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ABSTRACT

The provision of public services such as waste management and
environmental pollution control lies at the heart of sustainabil-
ity discussions where the responsibility is retained by local gov-
ernments. While conventional methods of waste management
lack new perspectives in participatory frameworks, there is also
a strong need to introduce multi-dimensionality and data-driv-
en analytics approach to a new waste governance framework
for local governments. The main objective of this research is
to design an innovative, data-driven and holistic waste gover-
nance framework for local governments in the information age
where the role shifts as an “orchestra chef”, not alone-and-
only service provider. The framework is developed for Kadikoy
Municipality of Istanbul Metropolitan Area where the amount
of waste per capita is higher than the average of the whole
city. The methodology of the research incorporates a Web-GIS
based participatory platform that can collect and manage data
within a four-dimensional framework: political, organizational,
behavioral and technological. Each dimension is also introduced
with a specific set of indicators that can support the operation-
alization of SDG |1 in a local context. Results indicate that the
availability and accessibility of waste collection related data on a
Web-GIS platform plays a pivotal role in a participatory gover-
nance framework. Additionally, “awareness” and “openness to
cooperation” among commercial enterprises are some signifi-
cant factors in waste behavior where a local government may
need to under-stand and analyze. This study was supported by
a 100/2000 YOK doctoral scholarship.

Keywords: Geographic information systems; Kadikoy; sustainability;
sustainable development goals; waste governance.

oz

Atik yonetimi ve gevre kirliligi kontrolii gibi kamu hizmetlerinin
saglanmasi, sorumlulugun yerel yonetimlerde oldugu siirdiiriil-
ebilirlik tartigmalarinin merkezinde yer aliyor. Geleneksel atik
yonetimi yontemleri katimci gercevelerde yeni perspektiflerden
yoksun olsa da yerel yonetimler igin yeni bir atik yonetisim ger-
cevesine ¢ok boyutluluk ve veriye dayal analitik yaklagiminin get-
irilmesine de giiclui bir ihtiyag vardir. Bu arastirmanin temel amaci,
yerel yonetimlerin tek basina hizmet saglayici olarak degil, roliiniin
"orkestra sefi" olarak degistigi bilgi caginda yenilikgi, veriye dayah
ve biitiinciil bir atik yonetisim cergevesi tasarlamaktir. Cergeve,
kisi basina diigen atik miktarinin sehir ortalamasinin izerinde
oldugu istanbul Metropol Bélgesi'nde bulunan Kadiksy Belediyesi
igin gelistirilmistir. Arastirmanin metodolojisi, politik, organizasyo-
nel, davranigsal ve teknolojik olmak lizere dért boyutlu bir gerge-
vede veri toplayabilen ve yonetebilen Web-CBS tabanli katilimai
bir platformu igermektedir. Her boyut ayni zamanda Siirdiiriilebilir
Kalkinma Hedefi | I'in yerel baglamda operasyonel hale getirilmesini
destekleyebilecek belirli bir dizi gostergeyle birlikte tanitilmaktadir.
Kadikdy ilgesinde toplanan veriler ile belediye igin ticari isletmelere
yonelik siirdiiriilebilir, yenilikgi ve operasyonel bir atik yonetisim
modeli 6nerisi gelistirilmistir. Sonuglar, atik toplamayla ilgili verile-
rin bir Web-CBS platformunda bulunmasinin ve erisilebilirliginin,
katilimci bir yonetisim gergevesinde énemli bir rol oynadigini gos-
termektedir. Ayrica ticari igletmeler arasindaki “farkindalik” ve
“isbirligine agiklik”, atik davranisinda yerel yonetimin anlamasi ve
analiz etmesi gereken 6nemli faktorlerden bazilaridir. Bu galisma
100/2000 YOK doktora bursu ile desteklenmistir.

Anahtar sozciikler: Cografi bilgi sistemleri; Kadikdy; stirdiriilebilirlik;
stirddrilebilir kalkinma hedefleri; atik yonetigimi.
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|. Introduction

Cities around the world are facing unprecedented challenges
to sustainability (Correia, 2022). The increase in waste with
the advance of industrialization and urbanization is a major
challenge for environmental protection and the prevention of
health risks (Cong et al.,, 2023). The lack of high-resolution
data in waste management causes waste management prob-
lems to continue to be seen, especially in developing coun-
tries (Singh, 2019). Globally, 2.01 billion tons of urban solid
waste is produced annually in the world. The average amount
of waste produced per person per day worldwide is 0.74 ki-
lograms. 38% of waste consists of recyclable materials such as
plastic, paper, cardboard, metal and glass (Kaza et al., 2018).

According to World Bank data, it is predicted that daily waste
production per capita will increase from 1.2 kg to 1.4 kg in
2025, and daily waste production will reach 6,069,703 from
3,532,252 tonnes. By 2030, the world is expected to produce
2.59 billion tonnes of waste per year. Following recent urban
growth, 70% of the world's population is projected to live
in cities by 2050 (Sarker, 2019). By 2050, worldwide waste
production is expected to reach 3.40 billion tonnes. If no
improvements are made in the sector, emissions from solid
waste are expected to increase to the equivalent of 2.6 billion
tonnes of CO2e per year by 2050 (Kaza et al., 2018).

Increased waste generation has significant impacts on the en-
vironment, health and welfare. Landfilling and incineration of
wastes are common disposal methods (Thompson, 2013; Akin-
bile, 201 I; Rodrigues et al., 2020). A study established that only
4% of studies focused on reduction and reuse, the two priori-
ties of the waste hierarchy (Hannon, 2020). Understanding how
much waste is generated and the types of waste generated, es-
pecially due to rapid urbanization and population growth, allows
local governments to plan and select appropriate management
methods according to future demand. While European Union
attempts to design a Zero Waste policy framework, the Sus-
tainable Development Goals (SDGs) 2030, setup by the United
Nations (UN), provide a roadmap for all nations at global scale.
There are 17 SDGs in total, and these goals have a total of
169 sub-targets. Sub-target 1.6 of SDG || ‘Sustainable Cit-
ies and Communities’ and sub-targets 12.4 and 12.5 of SDG
12 ‘Responsible Production and Consumption’ are related to
waste management. Several studies are about combine business
strategy and public policy perspectives to analyse the effects of
artificial intelligence on sustainable development (Gedik, 2020;
Goralski, 2020; Fenton & Gustafsson, 2017).

Solid waste management in Turkey, which has been carried out
by the Ministry of Health under the name of ‘cleaning services’
since the first years of the Republic, has evolved into a more
‘environment-oriented’ approach over time (Akdogan & Giileg,
2007). However, most of the wastes collected within the urban
areas still go to landfill sites. Although there are effective prac-

tices in waste management on a global scale, there are serious
problems in the separation of even recyclable wastes in Turkey.
The amount of waste generated per person per day in Turkey
is 1.1 kg (Kaza et al., 2018). Many factors can influence recycling
practices. Some of these factors include public participation, re-
cycling behaviors and attitudes, and the role of regulatory struc-
tures (Fercoq et al., 2016; Kerdsuwan, 2015; Visvanathan, 2012;
Unterseh, 201 |; Cochran, 2007; Bom et al., 2017).

The main objective of this paper is to design an innovative,
data-driven and holistic waste governance framework for lo-
cal governments in the information age where the role shifts
as an “orchestra chef”, not alone-and-only service provider.
The framework is developed for Kadikoy Municipality of Is-
tanbul Metropolitan Area where the amount of waste per
capita is higher than the average of the whole city. The meth-
odology of the research incorporates a Web-GIS based par-
ticipatory platform that can collect and manage data within a
four-dimensional framework: political, organizational, behav-
ioral and technological. Each dimension is also introduced
with a specific set of indicators that can support the opera-
tionalization of SDG |1 in a local context. The framework
design is based on extensive literature analytics, 4 in-depth
interviews and 3 focus meetings with the relevant divisions
of Kadikoy Municipality, 22 interviews with commercial en-
terprises and location based urban data of Kadikoy.

With Geographic Information System (GIS) based participatory
framework on a web platform, a more efficient system can be
established in waste management. A Web-GlIS database helps
many stakeholders to enter data directly, to produce policies
and to learn waste behaviour. It is an important step to take
the opinions of many stakeholders in the planning process.
When planning a sustainable of waste governance, participa-
tory methods and local governments need to utilise technol-
ogy. When this technology is supported by Artificial Intelligence
(Al), machine learning systems, future waste projection can be
predicted more accurately, and a more efficient model can be
developed by taking into account the location-specific dynamics
of planning. The model developed in this study will enable the
real-time data collection of waste be-haviour and demand of
commercial enterprises through a platform that will be used by
local governments, and will make it possible to keep the data
easily accessible, user-friendly and anonymous by the relevant
stakeholders. A web-based platform was trialled in the study.
This study was supported by 100/2000 YOK doctoral scholar-
ship on Remote Sensing and Geographical Information System.

2. Literature Review

2.1. Towards A New Generation Waste Governance
Framework

Waste management typically include collection of waste and
transport from a collection point or transfer station to a fi-
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T1 S comunmes

N8

12. Responsible Consumption and Production

*12.4 By 2020,

reduction, recovery and reuse by 2030

11. Sustainable Cities and Communities

#11.6 By 2030, reduce negative environmental impacts per capita in
cities, with special attention to the management of municipal and
other waste and air quality

ensure environmentally sound management of
chemicals and all wastes throughout their life cycle in accordance with
recognised international frame-works and significantly reduce the
release of these wastes to air, water and soil in order to minimise their
harmful effects on human health and the environment

#12.5 Significantly reduce waste generation through prevention,

1 RESPONSIBLE
CONSUMPTION
AND PRODUCTION

Figure . Sustainable Development Goals related to waste.

nal disposal site, treatment and disposal of waste (Kaza et.
al. 2018). In the current waste management approach, it is
not possible to segregate waste at the source or to increase
the number of waste bins according to the type of waste, or
to send waste collection vehicles to areas where waste is
concentrated according to vehicle capacities. In this regard, a
data-based and holistic waste governance framework would
make waste management more effective.

Globally, solid waste management was initially organised
within different departments of both central and local gov-
ernments in the 1930s. Some studies provide a review of the
current situation to effectively achieve a sustainable circular
economy in waste management through technology (Sebas-
tian, 2022; Bijos et al., 2022 Nelles et al., 2016; Cheah et al,,
2022; Sarc et al.,, 2019; Wang & Yuan, 2020; Jibril et al., 2012;
Cucchiella, 2017). In contrast to traditional waste manage-
ment, there is also work on zero waste, which focuses on
ensuring the sustainability of the movement to reduce waste
generation by emphasizing the issues of failure, inertia and a
growing sense of crisis associated with the waste manage-
ment paradigm (Hannon & Zaman, 2018; Anderson, 201 I;
Silva et al., 2016; Silva et al., 2017; Hannon, 2015). The Zero
Waste Movement encompasses a variety of perspectives and
approaches (Zaman, 2015; Song et al., 2014). Sustainable de-
velopment can be defined as "development that meets the
needs of the present without compromising the ability of fu-

ture generations to meet their own needs (WCED, 1987;
Meschede & Mainka, 2020). Cities are increasingly recognizing
their important role in achieving the SDGs (Alhola & Nis-
sinen, 2018; Alhola et al.,, 2019; Terama et al., 2019; Kalfas
et al, 2023; Dolley et al., 2020; Sharma et al., 2022). UN
Sustainable Development Goals |1. Sustainable Cities and
12. Responsible Production and Consumption are related to
waste. Waste related sub-targets are shown in the Figure |.

In the UN Sustainable Development Goals, several targets are
defined within the sub-targets related to waste management.
There is no Sustainable Development Goal directly related
to sustainable management. Today, the waste problem, which
increases with the increase in population, is among the main
problems of local administrations. Therefore, one of the im-
portant objectives for achieving development is to ensure sus-
tainable waste management. In addition to waste minimisation,
providing sufficient incentives to increase recycling, involving all
relevant stakeholders in the process, developing a holistic mod-
el can be shown among other sub-targets that can be added.

Recent studies focus on the scientific principles underpinning
the use of GIS, present an analytical methodology using a
combination of GIS techniques as well as statistical and nu-
merical optimisation methods to assess solid waste genera-
tion in large urban areas, and create a GIS database (Longley,
2020; Chen et al,, 2020; Fazzo et al. 2020; Karkanias, 2013).
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Table |. Specific sustainable waste management project of Kadikoy Municipality

Project

Location in Kadikoy (Neighborhood)

Waste-Free Living Street Zuhtupasa

Waste-Free Living Shop Caddebostan, Feneryolu
Less Waste, More Coffee Rasimpasa

Less Waste, More Water

Acibadem, Caddebostan, Caferaga, Egitim, Erenkoy, Feneryolu, Goztepe, Hasanpasa, Kosuyolu, Kozyatagi,

Merdivenkoy, Sahrayicedid, Rasimpasa, Zuhtupasa

Table 2. Challenges of waste management

Political Organizational

Behavioral Technological

* Lack of incentives
* Waste management departments

difficulties due to intensive » Confusion of authority

¢ Lack of coordination between

* Lack of awareness in the * Inadequacy of waste bins

target group * Inadequate waste collection

* Inability to take operational vehicles

waste generation (weekend
population exceedingly twice

the district population)

* Unavailability of waste bins
suitable for the type of

waste collected most from

action due to lack of
knowledge of the waste

behaviour of the target group

Restricted access of waste
collection vehicles to some

areas with containers due to

the location (due to district
municipality-provincial

municipality jurisdictions)

vehicle type

* Vehicles travelling to waste
containers that are not full
due to the fact that the
fullness level of the wastes

cannot be seen real-time

The inclusion of recyclable waste in the circular economy is an
important step in waste management. GIS have the integra-
tive ability to contextualize survey data, location-based envi-
ronmental data and thus provide a common denominator for
a subsequent relationship analysis (Marans & Stimson, 201 1).
This concept was first proposed by Marans (2003), who un-
derlined the possibilities of analysis for planning and policy-
making. Some studies using GIS have examined the statistical
relationships of objective and subjective indicators mapped to
spatial units (Keul & Prinz, 201 |; McCrea et al., 2005; McCrea
et al.,, 2006; McCrea, 2007; Von et al,, 2015). Similar findings
have examined the statistical relationships of objective and
subjective indicators at the scale of regions, districts and cit-
ies for different types of public service provision (Liao, 2009;
Oswald & Wu, 2010; Tiirksever, 2001; Mershdorf et al. 2020).
However, there has been a little evidence on the integration of
both indicators through a GIS based data-analytics approach.

This research puts an effort in designing a multi-dimensional but
also a sustainable new generation waste governance framework.
The framework has been designed for Kadikoy Local Municipal-
ity of Istanbul Metropolitan Area. The reasons for the selection
of Kadikoy district are i) existence of a policy target to support
the zero-waste project in the Strategic Plan, ii) being one of

the densely populated districts of Istanbul, iii) the amount of
waste per capita is higher than Istanbul in general, and iv) the
willingness for innovative practices related to waste manage-
ment. Using the data collected in Kadikoy district, a sustainable,
innovative and operational waste governance model proposal
is developed for commercial enterprises for the municipality.

For the framework design, 4 interviews and 3 focus meetings
have been conducted with Kadikoy Municipality and 2 waste
management facility site visits were conducted. | focus meeting
was held with the Kadikoy Municipality Climate Change and
Zero Waste Directorate with the participation of 4 people
from the municipality. | interview and | site visit were con-
ducted. 2 focus meetings were held with Kadikoy Municipality
Directorate of Cleaning Affairs with the participation of 3 peo-
ple from the municipality. 3 interviews and | site visit were con-
ducted. Table | summarizes specific sustainable waste manage-
ment projects with responsible departments in the municipality.

In the light of the interviews and focus meetings, in total | | chal-
lenges were identified were identified as the main challenges re-
lated to waste management (Table 2). These challenges of waste
management were classified in four main dimensions based on
both extensive literatures, the interviews and focus meetings.
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¢ Waste Policy « Waste Collection * Waste Behavior
* Incentive « Recycling Bins * Customer
Mechanism on « Stakeholders Profile
Waste Reduction - Cooperation * Participation in
for Local Capacity of a Project on
Government . Commercial Waste
* Sustainable Waste Enterprises Reduction
Management
* Waste Data \ + Feedback Mechanism ‘ Web-GIS
* Questionnaire ‘ . : ‘ 1 Platform
- GIS Daiabase SDGs Alignment
Technological

Figure 2. New generation waste governance framework on commercial enterprises for local government.

GIS: Geographic Information System; SDGs: Sustainable Development Goals.

The political challenges of waste management are mainly due
to the lack of incentives and the large non-resident population.
Lack of coordination between different departments of local
governments stands out as organizational difficulties in waste
management. Authority confusion appears to be another chal-
lenge. In addition, waste containers placed without taking into
account the most collected recyclable waste types in a region
are also important challenges. One of the most important be-
havioral challenges in waste management is the lack of aware-
ness among the target audience, commercial enterprises.
Failure to take operational action due to lack of information
regarding the waste behavior of the target group is another
behavioral challenge. Technological challenges in waste man-
agement are the insufficiency of waste bins, the inadequacy of
vehicles collecting waste, the inability of vehicles to enter the
area where waste is collected in some private properties, and
the presence of vehicles going to waste containers that are
not full due to the fact that the fullness of the waste cannot
be seen instantly. The new generation new generation waste
governance framework proposed for local governments in the
study to reduce these challenges is shown in Figure 2.

In the political dimension of new generation waste governance,
it is important to examine waste policies and establish incentive
mechanisms for waste minimization. In order to ensure sustain-
able waste management, it is important to ensure the coor-
dination of all relevant stakeholders. In the organizational di-
mension, it is essential to cooperate with relevant stakeholders,
especially in the collection of waste in commercial enterprises.
Waste behavior and expectations of customers in commercial
enterprises regarding environmental issues, as well as the proj-

ects that enterprises are involved in for waste reduction, con-
tribute to the identification of the existing potential. The main
new generation waste governance framework proposed by this
study is to keep all the collected data spatially in a database,
to provide feedback to relevant stakeholders in the database,
and to create a Web-GIS platform to show how local govern-
ments are working in line with the UN Sustainable Develop-
ment Goals. The theoretical lack of a data-based and holistic
approach to waste governance emphasizes the importance of
studies on this issue. In this context, the four key dimensions
of new generation waste governance that revealed from the
literature review and fieldwork are described in Section 2.2.

2.2. Dimension of New Generation Waste Governance

2.2.1. Political Dimension

One dimension of the new generation waste governance that
is addressed within the scope of the article is policy. The
reason for addressing the policy dimension is the keywords
such as sustainability, waste management, circular economy
etc. The key-words waste management policy documents at
global, national and local level were examined and interviews
and focus meetings were held with the local administration in
Kadikoy, which is the study area. The global, national and lo-
cal level policy documents examined within the scope of the
article are summarized in Table 3.

Solid waste management is often designed in response to local
conditions, such as the availability of financing, the spatial orga-
nization of communities, and the ability of citizens to pay for
services. In the USA, underground pneumatic waste collection
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Table 3. Policy documents analyzed at the global, national and global level

Global National

Local

* Sustainable Development Goals  * Environmental Law

* Istanbul Climate Change Action Plan

* Resource Conservation and * Metropolitan Municipality Law « IBB Strategic Plan (2020-2024)
Recovery Act * Municipality Law « Kadikoy Municipality Strategic Plan
* Waste Framework Directive * National Smart City Strategy and Action Plan (2030) (2020-2024)
* Climate Change Mitigation Strategy and Action Plan « Kadikoy Municipality Sustainable

(2024-2030)

Energy Action Plan

* National Climate Change Adaptation Strategy and + Kadikoy Municipality Climate

Action Plan (2023-2030)

Adaptation Action Plan

* Energy Efficiency 2030 Strategy and Il. National Energy

Efficiency Action Plan

* Draft Climate Change Law

* Regulation on Landfilling of Wastes

* Regulation on the Procedures and Principles to be

Followed in Determining Tariffs for VWastewater

Infrastructure and Municipal Solid Waste Disposal

Facilities

» Zero Waste Regulation

* Regulation on Control of Waste Batteries and

Accumulators)

system is used (Chaban et al.,, 2015). In Europe, waste is sepa-
rated at source and recyclable waste is collected and sent to
recycling facilities. In Turkey, product-oriented waste collection
activities have been carried out (Dagidir, 2020). Incentive mech-
anisms to reduce waste production seem to have an important
place in new generation waste governance. Waste separation,
which has been practiced for many years, especially in European
cities, and the separation of waste according to waste codes
has been continuing for many years due to the financial cost of
throwing waste into waste containers without being separated.
Implementation of methods that encourage the reduction of
use, reuse, and recycling and upcycling of circular waste, which
can contribute to the circular economy in our country, reduce
environmental pollution and contribute to sustainable develop-
ment, is also fundamental for new generation waste governance.

Objective indicators identified for the political dimension of
new generation waste governance are number of commercial
enterprises, types of waste in the commercial enterprises,
amounts of waste of commercial enterprises, number of waste
recycling bins, type of waste recycling bins, location of waste
recycling bins, number of waste collection centers in the dis-
trict and number of mobile waste collections in the district.
Subjective indicators are waste policy of local government,
good practices on waste, existence of a strategic plan aligned
with the UN Sustainable Development Goals, the company's
zero waste policy implementation status and adequacy of the

incentive mechanism. By collecting these indicators in the
study area and monitoring them in certain periods, it will be
possible to improve the waste management of local govern-
ments in commercial enterprises. The waste related policies of
Kadikoy Municipality, which is the study area at the local level,
should be handled operationally in a way to establish a relation-
ship with each other. The policies related to waste of Kadikoy
Municipality, which is a working area at the local level, need to
be handled operationally in a way to establish a relationship
with each other. The subjective and objective indicators de-
fined for the political dimension of new generation, innovative
and new generation waste governance are shown in Table 4.

2.2.2. Organizational Dimension

Solid waste strategies and plans at both national and local
levels enable institutions to comprehensively understand
the current situation, set future goals, and outline a de-
tailed action plan to advance the solid waste management
sector. Cities follow various models of waste collection.
Waste management is mostly managed in a decentralized
manner by municipalities. Inter-municipal cooperation is
common in European Union countries such as France, Italy
and the Netherlands (Chiatto et al., 2023).

Waste strategies in Turkey are basically managed in line with
the framework drawn by the central government. Local gov-
ernments follow the instructions prepared by the central
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Table 4. Indicators on political dimension of sustainable waste governance for local governments

Dimension Obijective indicators

Subjective indicators

Political * Number of commercial enterprises
* Types of waste in the commercial enterprises
* Amounts of waste of commercial enterprises
* Number of waste recycling bins

* Location of waste recycling bins

* Waste policy for local government

» Good practices on waste

* Existence of a strategic plan aligned with the UN
Sustainable Development Goals

* The company’s zero waste policy implementation status

* Number of waste collection centers in the district * Adequacy of the incentive mechanism

* Number of mobile waste collection in the district

Table 5. Indicators on organizational dimension of sustainable waste governance for local governments

Dimension Obijective indicators

Subjective indicators

Organizational * Number of NGOs working on waste in the city

* Number of NGOs working on waste in the district

* Number of street collectors in the district

* Non-resident population visiting in the district

* Open days of commercial enterprises
* Busy days of commercial enterprises
* Local government’s annual budget for waste

* Number of events with multi-stakeholder

participation organized by the local government

regarding waste

* The level of openness of business to cooperation with
stakeholders regarding recycling

* Waste-related personnel capacity of the local
government

* Degrees of willing to corporate

* Stakeholders in the organizational structure affecting

waste governance

government. In this regard, local governments, who know the
details of site-specific waste production, have more authority,
which can make waste governance more effective. The objec-
tive indicators for the organizational dimension of new genera-
tion waste governance are number of NGOs working on waste
in the city, number of NGOs working on waste in the dis-
trict, number of street collectors in the district, non-resident
population visiting in the district, open days of commercial en-
terprises, busy days of commercial enterprises, local govern-
ment's annual budget for waste and number of events with
multi-stakeholder participation organized by the local govern-
ment regarding waste. Subjective indicators are level of open-
ness of businesses to co-operation with stakeholders regarding
recycling, waste-related personnel capacity of the local govern-
ment, degrees of willing to corporate and stakeholders in the
organizational structure affecting waste governance. By collect-
ing these indicators in the study area and monitoring them in
certain periods, it will be possible to improve the waste man-
agement of local governments in commercial enterprises. The
organizational structure related to waste of Kadikoy Municipal-
ity, which is the study area at local level, should be holistic and
need-oriented. The subjective and objective indicators defined
for the organizational dimension of new generation, innovative
and new generation waste governance are shown in Table 5.

2.2.3. Behavioral Dimension

Ajzen (1991) discovered the Theory of Planned Behavior,
which is best known for its introduction as a typical social
psychology framework in 1991. Based on the idea of the
Theory of Planned Behavior, a person's intention guides his
behavior (Blake, 1999). According to this theory, individuals
will be more willing to perform the behavior when they have
positive attitudes towards performing the behavior, when
they perceive more social pressure and expectations to per-
form the behavior (Xu et al,, 2020). As reported by Wang
et al. (2019), Theory of Planned Behavior is a powerful and
influential theory widely used to explain various personality
behaviors, including pro-environmental behaviors such as en-
ergy conservation. There are also various studies on waste
behavior in the literature. A study on this subject emphasizes
that taking the perspective of future generations can have an
impact on individuals' thoughts and preferences regarding sus-
tainable waste management behavior (Krestyanpol, 2023). To
promote linkage and information exchange between the na-
tional government and local governments, public officials and
employees can take on roles at other levels of government.

Waste generating behavior is refers to national policies. It
is important that current policies are encouraging in order
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Table 6. Indicators on behavioral dimension of sustainable waste governance for local governments

Dimension Objective indicators

Subjective indicators

Behavioral * Number of customers visiting the commercial

enterprises

* Use of environmentally friendly products in the

commercial enterprises

* Customer profile visiting the commercial enterprises * Environmental practices regarding waste in which the

* Presence of a recycling bin in the commercial enterprises

commercial enterprises are involved
* Behavior of the commercial enterprises to throw its

recyclable waste into the recycling bin

to transform waste behavior with a focus on recycling. Gov-
ernments can benefit when visitors to businesses provide
feedback on waste management services. Collecting GIS-
based data to obtain feedback from businesses is important
to produce location-specific solutions. The objective indica-
tors identified for the behavioral dimension of new genera-
tion waste governance are number of customers visiting the
commercial enterprises, customer profile visiting the com-
mercial enterprises, presence of a recycling bin in the com-
mercial enterprises. Subjective indicators are the use of envi-
ronmentally friendly products in the commercial enterprises,
environmental practices regarding waste in which the com-
mercial enterprises are involved and behavior of the com-
mercial enterprises to throw its recyclable waste into the
recycling bin. By collecting these indicators in the study area
and monitoring them in certain periods, local governments
will be able to improve waste management in commercial en-
terprises. The waste behavior of businesses and the types of
waste they produce can be different. One of the important
steps for good waste governance is the need for data ana-
lytical systems that can understand geodemographic lifestyles
and make evaluations on waste. In order to understand the
waste-related behavioral structure of commercial enterprises
in Kadikoy, which is the study area at the local level, it is ex-
pected that a survey will be conducted, the answers will be
shared on a common platform where local governments and
relevant stakeholders can see them, and relevant stakehold-
ers will strengthen waste governance according to the survey
results. In this way, a holistic and tailored plan can be put into
practice. The subjective and objective indicators defined for
the behavioral dimension of new generation, innovative and
new generation waste governance are shown in Table 6.

2.2.4. Technological Dimension

Data is increasingly forming the basis for decision-making in
waste management. The accurate and complete information
provided allows local governments to design and carry out
more efficient operations and save costs (Kaza et al., 2018).
Technology is widely used to support reducing the amount
of waste produced globally and to modify production pro-
cesses to reduce waste or increase recyclability. Packaging in-

novations such as biodegradable forks and bags reduce plastic
waste (Vaughan, 2016; Oosterhout et al., 2023). According
to the World Bank Report on this subject, mobile applica-
tions that will assist urban waste collection systems are also
being implemented. Mobile applications are used to inform
people about waste collection and waste separation rules at
source (Kaza et al,, 2018). The location-specific waste gov-
ernance system developed within the framework of the four
dimensions mentioned in this article is important in terms of
providing an efficient process design for local governments.

In the technology and data dimension of the new generation
waste governance, especially GIS-based data and spatial analy-
sis of waste data collected from commercial enterprises are
important for increasing its applicability in other pilot regions.
Geographic Information Systems (GIS) is a map-based struc-
ture that enables easy spatial analysis. In this context, it is pos-
sible to spatially present data and information on the types and
quantities of waste generated in enterprises, the presence of
recycling bins, waste disposal methods, and whether they are
open to cooperation. The objective indicators for the techno-
logical dimension of new generation waste governance are GIS-
based land use map presence of local government, types of ve-
hicles collecting waste and number of vehicles collecting waste.
Subjective indicators are the availability of local government's
waste data in GIS database, licensed applications purchased
within the local government and routes of vehicles collecting
waste. By collecting these indicators in the study area and mon-
itoring them in certain periods, it will be possible to improve
the waste management of local governments in commercial
enterprises. Especially with artificial intelligence and machine
learning, it can be ensured that the future risks of waste man-
agement can be minimized when future projections of existing
data are made. It will be possible to transfer the waste-related
data of the commercial enterprises in Kadikoy, which is the
study area at the local level, to a technological infrastructure
and create a common platform that local governments and rel-
evant stakeholders can see, and the relevant stakeholders can
minimize possible risks by analyzing the data. While metropoli-
tan municipalities can adapt to technology more easily, district
municipalities may lag behind in terms of policy making and
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Figure 3. General structure and components of GIS.

GIS: Geographic Information System.

adapting to innovation. GIS can be used more actively in waste
management to provide real-time data and location-based solu-
tions. The use of technology can bring some challenges. It is es-
pecially important to prevent dangers such as cyber-attacks. In
a technology-based database, various operational interventions
can be made, such as ensuring the security of the data, limiting
the ability to interfere with the content, and sharing only the
content with the relevant stakeholders. On the other hand, the
use of technology is important in terms of bringing practicality
and the ability to intervene quickly in waste management. It is
useful in terms of the ability to receive data directly from the
field and to take immediate action.

The presence of some hardware features as technological
infrastructure in the new generation waste governance will
accelerate the transition to digitalization. These hardware
features include sensor ownership, 5G communication tech-
nologies, etc. If the local government already collects data on
waste, integrating it into the platform to be created will make
it easier to connect related issues with each other. In particular,
ensuring the usability of the technology by local governments
is critical. No matter how advanced the existing infrastruc-
ture is, if local governments cannot utilize this technology, the

waste management problem will continue. Therefore, capacity
building in local governments and provision of necessary hard-
ware support are among the issues that come to the forefront.
GIS and Remote Sensing techniques are generally used to keep
location-based information, especially in matters such as data
collection, storage, updating and analyzing data. GIS consists
of 5 basic components: hardware, software, data, users and
methods (Korkulu, 2021; Fu, 2015; Kapluhan, 2014). The gen-
eral structure and components of GIS are shown in Figure 3.
According to the figure, software, hardware, satellite, data,
analysis, user, maps and mobile applications appear to be the
basic components that make up the structure of GIS.

According to the findings of the literature analysis, local gov-
ernments need to manage the waste of commercial enterprises
with objective and subjective indicators identified in political,
organizational, behavioral and technological dimensions. Moni-
toring the indicators specified in the table by local and central
governments has an important place in terms of showing in
which areas more operational action should be taken in waste
management. The subjective and objective indicators defined
for the technological dimension of new generation, innovative
and new generation waste governance are shown in Table 7.

Table 7. Indicators on technological dimension of sustainable waste governance for local governments

Dimension Obijective indicators

Subjective indicators

Technological
» Types of vehicles collecting waste

* Number of vehicles collecting waste

* GIS-based land use map presence of local government

* Availability of local government’s data in GIS database
* Licensed applications purchased within the local
government

* Routes of vehicles collecting waste
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3. Discussion

Academic studies generally address issues such as route op-
timization for waste management and landfill site selection.
The current system is not sustainable, especially for develop-
ing countries. In new generation waste governance, especially
the use of technology and data collection provides faster data
analysis. In the literature analytics, it appears that studies on
data obtained using technology are increasing. Therefore, it
is important to plan sustainable waste governance for local
governments, especially from a holistic perspective. In many
metropolitan areas, including Turkey, waste governance is be-
coming more challenging with population growth. It is under-
stood that there is a need for a sustainable of participatory
and empowered waste governance that incorporates new
technologies. Ensuring the participation of all stakeholders,
user-friendly and anonymization have an important place in the
framework developed for new generation waste governance.
This paper elaborates on the current state of sustainable waste
governance in international and national literature in political,
organizational, behavioral and technological dimensions.

Thes study draws a framework for new generation waste
governance. This framework is supported by data obtained
from case study. By collecting data from commercial enter-
prises through a common database or platform, local govern-
ments can see both potential waste production amounts and
distribution of waste types and develop site-specific solution
suggestions. With the Kadikoy case study, the importance of
openness to cooperation and awareness in waste governance
was highlighted through interviews and questionnaires. The
findings show that there is a lack of coordination in current
waste management due to the fact that all relevant stake-
holders are not included in the process and the issue is not
handled from a holistic perspective. A Web-GIS based plat-
form will facilitate data transfer and follow-up of relevant
stakeholders and contribute to the reduction of current
waste management problems. The case study highlights the
importance of developing more efficient waste management
systems, reducing waste quantities, the importance of waste
management in extraordinary situations such as pandemics,
and managing waste generation behaviors through various tax
and incentive mechanisms of local and central governments.

In particular, real-time data from sensors placed in waste bins
plays an important role in determining the types of vehicles
and trips that will go to that area. Knowing which type of re-
cyclable waste is produced more in which region is also likely
to affect the location of recycling facilities. The case study
also emphasizes that this issue should be addressed seriously,
especially in order to eliminate the lack of data. Results indi-
cate that the availability and accessibility of waste collection
related data on a Web-GIS platform plays a pivotal role in a
participatory governance framework. Additionally, awareness

and openness to cooperation among commercial enterprises
are some significant factors in waste behavior where a local
government may need to analyze.

Nowadays, technology has greatly enhanced our ability to ac-
cess data and information. For this reason, it is clear that the
substrates prepared especially by using GIS will enable waste
data to be kept in real time and the collected data to be ana-
lyzed quickly. Waste is not an issue that only concerns central
or local governments. The active participation of all stakehold-
ers in the process is important. Developing feedback mecha-
nisms for the target group will ensure that waste governance
is more effective. New generation waste governance provides
more information about waste behavior in businesses and en-
able local governments to develop and implement more ap-
propriate policies on waste. In the proposed new generation
waste governance model, by integrating artificial intelligence,
machine learning sub-systems and a software for forecasting,
it will be clearer how to approach the future waste issue ho-
listically and which regions will be more critical in terms of
waste. Thus, it will be possible to develop location-specific
solutions when there is a problem with waste. It is clear that
Web-GIS-based hubs to be developed for new generation
waste governance will become more manageable when more
stakeholders can address the issue holistically.
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