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with modern infrastructure, have the strategic potential to become hubs for e-
waste collection. However, his involvement is still minimally studied. This
study aims to identify and analyze the driving and inhibiting factors of
independent city involvement in e-waste collection, as well as determine the
cause-and-effect relationship and priority of each factor using the Content
Validity Index (CVI), Modified Kappa, DEMATEL, and Analytic Network
Process (ANP) methods. The results of the analysis showed that, among the
driving factors, the Population dimension (HD) had the highest level of
interconnectedness, while the Government dimension (GD) exhibited the
greatest net influence. On the other hand, in the inhibiting factor, the Developer
(DB) dimension has the highest level of relevance, while the Collector (CB)
dimension has the greatest net influence, with the Government (GB) dimension
also showing significant linkage and net influence values. In terms of weight,
the primary driving factors were public acceptance of the collection program
(0.094), the level of environmental knowledge (0.082), and government
supervision (0.082). Meanwhile, the main inhibiting factors include the
population's lack of waste sorting (0.087), tax policies that do not support
collectors (0.084), and the absence of government collection standards (0.082).
Keywords: Barriers, Collection, Drivers, E-Waste, Integrated Township

INTRODUCTION

Along with economic growth in Indonesia, rapid urbanization has encouraged the movement
of people from villages to cities, posing problems such as poverty, unemployment, and pressure on
suburban areas (Yasmin Budiyanti & Safitri, 2023). Urbanization increases waste generation,
particularly in large cities that produce more than 500 tons per day, while medium-sized cities
generate 100-300 tons per day (BPS, 2020). Most of this waste still ends up in landfills without
adequate recycling processes, including e-waste, which is classified as Hazardous waste. With only
10-15% of the 67.8 million tons of total plastic waste recycled, urban waste management is becoming
a crisis (INAPLAS, 2020). Santoso (2019), using a population balance model, estimates that by 2028,
the total generation of e-waste in Indonesia will be around 487 kilotons.

High urbanization has also fueled the growth of self-sustaining cities that serve as buffer cities
and offer sustainable integrated settlement solutions (Widodo, 2018). Integrated townships are
starting to show potential as an e-waste collection hub, given their strategic position and large
impact (Alif, 2023). Although some Integrated township developers have adopted self-sustaining
recycling systems and waste treatment facilities, there is no national operational standard that
specifically governs the collection of e-waste, such as in the framework of Extended Producer
Responsibility (EPR). A review of the literature reveals that although many studies have addressed
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e-waste collection systems at the city and national levels, the involvement of self-sufficient cities as
collection hubs remains underexplored. Therefore, research is needed to identify the driving and
inhibiting factors that influence the involvement of independent cities in e-waste management,
providing a basis for government policies and concrete actions from industry.

Literature Review. Based on a literature review using the keywords “critical factors, barriers,
drivers, waste collection, integrated township, and collection center,” previous studies have
extensively examined various electronic waste (e-waste) collection systems at the city, provincial,
and national levels. These studies have also identified several critical factors that influence the
effectiveness of such systems, including public awareness, efficiency of collection mechanisms, and
the role of government policies (Bui et al., 2020; Singh et al., 2020; Wang et al., 2017). However, the
involvement of integrated townships as e-waste collection hubs remains underexplored, revealing
a significant gap in the current body of literature.

To address this, this study identified several barriers relevant to the context of integrated
townships. These include low environmental awareness among households (Wang et al., 2017), the
lack of proper sorting and source-level waste separation systems (Alavi Moghadam et al., 2009; Bui
et al.,, 2020), and the dominance of informal collectors who offer cheaper and more convenient
disposal options (Conke, 2018). Additionally, developers face their own set of challenges, such as
limited technical and financial resources, operational uncertainties, and high initial investments
required to establish and maintain e-waste collection hubs (Jangre et al., 2022; Stojic & Salhofer,
2022).

On the other hand, several drivers can support the role of integrated townships as e-waste
collection hubs. These include a clear regulatory framework and supportive government policies
(Kwabena et al., 2018; Yin et al., 2023), increased public awareness and participation (Fogt Jacobsen
et al., 2022; Sima & Maulana, 2023), and incentives for both formal collectors and developers, such
as the economic benefits of corporate social responsibility (CSR) and cross-stakeholder collaboration
(Yin et al., 2023;). Hence, identifying these barriers and drivers provides a foundation for developing
effective strategies for e-waste collection in the context of integrated townships in Indonesia.

Urbanization in Indonesia is a natural demographic phenomenon driven by the need for
individuals to adapt and fulfill their basic needs. Economic factors are the primary determinants of
population mobility, influenced by centrifugal and centripetal forces in rural areas (Kasto, 2002).
These forces contribute significantly to the migration flow, often resulting in poverty and
unemployment issues in urban centers, as well as the uncontrolled expansion of urban fringes.
(Yasmin, 2024) describes this rural-to-urban migration process as a sociological shift towards
metropolitan living. Economic growth, especially since the 1960s, has paralleled rising urbanization
rates. BPS (1982, 1992, 2002) reported that the proportion of the urban population increased from
22.3% in 1980 to 55% in 2013, with projections reaching 66.6% by 2035 (BPS, 2020).

The impact of urbanization in Indonesia is significant, especially in cities like Jakarta, which
has grown into a megacity of over 30 million people (Silver, 2024). The shift from agricultural to
urban land use was already apparent in the 1960s (Mcgee, 1991), driven by industrialization, foreign
investment, and rural poverty (Kurnianti et al., 2015). Urban growth has primarily occurred in the
peripheries rather than city centers, propelled by real estate development and public transportation
investment (Silver, 2024). However, this rapid and diverse urban expansion has generated
informality, disorder, and governance challenges (Zhu & Simarmata, 2015). Moreover, urbanization
has exacerbated solid waste issues due to lifestyle changes and rising consumerism, creating public
health and environmental risks (Wikurendra et al., 2024).
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In developing cities with dense populations and limited land, the emergence of self-contained
cities reflects the state's failure to provide adequate urban governance. In response, the private sector
steps in to deliver civil goods and services, leading to an apparent dichotomy between informal
settlements and exclusive townships (Zhu & Simarmata, 2015). These planned developments often
offer security and exclusivity, responding to the rising demand for housing from growing urban
middle-class migrants. In Jakarta, large-scale land development began around two decades ago,
aligning with the Jabotabek Metropolitan Development Plan (Goldblum & Wong, 2000). Developers
launched integrated projects after the 1997 crisis, offering residential, commercial, and recreational
facilities in large superblocks known as integrated townships (Kota Mandiri) (Herlambang et al.,
2019).

Integrated township significantly contributes to Indonesia's growing volume of municipal
solid waste (MSW). Their importance stems not only from the volume of waste generated due to
their scale and economic activity but also from their operational flexibility. Developers often manage
waste independently, helped by legislation such as the Spatial Planning Law No. 26/2007 and
Presidential Decree No. 54/2008, which shifts planning authority to local governments. Due to the
lack of capacity in many municipalities, developers often assume planning and infrastructure
responsibilities under a build-own-transfer model (Dielman, 2011; Herlambang et al., 2019; Winarso,
2000). This has led to the ongoing privatization of urban development in Indonesia (Shatkin, 2008),
positioning integrated townships as potential models for addressing urban waste challenges (Alif,
2023).

Waste management in these developments is generally governed by several national laws and
regulations, including Law No. 18/2008 on Waste Management, as well as related government and
ministerial regulations. In practice, most Integrated township developers implement their waste
reduction programs, such as eco-enzyme initiatives, green waste composting, and plastic-to-food
conversion. Some even adopt waste-to-construction-material solutions, such as using incinerated
waste to produce paving blocks. However, while many developments offer well-structured systems
for managing household municipal solid waste (MSW), there is minimal direct treatment of
hazardous waste (B3), such as electronic waste.

The continuous release of new information and communication technology (ICT) products,
along with other electronic devices, has contributed significantly to the global rise in electronic waste
(e-waste). These discarded electrical and electronic equipment (EEE) are often composed of complex
materials, many of which are potentially hazardous (Baldé et al., 2016; Williams, 2016). E-waste has
become one of the fastest-growing waste streams worldwide, reaching 53.6 million metric tons in
2019 alone, marking a 21% increase in just five years (Ikhlayel, 2017). Asia leads global e-waste
generation, with 24.9 million tons, and within Southeast Asia, Indonesia is the highest contributor,
accounting for 745,000 tons annually (Forti et al., 2020; Wibowo et al., 2021). However, only 17.4%
of the global e-waste generated in 2019 was properly recovered and recycled.

Indonesia, as one of the world's largest consumers of electronics, faces increasing challenges
in managing e-waste (Steubing et al., 2020). Until recently, the country lacked a specific regulatory
framework for e-waste. Instead, it was managed under general hazardous waste laws, such as Law
No. 32/2009 on Environmental Protection and Management and Government Regulation No.
101/2014 for industrial hazardous waste. For household waste, Law No. 18/2008 applied. It was
only in 2020 that Government Regulation No. 27/2020 formally categorized e-waste under specific
household waste (Mairizal et al., 2021).

Future projections indicate a sharp rise in e-waste generation. By 2025, Indonesia is expected
to generate 622 kilotons of household e-waste (Andarani & Goto, 2014), while another study
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estimates 487 kilotons by 2028 (Santoso et al., 2019). Mairizal et al. (2021) further estimate that by
2040, discarded ICT products, such as smartphones and laptops, will reach 132 kilotons, or
approximately 270 million units. These trends emphasize the urgent need for targeted e-waste
management policies in Indonesia.

In this research, Content validity assessment involves expert involvement to evaluate the
relevance of each indicator using the Content Validity Index (CVI) and modified kappa coefficient.
CVI measures experts” agreement on item suitability, while the modified kappa corrects for chance
agreement, thus enhancing the reliability of the validity assessment (Lynn, 1986; Polit & Beck, 2006).
Once valid criteria are established, the DEMATEL method is applied to map cause-and-effect
relationships among criteria, clarifying direct and indirect influences between elements (Gabus &
Fontela, 1972). The DEMATEL results then form the network structure for the Analytic Network
Process (ANP), which calculates priority weights considering interdependencies among criteria
(Saaty & Vargas, 2013). This integration facilitates complex multi-criteria decision-making based on
a strong validity foundation.

Indexed By :

METHODS

Data validation using CVI and Modified Kappa. In the secondary data collection stage, a
literature review was conducted focusing on the factors that hinder and drive the involvement of
integrated townships as hubs for electronic waste collection. Keywords such as waste collection,
collection hub, e-waste, and municipal solid waste guided the review. From previous studies, four
dimensions consisting of 24 Barriers and 23 enablers related to the involvement of integrated
townships as electronic waste collection hubs were identified.

Expert opinions were gathered through questionnaires and in-depth interviews. During the
validation stage using questionnaires, a minimum of three and a maximum of 10 experts were
required (Lynn, 1986). The selected experts met specific criteria, including having more than five
years of experience and holding managerial positions in their respective fields (Ermolaeva, 2019).
Initially, experts were asked to suggest any additional factors that might influence the process of
electronic waste collection in integrated townships. Other experts then validated these newly
proposed factors. In the first questionnaire, experts evaluated the relevance of each factor in relation
to the current context in Indonesia. Accordingly, this study distributed a questionnaire to a group
of six experts representing four types of stakeholders: Township developers, government, Waste
collection companies and academics.

Table 1. List of Expert Profiles and Availability of Participation in the Questionnaire
Types of company; position of  Participatio

Expert  Background Brief Company Profiles expert; job description; years n
of experience Q1 Q2
Environmental engineering Lecturer & Environmental
A Academic faculty in University in Analyst, University of V V
Indonesia Indonesia

Regional government
institutions are responsible for
environmental management in
their respective areas.

This company offers waste Responsible waste N N
management solutions for management company,
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C Collector

394



0)
j f"-'é‘ X JestRr- + ISSN 2720 - 9644 (print)
‘\’4 INSTITUTE * ISSN 2721 - 0871 (online)

WD I1IESSS

INTERNATIONAL JOURNAL OF ENVIRONMENTAL,
SUSTAINABILITY AND SOCIAL SCIENCE

e bt g it

Indexed By :

e

corporate, small businesses, and  Township Collect Commercial

personal residences. Coordinator; 6 years
. A township in West Java, township developer; Customer
Township . s . .
D Indonesia, built in 2005 that Relations Administrator; 5 v
Developer
covers 1100 hectares of land area  years
. The company builds residential ~ township developer;
Township .
landed houses, apartment Infrastructure Supervisor; 7
E Developer . e v
towers, commercial facilities, years
and public open space areas
The company is one of the township developer; Chief
F Township largest developers and most Risk & Sustainability Officer; N

Developer diversified property developers 22 years
in Indonesia.

The quantified primary data, using a Likert scale, were analyzed using the Content Validity
Index (CVI) by comparing the total number of agreed-upon experts with the total number of experts.
The results present valid drivers and barriers for the participation of integrated townships in e-waste
collection hubs. A total of 15 Barriers and 16 Drivers were found valid with I-CVI =1 and overall S-
CVI values of 0.91 and 0.93, respectively. To enhance reliability, these results were further validated
using the modified Kappa method, as recommended by Wynd et al. (2003), which adjusts for chance
agreement with Equation.

. OVI-P,
)

Where N=number of experts and A=number of agreeing on good relevance. And then
interprets k* values as poor (<0.40), fair (0.40-0.59), good (0.60-0.74), and excellent (=0.74). Due to
the small number of experts and relatively new field of study, only factors rated as "excellent" were
retained. The final validation yielded 15 valid and 8 invalid Drivers and 16 valid and 8 invalid
Barriers across four dimensions each. Invalid factors were removed due to insufficient expert
agreement. The remaining validated factors will be used in the next stage of the questionnaire.

Data Processing of Weighting and Factor Influence Using the DEMATEL-ANP Method.
After the drivers and barriers to the involvement of Integrated townships as e-waste collection hubs
were validated using the CVI and modified kappa methods, the validated items were further
assessed using the DEMATEL-ANP method. The first stage of this process involved developing the
Network Relationship Map (NRM), which visualizes the interrelationships among barriers based on
data collected through the second questionnaire.

Expert responses, rated on a scale from 0 to 4, were converted into a Matrix of Direct Influence
and then averaged to produce the Direct Relation Matrix (Z).

_ Sz

Z
H

,h = 1,2,3,...,H

This matrix was normalized using a A value to obtain the Normalized Direct Relation Matrix
(D).
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Next, the Total Relation Matrix (T) was calculated, consisting of the total relationships among
individual barriers (Tc) and dimensions (Td).

T=D(—-D)1?
From these matrices, the R (sum of columns) and S (sum of rows) values were obtained, and a

Threshold Value (TV) was calculated to classify each relationship as either a cause or an effect.
The process continued by forming the Normalized Total Relation Matrices 77*°"™ and T#°"™.

th/dy - tfj/d1 ot /dy
TS =| th/di - th/di - th/d;
trlzl/dn tr?j/dn trll)n/dn

Which were then transposed to construct the Unweighted Supermatrix (W).
This matrix was multiplied by the total relation matrices to generate the Weighted Supermatrix

(W)
tBormll x wll tnormji xwii . tBormml « wml
D
w* = (x’) X W = tgorml] X le tgorm]t X le' tlr;ormmj x ij
im .
tgormlm X Wlm tgorm] xwim .. tBormmm x wmm

In the final step, the Global Priority Vector was obtained by limiting the W* matrix through
iterative calculations until it reached stability.

Wlimit — (W*)oc

In this study, the iteration process was performed three times consecutively to achieve a stable
and reliable result. The final output presents the global priority weights of each barrier, reflecting
both direct and indirect influences in the context of effectively engaging self-sufficient cities as e-
waste collection hubs.

Furthermore, the creation of the NRM between dimensions begins with the calculation of the
values of R and S, which are derived from the number of rows and columns in the Td matrix. The
Td values are then compared to the corresponding Dimension Threshold Value (TV). If the value of
Td is greater than the Dimension TV, it indicates a significant influence and is assigned a predicate
of 1. Conversely, if the value is smaller, it reflects an insignificant influence and is rated as 0. This
comparison process and its results are illustrated in Table 2

Table 2. R and S values, causal groups, and ranking order on the Barrier dimensions
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Dimension R S Causal Value Category Rank

GB HB CB DB R+S R-S R+S R-S

Dimension GB 029 031 028 036 125 1.13 238 0.2 Cause 2 2
HB 030 028 027 034 119 112 231 0.07 Cause 3 3

CB 029 028 025 034 117 105 222 012 Cause 4 1

1 4

DB 025 025 024 030 1.04 135 238 -0.31 Effect

Table 3. Relation Value between Dimensions

Dimension
GB HB CB DB
Dimension GB 1 1 0 1
HB 1 0 0 1
CB 1 0 0 1
DB O 0 0 1

Next, the two calculations above will be visualized using a scatter plot and an arrow
representing the relationship between each dimension. In the NRM, the arrow line will be drawn
based on the relationship between the dimensions that can be seen based on the row in Table 1. In
this study, the Research and Government (GB) dimension has a significant influence on the
Population (HB) and Developer (DB) dimensions. Consequently, a line will be drawn from the GB
point to HB and DB, as depicted in Figure 1. Similarly, other dimensions will be connected based on
their relationships. This visualization highlights the interconnectedness of the dimensions,
underscoring the importance of considering these relationships in the analysis.

R-s Barrier Causal Value Dimension
0.20

<

0.10 . ¢ GB

0.00

2.20
-0.10

2.40

-0.20
R+S

-0.30

-0.40
Figure 1. Network Relationship Map between Barrier Dimensions

Similar to the interdimensional NRM, calculations are made for barriers within each
dimension through R and S calculations, comparisons with TVs, and the creation of scatter plot
diagrams. In this session, the author will summarize the overall NRM calculation for each
dimension. The factors within the four dimensions are categorized in a causal manner.
Subsequently, the Tc matrix values of each factor are compared to the local threshold values (local
TV) applicable to each dimension. These two calculation processes are then visualized in the form
of an NRM (Network Relations Map), as illustrated in Figure 2.
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Barrier Causal Value of Government (GB)

-l———'—'__"@

R-5
002

a0z
001
0.00
op1l¥l 172 173 1
-0.02
-0.03
0,04
-0.05

R+S
17 179

p.g Darrer Cansal Value Collector (CE)

0.30
0.20

(a)

R.s Darrier Causal Value Household (HB)

0.15 e"l/) @

0.10
0.05
1.68

0.00
-p.05164
-0.10
-0.15
-0.20
-0.25

R+35
12

e
(©

(b)

p.s  Darrier Causal Value Developer (DB)
015
0,10
0.05
0.00
_D.u52.DD

~0.10

-0.15

(d)
Figure 2. Network Relationship Between factors in each Barrier Dimension

Furthermore, the creation of NRM between dimensions begins with the calculation of the
values of R and S based on the number of rows and columns in the Td matrix. Furthermore, the Td
value is compared to the Dimension TV. If the value of Td is greater than the TV Dimension, it shows
a significant influence and is given a predicate of 1. If it is smaller, it shows an insignificant influence
and is rated 0. The results of the dimension comparison can be seen in Table 4

Table 4. R and S values, causal groups, and ranking order on the Barrier dimensions

Dimension R S Causal Value Catecor Rank

GD HD CD DD R+S RS 89Y "R¥s RS

Dimension GD 079 096 097 096 3.67 309 676 059  Cause 4 1
HD 077 090 094 094 355 352 707 003 Cause 1 2

CD 077 080 081 080 317 361 679 -044  Effect 3 4

DD 077 087 089 087 339 356 695 -017  Effect 2 3

Table 5. Relation Value between Dimensions

Dimension

GD HD CD DD

Dimension GD 0 1
HD 0 1
Cch o0 0
DD O 1

(R e R SR QY
[ e R S G
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The calculations above will be visualized using the scatter plot and the arrow of the
relationship between each dimension in Figure 1. In the NRM, the arrow line will be drawn based
on the relationship between the dimensions. In this study, the Research and Government (GB)
dimension has a significant effect on the Population (HB) and Developer (DB) dimensions.
Therefore, a line will be drawn from the GB point to HB and DB. The same is also done to other
dimensions.

Driver Causal Value Dimension
0.80

0.60
0.40
0.20
0.00
_0'206.70

-0.40

-0.60
Figure 3. Network Relationship Map between Driver Dimensions

Similar to the interdimensional NRM, calculations are also made to identify inhibiting factors
through R and S calculations, comparisons with TVs, and the creation of scatter plot diagrams. The
factors that exist in each driver dimension are divided into causal types. Furthermore, the Tc matrix
values of each factor are compared to the local threshold values (local TV) that apply to each
dimension. The two calculation processes are then visualized in the form of an NRM, shown in

Figure 4.
pg Driver Causal Value of Government (GD) R+ Driver Causal Value of Collector (CD)
X 0.60
0.40
0.20
R+S .00
5.00 0 EUTI‘.DEI
-0.40
060
(a) _ (b)

R-8 Driver Caunsal Value of Household (HDY)
0.40

0.30

0.20
0.10
0.00
010700 @

~0.20

~0.30
' (@) ' (@)
Figure 4. Network Relationship Between factors in each Driver Dimensions
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After obtaining the causality effect of the DEMATEL process, the next process is to 9weight
the driving and inhibiting factors by doing ANP until the weight of each factor or dimension is
obtained from the diagonal value on the Supermatrx Limit. The results of the weighting data and
causality values in this study can be seen in Tables 5 and 6

Table 6. Factor scale weight and Barriers Priority scale Based on Global Priority Vector
Global Glob

Weigh rank Dimensio code Barriers Lo.cal Local Weigh al
t n weight Rank
t Rank
GB1 There isno efffectlve standard 0.339 5 0.08 3
in the collection of e-waste
Governm Lack of regulations controlling
0.243 2 ent GB2 informal e-waste collectors." 0315 3 0.08 >
(GB) Lack of tax policies that
GB3 support formal e-waste 0.346 1 0.08 2
collection companies."
u hol HB1 Ignorance of the public 0.327 2 0.08 4
0.241 3 ou;e ° HB2  Low environmental concern 0.308 3 0.07 6
(HB) HB3 Lack of waste sorting at the 0.362 1 0.09 1
source
Lack of implementation of
CB1 sustainability de51gr1‘ practices 5 5 0.05 12
from electronics
manufacturers
Lack of effective collection
CB2 models from e-waste 0.221 1 0.05 11
0.227 4 Collector collection companies
’ (CB) Lack of competitive advantage
CB3 : 0.179 4 0.04 14
over informal collectors
CB4 Lack of adequate logistics 0199 3 0.05 13
system
Resistance of informal
CB5 collectors and their 0.147 5 0.04 15
uncooperative work ethic
DB1 Resources to be e>fpended for 0.241 3 0.07 9
e-waste collection hubs
Develope Dp2 ~ _Xpensiveemployeesalaries 5,0 0.08 8
0289 1 r and operating costs

A large initial investment by
the developer
Lack of Initiation and

DB4 . 0.236 4 0.07 10
commitment of management

(DB)  DB3 0262 1 0.08 7

Table 7. Factor scale weight and Drivers Priority scale Based on Global Priority Vector

wei Dimensio Local Laolc Global Glob
&  rank code Drivers Weigh Weigh  al
ht n Ra
t t Rank
nk
0.225 4 GD1 Clear regulatory framework 0.317 3 0.071 6
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Governm GD2 Good policies and stricter laws 0.318 2 0.072 5
ent Government supervision and
(GB) Gb3 control of the rules made

The level of knowledge of
HD1  independent city dwellers about  0.322 2 0.082 2

0.365 1 0.082 3

Househol the environment
0.255 3 d - .
(HB) HD2 Data security in e-waste collection ~ 0.310 3 0.079 4
HD3 Good public aFceptance of e- 0.368 1 0.094 1
waste collection programs
D1 Good COI‘lS’L‘I.‘UCtIOIl of waste 0.212 5 0.056 9
collection system
D2 E-waste collection petwork and 0.215 1 0.056 3
ease of collaboration options
Collector Advantages that collectors get
0262 ! (CB) D3 when working with developers 0195 4 0.051 12
CD4 Facility COI"IC'll.tIOI'lS and technical 0182 5 0.048 14
capabilities of workers
D5 Facility df}mgn th:at is integrated 0195 3 0.051 1
with public space
The benefits that developers get
DD1 from the government for carrying  0.184 5 0.047 16
out CSR
DD2 Economic benefits of CSR 0.184 4 0.048 15
The developer's brand image rises
Develope DD3 in the public eye because of 0.213 2 0.055 10
0.258 2 r carrying out CSR
(DB) The devgloper's ability to
DD4 Cogperate with f)ther stakeholfiers 0.220 1 0.057 7
in the collection of electronic
waste
Effective publicity from
DD5 independent cities to increase 0.198 3 0.051 13
population awareness
RESULT AND DISCUSSION

This study consists of three main stages. The first stage involves validating the identified
Drivers and Barriers, followed by examining the relationships between factors and dimensions using
the NRM (Network Relation Map), and finally, performing a weighting of the factors. The focus of
the first stage is to identify the relevant factors through a literature review that covers both drivers
and barriers, including related criteria and sub-criteria. The Drivers and Barriers were collected from
various academic sources, and in this study, the researcher identified 23 inhibiting factors grouped
into four main dimensions, with additional input from experts. After compiling the data, the first
questionnaire was distributed to experts to validate the gathered information using a combination
of the Content Validity Index (CVI) and the modified Kappa method for both drivers and barriers.

Factors Validation Analysis. Based on the Content Validity Index (CVI) method, 15 Barrier
factors were found to be valid, each exceeding an I-CVI value of 1. Additionally, using the modified
kappa method, all factors were considered valid, with kappa (k*) values above 0.74, indicating an
excellent level of agreement. From these assessments, 15 validated factors across four dimensions
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were selected for the next stage of analysis. Using the Content Validity Index (CVI) method, 16
driving factors were found to be valid, each scoring above an I-CVI value of 1. The modified kappa
method confirmed this, with all factors achieving a kappa (k*) score above 0.74, an "excellent" rating,.
Based on these parameters, 16 factors across four dimensions were selected for further analysis.

Factor Relationship Analysis Based on NRM. Based on the level of overall influence on
Barrier, the Developer (DB) dimension ranked first with the highest prominence score (R+S) of 2.38
on the X-axis of the NRM inter-dimension map, indicating it is the most significantly impacted and
influential within the system. However, when considering the tendency to influence other
dimensions (R-S), the Collector (CB) dimension comes out on top with a value of 0.12. It suggests
that formal waste collectors in self-sufficient cities have the strongest impact on other dimensions.
Despite the Developer dimension showing the highest overall prominence and the Collector
dimension showing the highest influencing tendency, the Government (GB) dimension maintains a
high value in both dominance and causal influence. In terms of cause-effect classification, the
Collector (CB), Household (HB), and Government (GB) dimensions fall into the "cause" category due
to their positive R-S values, meaning they tend to influence other dimensions. Meanwhile, the
Developer (DB) dimension, with a negative R-S, is considered an "effect" dimension, indicating that
others have more influence on it.

At the factor level, within the Government dimension (GB), factor GB2, "Lack of regulations
controlling informal e-waste collectors," ranks highest in overall importance (R+S = 1.78), reflecting
its strong capacity to influence and be influenced. GB1 and GB2 have positive R-S values (0.02),
categorizing them as cause factors, while GB3, with a negative R—S (-0.04), is considered an effect.
In the Household (HB) dimension, HB2, "Low environmental concern," has the highest R+S (1.71)
and also the highest R-S (0.13), making it the most dominant cause factor in its category. For the
Collector (CB) dimension, CB4, "Lack of effective logistics and distribution systems," leads in
importance with the highest R+S (2.70), but CB3, "Lack of competitive advantage over informal
collectors," has the highest R-S (0.20), making it the key causal factor. Within the Developer (DB)
dimension, DB2 "High labor and operational costs" ranks highest in R+S (2.49), indicating it is the
most central factor. However, DB1, "Resources required for e-waste collection hubs," has the highest
R-S (0.10) and is therefore the most influential cause, whereas DB4, "Lack of managerial initiative
and commitment," with an R-S of —0.14, is the most affected and is thus categorized as an effect.

For the Driver side, the Resident (HD) dimension has the highest prominence (R+S) value of
7.07, making it the most involved in the overall system, both as an influencer and one being
influenced. Meanwhile, the Government (GD) dimension has the highest R-S value at 0.59,
indicating it is the most dominant causal dimension, exerting the greatest influence over others. As
a result, both GD and HD are classified as "cause" dimensions due to their positive R-S values,
meaning they tend to drive system dynamics. Conversely, the Collector (CD) and Developer (DD)
dimensions fall into the "effect" category, as their negative R—S values show they are more likely to
be influenced by other dimensions rather than to influence them.

Factor Weighting Analysis. In terms of individual drivers, within the Government dimension,
GD3 ("Government oversight and enforcement") has the highest R+S (5.96), indicating it is the most
significant factor overall. However, GD2 ("Sound policies and stricter legislation") is the top cause
factor with a positive R-S of 0.14, while GD3, with a negative R—S of —0.17, is categorized as an
effect. In the Resident dimension, HD3 ("Public acceptance of e-waste collection programs") has the
highest R+S (5.79), but HD2 ("Data security in e-waste collection") has the highest causal impact (R-S
= 0.31). For the Collector dimension, CD2 ("E-waste collection network and collaboration options")
ranks first in R+S (8.66), while CD5 and CD4 are the most influential causes, with R—S values of 0.37
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and 0.29, respectively. CD1, CD2, and CD3 are categorized as effects. In the Developer dimension,
DD4 ("Developer's ability to collaborate with stakeholders") exhibits the highest involvement (R+S
= 9.25) but is considered a negative effect (R-S = —0.28). The most dominant cause factor here is DD2
("Economic benefits from CSR"), with the highest R-S (0.57), making it the key driver in the
Developer dimension despite ranking third in R+S.

The study reveals that the most influential driver dimension supporting the role of Integrated
townships) as e-waste collection hubs is the Formal Waste Collectors (26.2%), followed by
Developers (25.8%), Residents (25.5%), and Government (22.5%). The top global driving factors
include strong public acceptance of e-waste collection programs (9.4%), environmental awareness
among residents (8.2%), data security in e-waste collection (7.9%), governmental oversight and
enforcement (8.2%), and well-structured policies and regulations (7.2%). At the local level, the
leading factors in each dimension are government oversight (Government), public acceptance
(Residents), logistical networks and collaboration opportunities (Collectors), and developers' ability
to engage stakeholders (Developers).

Conversely, the most significant barrier dimension is Developers (29%), followed by
Government (24%), Residents (24%), and Formal Waste Collectors (23%). The top five global
hindering factors are lack of household-level waste separation (8.7%), absence of fiscal policies
supporting formal waste companies (8.4%), lack of standardized e-waste collection procedures
(8.2%), low public awareness (8.0%), and weak regulation of informal collectors (7.7%). The highest
local hindrances in each dimension are inadequate fiscal incentives (Government), limited
household waste separation (Residents), ineffective collection models (Collectors), and high initial
investment requirements (Developers)

CONCLUSION

After going through the stages of identification, weighting, and analysis of the influence
between Drivers and Barriers on the involvement of the Integrated township as a hub for electronic
waste collection, the following conclusions were obtained:

Among the driving factors, the dimensions with the highest total value of linkage are the
population dimension (HD) and the dimension with the highest net influence value, namely the
government dimension (GD). Meanwhile, in the inhibiting factor, the developer dimension (DB) has
the highest level of linkage, and the collector factor (CB) has the highest net influence value. In terms
of weight, the factor that must be prioritized in the driving dimension, namely the good public
acceptance factor, is the factor with the highest global weight, with a weight value of 0.094.
Meanwhile, the inhibiting factor, namely the lack of waste separation at the source by the
population, had the highest weight (0.087). Based on the findings of this study, the government
should play an active role in promoting environmental awareness among households to enhance
public acceptance of environmental initiatives. Supported by developers, the government can also
educate or regulate communities to sort waste before disposal, as improper waste separation has
been identified as the most significant barrier in the overall process.

Limitations and Suggestions. In future studies, involving local leaders such as neighborhood
and hamlet heads (RT and RW) in integrated townships can significantly enhance the quality of
research. These figures play a crucial role in facilitating electronic waste collection by acting as a
communication bridge between residents and developers/ and by coordinating community
participation. Additionally, conducting on-site surveys of the electronic waste disposal and
management systems within the studied integrated township would provide a more accurate
picture of real-world practices. Such fieldwork could reveal insights into existing infrastructure,
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community behavior, stakeholder involvement, and both technical and social challenges that may
not be fully captured through literature reviews or limited interviews.
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