows for the creation
of interactive maps and visual representations of data. In
the waste management industry, digital mapping can be
used to create maps that show the location of waste
receptacles, collection routes, and recycling facilities.
These maps can be used to plan and optimize collection
routes, and to identify areas where more waste
management resources may be needed.
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Digital mapping

O 0o

P Py

One of the key components of digital mapping is the creation of a
spatial database, which is used to store and manage the digital
maps and related information. The spatial database can be used
to store both vector and raster data, and can be used to create

digital maps with a wide range of scales and levels of detail.

[ ]
[ )

10%91
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Digital mapping

DIGITAL MAPPING

Digital mapping can be used to create interactive maps of waste
management facilities, such as landfills and recycling plants. This
allows for easy navigation and visualization of the facilities for
employees, requlators, and the public.
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Digital twins

.

g

/Digital twins are digital tools that allow for the creation of virtual \
models of physical systems or processes. In the waste
management industry, digital twins can be used to create virtual
models of waste management facilities, such as recycling plants or
landfills. These models can be used to simulate different scenarios
@nd identify ways to improve efficiency and reduce costs. O

THE DIGITAL TWIN MODEL

_—
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Digital twins

WHAT IS
DIGITAL
TWIN?

https://www.youtube.com/watch?v=iVS-AuSipOQ
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Quiz

1. What is the main benefit of using digital tools in waste management?
A. Real-time monitoring of waste streams

B. Automating repetitive tasks

C. Improving decision-making process
D. All of the above

> @

3. How is GIS data typically stored?
A. In a spreadsheet

2. What is the main advantage of using GPS?
A. To provide location based services

B. To extract knowledge and insights from data
C. To automate physical tasks

@ B. Inadatabase

C. Inamap
D. In a graphic format
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O

Quiz

4. What is the main benefit of using GIS in waste management?

©Onwx

To map waste collection routes
To analyze waste data

To improve waste management operations
All of the above

5. What is a digital twin used for?
A. As a virtual representation of a physical object or system
to improve processes and optimize performance

B. As a digital assistant to help people with their daily tasks
C. As a virtual game character
D. As a digital replica of a building for architectural

visualization

6. What is digital mapping used for?

SN wx

As a tool for online shopping
As a tool for stock market analysis

Collecting, processing, and analyzing geographic data for navigation
As a social media platform. 114/
191
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What is loT?

The Internet of Things (loT) is a
technology that connects
everyday objects to the
internet, allowing them to
communicate with each other
and with a central system. This
technology can be used in a
variety of industries, including
waste management, to improve
efficiency, reduce costs, and

make better-informed decisions.

Unit 5: IoT in Waste Management

O

|OT IN SMART WASTE MANAGEMENT

Reduction in collection costs

IoT solution uses the data & selects routes for
waste collection trucks, leads to pickup which
doesn’t consider empty trash bins.

Transparency on waste situation

You can track how much waste are creating and
how fast it getting filled, types of containers used ,
its real-time weight etc

Increased efficiency over time

Data analytics can help assess trends to better plan
waste management processes like scheduling waste
pickup and the allocation of resources

Refining sorting and recycling

Enhanced with computer vision cameras for
object detection, robots have higher picking speed
and increased its capacity.

Automatic Categorization
& Segregation using Al

am or—
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Unit 5: IoT in Waste Management

Application in waste management

Bin level monitoring in Public areas
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Unit 5: IoT in Waste Management

‘Application in waste management

By using loT in waste
management, companies can
optimize logistics, reduce the
amount of waste that ends up

in landfills and improve the
recycling and composting
process.

Consumers disposing Storing and analyzing data

garbage into smart bins
A

Picks Up Trash from filled smart bins

Task of picking up trash

Authorities

These technologies can
greatly benefit the waste
management industry and
contribute to a more
sustainable and circular
economy.

assigned to truck with s 2
\ > are informed
shortest distance

After Grid Segmentation and

v Classification through gripper
attached with a camera module
programmed with raspberry pi,

the items/objects are
segregated to their designated

bins.
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Unit 5: IoT in Waste Management

Examples

SMART WASTE
COLLECTION SYSTEMS

These systems use sensors and GPS tracking to monitor the level of
waste in trash receptacles and alert waste management companies

when they need to be emptied. This can help to optimize collection
routes, reducing the amount of fuel used and decreasing the number
of pickups needed.

35%

12%91



Unit 5: IoT in Waste Management

Examples

SMART CITY INITIATIVES

These initiatives use technology to connect waste management
companies, businesses, and residents, encouraging them to work
together to achieve common goals, such as reducing waste and
increasing recycling. This can lead to more sustainable and
environmentally-friendly practices and help to move towards a more
circular economy.

CC BY-NC


https://creativecommons.org/licenses/by-nc/3.0/

Unit 5: IoT in Waste Management

Examples

SMART BINS

These bins are equipped with sensors that can detect when they are
full and send a signal to the central system, which then sends a

waste collection truck to empty the bin. This eliminates the need for
reqular, scheduled pickups and ensures that waste is collected only
when it is needed.

35%
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Unit 5: IoT in Waste Management

Examples

IOT-ENABLED WASTE
SEGREGATION SYSTEMS

These systems use sensors and cameras to automatically identify
and sort different types of waste, such as paper, plastic, and metal.
This can help to improve the efficiency of recycling and composting
programs, and reduce the amount of waste that ends up in landfills.

CC BY-NC
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Unit 5: loT in Waste Management @
Logistics optimization

How it contributes to logistics optimization...

~

loT (Internet of Things) technology enables the
real-time monitoring and control of waste collection,
transportation, and processing operations. This can
help to optimize the scheduling of waste collection and
transportation, reducing the number of empty trips and
improving the overall efficiency of logistics operations.

Overall, the Internet of Things (loT) can contribute to logistics
optimization in waste treatment by improving the way waste is
collected, transported, and processed. By connecting everyday

devices and machines to the internet, loT allows for better
communication, real-time monitoring, and more efficient logistics. This
can help to reduce the environmental impact of waste management
and create more sustainable and environmentally-friendly practices.

12%91
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Examples

N
RFIDTAGS | ¢ 5

RFID tags can be attached to waste containers to track their movement
and location, providing real-time information on the status of waste
collection and transportation. This can help to optimize the scheduling of
waste collection and transportation, reducing the number of empty trips
and improving the overall efficiency of logistics operations.

| Passive RFID tag sends: I |
2 * Pickup/Drop Off Location A \ @'
B * Last Location TRV
: * Date & Time /)) »

"" \

| N
) i $
¥ j\ g
)
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RFID tags

! On-line Bill

RFID (Radio-Frequency

ifi i S Passive TAGs fbr ga'rbage bags ¥
|dentification) tags are [‘|:$ 3

Geo-localization

small electronic devices

that use radio waves to — ) SISTEMA AMBIENTE s.p.a. R TR
. . RFID-ENABLED WASTE N
communicate with a COLLECTION PROCESS \

reader in order to identify
and track items. RFID
tags can be read from a
distance and can store a
large amount of data.

Custom RFID reader
System

RFID technology is used in a variety of applications including inventory
management, tracking of assets, supply chain management, and access control. 127/
91




Unit 5: IoT in Waste Management @

RFID tags

RFID tags are composed of a microchip
and an antenna, and they can be either
passive (which do not have a power
source) or active (which have a power
source).

The microchip in RFID tags stores and
processes information, while the antenna
is used to transmit and receive radio
signals to communicate with the reader.

Passive RFID tags are powered by the
energy from the reader's radio waves,
while active RFID tags have a battery and
can transmit signals at a greater distance.

12%91
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RFID tags

[
[
: D (2
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> |
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: GIS Client/User |
|
|
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RFID tags

L]
.

FFIFY Y

https://www.youtube.com/watch?v=z6v67BacVvy4
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Unit 5: IoT in Waste Management

Examples

SHARING INFORMATION

by connecting everyday objects, such as waste bins, to the internet,
loT allows them to communicate with each other and with a central
system. This can help to optimize logistics and make the waste
collection process more efficient.



https://creativecommons.org/licenses/by-nc/3.0/

Unit 5: IoT in Waste Management @

Examples

SENSORS

Sensors can be used to monitor the fill levels of waste containers,
allowing for the efficient scheduling of waste collection and
transportation. This can help to reduce the number of unnecessary
trips and improve the overall efficiency of logistics operations.

ce s 1 3% 91
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Unit 5: IoT in Waste Management @

Examples

N
MONITORING | ¢ 5

loT can also be used to monitor and control the processing of waste,
allowing for more efficient and sustainable operations.

For example, sensors can be
used to monitor the temperature
and humidity in waste processing
facilities, allowing for the
optimization of conditions for the
breakdown of organic waste.

Ad(ditionally, loT-enabled devices
such as robotic arms can be used for
sorting and processing waste,
increasing efficiency and reducing
labor costs.

13%91



Unit 5: IoT in Waste Management

Quiz

1. What is the main benefit of using loT in waste management?
Real-time monitoring of waste streams

Automating repetitive tasks

Improving decision-making process

Cost reduction

O

©Onwx

2. What is the main purpose of using RFID tags in waste
management operations?

To monitor the weight of waste in collection containers

To improve the efficiency of waste sorting and recycling
To track and trace the movement of waste

To increase transparency and accountability in waste
management

©Onwx

3. How can data analytics be used to improve the efficiency of waste collection and
transportation in the waste management sector?
A. By analyzing data on waste levels in collection containers
@l B. By identifying patterns in the data on collection and transportation routes
C. By using predictive analytics to forecast waste generation
D. All of the above 134/
191
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Unit 6: Data analytics for Waste Management

Data analytics

Data analytics for waste management refers to
the use of data and analytics to make

better-informed decisions about how to

manage waste. This includes collecting and
analyzing data on waste streams and patterns,
identifying trends and patterns in waste
management, and using this information to

optimize waste management practices and

reduce costs.

13%91



Unit 6: Data analytics for Waste Management

Data analytics

—
The simplest form of data analytics is statistical °
analysis. This category of data analytics
involves the use of statistical methods and
tools to analyze data and make predictions.
This can include techniques such as regression
analysis, time series analysis, and hypothesis
testing. By using these techniques, waste l
management operations can optimize their
collection and transportation routes by
identifying patterns and trends in the data that
can inform decision-making.

CC BY-NC

\
...Other categories of data

analytics are machine learning

a/gor/'thms, Spatial analysis big
data analysis etc.
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Unit 6: Data analytics for Waste Management @

Examples

SENSORS DATA

use of sensor data to track the fill levels of trash receptacles. By
analyzing this data, companies can optimize collection routes and
reduce the number of pickups needed. This can help to reduce costs
and improve the efficiency of waste collection.

14%91
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Examples

PATERNS

use of data analytics to identify patterns in waste streams. By
analyzing data on the types of materials found in waste, companies
can identify which materials are most commonly found in waste and

develop strategies for recycling or composting these materials.

14%91
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Unit 6: Data analytics for Waste Management

‘ Benefits

Data analytics can help companies better understand the types of
waste they are dealing with and how to most effectively manage
V it. By analyzing data on waste streams and patterns, companies

can identify which materials are most commonly found in waste,
and develop strategies for reducing, reusing, or recycling these
materials.

INCREASED

EFFICIENCY AND (This can lead to more efficient and cost-effective solutions for dealing with

REDUCED COST waste, such as recycling and composting programs)
With the help of data analytics, companies can track and monitor V
their operations, and make sure they are adhering to regulations
and environmental standards.
IMPROVED
(This can help to build trust with customers, regulators, and the public) TRANSPARENCY
AND

ACCOUNTABILITY

14%91



Unit 6: Data analytics for Waste Management

Quiz

1. What is the main objective of data analysis?
To extract knowledge and insights from data
To automate physical tasks

To make decisions based on data

To process natural language

O

©Onwx

2. What is the main goal of statistical analysis in data
analytics?

To make predictions

To identify patterns and trends in the data

To generate random numbers

To automate physical tasks

©Onwx

3. How can data analytics be used to improve the efficiency of waste collection and
transportation in the waste management sector?

A. By analyzing data on waste levels in collection containers

@l B. By identifying patterns in the data on collection and transportation routes

C. By using predictive analytics to forecast waste generation
D. All of the above

14%91
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Unit 7: Robotics in Waste Management

Robotics in waste management

Robotics in waste management refers to the

use of robots and automation technology

to improve and modernize the way waste is —

collected, processed, and disposed of.

These robots can be used for a variety of
tasks, including sorting, picking, and even

cleaning up waste.

14%91



Unit 7: Robotics in Waste Management

Robotics

—
Robotics in waste management are a powerful
tool that can help to improve and modernize
the way waste is collected, processed, and
disposed of. By automating repetitive and
dangerous tasks, such as sorting and cleaning
up waste, robotics can help to reduce costs,
improve efficiency, and increase safety.
Additionally, robotics can help to reduce the
environmental impact of waste management by
increasing the amount of waste that is recycled
or composted.

14%91



Unit 7: Robotics in Waste Management @

Examples

ROBOTIC ARMS

use of robotic arms and grippers to sort and separate different types

of waste. These robots can be programmed to identify different
materials, such as paper, plastic, and metal, and sort them into
different categories.
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Unit 7: Robotics in Waste Management

Examples

ROBOTS FOR CLEANING

Another application of robotics in waste management is the use of
robots for cleaning up waste in public areas. These robots can be
programmed to navigate around obstacles and pick up trash, helping
to keep public spaces clean and tidy.

O
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Unit 7: Robotics in Waste Management

‘ Benefits

V Robotics have the ability to work 24/7, with minimal breaks,
improving the speed of the waste collection process. Thus, they
can also help to reduce the environmental impact of waste
INCREASED management by increasing the amount of waste that is recycled

EFFICIENCYAND  Or composted.
REDUCED COST

Robotics can help to automate repetitive and dangerous tasks, V
such as sorting and cleaning up waste, reducing the need for
human labor and minimizing the risk of injuries.

INCREASED SAFETY

15%91
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Robotics in waste management
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Unit 7: Robotics in Waste Management

Quiz

1. What is the primary difference between artificial intelligence (Al) and robotics?
Al is focused on software and robotics is focused on hardware
Al is focused on decision making and robotics is focused on physical movements

Al is focused on natural language processing and robotics is focused on image processing
Al is focused on perception and robotics is focused on action

> e

O

©Onwx

2. What is the main objective of Robotics?
To automate physical tasks

To make decisions based on data

To process natural language

To perform image recognition

©Onwx

3. What is the primary use of robotic arms in waste management operations?
A. To sort recyclable materials from non-recyclable materials
Bl B. To transport waste to landfills
C. To operate heavy machinery

15%91
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Unit 8: Al in Waste Management

Artificial Intelligence

Artificial intelligence (Al) is a technology that
allows computers to perform tasks that

would normally require human intelligence,

such as recognizing patterns and making
decisions. In the waste management industry,
Al can be used to improve efficiency, reduce
costs, and make better-informed decisions

about how to manage waste.

15%91
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Artificial Intelligence

—

In conclusion, Al technology can play a
significant role in waste management,
making the process more efficient,
cost-effective, and sustainable. Al-powered
machines can sort and recycle waste,
optimize collection routes, and monitor
waste management operations. These
technologies can greatly benefit the waste
management industry and contribute to a
more circular economy.

15%91
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Unit 8: Al in Waste Management

Artificial Intelligence

There are several categories of Al:

Advanced algorithms and machine learning: This category of Al
involves the use of algorithms and mathematical models to simulate
human intelligence and learning. Machine learning algorithms can be
supervised, unsupervised, or semi-supervised, and can be used for tasks
such as prediction, classification, and clustering.

~

. Natural language processing: This category of Al involves the
ability of machines to understand, interpret, and generate human
language. It includes techniques such as sentiment analysis,
language translation, and text summarization.

. Image recognition technology: This category of Al is
focused on the ability of machines to recognize and
Lo understand images. It includes techniques such as object
detection, facial recognition, and image classification.

15%91



Unit 8: Al in Waste Management

Artificial Intelligence

There are several categories of Al:

Deep learning: This category of Al is a subfield of machine learning that
is focused on the use of deep neural networks to process and analyze
large amounts of data. This technology is often used for tasks such as
image and speech recognition.

Reinforcement learning: This category of Al is a subfield of
machine learning that is focused on the training of agents to
make decisions in an environment by performing certain actions
and receiving rewards or penalties.

Robotics: This category of Al is focused on the ability of
machines to perform physical tasks. Robotics can be
used for applications such as manufacturing,
transportation, and healthcare.

O
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Unit 8: Al in Waste Management

Examples

WASTE SORTING AND
RECYCLING

Al-powered machines can be used to identify and sort different types

of waste, such as paper, plastic, and metal. This can help to improve

the efficiency of recycling and composting programs, and reduce the
amount of waste that ends up in landfills.

: g m
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Examples

LOGISTICS AND ROUTE
OPTIMIZATION

Al-powered systems can be used to optimize collection routes and
reduce the number of pickups needed. This can help to reduce costs
and improve the efficiency of waste collection.

FROM THIS TO THIS
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Unit 8: Al in Waste Management @

Examples

SORT AND RECYCLE WASTE L(}\S

These machines use cameras and sensors to identify different types
of waste, such as paper, plastic, and metal, and sort them into
separate bins. This can help to improve the efficiency of recycling and
composting programs and reduce the amount of waste that ends up
in landfills.

16%91
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Unit 8: Al in Waste Management

‘ Benefits

v/

REDUCED COSTS composting programs.

By using Al-powered machines to identify and sort different types
of waste, companies can reduce the amount of waste that ends
up in landfills and improve the efficiency of recycling and

With the help of Al-powered systems, companies can track and V
monitor their operations, and make sure they are adhering to
regulations and environmental standards. This can help to build
trust with customers, regulators, and the public. IMPROVE
TRANSPARENCY
AND

ACCOUNTABILITY

16%91
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Unit 8: Al in Waste Management

Group work

* Divide into groups of 4-5

* Make a research on applications of Al in waste

Research management

* Develop one case study based on the
following questions

Case study

* Present your case study
in 3-5 minutes
165
%91
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Unit 8: Al in Waste Management

‘ Group work

1. What is the problem?

2. How can Al be applied in waste management?

3. Which tools and devices will be used?

4. What are the objectives of the solution?

5. What are the benefits of Al in waste management?

))

16%91
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Unit 9: Cloud Computing in Waste Management

Cloud computing

Cloud computing is a technology that allows

companies to store and access data and

software over the internet, rather than on
their own servers. Cloud computing allows
for remote access to data and software,
on-demand scalability, and cost-efficient

storage and computing power.

17%91
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Unit 9: Cloud Computing in Waste Management

Cloud computing

In conclusion, cloud computing is a technology that can

be used to improve efficiency and reduce costs in the

waste management industry. By storing data and software E
on the cloud, companies can access and analyze data
from anywhere, at any time. This can help to improve the
efficiency of waste management operations and reduce
costs. Additionally, it can help companies to have a better
control of their data and software, and avoid losing them
in case of any physical damage to the servers. Cloud

computing can be a valuable tool for waste management gﬂ < E |
companies to enhance their performance and support a -
more sustainable and circular economy.

17%91
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Unit 9: Cloud Computing in Waste Management @

Examples

N
DATA STORAGE AND ANALYSIS L’ 5

By storing data on the cloud, waste management companies can
access and analyze data from anywhere, at any time. This can help
to improve efficiency and reduce costs by allowing companies to
better understand the types of waste they are dealing with and how to
most effectively manage it.

17%91
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Examples

CLOUD-BASED SOFTWARE L{\ 5

By using cloud-based software, waste management companies can
access and use software from anywhere, at any time. This can help
fo improve efficiency and reduce costs by allowing companies to
manage their operations and make better-informed decisions about
how to manage waste.

17%91
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Examples

Cloud storage

Smart Waste bin
Waste Resource Waste management
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Examples

Administrative servers

\X

Receive updated data

Notify collection

‘ http:// vompaY = Send recycled e-waste data
= ¢e—— \|obile app

Cloua:%ase D
1

Send container level data

Send collection
-R truck

—_— —_— o Guide users to nearest
‘: ‘: ‘: collection box

Smart e-waste collection box A Smart e-waste collection box B Smart e-waste collectionbox C
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‘ Benefits

By using cloud-based software, companies can reduce the need
for expensive hardware and software. This can help to reduce
costs and improve the efficiency of waste management

REDUCED COSTS operations.

v/

By storing data and software on the cloud, companies can access V
and analyze data from anywhere, at any time. This can help to
improve the efficiency of waste management operations and
reduce costs. IMPROVED
EFFICIENCY

17%91




Unit 9: Cloud Computing in Waste Management
Quiz

1. How can cloud computing be used to improve collaboration between waste
management operators, regulators, and the public?

A. By providing real-time data on waste collection and transportation routes
B. By automating administrative processes

C. By creating a centralized database of waste management information
D. All of the above

O

2. How is the Internet of Things (loT) related to cloud
computing?
A. loT devices collect data and cloud computing stores and
processes it

loT devices and cloud computing are not related
C. loT devices create cloud computing infrastructure

o

3. What is a cloud-based software?
Software that runs on remote servers accessed via the internet
Software that runs on local servers or personal computers

Software that is only accessible to specific users or organizations
Software that is only available for purchase
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Unit 10: Key Takeaways

Key takeaways

The digital revolution in the waste
management sector can lead to a
significant increase in efficiency and
cost savings.

Advanced digitalization has allowed
for more accurate tracking and
monitoring of waste streams, leading
to a more effective and sustainable
waste management system.
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Unit 10: Key Takeaways

Key takeaways

The use of digital tools and
technologies, such as loT and big data
analytics, can help facilitate the shift
towards a circular economy by
allowing for more efficient resource
recovery and recycling.

The integration of Al, robotics, and
cloud computing in waste
management can help automate
processes and improve
decision-making, leading to further
efficiency and cost savings.
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Unit 10: Key Takeaways

Challenges

Limited public
engagement and
education

Lack of access to
technology

Limited workforce
training and Resistance to change
development

Limited funding and
resources for research
and development of
digital solutions

Concerns around data
privacy and security

Maintaining and Limited interoperability
updating technology and scalability
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Unit 10: Key Takeaways

Final Quiz (1/3)

O

1. Which technology would be best to use for monitoring and optimizing waste
collection routes in the waste management sector?

A. Artificial Intelligence (Al)
B. Robotics

C. Internet of Things (loT)
D. Cloud Computing

2. Which technology can be used to optimize the

D.

QNP

sorting of recyclable materials from non-recyclable
materials in the waste management sector?
Artificial Intelligence (Al)

Robotics

Cloud Computing
Geographic Information Systems (GIS)

3. Which technology can be used to track waste from collection to final disposal in the

waste management sector?
A. Artificial Intelligence (Al)

B B. Robotics

C. Internet of Things (loT)

D. Global Positioning Systems (GPS)
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Unit 10: Key Takeaways

Final Quiz (1/3)

O

1. Which technology can be used to improve communication and collaboration
between waste management operators, regulators, and the public?

A. Artificial Intelligence (Al)
B. Robotics

C. Internet of Things (loT)
D. Advanced Digitalization

5. Which technology can be used to improve the

D.

QNP

efficiency and effectiveness of waste management
operations in the waste management sector?
Artificial Intelligence (Al)

Robotics

Internet of Things (loT)

All of the above

6. Which technology can be used to analyze and map waste levels and collection
routes in the waste management sector?

A. Artificial Intelligence (Al)

B B. Robotics

C. Geographic Information Systems (GIS)

D. Global Positioning Systems (GPS)
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Unit 10: Key Takeaways

Final Quiz (2/3)

Answer in 1 paragraph the following questions:

1. How can digital technologies be used to improve the efficiency and
effectiveness of waste management operations?

2. How can digital technologies be used to reduce the environmental
impact of waste management?

3. How can digital technologies be used to increase transparency and
accountability in waste management?

4. How can digital technologies be used to monitor and optimize waste
collection and transport?

5. What are the main challenges of implementing digital technologies
in waste management?
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Group work (3/3)

* Divide into groups of 10

* Read the project assignment

SCECEI(e sl - Do a research, develop the plan and
cla[oMeICIe=I(cl  Prepare a short presentation

* Present your project in

10 minutes
188
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Unit 10: Key Takeaways @

‘ Group work (3/3)

Create a waste management plan for a city that utilizes digital
technologies such as loT, Data Analytics, Al, Robotics and Cloud
computing to improve the efficiency, effectiveness, and sustainability of
waste management operations.

Your presentation should include a description of the digital
technologies that will be used, how they will be used, how they will be
connected, what is the objective and the problem that needs to be
solved.
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