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Abstract

The electronics industry is the world’s largest and fastest growing industry. Last decade has seen tremendous
growth in the field of information technology all over the world, especially in developing countries like India. This
growth has brought a new kind of waste known as electronic waste or e-waste that is very harmful for human health
and environment. Since this waste has very complex characteristics and requires an equally complex set of efficient
technology and processes to deal with it. This study strives to develop a valid and reliable model for effective e-
waste management in Indian context. Total 495 respondents participate in the survey. A multiple regression analysis
was employed and the, ‘Collection and Recycling’ appeared as the best predictor, followed by ‘Rules and Regulation’,
‘Awareness’, ‘Responsibility’ and ‘Initiatives’. The e-waste management model developed in this research may be utilized

for effective e-waste management in an organization.
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1. Introduction

Electronic waste, e-waste, e-scrap, or Waste Electrical
and Electronic Equipment (WEEE) are different names
for discarded electrical or electronic devices. Based on
data gathered by United Nations organizations,
governments, non government and science organizations
in a partnership known as the “Solving the e-waste
Problem (StEP) Initiative (www.unu.edu), it was
forecasted that by 2017, the global volume of discarded
refrigerators, TVs, cellphones, computers, monitors and
other electronic waste will weigh almost as much as 200
Empire State Buildings .

MoEF (2012) report says that Indian electronic waste
output has jumped eight times in the last seven years
i.e. 8,00,000 tones now. In parallel, life of electronic and
electrical products is constantly reducing. High
consumerism of these products, low recycling rates and
illegal transboundary movement from developed to
developing countries (Puckett and Smith, 2002; Brigden
et al., 2005) is creating issues in e-waste management.
The number of electronic devices used per capita at the
global scale will continue to increase; while their size
will further decrease and microprocessors will invade more
and more everyday objects. Experience shows that the
miniaturization of devices is usually counteracted by the
growing numbers of devices produced. On average, each

person on the planet produced seven kilograms of e-
waste in 2012, that is 48.9 million tonnes in total, and
StEP estimates that this will rise to 65.4 million tonnes
in 2017 (www.unu.edu).

Solutions have been proposed from the perspective of
new industrial product designs, manufacturing and
recycling philosophies (e.g. the extended producer
responsibility, EPR) and green procurement policies. In
the European Union, the WEEE is more commonly used
and specifically defined as electrical and electronic
equipment which consumers dispose of or is required to
dispose of pursuant to the provisions of national law,
including all components, sub-assemblies and
consumables. Management of electronic waste is a much
more formidable challenge in developing countries on
account of lack of proper infrastructure, poor legislation
and awareness among citizens. Also at stake are the
livelihoods of a large number of urban poor involved in
processing and recycling of e-waste. According to a
report from Center for Science and Environment (2011),
India is generating 350,000 tonnes of electronic waste
(e-waste) every year and imports another 50,000 tonnes.
Out of this mammoth e-waste pile, only 19,000 tonnes
are recycled. Some of the top generators of e-waste in
India are Maharashtra, Tamil Nadu, Andhra Pradesh and
Uttar Pradesh.
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2. Review of Literature

The electronics industry is the world’s largest and fastest
growing industry and is recognized as one of the engines
of economic development in India. The last decade has
seen tremendous growth in the field of information
technology all over the world, especially in developing
countries like India. This growth, combined with rapidly
increasing product obsolescence and consumer choices,
has brought in a new kind of waste—electronic waste or
e-waste. This ever-increasing waste has very complex
characteristics and requires an equally complex set of
efficient technology and processes to deal with it.
Inadequate technical infrastructure for handling and
managing the waste (Nguyen, 2009), movement of e-
waste dismantling from the formal to the informal sectors
(Jain and Sareen, 2006) are important drivers of
inappropriate e-waste management. Lack of relevant
information as support to the disassembly (Zhiduan,
2008), information about recycling services (Huang and
Truong, 2008), and an ambiguous responsibility for e-
waste recycling among consumers, retailers, and
manufacturers (Jinglei et al., 2009) are also an important
factor for e-waste management.

Limited literature was found in Indian context about the
e-waste management. Therefore it was fascinating to
know about the e-waste management in Indian context.

An extensive review of literature was carried out in the
area of e-waste management as discussed above. The
important factors related to e-waste management were
identified and organized in a research model. The factors
are described as follows:

i) Collection and recycling: Collection and recycling
means collecting back used electronics devices for the
purpose of recycling, reuse and safe disposal of e-waste
.Buy back system is an important factor for e-waste
management (Jinglei et al., 2009).Time delay (Lafir Ali,
2008), lack of collection points (Shih, 2001) and cost of
collection (Wei Shanshan, 2008) are main drivers for
collection of e-waste. An efficient take back system is
dependent on accessibility, collection facilities, adequate
and consistent information to the users (Brussels,
2008).Complexity of take-back system is also one of
important factor (Zhiduan Xu, 2008). A paper discussed
that real quantity of discarded e-waste in urban China is
not recycled or disposed by formal recyclers (Hao Liu et
al., 2007). High recycling cost (Marie-Claude Nadeau),
low recycling rate (Brian K. Gullett, 2007) are main drivers
of formal recycling. The most challenge faced by formal
e-waste recycling sectors is that they do not get sufficient
e-waste to maintain normal operations (Jinglei et al.,
2009). Due to high costs of recycling and lack of
consumer incentives, only very small fractions
(Hyunmyung Yoon, 2006) reach for formal recycling.
Trans-boundary system for the 3R (Reduce, Reuse and
Recycle) management of electronic waste (Masachika
Suzuki, 2008) is important driver for reuse. e-waste
management can be improved by donating e-waste to
charities or schools, remanufacturing and by use of
upgradeable electronic devices (Kristin Hanks, 2008).
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ii) Rules and regulations: Rules and regulations refer
to the legal system required for effective e-waste
management. Adequate rules and regulations is one of
the important factors in management of e-waste. By
making final treatment and landfill last stage of the
disposal process (Shih, 2001) e-waste management can
be improved. In the absence of legislation, e-waste
recycling systems have been limited to private recycling
of high-value waste with only limited consumer
participation (Susan et al., 2008). Trans-boundary
movements of huge amount of e-waste from developed
counties to developing countries (Wen, 2006), lack of
legislation around e-waste (Roa, 2007), dumping e-waste
into landfills, terrible working conditions for workers
(Hanks, 2008), rigorous controls to prevent the illegal
import and export of e-waste (Sinha-Khetriwal et al.,2005)
and lack of relevant laws to adjust or control the selling
behaviors of waste electric & electronic equipment (Wen,
et al. 2006) are some important rules and regulations
related issues in proper management of e-waste.

iii) Government support: Government support refers
to the support required from the Government at various
levels for effective management of e-waste. Itis suggested
that recycling facilities to manage e-waste should be
supported by the Government (Cobbling, 2008). Informal
sector as a crucial and emerging issue, which is needed
to be well understood and better governed (Tienhua and
Yenming, 2008) by the government. Inadequate technical
infrastructure for handling and managing the waste and
movement of e-waste dismantling from the formal to the
informal sectors (Jain and Sareen, 2006) are important
drivers in improper e-waste management. e-waste can
be a potential product for secondary markets (Kahhat et
al., 2008) so government need to develop second hand
markets for electronics devices. The system creates
incentives for collectors and recyclers to over-report the
amount of collected e-waste in order to gain extra
subsidies (Kojima et al., 2006). Under the support of
government, e-waste generated from government
agencies must be made mandatory to send to formal
recyclers (Hao et al., 2007).

iv) Awareness: Making the end user of electronics
devices aware about various activities and services of e-
waste. Lack of relevant information as support to the
disassembly (Zhiduan, 2008), information about recycling
services (Huang and Truong, 2008), consumer awareness
regarding environmental issues (Sinha-Khetriwal et al.,
2005), and lack of programs that will enable consumers
to reduce, reuse and recycle greater volume of this
growing category of waste (Carolyn, 2005) are some
important barriers for effective management of e-waste.

v) Initiatives: Initiatives refer to programs or schemes
required to promote effective collection, recycling and
disposal of e-waste. It is important for government and
manufacturers of electronics devices to take various types
of initiatives to promote e-waste management. Several
initiatives have also been launched by electronic product
manufacturers or government to collect WEEE (Jinglei
etal., 2009). They have begin efforts to collect (e.g., free
e-waste collection events) and recycle the e-waste from



residential and business sectors (Kahhat et al., 2008),
enterprises and individual consumers choose to send
owned e-waste to formal recyclers (Hao, 2007) and
promoting renewal and reuse (Hanks et al., 2008). The
Legislation and various initiatives intended to help and
manage these growing quantities of e-waste are the
drivers for effective management of the e-waste.

vi) Responsibility: Responsibility means all stakeholders
of e-waste should understand and play their role in
responsible manner so that e-waste can be managed
properly. It is important to clarify the roles and a clear
demarcation of responsibilities (Sinha-Khetriwal et al.,
2005). If consumer take responsibility to bring their e-
waste to designated drop off collection points of e-waste
(Susan et al., 2008) and manufacturer take responsibility

to reduce toxicity in material used for making electronic
equipments (Thiel and Neeli, 2008), e-waste management
can be improved. While manufacturers are responsible
for collection and disposal, other participants in the
lifecycle of electronic products, such as consumers and
government, should also take responsibility for e-waste
management. By providing financial incentive to
consumer for returning their e-waste to authorized
collection centers, management of e-waste can be
improved (Kahhat et al., 2008). Thus responsibility is an
important driver for effective e-waste management. An
ambiguous responsibility for e-waste recycling among
consumers, retailers, and manufacturers (Jinglei et al.,
2009) is also an important factor. These issues are
summarized in Table 1.

Table 1
Factors responsible for e-waste Management

No. Issues

Literature Support

Collection and

Ali et al.,2008; Jinglei et al.,2009 ; Rolf et al., 2008; Shanshan and
Kejing, 2008;Shih, 2001 ; Brian et al., 2007; Hao et al.,2007; Jinglei
etal.,2009;Marie-Claude et al.,2008; Yoon and Jang, 2006; Hanks et

2008;

Recycling al,2008; Suzuki M., 2008;Huang and Truong ,2008; Kojima et
al,2006;Tong,2004;
. Hanks et al.,2008; Roa,2007; Shih,2001; Sinha-Khetriwal et al.,2005;
2. Rules and regulations .
Wen etal.,2006;
Cobbling , 2008;Hao et al.,2007; Jain and Sareen, 2006;Kahhat et
3. Government support | al, 2008; Kojima et al.,2006; Nguyen,2009; Tienhua and Yenming
,2008;
Carolyn,2005; Huang and Truong,2008; Sinha-Khetriwal el al.,2005;
4. | Awareness Zhiduan, 2008
5. Initiatives Hanks etal.,2008; Hao et al.,2007; Jinglei et al.,2009; Kahhat et al.,

6. Responsibility

Jinglei et al.,2009; Kahhat et al.,2007; Kojima et al.,2006; Sinha-
Khetriwal et al.,2005; Susan et al., 2008;Thiel and Neeli,2008;

Effective e-waste
7. Management
(Dependent factor)

Chou,2009;

Hanks et al., 2008; Huang and Truong, 2008; Kahhatet al., 2008;
Liu, 2006; Nguyen,2009; R0a,2007; Thiel and Neeli,2008; Wang and

The aim of this paper is to identify the variables
responsible for growing volume of e-waste and to arrive
at a Research Model of effective e-waste management
The Research Model was designed with identified
variables which have come out from the various literatures.
Hypotheses were generated to validate the variables of
the research model.

3. The Research Model and Hypotheses

On the basis of the literature review few variables were
identified. It was hypothesized that these variables will

influence the effective management of e-waste. From the
existing literature six variables were identified. These
variables are ‘Collection and recycling’, ‘Rules and
Regulations’, ‘Government support’, ‘Awareness’,
‘Initiatives’ and ‘Responsibility’. These were the
independent variables which may influence effective
management of e-waste. The variables and items identified
from existing literature are summarized in Table 2.



Table 2:
Variables and items

Sl. Variables Items
No.
Complex Collection process,
C ost effective collection,
Easy accessibility of collection points
Latestrecycling technology,
1 Collection and recycling Cheaper recycling cost,

Low recycling rate,

Environment friendly recycling,

Increase in life time of electronic devices,
D onate,

Upgradeable,

Recoverable.

2 Rules and regulations

lllegal import,

Safe disposal,

W orking conditions of workers,
R estrict dumping,

Selling behaviors of e-waste

3 Government Support

Control informal recycling,
Enforcement and supervision,
Subsidy to formal recyclers,
Proper Infrastructure,
Develop secondary markets

4 Awareness

C ollection facilities,
Recycling services,
Im proper disposal im pact.

Initiatives

Buy back schemes,
5 Promoting reuse,
Promoting repair

6 Responsibility

Producer,

M anufacturer reduce toxicity,

M anufacturer give incentive to consumer,

R etailers and repair shops to acceptdiscarded
appliances,

Enterprise and individual consumers to bring their e-
w aste to formal collection points

On the basis of literature study six variables are identified
and from these variables Research Model was developed.
This Research Model is shown in Figure 1. In the
Research Model it was hypothesized that all identified
variables may be predictor of the effective e-Waste
management. The related hypotheses are mentioned
below:

H1: Effective e-Waste management is affected by

Collection and Recycling.

H2: Effective e-Waste management is affected by Rules
and Regulations.

H3: Effective e-Waste management is affected by
Government Support.

H4: Effective e-Waste management is affected by
Awareness

H5: Effective e-Waste management is affected by
Initiatives

H6: Effective e-Waste management is affected by
Responsibility

Figure 1:
Research Model for Effective e-waste Management
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4. Data Collection and Result Analysis

Questionnaire was designed with the objective to collect
data which is necessary to test the hypotheses
formulated for the study. Questions related to the test of
hypotheses were in the statement format, which seeks
opinion in terms of level of agreement or disagreement
of the respondent. The items of the variables given in
Table 2 were considered to prepare the questions of the
questionnaire. Some questions were also prepared on
the basis of the literature study related to the variables.
The questions in the questionnaire were multiple choice
types and seven point Likert scale was used.

The intervals used were ‘extremely disagree’, ‘disagree’,
‘partially disagree’, ‘neutral’, ‘partially agree’, ‘agree’, and
‘strongly agree’. This justifies that the answers of the
categories is mutually exclusive so that respondents had
to select only one choice against a question.

Personal search was made at various websites related
to the service sector. Information was provided about the
use of electronic equipments and it was found that
software industries and the higher education institutes
used large amounts of electronic equipments in their
organization as compare to other service sectors. So
software industries and institutes providing higher
education constitute the population of the study. Out of
the total population 600 was taken as the sampling frame.
This sampling frame was the target respondent.

An effort was made to get the responses from the target
respondents. For this purpose structured questionnaire
was mailed and personal visits as well as telephonic
request were also made to get the questionnaire filled up.

From the defined sample frame 558 responses were
received. Further these samples were scrutinized to
check the usability of the responses. It was found that
some of the responses were partially filled; these
responses were not considered for the further analysis.
Out of the received sample, 495 responses were found
usable responses. These responses were used for the
further analysis.

A questionnaire based approach was used for obtaining
data from the Top managers, software developers,
Directors, and Professor of the software and education
industries. In this process the questionnaire was used
as a tool for getting the responses. The questionnaire
was validated through different stages of validation. Then
pre testing of the questionnaire was done through pilot
study.

Data collection and analysis was carried out to validate
the Research Model through survey. The hypothesized
Research Model (Figure 1) was validated through multiple
regression analysis. Regression coefficients (beta value)
show the degree of association between dependent
variable and independent variable. Flow Chart of data
analysis is shown in Figure 2.

Figure 2
Data Analysis Flow Chart

Collection of Data

A

Cronbach’s Alpha Test

y

Regression Analysis

Results

4.1 Construct Validity: Cronbach’s Alpha

Construct validity was conducted to know the convergent
validity of the items used for the different variables. For
this purpose the Cronbach’s Alpha Test was conducted
by dropping and retaining the different combination of
items (Table 2). The combination having highest value of
reliability coefficient i.e. alpha was considered as the
best combination of items for the further study. The value
of alpha for the best combination of items for a given
variable is shown in Table 3

Table 3
Cronbach’s Alpha Test
Factor Alpha Value

e-waste Management 779
(Dependent Factor)

Collection and Recycling 810
Responsibility 803
Awareness 757
Rules and Regulations 814
Initiatives 638
Government Support 848

4.2 Regression Analysis

The hypothesized research model (Figure 1) was
validated by multiple regression analysis. The regression
analysis was done at 90% of level of significance. The
analysis enabled to predict the variability in dependent
variable based on its covariance with all independent
variables. The coefficient of determination (R Square)
indicates that the research model shown in Figure 1
explains 65.7 percent variation in effective e-waste
management (Table 4).

Regression coefficients (beta value) show the degree of
association between dependent variable and independent
variables. The value of adjusted R Square was found
0.653. The standard error of estimate is the square root
of the residual mean square in ANOVA (Table 4). In this
case, standard error is equal to 0.58067 and measures
the spread of the residual error.

The standardized coefficients (beta values) show the
degree of association between dependent variables and
independent variables (Table 5).
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Table 4
Model summary for effective e-waste management as dependent

Model R R Square Adjusted R Square Std. Error of the Estimate

1 811 .657 653 58067

a.Predictors : ( Constant),Responsibility, Initiative,Awareness,Government Support ,Rules and regulations

Table 5
Multiple regression analysis results
ltem Standardized Coefficient P-value Relative importance

Constant 0.0001

Collection and Recycling 0.421 0.000 I
Rules and Regulation 0.322 0.000 I
Government Support 0.002 0.965 Vi
Awareness 0.131 0.000 Il
Initiatives 0.052 0.091 \
Responsibility 0.074 0.046 v

Note: Depended Variable: Effective e-waste Management; *Significant at 0.10 level (2- tailed);
R=81.1 percent

4.3 Comparative Significance of Dimensions

In research model there were 6 hypotheses of effective e-
waste management, five of them have been accepted.
One of the hypotheses could not be supported in the
study, that is- H3 (Table 5). ‘Government support’ is not
supported in the study as the predictor of effective e-
waste management. The hypotheses H1, H2, H4, H5,

and H6 are supported in the study (Table 5). Thus
‘Collection and recycling Attributes’, ‘Rules and regulation
Attributes’, ‘Awareness Attributes’, ‘Initiative Attributes’,
and ‘Responsibility Attributes’, are the predictor of
effective e-waste management (Figure 3)

Table 6
Summary of Research Hypotheses
Hypothes es Result
H1 Collection and recycling Attributes = Effective e-waste management Supported
H2 Rules and Regulations Attributes < Effective e-waste manage ment Supported
H3 Government Support Attributes = Effective e-waste management Mot Supported
H4 Awareness Atiributes > Effective e-waste management Supported
HS Initiatives Attributes » Effective e-waste management. Supported
HE Responsibility Attributes » Effective e-waste management Supported

Level of Significance: 90%
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Figure 3:
Model for effective e-waste management

5. Discussion

Data collection and analysis was carried out to validate
the Research Model. Convenience sampling was done
from the defined population to get the responses from
the Top managers, Directors, Professors, and software
developers of Software and education sector.
Questionnaires were used to get the responses. 495
usable responses were received for the analysis.
Construct validity was conducted to know the convergent
validity of the items used for the different variables. For
this purpose the Cronbach’s Alpha Test was conducted
by dropping and retaining the different combination of
items. The combination having highest value of reliability
coefficient i.e. alpha was considered as the best
combination of items for the further study.

The hypothesized Research Model was validated through
regression analysis. The analysis enabled to predict the
variability in dependent variable based on its covariance
with all independent variables. Regression coefficients
(beta value) show the degree of association between
dependent variable and independent variable. There were
6 hypotheses of effective e-waste management; five of
them were accepted at 90% level of significance. Thus
‘Collection and Recycling Attributes’, ‘Rules and
Regulation Attributes’, ‘Awareness Attributes’, ‘Initiative
Attributes’, and ‘Responsibility Attributes’, support as
the predictor of the effective e-waste management. One
of the hypotheses could not get supported in the study
and ‘Government support’ is not supported as the
predictor of effective e-waste management. While at level
of significance 95% four of them were accepted. Thus
‘Collection and Recycling Attributes’, ‘Rules and
Regulation Attributes’, ‘Awareness Attributes’, and
‘Responsibility Attributes’, support as the predictor of
the effective e-waste management. Two of the hypotheses
could not get supported in the study and ‘Initiative
Attributes’ and ‘Government support’ are not supported
as the predictor of effective e-waste management, as
shown in Figure 3.

Collection and Recyding e
0.42(5)
Rules and Regulation T~
0.322(S)
Govemment Support B D.DDEiNs\ Ef fective
‘\_‘ e-Waste
Awareness — 0.131(5) > Management
nitiatives |— 0.052(3) / 1
R°=0.657
0.074(5)
Responsibility

6. Recommendations and Future Direction

This study strives to develop a valid and reliable model
for effective e-waste management in India. Atotal of 495
respondents participated in the survey. Amultiple regression
analysis was employed and the, ‘Collection and Recycling’
appeared as the best predictor, followed by ‘Rules and
Regulation’, ‘Awareness’, ‘Responsibility’ and ‘Initiatives’.

Therefore, these five factors can be treated as key factors
for effective e-waste management. On the basis of above
discussion, we can identify all the five factors to be
important (although in varying degrees) for the purpose
of successful implementation of effective e-waste
management. In this research only six e-waste
management factors have been used to develop the model.
But more e-waste management factors can be included
to develop the relationship among them using the multiple
regression analysis methodology. Scope for future work
in this area is abundant, because e-waste have significant
contribution in the growth of the Indian economy and it
is a new sector defined by the Government of India. The
Model for effective management of e-waste in service
industry developed here can be further validated for other
sectors. The model evolved in the research is able to
explain 65.4% variation of effective e-waste management.
This can be furtherimproved by adding few more variables.
Longitudinal study may also be conducted to further
validate the model and the recommendations made in
this research. The future research in this area may have
the following directions:

1. The Acceptance of Model developed here can be
further validated for other sectors to test the effective
management of e-waste and consolidate the model
for wider acceptability.

2. The model evolved in the research is able to explain
65.4% (R-square=0.657) variation of effective e-



waste management. This can be further improved
by adding few other variables.

3. Effective e-waste management in Indian context is
anew area of research. Hence further investigations
are required to discover other significant variables
which might affect the e-waste management.

4. Longitudinal study may be conducted to further
validate the model and the recommendations made
in this research.

7. Concluding Note

The main purpose of this study was to assess the factors
influencing the effective e-waste management. Six
variables were identified with the help of literature study
which may influence the effective e-waste management.
Then these were tested through survey study. It was
found that five variables named ‘Collection and Recycling’,
‘Rules and Regulation’, ‘Awareness’, ‘Responsibility’ and
‘Initiatives’ influence the effective e-waste management.
Thus a validated model for effective e-waste management
in service sector has evolved through this research.
Based on the research findings, recommendations are
given. One of the major limitations of the study is the
limited availability of literature in the Indian context. Since
e-waste management is a new sector defined, therefore
scope is there to further explore this area.
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