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Introduction
INTRODUCTION
The purpose of this work is to investigate how energy and composting communities can assist

in the development of sustainable smart cities.

Energy, resource and natural environment have a cause and effect relationship with each
other. Energy is crucial for the socio-economic development local, national and international
and overall welfare, as well as a challenge to achieve sustainable development. Energy has
been a significant driver of industrialization, economic growth, and national and global
politics. At the same time, it is responsible for environmental degradation and climate change.
All CO; emissions result from technological, economic, and demographic factors. The energy
sector contributes to 90% of CO: emissions globally and primarily contributes to climate
change (Mishra, 2025). For this reason the sustainable development goals' have prioritized
environmental and ecological aspects (Raszkowski & Bartniczak, 2019), which we believe

can be accomplished through the aid of energy and composting communities’ activities.

Secondly, sustainable development is a holistic process therefore it also concerns
technological progress and institutional changes aimed at creating an inclusive and peaceful
society that promotes the progress of its citizens. Within this framework we will analyze the
smart city phenomenon and although it focuses on technological advancements and their
application in every sphere of urban life, we will also find how there is a strong correlation

between intelligent urban expansion and sustainable growth.

In the final chapter we will compare three international metropolis and analyze the different
and common ways in which they employed energy and composting community practices to
boost their sustainability. Additionally, we will analyze the various manners in which they
incorporated IoT-based tools and Al to carry out their energy and composting activities. By
evaluating each city’s approach we will be able to have a clear understanding of how a city
can pursue ecological and intelligent growth by exploiting the opportunities of energy and
composting communities, thereby setting a standard of reference for other urban settings

wanting to do the same.

! The sustainable development goals are 17 objectives that the Agenda 2030 has come up with and they have to
with improving economic, social and environmental aspects while keeping in mind the benefit of future
generations.
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Chapter 1-Energy and Composting communities: an ecological

transition

1.1 PREMISE

In the past decade, the literature on transitions toward sustainable socio-technical systems has
made a considerable contribution in understanding the complex and multi-dimensional shifts
considered necessary to adapt societies and economies to sustainable modes of production and
consumption (Coenen et al., 2012). Furthermore, the literature on sustainability transitions
departs from the idea that social and environmental problems call for transformative change
but employs socio-technical frameworks that treat nature as a passive context (Andersson et
al., 2024). Two conceptual frameworks have been analytically dominant in researching
innovation dynamics in sustainability transition processes, namely technological innovation
systems (TIS) and the multi-level perspective (MLP) (Markard et al., 2012). According to
Truffer (2015) the framework of Technological Innovation Systems (TIS) has developed into
one of the salient conceptual building blocks of sustainability transitions research over the
past two decades; on the other hand the Multi-level perspective can be regarded as a hybrid
theoretical framework bridging science and technology studies and evolutionary economics,
drawing extensively on institutional analysis as a middle-ground spanning these traditions
(Coenen et al., 2012). Nevertheless both TIS and MLP draw on common theoretical roots,
analyze similar empirical phenomena and are closely related concepts for the study of far-
reaching technological change (Markard & Truffer, 2008). Additionally, both TIS and MLP

approaches rely heavily on institutions in their conceptual framework (Coenen et al., 2012).

In order to understand how research on the ecological transition theory can improve future
studies on sustainability shifts, we must take a look at its main aspects. Arguably the best-
known example of a sustainability transition concerns the decarbonization of energy and
transport systems (Verbong and Geels, 2007), while other examples can be found in
agriculture in terms of biodiversity and food security, or waste or water management and

urban development (Brown, 2008, Truffer et al., 2010).

Within this context, community based initiatives (CBIs) are an embodiment and potential
catalyst of societal change towards sustainability (Mourato & Bussler, 2019). With the
community acting as the transformative actor, a community-based transformative social

innovation is increasingly perceived as key to tackling complex anthropogenic socio-
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ecological problems in the light of sustainability transitions (see Anguelovski and Carmin,
2011; Frantzeskaki and Rok, 2018). The CBIs we shall analyse in this chapter are energy

communities (ECs) and composting communities (CCs).

First and foremost ECs introduce revolutionary ideas to the energy transition, as while authors
such as Bosman et al. (2014) and Holmgren et al. (2019) have broadly acknowledged
decarbonization, energy scarcity and affordability as the foundational pillars of this ecological
shift, ECs act as social innovations by challenging the established beliefs about the centralized
governance of renewable energy and by proposing new solutions to energy related issues.
Furthermore, sustainability transition studies also cover waste management related aspects as
it does not merely address the supply of infrastructures, but also the multitude of institutional,
social and technological spheres that are necessary to operate the services; also the challenges
of urban waste management are emblematic of the broader sustainability issues that arise at
the nexus of rapid urbanization, environmental degradation, and evolving societal awareness
(Wang et al., 2025). Within this context CCs can help come up with solutions to these issues
by recovering discarded resources and employing compost in heat origination and agricultural

practices.

Finally yet importantly, some scholars including Mayer, (2020), Young and Brans (2020),
Haas (2018), Steg et al. (2018) and Healy and Barry (2017) emphasize the strong connection
between the social acceptance of energy transition and policy instruments or political
strategies; for this reason legal frameworks and regulatory policies need to be considered

when instituting energy and composting communities.

1.2 Energy Communities

In recent times, the increasing reliance on fossil fuels and the growing threats posed by
climate change have underscored the urgent need for a rapid energy transition Problems with
energy supply and use are related not only to global warming, but also to environmental
challenges such as air pollution, acid precipitation, ozone depletion, forest destruction, and
emission of radioactive substances. As a consequence, in some jurisdictions, the prices of
many energy resources have increased over the last one to two decades in order to counteract
the negative effects of such environmental costs. This has led industries, the public sector, and
private citizens to start adopting more and more renewable energy sources and to start

exploiting their reduced costs and longer lifespan. Nevertheless their application is not
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straightforward; there are as a matter of fact several difficulties in their implementation,

including social acceptance and legal frameworks and policies.

In this context, decentralised energy systems will be favoured over traditional centralised
electricity generation, to reduce generation and distribution inefficiencies and to facilitate
increased contributions from renewables and combined heat and power (Wolfe, 2008). These
local energy systems aim to support the increasing penetration of renewable resources and use
them to satisfy the energy needs within the community, therefore fostering energy
independence and the switch to zero carbon emissions. In addition the shift from polluting
sources to renewable energy sources (RESs) helps promoting energy security, enhancing
public health and driving technological innovation and economic opportunities. This shift has

led to the birth of energy communities.

1.2.1 Definition and characteristics

According to Ahmed et al. (2024, p. 4) “Energy communities are crucial in Europe’s energy
transition, attracting private investment, gaining public support for energy projects, and
facilitating long-term renewable resource utilization”. Additionally, they result in certain

advantages like lower electricity costs, decreased pollution and a boost in local economies.

However, before diving deeper into the matter at hand we must understand what we mean by
“Energy Communities”. First and foremost we must distinguish between two macro
categories of energy communities: renewable ECs and citizen ECs. Regarding the latter, the
revised Electricity Market Directive 2019/944 (EMD)? declared that “a citizen energy
community (CEC) is a legal entity based on voluntary and open participation and is
effectively controlled by members or shareholders (...), has for its primary purpose to provide
environmental, economic or social community benefits to its members or shareholders or to
the local areas where it operates rather than to generate financial profits; and may engage in
generation, including from renewable sources, distribution, supply, consumption, aggregation,
energy storage, energy efficiency services or charging services for electric vehicles or provide
other energy services to its members or shareholders;”’. Similarly, a renewable energy
community (REC) is defined by the revised Renewable Energy Directive 2018/2001 (REDII)?
as “a legal entity which, in accordance with the applicable national law, is based on open and

voluntary participation, is autonomous, and is effectively controlled by shareholders or

2 The EMD sets forth legislative guidelines for citizen energy communities

3 The REDII provides a uniform legal structure for all member states in relation to renewable energy
communities

10
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members that are located in the proximity of the renewable energy projects that are owned
and developed by that legal entity; (...) the primary purpose of which is to provide
environmental, economic or social community benefits for its shareholders or members or for

the local areas where it operates, rather than financial profits”.

As a result we can understand how both definitions undertake the form of legal entities
formed upon free partaking, additionally they both consider the social, economic and
environmental benefits resulting from the application of energy communities. Regardless,
some key dissimilarities can be detected between RECs and CECs. Initially, if we analyse the
technologies that are permitted, RECs may only employ renewable energy technologies while
no limits are imposed on CECs. Secondly, RECs’ members must be located in the vicinity of
the developed energy projects; on the contrary no constraints are applied in this department to
CECs. Another variation can be noticed in the ownership and government principles of the
EC; with referenced to the RECs, small and medium-sized enterprises can take charge of a
REC if their major commercial activities are not correlated to the energy sector, but for CECs,
this is reduced to small and micro enterprises. Finally, both definitions announce the
authorized activities of each type of EC; while the CECs’ activities are restricted exclusively

to the electricity sector, RECs can be active in all energy spheres.

Furthermore, based on the diverse range of programs or activities concerning community-
based propositions centered on developing low-carbon and sustainable energy plans, a
different terminology may be used to refer to these ECs. For example there are: renewable
energy communities, community renewable energy projects, grassroots energy initiatives,
clean energy communities, sustainable energy communities, low-carbon energy communities,
local governance of energy production. Although each one shares the same goal of promoting
clean energy and eco-friendly behaviors, there are some distinctions regarding the governance

and policy frameworks, the contextual differences and the overall carrying out of the project.

Last but not least, a final differentiation amongst ECs can be made based on their degree of
engagement in the ownership, decision-making and management of energy generation plants.

As a result the EC is classified as centralized, decentralized and distributed.

1.2.2 Scope and types of ECs

Energy communities do not only facilitate the integration of development goals, they also are

actively involved in energy sharing and energy efficiency measures. In other words they are

11
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4. that is they create

no longer “passive consumers” but are now becoming “active prosumers
energy instead of just consuming it. This is because the scope of ECs goes above and beyond
the mere energy generation, but rather considers various policy dimensions that strengthen
communities and support the evolution to cleaner energy sources and a more sustainable

future.

According to the different scope and participation role an energy community and its members

can take on, we can identify six types of energy communities:

1. Energy Cooperatives: they allow communities to collectively invest in renewable
energy installations and share in the realised advantages. Moreover, their main aim is
to accommodate their members with goods and services, not to distribute profits.

2. Municipal Communities: they involve local governments taking on the expansion and
installation of renewable energy proposals. They often emphasize energy efficiency
strategies and incorporate ecological transportation and infrastructure development.

3. Neighborhood scale communities: they concentrate on a single district that has to
localize renewable energy creation and consumption within the confines of a limited
geographical area. They harness the concept of the neighborhood as a place that brings
people together in order to utilize local resources to encourage sustainable actions
while at the same time developing a sense of belonging.

4. Rural and agricultural communities: they give attention to sources like wind, sun and
biomass. Therefore, these RECs prioritize supporting renewable energy installations
on farmlands, rural locations and agricultural amenities. They are very useful in
supplying income diversification for farmers, energy self-sufficiency, and sustainable
rural growth and expansion.

5. Indigenous communities: they have demonstrated a rising interest in creating RECs
that are aligned with their cultural values, traditions and land stewardship principles.
In addition, they focus on benefit sharing in renewable energy programmes and foster
sustainable solutions that are culturally appropriate and help achieve community
resilience.

6. Island communities: these are more and more establishing RECs to transition to local

renewable energy sources. Their goal is to reinforce energy security while reducing

4 Prosumers are users that not only exhaust electricity, but own individual distributed renewable energy
generators (for instance roof-top photovoltaic systems) that are used for self-consumption and share excess
energy. This model is usually meant to increase profitability of users.

12
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the dependency on fossil fuels. Furthermore, Ahmed et al. (2024, p.8) stated “these
communities often combine RE generation with ESS and smart grid technologies® to
establish resilient and self-sufficient energy systems”. However, this particular type of
ECs may encounter some challenges with disposing of renewable energy sources in a

small context like that of an island.

To sum up, we have seen how there are multiple kinds of RECs and while they do tailor their
approach according to local characteristics, goals and resources, they do have a common
thread: they share the same vision for encouraging the switch to renewable energy,

community engagement and sustainable development.

1.2.3 Functions, participants, roles and activities of ECs

In general, the main functions of ECs can be summarized as energy creation, energy storage
systems (ESSs), energy consumption, energy selling and energy sharing; these fields are
however very broad and encompass more specific actions, additionally they are then

incorporated in the below activities.

Moreover, we must take into account the participants involved in these actions. Forming a
REC does not make sense for a single person or a family, so many stakeholders both from the
private and public sector take part such as: citizens, local businesses, local government,
investors, prosumers, energy system actors and energy cooperatives. It is essential to highlight
the contributions from these actors as their involvement can enhance the acceptance and
transition to renewable energy sources as well as bolster energy communities. Nevertheless,

the role of these players may vary.

Having now analysed the primary tasks of energy communities as well as the numerous kinds

of members, we can combine the two aspects and classify eight macro-categories of activities:
1. Collective energy generation through renewable energy sources

First and foremost, including energy created from renewable sources (usually photovoltaic
and storage systems) leads to societal advantages as it improves the working of distribution
networks, but also to environmental benefits because the employment of renewable energy
technologies like solar photovoltaic systems or geothermal systems produces green energy at

a local level and decreases the reliance on non-renewable sources. Additionally, there are

> Smart grid technologies face the pressing issue that electric power systems are dealing with stimulated by the
urgency to decarbonize electricity supply and to make effective use of communication technologies. These aims
all come together in the Smart Grid which uses advanced information and communication to control this new
energy system reliably and effectively (Ekanayake et al., 2012).

13
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some economic interests as the investments made are shared from the owners, therefore
lowering the energy bills thanks to self-originated power or incentives from institutions.
Furthermore, in this category we also come across several forms of energy aggregation and
community energy where local individuals join together to invest in wind farms or

cooperatives.
2. Energy consumption

When talking about energy consumption we refer it to both the active and passive consumer,
whether it being a citizen, a company or the local government, and the community in general.
It therefore is an activity performed by all players. As a consequence, RECs have been
pushing consumers to become prosumers by instating renewable energy systems on their
properties and at the same time contribute to the overall energy generation. This is because
when buyers own RECs they serve as both producers and utilizers of their own electricity,
permitting them to diminish their expenditure for energy while also gaining another income

from selling the extra production.

As a consequence, energy consumption also aspires to maximize both individual prosumers

and community’s energy profiles towards higher self-consumption and decreased peak-loads.
3. Energy storage systems

An ESS is a device that is able to turn electrical energy into a storable form and afterwards
convert it back to electricity as required; they basically act as a storage intermediary between
production and depletion. ESS technologies are divided in six main groups: thermal,
chemical, electrochemical, electrical, mechanical and other (example: hybrid energy storage);
moreover, depending on their response characteristics we identify short term ESSs, medium
term and extended long term. The latter allows the effective keeping of excess energy
generated in periods of peak production which can be used in periods of high demand.
Additionally, the equilibrium between supply and demand can be maintained with energy
storage units; ECs utilize them to uphold the stability between energy production and the
dependability of power networks. Moreover, according to Mussawar et al. (2024), the scope
and economic potential of different energy storage technologies and configurations (single
and hybrid) for improving the energy performance of an urban energy community depends on
(and varies with) its built context (form and function). It is also noticed that optimized sizing
and operation of ESSs could bring higher cost savings and, in some cases, a hybrid ESS may

be preferable and cost-efficient.

14
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To sum up, this department of activities sees as its main functions providing energy efficiency
services and optimizing shared power supply and storage; moreover the protagonists of these

practices are energy system actors.
4. Energy sharing

The sharing of energy in RECs has to do with cooperative allocation and application of
locally produced distributed renewable energy resources. Energy sharing within the
community gives individual consumers the chance to share the surplus energy with the other
players in the system. This method guarantees additional efficiency and a sustainable use of
these RESs in the community. Furthermore, there are a variety of mechanisms through which
energy sharing can happen, for instance peer-to-peer energy (P2P) transfers, in which a P2P
platform permits both electricity creators and consumers to exchange and sell electricity and
other services from one another; community microgrids, which are a group of distributed
energy resources that although depending on hardware innovation technologies, they can
function both connected to the traditional grid or independently; or collective energy storage

initiatives which we have previously discussed.
5. Energy efficiency measures

Given that the spread of ECs is likely to bring about energy conservation, better energy
efficiency, and assist in mitigating the “energy poverty”, ECs push for the installation of
energy-efficient technologies and systems among the players because for the energy transition
to occur, a switch from fossil fuels to RESs is not sufficient; anticipating energy wastage and
upgrading the levels of energy efficiency is also required. The technologies involve energy-
saving appliances, insulation but also behavioral changes that promote the reduction of overall
energy exhaustion. Coenen and Hoppe (2022) offer deeper insights into evaluating strategies
and steps for guiding homeowners to attain energy savings and reduce carbon emissions; also,
they highlight the potential of RECs as a fresh approach for addressing energy efficiency in
existing housing, along with potential enhancements in their energy performance. Similarly,
C. Chen et al. (2021) have presented an artificial-intelligence-driven evaluation model called
AIEM, aimed at predicting the economic effects of REs and energy efficiency; this innovative
model has the potential to boost energy efficiency and optimize the utilization of RESs.

6. Data monitoring and analytics

ECs employ data management and analytics instruments to trace energy utilization,
consumption trends and the system’s performance in general; these methods guarantee the

efficient functioning of the EC. For this purpose many AI based tools were proposed.

15
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Initially, in his study Gagliardelli et al. (2022) proposed the energy community data platform
(ECDP), a middleware platform specifically crafted for gathering and analyzing extensive
data on energy consumption within local ECs, with the primary goals for promoting greater
awareness and conscientious energy usage among users. Similarly De Greve et al. (2020)

proposed data analytics modules to assist community members in optimizing their resource
usage (generation and consumption) to reduce their electricity costs. To sum up, data
monitoring platforms and online information sources give us daily insights into sustainable
energy depletion, helping users in evaluating their energy expenditure and its influence on

renewable energy utilization and electricity issues.
7. Virtual power plants (VPP)

Based on what Zhang et al. (2025), a VPP is a carrier that organically combines distributed
generation, dispatchable load, and distributed energy storage, and realises the integrated
regulation of various distributed energy resources through matched regulation method and
communication technology. Basically these virtual communities leverage a variety of digital
platforms to facilitate energy trading across a wider geographical area, as well as easing P2P
energy exchanges and permitting individuals to take part in community solar initiatives.

ECs can implement two different kinds of VPPs: commercial (cVPP) power plants or
technical ones (tVPP). They differ in purpose, the first’s goal is to perform the commercial
assemblage of the distributed energy resources units and to optimize the opportunities of their
involvement in the market; on the other hand the tVPPs concentrate on activities affiliated to
technical applications, storage and optimisation, it mainly concerns aspects like energy flow
maximisation, generation and expenditure algorithms, communication procedures within
networks and technical viability ideas. Overall both sorts link renewable energy producers
with users who although not located close by, have a common goal in supporting renewable

energy.

1.2.4 Challenges and Opportunities of energy communities

Like everything even the realization and implementation of an energy community has its
advantages and disadvantages. As we have previously mentioned, an energy community is
based on optional participation, therefore key to its efficiency is a foundation of
communication and trust among its stakeholders; it is also contingent to their democratic

participation, which needs to be aligned with socio-cultural values and traditions.

Keeping in mind how an energy community is formed and works, we can consider the

opportunities it brings to society as a whole. First of all, the expansion of ECs results in a
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positive influence on the local economy; this can be witnessed in the creation of jobs within
the renewable energy sector but more in general in the growth of the gross domestic product
(GDP) as the renewable energy sector advances. These advantages can have a greater impact
on rural communities. Moreover, market liberalization has affected prices and energy
community development, leading to the reduction of collective grid exchanges, of energy
wasted for transport and a decrease in transport costs; in this way energy is provided at
affordable prices to the representatives of a community who in the meantime maintain their

rights as end customers.

Financial benefits are closely related to social advantages because they can foster social
innovation. The primary social advantage is the involvement of citizens in renewable energy
projects, which will extend the support for green technologies. With the enrollment of the
public, a culture that is based on sustainability and clean energy will be nurtured and reflected
in upcoming government programs that will amplify the attempts towards energy change.
Furthermore, involving the public can affect their attitude as consumers, raising awareness on

the repercussions of their decisions.

Secondly, there are a couple technological opportunities related to the establishment of energy
communities. The adoption of RESs combined with modern technological management
systems is an essential building block in the development of energy communities; as a matter
of fact the installation of smart grids can markedly improve the democratic procedures within
the energy ecosystems and their digitalization can augment efficiency and sustainability
through the application of technologies like Artificial Intelligence or Big Data. In particular,
blockchain technology® is being used to facilitate the transition of the electrical infrastructure
towards a more ecological model, therefore enhancing the safety and transparency of energy
transactions, further strengthening ECs by simplifying democratic engagement and boost
social acceptance. Moreover, technological opportunities are linked with economic ones as
the evolution of advanced green technologies will bolster the integration of RESs into the
energy mx and lower the energy prices. However, it is critical to highlight that the
digitalization unfolding has proceeded to a much greater extent in North America, Europe and
Oceania while Latin America and Africa have seen significantly less advancement in this
view. This gap emphasizes the need for a global strategy and a fair transition of energy

systems to ensure sustainability and accessibility for all in the future.

6 Blockchain technology is defined “as a decentralized and distributed database that records transactions in a
chronological sequence. These transactions are consolidated into blocks, which are cryptographically linked,
thereby creating an immutable chain” (Noguera et al., 2025)
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Last but not least the environmental dimension accentuates the importance of verifying the
effect of energy community initiatives on the natural environment and climate change. The
first benefit resulting from the inclusion of renewable energy technologies within ECs is the
impressive decrease in greenhouse gas emissions in respect to traditional energy systems; in
fact according to Mariuzzo et al. (2023) the implementation of photovoltaic solar energy
within energy communities has the potential to reduce greenhouse gas emissions by up to 50
%. Another advantage worth underlining that Ceglia et al. (2022) proved is how RECs are
more energy efficient, thereby preventing up to 39.5 tons of CO2 emissions on an annual
basis in comparison to conventional systems that do not incorporate resource sharing. In
addition Fleischhacker et al. (2019) indicate that the implementation of photovoltaic systems
and heat pumps could potentially result in a reduction of emissions by up to 85%.
Nevertheless, ECs do not only lower emissions, based on Almeshqgab and Ustun (2018) rural
electrification through renewable energy sources can help mitigate deforestation and air
pollution, which are often caused by the combustion of biomass and fossil fuels. This can
consequently help in the preservation of natural resources and the safeguarding of local
ecosystems. Furthermore, even non-conventional renewable energy resources are recognized
for their positive environmental effect as they do not release air or water pollutants, thereby
diminishing the dangers to human health. Overall we can conclude how ECs are a valuable
medium to combat climate change and protect the local environment. However, it is of vital
importance that they are dealt with and executed properly in order to make a considerable

contribution to the institution of a more ecological energy ecosystem.

On the other hand, we must now examine the difficultiecs ECs encounter as each of the
dimensions previously analysed comes with its ups and downs. Among the financial
challenges of implementing an EC we must stress the necessity that costs be distributed
equally to guarantee the efficacy of ECs. A just allocation of costs is mandatory to anticipate
opportunistic behaviours and promote collaboration among community associates. For this
purpose, in their study Li and Okur (2023) present a range of methodologies for cost
allocation within integrated community energy systems; these include flat tariffs, time-
varying tariffs, capacity-based subscriptions, and multi-part tariffs. Not only are these tariff
systems indicative of the users’ contribution to the system, they also are designed to
encourage efficient energy expenditure. Another economic struggle that ECs face is that the
design of their business models need to follow a list of essential criteria, additionally the
business models must satisfy the communities’ needs and optimize each cooperation chance

in the energy ecosystem. Similarly, the detection of appropriate funding sources is also an
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issue; these sources may encompass bank loans, government subsidies, non-governmental
organizations, crowdsourcing, private investments, development funds, and tax breaks. The
choice of the most appropriate financing system is subject to the characteristics of the project
and the economic ability of the community; thus it is vital to conduct a prior evaluation in

order to confirm the survival and sustainability of the EC.

Secondly, ECs endure also technological troubles as while we have seen the energy transition
goes hand in hand with microgrids and digitalisation in general, privacy and security still
remain a challenge in this department. The main technological issue has to do with data
management because the digitalisation of energy networks involves large interchanges of data
that require being efficiently managed and protected. In addition, within the EC view, the
difficulties of data management depend on the diversity of participants involved and the
prerequisite to obey national privacy laws and the General Data Protection Regulation
(GDPR). Considering how the establishment of data interaction and data swap solutions still
represents an obstacle for ECs, their members shall come up with standards on how their
information should be handled by EC services. Nevertheless compliance with the regulations
of the GDPR is vital so for this reason there are certain principles that need to be followed by
operation systems for ECs: the data minimisation principle, the storage limitation principle,
and the integrity and confidentiality principle. In general, the technological challenges of ECs
pertain to security, privacy and technological disparity and they must be tackled in order to

promote an impartial digital energy ecosystem.

Regarding the social difficulties of the realization of ECs, the first one worth mentioning are
the socio-economic disparities existent in different countries or societies; where income levels
are low, technical abilities are constrained and access to technology is regulated, the
opportunities granted by ECs might be less distinct than in countries with a stronger economic
capability. These imbalances can be associated to the lack of financial resources or skills and
the marginalisation of certain groups. Furthermore establishing an EC that is in harmony with
the cultural identity and governance structure of a society is also a challenge; this is because
the decisions made by each actor are intricately connected to the dynamics of the community.
In addition Vides-Prado et al. (2023) argue that an effective governance structure can mitigate
uncertainty and facilitate the selection of optimal alternatives through a collective process.
This, in turn, serves to promote the sustainability and success of electrification initiatives
within marginalized communities. Overall, for the EC to endure it must be aligned with local
customs, values and governmental policies as only in this way will we be able to guard its

long-term sustainability.
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Finally we consider the negative sides of the environmental advantages associated with the
implementation of ECs. We previously explored the many opportunities of resorting to RESs,
however these resources exercise negative impacts during the stages of fabrication,
installation and discarding; these effects may vary but as stated by Rahman et al. (2022)
include damage to vegetation and biodiversity, acoustic contamination, alterations to marine
ecosystems, [acid rain, stratospheric ozone depletion] and land erosion. Moreover these

resources can release substantial amounts of carbon dioxide during their life-cycle.

1.2.5 Legal frameworks and regulatory policies of energy communities

The energy sector is going through a deep transformation at an increasing pace, it has moved
from focusing on centralised production to a cooperative ecosystem made up of self-managed
prosumers. For this purpose the legal aspect represents a focal element in the progress and
operationalization of ECs; as a consequence the EU proclaimed the following two main
directives we have already mentioned: the Renewable Energy Directive (REDII) and the
Electricity Market Directive (EMD). Thanks to the REDII, RECs share various general
characteristics, however they differ in their actual implementation depending on member
state; in particular based on national and local policies, ECs will have distinct bureaucratic

and organisational structures which impact the goals and limitations of ECs and their actors.

Considering the European scenario, in the context of the Clean Energy Package’, a handful of
countries among which Germany, Spain, Switzerland, Sweden, the Netherlands, and the
United Kingdom, have set up regulatory frameworks and policies that pave the way for
investment in renewable energy while also encouraging active community engagement and
ownership of energy ventures. According to Yiasoumas et al. (2023) from a legal perspective,
the regulatory framework issued by the EU will help avoid any exploitation of the concept
and also to expand the development of ECs in EU countries where the EC concept has no
presence (...). That is to say that already installed ECs will need to follow the new acts of law
in order to be legally considered as a valid REC or CEC. Additionally, there are several
different schemes for the regulatory approaches implemented across member states, as there
can be geographical or administrative dissimilarities, differences related to the electrical
system of each country, specific network tariffs for RECs but also distinct energy community
responsibilities, thereby proving the freedom given to the MS by the EU framework on how

to translate the framework into national law.

7 Adopted in 2019, it proposes an adaptation of the European energy policy framework to help the change from
fossil fuels toward cleaner energy.
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For example in Germany the legal system offers financial aid for RECs through incentives,
low-interest loans and compensation, like the National Climate Protection Initiative, the
Market Incentive Programme and the Energy Tax Act; in the Netherlands thanks to the Dutch
Electricity Act, the government gave the gave the Community Energy Pilot Projects the
chance to try out developments pertaining to the creation, transport and supply of
decentralised, sustainable electricity, in addition they no longer distinguish between RECs

and CECs.

Secondly, overseas, the USA and Australia have enacted considerable reforms aimed at
facilitating consumer involvement and the incorporation of renewable technologies. Also, in
Latin America various countries are engaging in policies that encompass the establishment of
laws and regulations drafted to foster investment in clean energy sources and the inauguration
of specific goals for energy production through these resources; for instance Chile, Brazil and
Columbia have all shown great progress which demonstrates a regional disposition towards
policy initiatives that give priority to citizen participation in the energy sector and the shift
towards more ecological energy resources. In particular Chile has pursued the advancement of
non-conventional energy resources, guided by the law known as the “Ley de Cuota” which
founded a legal framework for the functioning of ECs within the country, Brazil with its
National Agency of Electrical Energy instituted a compensation energy mechanism and set up
the foundation for the EC system, and in Columbia law 1715 of 2014 started providing
incentives for the evolution and use of renewable resources within the country’s energy
sector. The progress made in this territory’s countries proves a regional inclination towards
strategies that focus on citizen participation in the energy sector. Therefore it is crucial that
governments in Latin America assume a coherent approach to policy and regulation if they

wish to support the effective implementation of ECs

In conclusion, as observed by Cohen et al. (2021) and Milchram et al. (2018) nations with
comprehensive policies that facilitate community energy initiatives demonstrate elevated
levels of participation and investment compared to regions with less conducive regulatory
frameworks. Nevertheless, the legal sphere must push for inclusive policies, financial aid and
provide training courses dedicated to reinforce the community’s capabilities; only this way

will the development of ECs be successful.

1.2.6 Energy communities in Italy and across Europe

We already know that ECs are a steppingstone in the EU energy transition, therefore it is not

surprising how many of these communities are located within Europe. As a matter of fact,
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from a research conducted by Koltunov et al. (2023), Germany has the highest number of ECs

relative to other countries, followed by the Netherlands and Denmark.

Considering how each country is different from another, Tarpani et al. (2022) distinguished
two different types of European countries involved in the EC development: the pioneers and
the laggards. These two categories underline divergences in policy, bureaucracy, culture, and
usage of alternative sources and technologies for the installation of energy communities; in
particular “laggards” are those countries which show serious weaknesses and drawbacks in
policy definition and ECs organisation and diffusion in their territory, while “pioneers” refers
to countries that already have some active energy communities within their territory and
therefore have already come up with policies and strategies to further the settlement of ECs.
Moreover, the activity of ECs in the EU is not uniform, but rather Germany, the Netherlands,
Denmark and the UK are leading the process (so called pioneers), while southern European
countries like Spain or Italy although they have started the EC process they still are at the
beginning stages (laggards); on the other hand Eastern European countries such as Poland,

Bulgaria and Slovenia barely have any ECs.

Regarding the sectors in which they are involved, in Germany the majority of ECs produce
solar energy, on the contrary in the Netherlands and in Denmark ECs create electricity from
wind and heat from biomass, in the UK ECs mainly produce solar, hydro and wind energy
and in Switzerland most of the ECs are district heating biomass cooperatives. Also worth
mentioning is how in Northern European countries ECs are centered on decentralized heating
systems as a tool to help the decarbonization process across Western and Central Europe;
furthermore a study conducted by Chen et al. (2020) finds that the increased use of heat
pumps for building heating (rather than by current electric heating) substantially increases

wind power development.

For what concerns Italy, Tarpani et al. (2022) defined it a laggard country considering how it
presents multiple flaws and weak points in policy management and the establishment of ECs.
Furthermore, Italy lacks a clear well developed policy that states how shared renewable
energy already assists the decarbonization process, as well as it is underdeveloped from a
regulatory and technological point of view if compared to pioneer countries like the
Netherlands. Additionally, although considerable progress has been made in the past two
years, Italy has not quite reached the level of pioneer countries due to its lack of relevant and
specific technologies for the smart electricity system but also it does not have any precise
strategies for bettering citizens’ knowledge and engaging the transit to ECs. On the other hand

the Netherlands for instance are equipped with tailored strategies for reinforcing citizens’
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awareness and involvement; they also have come up with signature platforms that give

guidelines and describe the benefits of ECs.

To further comprehend the dissimilarities in EC implementation between these two countries,
let’s take a look at two practical cases: the energy community of Schoonschip located in
Amsterdam (The Netherlands) and the Marsciano Community located near Perugia (Italy)®.
By analyzing the two case studies, it is clear how both ECs are bottom-up communities that
follow the same EU regulation according to which ECs are the medium through which green
energy can become affordable for all social classes; regardless there are some evident
distinctions in the clearness and convenience of incentives which appear well defined in the
Dutch case, while there are unclear indications in the Italian case. Moreover, in the Marsciano
case we see only one prosumer present while the Schhoonship case sees many prosumers
active; however the latter shows a less efficient energy balance among the members while the
former demonstrates the presence of numerous types of end-users. Lastly, the dutch case does
not set regulatory constrictions in the installation of renewable energy power. By taking into
account the multitude of disparities and similarities we can learn from both sides; in Italy we
understand that it is essential to improve law making and readability at the policy level,
improve profitability through financial incentives and affordable energy tariffs, minimize the
limitations on systems and grids in order to augment the quota of energy that can be
originated and consummated from renewable energy, and raise people’s awareness through
the realization of an active and collaborative social community. On the other hand, from the
Dutch case we can learn that policymaking needs to be more flexible and focused on
achieving an overall smarter growth, in addition we must improve the market access of ECs to
relevant energy trade markets and finally users should not only be residential but rather be

more heterogeneous within the community.

Last but not least, if we take a brief look at the situation of ECs outside of Europe we find that
solar communities are the most popular due to the sharp decline in the price of PV panels and
in their added efficiency; in particular according to a study conducted by Lazdins et al. (2021)
many countries including Canada, Palestine, the UAE, the US (especially Texas, Arizona and

Vermont) and Brazil have started developing PV communities.

8 These two renewable energy communities are two of the case studies evaluated by the Horizon 2020 (H2020)
project NRG2peers (available at https://nrg2peers.com/)
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1.3 Composting communities
The other half of the necessary energy transition countries are undergoing to face the rapid
climate changes occurring worldwide is represented by Composting Communities. This is
because across the globe the development of urban areas, just like the fast growth of the
population, has brought to the generation of waste at an alarming pace; as a consequence the
issue of waste management (WM) and disposal keeps on growing. According to De Boni et
al. (2022), the Urban Waste Report (ISPRA, 2020) found that in 2018 the total production of
municipal waste in EU28 was about 250.6 million tonnes per year, 31% of which was
recycled, 27% was directed to energy recovery, 17% to composting and anaerobic digestion,
1% was incinerated and 25% disposed of in a landfill. Similarly Policastro and Cesaro (2022)
saw that the most recent report of the European Environmental Agency highlights that
approximately 85 million tons of biodegradable waste were generated in European Union
member states; the greatest portion (around 60%) was composed by food scraps and leftovers,
while green waste accounted for approximately 34%. As a consequence dealing with organic

waste, has become a matter of pressing urgency.

Moreover composting communities see citizens taking on a key role in managing their own
resources in the various design stages, therefore giving them the chance to learn the numerous
opportunities offered by composting communities. These advantages include social inclusion
and emancipation, local soils improvement, improvement of food security and local job
creation; these activities encourage local action and a sustainable future, and local initiatives
develop a collaborative and direct learning and a greater connection with nature, which
inspires communities to engage in solving global problems through local projects (Christie

and Waller, 2019).

1.3.1 Definition and characteristics

Before understanding what is a composting community, we must define what the composting
process involves. According to Lasaridi et al. (2018, p. 1) “composting is a controlled aerobic
process where complex consortia of microorganisms, whose structure depends on
environmental conditions and substrate composition, degrade the readily available organic
components or transform them into stable humic-like compounds”. It basically is a biological
process that is used to recycle waste. In addition it can occur in urban, suburban and rural

areas, but also at a smaller scale in neighbourhoods and communities.

The product originated by the composting procedure is the compost and while it does have
fertilizer properties, it is not always harmless; as a matter of fact it may contain various
chemical and biological contaminants that could potentially pose risks to the environment or
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to human health. There are different categories of contaminants that can be contained in the
compost, the main ones being: physical pollutants and chemical compounds, pesticides and
phthalates; however the presence of these process hazards and their environmental impacts

can be moderated by a proper management of the process.

That being said we can define a composting community as “a model of composting that
sources organic materials locally, engages the community in the composting process, and uses
the compost produced in local soils” (Community Composting | US EPA, 2025). CCs allow
us to treat organic waste (OW), that is to say the one originated from kitchens, gardens and
parks, and use it to create a compost that can minimize the reliance on toxic chemical
substances while acting as a soil-conditioner that supports the growth of crops without risking
nutrient runoff and soil erosion. In addition, McSweeney (2019) pinpointed different
community composting models depending on where the composting takes place and who is
running the system; among the most renowned models we find: on-farm composters,
commercial composters, community gardens and farms, home-composting initiatives and
collection services. Nevertheless each of these community composting models share similar

elements in their composting processes.

Finally, a fundamental role within a CC is that one played by microorganisms as they are the
main actors in the decomposition process. It is therefore of great value to comprehend the
metabolic characteristics of microorganisms and the functioning of microbial communities in
waste management, as we shall see how composting is a sustainable alternative to landfilling

organic waste and should be part of a community’s waste management proposal.

1.3.2 The principles of composting: types and methods

Having now understood what composting is, we shall try to distinguish between two macro
categories: aerobic composting and anaerobic composting. The former was defined as “the
most effective method of decomposition, resulting in mature compost in a short period”
(USEPA 2021). Moreover, it is also defined as high-temperature composting because it is a
procedure through which organic waste is mineralized, humified and detoxified after
undergoing a high temperature fermentation course of action that sees the compost being
transformed into a pathogen-free fertilizer. A full aerobic composting system is articulated in
four phases: mesophilic stage, thermophilic stage, cooling stage and maturity stage. In each of
these stages microbial composting communities decompose organic waste via synergy.
Additionally, the aerobic composting method necessitates sufficient oxygen; the operation
starts with the formation of a compost pile that requires frequent turning multiple times a day
during which mesophilic microbes reproduce themselves while generating heat; then, the
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temperature is highered and the thermophilic fungi continue the course of action by improving
the quality of the compost. Finally, the compost undergoes a curing process after it has

gradually cooled off, resulting in a dark-brown to black appearance.

On the contrary anaerobic composting is characterized by the absence of oxygen and
compostable materials are piled in enclosed systems like digesters. The protagonists in this
procedure are anaerobic microbes which develop some intermediate compounds, however this
process takes longer and produces a stronger odor than the aerobic one. Secondly the nutrient
loss with this method is minimal and it generates more dispensable compost and liquid
fertilizer per volume in comparison to aerobic composting. Overall, the aerobic method is the
preferred one as it offers a more rapid decomposition without generating a foul smell and it is

easier to monitor the process when we are not in a confined space.

Having now analysed the main forms of composting let’s shift our focus on the different
composting methods. Each one of the following techniques have different demands regarding
the labor, energy, land use, time and amount of materials. Picking the right approach is critical

to a composting community’s success.
Amongst the main composting methods we highlight:
1. Heat process method

Compostable materials are piled in stages, starting with chopped plant stacks and ending with
faeces through a heat process (Karikari 2011). Then water is added and bamboo poles are put
into the compost heap to boost aeration. The heap is then shut with a plaster and after 24
hours the bamboo poles are taken out, leaving holes that allow oxygen flows into the system;
after 96 h the temperature the temperature increases between 60 and 70 °C, and the holes are

sealed (Karikari 2011).
2. Vermicomposting

Vermicomposting is a biological degradation and stabilization process of composting using
microorganisms and worms (see Amuah et al., 2022). This method is essentially an enhanced
version of the previous one, with the only novelty being the introduction of worms into the
composting action. It is a low-cost biological treatment procedure where worms and microbes
are the primary players in recycling nutrients, managing soil and keeping up its fertility.
Moreover, this composting method happens at a warm to high temperature based on the kind

of worms involved in the system, also extreme conditions may hamper the efficiency of these
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worms’ action so this composting method is inadequate for arid environments. The benefits of
vermicomposting are that it increases soil aeration and water holding capacity and enhances
soil microorganism activities; nevertheless this process has its demerits, as it does create

greenhouse gases and methane and plant pathogens can expand.
3. In-vessel composting

According to Gonawala and Jardosh (2018), in-vessel composting involves confining
compostable materials in containers or vessels. It basically can handle a multitude of organic
materials without occupying much space. This method consists in placing material into a
vessel, which vary in size and capacity, where they are then mechanically transformed with
the aid of bulking agents to supply aeration. Some examples of in-vessel composting include
bin composting and silo composting. Furthermore the advantages of such composting method
are that the degradation occurs fast and it necessitates little space and moisture, however it is

labour-intensive and difficult to manage as well as it is not appropriate in cold regions.
4. Windrow composting

Windrow composting is performed by forming long, narrow rows known as “windrows” with
a 2:1 width to height ratio. Windrows need to be turned regularly in order to increase aeration;
moreover the length of the windrow varies based on the density of the materials used. The
pros of this method are its simplicity and adaptability to diverse sites as well as its low costs;
the cons are that it may release a foul odor if the compost is turned wrongly and it is a method

that often needs equipment like front-end loaders or excavators.

5. Aerated static pile
This method of static composting sees degradable materials placed in piles and degraded
aerobically by passive aeration or by turning the compost. This method permits the
decomposition of large volumes of materials within 3 to 5 weeks and it also allows to cover
the piles so to control the temperature and moisture level. The advantages of such a method
are its low operational costs and the fact it works with all types of material, the disadvantages
are on the other hand the fact that it is time consuming, it causes material stratification and

may not function properly in cold or arid territories.

The composting processes and methods vary also because they are affected by a series of
factors like the moisture content, the shredding and consecutive size of the materials, aeration,

temperature and time, volume, shape and porosity of the compost pile.
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1.3.3 Functions, participants, roles and activities of CCs

As a general rule, the activities of composting communities work in accordance with the
circular economy principles and are aimed at reducing environmental impacts and improving
overall sustainability. Furthermore, we know composting is an ecological process to properly
treat and handle waste with the objectives of generating new energy or recovering materials.
As a consequence, we subdivide CCs’ main activities into two macro departments:
agricultural and food biodegradation and biowaste energy generation (electricity and heat

recovery).

1. Agricultural and food Biodegradation
Over the last decade, food waste has been one of the major issues globally as it brings a
negative impact on the environment and health (Palaniveloo et al., 2020). It impacts the
environment as when food waste ends up in landfills it releases methane and other substances
escalating the greenhouse effect. Therefore, not surprisingly, many food sector businesses are
attempting collaborations with waste management companies, suppliers and composting
communities, as the latter in particular can achieve organic waste composting and as a result
minimize the negative effects. Organic food waste composting is a type of natural food waste
decomposition process under controlled aerobic conditions whereby food wastes are being
broken down into their simplest components by microorganisms; (however) organic food
waste composting is only possible with the involvement of function-specific microbial
community (Rastogi et al., 2020). Within the microbial community microorganisms work
together to convert organic material into stable material through multiple biochemical
procedures. The composting process can be divided into two phases, the first is characterized
by microbial activity and it sees the bacteria working to transform the organic raw material in
to humic material through chemical synthesis; the second stage is when the real conversion of
organic material happens, the remaining portion of organic material in humic substances is
converted via humification to improve the quality of compost (Azim et al., 2017). However,
decomposition continues to take place until the organic material is converted into stable
humic substances, (in fact) the final output of composting can be utilized as fertilizers and soil

amendments, which are rich in humic substances (Cooperband, 2000).

Furthermore, agricultural biodegradation resulted from intensive cropping and farming
systems also generates a considerable amount of biomass waste in the forms of agro-industrial

byproducts, cultivated green residues, animal manure and agro-wastes originated from crop
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growth. Nevertheless, there have been some recent progresses in dealing with agricultural
waste with the development of on-farm composting and green bio-based refineries; both
approaches should be implemented under the perspective of a circular economy. Of the two
solutions, on-farm composting appears to be the most sustainable option under an economic

and environmental point of view.

As a matter of fact we have previously mentioned how food waste biodegradation is linked to
the soil’s health. Similarly, agricultural leftovers are also connected to soil quality.
Considering how intensive horticultural cropping systems are portrayed by frequent soil
ploughing and short cycle crop rotation that lead to soil depletion, on-farm composting has
been introduced also to fix this issue. CCs have in fact used agro-based compost to restore
degraded lands, recover soil fertility and mitigated the negative environmental impacts of
chemical substance abuse. An example of this application can be witnessed in a study
conducted by Pane et al. (2015) on tomato based composts and their effect on the compost-
amended soil and compost-treated plant in a tomato cropping system ...; they found that the
potential fertility of the composts was positively correlated to the amount of tomato residues

present in the feedstock from which each compost derived.

In second place the biodegradation of agricultural and food rubbish can influence plants’
health by enhancing fertilizer quality. Fertilization is a key soil and crop management practice
that significantly impacts both soil and grain quality (Du et al., 2020). In order to understand
its relation to biodegraded waste, Wang et al. (2024) conducted a research in China where
they found that the addition of rice straw, food waste and mature composted residues to
anaerobically digested materials significantly enhanced the composting process, resulting in a
high-quality fertilizer; this way providing significant advancements in both waste

management and overall agricultural sustainability.
2. From waste to energy: electricity generation and heat recovery

The second main dimension of activities that CCs take part in is finding innovative ways to
create energy and heat from waste and biomass compost, in order to reduce landfill

incineration and its negative environmental side effects.

First and foremost, let’s focus on the electricity aspect. While the availability of electricity to
a rural community steers its economic growth and sustainable development, there are some
regions in South Asian countries where the rural inhabitants are not connected to the

electricity power grid. Therefore there is a widespread consensus that the electricity
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distribution to rural and decentralized populations needs an approach which could utilize
indigenous biomass resources for off-grid electrification options (Mohammed et al., 2012).
Moreover, the absence of rural grid electrification is due both to geographical conformations
but also to the elevated costs of long distribution networks and to the electricity shortages that
these rural regions face especially in summer. As a consequence, resorting to biomass
resources seems the best course of action to accomplish the growing energy needs and
decrease greenhouse gas emissions. Additionally, while the financing of off-grid
electrification proposals may find some troubles, Naqvi et al. (2017) concluded that the efforts
from the government could create a conducive environment in order to ensure the investors
that can build large plants both connected to the grid and off-grid mode. Similarly, Bergqvist
et al. (2008) investigated the economical usage of rice husk for electricity production in
Vietnam and concluded that the profitability was influenced based on electricity supply
directly to the rice mill or to the national grid. In order to evaluate the economic viability of
the business model of distributed off-grid electricity generation using mixed biomass
compost, and compare it to the on-grid production the following scenarios are taken into
account: the levels of electricity demand and utilization, the costs of various biomass mix, the
combined domestic and cottage industry consumers model and the influence of governmental
investments. Results of the Naqvi et al. (2017) study prove that while the estimated off-grid
electricity cost appears to be higher in all scenarios than the average grid-based electricity
staff, off-grid electricity production could become very useful if combined with grid-based
electricity creation in facilitating the access to basic electricity in rural areas of developing

agrarian countries.

In second place, CCs are attempting to turn municipal waste into renewable energy by
recovering heat from the compost reactor. Considering in fact how the demand for energy is
increasing more and more, bioenergy represents one of the most economic energy sources
with minimum climate change impacts. The challenge therefore, is the sustainability of heat
generation and extraction from the aerobic process, that has been characterized by sporadic

efforts with disjointed literature (Smith et al., 2016).

For this reason many countries have come up with practices targeting renewable energy
sources for substituting fossil fuels and limiting greenhouse gas emissions in the past few

decades. Among these countries worth mentioning is the case of Kenya, where a static aerated
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compost reactor was created in Kitale’ and a study conducted by Mwape et al. (2020)
analyzed the efficacy of generating, extraction, and utilization of compost heat as a source of
clean energy. A Compost Heat Exchanger (COHE), hydronically operated, was created to
extract and transfer the heat, additionally the energy values were calculated using the average
temperatures originated in the compost reactor. At each time interval the energy inside the
compost reactor was summed to the cumulative heat energy extracted previously so that in
total the energy extracted from the compost according to this research was 174 kWh net for
13 days of extraction. This amount of energy was able to heat 340 kg of water to an average

of 55.8°C.

Overall with this research Mwape et al. (2020) found that heating water through energy
obtained by a compost reactor was possible and utilization of the energy generated from the

compost system is multipurpose, not strictly domestic.

1.3.4 Challenges and Opportunities of composting communities

As we have already briefly stated, community composting is an engaging bottom-up
procedure that sees citizens participate actively in its initiatives; all the activities are related to
the collection, management and disposal of municipal solid waste (MSW) which includes the
already analyzed food waste but also all organic waste in general. Moreover, all these
activities engaged community leaders and citizens and improved their awareness of the

opportunities represented by community composting (Platt and Seldman, 2000).

Secondly, local initiatives develop a collaborative and direct learning and a greater connection
with nature, which inspires communities to engage in solving global problems through local
projects (Christie & Waller, 2019); among these initiatives we have the adoption of
decentralized municipal solid waste management (MSWM) programs and models that allow
us to measure and quantify the socio-economic and environmental advantages of CCs’

through a cost/benefit analysis (CBA) and a life-cycle assessment (LCA) respectively.

According to the LCA, the primary environmental advantages of composting community led
initiatives are the reduction of CO2 emissions, resulted from the adoption of biowaste
compost in gardening and horticulture; in addition decentralized community composting
activities can also decrease landfill volumes and save on transportation and treatment costs in

favour of a closed-loop system of organic waste degradation. This overall proves that CCs

? Kitale is the capital city of the Trans Nzoia County with geographical location of Latitude 01°08” 39N and
Longitude of 034°59°48E. It recently has demonstrated a good economic potential. https://transnzoia.go.ke/trans-
nzoia-county/
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help diminish global warming. However, regardless of CCs’ efforts to convince the public of
the opportunities transforming waste to resource can offer, there are some environmental
barriers that still need to be overcome; firstly finding the suitable location for a CC project is
not to be taken for granted, then there are a series of obstacles to face including the quality of
input materials and odor management; nevertheless they can be solved by the enforcement of
municipal by laws, continuous quality controls and assurance of a proper compost mix
respectively. Also the availability of enough energy and water for the process is a potential

issue CC plans may encounter.

Furthermore, despite local and global efforts to produce a public perception of “turning waste
from nuisance to resource”, most of the public still treats waste as something that needs to be
disposed of as quickly and remotely as possible (Daskal et al., 2022). Thereby we must look
into the socio-economic benefits and challenges of CC programs. As previously declared, CC
activities are characterized by a high level of citizen participation, thereby it is not surprising
that they yield many opportunities such as social inclusion, emancipation, job opportunities
and skill building trainings and social campaigns and movements that encourage sustainable
behaviors and recycling. Nevertheless maintaining a high participation rate and increasing it
presents a challenge for several reasons; firstly because of the difficulty in communicating the
benefits of a CC process, secondly because of the lack of interest from certain stakeholder
groups, reason why it is crucial to develop strategies that engage all types of users from the
very first phases of composting activities; and scarce institutional support, as currently
according to Pai et al., (2019) CC actions are rarely integrated in the Regions’ solid waste
strategies, and Regional Planning Authorities usually do not activate subsiding mechanisms

supporting the initial setup investment or technical assistance of composting plants.

Regarding the economic dimension, according to the CBA, if we consider the pricing of
carbon emissions and how with CC actions we reduce such discharges, opting for CC is a
win-win strategy in terms of the savings resulting from carbon sequestration. However, there
are some downsides as CC initiatives undergo several challenges; firstly regarding the
funding of the project, secondly they face many operational costs related to waste collection

and treatment.

Overall, CCs represent a valid and efficient method for MSWM, moreover the strength of this
approach lies in the active involvement of local inhabitants so in order for a CC plan to
function it is essential to address the social challenges and not only the environmental and

economic sustainability needs.
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1.3.5 Legal frameworks and regulatory policies of composting communities

We have seen how waste management has become one of the most pressing global
environmental challenges affecting communities everywhere, it is a result of the recent
economic progress of the last years however there are distinct waste management methods
across composting communities as they differ in many factors such as the availability of

resources, the presence or lack there of infrastructure and the policy frameworks.

Focusing on the legal frameworks, and considering most member states do not dispose of a
fully developed waste management infrastructure, it is not surprising that they deal with the
issue according to the linear economy model, which leads to pollution and food waste; it is
therefore of extreme importance to shift to a circular economy approach. As a consequence
the European Waste Framework Directive, as revised by Directive European Union's (EU)
2018/851, has introduced new obligations, deadlines for separate waste collection, and a
comprehensive review of legislation and management systems (Sobrino-Garcia, 2024); this
modification is valid not only at the national level but it also concerns municipalities and
composting communities in charge of waste handling. The initial version of the Waste
Framework Directive laid down the principles of waste management across the EU and
ranked the different waste treatment options based on their environmental side effects; the
updated version, instituted by Directives 2018/850/EU, 2018/851/EU, and 2018/852/EU, is
more focused on the transition to a circular economy thereby it strives for improving resource
efficiency, lower the dependency on non-renewable material and encourage waste prevention
and recycling. Moreover, it sets a series of objectives member states must reach such as
increasing the amount of municipal waste for recycling and reuse to a minimum of 60% by
2030. In order to accomplish these goals, the directive has imposed a series of requirements

(economic, legal etc) that each member state must comply with.

Despite this extensive framework, there are still notable differences in how member states
manage municipal waste (Alaranta & Turunen, 2020). For instance in Spain the government
has enacted a Law 7/2022 ‘Law on waste and contaminated soils for a circular economy’
(LRSCE) which implements European waste management obligations and delineates the
respective competencies of the state, Autonomous Communities and municipalities (or local
governments), the principal ordinary administrative entities (Sobrino-Garcia, 2024).

Municipalities across the country should comply with LRSCE’s requirements, however from
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the study it is clear there is a discrepancy between the updated legal demands and their
integration and alignment with local municipalities’ ordinances.

Furthermore, waste management and composting policies may differ if we are dealing with a
large urban area or a rural village. Urban areas like Tokyo or New York City establish waste
management policies that are centred on efficient collection, waste segregation, eco-friendly
treatment and sustainable disposal methods; on the contrary rural territories in India, Ghana
and Scandinavian villages, because of their limited access to proper waste treatment facilities,
often see unregulated dumping in open spaces and burning waste as the norm. For this reason
it is pivotal for policymakers to apply regulatory interventions and give financial aid in both
urban and rural settings. Governments should adopt frameworks that enforce recycling
policies and embrace circular economy practices; additionally, they must allow small villages
further access to waste collection programs and decentralized recycling units. By doing so
policymakers can create more efficient and environmentally sustainable waste management

systems for all countries regardless of their setting.

1.3.6 Composting communities in Italy and across the world

Several states and developed countries have directed efforts and achieved significant results in
the implementation of composting communities, through circular waste management
strategies, such as banning the disposal of garden and food waste in landfills and setting
minimum targets for organics diversion from landfills (Platt et al. 2014). CCs have also been

spreading across developing or low income countries however at a significantly slower pace.

If we look at our own country, Italy is among the top bio waste-generating countries in
Europe, and has a well-structured waste management framework with quite a number of
centralized composting facilities, [mainly in the food waste sector] (Bruni et al., 2020). As a
matter of fact the percentage of municipal solid waste (MSW) that is produced and then
composted in Italy has more than doubled in the last few years in comparison to twenty years
ago, therefore rendering Italy one of the top EU countries leading the separate collection of
MSW especially organic waste. Furthermore, waste handling is represented by a set of
policies and processes that consider the supervision of the full waste system as its main goal.
Another interesting aspect of how Italy deals with trash is that instead of adding new waste
treatment facilities, they opt for waste prevention and the installation of decentralized
solutions. Worth mentioning in this department is the case of the Basilicata region where the
regional government decided to invest 25 million euros to create four composting plants by

2021 in the regional territory; the application of a decentralized community system together
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with the urban agriculture program will increase economic, social and territorial cohesion, and

reduce pressures on the environment (Bruni et al., 2020).

In second place, we must consider the case of the UK, as out of the 60 million tonnes of
potentially recoverable organic waste produced in the EU each year, Italy and the UK are
responsible for 15% each (Slater & Frederickson, 2001). With the introduction in 1999 of the
European Union Directive on the Landfill of Waste, many member states like Germany and
the Netherlands felt encouraged to develop eco-friendly waste handling activities; the UK also
appeared to implement community composting programs however they were centered on the
garden waste fraction of municipal waste, which represents a small portion of its potentially
recoverable MW. In addition the Landfill Directive wants to decrease the amount of
biodegradable municipal waste being thrown in the landfill, thereby it is clear that composting
is an essential factor in sustainable waste management for the UK and could be the key to
meeting the demands of the Landfill Directive. On the contrary, the experience of other more
advanced composting countries in Europe (Germany, Finland and the Netherlands), suggests
that a sustainable approach to recovering significant amounts of municipal organic waste
depends on establishing extensive source segregation and composting networks (Slater &

Frederickson, 2001). Together these two techniques will complement each other.

Last but not least, CCs have been gaining popularity even in developing countries outside of
the EU such as Brazil, India, Indonesia and Mexico as while many cities in developing
countries are plagued with poor waste collection, over 50 percent of an average city’s
municipal solid waste stream in a developing country could be readily composted (Hoornweg
et al., 1999). Even in third world countries the application of CC projects is diverse: in
Mexico composting communities focus on creating the Integral System for Recycling Organic
Wastes (SIRDO) to treat household wastewater, human excreta and organic matter in rural
and urban environments (Hoornweg et al., 1999); in Indonesia, a neighborhood in Jakarta
decided to create a composting community for the degrading of household trash emptied into
the Cipinang River; in Brazil a decentralized community composting initiative was introduced
in the squares of Sao Paolo, where citizens were encouraged to bring their food residues and
garden prunings which were then treated to form a compost that had agricultural purposes

(Amato-Lourenco et al., 2024).

To sum up, CCs across the globe have different fields of application, nevertheless they appear
to have a common thread: they focus their waste disposal practices on the treatment of food

and agricultural leftovers.
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1.4 The role of ECs and CCs towards a sustainable urban future
We have so far seen how both ECs and CCs are two sides of the same coin when it comes to
enhancing the sustainable behavior of a country or a city not only in environmental terms but

10 oircular

also economic and social. More in detail, they both follow the “cradle to cradle
economy principle and focus on finding creative ways to develop renewable energy, whether
it be through VPP or through the composting of organic waste, additionally both
communities’ actions entertain ulterior sustainable activities such as energy sharing,

increasing soil fertility and the creation of new jobs.

Nevertheless, the implementation of ECs and CCs is different depending on the country or
geographical location they are installed in; this being due to the different opportunities and
levels of economic development of each country. This leads us to understand how a global
strategy with an integrated approach is necessary in order to ensure a fair and sustainable

energy transition that will also promote urban development.

1.4.1 From ECs and CCs to sustainable smart city development

At the base of environmentally sustainable smart cities we can find the switch to renewable
energy resources, in particular solar, wind and geothermal power, therefore reducing their
reliance on fossil fuels. These forward-thinking cities recognize the importance of
transitioning towards a more sustainable energy mix to ensure a cleaner and healthier
environment for their residents (Vukovic et al., 2021). This transition encompasses various
aspects from the installation of solar panels to the establishment of geothermal plants, each
yielding both environmental benefits and economic growth. An example of renewable energy
resources is given by the biowaste-to-energy process; many metropolitan cities are in fact
taking advantage of different conversion techniques like anaerobic digestion for the
generation of biomethane and biogas from MSW, which has helped mitigate environmental

pollution in several cities (Sarangi et al., 2023).

In second place another bedrock of sustainable smart cities is energy efficiency; thanks to the
adoption of smart grids energy loss is minimized while facilitating energy demand and
management. Moreover, by implementing smart meters these cities also encourage a
responsible energy use thereby fostering a culture of energy conservation. Not surprisingly
energy-efficient buildings are a key element of sustainable smart cities as they utilize high

quality thermal barriers and advanced lighting systems that result in great energy savings,

191 contrast to the cradle to grave approach, the cradle to cradle approach suggests products be recycled and
reused after use, instead of discarded into landfills
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apart from reducing the environmental impact and increasing the overall quality of life of

their residents.

For what concerns sustainable waste management, we saw how CCs implement cutting-edge
strategies that minimize the quantity of trash sent to landfills while simultaneously supporting
recycling and composting practices. To achieve this, smart cities harness the power of
advanced technologies, leveraging tools such as smart waste bins embedded with state-of-the-
art sensors (Popescu, 2022). By adopting such intelligent systems, environmentally conscious
cities are contributing to the deterrence of littering by creating efficient waste collection
routes, in order to make cities cleaner and more livable. An example of ecological waste
management is converting organic waste into biomethane like Barcelona has been doing, or in
general exploiting the potentials of biogas to fuel the transport systems of tomorrow (Vrabie,

2021).

Last but not least, both energy and composting communities’ proposals have the underlying
goal to establish a sense of belonging and promote citizen engagement in their plans. The
latter is achieved by establishing robust platforms and channels for communication, in this
way smart cities create opportunities for citizens to provide valuable feedback, report any
issues they encounter, and engage in decision-making processes pertaining to urban planning,
energy conservation, waste management, and other sustainability efforts (Popescu, 2022). In
practical terms this is done by taking advantage of the existing technological opportunities,
that is to say digital platforms, mobile applications and online portals that facilitate
communication and a wider engagement with more and more community members. By
amplifying the access to education and awareness campaigns smart cities can empower
individuals to implement sustainable behaviors as well as foster innovation and

collaborations.

In the following chapter, we will dive deeper into the concept of smart cities, their

characteristics and how they can be more sustainable.
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Chapter 2-Smart city development
2.1 PREMISE

In recent decades, we have witnessed an unprecedented transformation in the urbanisation of
our planet. The rise of cities has reached extraordinary proportions, with predictions that by
2050, more than 85 per cent of the world’s population will live in cities. This transition brings
significant challenges, but also extraordinary opportunities to redefine the way we live, work
and interact with our environment (Cera, 2023). Secondly, the growing popularity of the
internet and the exploitation of automization to enhance citizens’ quality of life help address
localized sustainability concerns, thereby emphasizing the need for local interventions and

strategies to address the unique challenges faced by urban areas in global change (Sedita &

Gomes, 2023).

In this context, the smart city emerges as a concept where innovation and transformation are
rooted in its culture, however, the smart city is not only a question of technology but above all
of sustainability (Cera, 2023). As a matter of fact, sustainability in the context of smart cities
involves designing and managing urban areas in ways that do not deplete resources or harm
the natural environment (Toli and Murtagh, 2020). Moreover according to Popescu (2022),
environmentally sustainable smart cities embody a holistic approach to urban development by
integrating technology, innovation, and sustainable practices to create livable, resource-
efficient, and environmentally friendly urban environments. These metropolitan settings
prioritize renewable energy sources, energy efficiency, waste management and citizen
engagement among others, which we saw in the previous chapter are all actions carried out by

energy and composting communities.

In addition these cities residents recognize the need to address pressing issues like resource
scarcity, climate change and unsustainable growth, therefore the notion of ‘smart cities’ is
offered as a response to the problems of urbanization and the sustainability challenges faced
by cities (Shah, 2023). However, in order to address these problems energy and composting
community practices may not be enough; they might require the aid of information and
communication technologies (ICTs) and smart tools which according to Wen et al. (2021)
have the potential for achieving environmental policy goals, helping to alter environmental
indicators such as GHG emissions, energy consumption and the proportion of renewable
energy sources in electricity generation. Furthermore, the integration of these technological
solutions fosters a collaborative environment that not only enhances the sense of community

but also ensures that the city's development aligns with the needs and preferences of its
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inhabitants (Daramola, 2024). Nevertheless, to effectively make use of ICT for sustainability
objectives within a smart city context requires knowing what is a smart city, which we will

thoroughly investigate in this chapter.

2.2 Background on the origin and evolution of smart cities

Up until recently, the idea that a city could be “smart” was a mere utopia, an idyllic vision;
however with the proliferation of technological innovations and the convergence that is being
created between these communication devices and the availability of information, urban
environments are rapidly changing and as Batty et al. (2012, p.482) stated “cities are
becoming smart not only in terms of the way we can automate routine functions serving
individual persons, buildings, traffic systems but in ways that enable us to monitor,
understand, analyse and plan the city to improve...for its citizens in real time”. Therefore the
concept of the smart city is relatively new, it surfaced in the last decade as a combination
about how data and communication tools may help cities become more competitive and deal
with issues like poverty, pollution, social exclusion and lack of economic opportunities for all.
Furthermore it is an idea that has gained momentum in the near past as it couples together
technologies that have always been developed and used separately, but have evident synergies

in their functioning from which many opportunities can be derived.

This smart city trend, while it is already spreading on a global scale, is also expected to carry
on in the future as an instrument to treat urban problems from multiple fields including the
efficient allocation of resources, transportation, welfare, economy and energy efficiency;
reason why it is highly reductive to make the sustainable development of a city coincide with

its digital infrastructure (Gomes and Sedita, 2023.).

2.2.1 What is a smart city, concepts and evaluation frameworks

Smart city subject has been studied since the 1990s and is mainly associated with how digital
facilities in urban space can lead to its citizens’ life quality improvement (Albino et al., 2015).
Nevertheless it is a multifaceted expression as it can refer to intelligent cities, virtual cities,
digital cities or information cities; each of them are all perspectives of the general idea that is
the implementation of information and communication technology in the operation of the

future urban setting.

Although there are several delineations regarding the topic, according to Myeong et al. (2022,

p.1) “a smart city is a sustainable city that solves urban problems and improves citizens’
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quality of life through the fourth industrial revolution technology and governance between
stakeholders”. Nevertheless cities can be intelligent only if there are numerous networks that
constantly provide information about the movements of people concerning the decisions
about the social form of the city, moreover they must adopt certain functions that are capable
to combine this data in order to then implement it to upgrade the efficiency, sustainability and
overall quality of life of the cities. In a nutshell, they are considered as a means to solve
problems related to the recent urbanization of the western world and as a way to obtain

sustainable development.

Secondly, a more complete definition is given by Kourtit and Nijkamp (2012, p.93): “Smart
cities are the result of knowledge-intensive and creative strategies aiming at enhancing the
socio-economic, ecological, logistic and competitive performance of cities. Such smart cities
are based on a promising mix of human capital (e.g., skilled labor force), infrastructure capital
(e.g., high-tech communication facilities), social capital (e.g., intended open network
linkages) and entrepreneurial capital (e.g., creative and risk-taking business activities). From
this definition it is not surprising how a study conducted by Kummitha and Crutzen (2017)
distinguishes between two approaches to dealing with smart cities: the technology driven
method (TDM) and the human driven method (HDM). While the first believe that intelligent
cities are networked sites and that arranging ICTs into each activity in the city will upgrade
the lifestyle caliber, the second on the contrary suggests ICTs are not sufficient on their own
for achieving the longed for improvements in life standards, reason why there appears to be a
need for enhancing human capital and general skill growth among the cities inhabitants. As a
result smart cities appear to be systems where human and social capital engage through

digital-based solutions to support the private sector, the public sector and daily sectors.

Having now clearly understood the definition of a smart city, we can go more in depth and
attempt to comprehend the indicators that define its smartness. As a matter of fact many
institutions have created smart city parameters connected to different attributes to monitor and
evaluate how smart is a smart city (Gomes & Sedita, 2023.). For instance Giffinger et al.
(2007) created a system to evaluate smart city construction based on six aspects of
intelligence, including smart economy, smart governance, smart living, smart citizen, smart
environment, and intelligent mobility; this is reflected in the seven evaluation spheres of the
city which are people, business, government, transportation, communications, water, and
energy. Secondly, Blumberg (2013) stated that the smart city concept is more than just an
app; it is an information and application infrastructure for the city. As we already know, smart

cities are a result of regional growth, but in order to make the right decisions on the city’s
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expansion one must possess a detailed knowledge of the telecommunications and energy
networks. Another study conducted by Roche (2014), identifies the smart city functions in
four key dimensions: the intelligent city (its social infrastructure), the digital city
(informational infrastructure), the open city (open government), and the live city (its physical
infrastructure); the commitment of its citizens is in this case vital for the proper working of its

dimensions, therefore highlighting the importance of a participatory approach.

After having taken into account a variety of evaluation frameworks, it is clear we are referring
to a dynamic process occurring at a global scale that will see the generation of new innovative
solutions that will differ based on the country’s in question politics and administrative
regulations. Nevertheless, from the studies mentioned above we can detect that all smart cities
want to integrate three major elements: the economic one, the environmental one and the

social element.

2.2.2 Energy Management in Urban areas

Now that we know what energy communities are and understand that smart cities are efficient
urban centres, we shall shift our focus to one of their most challenging activities which is
energy management. Based on Calvillo et al. (2015, p.273) “energy management is one of the
most demanding issues within such urban centres owing to the complexity of the energy
systems and their vital role” therefore it requires much effort and attention. In addition energy
management in smart cities and smart homes usually necessitates analyzing [oT data from the
interconnected networked devices to optimize efficiency, comfort, safety, and to make
decisions faster and more precise (see Klein & Kaefer, 2008); the considerable efficiency

gains resulted from automation can also make cities more sustainable.

Cities energy demands are copious and complex therefore as stated by Calvillo et al. (2015),
modern cities should improve present systems and implement new solutions with a
coordinated and optimal approach, by profiting from the synergies among all these energy
solutions. Additionally, to further understand how energy management works in smart urban
areas, he differentiates five main “intervention areas”, that is energy-related activities, among
which: generation, storage, infrastructure, facilities, and transport (mobility). Each sphere of
actions is linked to the others, although its contributions to the system differ; in addition, each
system’s implementation is assisted by three layers, intelligence, communication and
hardware, thereby multidisciplinary solutions are expected. Furthermore, there are a multitude

of energy challenges due to the intermittency of renewable resources or the need for energy-
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efficient transport systems, so for this reason instead of addressing each obstacle separately

they must be addressed looking at the full picture.

First and foremost, if we analyse the energy generation prospective both renewable energy
sources as well as non-renewable ones like combined heat and power with natural gas are
being employed to meet the energy demands. However, smart cities should shift to a fully
renewable energy scheme which can be done through distributed generation (DG). A variety
of DG solutions exist, the ones a smart city could implement include: PV panels which we
have seen transform solar energy into direct-current electricity thanks to semiconducting
materials; thermal collectors which gather heat by absorbing sunlight; wind turbines through
which power is extracted from a gush of air and used to produce electrical or mechanical
power; biomass which we already know can generate heat via combustion; geothermal energy
that we know is used for both thermal production and co-generation and finally multi-
generation energy which reduces carbon emissions by distributing multiple types of energy
vectors from one source of fuel. Each of the DG options has its pros and cons, in particular
they share the challenge of determining the best configuration, location, type and sizing of the
generation units at an affordable price; in addition, each model was created with its own
focuses and objectives, therefore the outcome may vary and be affected by potential

technological issues.

In second place, concerning ESSs we already know that they are able to stock up on a wide
range of types of energy; within smart cities ESSs are implemented for two reasons: the
inclusion of renewable sources and the transmission of demand-response strategies. Similarly
to what we saw with energy generation, even here there are various storage technologies,
some of which are batteries that despite their high price are present in numerous applications
and accumulate electricity as chemical energy; others include superconducting magnetic
energy storing which stores electricity that needs to then be released in a short time;
hydropumping storage which is used mostly in large unit areas that exploit the energy
produced by water to generate electricity through a turbine; compressed-air energy storage
which conserves energy as compressed air in a storage vessel that normally is a cavern; and
lastly thermal storage systems which in smart cities can be of two kinds, water tanks that
provide the energy demanded to both residential and commercial facilities, and molten salt

tanks implemented for energy creation in concentrated solar-power plants.

Regarding the third “intervention area”, the grid infrastructure, Calvillo et al. (2015, p.6)
declares “the electric grid is the energy backbone of any city, and it is used for transmitting

energy from generators to consumers with the required quality and reliability”. That being
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said, just like the smart city concept, a smart-grid infrastructure can have multiple definitions,
however they all have in common the core idea that smart grids must incorporate modern
ICTs and enable bidirectional communication among all members. Among the predominant
characteristics of smart grids, we must mention their ability to meet consumers’ needs with
the current infrastructure, a structure strong enough to withstand disaster, a power-source
structure made up of separated microgrids that can work both separately and together, and the
establishment of just-in-time communication between all actors. Some examples of grid
infrastructures implemented in smart cities are smart metering and pilot microgrids; both

technologies are gaining more and more importance in urban areas.

On the other hand facilities refer to commercial and residential buildings, which according to
Morvaj et al. (2011) are responsible for approximately three-quarters of total greenhouse-gas
emissions in urban areas. As a consequence the main challenge for smart cities in this
department is optimizing the operation and management of the energy systems in buildings,
moreover the role of the business must change from passive to an active player in the power
scheme. These obstacles can be overcome by demand-response schemes facilitated by a
microgrid, by applying information and control systems to manage loads and energy

consumption, and by taking advantage of DG technologies and energy-storage devices.

Last but not least, the transport sector is relevant to energy management as it appears to be
one of the primary reasons of air pollution in smart cities. Furthermore, considering how
smart cities aim at enhancing inhabitants’ calibre of life and the quality of means of transport
directly affects individuals’ lifestyle, future transport systems need to be greener and more
efficient. In order to reduce CO2 emissions, smart cities can substitute gasoline powered
vehicles with electric vehicles (EVs) or hybrid EVs, use hydrogen as fuel in electric cars and
opt for biofuel instead of fossil fuels. Moreover, smart cities are making efforts by coming up
with smart parking schemes and traffic demand management tools in fact, automation in
transport seeks to improve the safety and efficiency of mobility, highways and freeways being
the first targets for this kind of vehicle (Wang et al., 2002). While there have been several
studies that took into consideration the application of vehicles that implement cleaner fuels,
intelligent traffic management systems that decrease pollution and real-time speed-limit-
signal controllers for emissions reduction, one must still keep in mind that depending on the

smart city’s needs, certain solutions may result in controversial outcomes.

The final aspect we shall focus on when analyzing energy management in a smart

environment are smart city energy models. As stated by Bhattacharyya and Timilsina (2010)
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energy-system models have been around for several decades and are experiencing constant
evolution to incorporate new technologies, paradigms, and externalities (such as
environmental concerns). These models are normally employed for power-system planning or
for operation and management, therefore the urban planning of a city and its design can
highly affect its energy expenditure and the pollution it generates. In fact while there are cities
that put renewable energy as a priority, others do not consider the carbon footprint in their
urban planning model. Overall it appears that a holistic smart-city model is the right approach;
although it is not easy to combine all intervention areas in one energy management model, its
objectives should be clearly defined and the main stakeholders should be included. Moreover,
the model should be suitable to all types of cities and be modifiable depending on new

technologies and systems.

2.2.3 Composting practices in smart cities

The demand for food and sanitation has been increasing and as a result it has brought to a
mass build-up of organic waste, which includes garden waste, disposable paper products, and
food waste in urban areas. We have seen in the previous chapter how trash can be converted
into compost by recycling its nutrients for further uses in agriculture, heat recovery process
and soil amendment. Given the rapid accumulation of waste, it is imperative modern cities
achieve compostable waste sustainability all through the urban environment; this is done by
implementing circular economy practices however, considering how smart cities lack a
sufficient amount of labour to deal with the leftover trash, automation of the composting
process is becoming more and more necessary. In other words, just like with energy
management even the composting procedure of smart cities, in order to be successful, needs
to integrate loT and associated technologies. According to Senadheera et al. (2024), IoT-
based composting provides clear advantages over conventional urban composting in areas
such as enhanced monitoring, efficiency, resource utilization, and management; nonetheless
an appropriate actionable plan and framework for the effective institution of IoT-based
composting in intelligent cities is still to be defined. Additionally, smart urban settings often
exploit the advantages offered by interconnected devices and analytics to maximize energy
and waste management, transportation and public safety facilitie; therefore the development
of a strategic proposal for fully working IoT-based composting facilities in metropolitan

environments is becoming more and more prominent.

In the first place, before even implementing loT-based composting schemes, it is critical to
assess the suitability of Iot inclusion into city-bound composting establishments. Its

integration depends on the disposable financial resources necessary for the initial
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incorporation and recurrent expenses, the scalability of the composting operation, which
evaluates the capability of the system to successfully deal with data from numerous
composting sources contemporarily as well as if the hardware is able to support the large
amount of devices, the technological compatibility between the selected 0T solution and the
existing ecosystem of the composting structure, the institution of cybersecurity measures and
data privacy that ensure the facility abides ethical practices through all its composting stages,
and finally the sustainability, that is the energy usage of the IoT network during the
composting operation, because [oT and similar technologies need to be implemented in ways

that mitigate the technological footprint.

Secondly, in order to properly integrate an loT-centered composting set-up in a smart city
there are certain steps to follow. First things first, the prerequisites and goals of the
composting set-up must be clearly defined because there are different kinds of compostable
waste in modern cities (garden waste, kitchen waste, coffee waste, paper, wood waste etc.).
Some of these requirements are simplicity, enhanced durability, supervised degradation,
community engagement, safety measures and energy efficiency; on the other hand their
respective objectives are being able to operate and maintain the composting set-up with
minimal training, reusability and durability of the Iot components, supervised decomposition
of metropolitan waste under the inspection of Iot technologies, augmenting the awareness of
the general public, ensuring minimal health hazards and minimize the overall energy

exhaustion and resource allocation.

After having decided the must-haves and purposes of the composting procedure, it is time for
the real institution of the composting process to start; the first sub-step is choosing the sensors
to collect and transfer the data from various composting parameters, which function best with
IoT composting. The ideal situation is when the chosen sensor is simple to operate and is
sustainable in areas undergoing a rapid urbanization, furthermore it should be congenial with
smart systems in order to permit a perfect incorporation with IoT solutions and assure the data
collected is successfully handled and employed in a composting management system. The
sensor must also dispose of monitoring and control characteristics; once it has been picked the

remaining elements of the composting establishment need to be decided on.

At this point the IoT-centered composting framework should be combined with other
operational modern city systems such as waste handling, city maintenance and infrastructure.
For example according to Senadheera et al. (2024), integrating the IoT-based composting

system with the city’s existing and operational waste management systems can ease
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regulatory obstacles, such as obtaining compliance certificates. This way we can ensure the

composting procedure’s productiveness and meet stakeholder’s objectives.

Last but not least, smart city composting methodologies pose a strong focus on sustainability,
as a matter of fact the eleventh sustainable development goal of Agenda 2030!! is ‘sustainable
cities and communities. Therefore a smart city’s composting practices must adopt a
sustainability-oriented approach that supports climate action to decrease world-wide
pollution. This is achieved by conducting a LCA for the IoT-based sensors in order to
eventually recycle the recoverable materials, by employing solar energy (or other clean
energy sources) in the composting machine’s sensors for the decomposition of trash, and by
instituting a plan for the end-of-life discarding of IoT devices, which includes coming up with
disposable schemes for obsolete instruments such as end-of-life composting sensors that can

recuperate carbon and iron to manufacture new IoT sensors.

To sum up, composting practices in smart cities are aimed at increasing the overall
sustainability of the urban setting; they do this by harnessing the potential of the circular
economy within the IoT-based composting ecosystem which optimizes waste decomposition.
IoT composting provides evident benefits over traditional metropolitan composting in aspects
like augmented monitoring capabilities, resource consumption and management, however it
also necessitates a scalable and integrated framework for the complete integration and

operation of urban loT-focused composting.

2.3. Smart city development strategies

The smart city concept has arisen as an innovative development paradigm as a consequence of
the unprecedented pace of urbanization, which we saw has resulted in a series of
environmental, legal, technological, economic and social issues. In such a context of intricate
challenges but also a myriad of possibilities, the smart city vision has become a novel-tech
driven model that can adapt to the evolving urban reality and simultaneously assure economic
competitiveness. As a result, Panagiotopoulou (2023) has come up with a new ontology for
the development of smart, sustainable, resilient, and inclusive cities (S2RIC). The first step in
the formation of such metropolitan environments begins demarcating the contextual

background which allows us to identify challenges and threats of the smart city; the second

1 Agenda 2030 is a plan that UN has come up with to eradicate poverty and promote economic prosperity,
social development and environmental protection on a global scale. It has 17 sustainable development goals
regarding a variety of aspects that concern people, planet and profit.
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phase, known as “setting the scene”, analyzes the evolution and expansion of the smart city
phenomenon and it places strong attention to how technological advancements have
revolutionized urban planning while promoting more equitable, resilient, sustainable and
inclusive metropolis. At this point with the third step the embedding process begins, in other
words this phase encompasses the procedure of structuring and deploying a multi-sided,
integrated and comprehensive indicator framework for assessing the performance of smart,
sustainable, resilient, and inclusive cities. The proposed framework guide may act as a useful
intermediary for policy makers, urban planners and researchers to verify the progress of these
cities’ activities, therefore expediting evidence-based decision-making and encouraging
constant improvement. The fourth stage “delving into the ontological reality”, is when we
explore and compare the diverse smart city ontological configurations; it also investigates the
interdependencies existing within intelligent cities and it presents a structured system thus
facilitating the formation of intelligent networks decision support mediums that are capable of
addressing urban difficulties successfully. The fifth and final stage is when the actual
thorough developmental process of S2RIC happens, that is to say it traces the conceptual
frame to construct such cities and it dispenses valuable insights for the formation of a
comprehensive knowledge model. The establishment of this ontology can assist urban
planners and policymakers to conquer the difficulties of these intelligent environments and

aid them in including data-driven, all-embracing techniques to urban expansion.

Furthermore, according to Angelidou (2014) a significant differentiating characteristic among
smart city strategies is whether they concern an entire country or nation, or they are focused
on a more local level, be it a neighborhood, municipality, city, metropolitan area or even a
region. Each type comes with its advantages and disadvantages, for instance the local-level
smart city schemes allow cities to become more flexible in modifying the governance models
to their own profit, moreover urban problems are more manageable in terms of size and of
nature; however Giffinger et al. (2010) found that small and medium sized cities are less
likely to be able to receive or afford the necessary funds for smart city projects. On the other
hand, the national-level smart city pros include top-level coordination and resource allocation
which strengthen the strategy’s effectiveness as well as the operational continuity of basic
choices at all levels is guaranteed and a common platform can be implemented (Ambrosetti,
2012); in contrast there is the risk of failing to capitalize on the sum of local resources and

one may wrongly assume barriers and chances are the same everywhere.
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A second distinction worth highlighting in a smart city plan is whether we are referring to
existing cities (greenfield cities) or new cities (cities from scratch). Introducing a smart city
strategy in a new setting permits the integration of cutting-edge technologies and modern
amenities in the infrastructure development, as well as navigate the different business models
and funding alternatives; nonetheless there is a chance for slow progression of the proposed
initiatives and the duplication of technological solutions is not always a good fit for all
locations. Conversely, implementing a smart city proposal in an already standing urban
environment allows the employment of open innovation methods and it deletes the necessity
for huge investments in the city’s infrastructure; still it leads to the creation of a complex
ecosystem of stakeholders that is not easy to deal with, in addition the preexistent city’s

infrastructure could be too archaic to carry out the intelligent city vision.

A final discriminatory feature is whether the smart city strategy will target the efficiency and
technological advancement of the city’s hard infrastructure systems (i.e. transport, water,
waste, energy) or the soft infrastructure (i.e. social and human capital; knowledge, inclusion,
participation, social innovation, social equity, etc.), and the people of the city (Angelidou,
2014). While in the former case the technological provision is regarded as the medium to
improve the service provision in different areas of the urban life, in the latter case a more
wholesome perspective is adopted, therefore it takes advantage also of intellectual capital and
creativity and it attributes them merit in the realization of smart environments. There are
situations in which the soft infrastructure-oriented strategies are preferable to the hard ones as
the second may see social disparities arise in the unequal access to ICTs, while the soft ones

foster citizen empowerment as well as social sustainability and digital inclusion.

In general, according to some experts (Happold, 2016) the process leading to the development
of a smart city is long and complex and its success depends on an uninterrupted action from
all players. Moreover, regardless of the kind of strategy adopted, they all share certain
common features such as an integrated leadership style, a clear definition of objectives,
appropriate governance systems, a thorough understanding about urban development,
transportation and infrastructure regeneration strategies and models, and finally an in-depth
comprehension of ownership, safety, security and data usage for funding the infrastructural
expansion. Nevertheless, a development strategy of any kind in order to be effective requires
a series of policies and legal requirements that discipline its functioning; we shall proceed to

analyze them below.
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2.3.1 Policy recommendations and regulatory frameworks

Having understood how the development of smart cities can influence the spread and adoption
of responsible behaviours in terms of climate change, according to the study conducted by
Benites and Simdes (2021), smart cities are also viewed as tools to assist policymakers and
city administrators in directing solutions based on emerging ICTs to the materialization of
urban strategic plans addressing these confrontations. Moreover, given that the growth of
urban territories is directly related to the depletion of natural resources, the escalation of
social inequalities and a hefty generation of waste, it is of vital importance that the novel
metropolitan archetype encompasses all prospects of sustainability. As a consequence,
municipalities across the globe have been adjusting their goals and strategic plans to the

promise to reduce greenhouse emissions and adopt other eco-friendly measures.

Up to 2005, the Dashboard of Sustainability (DS) spoke on behalf of various international
institutions working together towards the realization of a robust and straightforward indicator
system. It stood out for incorporating the chosen indicators in a vaster sustainability context,
which includes the environmental, financial, socio-ethical and legal perspectives. From 2005
on it lost its significance and moving forward, numerous organizations around the world
(including the United Nations and the International Standardization Organization) have come
up with a wide range of indicator frameworks and KPIs, by studying them it is evident how
they vary greatly depending on their theoretical orientation, their desired objective, their
spatial scale, the way they evaluate the sustainability efforts and their structure. Furthermore,
several notable pieces of research that build on the already available information have
provided a series of significant contributions to the attentive evaluation of smart city
indicators. For instance, Bosch et al (2017) came up with a robust framework with over 100
standardized indicators tailored for assessing smart city projects and the overall performance
of smart cities. In addition it is also associated with the goals of sustainability, innovation, and
citizen engagement, while also harmonizing with broader initiatives, such as the United
Nations Sustainable Development Goals (SDGs) and EU urban sustainability priorities,
thereby ensuring its global applicability. Nonetheless the system’s excessive dependence on
extensive data and its European-centered focus indicate that a further customisation may be
necessary to accomplish a more global applicability; as a matter of fact based on Boons et al.
(2013), the geopolitical contexts in which cities are immersed make many of them
heterogeneous environments where certain indicators lose or gain importance in proportion to

their relationship with critical local problems.
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Regarding the policy recommendations, the evolution from smart cities to sustainable smart
cities has been backed up by an update to the policy guidelines. From a comparison of the
different policy recommendations, it is clear to see how ICT plays a crucial part in the
development of smart city services and products. As a consequence the ITU
Telecommunication Standardization Sector (ITU-T)!? came up with a series of key
performance indicators to assess the contribution ICT offers to smart sustainable cities in
terms of quality of life, equity and social inclusion, productivity, physical infrastructure etc. In
fact, based on Estevez et al. (2021, p.96) “an important component of all smart city initiatives
is a reliable and secure ICT infrastructure, accessible and affordable to all city residents and
businesses”, of course each city must pursue the realization of its development according to

its capabilities and disposable resources.

Furthermore, the main artifice of the shift from a mere smart city to a sustainable smart urban
environment is the local government, however its work alone is not sufficient. According to
Estevez et al. (2021) policy definition for intelligent city expansion must take into account
also international standards as they allow us to identify any potential gaps between the current
and the aspiring development status of the considered urban setting; moreover, they help
governments accomplish sustainable development goals and regional ones, reason why it is
critical for these policies and regulatory frameworks to consider multiple sources in order to

effectively plan the growth of these metropolis.

2.3.2 Tools and technologies for planning the development of Smart Cities

By now we have understood that the smart city concept has been driven by technology which
has been expanding rapidly, guiding us towards the birth and spread of modern solutions like
robots, drones and connected objects that will radically alter our society and urbanization.
These emerging technologies can be implemented across many dimensions of a city including
urban problem-solving, natural resource management, real-time data processing, or predicting
crimes; still these technologies sometimes encounter some legal, social or ethical

complications in their implementation.

According to Rjab and Mellouli (2021) the two primary types of technologies adopted by
smart cities are Internet of Things (IoT) and Artificial Intelligence (AI). Although we have

already mentioned IoT when speaking about energy management and composting practices in

12 The ITU Telecommunication Standardization Sector (ITU-T) is a permanent organ of the International
Telecommunication Union specialized in the study of technical, operating, and tariff questions related to
telecommunications. It issues recommendations in the areas of their specialization, intended at standardizing
telecommunications on a worldwide basis (Estevez et al., 2021, p. 113).
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smart environments we have yet to define it; we know that the term originated in 1999,
however the sensor networks that permit its functioning have been around since 1990.
Furthermore IoT lacks a sole and unique definition, but rather the various existing
explanations can be divided into three distinct streams. Based on Madakam et al. (2015),
Mehmood et al. (2017), Talari et al. (2017), the supporters of the first class of definitions, Iot
is characterised as an invisible framework to connect a plethora of digital devices with the
Internet; the second stream of definitions describes IoT as an evolution of the Internet that
uses new strategies to ensure the connectivity between different objects (Hui et al., 2017;
Zanella, et al., 2017; Zhuhadar et al., 2017); finally according to the third grouping of
interpretations IoT is a cutting- edge technology applied on a large scale of urban areas to
collect, share, and communicate data between all objects (Gubbi et al., 2013; Hashem et al.,

2016; Papadokostaki et al., 2017).

Having now uncovered what IoT is, we can attempt to uncover what is the role of IoT in
smart cities. In general we know IoT aims to support the sustainable development of urban
settings, in particular it can take on five different roles: ensuring the connectivity between all
objects across multiple metropolitan locations, real-time data processing, increasing the
security level of the city through the monitoring of individuals and objects’ movements,
supply management of natural resources and finally improve and optimize public services. As

a result, the application areas of [oT in an intelligent environment are:

e smart home: in this case [oT is employed to enhance home management on a security
and surveillance level, regulate the temperature in the home, optimize comfort and
efficiency, expose any potential risks and establish a neighborhood network between
all houses, therefore fostering the creation of a smart community. As a matter of fact
Mahapatra et al. (2017) discuss home energy management as a service platform,
precisely a grid of interconnected network of devices, through which users can
manage and eventually minimize their own energy consumption; this platform can be
implemented for both town houses and condos and it allows for demand reduction and
energy savings.

e Smart transport: IoT is here used to design new routing services, permit intelligent
tracking of vehicles, reduce travel times, optimize parking and mobility in general,
improve overall road safety, manage traffic flow and predict its patterns by utilizing
road sensors and cameras. To sum up in this sphere the application of IoT enhances

the proficiency of transportation networks.
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e Smart healthcare: here the introduction of IoT technology allows remotely monitoring
patients, connecting them to the hospital staff through smart devices, knowing where
patients are at any given time, managing effectively medical emergencies, transfusion
information handling and collecting data about patients. In general it helps accomplish
real-time health.

e Urban environment: in this category several authors (e.g., (Rathore et al., 2016;
Sakhardande et al., 2016; Schaffers et al., 2011) mentioned that [oT technology can be
used to control natural resource systems, temperature, air quality, environment,
humidity, weather, rain, carbon dioxide level and harmful gases, noise, and waste
management to improve the urban environment.

e Industry: in this application area IoT’s adoption enables the automation of tasks, it
guarantees surveillance in different units, monitors breakdowns and upgrades

logistics.

In short, our analysis of the literature showed the importance of IoT that can be transparently
and seamlessly incorporated in a large number of heterogeneous systems (Zanella et al., 2014)
and it can take on different functions within smart cities. Nevertheless certain ethical, socio-
technical and security issues have emerged; regarding the ethical problems the main question
concerns the privacy of data, the second ones have to do with the adaptability, automatism
and integrity of IoT and can occur when dealing with connected cars that combine data from
other protocols that can configure data of the car; last but not least security issues happen

because of inadequate software protections or free access of [oT devices.

Moving forward, lets’ analyze the second type of technology used in smart urban settings
which is Al. Contrary to popular belief, AI’s appearance is not a novelty, but rather its origins
date back to the 1950s as an investigation into the nature of intelligence. If we had to give a
definition to what Al is, we can distinguish two recurring lines of thought throughout the
literature review. The first stream (Cath et al., 2018; Coppin, 2004; Yudkowsky, 2008)
characterizes artificial intelligence as an imitation of human intelligence and human abilities
in order to build intelligent machines; the second category (Aimé et al., 2015; Lauterbach &
Bonim, 2016; Steels, 1993) conceptualizes Al as a simulation between human intelligence
and machine abilities in order to solve complex problems. Overall we can say it represents a
subpart of computer science that sees computers imitating human intelligence by making use
of modern technologies like vocal recognition, image recognition and natural language

processing.
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At this point we can shift our focus on the roles Al takes on in smart cities which are ensuring
an intelligent monitoring of data to optimize operations, guaranteeing an efficient use of
natural resources which for instance allows to regulate the lighting system of streets according
to the traffic, improve industrial automation thanks to robots that can perform complex tasks
and bettering the security level by predicting crimes around urban settings. Additionally it
assists in dealing with big data and transforming it into reliable information that can be used
for decision-making, anticipating needs and adapting services, enhancing the interaction with
citizens through virtual assistants, creating an intelligent network that does not require human
intervention, designing a behavioural modeling of data to increase in real time environmental
safety, and finally Augusto et al. (2010) mentioned that AI technology can ensure a
spatiotemporal reasoning; in other words a heating system can detect whether a human is
present in the room or not, in order to react appropriately and adjust the temperature to a

comfortable level thereby improving the economy and comfort of citizens.

Concerning the application areas of Al, they amplify their radius beyond the ones of [oT, that
is to say that Al is befitting to:

e Smart health: the implementation of Al in healthcare can provide the exact diagnosis
when analyzing symptoms, it can ensure the precise prediction of disease, properly
interpret medical information as well as successfully treat and handle hospital data.

e Smart transport: in this department Al’s integration can support the realization of
intelligent transport, anticipate traffic risks and congestion areas, come up with
systems to reduce accidents and it can also create self-driving cars.

e Smart home: AI’s use in houses can help anticipate its residents’ actions and
preferences by for example shutting off appliances, reminding the owners to take their
medication or even alerting the hospital in case of need.

e Smart government: Al can here help create customized services for a better public
administration, more in detail it can improve a government’s transparency,
accountability and overall efficiency.

e Smart learning: by employing Al in the education system classrooms will become
smarter thanks to virtual assistants that act as “tutors” for special needs students.

e Smart offices: offices have started integrating robots, cameras and sensors in order to
boost the quality of the services offered and to assist the workers in conducting their
daily jobs.

e Security; Al can be integrated in objects located across the city that can help monitor

the crime rate, analyze movements and secure public spaces like parks or museums.
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e Agriculture: similarly to the benefits of composting, the introduction of Al in this
dimension ensures soil preparation, seeding, fertilization, and harvesting (Hollingum,
1999). Moreover Al algorithms can help calculate the best combination of soils and
can detect potential plant diseases.

e Decision-making: thanks to the advent of big data and open data, Al can render
decision-making processes faster and leaner by diminishing the chance of errors.

e E-service: E-services refer to the use of Al to develop personalized services and

creating intelligent services based on intelligent interactions (Lu et al., 2007).

Similarly to what we saw with IoT, even AI faces its trials when integrated in urban
environments and they can be legal, social or ethical. Social difficulties arise when Al’s
emergence starts substituting individuals at work, thereby leading to increased
unemployment; legal challenges appear because of the lack of a proper legal framework that
handles the responsibilities of Al and finally ethical difficulties emerge because since Al can
simulate the human brain and imitate a person’s behaviour, it risks affecting the

confidentiality of human privacy.

In conclusion we can say that data analytics, both in terms of Al and IoT, offer many
opportunities and areas of application for smart city development; nevertheless they must be
used with caution considering their potential troubles, in fact according to Rjab and Mellouli
(2021, p.281) “it is important to develop a new model to understand how we can get the most
out of Al and IoT in order to ensure a responsible use of these technologies to be beneficial to

the society”.

2.3.3 Environmental sustainable initiatives in smart cities

Intelligent cities around the world need to prioritize innovative visions that encompass
ecofriendly initiatives in their advancement, thereby fostering the development of greener and
not only smarter metropolis. Among these ecologically sound initiatives we find the already
mentioned smart waste management practices, which are classified into three categories:
prevention practices, end-of-pipe strategies such as recycle and proper segregation, and
environmental restoration strategies which essentially handle the remediation of already

happened environmental damages like groundwater contamination.

Furthermore, the aspect that distinguishes regular waste management practices from those of
smart cities is the integration of technologies like the already discussed IoT into the
conventional waste treatment. As a matter of fact, the practice of improvisation in bins

through the attachment of radio-frequency identification (RFID) tags for identification,
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sensors for waste holding capacity, and controllers for automatic bin locking once the bin is

filled etc., has proved very successful (Medvedev et al., 2015). Moreover, the technologies

employed in waste management activities can be of four different groups: spatial technologies

such as global positioning system, identification technologies like bar codes and RFID, data

acquisition technologies like sensors, and data communication for example Wi-Fi and

Bluetooth. In addition, the implementation of waste handling in future smart settings with a

complete “zero waste” outlook includes three main modules:

1.

Product lifecycle data collation framework: this module aims to achieve waste
reduction and recovery through the creation of a framework that locates citizen data at
individual product levels. Additionally, product life-cycle management (PLM)
includes three steps which are beginning of life, middle of life and end-of-life, each of
them with their sub-phases. According to Shukla and Hait (2022) the first goals of
PLM should be the extraction of knowledge loops for enhancement of waste
elimination, the extension of the product lifecycle, and adoption of reuse, repair, and
recycling. Also, the information acquired through it can be helpful to manufacturers in
lowering emissions and the removal of waste.

Minimization of waste generation through innovative ideas by aware and responsible
citizens: this module considers the innovative business models based on the circular or
sharing economy as only in this way will it be possible to integrally explore the skills
of a product life-cycle data platform. Some examples of these business models are the
sale of high-quality and long-lasting products and selling services and not products.
Moreover, the success of such business models depends also on the role played by
users.

Optimal infrastructure with intelligent and sensor-based technologies for effective
segregation, real-time collection, and recycling of waste: in this module the smart
infrastructure used for waste collection is mainly centered on the implementation of
sensors that are utilised for data acquisition in garbage bins to detect garbage levels
and achieve smart collection. This IoT enabled instrument also works as an integrated
platform assisting the PLM systems, additionally smart waste handling equipment can
help achieve the reuse and recycling of materials. Nevertheless the institution of smart
bins and similar appliances is subjected to a cost-benefit analysis that assesses the

economic viability of installing such infrastructures.

In second place another sustainable initiative currently happening in smart cities is the

development of “green infrastructure” (GI). Originally, “green” infrastructure was identified
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with parkland, forests, wetlands, greenbelts, or floodways in and around cities that provided
improved quality of life or “ecosystem services” such as water filtration and flood control
(Riffat et al., 2016). Nowadays the expression indicates more general environmental or
sustainable objectives that urban locations are attempting to reach through a combination of
natural “approaches”; therefore, green infrastructure examples include permeable surfaces,
green open spaces such as parks and wetlands, and easily adapting buildings that can endure

natural disasters like floods and coastal storm surges.

The environmental benefits of GI in urban areas include bettering the impacts of climate
change as it is capable of mitigating the expected raises in extreme precipitation or
temperature; not surprisingly in a study performed by Gill et al. (2007) it is found that
increasing the current area of GI in Greater Manchester UK by 10 % (in areas with little or no
green cover) would result in a cooling by up to 2.5°C under the high emissions scenarios
based on UKCPO02!3 predictions. Furthermore, GI helps achieve reduced ambient
temperatures and urban heat island (UHI) effects and the advantages of such action comprise
direct shading from heat and UV radiation, decreased temperatures and evapotranspiration'#
which transforms solar radiation to latent heat. In general green infrastructure follows the
belief that integrating creativity in the design and planning of infrastructures will help
overcome the negative effects of rapid urbanization; for example the realization of garden
plots can act as a water management system while simultaneously providing food for citizens,
or multipurpose buildings can save people time while guaranteeing a more productive use of

land.

Nevertheless, both of these sustainable opportunities can be achieved by a smart city only if
the urban administration system of that city has both the will and legal power to be of use for

all its citizens without any distinctions.

2.4. Successful smart cities

By now it should be clear that smart cities are a multi-continent and multi-country
phenomenon, despite most of their research being produced by the United States, followed by
Italy, the United Kingdom and India. Moreover, we saw how the innovations resulting from

these metropolis’ growth can help face the different socio-environmental challenges, in

13 The UK Climate Impacts Programme (UKCIP) was established in 1997 by the Department for Environment,
Transport and the Regions to facilitate an integrated, stakeholder-led assessment of climate change impacts in
the UK. Its aim was to set standards for climate change scenarios which led to the development of UKCIP02
scenarios, which have now become the standard reference for climate change in the UK since their release in
2002.

14 Evapotranspiration is a phenomenon that occurs after the loss of water from the soil both by evaporation from
the soil surface and by transpiration from the plants. It is a process affected by factors like temperature, soil
moisture, wind and solar radiation.
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particular how energy management and planning works, the different IoT integrated waste

handling techniques and how urbanisation happens.

2.4.1 Examples of applied sustainable smart city initiatives

According to the article “Top 10: Smart Cities, 2024 by Sustainability Magazine, 5 out of the
10 smartest cities in the world are located in Europe and they are Barcelona, Amsterdam,
Copenhagen, London and Helsinki (Top 10 Smart Cities, 2024). Out of these, Amsterdam is
worth further investigating as it has received international recognition for carrying out one of
the world’s most successful smart city initiatives; it was nominated the second smartest city in
Europe for 2014 (Rachel S. Haot Keynote Chief Digital Officer Summit 2014, 2014).
Moreover, it is renowned for its Climate Street'> project which ran from 2009 to 2011 on the
famous street Utrechtsstraat; at that time energy saving innovations like smart meters, smart
plugs and energy displays were adopted by the various businesses along the street. Once the
program had ended the final results of the Climate Street CO2 emissions were down 8% and
also 10% savings were registered thanks to the switch to green forms of energy. Another
interesting proposal Amsterdam brought further is the West Orange Project; with this
initiative 400 households across the city were supplied with a new energy management
system in order for its inhabitants to accomplish a more sensible energy expenditure and save
energy. This energy handling system comprises wireless energy displays connected to digital
gas and energy meters and its goal is to achieve both a decrease in CO2 releases and a lower
energy consumption by at least 14%.

Secondly, another European city worth highlighting is Barcelona as its mission is to improve
citizens’ wellbeing and quality of life while promoting economic advancement. A distinctive
element of this city's activities is that the stakeholders are given room to operate
independently but at the same time collaboration between them is facilitated as this way it is
easier to meet the smart environment’s goals. The most illustrative case of large-scale urban
renewal proposals is the 22@Barcelona District which is essentially an innovation district that
is supplied with high technology instruments that allow for open collaboration, the birth of
new services and increased connectivity. Overall, its initiatives are worth pointing out because
Barcelona’s strategy puts extreme emphasis on human and social capital, therefore
representing a perfect example of a soft infrastructure-oriented strategy. Regardless,

establishing the roles and tasks of each individual or authority still appears to be a struggle

15 Climate Street was one of the 32 area-based projects across Amsterdam’s neighborhoods, focusing on energy
transition and open connectivity. At first they were tested out on a small scale, later if they appeared to be
successful they were applied on a wider scale.
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which is why providing the right equipment and cross-departmental collaboration can be

challenging.

Furthermore another metropoli worth highlighting from the already mentioned list is
Singapore as it has adopted a clearly defined and articulated sector-based approach known as
“the Intelligent Nation 2015” (iN2015) which is the country’s 10 year plan to become an
intelligent island. The plan, now nearly concluded, basically consisted in the integration of
ICT into seven key economic sectors which are government, financial services, healthcare and
biomedical sciences, manufacturing and logistics, tourism and hospitality, education and

learning, and the media and entertainment sector.

Last but not least, considering how we said smart cities are an occurrence that is
characterising all parts of the world including third world countries, we ought to bring up the
strategy carried out by Rio de Janeiro. In 2015 the city received the title of the smartest and
most connected city of Brazil, as well as one of the smartest urban settings in the world (see
Schreiner, 2016); nowadays it is deemed as a good example of smart city hard infrastructure-
oriented strategy. In particular, one of the most characteristic infrastructure-oriented smart
city models is the IBM solution for the ‘Smarter City’; according to IBM city infrastructures
and services are generally originated and handled by independent departments or
organizations (see Kehoe et al., 2011). However the city has been working towards improving
public services in strategic areas such as transport and mobility, citizens' safety, energy
efficiency and the preservation of the environment and biodiversity. Moreover, in 2010 IBM
signed a contract with the city of Rio and started making large investments in technology and
sensor networks that then led to the creation of an Emergency Response System; the latter
permitted administrative authorities to make informed and prompt decisions by analyzing
real-time data regarding simultaneously various city services including traffic management
and the police. Although the proposal did bring certain advantages, it was also deeply
criticised and referred to as a “Smarter Favela” by Lindsay (2010) as the metropoli does suffer
from elevated crime rates and inequality issues that cannot be ignored by instead focusing on

the increasing “smartness” level.

Moving on, in the next chapter we will analyze, evaluate and compare in detail three
international case studies of smart cities’ development that have integrated energy and
composting community practices into their strategies and initiatives. By doing so we will then
be able to underline similarities and differentials thus helping us create an international

benchmark for policymakers across the globe.
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Chapter 3-Case Studies of successful smart cities that have implemented Energy and

Composting practices in their smart development

3.1- PREMISE

After having dived into the origin of smart cities and their development and now that we have
discussed what a smart city is and what ICTs are implemented in its growth, we can further
investigate the topic by examining three different smart cities. Furthermore, although we have
already touched upon matters of energy management and composting actions carried out in
intelligent environments, we shall try to look into how energy and composting community
practices can support and promote a smart urban transformation. As a matter of fact Toh
(2022, p.1) said “a smart city is not considered smart if it is not green, not sustainable, and not
environmentally friendly”, similarly Batty et al. (2012, p.486) “cities that are smart only with
respect to their economy are not smart at all if they disregard the social conditions of their
citizenry”; therefore it is not possible to envision a smart city that is strictly focused at
providing the best standard of services and infrastructures in order enhance its inhabitants
quality of life, it also must aim at establishing a series of widespread community behaviors
that will mitigate climate change, decrease carbon emissions and overall minimize the
negative effects urbanization has on the environment.

For this reason we shall study how Milan, New York City and Tokyo, three international
metropolis have proceeded in building their smart city approach by channeling the benefits
sustainable EC and CC initiatives can bring. By doing so we will hopefully be able to create a
benchmark, that is to say a standard of reference for policymakers wanting to carry out
sustainable urban development in other cities. Furthermore, I believe that in order to build a
comprehensive framework for an effective comparison, the chosen cities for the analysis must
be international and come from diverse cultural backgrounds as multiculturalism has a
positive effect on the pursuit of sustainability and for building smart cities (Sulyova & Vodak,

2020).

3.2 Data sources

For each of the chosen cities we conducted a qualitative analysis of different pieces of
research that have covered different sustainability related initiatives connected to the activity
of energy and composting communities. In the below table one can see in detail the studies

considered and why they were relevant in creating the benchmark.
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City Data sources Why they are relevant
Milan e The Sharing cities proposal by e It addresses six different spheres of
Cassinadri et al., (2019) smart city development and analyses
e Urban Greenery Management the different ways energy community
and Energy planning by Ferla activities foster Milan’s growth
et al. (2020) e The research addresses the composting
e Environmental Life Cycle of urban waste, proving how it can
assessment scenarios for a generate energy
district heating network by e The article discusses how the recovery
Famiglietti et al. (2021) of industrial waste can be exploited to
generate heat that releases a lower
amount of emissions
New e A survey of smart city e The article analyses seven distinct
York infrastructure via case study in dimensions of smart city expansion that
New York by Shah et al., 2019 exploit ICTs and composting and
e Sustainable waste management energy community practices
through commercial e It studies NYC’s  community
composting composting project and how it has
e Future of Microgrids in New improved waste management by
York City: A Case Study on lowering emission and increasing soil’s
Enhancing Energy Security and health
Sustainability through e This research analyses how NYC has
Renewable Integration by been generating renewable energy that
Mostofa et al. (2025) emits less CO2 and contributes to
supplying energy to urban
infrastructures
Tokyo e Tokyo’s city sustainability: e [ have incorporated this article in this

Strategy and plans for net zero
emissions by 2050 by Toh
(2022)

e Study on sustainable
redevelopment of a densely

built-up area in Tokyo by Chen

work because it highlights four

departments in which Tokyo is
increasing its smartness

The study is significant because it
highlights

how shifting towards a

localized distributed energy generation
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et al., (2007) system can increase energy expenditure
e Tokyo Smart Global and lower emissions
MegaCity—Smart Sustainable e This research is relevant because it finds
Energy Solutions by Anjali et an  association  between  energy
al. (2021) generation and EC activities and
e From sewage sludge to sustainable urban development
agriculture: governmental e This article discusses how Tokyo is
initiatives, technologies, and implementing sewage originated
sustainable practices in Japan compost in agricultural practices to
by Nguyen et al. (2025) enhance soil fertility
e Technological Innovations in e This article discusse the different
urban and Peri-Urban innovations and smart devices utilized
agriculture: Pathways to to increase the smartness of agricultural
Sustainable food systems in practices in the metropolitan
metropolises by Fei et al. environment
(2025) o The article analyses he different ways
e Smart mobility in smart city — ICTs have been incorporated in
Singapore and Tokyo Tokyo’s mobility
comparison Wolniak and
Grebski (2023)

3.3 Case Study 1: Milan

The first city we will consider to create our benchmark is Milan as, although it does not
appear in the previously mentioned list of the top 10 most intelligent cities in the world, it has
been newly confirmed by the Intesa Sanpaolo Innovation Center as the smartest city in Italy
thanks to its strong performance in the smart economy dimension and mobility, as well as due
to its numerous projects aimed at improving sustainability and urban innovation (Smart City
in Italy: Where Do We Stand, Examples, Projects and Rankings, 2025). Furthermore, Milan
together with London and Lisbon has been selected by a European Union funded project
known as “Sharing cities”!¢ which is focused on realizing a smart city district with “net zero”

emissions in the three mentioned cities. As a result, over the years the Municipality of Milan

16 Sharing Cities was a major international smart cities programme that took care of some of the most urgent
urban struggles facing today’s cities such as energy use, low carbon transport and buildings, and harnessing data
for the good of the city.

61




Chapter 3-Case studies of successful smart cities
has tried to push the economic transformation necessary to address the environmental and
socio-economical challenges that emerged with the growing metropolitan population; it has
done so by adopting a set of strategic policy frameworks on sustainable mobility, sustainable
energy and smart agenda with a vision to become more sustainable, resilient, smart, and
circular (see Cassinadri et al., 2019). Specifically, the Sustainable Energy Action Plan
(PAES)!7, adopted by the Municipality in 2014, encourages the energy transition through
measures regarding the energy efficiency of buildings, optimization of public lighting and a

decarbonisation procedure that opts for renewable energy sources.

3.3.1 Qualitative research methodology

The Sharing cities proposal was based on an integrated and holistic course of action called the
“People, place and platform approach” (PPPA) which in some ways reminds us of the triple
bottom line philosophy, as they both take into account three dimensions; additionally the
PPPA is user-centric and its goals are the institution of sustainable infrastructure solutions and

profitable urban sharing platforms.

Furthermore a series of ex ante evaluations have been performed in order to estimate the
effectiveness of the Sharing cities project’s actions, and based on the findings of Cassinadri et
al. (2019) from the preliminary collected data, it appears that the various activities of the
proposal have helped augment data monitoring and collection, increased citizen involvement
and reduced energy dissipation and CO2 emissions, additionally they all seem to have
included ICTs in their functioning. The activities of the program are organised in six distinct
pillars: deep building retrofit, shared e-mobility, smart lampposts, sustainable energy
management service, urban sharing platform and digital social market. Each of these pillars is
related to a different one of the three domains, but for the purpose of this work we shall
analyze them under the spectrum of energy and composting community procedures; however
it is important to keep in mind that certain pillars like the digital social market and the Urban
sharing platform are still object of research and/or currently being finalized, therefore they

lack a sufficient amount of information in order to be object of discussion.

3.3.2 Analytical framework: analysis and results

Let’s start from the deep building retrofit sphere which concerns the place dimension.

Retrofitting is basically a transformative process that consists in a strategic modification of

17 The PAES is the document that deals with the planning of policies aimed at the reduction of greenhouse gas
emissions, which has been set up by the municipal administration and is part of the initiatives of the European
Commission. It has now been substituted by the PAC (Piano Aria e Clima) that aims at improving the overall air
quality.
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outdated buildings and facilities; it is a step many fabrications in smart cities are undergoing
as it increases their longevity, efficiency and overall sustainability. As a result the deep
building retrofit dimension’s activities recall those typical of energy communities like energy
generation through low-carbon sources like water source heat pumps and solar PV, efficient
energy management systems such as co-designed retrofit interventions that are based on
citizen engagement, and thermal coating of buildings with insulating materials that facilitated
a reduced energy dispersion; finally this field’s activities include also data collection and
monitoring which exploits the opportunities of IoT, thereby permitting the retrofitted
buildings’ fuel and electricity consumption to be recorded every 15 minutes through
smart meters, and temperature, humidity and CO2 levels to be analysed by wireless sensors

(see Cassinadri et al., 2019).

Secondly the shared e-mobility department sees its main docs involved in another typical EC
undertaking which is energy sharing. Essentially this sphere deals with infrastructures and
services including e-car share, e-bikes and e-logistics. The first was brought further by
instituting 72 e-vehicles, two of which for building car sharing with 50 registered users;
on the other hand the e-bikes service was supported by granting 150 new e-bikes for bike
sharing with child seats and 14 new docking stations; last but not least e-logistics course of
action was adopted to offset the intensifying number of delivery vans which were the primary
cause of carbon emissions although now, thanks to the e-vehicle diffusion, consignment vans
have been drastically reduced thereby guaranteeing zero-emission logistics at a whole mass-
market scale. In detail, shared mobility measures are expected to produce a total of 646.21
tons in CO2 savings, ranging from e-car sharing (202.37 tons), e-logistics (28.80), e-bike
sharing (376.17) and eV-charing stations (38.88). All of the mentioned systems recall the
peer-to-peer energy transfers typical of ECs, as they all are connected to a platform that

connects users to the service through which the energy sharing occurs.

Moving forward in our analysis to the third pillar, that is smart lampposts, the city of Milan
has set up 28 sensors on 20 lampposts which have now become poles integrated with smart
technologies like WiFi antennas that facilitate traffic flow management. The smartness in this
system lies in the integration of Al enabled technologies that enhance the lampposts
characteristics and use. In this dimension the EC activities that we can recognize are mainly
energy efficiency and data monitoring as often these systems adopt a platform to keep track of
their energy sharing. As a consequence smart lampposts somehow recall the activity of virtual

power plants within ECs, in particular technical ones, as the lampposts focus on activities
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associated with mechanical appliances that simplify traffic flow and exploit algorithms and

smart lighting.

Regarding the fourth pillar, sustainable energy management system (SEMS), it is a software
that the municipality of Milan uses to supervise and evaluate the performances of retrofitted
public social housing. Thanks to the energy efficiency measures applied on the considered
buildings, there appears to have been a 50-70% decrease of energy depletion in comparison to
pre-installation values; in particular the energy exhaustion was even lower in the public
residential building retrofitted in comparison to the private residential building (60% lower
opposed to 55%). Furthermore this tool evokes the energy generation and consumption
functions of ECs, as the SEMS optimizes the relation between energy demand and supply in
order to decrease citizens’ expenditure on electric bills within the e-mobility zone; this has led
to a 50% lower energy utilization in all retrofitted buildings and to the production of 23,500kg
less of CO2. Additionally it balances energy peaks by conserving excessive energy amounts
in order to anticipate energy failures, just like energy storage systems do in ECs. Overall this
system’s main objective is to supply an efficient and interoperable energy management
system across urban infrastructures that also acts as a data-bridge, by acquiring data from the
retrofitted buildings and rendering them available for the fifth pillar, the urban sharing

platform.

The fifth sphere known as the urban sharing platform (USP) sees an ICT platform capable of
gathering data from multiple sources and carrying out functions that render a city intelligent.
Its aims can be traced back to those of ECs, especially to energy sharing as the USP wants to
aggregate data that can be utilized for different purposes, but also to energy production and
storage roles as the city of Milan exploits the platform’s potential to process and correlate the
assimilated information to the urban inhabitants and therefore achieve a better employment of
the metropoli’s resources. In general this project has enabled the installation of a data
controlling service layer that is meant to show the interconnectivity of data, moreover it will

act as a real asset for the city of Milan for data collection and integration.

The sixth and final sphere the sharing cities project has analysed is the digital social market
(DSM). This department includes citizen-centered activities that therefore lead to an
ecosystem of relations between multiple players that encourages citizen engagement and peer-
to-peer exchange of good practices, similarly to what happens inside ECs with energy sharing
and energy storage systems where there are energy producers and consumers. The only
difference within the DSM is that it has a community known as SharingMi, which is made up

of users and rewarders, that is hosted by an app called greenApes that acts as a sort of reward
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system and repays citizens’ positive actions. Just like what occurs in ECs, the DSM aims to
create a community of individuals who share beliefs and take concrete steps towards a more

sustainable lifecycle.

Last but not least, although the sharing cities project did not focus on waste management and
composting practices, according to Mengozzi (2010) dealing with waste has always been one
of the city’s main struggles, despite its significant advancements in other fields. Nevertheless,
considering how it is widely recognized that green areas and trees in the urban context can
significantly contribute to enhance the quality of urban life (Meisel & Thiele, 2014) a study
conducted by Ferla et al. (2020) assessed the biomass potential derived from urban greenery
maintenance by-products in the city of Milan. It carried out the analysis under an energy
perspective by firstly identifying how to make use of this by-product, secondly by deciding to
opt for composting or use on site for the recovery of the biomass, and finally evaluating the
energy recovery. The estimation of the theoretical biomass potential present in an urban
setting was conducted with the aid of a Greenery Informatic System (GIS) capable of
calculating the biomass-to-energy potential from urban tree pruning. The GIS then considers a
sample of 11 tree species and for each single tree a series of parameters are considered (age,
trunk diameter, etc). With this data it was then possible to calculate the biomass potential of
different urban greenery waste though a series of diverse dendrometric equations. Due to the
computations carried out in the analysis, the authors believe wood by-products generated from
urban compost maintenance can be utilized as fuel in a Biomass District Heating Plant
(BDHP) located in the surroundings of Milan’s municipality that focuses on energy
conversion. However, the results of the research also showed that in order to exploit the
compost’s potential, information about the greenery maintenance methods and energy quality
of the pruning by-products should be evaluated and tested. Nevertheless its environmental and
energy benefits are non-deniable, a part from the provision of a new renewable resource
derived from biodegradation, it also generates CO2 savings thereby proving how composting
activities in smart cities can boost their sustainability by disposing of their waste compost in a

sustainable way, in this specific case by creating energy.

Additionally, according to Newman (2005), ever since 1997 Milan has been actively looking
for alternative waste treatment methodologies instead of resorting to traditional landfills; as a
matter of fact, another research brought further by Famiglietti et al. (2021) found how in
Milan a district heating network that exploited the recovered industrial and municipal waste
heat was able to provide interesting benefits at the city level in terms of heat recovery and

energy generation. The analysis was performed for a new construction zone of approximately
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26 500 m2 of net surface and it compared the present and future environmental profiles of
North Milan’s district heating network with three single electric-driven vapor compression
heat pumps with a 450kW capacity as a substitute heating system for building constructions.
Additionally, the study considered 16 potential impact categories and examined them utilizing
1 kWh of thermal energy as a functional unit, ecoinvent as background database, and the
Environmental Footprint 3.0 as impact assessment method. The results Famiglietti et al.
(2021) found showed how despite at the moment district heating has higher CO2 emissions in
respect to those of the heat pumps (208 vs 118 gCO2eq/kWhth), it could potentially have an
almost equivalent climate change impact in the future, due to the integration of renewables
sources. As a consequence the projection for 2030 sees district heating generating 19% less
emissions than heat pumps. Therefore we can safely say that the city of Milan represents a
good example of the waste-to-energy model which exploits industrial compost for heat
recovery in both domestic and public buildings, rendering the city more environmentally

competitive.

3.3.3 Results summary

Activity Type of ICT involved Energy and Composting community
practices performed

Building e Smart meters for data e Energy generation through low-
retrofit collection and carbon sources
monitoring
o Efficient energy  management
e Wireless sensors to systems
analyhse CO2 levels
E-mobility e Sharing platforms e Energy sharing though peer-to-peer
energy transfers
e High tech-
infrastructures e Energy saving and 646.21 tons in
CO2 emission savings
Smart- e Wi-Fi antennas that e Energy efficiency
lamposts facilitate traffic flow
management e Data monitoring through a platform
that keeps track of the energy
e Smart lighting via Al- savings
enabled technologies
Sustainable e Software-based e Optimization of energy demand and
Energy energy efficiency supply that has led to 50% lower
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Management measures energy utilization and 23,500kg less
System of CO2 emissions
e Energy storage, it anticipates energy
failures
Urban e Data controlling e Energy sharing
sharing service
Platform e Energy production
e Energy storage
Waste e An informatic System e Resource recovery through
management that calculates the biodegradation (biomass)
biomass-to-energy
potential of urban e Heat and energy generation in a
greenery compost district heating plant

3.4 Case Study 2: New York City

For our second case study of cities that have implemented energy and composting community
projects in their smart development we will analyze New York city. Placing itself in fifth
place in the list from the already referenced article “Top 10: Smart Cities, 2024” by
Sustainability Magazine, New York is worth including in our analysis because it is the most
populous city in the United States (see Cohen et al., 2015) and, it received the "2016 Best
Smart City" title by the Smart City Expo World Congress, a prize that acknowledged NYC’s
cutting-edge smart city proposals as capable to resolve urban challenges that then assist
residents and the city itself (Shah et al., 2019). Furthermore, another reason why one should
analyze this city under the energy and composting community lens is because based on Saqib
and Sadef (2025), New York City’s compost project represents a community based model,
thereby proving for the umpteenth time how policy support and public involvement can boost
composting’s socio-economic advantages and reinforce zero-waste projects. In addition,
based on the findings of Mostofa et al. (2025), New York City faces significant energy
challenges due to its dense population, aging infrastructure, and increasing vulnerability to
extreme weather events; to overcome such obstacles microgrids integrating solar photovoltaic
(PV), wind power, and energy storage offer a resilient and sustainable solution while

promoting urban growth.
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3.4.1 Qualitative research methodology

In order to properly comprehend the strategies the city of New York has adopted regarding
sustainable waste management and renewable energy within a circular economy framework,
Shah et al. (2019) distributed the various initiatives in different areas of focus which are waste
management, water handling, air quality supervision, smart lighting, smart park
superintendence, LinkNYC programme and smart public transport. Within each department
we will see how a multitude of composting and energy community procedures are at work
stimulating the smart transformation, and which innovation or data-driven instruments can be

applied.

3.4.2 Analytical framework: analysis and results

First things first, considering how New York City (NYC) has always been highly populated, it
is not surprising that it has always had to deal with copious amounts of waste (see Shah et al.,
2019). The different ways of disposing of it have changed over the course of the years and
ranged from dumping it in the ocean to transporting it to neighboring states; however with the
proliferation of intelligent devices, the government has now arranged for a smart trash bin
known as “Big Belly” that contains a wireless sensor that is meant to monitor the trash level,
in order to then organize pick-up-trips accordingly. Moreover, a trash compactor that runs on
solar energy is also included in these garbage cans and its adoption allows the container to
hold up to 500% more waste than a regular trash can; these bins are then scattered across the
metropoli. In general these smart garbage cans solve an urban issue, that is the generation of
waste, in an effective way by integrating the procedure with loT-based sensors; as a matter of
fact based on Serafini et al. (2023), innovative research suggests that such composting
systems equipped with IoT technology can improve temperature regulation, leading to a 30%
decrease in composting duration and a 40% decrease in methane emissions, making them
viable for widespread adoption. Moreover, combining Al-driven analytics and loT-supported
sensors can highly improve temperature, moisture and aeration levels in real time which leads
to a better compost quality. This is to show how the integration of smart devices and systems
within waste management activities really does incentivize the city’s intelligent progress in a
regenerative way centered on resource recovery and overall sustainability. Last but not least,
according to Saqib and Sadef (2025), NYC has oriented its composting project in a circular
economy direction, as a consequence it has significantly contributed to increasing the soil’s

health and mitigating greenhouse gas emissions. Additionally, in NYC community
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composting actions have shown the effectiveness of commercial composting!® in handling
organic waste, as Davies (2020) found it has been able to handle over 225 tons of organic
material annually, rendering commercial composting a feasible solution for organic waste

management in urban settings

Regarding water management, the second sphere of action in NYC’s smart development, we
can start by highlighting the billions of gallons of water consumed by New York’s inhabitants
each day; in order to assure they are used wisely a large-scale AMR (Automated Meter
Reading) has been instituted by the NYC Department of Environmental Protection to paint a
clearer picture of water consumption. Therefore we have another example of how smart
technologies can be implemented in a city’s practices. Moreover, to avoid potential
dissipations an effective method for recycling wastewater in non potable activities has been
adopted. In other words, both recycling and water handling are taken care of by Al-enabled

devices.

In third place we have smart lighting, which also in the previous case study appears to be a
topic of interest in the digital expansion of an urban setting. In New York’s case, the city
replaced sodium bulbs with LEDs, resulting in many projects throughout the city being LED
lighting retrofits which contribute to savings of more than $800,000 per year and avoid more
than 900 metric tons of GHG emissions (Shah et al., 2019). Therefore they are more energy
efficient and exude cleaner and more illuminating energy than their counterparts; moreover
they can in the long run provide cost savings and reduce the community’s impact on the
environment. In addition, the lighting power coming from these LED installations, can be
even more softened by employing smart controls that collaborate in reducing the brightness
during the hours of activity via scheduling or occupancy sensing. Also, LED lamps permit the
creation of a dense network of sensors and actuators and, similarly to what happened in Milan
with its smart lampposts, the intelligent lighting grid can be exploited for real time data
collection on traffic, pollution, crime and more. In this way the interconnected lighting
infrastructure can be utilized to execute different energy community tasks like reducing
energy consumption, achieving energy generation from eco-friendly sources and implement
energy efficiency measures in terms of cost and environmental effect while simultaneously

enabling a smart city.

18 Commercial composting refers to the controlled process of converting organic waste into a stable, humus-like
product using microbial action under aerobic conditions (de Mendonga Costa et al., 2017, see Saqib and Sadef
2025, p.2).
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On the other hand, if we take a look at park management we can see how the NYC Parks
Commissioner Mitchell J. Silver with Soofa!® announced the launch of a new pilot program in
May 2016 which aimed to realize multi-functional benches. The benches not only were
supposed to provide free mobile charging, but also due to their connection to systems like
Soofa they make possible the gathering of information about how the city’s inhabitants use
the park; in this way each municipality can learn to manage public spaces in the most efficient
way possible and set aside an allocated budget for the creation of future parks. This activity
recalls the data collection and monitoring one which we saw was characteristic of energy
communities; in fact they provide energy utilization thanks to the phone charging system,
they underline individual’s consumption trends regarding how often they use the benches, and
in general AD’s integration in the benches allows to evaluate large quantities of data
concerning the cities’ residents just like what happened inside an energy community. Overall,
we can state how even smart parks represent an example of EC-originated activities combined

with smart tools and instruments.

Moving forward to the air quality dimension, air quality tests are being carried out by the
NYC Department of Health and Mental Hygiene ever since 2008. The monitoring is
performed by 75 temporary monitoring stations and 8 permanent air monitors that are
entrusted with communicating information every 15 minutes. Based on Shah et al. (2019) this
program helped in determining that low cost heating oil, employed in just 1% of NYC
buildings was responsible for the cause of more pollution than all the vehicles in the city
combined; however thanks to the work performed by the air monitoring facilities sulfur
dioxide ejections have dropped over 70% in NYC, which had not happened ever since 2008.
As a result, we can see how even for this aspect community composting activities prove to be
beneficial as they represent an eco-friendly alternative for heat recovery by not producing the
contaminating heating oil and as a consequence, they contribute to lowering the emissions
that hinder NYC’s air quality. Just as importantly, with the incorporation of Al-enabled
supervising stations that keep track of the air quality’s standard, not only will the city be able
to become greener and more eco-conscious but it will also take an additional step towards its
intelligent development. Furthermore, thanks to waste recovery and compost biodegradation,
the education and engagement level of citizens within the community increased; as a matter of
fact Morrow and Davies (2021, p.10) stated that “the collective action of caring for compost

together, or the sense of accomplishment one feels after turning 300 pounds of food waste by

19 Soofa is the ultimate outdoor advertising and smart city communication platform with the main goal to render
cities smart, social and eco-friendly
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hand, can generate discussions of enacting wider changes together”. Last but not least, the
switch made by the city from its centralized grid to microgrids, has helped the city’s energy
provision by generating renewable low-carbon energy that releases 20% fewer CO2 emissions
in the atmosphere, achieves 15% lower energy costs and 30% lower peak demand (see
Mostofa et al., 2025). Secondly, thanks to the inclusion of proactive cybersecurity measures
like continuous system monitoring and robust encryption?’, NYC can continue to offer its
energy supply for essential infrastructure. This shows how not only is the metropoli actively
trying to originate and distribute a cleaner form of energy that does not taint the city’s air
quality, but also thanks to the availability of digital technologies, it aims to make sure it can

keep on encouraging the smart urban transformation.

Another department in which NYC has been making many efforts in smart growth is urban
transport. Considering how traffic has always been an issue in the metropoli, to increase the
speed of buses the government has set up at 594 intersections Transit Signal Priority (TSP), a
mix of hardware and software that lets the traffic signal to switch or remain green whenever a
bus is coming close to the signal. This system involves at the moment 12 bus routes and
prioritizes NY’s buses therefore speeding up overall traffic. This particular advancement
somewhat resembles the urban mobility ameliorations made in Milan with the e-bikes service
as in both cases the systems adopted evoke a peer-to-peer energy transfer just like those that
occur in ECs; the peer-to-peer energy exchange that takes place through TSP occurs when the
system reads the traffic intensity at the crossing and transmits the outcome to the traffic
signal. Furthermore, to increase urban safety, NYC has equipped 750 school speed zones with
750-speed cameras; in this case the technology installed is laser and radar-based and it is
designed to measure how fast a vehicle is going; if the vehicle appears to be going above the
agreed safe limit, a notice of liability will be emitted. In this case we can see how smart

technology is utilized to improve citizens’ safety and security.

Last but not least, we cannot forget to talk about the LinkNYC programme. This project acts
like an energy sharing scheme as every single one of the over 2200 links active around NYC
supplies its users with fast, free public Wi-Fi, free phone calls within the country, portable
device charging and a tablet that gives free access to the metropoli’s services and to over 300

apps that contain useful government information. The innovativeness of this tool is that it is

20 Encryption basically involves protecting data by using mathematical codes known as cyphertexts to scramble
it and make it understandable only to the parties who have access to it. Robustness is an essential conjunct of
anonymous encryption and it makes it hard to produce a cyphertext that is valid for two different users. (Abdalla
etal., 2010)
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completely free for its patrons and the links are all strong enough to withstand any extreme
climate conditions or damages caused by vandalism, similar to the way microgrids work. In
addition they are equipped with Al internal sensors that help comprehend the environmental
impact on the structures. Finally, they enable energy sharing between the users because they
use renewable energy sources integrated with an efficient energy storage system, therefore
working together towards the carbon-neutral urban environment goal the city of New York

has set to reach by 2050 (see Mostofa et al. 2025).

3.4.3 Results summary

Activity Type of ICT involved Energy and Composting
community practices
performed

Waste management e Smart trash bins with e Resource recovery

wireless sensors by using the compost

e Al-driven analytics to  increase  soil

and  IoT-supported health and mitigate

sensors greenhouse gas
emissions

Smart lighting e Smart control sensors e Energy efficiency in

o Intelligent  lightng terms of cost and
grid environmental

effects: Cost savings
of more than $800k
per year and more
than 900 metric tons
of GHG emissions

savings

e Energy  generation
from renewable
sources

e Data monitoring

Park management e Multi-functional e Data collection and
benches monitoring about
how citizens use the
park
e Energy sharing

thanks to the free
mobile charging

Air quality e Al-enabled e Heat recovery
supervising stations without  producing
that monitor the air contaminating oil
quality and
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Continuous
monitoring and

system

robust encryption

Compost
biodegradation
Increased education
and engagement of
citizens in
community activities

renewable energy
generation and
reduced energy
demand by 30%

thanks to the switch
from centralized to
decentralized grids

e cenergy supply to
infrastructures
Smart urban transport e Transit Signal e Peer-to-peer energy
priority (TSP), a mix transfers: the TSP
of hardware and reads the traffic
software for traffic intensity and
light regulation transmits the
e Laser and radar- outcome to  the
based  technology traffic signal
installed in speed
cameras
LinkNYC programme e Al internal sensors e Energy sharing
that help through the links that
comprehend the supply users with
environmental free wi-fi
impact on structures e Efficient energy
e Over 300 APPs storage system

incorporated in the
links

3.5 Case Study 3: Tokyo

We have now arrived to our third and final case study on energy and composting community

strategies for smart city development. For this case study we will consider Japan’s capital city

Tokyo, which having claimed the sixth position in the “Top 10: Smart Cities, 2024” list by

Sustainability Magazine, it sees its smart city projects centered on urban resilience and energy

efficiency. Additionally, Anjali et al. (2021, p.191) stated “Tokyo, is a uniquely placed to be

the one of the only smart global mega cities in Asia, leads the path of technology for

numerous aspects especially energy and the relevant infrastructural technology, nuclear power

energy sector among others”. As a consequence it is not surprising that the metropoli has
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prioritized energy efficiency solutions that tackle climate change and that it has integrated
them in its policy framework. Furthermore, I believe Tokyo is worth including in our research
analysis as based on the findings of lida et al. (2024), it has adhered to community scale
composting of green waste as a form to enhance urban circularity; moreover, considering how
the city is undergoing a rapid urbanization of its landscape, not only is Tokyo trying to
become a “circular city” but it also has been using advanced technologies such as smart
sensing and predictive analytics to come up with intelligent strategies to address metropolitan
development, infrastructure resilience and to achieve an overall more sustainable future (see

Cong & Inazumi, 2024).

3.5.1 Qualitative research methodology

Let’s try now to delve into and get a better understanding of the multitude of energy and
composting community proposals and activities Tokyo is carrying out and how such strategies

are influencing the city’s intelligent transformation by integrating ICTs in their actions.

First things first, as Toh (2022, p.1) said “a smart city is not considered smart if it is not
green, not sustainable, and not environmentally friendly”, and knowing that Japan has
acknowledged the pressing issues of global warming and climate change, we can comprehend
why Tokyo has based its smart urban expansion on a zero-emission strategy that works
towards reaching net zero by 2050. As a result this strategy involves actions ranging from
four different interconnected sectors: the energy sector, the building sector, the transport
sector and the industrial sector. Each dimension encompasses its own series of initiatives and
projects that altogether contribute to the city’s smart progress, although it does strongly
concentrate in renewable energy-centered proposals; in fact as stated by Anjali et al. (2021,
p.192) “Tokyo while maintaining its status quo has shaped up truly a Smart Global City
addressing the sustainable development goals pioneering with state of art technology that is
regularly updated especially for the energy sector. The approach is largely holistic with a
framework of development that is agile, robust and thrust on all key areas for economy, social

and environment through efficient governance”.

3.5.2 Analytical framework: analysis and results

Starting from the energy sector, and knowing how Tokyo is a major consumer of energy, with
most of the energy consumed coming from fossil fuels (see Toh, 2022), we will find that most
of the activities carried out in this department are oriented towards decarbonizing energy. The
first step Tokyo has taken in this direction is transitioning to distributed local energy systems

associated with micro-grid systems, which based on the study conducted by Chen et al. (2007)
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on the densely built-up Sancha Area?! in Tokyo, not only will result in the realization of a
district with both electrical power and heat through an integrated distribution system but it
also can bring other benefits like reduced energy consumption and CO2 emissions and
enhancement of living amenity and urban security in times of emergency. The research Chen
et al. (2007) carried out contemplated three scenarios. The first case is the present case of the
Sancha area, the second case is the “business as usual case” (BaU), that is no changes are
implemented and therefore the same practices and equipment efficiency is maintained up to
2030, the third and final case is the “Sancha vision 2030 case” where the distributed local
energy supply systems are introduced on a micro-grid system basis. Through a thorough
analysis and comparison of the three outlined situations, Chen et al. (2007) found how the
estimated primary energy consumption for the third scenario would be 29% lower than the
second case, while if we strictly referred to CO2 emissions the Sancha vision 2030 case

would register a 33% savings in comparison to the BaU case.

The reason why the city proceeded with this shift is because approximately 70% of CO2
emissions in Tokyo are related to power consumption (see Toh, 2022), therefore there is a
need to expand renewable energy power sources and this includes utilizing area energy
networks that decarbonize energy generation and exploit energy sharing. Furthermore Chen et
al. (2007) found how the distributed local energy supply systems would be more efficient at
lowering carbon discharges if connected to one another through a micro-grid system that
rationalizes the energy provision within a highly built-up setting. This proves to us how there
is an association between energy production and sustainable urban development, as a matter
of fact the City Planning Act, although written in 1919, has undergone constant revision in
order to adhere to the changing circumstances and needs of the city, (see Anjali et al., 2021)
for instance it has been working on lowering CO2 releases from residential and office
buildings. Finally yet importantly, the range of activities performed in the energy department
also see the integration of ICTs to assist their functioning and to support metropolitan
expansion in a smart and transformative way; as a matter of fact to assess the suitability of
sites for development, and verify the feasibility of switching to distributed local energy
systems in a specific district, predictive analytics can be used (see Cong & Inazumi, 2024Db).
Similarly, multiple machine-based algorithms and simulators may be used to estimate the
energy expenditure and the thermal effects of waste heat from buildings on the districts that
adopted the distributed local energy systems, thereby making energy solutions smart yet

sustainable. This proactive approach to urban development aligns with the principles of smart

2! The Sancha Area is a section of Tokyo characterised by commercial activity and densely lived in residential
buildings. It is an area undergoing rapid growth and urbanization.
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cities, which emphasize the use of technology and data to improve the efficiency,

sustainability, and resilience of urban environments (Cong & Inazumi, 2024a).

Moving on to the building sector, as Anjali et al. (2021, p.193) said “globalization propelled
the growth of the urban areas to alarming proportions”; that is to say that Tokyo is densely
built with both residential and office buildings. We previously mentioned how Tokyo has
oriented its sustainable initiatives and its urban transformation towards achieving zero carbon
emissions by 2050, as a consequence it is working towards achieving zero emission buildings
and households by minimising the energy used in buildings and promoting the use of
renewable energy, such as solar and the use of high efficiency lights, natural lighting, and air-
conditioners (see Toh, 2022). We therefore see how even the construction sphere is concerned
with tackling the pressing environmental issues and unpredictable weather phenomena. In
particular due to the latter, the city has adopted Kriging and ensemble learning to assist its
urban expansion (see Cong & Inazumi, 2024a). The first is a geostatistical method that
incorporates smart technology in order to make sure that buildings are built on solid
foundations that will resist over time, the second exploits machine learning algorithms to
calculate latitude and longitude to predict bearing layer?? depth. However, although
urbanization does favor industrialization and economic development it can also contribute to
higher energy consumption and emissions. Nonetheless, urbanization can present
opportunities to decrease energy consumption and emissions by implementing sustainable
practices and technologies (see Wang, 2024). Some of these land management technologies
include sensor platforms like ground-based, aerial and satellite remote sensing which
basically exploit the electromagnetic radiations reflected or emitted from the Earth’s surface
to monitor and assess the conditions of urban farmland and crops; this way decision makers
are supplied with valuable tools that optimize the urbanization of land (see Fei et al., 2025).
We therefore can once again see how ICTs are being implemented to achieve a careful design
and construction of urban infrastructure that deems the stability, sustainability and safety of

its buildings of paramount importance.

In third place we have the industrial sector. This category encompasses energy and
composting community projects directed towards finding a sustainable use of resources that
contribute to the net zero CO2 emissions; in other words these actions are focused on waste

recovery and recycling and how these proposals can support Tokyo’s ongoing urban

22 The bearing layer is the surface layer that supports loads, in this case that supports the building’s foundations.
If its depth is not accurately determined it can cause ground instability which may eventually lead to the
catastrophic destruction of buildings and infrastructures.
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advancement. The first one of these activities is the employment of sewage sludge (SS), a
byproduct of wastewater treatment, in sustainable urban agriculture practices (see Nguyen et
al., 2025). As a matter of fact, according to Nguyen et al., (2025) Japan in general relies
heavily on imported chemical fertilizers which have been increasing in price ever since 2022;
this dependency heightens supply chain risks, underscoring the need for sustainable sludge
utilization to bolster agricultural resilience. The main advantage of SS based fertilizers is that
it contains phosphorus, a non-renewable yet essential nutrient for crop productivity (see
Hoque et al., 2023; Sniatata et al., 2024), as a consequence it is not surprising how the use of
sewage sludge as an organic fertilizer is gradually increasing all across the country (see
Kumazawa, 1997). The agricultural use of sewage sludge is the simplest and cheapest method
of its management, giving the possibility of recycling not only desirable nutrients but organic
matter as well (see Bertanza et al., 2016; Elmi et al., 2020; Laura et al., 2020;). A two-year
study on soil cultivated with rainfed wheat conducted by Jaoude et al. (2025) compared the
effects of applying SS as a compost on two patches of land, one harvested by secondary
wastewater treatment plant, the other by tertiary wastewater treatment plant. On average the
results showed a 61-76% increase in grain yield in the two soils respectively, thereby
showcasing how SS is capable of boosting agricultural efficiency and enhancing crop
produce. Similarly, sewage sludge’s application as a fertilizer positively influenced
composting activities like food and agricultural leftovers biodegradation in comparison to
conventional waste treatment methods; for instance Maeda et al. (2021) evaluated tomatoes,
eggplants, and strawberries cultivated with SS-based versus chemical fertilizers and found
that while yields were comparable, tomatoes and strawberries showed improved flavor,
suggesting enhanced soil fertility and organic retention. In addition, Kishimoto and Yan
(2021) have found throughout an input-output analysis that there is a connection between
food, water and energy and that urban agriculture plays a role in modern food systems to
reduce transportation energy, improve local production for local consumption, and so on.
Nevertheless urban agriculture in Tokyo is facing strong pressure from urban development
and considering how conversion of farmland to urban uses is expected to continue, the urban
structure and the performance of urban agriculture will continue to change; however these
changes will not be favorable in terms of environmental performance, so urban planners and
policymakers must take into account a wide range of perspectives in order to come up with an
agriculture inclusive urban setting (see Kishimoto and Yan 2021). In order to do so Tokyo has
integrated [oT and smart devices into circular economy related technologies such as vertical
farms which are increasingly used not only to provide fresh, local food but also to improve

urban air quality and mitigate heat through green infrastructure (Clinton et al., 2018; Zasada,
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2011). Additionally, this type of building-integrated agriculture system is conducted in a fully
enclosed setting, permitting for full control over growth conditions and achieving year-round
production, consistency in crop quality, and efficient resource use (Goodman & Minner,
2019; Van Delden et al., 2021); it also requires advanced sensor-based technology,
automation and data analytics for regulating light, temperature, humidity and nutrients that
contribute to the overall high resource efficiency and productivity of vertical farms. These
innovations have enabled a lower energy usage, the almost complete transition to renewable
energy generation like solar, water and wind power, a decreased environmental impact by up
to 39%, a 130% cutback in global warming, and energy storage due to the modern greenhouse
technologies (Fei et al., 2025). We can hereby conclude how Tokyo’s composting and
biodegradation practices are focused on preventing resource depletion and promoting a more
conscious utilization and production that keeps sustainability, in particular climate change at
its core; nevertheless they have been harnessing the opportunities of smart innovations that
help achieve energy regeneration, land optimization, lowered carbon emissions and resource
recovery in a context of urban development.

The final sphere of action in which Tokyo is implementing changes to pursue its intelligent
transformation is the transport one. For this Tokyo has embraced Intelligent Transportation
Systems that include traffic signal optimization, dynamic traffic routing, real-time traveler
information, and smart parking solutions (see Wolniak & Grebski, 2023). In addition,
similarly to what NYC and Milan have done, Tokyo has been exploring mobility-as-a-service
concepts, for instance it has created platforms that provide users with access to multiple
modes of transportation, including public transit, ride-sharing, bike-sharing, and even taxis,
all through a single app. Moreover, another factor of pivotal impotence in the city’s smart
transport system is sustainability as the transport sector accounts for approximately 20% of
CO2 emissions in Tokyo, most of which is derived from vehicles (Toh, 2022); as a result the
metropoli actively encourages the use of electric vehicles (EVs) and has been developing EV
charging infrastructure to reduce carbon emissions and air pollution (Wolniak & Grebski,
2023). In addition, Tran and Brand (2021) have discussed the benefits of eco-driving which
assumes large scale deployment of in-car instrumentation for driver assistance and improved
driving behavior; they found that such a change could reach a GHG emissions reduction
potential of 20%, while the integration of ICTs in urban mobility systems could result in a
12% improved road network flow. These changes will help achieve a cleaner and more
ecological transportation system. Furthermore, like Milan and New York, the transport sector
is user-centered, that is to say Tokyo strives to supply its citizens with convenient,

sustainable, modern and efficient transportation means. All of this is possible thanks to the
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cooperation between transportation operators and research institutions which ensures that
Tokyo remains at the forefront of smart mobility solutions and adapts to evolving

transportation needs (Manabu, 2020).

To sum up, from the findings we can understand how Tokyo is actively pursuing its smart
development in various departments, regardless it is keeping a keen eye on the sustainability
related matters of each initiative and how they contribute to the overall achievement of the

city’s net zero by 2050 objective.

3.5.3 Results summary

Activity Type of ICT involved Energy and
Composting
community  practices
performed

Sustainable  energy Predictive analytics to verify e Renewable

generation: transition the feasibility of making a energy generation

to distributed local transition to distributed e Energy sharing
energy systems localizd energy grids and to e 29% lower
associated with assess the suitability of sites energy

micro-grid systems

for urban development
Machine-based algorithms and
simulaters to estimate energy

consumption and
33% less CO2
emissions  after

expenditure and thermal effects making the
of waste heat switch
Sustainable urban Kriging, a geostatistical e FEnergy savings
transformation method that makes sure and CO2 savings
buildings are built on solid e Renewable
foundations that will resist energy use
over time e Energy efficiency
Ensemble learning, it exploits in  urbanization
machine learning algorithms to through efficient
calculate latitude and longitude lighting and
for constructing buildings renewable
Land management sources
technologies like ground-based
or satellite-remote sensing to
optimize land urbanization
Waste  management Building-integrated agriculture e Sewage sludge-
(recovery of resources system like vertical farms based  compost
and recycling) Advanced sensor-based used in
technology, automation and agriculture to
analytics to assure resource boost crop

efficiency and productivity

productivity by
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61-76% and food
quality

e Renewable
energy generation
and lower energy
usage thanks to
the integrated
ICTs

e Energy storage

e Decreased
environmental
impact by 39%
and a 130%
cutback in global

warming
Smart transport e Smart platforms that have e Lower energy
enabled mobility-as-a-service consumption and
and resulted in a 12% a 20% GHG

improved road network flow emissions

reduction thanks
to the switch to e-
vehicles

e (Cooperation
between the
different
operators

3.6 Benchmark

Each one of the analysed cities shows how they use energy and composting community
practices to further their development while integrating ICTs within them to enhance their
results. Moreover, despite seeing how each metropoli focuses more on certain aspects rather
than others and may adopt different strategies and practices to implement its changes, they all
share a common goal which is the realization of a circular economy-oriented smart city.
Tokyo does so by adhering to a net zero strategy, NYC by pursuing energy and composting
initiatives that are oriented at preventing the formation of waste and the dissipation of energy
even before their sustainable management, and Milan by integrating its transformation with

the people, place and platform approach.

3.6.1 Differences and similarities in the three cities’ sustainable smart innovation

At this point we can highlight the differences and analogies from each energy and composting

community actions carried out by each city, as well as compare the multitude of ways they
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have incorporated Al-centered tools and lot-based devices to boost the smartness within an

urban setting.

First and foremost we can start by underlining how each of these cities has developed user-
focused projects, especially regarding the smart mobility department. For instance Milan has
enabled the application of innovative and efficient smart devices on services that its citizens
use every day like shared transport measures and the digital social market, in order to foster
participative practices aimed at establishing collaborative communities; similarly, Tokyo has
explored the mobility as a service concept and tried to make its transportation systems simple
yet sustainable. On the other hand New York has made some concrete changes not only
regarding urban mobility but also in park facilities and in the revolutionary LinkNYC
programme; moreover, in addition to what the other two metropolis have done, the integration
of emerging technologies in sustainable initiatives has enabled the municipality of NY to
gather information about the city’s inhabitants needs, and consequently realize the necessary
steps in order to boost the city’s urban smart development. In a similar fashion, Milan’s DSM
employs technologies like an application platform, the greenApes app, which submitted its
users to a web-based questionnaire that monitored and analyzed the gathered data with the
help of IoT and Al enabled tools in order to identify individuals’ behavioral patterns; the latter
could be changed by providing certain incentives that could potentially drive long-term

attitude shifts towards sustainability.

In second place all three cities have widely conducted sustainable waste management and
composting activities, however there are some discrepancies worth examining. Firstly, for
what concerns the New York City compost project (NYCCP) we have seen how there is a
dominant circular economy focus on technoscientific matters of scale and efficiency (Morrow
& Davies, 2021). That is to say many of the composting strategies and projects the city of
New York has put in place are not only aimed towards reducing and recuperating waste but
also to avoid its formation in the first place, reason why the NYCCP plays a crucial role in
enhancing urban greening efforts by supporting over 100 community projects focused on
compost distribution (see Michel et al., 2022). As a result, these actions lead to social and
educational impacts including workshops and training programs that promote skill
development and community wellbeing. Milan on the other hand has oriented its waste
biodegradation processes towards the generation of cleaner energy and heat recovery to match
the municipality’s needs; according to the research by Ferla et al. (2020) this was possible
also thanks to very efficient yet affordable technologies including sophisticated softwares like

Python and Low Power Wide Area Networking (LoRaWAN) technologies that wirelessly link
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battery functioning devices within the energy department to the Internet. Thereby the role of
smart technologies in the composting processes is quite different than that of the ones in NYC
where the Big Belly trash can’s main goal is optimizing the disposal of waste and minimizing
the produced emissions that derive from it. Finally Tokyo is the only one of the considered
cities to have oriented its composting activities towards the recovery of discarded resources
like sewage sludge and designating it to promote sustainable urban agriculture. It also is the
only one of the analysed metropolis that incorporated innovative ICTs into circular economy
technologies to boost crop productivity, but also that harnessed predictive analytics and

geographic information systems for smart and sustainable land management.

Last but not least we can point out the distinctions in each city’s approach at originating
renewable energy and achieving energy storage and energy sharing. From our evaluation we
found how both NYC and Tokyo have switched from centralized grids to microgrids as the
localized energy supply is more efficient and avoids possible losses, moreover it allows for
lower energy costs and fewer CO2 emissions. Additionally, when Iot and Al-based devices
are used, the provision of sustainable energy can foster urban development. What makes
Milan stand out in this field is that a district heating network would be capable to provide
renewable energy generation and lower carbon discharges if it exploited the recovered
industrial waste heat and the energy originated from the biomass that comes from the
composting of urban greenery waste. A final discrepancy can be witnessed in how these
metropolis employ innovative technologies, sensors and analytics in their energy generation
and energy sharing practices. For example both NYC and Milan exploit the potentials of LED
lamposts by inserting inside them smart sensors that reduce energy dissipations, secondly
thanks to the SEMSs Milan has incorporated in its retrofitted buildings, it is able to store any
excess energy and then release it in case of an energy failure. Conversely, considering how we
have previously mentioned there appears to be a connection between energy creation and
sustainable urban development in Tokyo, the city uses predictive analytics to verify the
feasibility of transitioning to local energy systems, as well as it utilizes Al-driven simulators
and algorithms to calculate the energy exhaustion from the buildings that have adhered to

distributed local energy systems.

3.6.2 Positioning and benchmarking

Finally, having gone through all the major dimensions in which all three cities have been
pursuing sustainable urban development we can try to represent in a graph the amount of

composting and energy community activities each city is actively pursuing for each of the
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main analyzed categories: smart mobility, waste management and renewable energy

generation and management. In other words we consider each dimension as a variable and

analyse how much a city is exploiting energy and composting communities’ potential in that

particular sphere of action. By doing so policymakers will be able to understand in which

department each city is stronger as well as identify the areas that require further effort in order

to not fall behind when compared to other cities.

First and foremost, I have summarized in the following tables the energy and composting

community initiatives and actions for each of the primary dimensions:

Milan
Smart e Peer-to-peer energy transfers that allow energy sharing through a
mobility platform that connects users
e Reduced energy consumption that leads to 646.21 tons in CO2
savings,
Waste e Heat recovery from municipal waste
management e Resource recovery from biodegradation
Renewable e Renewable energy generation from biomass derived from urban
energy greenery
generation e Sustainable energy management system that decreases energy
and expenditure, therefore increasing energy savings and reducing CO2
handling emissions by 23,500kg
e Energy use efficiency through smart lampposts
e Energy storage through SEMS
e Data monitoring of energy consumption thanks to platforms
connected to the city’s smart lamposts
New York City
Smart mobility e Peer-to-peer energy exchanges that occur through TSP when

the system reads the traffic intensity and transmits the
outcome to the signal which can switch or remain green

Waste management

e Resource recovery to mitigate greenhouse gas emissions and
increase soil’s health

e Compost biodegradation of over 225 tons of organic waste

e Heat recovery

e Increased engagement and education of citizens in composting

practices

Renewable  energy e Low-carbon energy generation that releases 20% less CO2

generation and emissions

handling e Energy supply to infrastructures

e Sustainable energy management system that decreases energy
expenditure, therefore increasing energy savings and reducing
CO2 emissions by 23,500kg
\ Tokyo
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Smart mobility e Reduced energy expenditure and 20% less emissions thanks to the
growing popularity of electric vehicles
e Highly cooperative network of transport operators and researchers
that wans to address citizen’s changing needs
e Peer-to-peer energy transfers that allow energy sharing through a
platform that connects users to each other, to the road and to the
means of transport
Waste e Recycling of sewage sludge via composting facilities
management e Sewage sludge based compost fertlizers to boost crop productivity
e Renewable resource utilization
Renewable e Heat recovery, electrical power generation and reduced energy
energy consumption (29%) and CO2 emissions (33%) thanks to the
generation and switch from centralized to decentralized grids
handling e Energy sharing

Decarbonization of energy production thanks to distributed local
energy supply systems

We can see how Milan is mainly focused on creating clean energy and managing it in an

efficient way by storing it and monitoring its consumption; New York takes first place in

waste management and composting activities as it does not only achieve environmental

benefits but also it encourages social collaboration, and it involves its citizens in composting

community behaviors. On the contrary Tokyo appears to make use of ECs and CCs initiatives

in equal proportion across all three departments. Graphically this can be shown in the below

chart.
Tokyo @ New York City
® Milan
Smart Mobility
5
4
3
Renewable energy generation and management Waste management

At this point, now that we know in which category each city is harnessing the most energy

and composting practices, we can take a look at which dimension is the most innovative, in
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other words we shall try to identify for each of the comparing metropolis which between

smart mobility, waste management and renewable energy generation and management appear

to have benefited the most from ICTs implementation. Furthermore, I have included an

additional department “other” as we previously saw how all three cities have been integrating

smart tools and devices in all ranges of sustainable urban development.

Like before, I have gathered the multitude of ICTs that are being used by each urban setting

and highlighted in which domain they have been incorporated:

Milan Amount of | Types of ICTs incorporated
ICTs
incorporated
in each
categories’
activities
Smart mobility 3 Sharing platforms;
Smart tech infrastructures;
Wi-Fi antennas that facilitate traffic flow
management
Waste management | 1 Informatic Systems (GIS) that calculate the
biomass to energy potential of urban waste
Renewable energy | 2 Software-based energy efficiency measures;
generation and Al-enabled technologies for smart lighting;
management
Other 3 Smart metres for data collection and
monitoring;
Wireless sensors to analyse CO2 levels;
Data controlling services
New York City Amount of | Types of ICTs incorporated
ICTs
incorporated
in each
categories’
activities
Smart mobility 2 Laser and radar-based technology installed in
speed cameras;
TSP, a mix of hardware and software
technology for traffic light regulation
Waste management | 3 Smart trash bins with wireless sensors;
Al-driven analytics and IoT supported sensors;
Trash compactor powered by solar energy
Renewable energy | 3 Smart control sensors;

generation and
management

Intelligent lighting grid;
Continuous monitoring and robust encryption
that allows continuous energy supply;
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Other 3 e Automated meter reading to evaluate water
consumption in the city;

e Al-enabled air quality supervising stations;

e Al-internal sensors installed on infrastructures
to comprehend the effects of environmental
damages

Tokyo Amount of | Types of ICTs incorporated
ICTs
incorporated
in each
categories’
activities
Smart 3 In-car instrumentation for driver assistance
mobility Intelligent Transportation Systems
Smart platforms
Waste 2 Building-integrated agriculture system like vertical
management farms
Advanced sensor-based technology, automation and
analytics to assure resource efficiency and
productivity
Renewable |2 Predictive analytics to verify the feasibility to switch
energy to localized energy grids
generation Machine based algorithms and simulaters to estimate
and .
energy expenditure and thermal effects of waste heat
management
Other 3 Kriging, a geostatistical method that makes sure
buildings are built on solid foundations that will
resist over time
Ensemble learning, it exploits machine learning
algorithms to calculate latitude and longitude for
constructing buildings
Ground-based or satellite-remote sensing for land
optmization

In the below graph it is possible to visualize how Milan has employed ICTs mainly in the

smart mobility domain, in particular sharing platforms, smart tech infrastructures and Wi-Fi

antennas that simplify traffic flow, as well as in the “other” category by instituting data

controlling services, smart monitoring systems and wireless sensors. On the other hand NYC

appears to be quite innovative in the renewable energy generation and management, waste

management and “other” department, while it could increase its smartness in the transport

dimension as the technologies employed focus on assisting with traffic light regulation and

speed cameras. Finally Tokyo, similarly to Milan seems to focus its intelligent transformation
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in the mobility sector, however also worth mentioning is the attention the city has given to the
smart development of aspects outside of smart transport, waste management and energy
production. As a mater of fact Tokyo is the only one of the examined metropolis to have
integrated ICTs in its urban development and expansion thanks to Kriging, ensemble learning
and land management technologies. Nevertheless, NYC seems to be overall the most
advanced as it has installed the widest variety of ICTs with in total 11 types of smart
technologies at work; not far behind we have Tokyo which counts 10 different innovative

technologies and then Milan with 9.

Tokyo @ New York City

@ Milan

Smart Mobility

Other Waste management

Renewable energy generation and management
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Conclusion
CONCLUSION
After having made a comparison of three different metropolis coming from different realities,
we saw how the main dimensions in which energy and composting community actions and
strategies can be taken advantage of and used to increase urban sustainability are waste

management, smart transport and energy production and handling.

From the benchmarking maps, we can see how each one of the cities has concentrated more
on one department rather than others; for instance Milan is the city out of the three that
focuses its EC and CC practices mainly towards the generation and handling of energy, not
only the realization of sustainable infrastructures and profitable user-friendly services which
the Sharing Cities proposal had said was its main objective (see Cassinadri et al., 2019).
Furthermore, Tokyo seems to have exploited its energy and composting community initiatives
with the aim to reduce consumptions and lower carbon emissions just like Toh (2022) had
discussed; however, from the first graph one can learn that the city has holistically distributed
such practices across the three examined sectors, and not concentrated them exclusively
towards the origination and controlling of energy. Thanks to these outcomes, these metropolis
have set a benchmark of reference for policymakers who are looking to pursue sustainable

development in other cities.

Secondly, to accomplish their sustainability-oriented goals, Milan, NYC and Tokyo have all
integrated smart sensors, algorithms and Al-based tools when carrying out their energy and
composting activities, thereby proving how the aid of ICTs is essential in a city’s
technological expansion. In this regard, if we look at the first graph it is clear how NYC has
oriented its energy and composting initiatives especially towards waste management, thereby
confirming the findings of Shah et al., (2019) concerning how it has always had to deal with
discarding trash. However, despite this leading one to believe that the metropoli is innovating
only in that particular sector, in reality from the second map it is evident that NYC is the most
overall technologically advanced of the three cities as it has adopted a variety of 11 types of
ICTs across all the analysed departments, thereby proving how the incorporation of Al, IoT
and similar tools can increase a city’s smartness. Additionally, the city has set a standard for

how metropolitan environments can exploit these innovations.

Hereby we can conclude how ECs and CCs can encourage the development of urban settings
making them more intelligent and sustainable, moreover the analyzed metropolis’ actions can
act as a benchmark for policymakers and governors of other cities across the globe that are

working towards expanding their urban borders in an intelligent yet eco-conscious manner.
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