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FOREWORD

We are living in a period marked by environmental and economic challenges unprecedented
in  scale.  Climate  change,  resource  scarcity,  and  rising  consumption  patterns  demand  new
ways to organize production and consumption systems. In this context, the circular economy
has  emerged  as  a  transformative  framework  that  reconciles  economic  development  with
environmental  responsibility.  This  volume,  Circular  Economy:  Business,  Technology  and
Policy – Part 1, arrives at a particularly important moment, as organizations and industries
increasingly seek viable pathways toward sustainable and resilient economic systems.

For  more  than  a  century,  industrial  development  has  largely  followed  a  linear
“take–make–dispose”  model.  While  this  approach  has  delivered  remarkable  economic
growth, it has also resulted in significant resource depletion and environmental degradation.
The  circular  economy  proposes  an  alternative  paradigm  in  which  economic  activity  is
designed to regenerate natural systems, keep materials in continuous use, and minimize waste
through innovation in design, production, and logistics.

What makes this volume especially valuable is its focus on the technological and operational
foundations that enable circularity in practice. The chapters bring together interdisciplinary
insights that highlight how digital technologies, advanced analytics, and innovative business
models are reshaping industrial systems. Topics such as closed-loop supply chains, circular
manufacturing  practices,  artificial  intelligence  applications,  and  technology  roadmaps
illustrate  how  emerging  tools  can  support  the  transition  from  linear  to  circular  systems.

The  contributors  also  explore  the  financial  and  strategic  dimensions  necessary  to  support
circular innovation. Discussions on circular economy financing, investment mechanisms, and
digital data ecosystems deepen understanding of how businesses and institutions can mobilize
resources to support sustainable transformation. In doing so, the volume demonstrates that
circularity is not merely an environmental aspiration but a practical framework for enhancing
efficiency, competitiveness, and long-term value creation.

This  collection  will  be  of  great  interest  to  business  leaders,  technology  specialists,  and
researchers seeking to understand the operational realities of implementing circular economy
principles.  By  combining  theoretical  insights  with  practical  perspectives,  the  chapters
collectively illuminate how technological advancement and strategic management can drive
meaningful change in contemporary economic systems.

I encourage readers to approach this volume not only as a scholarly contribution but also as a
source  of  ideas  and  inspiration  for  innovation.  The  transition  toward  circular  economic
systems will require creativity, collaboration, and technological advancement. The insights
presented  in  these  chapters  offer  valuable  guidance  for  those  seeking  to  build  more
sustainable  and  resilient  industrial  systems.

Vijaya Rama Raju
Andhra University Waltair

Visakhapatnam, Andhra Pradesh
India
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PREFACE

The concept of a Circular Economy (CE) is rapidly reshaping how businesses, policymakers,
and technologists  approach sustainability  and economic growth.  Businesses  must  abandon
traditional  linear  models  of  “take,  make,  and  dispose.”  The  circular  economy  emphasizes
resource efficiency, waste reduction, and regenerative systems. This book, Circular Economy:
Business, Technology, and Policy, provides a comprehensive exploration of CE principles,
implementation strategies, and their impact across industries.

This  collection  of  research  and  case  studies  brings  together  leading  experts  from  diverse
fields,  offering  insights  into  consumer  engagement,  reverse  logistics,  manufacturing
transformations,  sustainable  finance,  AI-driven  solutions,  and  regulatory  frameworks.  The
chapters  bridge  theoretical  discussions  with  practical  applications.  The  book  as  a  whole
highlights  how  organizations  can  transition  toward  circularity  without  compromising
economic  viability  or  technological  innovation.

Each  chapter  addresses  important  dimensions  of  circularity,  including  reverse  logistics,
circular manufacturing, digital technologies, artificial intelligence, financing mechanisms, and
technology  roadmaps  for  sustainable  industrial  systems.  Special  attention  is  given  to
emerging business models, digital technologies, and financing strategies that support circular
industrial systems.

Considering  the  pressing  challenges  of  climate  change,  resource  scarcity,  and  economic
resilience,  this  book  will  be  valuable  for  academics,  policymakers,  and  industry  leaders
committed to a sustainable future.

Vijaya Kittu Manda
Perspectives on Business Management, Economics

& Information Technology (PBMEIT)
Visakhapatnam, Andhra Pradesh

India

Theodore Tarnanidis
International Hellenic University

Thermi, Thessaloniki
Greece

&

Vivek Gupta
Indian Institute of Management Lucknow (IIM)

Lucknow, Tamil Nadu
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CHAPTER 1

Beyond  Delivery:  Creating  a  Closed-Loop  System
in E-commerce Reverse Logistics
Hajay Satheesh1 and M Vijayakumar1,*

1  Faculty  of  Management,  SRM  Institute  of  Science  and  Technology,  Vadapalani  Campus,
Chennai,  Tamil  Nadu,  India

Abstract: The online market is very dynamic; therefore, efficient e-commerce logistics
becomes  necessary  for  delivering  orders  on  time  and  laying  down  processes  that
uphold  environmental  conservation  through  closed-loop  systems.  This  new
methodology  takes  care  of  the  contemporary  concerns  about  consumer  demand  for
superfast  and  green  services,  which  help  to  cut  waste  while  at  the  same  time
streamlining  activities.  This  paper  seeks  to  explore  the  details  involved  in
implementing closed-loop systems in e-commerce logistics, their elements, advantages,
and challenges, with particular emphasis on key approaches to implementation based
on practical examples. The conversation will look into future outcomes like technology
advancements  and  changing  regulations.  In  this  article,  we  intend  to  present  a
comprehensive  outlook  that  could  help  businesses  embrace  sustainable  practices  in
logistics  operations,  stressing  the  importance  of  closed-loop  systems  by  presenting
environmental, economic, and customer loyalty aspects.

Keywords:  Closed-loop  system,  E-commerce  logistics,  Environmental,
Forwarded  and  reverse  flow,  Product  returns,  Recovery,  Recycling,  Re-
manufacturing,  Reverse  logistics.

INTRODUCTION

In the rapidly expanding world of online marketplaces, the value of a successful
e-commerce strategy cannot be overstated. This effort is crucial for faster delivery
and  enhancing  environmental  sustainability  through  technologies  like  closed
systems. As customer demand for ecologically friendly products grows, there is a
greater  need  to  implement  closed  systems.  Closed-loop  e-commerce  logistics
responds to increased environmental needs and boosts recycling, rooted in early
frameworks like those by Daniel et al., (2002) (Guide et al., 2002). This approach
improves  access  while  dramatically  decreasing  waste,  resulting  in  more
sustainable  e-commerce.  This  is  a  key  step  towards  increasing  productivity.

*  Corresponding  author  M  Vijayakumar:  Faculty  of  Management,  SRM  Institute  of  Science  and  Technology,
Vadapalani Campus, Chennai, Tamil Nadu, India; E-mail: vijayakm1@srmist.edu.in

Theodore Tarnanidis, Vijaya Kittu Manda, Vivek Gupta (Eds.)
All rights reserved-© 2026 Bentham Science Publishers

mailto:vijayakm1@srmist.edu.in
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Companies face many hurdles,  including early setup costs,  complicated system
integration, and regulatory compliance. However, the long-term benefits—such as
lower  environmental  impact,  financial  savings,  and  increased  brand
reputation—make  it  worth  the  effort.  This  article  examines  the  procedures,
benefits,  and  challenges  that  businesses  experience  while  implementing  closed
systems for e-commerce logistics. It will also review the tools utilised and offer
further  information  on  how  this  sustainable  strategy  is  implemented.  By
evaluating these factors, organisations may better understand the value of closed
logistics and how to successfully use this system to meet sustainability objectives
and better understand consumer demands.

Closed-loop System in E-commerce Logistics

A closed-loop system in e-commerce logistics involves reusing production waste
to create new products, a sustainable practice that helps preserve resources and
save  energy  (Wang,  2023).  This  approach  is  characterized  by  waste-reduction
strategies and optimal use of available resources, enabling manufacturers to utilize
end-of-life  products  effectively  and  eliminate  waste.  Closed-loop  systems  are
integral in modern e-commerce logistics, as they contribute to the environmental
(Fig. 1) (Simonetto, 2022).

Fig. (1).  Closed-loop supply chains scheme with associated risks (Simonetto, 2022).

Capabilities  required  to  implement  such  technologies.  Likewise,  controlling
overproduction, improving quality control, and introducing sustainable production
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and transportation can be achieved through the usage of IOT, cloud computing,
additive manufacturing, industrial robots, artificial intelligence, and digital twins
(Chen & Xintong, 2021).

LITERATURE REVIEW

The  literature  review  in  the  article  “A  Multiobjective  Optimization  Model  for
Sustainable Reverse Logistics in Indian E-Commerce Market” by Dutta et al. is
structured into three main areas: Reverse Logistics (RL) in the supply chain, RL
specific to e-commerce, and the integration of sustainability and multiple goals in
RL networks.

The Role of Reverse Logistics in Supply Chain

Reverse logistics, a crucial component of supply chain management, deals with
the  backward  flow  of  goods  from  the  consumer  back  to  the  origin  for  reuse,
recycling,  or  disposal.  The  literature  highlights  the  evolution  of  RL  models,
starting with basic systems focused on the logistics of returns to more complex
models  integrating  advanced  technologies  and  optimization  techniques.  Key
studies  like  Fleischmann  et  al.  (1997),  who  categorized  RL systems  into  reuse
motivations,  types  of  recovered  items,  and  the  forms  of  reuse,  offering
foundational  insights  into  RL  system  improvements,  while  Shekarian  (2020)
synthesized  critical  factors  influencing  the  design  and  performance  of  these
models (Shekarian, 2020). Lee and Chan (2009) introduced optimization models
using  RFID  technology,  enhancing  efficiency  in  product  returns.  Diabat  et  al.
(2013)  and  Godichaud  and  Amodeo  (2015)  further  advanced  RL  models  by
integrating  multi-echelon  designs  and  inventory  control  policies,  respectively,
demonstrating the practical implications of RL in reducing costs and improving
efficiency.

The Role of Reverse Logistics in E-Commerce

The specific challenges of RL in the e-commerce sector are addressed by several
studies, focusing on the complexities introduced by online retailing. The literature
indicates that e-commerce requires tailored RL strategies due to the high volume
of returns and the need for efficient returns management systems. With the studies
from Dekker et al. (2002), the RL challenges in e-commerce are particularly the
need for efficient collection and recovery processes. Yan et al. (2012) and Guo et
al. (2017) developed models for RL network design in e-commerce, emphasizing
cost  minimization  and  efficiency  in  logistics  for  online  retail,  with  specific
applications  in  apparel  e-commerce  enterprises.
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CHAPTER 2

Circular Economy in Manufacturing Industries
Vedant Prakash1,*, Ojaswita Pragya1 and Amarnath Gupta1

1 Sri Balaji University Pune (SBUP), Pune, Maharashtra, India

Abstract: The global manufacturing sector is undergoing a paradigm shift, prompted
by environmental degradation, resource scarcity, and increasing regulatory pressures.
The  Circular  Economy (CE)  framework  presents  a  strategic  solution  by  decoupling
industrial growth from material consumption and environmental impact. This chapter
explores the application of CE in manufacturing, outlining its theoretical foundations,
guiding principles, and operational strategies. It synthesizes case-based evidence from
sectors such as automotive, electronics, and chemicals, while emphasizing the role of
emerging  technologies  like  AI,  IoT,  and  blockchain  in  facilitating  circularity.
Additionally, the chapter examines policy enablers, barriers to adoption, and sector-
specific  pathways.  It  concludes  with  actionable  recommendations  and  a  forward-
looking outlook for sustainable manufacturing in advanced and emerging economies.

Keywords:  Artificial  intelligence,  Big  data,  Blockchain,  Circular  economy,
Closed-loop supply chain, Cost reduction, Digital transformation, Environmental
sustainability,  Internet  of  things,  Lifecycle  extension,  Manufacturing  industry,
Operational  efficiency,  Product  remanufacturing,  Real-time  monitoring,
Recyclability, Resource optimization, Reverse logistics, Sustainable production,
Traceability, Waste minimization.

INTRODUCTION

Over the past decades, world manufacturing has been based on a linear paradigm
involving extracting raw materials, production, consumption, and disposal. While
economically  thriving,  this  “take-make-dispose”  pattern  has  created  enormous
environmental  issues,  ranging  from  biodiversity  loss,  overgreenhouse  gas
emissions,  to  the  consumption  of  finite  natural  resources.  As  reported  by  the
Global  Resources Outlook,  material  extraction has increased threefold over  the
past 50 years and will reach 190 billion tonnes by 2060 if things go as they are
(UNEP, 2019).

* Corresponding author Vedant Prakash: Sri Balaji University Pune (SBUP), Pune, Maharashtra, India;
E-mail: prakashvedant25@gmail.com
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Production sectors  must  reorganize  their  operations  with  growing climate  risks
and resource pressure. The Circular Economy (CE) offers a systemic alternative.
Contrary to viewing waste as an inevitable by-product, CE favors perpetual value
retention  by  the  product  through  enhancing  longevity,  repairing,  reusing,
recycling, and regenerating it, respectively (Ellen MacArthur Foundation, 2013).
Closed-loop systems are the target where materials continue to flow indefinitely
without ending up in the waste stream.

This  chapter  examines  the  effective  implementation  of  CE  principles  in  the
manufacturing sector. It distinguishes the conceptual underpinnings of circularity,
strategic  delivery  frameworks,  and  business  case  examples  from  leading
industries. It also analyzes the enabling role of new-age technologies, identifies
obstacles and policy levers, and traces future research and practice directions.

THEORETICAL  FOUNDATIONS  OF  CIRCULAR  ECONOMY  IN
MANUFACTURING

The circular economy is based on a cluster of interrelated theoretical frameworks
that  guide  industrial  design,  manufacturing,  and  waste  management  towards
sustainability.

THE 3RS: REDUCE, REUSE, RECYCLE

The  3Rs  Reduce,  Reuse,  Recycle  is  the  most  ancient  and  widely  recognized
system.  Such  guidelines  encourage  minimizing  raw  material  usage  (reduce),
optimizing  product  use  (reuse),  and  material  recovery  at  end-of-life  (recycle)
(European  Commission,  2020).  Together,  they  form  the  foundation  of  circular
manufacturing’s efficiency in using resources and minimizing waste.

SYSTEMS THINKING AND INDUSTRIAL ECOLOGY

CE requires systems thinking understanding manufacturing not as separate steps,
but  as  part  of  a  greater  socio-technical  and  environmental  system.  Industrial
ecology  goes  one  step  ahead  of  this  idea  by  designing  manufacturing  systems
following the model of natural ecosystems, where the product from one process
becomes  input  for  another  (Erkman,  1997).  The  idea  is  to  design  closed-loop
production systems that optimize resource flow and energy use.

LIFE CYCLE ASSESSMENT (LCA)

A Life Cycle Assessment (LCA) is a tool to evaluate the environmental impact of
a product or process from birth until death. In circular production, LCA informs
material,  energy use,  emission, and disposal choices by revealing sustainability
hotspots in the value chain (Finnveden et al., 2009).
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CRADLE-TO-GRAVE AND REGENERATIVE DESIGN

Cradle-to-cradle  design  foresees  yet  another  loop  a  never-ending  one  of  all
biological  or  technical  products.  Products  have  to  degrade  innocuously  or  be
remanufactured  without  loss  of  quality.  This  regenerative  philosophy  starkly
contrasts  with  the  cradle-to-grave  practices,  with  consumers  disposing  of  them
(Braungart et al., 2007).

Such concepts together bring about a transition from degenerative to regenerative
manufacturing paradigms and form the intellectual pillar of CE as executed.

PRINCIPLES AND STRATEGIES FOR CIRCULAR MANUFACTURING

Implementing  the  circular  economy  as  a  manufacturing  success  depends  upon
combining  core  principles  with  sectoral  operational  strategies.  Although  CE
principles  provide  the  ideological  push  regeneration,  closed  loops,  and  value
retention  strategies  translate  these  into  business  models  and  technological
innovations  that  can  be  implemented.

This  section  synthesizes  previous  disconnected  analyses  of  CE  principles  and
manufacturing strategy in a comprehensive, academically structured account.

DESIGN FOR LONGEVITY, MODULARITY, AND REPARABILITY

One of the fundamental principles of circular manufacturing is to design products
to be more durable, repairable, and upgradable in terms of their components. This
reduces  replacement  requirements  and  slows  the  flow  of  material  into  waste
streams.

Fairphone, a Dutch phone manufacturer, is the best example of this principle with
their offering of phones built using modular pieces users can change or replace
components  like  batteries  and  cameras  without  any  technical  assistance.  This
increases  product  longevity,  minimizes  electronic  waste,  and  promotes  user
engagement  in  sustainability  (Fairphone,  2022).

Similarly, IKEA has introduced design-for-disassembly in specific furniture lines
that facilitate the disassembling of parts and reuse or recycling at the end-of-life.
The company also follows a circular product design principle regarding material
choice, modularity, and durability for a lifetime (IKEA, 2023).

Repairability  scores  have  been  mandated  in  certain  jurisdictions  for  consumer
electronics, such as France’s Repairability Index, which assigns scores to products
on  the  ease  of  taking  apart,  accessibility  of  spares,  and  cost-effectiveness  of
repairs  (French  Ministry  of  Ecological  Transition,  2020)  .
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CHAPTER 3

From  Waste  to  Workforce:  Circular  Economy
Initiatives  for  Decent  Work  and  Sustainable
Development  Across  Industry  and Agriculture
C Reshma1, Aruna Polisetty1,* and Ganesh Dash2

1 VIT Business School, VIT University, Vellore, Tamil Nadu, India
2 College of Administrative and Financial Sciences, Saudi Electronic University, Riyadh, Saudi
Arabia

Abstract: The shift to a circular economy presents a unique opportunity to reshape HR
strategies to promote decent work and sustainable development. This paper investigates
how transitioning from a linear to a circular economy model drives innovation in HR
by  facilitating  job  creation,  improving  working  conditions,  and  fostering  skill
development across diverse industries. By embracing circular principles, organizations
can  enhance  workforce  engagement,  develop  sustainable  business  models,  and
contribute  to  the  achievement  of  the  Sustainable  Development  Goals  (SDGs),
particularly those related to decent work. This research highlights the limitations of the
traditional linear economy and underscores the strategic role of HR in facilitating the
implementation  of  the  circular  economy.  Using  examples  such  as  IKEA’s  circular
business  practices  and  the  innovative  use  of  biochar  production  from  rice  straw  in
South India, the paper demonstrates how integrating Circular Economy (CE) principles
supports economic growth while addressing environmental issues. It highlights CE as a
promising  path  toward  equitable  and  inclusive  labour  practices,  emphasizing  the
critical  need  for  collaboration  among  policymakers,  industries,  and  communities  to
fully harness its benefits for both the environment and the workforce.

Keywords:  Agricultural  sustainability,  Biochar  production,  Circular  economy
(CE),  Decent  work,  Employment  opportunities,  Green  jobs,  IKEA,  Linear
economy, Policymakers’ collaboration, Resource efficiency, Skill development,
Sustainable  development  goals  (SDGs),  Sustainable  development,  Workplace
innovation.

INTRODUCTION

The Circular Economy (CE) is characterized by a range of specific actions and
practices  aimed at  promoting  sustainability. It  contrasts sharply  with the  tradi-
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tional linear economic model of “take, make, and dispose” (Fig. 2) which relies
heavily  on  finite  resources  and generates  substantial  waste.  These  include  eco-
design, which focuses on designing products with minimal environmental impact,
and the reuse and refurbishment of products to extend their lifecycle. Additional
practices  include  remanufacturing,  repair,  product  sharing,  and  industrial
symbiosis, where businesses collaborate to reuse waste or by-products from one
process as inputs for another (Fig. 1). These strategies collectively contribute to a
more sustainable and resource-efficient economic system (Nandi et al., 2021).

Fig. (1).  Circular Economy model. 

The Circular  Economy also engages a  broad spectrum of  stakeholders,  ranging
from public and private organizations to consumers and research institutions, all
contributing at different levels (Barón et al., 2020).

Industries  are  transitioning  towards  the  fourth  industrial  revolution,  which  is
pushing organizations to rethink their strategies and move from traditional Linear
Economy  (LE)  models  to  smart  Circular  Economy  frameworks.  This  shift
involves  the  integration  of  digital  technologies,  known  as  digitalization,  into
circular economy processes. Numerous studies and real-world applications have
shown  that  innovation  in  technologies  can  significantly  enhance  circularity  by
optimizing  resource  use,  improving  waste  management,  and  enabling  real-time
decision-making.  This  transformation  allows  for  more  efficient,  data-driven
approaches  to  resource  management,  ultimately  making  systems  more  circular
and sustainable (Nandi et al., 2021; Rejeb et al., 2023).

However,  beyond  the  environmental  benefits,  CE  holds  vast  potential  for
fostering decent work opportunities for meaningful, secure, and well-paying jobs
within equitable working conditions.
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In  a  world  where  unemployment,  income  inequality,  and  labour  exploitation
remain pressing issues, aligning the principles of CE with decent work objectives
could pave the way for more sustainable, inclusive economic growth.

CIRCULAR ECONOMY AND SUSTAINABLE DEVELOPMENT GOALS

The  growing  global  population  has  increased  resource  consumption,  creating
numerous challenges such as widening economic inequality between wealthy and
impoverished  communities.  These  challenges  have  adverse  effects  on  the
economy, environment, and society at large. To address these issues and ensure
sustainability for future generations, the United Nations (UN) introduced a global
framework  in  March  2017,  the  Sustainable  Development  Goals  (SDGs).  These
goals promote balanced development across social, economic, and environmental
dimensions to create a more equitable and sustainable future (Govindan, 2023).

Many  researchers  have  focused  on  exploring  diverse  strategies  to  achieve  the
Sustainable Development Goals (SDGs) and reach net-zero emissions as swiftly
and  efficiently  as  possible.  This  exploration  has  led  to  a  growing  emphasis  on
various  sustainable  development  frameworks,  such  as  green  growth,  circular
economies,  and  other  sustainability-driven  approaches.  These  strategies  have
gained prominence due to their potential to balance environmental, economic, and
social  goals  while  addressing  urgent  global  challenges  like  climate  change,
resource  scarcity,  and  inequality  (Govindan  &  Hasanagic,  2018).

While  numerous  studies  acknowledge  that  the  Circular  Economy  is  a  highly
effective approach to achieving the Sustainable Development Goals (SDGs) and
net-zero targets, the abundance of research makes it difficult for practitioners to
implement these strategies effectively. Many practitioners struggle to follow the
detailed findings from these studies and are hesitant to adopt CE practices, despite
their  proven  benefits.  Even  though  research  has  outlined  various  strategies,
drivers, practices, and barriers associated with CE, there is still confusion about
which  metrics  are  essential  for  successful  implementation.  Additionally,
traditional  CE  frameworks  often  fall  short  by  not  incorporating  real-time
information,  which  is  crucial  for  effective  resource  management  and  informed
decision-making. This gap highlights the need for better guidance and actionable
metrics to help practitioners leverage CE in their operations to meet SDG and net-
zero objectives (Govindan, 2023).

To  gain  a  clearer  understanding  of  the  circular  economy,  it  is  essential  first  to
understand the concept of a linear economy.
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CHAPTER 4

Smart  Hospitality  Supply  Chain  Modeling  for
Sustainability
Mohammad Shahidul Islam1,* and Ankita Pathak2

1 BRAC Business School, BRAC University, Dhaka, Bangladesh
2 GLA University Institute of Business Management, Mathura, Uttar Pradesh, India

Abstract:  This  chapter  addresses  the  critical  intersection  of  sustainability,  smart
technologies, and supply chain management within the hospitality industry. Employing
a rigorous literature review and conceptual analysis, the article develops an operational
model integrating smart technologies such as IoT, AI, and blockchain into sustainable
hospitality  supply  chain  practices.  The  model  serves  as  both  a  practical  tool  for
industry  professionals  and  a  scholarly  framework,  filling  existing  gaps  in  academic
literature.  Key  Performance  Indicators  (KPIs)  for  measuring  “smartness”  and
sustainability  are  outlined,  along  with  recommendations  for  managerial
implementation.  Future  research  directions  include  the  model’s  applicability  across
different service sectors and geographical contexts and the need for longitudinal studies
for further validation. The article offers theoretical and practical insights, contributing
significantly to the emerging discourse on smart, sustainable supply chain management
in hospitality and other service industries.

Keywords:  Future  research,  Hospitality  supply  chain,  Operational  model,
Sustainability,  Smart  technologies,  Service  industries.

INTRODUCTION

Over the past few years, sustainability has emerged as an important issue in the
hospitality industry involving energy-efficient practices, waste management, and
ethical  procurement  (Leung,  2019).  Scholars  have  noted  that  sustainability
benefits nature while establishing favorable relations between a business and its
stakeholders (Buhalis & Leung, 2018). Rapid technological advancements have
transformed supply chain management in various hospitality industries in the past
few  decades.  Research  already  highlights  how  digital  transformation  promotes
resilience and efficiency in service-oriented sectors like hospitality (Mampilly &
Manda, 2023). In Supply Chain Operations, smart technologies like the Internet of
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Things (IoT), Artificial Intelligence (AI), and blockchain are changing everything. These
technologies  provide  real-time  information,  enhance  efficiency,  and  provide  a  more
transparent supply chain (Zhu & Wu, 2022). Researchers highlighted using innovative
technologies to integrate responsive and efficient supply chain strategies (Buhalis et al.,
2023).

Sustainability  in  hospitality  is  not  a  simple  means  of  improving  operational
efficiency but a strategic necessity. It covers the ethical aspects, sustainability in
business  for  the  long  term,  legalities,  and  reputation  of  a  brand.  Smart
technologies  also  progressed  from  operational  tools  to  strategic  enablers  that
reinvent  business  models  and  provide  competitive  advantages  (Zhao  &  Hou,
2022).

In  the  domain  of  supply  chain  management,  the  incorporation  of  these  smart
technologies can result  in significant enhancements in efficiency,  transparency,
and adaptability. One may say that every one of these domains – sustainability,
smart technologies, and supply chain management is open for use across different
industries and situations. Although that is indisputably the case, the article argues
that the hospitality industry introduces new challenges and opportunities so much
so that this interplay between these themes becomes particularly important (Xu &
Gursoy, 2015).

For instance, hospitality services have a highly perishable nature with customer
experience  playing  a  critical  role,  and  the  industry  being  vulnerable  to  various
external factors such as economic downturns and pandemics; this is another one
of  those  cases  that  call  for  the  integration  of  sustainability  and  innovative
technologies in supply chain operations while operating. Consequently, the article
aims to delve into this triangular relationship with a particular emphasis on the
hospitality  sphere,  determining  that  it  is  a  breeding  ground  for  innovative
sustainable supply chain models (Wu et al., 2023). By situating the discussion in
the  hospitality  arena,  this  article  strives  to  provide  additional  depth  and
complexity to prevailing frameworks, question established paradigms, and help
develop field-specific models and best practices.

The primary focus of this article is a critical overview of the present literature on
integrating  smart  technologies  in  sustainable  supply  chain  operations  in
hospitality.  The  investigation  aims  to  find  synergies  and  understand  mutual
benefits and difficulties. Another goal is to integrate findings from the literature to
develop  an  operational  model.  This  model  can  support  sustainable  hospitality
supply chain management by strategically integrating smart technologies.
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Methodology

As part of the scholarly nature of this article, our central methodology has been a
detailed,  thorough  review  involving  academic  literature.  This  includes  peer-
reviewed journal articles, primary studies, conference papers, and other scholarly,
reputable  materials.  The literature  used for  this  research is  drawn from various
databases specializing in sustainability studies, information technology (Van der
Vorst et al., 2009), supply chain management, and hospitality research to provide
a multi-disciplinary view. Furthermore, it involves content analysis and thematic
synthesis  of  the  current  body  of  knowledge  critically;  this  way,  the  existing
evidence base can be assessed and systematically organized (Yang et al., 2018).

In  order  to  give  a  detailed  account  of  the  theories,  models,  and  frameworks
established  concerning  sustainability,  smart  technologies,  and  supply  chain
management  within  the  hospitality  industry,  as  depicted  and  indicated  in  the
literature review. This involves discrediting existing literature and analyzing its
assumptions,  methodologies,  findings,  and  weaknesses  (Umar  et  al.,  2022;
Kachwala,  2023;  Ullah  et  al.,  2023;  Hsu,  2024).

The article’s structure facilitates logical  and profound discussion of the subject
matter.  It  starts with an ‘Introduction and Background’ section that situates the
research and outlines its purposes and limitations, followed by a sturdy ‘Literature
Review’ section,  acting as  both the  pillar  and foundation for  what  comes next.
The critical  analysis  contained within  the  literature  review has  guided the  next
section, which is the need for smartness in sustainable hospitality supply chains.
In  the  discussion  section,  we  also  intensely  debated  the  challenges  and
imperatives  associated  with  integrating  innovative  technologies  to  achieve
sustainability  in  hospitality  supply  chains.

Furthermore,  the  ‘Development  of  the  Operational  Model’  takes  precedence,
introducing  a  conceptual  framework  thoughtfully  created  to  facilitate  the
incorporation of smart technologies and sustainable practices in hospitality supply
chains. This framework is not the end but the start – it provides a basis for further
scrutiny,  adaptation,  and  implementation.  The  article  then  moves  into  the
‘Discussion’  section,  which  functions  as  an  interpretive  lens  for  the  model
created. Here, we touch upon the broader implications of the model, analyze its
limitations,  and  provide  potential  adaptations  from  academic  and  practitioner
perspectives.  The ‘Conclusion’  summarizes the major  points  from a theoretical
and practical perspective and hints at future research initiatives. Finally, the article
is  rounded  off  with  a  carefully  prepared  ‘References’  section  that  lists  all  the
academic references used to make the article substantive and credible.
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CHAPTER 5

Financing  Circular  Economy:  Tools,  Strategies,
and Global Case Studies
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Abstract: As the global shift toward sustainability accelerates, financing models that
support  Circular  Economy  (CE)  transitions  are  becoming  central  to  industrial,
environmental, and financial policies. This chapter explores the evolving landscape of
CE  financing  by  examining  key  funding  mechanisms,  investment  strategies,
public–private  partnerships,  and  innovative  instruments  such  as  green  bonds  and
impact funds. It also provides an in-depth risk analysis, presents global case studies,
and  highlights  the  role  of  policy  frameworks  in  catalyzing  circular  investments.
Drawing insights from both developed and emerging economies, the chapter identifies
critical challenges and opportunities in scaling financial flows toward circularity. The
concluding sections offer strategic policy recommendations and outline future research
avenues to strengthen the financial foundations of the circular economy.

Keywords: Alternative financing, Artificial intelligence, Business case, Circular
business  models,  Circular  economy,  Clean  technology,  Economic  resilience,
Education,  Environmental  sustainability,  Green  bonds,  Impact  investing,
Infrastructure,  Investment  barriers,  Investment  strategies,  Mindset  shift,  Policy
interventions,  Private  financing,  Public  financing,  Sustainable  finance,  Venture
capital.

INTRODUCTION

The  transition  to  a  Circular  Economy  (CE)  is  fundamentally  reshaping  global
production  and  consumption  systems.  While  the  benefits  of  circularity  such  as
resource  efficiency,  waste  reduction,  and  climate  mitigation  are  well
acknowledged,  the  financial  ecosystem  supporting  this  transition  remains
underdeveloped. Circular business models often require longer payback periods,
higher upfront capital, and cross-sectoral investments, which do not align neatly
with conventional linear financing structures.
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According  to  the  OECD,  global  financing  flows  still  overwhelmingly  support
linear infrastructure, with only a fraction directed toward circular innovation or
sustainability-linked  assets  (Ellen  MacArthur  Foundation,  2020).  This
misalignment  between  financing  models  and  circular  imperatives  hinders  the
scalability  of  CE  across  manufacturing,  energy,  transport,  and  agriculture.  In
particular,  Micro,  Small,  and  Medium  Enterprises  (MSMEs)  in  developing
economies struggle to access credit for circular transitions due to a lack of risk-
adjusted instruments and enabling policies.

This  chapter  explores  the  evolving  landscape  of  financing  for  the  circular
economy. It analyzes the core financial requirements of circular models, evaluates
public  and  private  financing  mechanisms,  highlights  emerging  trends  such  as
green bonds and blended finance, and identifies key barriers and risk-mitigation
strategies.  Global  case  studies  and  data  from  2023–2025  are  incorporated  to
ground  the  discussion  in  real-world  practices.  The  chapter  concludes  with
forward-looking  insights  on  reforming  financial  systems  to  accelerate  circular
investment.

Understanding the Financing Needs of the Circular Economy

The Circular Economy (CE) fundamentally departs from linear economic models
by emphasizing regenerative design, resource loops, and long-term resilience over
short-term throughput. However, this systemic transition comes with a distinct set
of  financial  characteristics  and  challenges  that  differentiate  CE  projects  from
traditional infrastructure or industrial investments. Understanding these financing
needs  is  critical  to  structuring  appropriate  capital  instruments  and  de-risking
mechanisms  to  scale  CE  interventions  across  sectors.

Capital-Intensive and Long-Tail Returns

Circular business models such as extended product lifecycles, remanufacturing,
Product-as-a-Service (PaaS), and industrial symbiosis are typically more capital-
intensive at the outset compared to linear models. For instance, remanufacturing
facilities require advanced disassembly lines, sorting infrastructure, and costlier
quality  assurance  mechanisms  than  conventional  assembly  plants.  Immediate
returns do not always balance these upfront costs, as CE projects often yield long-
tail financial benefits in the form of reduced material input costs, avoided waste
charges, and enhanced brand equity over time (Rizos et al., 2016; Kirchherr et al.,
2018).

Moreover, the savings generated through resource efficiency or material recovery
are often externalized e.g., reduced landfill burden or carbon mitigation which do
not  translate  directly  into  firm-level  profits  unless  appropriate  valuation  and
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incentive  mechanisms  are  in  place.  This  misalignment  creates  a  financing  gap,
especially for small firms that lack liquidity to sustain long payback periods.

Cross-Sectoral and Multi-Stakeholder Complexity

Circular economy projects frequently span multiple sectors, such as connecting
agri-waste  to  energy  production  or  linking  textile  reuse  with  logistics  and
consumer behavior change. These projects involve various stakeholders, including
suppliers,  recyclers,  municipalities,  consumers,  and  regulators.  The  resulting
complexity  in  governance,  value-sharing,  and  operational  coordination  creates
uncertainty  for  investors  and  makes  due  diligence  more  resource-intensive
(OECD  et  al.,  2018).

For  example,  in  closed-loop  packaging  systems,  the  business  model’s  success
depends not only on the producer’s technology but also on the collection system,
consumer  compliance,  reverse  logistics,  and  third-party  certification  each  of
which carries financial and operational risks. Standard project finance tools are
ill-suited for such systems, requiring innovative instruments like blended finance
or impact-linked debt.

Lack of Asset Collateral and Predictable Revenue Streams

Unlike energy or transportation projects, CE ventures often lack hard collateral or
predictable  offtake  contracts.  For  instance,  a  startup  producing  compost  from
municipal organic waste may struggle to secure debt because compost prices are
volatile,  buyers  are  fragmented,  and  there  is  little  assurance  of  continued
feedstock supply from informal waste collectors. Similarly, companies pioneering
reuse-as-a-service (e.g., reusable packaging) may not have steady revenue streams
in  early  years,  limiting  their  creditworthiness  (Rizos  et  al.,  2016;  UNCTAD,
2023).

The  absence  of  industry-wide  benchmarks  for  circular  performance  further
complicates valuation. While tools like the Material Circularity Indicator (MCI)
(World Bank, 2025) and Life Cycle Assessment (LCA)-based metrics exist, their
use in financial decision-making is still nascent. Investors thus face difficulties in
comparing CE projects to traditional assets on a risk-adjusted return basis.

Structural Barriers in Emerging Economies

In developing economies, where informal markets dominate waste recovery and
industrial  pollution remains  poorly  regulated,  the  business  case  for  the  circular
economy faces additional friction. Subsidies for virgin materials (e.g., coal, plastic
resin), low tipping fees for landfilling, and lax enforcement of Extended Producer



88 Circular Economy: Business, Technology and Policy (Part 1), 2026, 88-119

CHAPTER 6
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Abstract: The Circular Economy (CE) signifies a substantial transition and catalyzes
national reform. Moreover, the CE offers significant benefits, including job creation
and  the  achievement  of  sustainability.  Similarly,  the  circular  economy  encounters
numerous challenges  and obstacles  that  impede its  effective  execution.  The circular
economy  is  a  continuous  effort,  and  its  success  depends  significantly  on  the
cooperation of all stakeholders in the ecosystem. To successfully implement circular
economy  practices,  technologies  such  as  artificial  intelligence,  machine  learning,
generative artificial intelligence, robotics, virtual reality, augmented reality, and mixed
reality  are  crucial  in  transforming  the  linear  economy  into  a  circular  one.  To
successfully  implement  circular  economy  techniques,  wealthy  nations  must  aid
underdeveloped nations in transitioning to a sustainable circular economic structure.

Keywords:  Artificial  intelligence,  Circular  economy,  Generative  AI,  Linear
economy,  Sustainability.

INTRODUCTION

The  origins  of  the  Circular  Economy  (CE)  system  trace  back  to  1976,  when
researchers  from  the  Battelle  Institute  in  Geneva  authored  a  report  titled  “The
Capacity for Substituting Manpower for Strength” for the Directorate-General for
Labour and Social Affairs of the European Union.

The  shift  from  the  traditional  Linear  to  Circular  Economy  (CE)  requires  a
significant revolution in corporate structures, practices, and mindsets. Knowledge
transfer  is  essential  in  this  transformation,  facilitating  organizations’  ability  to
assimilate new information,  develop,  and  apply sustainable practices efficiently.

* Corresponding author Aruna Polisetty: Department of Finance, Accounts and Economics Division, VIT Business
School, VIT University, Vellore, Tamil Nadu, India; E-mail: arunapolisetty81@gmail.com

Theodore Tarnanidis, Vijaya Kittu Manda, Vivek Gupta (Eds.)
All rights reserved-© 2026 Bentham Science Publishers

mailto:arunapolisetty81@gmail.com


Model Implementations Circular Economy: Business, Technology and Policy (Part 1)   89

Nonetheless, other barriers hinder this process, including issues about information
assimilation, organisational culture, and the external environment. A key barrier
to transitioning from a linear to a circular economy is the challenge of information
assimilation  inside  organisations.  Absorptive  capability,  which  includes
knowledge acquisition, absorption, transformation, and exploitation, is essential
for organisations seeking to innovate and adopt circular practices. In the absence
of  strong  knowledge  assimilation  systems,  firms  may  find  it  challenging  to
execute effective circular strategies, resulting in stagnation in their transformation
initiatives. Furthermore, organisational culture can either promote or obstruct the
implementation of circular economy methods (Šimelytė, 2025).

The Circular Economy (CE) is a framework for enhancement that promotes long-
term sustainability and facilitates economic growth (Schaubroeck et al., 2021; Yu
et  al.,  2022;  Dominko  et  al.,  2023).  The  Circular  Economic  system  (CE)  is
typically examined through the lens of three essential components of an economic
system:  resource  suppliers,  waste  assimilators,  and  utility  resources.  These
characteristics promote the cyclical utilisation of resources in the manufacturing,
distribution, and consumption of items produced for corporations (Camón Luis &
Celma,  2020;  Šimelytė,  2025).  The  circular  economy,  founded  on  waste
reduction,  waste  utilisation,  and  material  recycling,  garners  significant  interest
from  scholars,  legislators,  and  corporations  as  a  sustainable  alternative  to  the
linear economy. It tackles ecological and socio-economic issues stemming from
the  increasing  consumption  of  non-renewable  resources,  waste  production,
pollution,  and  health  deficiency  (Goyal  et  al.,  2021).

The Circular Economy (CE), a nascent industrial development paradigm, presents
substantial  opportunities  for  economic  enhancement  through  its  capacity  to
provide  sustainable  employment  and  promote  the  judicious  utilisation  of
resources,  yielding  both  ecological  and  financial  advantages.  The  circular
economic  system  emphasises  circularity.  In  this  context,  it  is  important  to
examine  the  resource  reutilization  and  alternative  approaches  (Luthin  et  al.,
2024).  The  circular  financial  system  emphasises  separating  economic  activity
from the consumption of finite resources and eliminating waste from the system
(Gedam et al.,  2021; Morales & Belmonte-Urena, 2021). The circular financial
system  explores  transformative,  Efficient,  and  cost-effective  systems  that  are
engineered to enhance production while preserving resources (Mwaijande, 2024).
This  approach  has  attracted  the  attention  of  a  wide  range  of  stakeholders,
especially from researchers and enterprises, because it enables the implementation
of sustainable improvements (Kirchherr et al., 2017; Ogunmakinde et al., 2022).

The  shift  to  a  Circular  Economy  (CE)  has  emerged  as  a  strategic  goal  for
enterprises  globally.  The  CE  integrates  the  principles  of  regeneration,  material
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retention, waste reduction, and pollution mitigation, thereby supplanting the linear
economy (take-make-dispose). The CE device consequently replaces the ‘cease-
of-existence’  paradigm  with  the  principles  of  reduction,  reuse,  recycling,  and
recovery. Organisations must shift from a linear classical economy to a circular
economy;  yet,  obstacles  such  as  the  lack  of  records  and  integration  sometimes
impede this change. Change transpires at both the business and ecosystem levels.
Consequently,  researchers  contend  that  the  virtual  revolution  is  intrinsically
connected  to  the  emergence  of  the  circular  economy.  This  entails  the  efficient
application of extensive data, Artificial Intelligence (AI), blockchain technology,
the  Internet  of  Things  (IoT),  and  cloud  computing.  Students  agree  that  the
adoption of a circular economic system is intrinsically connected to digitisation
since it improves predictive analytics, tracking, and monitoring across the product
life cycle for enterprises (Chauhan et al., 2021). Numerous investigations within
successful works have identified digitisation as a catalyst for the transition to a
circular economy. The virtual generation may transform theoretical concepts of a
circular financial system into feasible and practical applications (Antikainen et al.,
2018;  Garcia-Muiña  et  al.,  2019;  Kintscher  et  al.,  2020).  From  the  chief
executive’s  perspective,  the  application  of  advancing  technology  produces
measurable  advantages.  Technology  can  augment  employees’  skills  and
capabilities, enabling them to make operational decisions grounded in circularity
(Mboli et al., 2022). Employing statistics-driven insights in circular layouts may
improve  the  economic  and  ecological  sustainability  of  products  by  optimising
resource  use  (Garcia-Muiña  et  al.,  2019).  Concepts  of  circular  economy  can
inform  the  development  and  enhancement  of  products,  their  components,  and
related methodologies using predictive and prescriptive machine learning insights
(Bressanelli  et  al.,  2018).  Historical  and  real-time  data  facilitate  demand
forecasting,  inventory  regulation,  waste  reduction,  and  the  improvement  of
sustainable operations. Digital technology can save waste by comparing optimal
solutions for remanufacturing and recycling. AI-powered picture recognition may
improve e-waste recycling. Researchers propose that virtual technologies, such as
AI,  are  linked  to  replicas  and  frameworks  that  execute  functions  like  human
intelligence, encompass cognitive and training capabilities, and may offer critical
support  to  organisations in  implementing circular  economy principles  (Wilts  et
al., 2021; Chauhan et al., 2022). This paper examines the multifaceted dimensions
of  the  CE,  encompassing  its  principles,  trends,  and  prominent  instances  of
organisations  that  have  adopted  diverse  CE  methods.
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CHAPTER 7

Artificial  Intelligence  and  Machine  Learning
Implementations for the Circular Economy
Dina Darwish1,*
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Abstract: Artificial Intelligence and Machine Learning (AI and ML) have emerged as
a technology for improving the Circular Economy (CE). This study emphasizes the use
of  AI  in  sustainable  resource  management.  It  explains  how  AI  integrates  with  our
options,  optimizes  resource  lifecycles,  minimizes  waste,  and  addresses  ethical
considerations. It highlights the transformative potential of AI in advancing sustainable
economic practices and aids in decision-making. The discussion focuses on practical
instances, possible obstacles, and the implications of integrating AI in searching for a
circular and sustainable economy. The study reiterates that the collaboration between
AI and Sustainability can be a significant positive driver for society. Technology and
environmental  awareness  are  positive  drivers  for  this.  As  we  journey  through  the
difficulties of our contemporary society, the necessity to adopt sustainable practices has
become  increasingly  apparent.  This  chapter  explores  the  powerful  impact  of  AI  in
redefining resource management strategies in the context of a circular economy.

Keywords:  AI  models,  Artificial  intelligence,  Circular  economy,  Machine
learning,  Waste  management.

INTRODUCTION

Several  consequences  arose  because  of  significant  and  excessive  population
growth on the planet. Rampant misuse and exhaustion of natural resources, forest
deterioration, climate change, and biodiversity loss are happening (Sagnak et al.,
2021). The social world faces substantial environmental, energy, and ecological
challenges  (Atabaki  et  al.,  2020).  Various  factors  propel  the  concept  of  the
Circular Economy (CE). Climate change is forcing businesses to rethink strategies
and  work  closely  with  each  other.  Environmental  preservation  is  becoming  an
increasingly  core  agenda,  even  for  commercial  corporations.  Institutional
legislation and governance models are changing to align more with nations’ net-
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zero  targets.  Evolving  consumer  behaviors  reflect  consumption  that  is  more
cautious  about  sustainability.

Overall,  contingency  planning  must  be  implemented  for  individuals  and
corporations to remain resilient (Rahman et al., 2019). Several stakeholders have
shown  immense  interest  in  the  CE  (Al-Saidi  et  al.,  2021).  The  sustainable
implications  of  a  circular  economy are  increasingly  coming to  light  (Jin  et  al.,
2020).  The  transportation  and  treatment  of  waste  within  a  CE  are  gaining
increasing  attention.  The  requirements  for  logistics  services  that  support  the
reduction of resource circulation are detailed across several phases (Al-Saidi et
al., 2021). The growth of any economy is linked to the coordination of transport
networks. Energy conservation and pollution reduction have become crucial in the
sustainable  logistics  and  supply  chain  system  (Sagnak  et  al.,  2021).  Various
companies,  communities,  and  organizations  have  been  actively  creating  and
advancing innovative models of emerging technologies rooted in CE (Frost et al.,
2021).  The  present  CE  standards  require  support  from  digital  technologies  to
solve some never-ending issues and problems. Technologies are hoped to bring
new solutions, enablers, and obstacles, but eventually speed up the process (Al-
Saidi et al., 2021). New technologies are employed in manufacturing, distribution,
and application (Kristoffersen et al., 2020). Researchers have not shown sufficient
interest  in  assessing  circularity,  for  example,  in  the  case  of  waste  treatment
companies. Perhaps they have failed to explore integrating innovative processes
for  leachate  and  waste  processing  solutions.  Recognizing  the  increasing
importance  of  CE  management,  there  is  a  growing  focus  on  using  digital
technologies for sustainability. The switch significantly improved manufacturing
processes by reducing natural resource consumption and positively impacting the
environment (De Souza Junior et al., 2020). Consequently, minimizing pollutants
and  managing  waste  transportation  are  of  significant  interest.  This  is  true
especially in urban settings. There is a need to rethink the processes and services
involved to address the leachate issue.

The chapter emphasizes incorporating these topics: intelligent supply networks,
advanced Machine Learning (ML) methods, and CE principles. They all focus on
improving  waste  management  and  logistics  in  the  supply  chain.  The  chapter
emphasizes the significance of ML algorithms in integrating the circular economy
model.  The  influence  of  Artificial  Intelligence  and  Machine  Learning  (AI  and
ML)  on  the  CE  is  examined.  The  study  highlights  core  issues  related  to  the
intersections  of  CE and  new digital  technologies  to  support  organizational  and
governmental efforts to achieve net-zero targets. AI and ML often work closely
with digital technologies such as Blockchain, Internet of Things (IoT), Big Data
Analytics, digital twins, and Cloud computing (Holm et al., 2025). Studies show
that  these  digital  technologies  help  multimodal  node operations  in  the  logistics
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industry  (Malarvizhi  &  Anusuya,  2024).  Though  the  application  of  these
technologies  is  currently  at  an  early  stage  of  transformation,  they  appear
promising and have a long future ahead (Fareed et al., 2024). The predictive and
generative capabilities of AI and ML tools are seen as helping the supply chain
industry.  Managers are now able to identify gaps and plug them. Sustainability
and Circular Economy (CE) are often interdisciplinary subjects; most researchers
use hybrid ML solutions and multi-objective optimization models (Sadeghi et al.,
2024). However, there is a lack of research aimed at developing new approaches
to utilize ML techniques to improve the principles of the CE in some fields of the
economy. As a result, definitive guidelines for applying advanced technologies to
improve CE practices remain lacking.

Furthermore,  adopting  sustainable  development  practices  has  significantly
enhanced  the  links  to  the  CE.  The  3R  strategy  techniques  (reduce,  reuse,  and
recycle)  involve  approaches  aligned  with  the  United  Nations  Sustainable
Development  Goals  (UN  SDGs).  A  thriving  CE  promises  to  positively  impact
every  facet  of  sustainable  development,  encompassing  Economic,  Social,  and
Environmental  (ESG)  dimensions.

One of the fundamental principles of the CE is to restrict throughput flow to an
acceptable  level  that  is  free  of  difficulty  to  the  environment  (Korhonen  et  al.,
2018). Reducing carbon emissions while increasing energy efficiency is another
important  initiative  and  a  part  of  the  existing  economic  framework.  The  most
important  goal  is  to  achieve  economic  success,  followed  by  environmental
considerations, while maintaining equilibrium; literature seldom ever outlines the
relevance  of  circular  economies  over  the  long  run  (Geissdoerfer  et  al.,  2017;
Kirchherr  et  al.,  2017).  Consequently,  their  conceptual  outlines  have  become
elusive. Implementing a CE results in restricted resources and a limited supply of
recurring resources.  The restrictions arise  because of  the limited availability  of
natural resources. It has been set that this economic approach has the substantial
possibility of redressing inequalities in natural resource availability and demand.
Consequently, institutions of higher learning, private companies, and government
organizations got interested in CE. Business decision-making procedures that are
now in use are prone to ambiguity. They frequently result in risk management and
cause  firms  to  be  unstable.  An  Ant  Colony  Optimization  (ACO)  and  its
implementation  were  created  by  Jinil  Persis  (Persis  et  al.,  2021).  A  technique
based  on  fuzzy  artificial  neural  networks  discovered  79  executive  business
characteristics  that  contributed  to  the  CE and  its  influence  on  food  companies.
Subsequently, the number of components was reduced to 39, and the experiments
were  conducted.  It  was  discovered  that  the  system  is  reliable,  effective,  and
functions  similarly  to  a  circular  economic  ecology.  Çetin  et.  al.  designed  a
structure or framework of technologies that resource-hungry industries can use in
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CHAPTER 8
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Abstract: AI is expected to revolutionize the smart city’s introduction to improvement
of principles for circular economy-optimal resource use, reduced waste generation, and
improved sustainability. This paper will discuss the usage of AI technologies and how
they can be applied in the smooth transition to a more circular economy model in the
urban environment through applications like waste management, resource efficiency,
sustainable  transportation,  and  predictive  maintenance.  AI-Equipped  Systems:  AI-
Equipped Waste Sorting and Recycling Systems. AI algorithms help minimize losses
from material recovery. Artificial Intelligence, Smart Grids for Energy, and Predictive
Maintenance  for  Intelligent  Mobility  Resource  Efficiency  and  Reduced  Emissions
Predictive  Maintenance  Powered  by  AI:  Maximization  of  the  Lifespan  of  Urban
Infrastructure by Supporting Resource Conservation. The article also elaborates on the
possible role of AI in the establishment of new business models, such as product-as-
a-service and sharing economies, since it is an indication of how AI tools can optimize
platforms for sharing resources and urban systems for production. Lastly, AI has been
suggested for tracking the progress of the circular economy inside smart cities since it
will provide policymakers and urban planners with real-time data to use in informed
decision-making.  This  research  draws  a  conclusion  that  with  AI  application  and  its
synergy merged with circular economy principles into smart cities, sustainability, and
resilience in the ecosystems of towns may be reached towards global aspirations.

Keywords:  Artificial  intelligence,  Circular  economy,  Predictive  maintenance,
Resource  efficiency,  Smart  cities,  Sustainability,  Waste  management.

INTRODUCTION

This urbanization at a rate unexampled in the 21st century has put heavy stress on
resources at a global level, forcing cities to seek ways of sustaining themselves in
terms of waste management, energy, and transport. Smart cities form one of the
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leading frameworks by which to address the problems, making use of the latest
technological advancements, such as AI in optimizing urban systems, to improve
the  quality  of  life.  Some  promising  entries  within  this  framework  include  the
circular economy, which is based on the principles of waste and the maximization
of reusable resources.

The application of AI in circular economy models within a smart city has huge
potential and can speed up the transition to sustainability. Data-driven decision-
making, automation, and even predictive analytics have been shown, in turn, to
revolutionize  industries  through  the  application  of  artificial  intelligence.  In  the
intelligent context of a city, AI can improve practice in the circular economy by
helping  to  optimize  resource  efficiency  and  reduce  wastage,  as  well  as  create
better  infrastructure.  For  instance,  in  an  AI-based  waste  management  system,
processes  will  be  optimized  for  recycling  to  recover  more  material  and  reduce
wastage  in  landfills.  The  AI  algorithms  allow  smart  grids  as  well  as  water
management  systems  to  predict  the  demand  for  resources,  too,  hence  running
efficiently and sustainably.

Smart  cities  will  require  the  optimum utilization  of  transportation  systems  and
supply  of  energy  and  waste  in  fully  integrated  frameworks.  The  absorbed  AI
technologies will help create circular urban economies with shared transportation
platforms  to  enhance  mobility  and  optimize  energy  usage  through  predictive
maintenance  (Webster,  2015).  This  way,  AI  will  be  used  to  extend  the  life  of
infrastructure  by  predicting  when  infrastructure  needs  maintenance,  thus
preventing  premature  degradation,  which  is  one  of  the  key  goals  of  circular
economies- longevity and resource conservation (Bourguignon et al., 2021). Such
integration supports not only resource optimization but also the achievement of
sustainability  goals  by  cities  toward  global  objectives,  including  the  United
Nations'  Sustainable  Development  Goals  (SDGs).

AI-DRIVEN WASTE MANAGEMENT SOLUTIONS IN SMART CITIES

The  dramatic  increase  in  urban  populations  has  created  a  need  to  collect
tremendous  amounts  of  waste  to  capture  the  increased  metropolitan  size  freely
and  efficiently.  The  need  to  increase  efficient,  sustainable  waste  management
systems  has  thus  intensified  and  incorporated  Artificial  Intelligence  (AI)  as  an
innovative solution that creates improved efficiency in waste reduction and fosters
circular economy principles. AI-based waste management technologies in smart
cities can not only enhance the waste collection, sorting, recycling, and disposal
operations  but  also  minimize  their  adverse  impact  on  the  environment  and  be
applied for the fulfillment of sustainability goals in urban areas.
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AI in Waste Collection and Route Optimization

Optimization  of  waste  collection  is  one  of  the  most  arduous  tasks  in  any
metropolitan  area.  Methods  to  collect  waste  are  usually  dependent  on  preset
schedules  and  may  not  be  in  coordination  with  real-time  patterns  of  waste
generation. AI can answer this challenge in several ways by employing waste bin
sensors  to  detect  the  fill  levels  of  the  waste  bins,  thereby accurately  predicting
when the waste bins should be emptied. These real-time data will then be fed into
AI  algorithms  to  make  dynamic  changes  in  collection  routes;  hence,  fuel
consumption is optimized, cost in terms of operations is reduced, and greenhouse
gas  emissions  are  minimized  as  well  (Shahbaz  et  al.,  2021).  For  example,  AI-
enabled smart city projects in Barcelona have come up with waste management
systems that utilize analytics and machine learning to forecast patterns of waste
generation  and  subsequently  schedule  their  collections.  The  system  has
significantly  reduced  the  number  of  avoidable  trips  that  are  required  for  the
collection of waste, hence reducing emissions and cutting down operational costs
(Singh & Jeong, 2019) .

AI-Facilitated Waste Separation and Recycling

The involvement of AI will ensure a full change in recycling procedures with the
automation  of  waste  separation  processes.  Traditional  waste  sorting  has  so  far
been  manual,  time-consuming,  and  prone  to  mistakes,  meaning  that  recycling
rates  are  not  very  effective.  With  computer  vision  and  machine  learning
capabilities, AI-powered robotic systems can be quite efficient in distinguishing
and sorting plastics, metals, and paper, leading to highly minimal contamination
levels.  Thereby,  these automatic machines are more efficient  and accurate than
traditional humans, hence, optimal recycling efficiency with low contamination
levels  (Kumar  &  Saini,  2020).  Examples  of  AI-enabled  robots  are  parts  of
companies  such  as  Zen  Robotics,  which  utilize  these  enhanced  sensors  and  AI
algorithms to  identify  what  material  is  being recognized and sorted  out  for  the
appropriate recycling streams. In this regard, AI has emerged as one factor that
might improve the rate of recycling and ensure more materials are recovered for
reuse  in  support  of  the  principles  of  the  circular  economy  in  smart  cities
(McKinsey  &  Company,  2018)  .

AI for Waste Monitoring and Reduction

The  other  area  where  AI  can  add  value  is  in  monitoring  the  quantity  of  waste
generated  and  assisting  cities  in  reducing  total  waste  production.  With  data
provided by sensors and other sources, the AI system may identify patterns and
trends  of  waste  generation that  would lead urban planners  to  the  most  targeted
waste  reduction  efforts.  For  instance,  AI  could  be  applied  in  the  commercial
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CHAPTER 9

Technology Roadmaps for the Circular Economy
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Abstract: In isolation, transitioning to a Circular Economy (CE) requires more than
policy reforms or technological innovation. CE requires coordinated, forward-looking
strategies that align system-wide changes with sustainability objectives. Technology
roadmaps have emerged as critical instruments in guiding this transition by outlining
structured pathways for adopting circular models across sectors. This chapter examines
the  development  and  implementation  of  circular  economy  technology  roadmaps,
emphasizing  their  role  in  bridging  innovation,  infrastructure,  and  institutional
readiness.  Through  an  analysis  of  recent  international  and  national  examples,  this
chapter  explores  how  roadmaps  are  being  used  to  prioritize  technologies,  define
stakeholder roles, set measurable targets,  and mobilize financing. European Union’s
CEAP 2.0, India’s Resource Efficiency and CE Roadmap, and initiatives by the World
Economic Forum are examined. The study differentiates between general CE policy
frameworks and technology-specific roadmaps, highlighting the unique contribution of
the  latter  in  operationalizing  circularity.  The  chapter  also  proposes  a  multi-stage
roadmap framework applicable to emerging economies. It identifies key technological
enablers  such  as  AI,  IoT,  and  digital  product  passports,  and  discusses  barriers  to
implementation.  The  chapter  concludes  with  future  outlooks  and  strategic
recommendations.  The  chapter  aims  to  support  policymakers,  industries,  and
researchers  in  integrating  CE  roadmaps  into  sustainable  development  strategies.

Keywords:  Circular  economy,  Circular  transition,  Digital  product  passports,
Enabling  technologies,  EU  CEAP,  India  RE  strategy,  Lifecycle  stages,  Policy
frameworks, Stakeholder coordination, Technology roadmap.

INTRODUCTION

The transition to a Circular Economy (CE) represents one of the most significant
systemic  shifts  in  global  economic  thinking.  By replacing the  traditional  linear
model  of  “take-make-dispose”  with  regenerative  loops  that  prioritize  resource
efficiency, reuse, and value retention, CE promises to decouple economic growth
from environmental degradation. However, translating CE principles into scalable
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action  remains  a  formidable  challenge.  This  is  especially  challenging  when
aligning technologies, institutional roles, and financial mechanisms across sectors
and jurisdictions.

This  gap  between  ambition  and  implementation  underscores  the  growing
importance of technology roadmaps. The roadmaps come in structured, forward-
looking  tools  that  specify  how,  when,  and  with  whom  key  circular  economy
outcomes  can  be  realized.  Unlike  broad  CE  policy  frameworks  that  articulate
vision and regulatory direction, technology roadmaps provide time-bound action
plans with detailed inputs. They include enabling technologies, investment flows,
institutional  responsibilities,  and  progress  benchmarks.  As  such,  they  are
indispensable  in  operationalizing  circularity  transitions,  especially  within
resource-intensive sectors such as construction, electronics, plastics, textiles, and
agriculture.

Over  the  past  decade,  public  and  private  stakeholders  from  the  European
Commission  and  national  planning  bodies  to  multilateral  alliances  such  as  the
World Economic Forum’s PACE have adopted CE roadmaps as implementation
tools. These roadmaps vary in scope and structure. However, they share standard
features  such  as  phase-based  planning,  innovation  alignment,  stakeholder
engagement,  and digital  monitoring systems.  While  developed economies  have
led the way in formalizing CE roadmaps, countries like India, Brazil, and South
Africa have also begun piloting roadmap approaches. They used sectoral missions
and bilateral cooperation platforms.

Conceptualizing Circular Economy Roadmaps vs. Policy Frameworks

One of the most persistent sources of uncertainty in the Circular Economy (CE)
governance  is  the  confusion  between  policy  frameworks  and  technology
roadmaps. While both instruments are utilized to guide CE transformation, they
are inherently dissimilar in purpose, scope, format, and implementation strategy.
Disentangling the difference between them is important to facilitate coordination
among  innovation  investment,  institutional  roles,  and  performance  monitoring
mechanisms.

CE policy documents are typically high-level, strategic papers made available by
national  or  supranational  institutions.  Their  primary  function  is  to  signal  long-
term  government  commitment,  lay  down  legal  requirements,  and  specify
sustainability  objectives  and  overall  priorities.  The  European  Union’s  Circular
Economy  Action  Plan  (CEAP  2.0)  is  a  good  example.  The  plan  sets  up  legal
instruments on eco-design, Extended Producer Responsibility (EPR), and waste
reduction  targets  in  the  packaging,  electronics,  and  construction  sectors.  These
frameworks  usually  include  legislative  schedules,  fiscal  incentives,  and
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institutional  needs.  However,  they  lack  the  operational  detail  required  for
technology deployment or sectoral transformation (European Commission, 2020).

Technology roadmaps,  in  contrast,  are  blueprints  for  implementation.  They are
time-sensitive,  sector-specific  paths  that  chart  enabling  technologies,  required
infrastructure,  investments,  key  stakeholders,  and  risk  management  strategies.
Roadmaps  implement  policy  aspiration  through phased  timetables,  accountable
agency  roles,  performance  indicators,  and  coordination  plans.  Roadmaps  are
typically  developed  with  industry,  academia,  and  civil  society  input  for  inter-
sectoral  consistency  and  technology  feasibility.  A  good  example  is  the  EU
Circular  Textiles  Roadmap  (2022).  The  roadmap  defines  modular  design
practices,  fibre  recycling  technologies,  and  pilot  timetables  for  circular  textile
systems (European Commission, 2022a).

The  difference  is  also  seen  in  India’s  case.  Although  NITI  Aayog’s  Resource
Efficiency  and  Circular  Economy  Policy  Framework  defines  CE  national
priorities  by  material  and  sector,  it  is  short  on  operational  instruments  for
implementation. The EU-India Resource Efficiency Initiative partially filled this
gap by co-developing technology roadmaps for sectors like e-waste, plastics, and
construction between 2020 and 2023 (EU-REI & NITI Aayog, 2021).

Another important difference lies in adaptability. While policy frameworks tend
to be static and reviewed at multi-year intervals, technology roadmaps are often
revised  more  frequently  to  reflect  market  shifts,  emerging  technologies,  and
regulatory  updates.  For  example,  the  PACE  Roadmap  for  Electronics
(2021–2025)  has  incorporated  new  milestones  based  on  the  global  growth  of
right-to-repair  legislation  and  advances  in  modular  design  (World  Economic
Forum, 2021). Table 1 summarizes the differences between the two instruments.

Table 1. Comparison between CE policy frameworks and technology roadmaps.

Dimension Policy Frameworks Technology Roadmaps

Purpose Set strategic goals and legal
mandates

Operationalize technology adoption for CE
implementation

Scope Economy-wide or sectoral, often at
the national level

Sector-specific or technology-specific, adaptable
to regional or local scales

Temporal
Structure

Long-term vision, updated
infrequently (5–10 years)

Time-bound stages (short-, mid-, long-term), often
revised with feedback

Lead Actors Primarily, governments, regulators Multi-stakeholder: industry, academia,
policymakers, civil society

Content
Regulatory mandates, fiscal
incentives, and institutional

responsibilities

Specific technologies, milestones, KPIs, funding
models, and risk analysis



178 Circular Economy: Business, Technology and Policy (Part 1), 2026, 178-197

CHAPTER 10

Digital  Circular  Economy  Data  Evolution:  A
Bibliometric Analysis
Muhammad Younus1,2,*,  Halimah  Abdul  Manaf3,  Dyah  Mutiarin1,  Achmad
Nurmandi1,  Idil  Akbar4,  Andi  Luhur  Prianto5,  Imron  Sohsan6,  Bambang
Irawan7,  Arif  Zainudin8  and  Akhmad  Habibullah8

1 Department of Government Affairs and Administration, Universitas Muhammadiyah Yogyakarta,
Yogyakarta, Indonesia
2 Department of Product Research and Software Development, TPL Logistics (Pvt,) Ltd., Karachi,
Sindh, Pakistan
3  UUM  College  of  Law,  Government,  and  International  Studies,  Universiti  Utara  Malaysia,
Kedah, Malaysia
4  Faculty  of  Social  and  Political  Sciences,  University  of  Padjadjaran,  Bandung,  West  Java,
Indonesia
5  Department of Government Science, Universitas Muhammadiyah Makassar, Makassar,  South
Sulawesi, Indonesia
6  Faculty  of  Humanities  and  Social  Science,  Khon  Kaen  University,  Khon  Kaen  City  40002,
Thailand
7 Department of Public Administration, Universitas Mulawarman, Kalimantan Timur, Indonesia
8 Program Studi Ilmu Pemerintahan, Universitas Pancasakti Tegal, Indonesia

Abstract:  This  study  investigates  the  characteristics  of  the  Advanced  Circular
Economy slant utilizing information from the Scopus database from 2012 to 2024. It
was found that 216 distributions within the Advanced Circular Economy showed an
overall increase over the final ten years. Computerized change is the combined impact
of several computerized developments and innovations that give rise to new structures,
processes, values, controls, and convictions that alter, supplant, or complement existing
rules in organizations, biological systems, and businesses. Citespace has 14 clusters,
the biggest being the Computerized Circular Economy show, with 16 individuals with
an outline esteem of 0.903, 13 data and communication advances, 13 administration,
and seven advancements. The five most critical clusters are open esteem, bureaucracy,
information engineering,  and open esteem.  Open esteem has  13 individuals  with  an
outline score of 0.873; bureaucracy v has 13 individuals with an outline score of 0.845;
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information engineering has 13 individuals with an outline score of 0.972; and open
esteem has 13 individuals with an outline score of 0.873.

Keywords:  Bibliometric  analysis,  Digital  circular  economy,  Digital
transformation,  E-government.

INTRODUCTION

With the utilization of the web, computerized innovation within the government
framework is known as e-government. E-government refers to the utilization of
information  technology  to  supply  public  services.  The  computerized  circular
economy, or e-government, plays an imperative part in the bureaucratic handling
of  public  administrations.  The  execution  of  e-government  has  raised  blended
results  in  numerous  nations.  If  seen  from  the  outcomes  of  the  execution  of  e-
government in developing nations, including Indonesia, the implementation of e-
government  tends  to  start,  and  numerous  government  organizations  have  to
execute it, encountering genuine deterrents in developing nations when executing
e-government. Be that as it may, assume you look at the consequences of created
nations.  In  that  case,  implementing  e-government  helps  make  the  public
administration  process  more  efficient.  Also,  it  provides  the  best  innovation  to
support the development and demand for public services (Althunibat et al., 2021).
There have been many studies and documentation on systems of Digital Circular
Economy  practice,  so  there  are  three  essential  keys  in  implementing  Digital
Circular  Economy practices:  developing  applications,  developing  infrastructure
and internet connectivity, and building systems (Arief et al., 2021). Many parties
should embrace the government’s use of a digital strategy because an excellent
digital system can build strength in an organization, and, of course, it should do so
in the right way. The government system already has to use a digital strategy in
government  mechanisms;  with  digital  transformation,  it  is  hoped  that  it  can
improve  the  government’s  performance.  Recent  studies  highlight  how  digital
transformation  drives  efficiency,  as  seen  in  successful  public  sector
implementations (Badan et al., 2021). Nearly all governments in different nations
have utilized computerized frameworks for their administration instruments; this
can be due to the challenges of computerized change, as now each nation must be
able  to  respond  to  changes  within  the  advanced  world  for  the  interface  of  that
nation.  Within  the  current  time  of  globalization,  digital  development  has
developed  quickly  in  different  areas,  including  the  issues  of  a  country's
government.  Numerous individuals  around the world have also felt  mechanical
developments.  Advances  in  innovation  moreover  empower  each  nation  to
compete  to  progress  its  nation  by  utilizing  innovation  that  has  developed
exceptionally  quickly.  The  use  of  computerized  innovation  within  the  state
administration is a necessity that the local government is still implementing. To
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know the  quality  of  government  that's  straightforward,  responsible,  successful,
and  effective,  neighborhood  governments  are  attempting  to  execute  inventive
arrangements  based  on  e-government  frameworks  (SPBE)  that  encourage  the
functioning  of  society  to  urge  ideal  open  administrations.  The  application  of
advanced procedures in government, moreover, underpins economic approaches.
Fabulous and successful execution will make for excellent administration. Then,
by implementing a Digital Circular Economy, it can form an information network
and increase service transactions from the government and its people, making it
very easy to create comfortable services for the community. Using digital systems
for the government can also increase the closeness of communication between the
government and the public because government goals can be conveyed and made
known to the public (Birtchnell et al., 2020).

Furthermore, there are obstacles to implementing a government system that uses a
digital  or  internet  system  by  taking  samples  from  developing  countries.  As  an
example  of  a  case  study  related  to  this  journal,  a  model  was  developed  in
Indonesia regarding the obstacles to implementing digital systems in government.
First, the digital circular economy system must be fixed because the Indonesian
state is still  pioneering technological developments that support its government
system. Second, the limited funds or budget to support the digital strategy of the
current  government  are  due  to  the  fact  that  Indonesia  is  still  categorized  as  a
developing  country,  so  economically,  it  is  less  stable  than  other  developed
countries. Third, human resources with existing human resources are still limited
because  many  human  resources  have  not  mastered  the  technology  systems
properly. Hence, increasing government services using digital techniques could be
more  optimal.  Then  the  fourth  or  last  one  is  the  problem  of  inadequate
infrastructure,  the  unevenness  of  technology  infrastructure  in  various  regions,
which is not evenly distributed; therefore, it can be an obstacle faced (Bonatto et
al., 2022).

Only  a  few  studies  have  shown  how  digital  systems  are  used  in  government
services;  some  discuss  some  of  the  obstacles  faced  by  digital  systems  in
government.  The digital  strategy should indeed be implemented in  government
services  because  there  are  many  positive  sides  to  supporting  services  to  the
community.  Nevertheless,  not  a  few  obstacles  were  encountered  in  its
implementation.  This  problem  can  be  overcome  in  several  ways  or  through
specific  approaches.  First,  to  solve  problems  related  to  funds  or  budgets,  it  is
necessary to plan a priority budget to support the operation of digital systems in
government, so that the required budget is sufficient.  Second, regarding human
resources,  it  is  necessary  to  recruit  suitable  and  needed  employees  to  support
digital systems in government services. Third, infrastructure  is  also  required  to
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