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1. Introduction

The contributions of technology to mankind are 
immense. These include Penicillin and Chemotherapy 
in the field of medicine, E-Governance for Public 
Administration and E-commerce for barrier free trade. 
Similar advancements in production and manufactur-
ing like CAD, CIM, and Cell Manufacturing have 
made mass customization possible. Similar choices are 
enjoyed by no human generations on this planet. The 
number of humans living on this planet today is equiv-
alent to the sum of all the generations lived before. 
Thanks to Science and technology. 

But, the mindless consumption of resources by this huge 
number of people at a single point of history is straining 
the nature. Rapid deforestation, flooding, soil erosion, 
salination have become more frequent. Formation of 
industrial clusters to take economic advantage has 

started to add more toxic wastes, harmful chemicals 
to water streams and air beyond set norms. The dis-
posed solid and hazardous wastes from these setups is 
impacting the living conditions of the people in and 
around these areas. The effects are getting transmitted 
to far off places because of ‘Butterfly Effect’. 

These dangerous consumption trends of industries 
are passed on to society or vice versa. Depending on 
which position one takes which drives what is an ‘egg 
or chicken’ debate. However, irrespective of the posi-
tion taken, one cannot overlook the effects. One such 
example is Mumbai disaster of 2005, where, impact of 
natural disaster was compounded by manmade disas-
ter. Huge Consumption of plastics by the city, blocked 
drainage systems, heavy showers and the full moon 
created the havoc. Some studies highlight the need to 
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form special task forces to take care of waste to avoid 
such tragedies1 (Egun, 2009).

But, multi disciplinary approaches suggest both 
social changes and technology up-gradations. As a 
result, many attempts are being made, at both industry 
and house hold levels, to avoid excessive consump-
tion of resources. Many new products are on offer 
for individuals and technological offers are made to 
industries.

Though many studies are being undertaken with 
respect to waste management, most of them are from 
social background and they address waste manage-
ment by towns or cities or they are from chemical or 
nuclear establishments. Most of the studies performed 
focus mainly on pollution and its effects on overall 
globe or waste generated by cities and their impact 
on the health of the people. Very few studies are con-
ducted in industrial waste generation. These studies 
in industrial waste generation are very specific to  
their respective areas like nuclear reactors; crude oil 
blocks etc. and cannot be used by other industries. 
Also few attempts are made to measure and compare 
waste generation across the industries or systems. This 
paper attempts to understand the relationships between 
various factors and their contribution to waste gen-
eration and compare the factors generating the waste 
across the production systems using the concept of  
wastivity (Mohanty & Deshmukh, 1999). 

2. Review of Literature

There are many studies undertaken at both macro 
and micro levels to reduce the impact of waste and to 
improve the overall system performance. Following 
are some of them:

2.1 �Socio–Economic Aspects of Waste 
Generation at Macro Level

Urbanization is producing garbage in the cities at 
such a scale that collection, treatment and disposal 
of waste has become one of the biggest challenges 
of the century. Many nations, multinational com-
panies, industries and individuals do not act in the 
interest of nature but for their own benefit. This 

phenomenon is causing not only economic losses but 
also social and health problems (Babanyara, Usman 
& Saleh, 2010). Such a behavior is due to any one or 
all of the following reasons like lack of awareness,  
lack of enforcing laws or coordination.

Citizens’ attitude and awareness helps a lot to over-
come this problem4–9. Many people across the world are 
unaware of the ill effects of the waste and its long term 
impact on the environment. There is a lot of variation 
in the level of knowledge pertaining to waste manage-
ment among the managers, government officials who 
are directly responsible for handling this problem at 
city and plant levels. Also, there is a need for stringent 
laws to curb how waste is generated, handled and dis-
posed.

Coordination between stake holders is important for 
the managerial function and it equally applies to waste 
management. Coordination between public, private 
players and stake holders helps in efficient waste man-
agement (Obeng, 2009). Many people across the world 
make their living by scavenging and also by collect-
ing waste and recycling. Inclusion of these people in 
organized sector can enhance the solid waste manage-
ment in large cities, but, are not included due to their 
status, political manipulations or improper account-
ability on the part of organized players. Scavengers 
do not participate as, either they are not aware of the 
opportunities or because they do not trust local author-
ities. Such a lack of coordination between various sub 
components and people affects waste management 
across the industries and sectors Tubtim, Srisantisuk, 
Chareonsudjai & Yoshihide, 2008; Baudouin et al., 
2010; Sandberg & Bildsten, 2011; Zia, Devadas & 
Shukla, 2008).

The challenges coupled with the administration of 
wastes in today’s civilization are intricate and diverse 
in nature. For an efficient and systematic management 
of wastes, the essential aspects and interaction between 
them must be identified and clearly understood. Thus, 
there is an immediate need to understand and tackle 
waste at firm, industry, corporation, regional, national 
and finally at global level (Nabegu 2010; Ogbonna 
2007; Khalil & Khan 2009).
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2.2 �Technological Aspects of Waste Generation 
at Micro Level

System is a concept using which we separate a part from 
the whole for our study. Such a system has an imagi-
nary boundary separating it from the surroundings. 
Systems are made up of interconnected components 
and have peculiar structure, as in case of eco system 
where many sub systems co exists. Such structures 
have a well defined behavior in the sense that they pro-
cess inputs (material, energy, information or data) into 
outputs. This concept has wide applications in day to 
day life activities ranging from fitting an A/c to a room 
to managing big cities or complex nuclear reactors.

The systems view looks at how components are inter-
related to each other and whether they give synergic 
effect, both positive and negative. Synergic effect 
is more relevant in case of social systems than pro-
duction systems. Most of the studies in operation 
management use resource management approach and 
the methods used are very specialized and specific to 
a setup. Conventionally, efficiency of such system is 
measured by productivity. Productivity is the ratio of 
output given by the system to input provided to the 
system. Productivity of a highly efficient system is 
very close to one, but it is never equal to one as a part 
of input is never converted into desired output it goes 
waste.

Waste is a necessary evil of any system. Waste is any 
unnecessary input to or any undesirable output from 
any system. Waste is generated at various levels across 
the systems be it production system, corporation, 
power plant or any other system. Mathematically, sum 
of output and waste cannot exceed input.

	 Input = Output + Waste� (1)

Many tools, techniques and methods have been deve- 
loped to make productivity close to one. These app-
roaches aim to maximize/optimize the utilization of the 
resources (Antony, 2011). Many researchers consider 
the limitations of present day technology to transform 
all input into desirable output and are developing alter-
native approach to improve performance of a system. 
They focus on waste generated by a system instead of 
productivity.

Many argue that productivity cannot be used as a 
measure of performance due to a high degree of dif-
ference between systems - like between eco system 
and manmade systems. For instance, it is difficult to 
compare two different systems like Air Conditioner 
and a Corporation. Both use inputs and convert them 
into outputs but one uses energy as an input and other 
information. Also, the outputs generated by these two 
systems vary.

Instead researchers propose to use entropy and  
wastivity as a measure of performance. Entropy is a 
measure of randomness of a system and requires abstract 
calculations, whereas Wastivity is a concept based on the 
waste generated by the system and is simple to calculate 
and use. Wastivity is defined as “any resource deployed 
in the work process which does not create utility for the 
stakeholders and can be conceived as waste. We can 
consider the concept of waisitivity as the ratio of waste 
of all kinds of the total resource inputs. We can further 
extend concept of ‘net wastivity’, as the ratio of net of 
waste minus recycled to total inputs. From these defini-
tions we have established a model linking productivity 
and the new concept of wastivity2, since, wastivity is 
defined as a ratio between waste generated by the sytem 
and input given to the system. For all practical reasons 
wastivity is preferred over entropy as a measure of effi-
ciency (Cardinali, 2001; Mohanty & Deshmukh 1999, 
Sharma et al., 1994). The relation between Productivity 
and Wastivity is derived by dividing both the sides of 
Eq. 1 by input. This gives Eq. 2,

	 1 = Productivity + Wastivity� (2)

Thus for a given system sum of productivity and 
wastivity is always unity. The productivity of a system 
can be made close to unity by making wastivity zero.

A systematic approach would suggest means to min-
imize waste at all stages of conversion from various 
sources. For a factory or any other operating system 
producing tangible output, it is observed that mate-
rial forms a major component of the total product 
cost hence material wastage is of critical importance 
at plant level21. Efficient use of waste management 
includes identification of causes of waste generation, 
better ways for collection, handling and reduction and  
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optimal reuse, recycling and effective disposal 
(Cardinali, 2001; Sushil, 1990; Turner & Powell 1991; 
Nabegu, 2010). New technologies are being used to 
minimize waste. Many have proposed use of IT and IT 
enabled services in forecasting and controlling waste 
at various levels (Alhumoud & Al-Kandari, 2008;  
Azuka 2009).

Depending on the type, composition and quantity the 
solutions vary across the industries. The solutions for 
waste management come from varied fields of knowl-
edge. Scientists, accountants, managers and even city 
scavengers have proposed many solutions. It is obser-
ved that resource management techniques and waste  
management tools differ in their approach but share the 
same objective. Thus, they play a complementary role 
for each other (Hao, Hills & Huang, 2007; Soliva et al., 
2007; Walker, 2008; Shakman, 2009).

Unlike many inter disciplinary solutions, the present 
study focuses on simple approach to reduce waste by 
studying the interrelations between various processes 
of small scale industries. This study attempts to look 
at the production systems from input driven perspec-
tive unlike output driven convention, where focus is 
more on intense use of resources than extensive use of 
resources. Though this is complementary to conven-
tional approach, it has many advantages. This waste 
management as an approach is in its early stages and 
taxonomy is not fully evolved.

There are very few studies undertaken at a plant level 
to address the waste management. Even if such studies 
exist their focus is more on using waste as bi-products, 
to reuse it as input or to remanufacture (Guide, 2000). 
Also, their scope does not go beyond input, conversion 
processes and output and there is a wide gap in this 
area of research (Junior & Filho, 2012) as production 
process interacts continuously with various functions 
and processes. Hence it can be assumed that even 
these functions influence the outcome of the processes. 
Hence, researchers want to know how various factors 
like production planning and control, human resource 
planning and inventory management practices are 
contributing for waste generation. The contributions 
of above factors are studied by setting the following 
hypotheses:

Ho1: �Human Resource does not influence production 
planning and control.

Ho2: �Human Resource does not influence Inventory 
control practices.

Ho3: �There is no significant role of production planning 
and control on waste generation.

Ho4: �Human resource does not play significant role in 
waste generation.

Ho5: �There is no significant role of Inventory control 
practices on waste generation.

3. Need for the Study 

A survey conducted by a joint panel of International 
Solid waste Association, United Nation’s Environment 
Program and Secretariat of Basel Convention found  
that all the countries independent of their economic sta-
tus, produce waste. Though maximum hazardous waste 
is generated by chemical plants, it is not restricted to 
this sector alone, agriculture and heavy industries 
contribute equally. Also, in developing countries like 
India small scale industries play a dominant role in 
both development and waste generation. Due to their 
inherent deficiencies like unskilled workers, obsolete 
technology etc. they generate up to 20% of total waste.

4. Methodology

4.1 �Rational for Selecting Dharwad District for 
the Study 

The study focuses on small scale units of Dharwad 
district as it is a home for many small scale indus-
tries from various sectors – from food processing units 
to valve manufacturing. The district lies in between 
North Latitude 15 degree 02 minutes to 15 degrees 51 
minutes and East Longitude 74 degrees 43 minutes to 
75 degrees 35 minutes. The economy of the district is 
predominantly agriculture in nature with the majority 
of the soil being fertile and suitable for cultivation of 
variety of crops. 3,32,619 hectares is the net area sown 
and of this 1,17,393 hectares is sown more than once.

There were 33 large/medium scale industries by the 
end of March 2007, 14,999 registered small scale 
industies and more than 9,000 artisan, khadi and vil-
lage industries in the district. The majority of the 
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industries that have come in the district are traditional 
in nature and the trend of setting up of high-tech indus-
tries has been a recent phenomenon, especially in 
Hubli, Dharwad’s twin city. Hubli is a major industrial 
centre for the manufacture of engineering items; more 
than 50% of small scale industries in the city are in this 
category. Industrial valves, Navalgund carpets, Cattle 
and Poultry Feeds and National flags are the promi-
nent products of the district. Government has started 
Software Technology Park in Hubli recently. It is also 
proposed to set up an Incubation Centre in the complex 
for first generation IT professionals with plug and play 
facilities at nominal rates. Presently there are 3 medical 
transcription units and 5 software data processing units 
in Hubli and Dharwad.

All the small industries (33) listed in government 
records working in Hubli and Dharwad for more than 
five years and making some profit are considered for 
this analysis considering their varied nature. In other 
words, the study makes use of the census. All the 
industries under study employ more than 20 but less 
than 100 workers. The analysis was carried for 30 units 
only. The industries were classified into two catego-
ries: Mechanical and Non Mechanical depending on 
what they produced. All the units directly involved 
in fabrication, machining and valve manufacturing 
were included in Mechanical category and others were 
treated as Non Mechanical category.

5. Findings

Based on focus group interviews and review of sec-
ondary sources, more than 29 variables are identified 
as causes of waste in different categories. Many of the 
selected variables share linear relationship with other 

variables causing multi-co-linearity. It is not possible 
to build a reasonable model with such variables and 
some of the variables should be removed from the 
analysis. About 18 variables are excluded as they show 
significant bi-variate correlation with remaining vari-
ables. The correlation matrix generated with remaining 
11 variables is an identity matrix, indicating that 
variables are unrelated. (Bartlett’s test of Sphericity  
Chi sq = 216.247 at df 55 Sig = 0.000).

The selected 11 variables are sufficient enough to mea-
sure the underlying variance (KAISER-MEYER-OLKIN 
(KMO) sampling adequacy = 0.676). This simplifies the 
problem for further analysis. The latent variance shared 
by all other variables under consideration is called 
Communality. This measure is related with Principal 
Component Analysis (PAC). PAC separates variables 
into different Factors by first identifying the underlying 
for each variable. All the variables except ‘Non acquain-
tance with latest technology’ have communalities more 
than 0.5.

These variables are reduced to three manageable fac-
tors by considering Eigen value more than one using 
SPSS (Ver. 16.00). Further an analysis is made to 
know whether the contribution of these factors is sig-
nificant (Figure 1). This analysis is done by forming 
latent variables from the shortlisted variables using 
SmartPLS.

6. Discussion 

The 11 variables are divided into 3 Factors using PAC. 
The three factors were identified based on Eigen value 
more than unity (Table 1). Once, the principal compo-
nents are identified, they are grouped together based on 

Poor Maintainanace 

Wrong Raw Material 

Less emphasis on Quality 

Faulty Systems 

Technology Used 

Power Failures 

Storage Facili�es 

Handling Raw Materials 

Recruitment & Selec�on

Individual Responsibility

Lack of Supervision

Category 

Was�vity 
INV 

PPC

HR  W 

Figure 1.  Major factors identified.
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Table 1.  Total Variance Explained

Component
Initial Eigenvalues Extraction Sums of Squared Loadings

Total % of Variance Cumulative % Total % of Variance Cumulative %

1 5.555 50.504 50.504 5.555 50.504 50.504

2 1.279 11.624 62.128 1.279 11.624 62.128

3 1.048 9.526 71.654 1.048 9.526 71.654

4 .957 8.696 80.350

5 .754 6.852 87.202

6 .557 5.060 92.262

7 .348 3.167 95.429

8 .228 2.069 97.499

9 .141 1.279 98.778

10 .078 .708 99.486

11 .057 .514 100.000

Extraction Method: Principal Component Analysis.
Source: SPSS output.

Figure 2.  Scree Plot.

the difference between them. To know how each variable 
is related to individual factors, loadings were calcu-
lated. It is seen that ‘Poor maintenance’ has a highest 
and ‘Poor handling of raw materials’ lowest correlation 
with first factor. Depending on these loadings, indi-
vidual variables are assigned to separate factors. Later 
three factors were named - PPC (Production Planning 
and Control), HR (Human Resource Management) 
and INV (Inventory Management). The two variables 
Category and Wastivity are used as dependent vari-
ables and were not used to form the above mentioned 
latent variables.

The first Factor PPC highlights the present level of tech-
nology used by the small scale industries in the district 

(Table 2). Also, poor maintenance, wrong choice of 
raw materials, less emphasis on quality, faulty systems 
and procedures are other issues included in it. Since 
most of the small industries in the region are not techni-
cally advanced, use of faulty systems and procedures  
with ill maintained machineries (even some buy 
used machineries), PPC accounts for up to 50.5% of  
variance.

The second factor, HR, explains improper recruitment 
and training, Lack of supervision and lack of indi-
vidual responsibility. Grouping of these variables is 
natural as most of the small scale units in the region 

 Table 2.  Rotated Component Matrix*

Component

1 2 3

Poor Maintaince .833

Wrong choice of Raw Material .825

Faulty Systems and Procedures .794

Less emphasis on Quality Control .752

Non Acquaintance with latest technological 
development

.501

Improper Recruitment and lack of Training .837

Inadequate Supervision and Control .830

Lack of Individual Responsibility .690

Frequent Power Failures .862

Inappropriate Storage Facilities .735

Poor Handling of Raw Materials .537

a. Rotation converged in 5 iterations. 
Source: SPSS output * Values less than 0.5 are suppressed.
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employ unskilled employees and pay less salary, which 
accounts for remaining 11.62% of variance.

Other external variables like frequent power failure,  
poor handling of raw materials by transporters and 
inappropriate storage facilities caused waste. This is identi- 
fied by third factor INV. Only about 9.52% variance is 
caused by Inventory Management as industries follow 
make-to-order policy and amount of material to be han-
dled is less. As a result, inventory management does not 
cause much waste but frequent power failure does.

The influence of HR is significant on both PPC and INV 
(Table 3). However, the degree of influence varies. The 
Production Planning and Control is more affected by 
HR than Inventory Control. All the factors, Production 
Planning and Control, Human Resource and Inventory 
Control practices influence waste generation. The 
contribution of PPC towards waste generation is the 
highest, followed by HR and INV.

7. Conclusion

All the 11 variables selected have significant contri-
butions to the respective latent variables, except the 
category to which the industry belongs (Table 4). Also, 
there is a highest relation between wastivity & percent-
age of input, not converted into final product - factor 
waste indicating that wastivity can be used as a mea-
sure of waste.

The present study gives a glimpse of various factors gen-
erating waste. It does not quantify their contributions 
to waste generation as in case of regression analysis, 
where, weights are assigned to each variable. Also, a 
more robust model which can explain contribution of 
each variable would require a larger sample size. Such 
a model if developed would give better insights into 
the problem of waste generation and help in develop-
ing an integrated approach to tackle waste at various 
stages of production cycle.

Table 3.  t Statistics for Factors

Original Sample (O) Sample Mean (M) Standard Deviation (STDEV) Standard Error (STERR) T Statistics

HR –> INV 0.550891 0.556909 0.063329 0.063329 8.698867

HR –> PPC 0.5324 0.541043 0.042497 0.042497 12.527872

HR –> WASTE 0.679394 0.681088 0.033024 0.033024 20.572575

INV –> WASTE 0.302599 0.308327 0.084501 0.084501 3.581

PPC –> WASTE 0.599218 0.593313 0.07208 0.07208 8.313223

Source : Output of SmartPLS.

Table 4.  Relationship between Individual Variables and Respective Factors

Original Sample (O) Sample Mean (M) Standard 
Deviation (STDEV)

Standard 
Error (STERR)

T Statistics 

CATEGORY <– WASTE –0.10075 –0.09501 0.125772 0.125772 0.801053

FAULTY SYSTEMS <– PPC 0.259052 0.258209 0.018173 0.018173 14.255087

FREQUENT POWER FAILURE <– INV 0.324037 0.324524 0.042682 0.042682 7.591926

HANDLING OF RAW MATERIAL <– INV 0.466949 0.465438 0.028721 0.028721 16.25812

IMPROPER STORAGE <– INV 0.434635 0.433745 0.040428 0.040428 10.750906

INDIVIDUAL RESPONSIBILITY <– HR 0.525523 0.531353 0.055283 0.055283 9.506126

LACK OF SUPERVISION <– HR 0.338739 0.335099 0.039692 0.039692 8.534245

LESS EMPHASIS ON QUALITY <– PPC 0.228914 0.228536 0.008869 0.008869 25.811528

POOR MAINTAINANCE <– PPC 0.228914 0.228536 0.008869 0.008869 25.811528

RECRUITMENT & SELECTION <– HR 0.28904 0.285936 0.053679 0.053679 5.384625

TECHNOLOGY USED <– PPC 0.243179 0.243198 0.018112 0.018112 13.426495

WASTIVITY <– WASTE 0.988368 0.968602 0.036709 0.036709 26.924034

WRONG RAW MATERIAL <– PPC 0.249019 0.2499 0.014826 0.014826 16.796275

Source: Output of SmartPLS.
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