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ABSTRACT  

Due to the growing global population, the middle class is estimated to reach 5 billion by 2030, and all countries aim to increase their prosperity. 

This has caused enormous stress on our environment and our resources, which are reducing and becoming more difficult to extract. What 

worsens the situation is that manufacturers and consumers have tried to produce and consume as cheaply as possible. That has created a linear 

economy where objects are briefly used and then discarded as waste. The purpose of this article is to review the concept of smart city and how it 

can be implemented to promote circular economy, to study the difference between of digital city, intelligent city, smart city, and eco-city, to 

examine the role of digital technology in solving complexity in circular economy and how its functionalities in circular business models. Three 

case studies: Alpha, Philips CityTouch, and ZenRobotics have been reviewed. The result showed that digital technology can be mainly used for 

data collection, data exchange, data storage, and data analysis. Data analysis functionalities can be identified as monitoring and reporting product 

location, product condition and product availability; notifying predictive and preventive maintenance; identifying remanufacturing opportunities; 

optimizing product's energy consumption; enabling recycling, remanufacturing, product design and pricing; creating the intelligent product and 

virtual communication. Digital technologies are effective enablers for moving towards a circular economy which can deliver benefits for 

economy and environment such as increasing efficiency of raw material, reducing resource extraction, stimulating innovative designs, promoting 

production and remanufacturing, ensuring better distribution, consumption, reuse, and repair, as well as reducing waste. 
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Introduction 
 

Cities now realize that becoming a ‗smart city‘ is not an end 

state, but rather a process, which enables an efficient and 

ongoing evolution of technical solutions across city services. 

The key is being able to balance strategic vision with a 

practical plan that delivers near-term results while bolstering 

public support for more comprehensive investments in 

modernisation. Fundamentally, transformation is about 

resourcefulness. That is, using innovative technologies that 

enable communities to do more while using less [1]. In some 

cities, this may mean investing in smart water systems that 

help accurately track usage and minimise waste. Elsewhere, 

the priority may be accelerating adoption of carbon-free 

transportation. The trend in recent years of creating roles 

such as chief innovation, technology, or sustainability 

officers who assemble their own team is a major step in the 

right direction.  

Digital connections all over the world are becoming broader 

and faster which provides a platform for businesses and 

industries to promote productivity and innovation. 

McKinsey Global Institute finds that the four commercial 

domains; mobility, healthcare, manufacturing, and retail, 

could increase global GDP by $1.2 trillion to $2 trillion by 

2030, and the countries that are most connected today are 

capturing much of the value. Importantly, two billion new 

users are set to come online worldwide which generates 

another $1.5 trillion to $2 trillion in GDP impact, mostly in 

the developing world [2]. Therefore, smart technologies 

basically are tools for becoming more efficient in the 

economy. Now technology is being brought more directly 

into the lives of residents. Smartphones are now used widely 

in the city, sending instant information about transit, traffic, 

health services, safety alerts, and community news into 

millions of hands. That means technology and data have 

been used purposefully to make better decisions and deliver 

a better quality of life. It is found that cities can use smart 

technologies to improve some key quality-of-life indicators 

by 10 to 30 % [3].  

A circular city is the city that adopts the principles of a 

circular economy across all its functions and establishes an 

urban system that is regenerative and restorative by design. 

These cities focus on eliminating waste, keeping assets at 

their highest utility at all times, and are enabled by digital 

technology. A circular city tries to promote prosperity and 

economic resilience in the city and its people, while 

separating this value creation from the consumption of finite 

resources [4]. 

 

Smart Cities 
 

A smart city is a city that uses different electronic devices to 

collect data, and the date is processed and used to manage 

resources, assets, and services efficiently; in return, that data 

is used to address problems in the city and improve the 

operations across the city [5]. Smart city policies are not 

fixed, they can change according to the priorities of the city. 

For example, Korea offers an interesting example of how 

smart city policies have changed over time. Smart city in 

Korea is viewed as an engine of future growth, and also 

needs to be a place for innovative job creation rather than 

focusing on solving urban problems. That‘s why the smart 
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city concept in Korea expanded to meet the perceived global 

standards of smart cities (Figure 1) [6]. 

 

Figure 1. The renewed smart city concept in Korea [7] 

 

There has not been unanimous agreement on what a smart 

city is and how it should be designed. However, smart cities 

mostly involve using digital innovation to manage the urban 

service efficiently as well as promote competitiveness and 

sustainability of a community. While digital innovation is a 

key element of the smart city concept, it is questioned 

whether investment in smart technologies and digital 

innovations ultimately contribute to improve the well-being 

of citizens. According to OECD, smart cities are defined as 

―initiatives or approaches that effectively utilise 

digitalisation to promote citizen well-being and deliver more 

efficient, sustainable and inclusive urban services and 

environments as part of a collaboration from multi-

stakeholders‖ [8]. This definition focuses on four main 

issues: [9]  

1. the need to document better the contribution of smart 

cities‘ to improving the life of people while continuing to 

deliver solutions to some of the most common urban 

challenges in a sectoral or multisectoral fashion; 

2. the importance of stakeholder engagement in local 

governance and collaborative partnerships to boost civic 

engagement and leverage the role of the private sector in 

decision-making at the local level (citizen participation and 

feedback; co-creation and co-production models; citizen-

centered services and engagement platforms); 

3. the value of experimentation with public access to open 

data and collaboration within/between cities; private-public-

people; national-regional-local scale; and 

4. the need for an integrated and holistic approach to address 

urban challenges through digital innovation in a city‘s 

governance, planning, and infrastructure investment. 

The concept of the smart city has been accepted and used in 

many countries as a vehicle for urban sustainability. The 

smart city process is about gathering data to monitor and 

optimize resource use through technology, and it has been a 

fundamental concept of the circular economy principles 

[10]. In India, Ministry of Housing and Urban Affairs 

responsible for 100 cities under the program ‗Smart Cities 

Mission‘ explained that a smart city provides for the 

aspirations and needs of the citizens with the aim of urban 

planners to develop the entire urban eco-system covering 

comprehensive development in four domains including 

institutional, physical, social and economic infra- structure. 

Due to its investment in long-term infrastructure to improve 

citizens‘ quality of life through the smart city mission, it 

could incorporate circular economy principles into the 

design of the infrastructure to provide water, sanitation, and 

waste services at scale as well as create effective urban 

nutrient and material cycles for the citizens [11]. Also, the 

better systemic planning of city spaces which is integrated 

with circular mobility solutions can increase air quality, 

lower congestion, and reduce urban sprawl. Flexible use of 

buildings and urban spaces which is enabled by digital 

applications, can increase utilization rates, getting more 

value out of the same assets. Higher efficiency and lower 

overall building and infrastructure costs could help meet the 

housing needs of the urban poor without compromising 

safety and quality. 

According to the Ellen MacArthur Foundation report, three 

focus areas of the Indian economy and society include  cities 

and construction, food and agriculture, and mobility and 

vehicle manufacturing [12]. The assumption that the Indian 

businesses should lead the way in the transition phase, with 

policymakers simultaneously setting the direction and 

creating the right enabling conditions could be discussed 

further. The transformation from a linear to a circular 

economy would require restructuring of production and 

consumption to promote environmental, social and 

economic sustainability [13]. 
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Digital Circular Economy 
 

A circular economy is one that aims to eliminate the concept 

of waste, emphasizing principles like durability, 

renewability, reuse, repair, and reduce material use. The 

concept seeks to bridge both environmental and economic 

concerns, according to Accenture, transitioning to a circular 

economy could unlock $4.5 trillion of economic value, 

while also making businesses and communities more 

resilient [14].  

Digital technology is incorporated into the cities according 

to the degree and nature of the technology capacity of the 

city from Digital Cities to Intelligent Cities to Smart Cities. 

Digital Cities integrate digital technology into the main 

infrastructure systems of the cities, while Intelligent Cities 

use the Digital City infrastructure to build intelligent 

buildings, transportation systems, schools, enterprises, 

public spaces, and public services, and integrate these into 

intelligent urban systems. Smart Cities install intelligent 

urban systems to promote socio-economic and ecological 

development, and to improve quality of life as well as 

address the origins of social instability in cities.  

A Digital City is clearly based on the integration of digital 

technology into the city infrastructure system. However 

Intelligent Cities and Smart Cities incorporate more 

technology application including innovation, learning, 

knowledge creation and problem solving. Smart cities are 

different from Intelligent Cities because they emphasize on 

social and ecological aspects through people and 

environment dimensions. And Eco-Cities emphasize 

balanced co-existence of nature-made and human-made 

environments. Table 1 illustrates the major differences 

between the four models of cities.  

Table 1. Comparing Digital City, Intelligent City, Smart 

City and Eco-City Models 

 

 

As digitalisation is designed to solve complicated problems, 

gearing the use of data and digitally-enabled solutions to 

address the sustainability crisis offers many possibilities. 

Digitalisation can be incorporated into urban management 

system to boost the transformation towards a more 

sustainable circular economy. It can help to close material 

loops by reporting the availability, location, and condition of 

products. It helps businesses and industries manage their 

product value change more efficiently by reducing waste, 

extending product‘s life, and minimizing the transaction 

costs. Thus, it helps promote circular economy by closing 

the material loops, slowing the material loop, and narrowing 

the loop with increased resource efficiency.  

Besides being used for tackling complexity in industrial 

processes and optimising manufacturing processes as well as 

promoting material efficiency in manufacturing firms, 

digital technology in term of ‗smart technology‘ is also used 

in construction domain to promote efficiency and cost-

effectiveness in construction. Some examples include 

responsive heating, ventilation, and air conditioning 

(HVAC) systems, as well as smart meters that can provide 

greater transparency on energy consumption and cost. Other 

solutions are retrofit in existing buildings such as improving 

insulation and incorporating smart meters are estimated to 

reduce energy consumption by 20-30 %. Other more 

technologies that can be integrated in building to promote 

energy sustainability such as solar PV (photovoltaic) can 

help in the transition towards buildings as producers of 

energy rather than mere consumers. Green roofs, the same 

direction of technology, are also used to filter and capture 

rainwater. Recirculation of water within homes is another 

way to reduce a home‘s resource consumption. Figure 2 

below illustrates some of the ways technology can unlock 

the circular potential in the built environment. 
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Figure 2. Connectivity for Buildings [15] 

 

However, many challenges need to be solved, in order to 

gain the desired benefits and achieve digital technology-

aided circular business models implementation. City 

planning should involve the issues of social inclusion, 

economic development and environmental protection, 

deploy public policies in pursuit of sustainability, and 

leverage digital technology in formulating and 

implementing such plans. City planning cannot be effective 

without learning from other cities, e.g., through the bench-

learning, defining measurable goals and indicators, and 

deploying monitoring mechanisms to assess to what extent 

the goals are being met. 

In the decades ahead, our cities and communities are 

expected to make a great deal of move towards circular 

economy as their infrastructures come under continual 

pressure from expanding populations. According to the 

United Nations statistic, it predicts that two-thirds of the 

world‘s people will live in urban areas by 2050 and that 

requires serious attention. Cities have an opportunity to 

improve quality of life by working on major local issues 

such as water and air quality, resource scarcity, traffic 

congestion and road safety as well as digital inclusion. 

Cities are also stepping up as key leaders in achieving 

environmental sustainability which is the priority of climate 

change action. If they are to achieve all of this, cities and 

communities must transform themselves into far more 

intelligent and agile organisations that can react and be 

flexible to the needs of citizens and businesses as well as 

respond to global demands and opportunities. As technology 

matures and new innovations emerge, cities and 

communities are empowered with even better solutions to 

become more efficient, sustainable and resilient. In short, if 

they are to be judged as successful, smart communities must 

ensure they deliver a social, economic and environmental 

benefit, providing a three-dimensional return on investment 

(ROI). 

The digital/ICT industry has a significant environmental 

footprint. Data centers, digital devices and digital 

infrastructures require (often critical) levels of energy and 

materials. ICT accounts for 5 to 9% of the total electricity 

demand (associated with GHG emissions) with a potential 

increase to 20% by 2030, as the demand for data centers, 

cloud computing and other energy-intensive technologies 

(e.g. blockchain) increases [16]. When considering the 

amount of energy digitalisation requires, these developments 

can also bring with them a transition in our energy system 

(e.g. increasing energy efficiency and share of renewables). 

Simultaneously, resource use and waste are a problem. The 

world produces annually 5 million tonnes (MT) of e-waste 



PSYCHOLOGY AND EDUCATION (2021) 58(1): 1432-1439      ISSN: 00333077 

 

1436 

www.psychologyandeducation.net 

 

in 2019, and the amount is increasing due to rapid technical 

development [17]. This is a missed economic opportunity, 

as enormous amounts of valuable, critical materials are 

thrown away. Landfilling and informal recycling of e-waste 

also produce unwanted health and pollution impacts.  

Smart City initiatives need to overcome or provide solutions 

to different types of challenges as follows: [18] 

1) Economic Challenges – Examples include 

improving local competitiveness against regional and 

international markets, diversifying economic activities, 

obtaining funding for Smart City initiatives, overcoming 

spatial inequalities in productivity and income, reducing 

pressures to the resource base due to growth of urban 

populations, reducing capital and operational expenditures, 

facing budget cuts affecting local governments, and 

controlling efforts driven by wild capitalism. 

2) Social Challenges – Examples include ensuring 

equity and fairness, reinforcement of social and territorial 

cohesion, ensuring social inclusion, addressing political and 

ethnic tensions, increasing burden on adult social care, 

providing services for different communities in the city, and 

leveraging human capital.  

3) Environmental Challenges – Examples include 

protecting natural resources and green areas, reducing 

emissions generated by transport systems, reducing energy 

consumption or using renewable energy, addressing 

environmental degradation caused by urbanization, 

following green practices, reducing dependency on gas and 

oil and air pollution, as well as addressing the scarcity of 

natural resources.  

4) Technical Challenges – Examples include 

deployment of integrated city infrastructure and service 

platforms, solving machine-to-machine communication, 

ensuring system and data security, managing spectrum 

utilization, defining and adopting interoperability standards, 

providing analytical methods needed to integrate qualitative 

and quantitative data from various sources, making optimal 

use of interconnected information for improving efficiency 

of city operations, optimizing the use of limited resources, 

providing the appropriate technology when needed, ensuring 

a proper solution or a good practice to the local conditions, 

and producing and delivering scalable solutions.  

5) Service Delivery Challenges – Examples include 

increased demand for energy, water and sanitation; 

increased waste generation and shortfalls in municipal 

budgets to collect and proper dispose of waste; increased 

requirement on housing and transport systems; improving 

public safety by reducing crime and emergency response 

time; minimizing traffic congestions; ensuring the 

construction of comfortable city facilities and buildings; 

improving quality of services by providing innovative 

services and streamlining and tailoring services to address 

citizens‘ needs; ensuring the right levels of security and 

resilience across delivery models; updating new releases of 

public services without major disruptions against ongoing 

service delivery; ensuring 24/7 service availability and 

customers‘ satisfaction by maintaining data and information 

up to date.  

6) Financial Challenges – Examples include ensuring 

availability of financial resources; addressing possible lack 

of capacity for attracting investors; ensuring the construction 

of cost-effective buildings and facilities; reducing 

operational costs; and delivering long-term sustainable 

solutions.  

7) Governance Challenges – Examples include 

engaging private sector in testing solutions, adopting 

decisions and proposals made by citizens; defining the 

proper role for private sector actor interventions – defining 

how, where, and when they should be engaged; attracting 

talent; enabling distributed implementation and execution by 

different stakeholders supported by central coordination; 

and establishing a governance committee with broad 

representation of government levels and societal sectors.  

8) Institutional Challenges – Examples include 

ensuring departmental coordination and alignment, 

overcoming bureaucracy in government agencies, attracting 

qualified IT professionals and relevant IT players, and 

having qualified human resources for service delivery. 

The major economic benefit that the circular economy 

provides at a macroeconomic level is that it is able to 

decouple economic growth from resource consumption. 

Many social aspects would be influenced by the adoption of 

a circular economy, including an increase in employment 

opportunities (i.e., in Europe alone, the transition towards a 

circular economy is estimated to generate 580,000 jobs [19]. 

Moreover, more resilient cities would be generated, 

providing a healthier space for citizens to live in. The 

circular economy has the potential to reduce the input of 

resources (e.g. energy) and output of materials (e.g. CO2 

emissions). There, however, are still challenges need to be 

addressed. The first challenge is initial investments such as 

the adoption of new technologies. Second, how cities 

promote understanding and develop correct measurement of 

circularity performance. Third, the benefit of the adoption of 

new practices and the return on investment are still unclear. 

Additionally, thinking systemically and leading by example 

is necessary rather than thinking of individual impacts as an 

isolated and innocuous impact in the world. It would be 

beneficial if each of us thinks about our impacts as part of a 

bigger system. 

 

Digital Circular Economy: Case Study 
 

Circular Economy (CE) is an economic system aiming to 

close material and energy loops in production and 

consumption systems. Digital technologies (DT), such as 

Internet of Things, Big Data Analytics and Artificial 

Intelligence can effectively support the Circular Economy 

implementation [20]. Following are some case studies of 

circular economy integrated the use of digital technology.  

Alpha Case: Alpha is a household appliance retailer in 

Northern Europe. Instead of selling the electric appliance 

such as washing machines and dishwashers to households, it 

offers service contracts/subscriptions which customers can 

access and use the appliance on the monthly-payment or 

pay-per-use basis [21]. With the use of IoT kit, the stand-

alone appliances are transformed into smart and connected 

products [22]. The IoT technology enables the tracking and 

monitoring of product activity during the usage phase. The 

information collected by IoT is also used for providing 

better technical support in the field [23]. Besides, IoT 

enhances renovation and end-of-life activities because the 

company knows the appliance position in real time, and they 

can organize better collection activities when each 
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subscription ends. Moreover, information regarding product 

status and condition may be useful to enhance other closed-

loop activities, such as refurbishment, remanufacturing, and 

recycling. 

Philips CityTouch case: This business model is the 

cooperation between city authorities and Phillips. The 

lightings are remotely managed on the cloud-based platform 

through the IoT network created by intelligent lightings. 

These intelligent lightings allow Philips to offer 

remanufactured products and not to lose the value embedded 

in the used city lightings. The company, city authorities and 

the intelligent lightings communicate through lighting 

management software. Philips can maintain the system, city 

authorities can control the system and lightings are acting as 

an intelligent object that can communicate with them. Thus, 

with this control mechanism, the stakeholders can save 

energy and material by optimizing energy consumption of 

the lightings and generate more revenue from the retrieved 

value of remanufactured re-source [24]. 

ZenRobotics case: This waste management solution uses AI 

algorithms to enable the main activity of recycling: waste 

sorting and reprocessing of materials. In order to achieve a 

high rate of pure secondary materials, it is essential to start 

with accurate waste separation for the right recycling 

process. With user-friendly AI software, the waste robots 

can be trained and interface. Thus, this technology suits to 

different industries and to different waste types. It is also a 

suitable solution for enterprises seeking to create 

partnerships with recycling firms using this kind of 

intelligent solution. With the use of AI, it is easier to use 

retrieved resources to offer recycled products and to create 

positive impact for the environment. ZenRobotics offers the 

least expensive and the most efficient solution to waste 

separating [25]. 

It can be seen that digital technology is mainly used for data 

collection, data exchange, data storage, and data analysis. 

Data analysis functionalities can be identified as monitoring 

and reporting product location, product condition and 

product availability; notifying predictive and preventive 

maintenance; identifying remanufacturing opportunities; 

optimizing product's energy consumption; enabling 

recycling, remanufacturing, product design and pricing; 

creating the intelligent product and virtual communication. 

Digital technologies are effective enablers for moving 

towards a circular economy which can deliver benefits for 

economy and environment such as increasing efficiency of 

raw material, reducing resource extraction, stimulating 

innovative designs, promoting production and 

remanufacturing, ensuring better distribution, consumption, 

reuse, and repair, as well as reducing waste (Figure 3) [26]. 

 

 
Figure 3. Digital Circular Economy (modified from 

Circular economy www.europarl.europa.eu) [27] 

 

The United Nations SDGs call for action to end poverty, 

protect the planet and ensure that all people enjoy peace and 

prosperity.‘ The seventeen Global Goals came into effect in 

2016 with the aim to guide the world towards a sustainable 

development path by 2030. The circular economy, thus, has 

the potential to achieve many of these goals and sets out a 

clear framework for practices towards the goal. When it 

comes to approaching the goals, a systems perspective that 

recognises interconnections is crucial because all the goals 

aim to promote long term sustainable economic, social and 

environmental prosperity, aligning with the United Nation‘s 

Sustainable Development Agenda. The objectives include 

strengthening resilience to climate change, addressing 

environmental challenges like resource depletion and 

pollution, increasing competitiveness and innovation, 

contributing to industrial modernisation and security, and 

supporting social cohesion. Data and digital-enabled 

solutions such as digital platforms, smart devices, the 

Internet of Things and blockchain, and artificial intelligence 

are already contributing to the circular economy. They are 

used inter alia to promote natural resources efficiency, help 

in design, production and consumption, as well as ensure 

reuse, repair, remanufacturing, recycling and improve the 

overall waste management. It is important to understand that 

a CE and digital transitions must be co-managed and 

employed as the means to ensure long-term prosperity in 

accordance with the SDGs, the Paris Agreement and 

climate-neutrality goals. 

 

Conclusion 
 

Cities now recognise that becoming a ‗smart city‘ is not an 

end state, but rather a process, which enables an efficient 

and ongoing evolution of technical solutions across city 
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services. The key is being able to balance strategic vision 

with a practical plan that delivers near-term results while 

bolstering public support for more comprehensive 

investments in modernisation. Every city has different 

demands and challenges. Fundamentally, transformation is 

about resourcefulness. That is, using innovative 

technologies that enable communities to do more while 

using less. In some cities, this may mean investing in smart 

water systems that help accurately track usage and minimise 

waste. Elsewhere, the priority may be accelerating adoption 

of carbon-free transportation. The trend in recent years of 

creating roles such as chief innovation, technology, or 

sustainability officers who assemble their own team is a 

major step in the right direction.  

Digital technology is incorporated into the cities according 

to the degree and nature of the technology capacity of the 

city from Digital Cities to Intelligent Cities to Smart Cities. 

Digital Cities integrate digital technology into the main 

infrastructure systems of the cities, while Intelligent Cities 

use the Digital City infrastructure to build intelligent 

buildings, transportation systems, schools, enterprises, and 

public services, as well as integrate these into intelligent 

urban systems. Smart Cities use intelligent urban systems to 

promote socio-economic and ecological development, and to 

improve quality of life as well as to identify the origins of 

social instability in cities.  

Due to the socio-economic impact of the environmental 

crisis and of the ongoing climate changes, all stakeholders 

should work together towards a circular recovery and a more 

resilient future. A systemic shift to a circular economic 

model is required to achieving climate neutrality, fostering a 

thriving society, and keeping resource consumption within 

planetary boundaries. Circular economy is a transition from 

linear take-make-use-dispose to a close-loop of production 

and consumption. It needs collaboration from citizens, 

businesses and the research community to enable its 

function in an integrated way. It is a business model 

decoupling resource use from economic activity by 

maintaining the value and utility of products, components, 

materials and nutrients for as long as possible, in order to 

close material loops and reduce harmful resource use and 

waste generation. Through this circular transition, we can 

improve human wellbeing, reduce emissions, protect and 

enhance biodiversity, and promote social justice, in line with 

the Sustainable Development Goals. 

Cities are center of innovation and socio-economic 

transformation and have potential to lead the transition to a 

circular economy. They are a place to foster a circular 

economy and lead the way towards a more sustainable, 

resilient future. The key is building in flexibility from the 

start with open platforms and partnering with an ecosystem 

of vendors who understand the importance of working 

together and ensuring their technologies talk to each other. 

Digital technology can be functioning for data collection, 

data exchange, data storage, and data analysis. With digital 

technology support, businesses and industries can monitor 

and update product location, product condition and product 

availability as well as optimize product's energy 

consumption, recycling, remanufacturing, and product 

design. Digital technologies are effective enablers for 

moving towards a circular economy which can deliver 

benefits for human, society, economy and environment in a 

sustainable way. According to the United Nations, circular 

cities will be a major engine for pursuing the Sustainable 

Development Goals. 
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