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ABSTRACT 

 

Due to mobility of the node, the packet loss occurs often while the nodes are moving out of range, or the node has not 

enough either path and link stability or neighbour  node stability. In this paper we propose modified stability scheme 

to make a correct balance between stability of path, link, neighbour node and total mobile nodes to extend the 

network lifetime. The main of the proposed work is to reduce the packet loss and provide high network lifetime using 

the stability model.  The proposed scheme consists of three phases like determination of stability of neighbor node, 

link, path, and prediction of total network lifetime. By simulation results the proposed algorithm achieves better 

performance in terms of packet delivery ratio, delay, overhead, network lifetime, energy consumption than the 

existing method LAER scheme. 

 

Keywords : Energy Consumption, Delay, Packet Delivery Ratio , Laer, Network Life Time

 

I  INTRODUCTION 

 

Mobile ad hoc networks could enhance the service area of access networks and provide wireless connectivity into 

areas with poor or previously no coverage. Some challenges that ad hoc networking faces are limited wireless 

transmission range, hidden terminal problems and packet losses due to transmission errors, mobility-induced route 

changes, and battery constraints. To enhance the prediction of the best overall performance, a network-layer metric 

has a better overview of the network. Ad hoc networking brings features like easy connection to access networks, 

dynamic multi-hop network structures, and direct peer-to-peer communication. The multi-hop property of an ad hoc 

network needs to be bridged by a gateway to the wired backbone. The gateway must have a network interface on 

both types of networks and be a part of both the global routing and the local ad hoc routing. 

Rajendiran M et.al [1] proposed a new energy efficient algorithm with the aim to find a stable energy          multicast 

host against host mobility. It is done by initially identifying the energy level of individual host in MANET and then 

transmitting the data packets. The proposed algorithm uses adaptive function for improving reliability and choosing 
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a stable route.  The basic steps used in designing the proposed algorithm are stated as follows. Individual node 

energy levels were calculated. The proposed algorithm uses a power function for growing reliability and chooses a 

stable route direction. The objective is to define some factors that are necessary for growing reliability and to choose 

stable route direction. 

 Kai-Jie Yang and Yuh-Ren Tsai [2] proposed a new link stability prediction method based on current link-related or 

user-related  information in shadowed environments. A more realistic user mobility model and a realistic 

propagation model are taken into consideration. According to the numerical and simulation results, it is found that 

the proposed method can accurately predict the link stability for different environment and mobility conditions. The 

prediction results can be regarded as a measure of the link stability, and can be applied to the applications, such as 

link performance prediction, system performance analysis, service quality prediction and route search. Furthermore, 

the impact of different mobility information on the accuracy of link stability prediction is also evaluated to assess 

the importance of the knowledge of mobility information. 

Krunal Patel  and Tejas Vasavada [3] evaluated the performance of stable and normal AODV routing under different 

mobility models like Random Way Point, Manhattan Model, Reference  Point Group Mobility and Gauss Markov 

Model. Performance measures of interest were Packet Delivery Ratio (PDR) and routing overhead. It was found that 

RPGM results in better PDR  and lowest routing overhead  compared to other models.  Manhattan model results in 

lowest PDR and highest routing overhead. 

 

Suman halder et.al [4] introduced the novel mobility-aware  routing protocol based on the well known Ad-hoc On 

Demand Distance Vector (AODV) routing protocol called: MA-AODV (Mobility Aware Ad-hoc On Demand 

Distance Vector) in an attempt to improve the handling of high mobility factor in ad-hoc networks. MA-AODV 

protocols performed periodic quantification of nodes mobility for the sake of establishing more stable paths between 

source/destination pairs, hence, avoiding the frequent link breakages associated with using unstable paths that 

contain high mobile nodes. The protocol reduce the topological changes, on the other hand it will  also minimize the 

overhead of broadcasting messages. This protocol can be very efficient at the time of sending the large data where 

continuous connection among the source and destination is more preferable. 

 

 M.Rajendiran and S.K. Srivatsa [5]  developed a multicast routing protocol based mesh networks that finds stable 

multicast path from source to receivers. In this model only the nodes that fulfill the delay requirements can flood the 

JOIN-QUERY messages. The contributing nodes are assumed to follow M/M/1 queuing systems. The queuing 

systems contain maximum value for queuing and contention delay which can be evaluated as the ratio of maximum 

queue size over the service time in a node. This model enhances link stability with contention delay and queuing 

system. The stable routes are found based on selection of stable forwarding nodes that have high stability of link 

connectivity. The link stability is calculated by using parameters link received power, distance between neighboring 
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nodes and link quality. The performance of the proposed model is simulated over a large number of MANET nodes 

with wide range of mobility with two well known mesh based multicast routing protocol. It is observed that the 

proposed model produces better throughput and reduced overheads. 

 

Rajashekhar C et.al [7] proposed a scheme for information priority based multiple path multicast routing in 

MANETs that used reliable neighbor node selection mechanism. Neighbor nodes were selected that satisfy certain 

threshold of reliability pair factor to find non-pruned neighbours. Non-pruned neighbours were used to establish 

reliable multipath multicast routes with assigned priority levels using request and reply control packets along with 

node database comprising of neighbor and routing information. Prioritized multipaths carry various priority data to 

multicast destinations.  Neighbour node selection was realized  with the help of node power model and mobility 

model. Robust route maintenance mechanism was provided to handle link and node failure situations.   

 

Jenifus Selvarani et.al [8] evaluated the performance of Hydra and Link stability based multicast routing protocol. 

The main goal of this paper is to compare both the protocols with some performance metrics. Hydra elects a core for 

the mesh of a multicast group among the sources of the group, so that only control packets from the core are 

disseminated towards the receivers of a group. Hydra accomplishes this by dynamically electing a core for the mesh 

of a multicast group among the sources of the group, so that only control packets from the core are disseminated 

towards the receivers of a group.  Another mesh based multicast routing protocol that finds stable multicast path 

from source to receivers is also presented in this paper. Data packets are forwarded through the stable paths in a 

mesh, which are found based on selection of stable forwarding nodes that have high stability of link connectivity. 

 

The paper is organized as follows. The Section 1 describes introduction about MANET, fundamental aspects of 

routing stability in MANET. Section 2 deals with the previous work which is related to the stability Section 3 is 

devoted for the implementation of prediction based link stability scheme. Section 4 describes the performance 

analysis and the last section concludes the work. 

II MATERIALS AND METHODS 

 

In the proposed PLSS scheme, there are 4 steps to achieve the predictive stability in whole network. These steps are 

stability of neighbour nodes, path from source to destination, calculation of mobile node stability and network 

lifetime prediction for a particular path. Stability is the quality which asserts the network environment‟s consistency. 

In mobile ad hoc network, nodes are continuously moving from one place to another with a certain pause-time. 

Stability is an important parameter in such an environment. Here comes two types of stabilities Neighbour stability 

and Path stability.   Neighbour Stability  gives an idea of the neighbour‟s consistency in the network while  Path 

stability gives an idea of the path‟s consistency from a source node to destination. Neighbour stability helps us to 
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find out the stable neighbour being used as a next hop node. Path stability helps us to use always a stable path for 

sending packets.  

2.1 Predicitng Stability of Neighbour Nodes 

There are two parameters taken in to the consideration of neighbor nodes stability. i.e Mobility, Link loss. Path 

mobility is measured using packets as follows: Suppose if there are two nodes A and B then the mobility of node 

PQ: 

P  toQ from measured packets of Num

Q  toP from measured packets of Num
mobPQ                      (1) 

The node link loss can be measured by using Signal to Noise Ratio. It can be measured by using bit error rate (BER) 

which is related to SNR as follows:  Let F be the fading in the channel, given by :  

                                                                
Jd

P
F tr

2
                                                 (2) 

Where d is the distance between source transmitter and destination receiver.  

 J is the proportionality constant 

Ptr  is the Transmitted power.  

Let us assume J =1, after simplifying  we get: 

                                                                      
2d

P
F tr                       (3) 

Fading can be also represented as the difference between transmitted and received power of source and destination 

mobile nodes:  

                                                                     rrtr PPF                    (4) 

Signal to Noise Ratio (SNR) is given as ratio of transmitted power to the noise power. It is given by   

                                                                    

o

tr

N

P
SNR                   (5) 

 If channel is fading based, Noise power is also the fading power. So the Signal to Noise Ratio (SNR) in db can be  

represented as:  

 

                                                                   )log(10
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If we take it in to non logarithmic scale, 
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When the noise power N0 or fading is more, Signal to Noise Ratio decreases and Bit Error Rate also decreases.   

This relationship is represented by following equation: 

                                                              Bit error rate  
SNR

Pb

1
  

                                                                  
SNR

J
Pb   

                                                                  
SNR

Pb

1
        where  J = 1.           (8) 

From the link loss with signal to noise ratio and mobility of the nodes, the stability of neighbour nodes is easily 

measured. The neighbour node stability is estimated by the combination of mobility and link loss of the node. 

  

2.2 Predicting Stability of Path in Whole Network 

Similarly, if there are „n‟ numbers of nodes then  mobility of path PS is measured as follows:  

                           Mob of path PS=Mob of PQ * Mob of QR * Mob of RS                                         (9) 

And the link loss of the path AD is measured as follows: Link loss of path PS= link loss of PQ+ link loss of QR+ 

link loss of RS. Therefore, by using the two parameters the mobility and link loss, the stability of the path is 

measured as follows: 

 

                                                               

c

pp

p
H
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S


                      (10) 

Where Sp   = Stabilitypath  

            MP  = mobilitypath   

  LLp = link loss path   

            Hc   = Number of hop count  

We also proposed stability of path from stability of link by following calculations. When the distance between two 

nodes becomes larger than the transmission range the nodes will be disconnected. For transmission range Tr link 

stability Lsb between any two nodes overtime period t can be calculated by: 
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Note that Lsb is the link stability of individual links between any two nodes and for a path it is a concave parameter 

and it is same as the minimum link stability along the path. For a path from source to destination path stability P sb is 

given by: 

                                          )().......3(),2(),1( NLLLLMinP sbsbsbsbsb             (12) 

Where 1,2,3…N is the number of links along the path.   

 

2.3 Proposed Packet Format 

 

Source 

Address 

Dest. 

Address 

Path 

Lifetime 

Node 

Stability 

SNR BER Hop 

count 

2    2     4   4    2   2   1 

Fig.1 Proposed Packet format 

In fig.1, the packet format of proposed algorithm is shown. Here the first two fields source and destination address 

occupies 2 bytes. The third field occupies 4 byte field which is the path life time of a node. In next field, Node 

stability fills 4 bytes.  SNR occupies 2 bytes field. BER occupies 2 bytes field. Finally the Hop count occupies 1 

byte field for calculating number of hops from cluster node. 

 

III RESULTS AND DISCUSSION 

We use NS3 to simulate our proposed PLSS algorithm. In our simulation, 200 mobile nodes move in a 1200 meter x 

1200 meter square region for 50 seconds simulation time. All nodes have the same transmission range of 250 

meters. The simulated traffic is Constant Bit Rate (CBR). Our simulation settings and parameters are summarized in 

table 1. 

Table1. Simulation and settings parameters 

No. of Nodes   200 

Area Size  1200 X 1200 

Mac  802.11 

Radio Range 250m 

Simulation Time  80 sec 

Traffic Source CBR 

Packet Size 80 bytes 

Mobility Model Random Way Point 

Propagation model Two Ray ground 

Packet Rate 5 pkts/s 
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3.1 Performance Metrics 

We evaluate mainly the performance according to the following metrics: 

Control overhead: The control overhead is defined as the total number of routing control packets normalized by the 

total number of received data packets. 

Packet Delivery Ratio: The packet delivery ratio (PDR) of a network is defined as the ratio of total number of data 

packets actually received and total number of data packets transmitted by senders.  

Normalized Path Discovery: Normalized path discovery is defined as the number of RREQ packets generated per 

data packet.  

End-to-End Delay: The End-to-End delay is defined as the difference between two time instances: one when packet 

is generated at the sender and the other, when packet is received by the receiving application.   

The simulation results are presented in the next part. We compare our proposed algorithm PLSS with LAER [15] 

and in presence of stability environment. 

Figure 2 shows the results of average end-to-end delay for varying the speed from 20 to 100. From the results, we 

can see that PLSS scheme has slightly lower delay than the LAER scheme because of stable routing. 

Fig. 3, presents the energy consumption while varying the stability weight. The Comparison of LAER, PLSS energy 

consumption is shown. It is clearly seen that energy consumed by PLSS is less compared to LAER. 

   

 

Fig. 2. Speed Vs End to end Delay                             Fig. 3. Stability Weight Vs Energy Consumption 
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Fig. 4, presents the comparison of overhead. It is clearly shown that the overhead of PLSS has low 

overhead than LAER scheme. 

 

 

Fig. 4. No. of nodes Vs Overhead 

   

IV CONCLUSION 

In MANET, mobile nodes are moving randomly without any centralized administration. If these nodes are not 

having reliable stability of neighbor nodes, links, paths from source to destination, it will suffer more loss in link. In 

this paper, we have developed a prediction based stability scheme with stability models which attains stability in 

link, path and neighbor nodes. In the first phase of the scheme, stability of neighbor nodes is achieved using 

mobility and stability of paths. In second phase, stability of path is achieved. It uses three factors called mobility 

factor, link stability, link loss to favor packet forwarding by maintaining stability for each path. In third phase, 

stability of total mobile nodes is reached using the threshold signal strength value. In fourth phase, we predicted the 

network lifetime of the whole network. By simulation results we have shown that the PLSS achieves good packet 

delivery ratio, more network lifetime while attaining low delay, overhead, minimum energy consumption than the 

existing scheme LAER scheme while varying the number of nodes, node speed, throughput and stability weight. 
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ABSTRACT 

Several scholarly works have been conducted in the field of business incubation both in the developed and 

developing countries. The incubation concept was initially developed in the United States of America (USA), 

then later embraced by United Kingdom (UK) and other regions of Europe. Business incubation is employed by 

most countries of the world as a policy instrument to assist and develop the small and medium enterprises 

(SMEs) which has been universally acknowledged as a driver for the industrialization of most economies and 

also which act as an economic advancement key. Most developing countries including Nigeria had since the 

1990s started adopting and implementing the incubation practices with mixed success stories. The Nigerian 

model revealed that the initiative was adapted from the USA in 1993; however, the success story as a 

consequence of the implementation strategy has fallen short of its expectation. The challenges Nigeria policy 

makers encountered in the implementation of the incubation model could be traced to concerns and issues 

encompassing the adaptation of the incubation policy to a non-Western local environment.  

 

Keywords : Adaptation, Business incubation, Nigeria, SMEs, Success factors  

 

I. INTRODUCTION 

  

The role of SMEs as an engine and bedrock of industrial and economic development of many economies has 

been acknowledged. Several scholars have discussed the importance of SMEs to the national economies 

globally (e.g. Musa and Danjuma, 2007, Agan, Acar, 2013, Doh and Kim, 2014). (Azih and Inanga, 2014) 

discussed how unlikely it is, to find any nation that disregards the key role of SMEs. They went further to lay 

bare the consequences it would have on a nation's economic advancement and growth. In line with this, SMEs 

can be seen as a major contributor to a nation‟s economic development which is a spin-off of job creation, 

wealth generation as well as technology commercialisation. This related group of entrepreneurs have been 

recognised as critical in the economic and social development of most countries. Conversely, this group of 

entrepreneurs are most vulnerable in the early stages of their business development. Their vulnerability stems 

from their limitation to access basic factors of production; with access to finance a dominant constraint (Biswas, 



International conference on Science, Technology and Management                             ICSTM-2015                                                                                                       

YMCA, New Delhi (India), 1 Feb 2015                                                     www.conferenceworld.in 

1062 | P a g e  

 

2015). (Hackett and Dilts, 2004), contend that lack of success of many innovative business enterprises during 

the early stages is a general phenomenon. Other important constraints abound which militate against effective 

operations of SMEs, include: lack of access to appropriate technology; having difficulty to get machines, spare 

parts, and raw materials (Musa and Danjuma, 2007). In a bid to cushion the effects of the constraints on SMEs 

in Nigeria, the Federal Ministry of Science and Technology set up the Technology Business Incubation (TBI) 

programme (Ihenacho, 2005). 

Business incubation programmes are recognized by various national governments as the particular mechanism 

used to support SMEs. “Business incubation is a business support process that accelerates the successful 

development of start-up and fledgling companies by providing entrepreneurs with an array of targeted resources 

and services” (NBIA, 2015). Research till now has acknowledged the business incubator model as a valuable 

instrument for assisting the development as well as enhancement of small business companies (McAdam and 

Marlow, 2008). The incubation initiative does this by providing the financial, business and technical supports 

for a new entrepreneurial venture at the early stage.  

This paper is significant and worth delving into the reason that earlier scholarly work related to success factors 

of business incubation considered the linkage that exist between the antecedents of traditional success factors 

and incubator success stories. Several authors have discussed the incubation success factors (e.g. Al-Mubaraki 

and Busler, 2014, Kumar and Ravindran, 2012, Smilor, 1987, Campbell, Kendrick, 1985, Merrifield, 1987, 

Somsuk and Laosirihongthong, 2014, Al-Mubaraki, Muhammad, 2015). Most of the authors discussed business 

incubator success factors from different perspectives. However, none of them discussed it from the adaptation 

perspective. Conversely, this study deviates from previous scholarly works for two reasons. Firstly, this research 

considers an adaptation factor which previously was not investigated. The second justification for setting out on 

this study is related to the context or perspective of the study. This is coming on the heels that as an emerging 

country, where cultural, economic and environmental forces are very much remarkable. 

 

The goal of this paper is to have a better insight on the adaptational challenges related to business incubation 

implementation in Nigeria vis-à-vis the success story of the programme. This paper will not lay bare into the 

traditional success factors but will rather be more specific on incubation adaptation to which there exist limited 

studies in this area as related to business incubation success factor. Thus, this study attempts to plug the gap and 

contribute to the body of knowledge through a review of literature, which focuses on related issues to incubation 

adaptation.  

 

The paper is structured as follows: Section 2 provides the review of the literature, section 3 takes on the 

historical perspective of business incubation in Nigeria, while section 4 highlights the specific cause of the 

failure of incubation in developing countries; Section 5 dwells on conclusion.  
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II. LITERATURE REVIEW 

(Rockart, 1978) defined critical success factors as those performance elements that must get the current attention 

of management if the establishment is to continue to be competitive. (Meibodi and Monavvarian, 2010) also 

described it as durable activities that an organisation should be duty-bound to carry out in order to accomplish 

its mission. On the other hand, (Bugliarello, 1999) described adaptation as the capability of any entity to change 

on its own in order to survive modifications in its surroundings, whether they are economic, social or physical, 

and therefore enhance its overall performance or look for new niche categories. 

Regardless of how outstanding the success stories of other countries may sound, the level of advancement in 

science, technology and innovation for a particular developing country cannot be overstressed. Furthermore, 

government policy plays a crucial part in the adoption and implementation of the business incubation 

programme. Recently, (Al-Mubaraki and Busler, 2014) emphasised that incubator success is contextual as its 

analysis should be within a locality. The authors warned that business incubator professionals have to be very 

cautious of the way an incubator model is adapted. It should not be based on the face value of success recorded 

by another incubator in some other places; rather a local situation analysis should be done before adopting the 

model. 

Adaptation-wise, it has been noted that the business incubation programme can be traced back to 1959, when it 

was first implemented in the United States of America; however, its major impact did not come to limelight 

until in the 1980s. By this time other developed countries in Europe had also adopted it, whereas developing 

countries started to adapt the initiative especially in the 1990s and beyond, including Nigeria. 

In his findings, (Lalkaka, 1996) noted that business incubator success or failure is dependent on the adaptability 

to local requirements, the incubator supporters‟ dedication, the proficiency of the management group and the 

guiding principle framework within which the incubator functions. (Lalkaka, 2003), proclaims that Incubators in 

emerging as well as transition nations are mostly based on USA model as a result of their involvement in NBIA 

convention and access to their publications. Therefore, those countries with weak business amenities, restrained 

industrial dynamism, inadequate economic assets, weak academia-industry relationship and insufficient 

government financial assistance ought to modify (not transferred) the US model to suit their local conditions, 

restricted resources, and unique setting. (Hoshino, 2009), aver that in view of the fact that the programme was a 

foreign know-how adopted from the Organization for Economic Cooperation and Development (OECD) 

Countries to developing countries, the concern of adaptability has been the main dilemma for some developing 

economies. Therefore, the extent to which a developing country in question adapts the business incubator 

programme in order to suit its own local scenario is dependent on the particular country and is essential for the 

success of the scheme. (UNIDO, 1999), declares that the appropriateness of the TBI model to emerging 

economies entails extensive modification and adaptation. 
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The success or failure of an incubation programme in a developing country context is usually influenced by how 

well the incubator model is adapted. In view of the fact that the incubation initiative is a concept taken from the 

industrialised countries, then applying it in the emerging nations in a similar manner as it is implemented in the 

emerged countries may perhaps not portend well in the developing countries. (Lalkaka, 2003), discussed how 

business incubators existing in developing and transition countries are essentially connected with the same way 

it is practiced in the US, in view of the fact that their participation in NBIA conferences as well as having access 

to its publications. He proclaimed that the process related to the USA practice need to be adjusted in order to fit 

the cultural vicinity where the incubator facility is located. He cited weak business facilities, inactiveness related 

to entrepreneurial enthusiasm, insufficient economic assistance, poor academic – industry linkages as well as 

inadequate government support as factors restricting the application of the USA model. Furthermore, 

(Mbewana, 2007), reported that attempts to establish incubators in diverse regions globally have called for 

adapting the model to fit well with the varying local context of the business environment. Thus, the programme 

success may perhaps be contingent on the model the emerging nation adapt and also embrace to fit its own 

situation.  

China who is reliant on the North America model is a case in point. On the other hand, Argentina is utilizing the 

Italian model. In line with this,  (Pals, 2006), stated that various incubators in developing countries are reliant on 

foreign models.  

A favourable adaptation exists when an emerging country that depends its model on an overseas model is able to 

change the business model engaged in its own specific country and its capabilities. (Hoshino, 2009), 

acknowledges that the famous Batavia Industrial Center in Batavia, New York, USA was the birth place of 

business incubation as well as served as a prototype for the current business incubation procedures. Conversely, 

he affirms that using precisely the same practice would not be effective to conduct same business incubation 

procedures in a country like Japan or other developed nations. (Tavoletti, 2013) also views the success of 

incubator programme from the perspective of adaptation of the incubator as a foreign technology which hitherto 

was alien to the local situation of most developing countries including Nigeria. He argues that the success of a 

developing country incubator national programme is consequent upon the way the country adapt it to local 

situation and not just to grab the foreign technology and start to implement it. 

At the international level, (Al-Mubaraki, Muhammad, 2015) stated that International adaptation points to the 

support of various economies, the commercialisation of new technologies, jobs creation and wealth building. 

Hence, (Al-Mubaraki and Busler, 2010) viewed business incubators as an economic development instruments 

employed by virtually all the countries. This is in view of the fact that economic development is the product of 

job creation, wealth creation as well as innovative technology commercialisation. In a comparative study of 

incubator landscape in Europe and the Middle East conducted by (Hanadi and Busler, 2012), the findings 

suggest that the major aim of incubator is economic development. This assertion is also consistent with 
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numerous other prior scholars (Thierstein and Willhelm, 2001, Roper, 1999, Mian, 1997, Allen and Levine, 

1986). When an incubation initiative is implemented from foreign countries to the developing countries, there is 

need for localized adaptation of the programme in order to suit the country‟s cultural milieu as well as other 

technological and infrastructural settings. When the incubation programme is well adapted to suit the needs of 

the local community, the extent to which the incubation programme will succeed will always be high. More so, 

a successful incubation programme will lead to economic development by increasing the number of SMEs, job 

creation, wealth creation as well as improving the competitiveness of existing businesses. 

 

 

III. HISTORICAL CONTEXT OF THE STUDY 

The Batavia Industrial Centre is recognised as the front-runner of business incubator since 1959.  There has 

been fast growth in the business incubation sector since 1980s, due to the fact that most countries view the 

incubation programme as a macro-economic strategy to achieve economic development as well as 

industrialisation of their economy. In relation to entrepreneurship and incubation initiative, Nigeria also was not 

left out in the scheme of things related to entrepreneurship development.  

 

Nigeria‟s involvement in the technology business incubation (TBI) initiative may well be traced back to 1988; 

where the United Nation Development Programme (UNDP) Mission made contacts with four African countries, 

namely: Gabon, Cote D‟Ivore, Nigeria and Zimbabwe, the meeting was held in Gabon (Okon, 2003). The 

summit aimed to device a roadmap of achieving development that is technologically focused on the concepts of 

commercialization of Research and Development (R&D) results as well as innovation for the development and 

submission of an importation substitution strategy. Job creation and wealth creation through the useful 

exploitation of the relationship between science and technology and the private enterprise development were the 

concern raised by the UNDP Mission and the four countries including Nigeria (Okon, 2003). 

 

The adoption and implementation of business incubation model and practice in Nigeria was made in 1993, when 

the first centre was set up in Lagos, the commercial city of Nigeria (FMST, 2005). Presently there exist twenty 

nine incubation centres in Nigeria, which are spread across all the regions of the country, with the intention by 

Nigerian government to establish at least one incubation centre in each of the thirty six States of the Federation 

of Nigeria (Jibrin, Makoyo, 2013). However, global review on best practices has revealed that Nigeria‟s 

technology incubation programme has not recorded a good success in line with the aim for which it was 

conceived. (Adelowo, Olaopa, 2012) noted that in comparison with the global best practices, there is a wide gap 

in the procedures as well as management; this has added to the failure in achieving the goal for which it was 

originally conceived. 

 

IV. SO WHAT WENT WRONG? 

Scholarly works have been extensively written and studied along the perspectives of business incubation 

initiative success stories in the technologically advanced countries especially in the USA (Al-Mubaraki, 
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Muhammad, 2015, Shepard, 2013, Pergelova and Angulo-Ruiz, 2014). The authors researching about the 

developing country case study have used the findings and outcome of the practices set by the developed country 

model particularly the US as a benchmark to assess the success of the programme in emerging countries. A case 

in point is the observation of (Tamasy, 2007) who portrays business incubation as a success story on the basis of 

NBIA report on the successfulness of the programme in the US. To a very practical extent, the benchmarks that 

are employed in the developed country context are different from that of developing nations. Also the cultural 

issue has a very big role to play in the determination of how successful a developing country incubation 

programme coped. Adaptation-wise, this has contributed a whole lot in the un-successful posture of business 

incubation programme in Nigeria.  This is a model that is transferred from the developed world and applied in 

the developing countries, it requires localizing the model in order to suit the local environment where it is 

applied. Incubators are generally not supposed to be benchmarked together for the reason that several incubators 

even in the same regions may not be doing the same kind of incubation programme, thus there is no basis for 

comparison. 

 

In practical terms, the Nigerian government adoption of the incubation policy was received with open hands by 

policy makers who as at that time never knew what the whole concept was all about. Policy makers were just 

groping in the dark as far as the initiative was concerned, without having any knowledge related to the „nuts and 

bolts‟ of the programme. They started with a few centres as pilot centres with the establishment of technology 

incubation centre (TIC) in Lagos in 1993, then followed by TIC Kano in 1994 and TIC Aba in 1995. The 

establishment of these pilot centres in these three regions of the country were made in order to satisfy these 

regions politically, not taking into consideration whether it was achievable and viable to have these centres in 

these regions. The setting up was used to fulfill constituency demands from the political elites in disregard to a 

business case.  (Buys and Mbewana, 2007) highlighted that incubators which are within favourable area achieve 

success greater than those incubators certainly not in a favourable location. 

 

V. CONCLUSION 

In the course of adapting a specific technology or model, developing countries have experienced a technological 

adversity. In the same vein, technology business incubation is not an exception either. Technology importation 

or technology transfer from the technologically advanced nations has played a very significant role in 

developing countries‟ economies including Nigeria in the past. In real-life situation, the components of a 

suitable technology relates to a local condition in which a country has a clear insight on her needs as well as a 

strong political will to fulfill them. (Koch and Caradonna, 2006) in his study „technologies and business models 

that work in developing countries‟ suggested a comprehensive need for adaptation of both technology and 

business know-how to local situations. Accordingly, it is essentially appropriate for countries in the developing 

world to make sure that the technology they import from the developed nations fit within their socio-economic 

environment rather than acquiring just for the reason that other countries are implementing same technology. 
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The business incubation theory and model from developed countries should not just be grabbed by the 

developing countries; local context adaptation needs to be integrated to the foreign technology in order to suit 

the country‟s technological needs.  
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ABSTRACT 

In the present age of Sustainable development recycling of plastics is very much crucial and one good reason to 

recycle plastic is that there is just so much of it.. Plastic recycling happens to be one of the most advantageous ways 

for re-using plastic products. Another important cause remains hidden in the fact that plastics can take thousand of 

years to biodegrade. Therefore, analysis of barriers hindering the recycling of plastics in India is a crucial issue. 

There are a large number of barriers to plastic recycling processes but it becomes very difficult to decide which has 

the greatest impact. These barriers not only affect plastic recycling processes but influence each other also. This 

paper makes the use of Fuzzy- AHP for the analysis of the barriers to plastic recycling processes in India. The 

Fuzzy- AHP is a mathematical technique for multi criteria decision making. This methodology tolerates the 

vagueness and uncertainty of human judgements.  

 

Keywords   Barriers, Fuzzy- AHP, Multi Criteria Decision Making,  Plastic Recycling , Sustainable 

Development.    

 

1. INTRODUCTION 

1.1 Background of the study 

It is the era of technological advancements and versatile globalization policies, the ability of recycling to contribute 

to the value addition process is of tremendous importance and beneficial to manufacturers throughout the globe. 

Adaptation of modernized methods such as process re-engineering , product recovery etc. and the application of 

other efficient reverse logistics process  has taken the concept of  supply chain management to whole new level. The 

very idea of a circular economy has been realized switching from the earlier linear model flow of raw materials. [ 1 ] 

Increasing global awareness about resource depletion have resulted in an increased competition among 

manufacturers leading to an escalated need for the use of recycling process in industries globally. In today’s 

manufacturing scenario manufacturers do not want any of their inputs to be finally termed as waste and hence 

discarded, so they have channelized their efforts as well as  resources into the development of  efficient recycling 
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methods. Recycling is very much crucial for preserving and protecting our resources for ourselves and for future 

generations. 

Plastics are a highly versatile category of materials available to manufacturers, their role encompass economical , 

social and most importantly environmental aspects in the build up to sustainable development. It is one of the top 

industries where recycling constitutes a major part of  all the other reverse logistics methods employed for value 

addition process to waste or used products. The field of logistics are now increasingly responsible  for problems 

related to waste management, a reflection of which is observed the modern-day growth  and popularity of various 

reverse logistics process. Recycling is a recovery operation ( a kind of reverse logistics method) in which 

reprocessing of waste materials result into products, substances and materials for meeting the original requirements 

or other needs. When materials such as wood, glass, metal etc are recycled the operation is considered environment 

friendly due reasons such as energy conservation, reduced raw material extraction, etc. But presence of barriers in 

plastic recycling supply chains mark them as expensive, logistically inefficient, fragile and even harmful to the 

environment. Commonly two methods are employed for plastic waste recycle namely-  

(a) Mechanical Recycling,  

(b) Feedstock recycling. 

 The process of mechanical recycling involves melting, shredding or granulation of plastic waste, sorting of plastics 

are a must prior to mechanical recycling. Globally modern technologies have been employed for sorting operations 

using technique such as X-Ray Fluoroscene, Infrared etc. Post sorting the plastics are either melted down directly or 

molded into new shapes or melted down after being shredded into flakes and then processed into granules called 

regranulate. Whereas, feedstock  results in the breakdown of polymers into constituent monomers , which in turn 

can be used again in refineries  or petrochemical and chemical production. Feedstock recycling has a better 

flexibility over composition and is more tolerant towards impurities than mechanical recycling.[ ] While plastics 

have undergone the recycling process since 1970’s , but the quantities that are recycled vary geographically 

according to plastic type and application. Through technological advancements and systems, the collections , sorting 

and reprocessing of recyclable plastics are creating new oppurtunities for recycling and with the combined actions of 

public, industries, and governments it may be possible to divert the majority of plastic waste from landfills to 

recycling in the next few decades.[2 ] 

What was observed from the previous researches conducted on this topic was  that the work has been done by the 

information and  data collected for developed countries, whereas little or no research work exists on this topic 

pertaining to developing countries such as India. India is sufficiently endowed with human and technological 

resources , and over the past decade it has shown tremendous potential for further growth and development. Inspite 

of the above mentioned fact, when it comes to efficient use of reverse logistics process’ such as recycling in plastic 

sector it is lagging behind by a considerable amount than the developed countries of the globe. Existence of barriers 

in the recycling process’ practiced in the plastic industries in india is proving to be a hindrance for the sustainable 

development of the country. 
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1.2 Objective of the study 

 

Given the present Plastic Recycling scenario, the goal of this paper is to contribute to the  already available literature 

on plastic recycling and Plastic Recycling practice by means of a Plastic Recycling case study in Indian Plastic 

Industries. By drawing on the Plastic Recycling  literature and the insights obtained from the case study, the present 

paper aims to identify the most important drivers and barriers that enable or impede Plastic Recycling development 

in India  through an appropriate Fuzzy-AHP model for evaluation. 

 

1.3 Reason for choosing Fuzzy-AHP instead of AHP 

 

The AHP was developed in the 1980s by Saaty [3 ]. It is a systematic decision making method which includes both 

qualitative and quantitative techniques. It has been widely used in a variety of  fields for a long time. The 

conventional AHP  uses a  pair wise comparisons for each level with respect to the goal of the best alternative 

selection are conducted using a nine-point scale. In  application  Saaty’s  AHP has a few shortcomings such as  (1) 

AHP used for  nearly crisp decision applications, (2)  AHP deals with a very unbalanced scale of judgment, (3) It 

does not take into account the uncertainty associated with the mapping of one's judgment to a number, (4) Ranking 

in this method is  imprecise, (5) Decision-makers preference have great influence on the AHP results. Additionally  

evaluation of  alternatives by decision makers  always contain ambiguity and multiplicity of meaning. Hence, 

conventional AHP seems inadequate in capturing decision makers requirements explicitly.  

For modeling of   the uncertaininty of  barriers related to  Plastic Recycling processes in India, incorporation of 

fuzzy sets  with  pairwise comparison could be used  as an extension of AHP.  Thus , a variant of AHP, called Fuzzy 

AHP, can be implemented  for overcoming  the compensatory approach and the inability of the AHP in handling 

linguistic variables. And thus fuzzy AHP approach provides for a more accurate description of the decision making 

process.[ 4] 

 

 II LITERATURE REVIEW  

 

Studies stressing upon the oppurtunities and importance of plastic  recycling and  reuse began getting published 

from the late eighties. Towards the late nineties , marketing aspects of recycle, reuse and extending product life of 

manufacturing goods( plastic products ) acquired significant importance and widely started coming into practice for 

gaining maximum economic benefits and also due to environmental concerns. 

 

2.1 Literature Review for Plastic Recycling 
 

Graczyk and Withowski explained the role of reverse logistics applicable to value addition process for producers of 

plastic. They highlighted on the fact that waste management should try to develop intelligent solutions for both 

material recycling and energy recovery of plastic-rich waste systems. [5 ] 
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Sharma et al. analyzed the barriers for reverse logistics process from an Indian perspective. Their work utilized 

Interpretive Structural Modeling (ISM) to understand the mutual influences among the barriers so that the barriers 

that are at the root of some more barriers ( called driving barriers ) and those which are most influenced by others ( 

called driven barriers ) were identified. They identified that there was no autonomous barrier. [ 6]  

 

2.2 Literature Review for Fuzzy-AHP 

 

Chatterjee and Mukherjee developed a model using Fuzzy-AHP to search the criteria for the evaluation of best 

technical institutions which can tolerate vagueness and uncertainity of human judgement. The model was utilized  to 

overcome stakeholders problem in evaluating Technical Institutions.[ 7]  

Eickemeier and Rommelfanger  provided a new approach for modeling  fuzzy values in  the  paired comparisons and 

for the  utility value analysis. Additionally, they aimed at improving the common procedure for identifying weights 

to aggregate lower goals to the immediate higher level by weighted addition. matrices we recommend to calculate 

the weights vector by the arithmetic mean of the normalized column vectors.[ 8] 

Mahendran and Mahadevan in their work used AHP for selection of the best plastic recycling process in Indian 

scenario.[9 ] 

Kong and Liu applied Fuzzy Analytic Hierarchy Process to develop an evaluation method for E-commerce in order 

to help researchers and managers to determine the drawbacks and oppurtunities.[ 10] 

Tiryaki and  Ahlatcioglu  applied Fuzzy AHP in portfolio selection application. They applied two methods, namely, 

RCFAHP( Revised Constrained fuzzy AHP) and the second- method of Enea and Piazza, to the problem of choosing 

stocks on the Istanbul Stock Exchange (ISE). Finally the relative advantages and disadvantag es of these methods in 

compariso n to existing methods were discussed. [11 ] 

Enea and Piazza made use of Constrained Fuzzy AHP for Project Selection. Their study showed demonstrated that 

by the consideration of all the information derived from the constraints better results in terms of certainity and 

reliability were observed.[12 ]  

Mahendran et al. put to use the Fuzzy AHP approach for the selection of measuring instrument for the selection of 

engineering college. In their work they applied the AHP technique to prioritize the opinions collected from the 

students by questionnaire administration.[ 13]  

Dagdeviren and Yuksel developed a fuzzy analytic hierarchy process (AHP) model for behavior based safety 

management. Their model determined the most important factors that may cause faculty behavior and take 

precautions to correct these factors. Their study employed fuzzy AHP method for determination of the degree of 

importance of the factors and subfactors  used  in the model [14 ] 

 

III PROBLEM DESCRIPTION 

 

For Plastic waste management, Recycling is the most commonly practiced procedure. It can be in a variety of forms 

such as mechanical recycling, feedstock recycling or chemical recycling. But, there are barriers to Plastic Recycling 
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processes in Indian Plastic Industries. Thus criteria taken into consideration in this study  are  related to the Barriers 

in Plastic Recycling process. With the selected criteria, the Fuzzy AHP (analytical hierarchy process) has been 

implemented to determine the factor weights and finally the alternative with the highest total weighted score is 

selected as the best alternative. 

 

IV EMPIRICAL STUDY AND METHODOLOGY  
 

Identification of appropriate criteria for barriers to plastic recycling process and selection of suitable multi-criteria 

decision making methods formed the initial stages of the study. In a multi-criteria evaluation problem, the 

prospective alternatives and numerous selection criteria are needed to be considered. The Fuzzy Set Theory helps in 

dealing with the extraction of the possible primary outcome from a multiplicity of information that gets  expressed 

in vague and imprecise terms. The vague data in Fuzzy Set Theory are treated as possibility distributions in terms of 

set memberships. Application of logical reasoning can be effectively put into use once the set memberships in 

possibility distributions are determined and defined. Triangular fuzzy numbers and the algebraic operations of fuzzy 

numbers are two major components of this section. The primary step in Analytical Hierarchy Process is by the 

layout of overall hierarchy of the decision making problem. The hierarchy structure is from the top (the overall aim 

of the problem) through the intermediate levels (criteria and sub-criteria on which subsequent levels depend) to the 

bottom level (the list of alternatives). Each of the criterion in the lower levels of hierarchy is compared with respect 

to the criteria in the upper level of hierarchy. The criteria in the same level get compared using pair wise 

comparison.[15 ] Depending upon the decision makers’ inputs, weights of criteria are computed using Fuzzy-AHP 

along with other computations  to prioritize the  barriers in plastic recycling processes.  

 

4.1 Questionnaire Design 
 

For evaluating the Barriers to Plastic Recycling processes, raw materials supply and heterogenity ,processes 

involved, waste generation and management, energy consumption, public awareness and technical capability, 

government policies and incentives are the important criteria which influence the barriers. Thus the aim of the 

survey is to prioritize the barriers in Plastic Recycling processes from an Indian perspective. Persons involved in the 

survey involved expert opinion and  also workers, operators, supervisors, managers of various plastic as well as 

plastic recycling based industries. Data collection was primarily done through in person interview followed by email 

and telephonic conversations. Since the data to be collected for the survey was industry specific and with an aim to 

cover the population belonging to almost all parts of India, it was mandatory to keep the questions precise and easy 

to apprehend. An example of the survey question is “Public awareness and commitment lacks for plastic recycling”.    
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TABLE 1.  Sample Questionnaires relating to barriers in plastic recycling 

SL 

NO. 

                                                   QUESTIONS 1 2 3 4 5 

1 The heterogenous mixture can be used with polyethylene in 

mechanical recycling process. 

     

2  Supply of polyethylene is very important in mechanical recycling.      

3  Human health is affected by the release of toxic gases in mechanical 

recycling of plastics(polyethylene) . 

     

4 Mechanical recycling processes are time consuming.      

5 Mechanical  recycling processes involves high amount of Energy 

consumption. 

     

6 Waste generated from mechanical recycling is on a higher scale.      

7 Public awareness and commitment lacks for plastic recycling.      

8 Lack of know-how and technical capability.      

9 Proper collection facility for plastic wastes missing.      

10 Proper sorting and segregation facility for various types of plastic 

wastes unavailable. 

     

11 Prevalence of lack of knowledge, attitude and perception among 

common people. 

     

12 Limited application of recycled plastic in product making.      

13 Absence of proper government policies on plastic recycling in India.      

14 No such Government incentive for use of recycled plastic products.      

   

1. Strongly  Disagree   

 2. Disagree  

 3. Neither Agree nor Disagree  

 4. Agree  

  5. Strongly Agree. 

 

4.2 Development of Fuzzy-AHP model in multi-criteria decision making (MCDM) 
 

Step 1. Development of a hierarchial structure 
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Fuzzy AHP methodology is applied to determine the barriers to recycling of plastics in India. the hierarchy is 

structured from the top ( the overall goal of the problem) through the intermediate levels (criteria on which 

subsequent levels depend) and finally at the bottom most level are the sub-criteria. The criteria in the same level are 

compared using pair wise comparison. Fig 1 describes the hierarchy of a decision making problem. 

         

 

 

                                                                                                                                                    

 

 

 

Figure 1: The hierarchy of the criteria and the alternatives 

Step 2.  Geometric Average and Weightage Statistics of Assessmant Criteria and Sub-Criteria 

     TABLE 2. Geometric Average of opinions ,overall weightage and ranking  statistics for Assessment  Criteria 

ASSESSMENT 

CRITERIA 

ASSESSMENT SUB-

CRITERIA 

CODE GEOMETRIC 

 AVERAGE  

OF 

OPINIONS 

OVERALL 

WEIGHTHAGE 

 

RANK 

HETEROGENITY 

         AND 

      SUPPLY 

          (A1)   

        

              1 

              2   

        

 

  a1 

    a2    

 

  3.310 

  3.348 

 

     0.499 

 

 

 13 

 11 

      WASTE 

 GENERATION 

          (A2) 

              3 

              6 

              9 

             10 

  b1 

  b2 

  b3 

  b4 

 4.505 

 2.845 

 4.204 

 3.447 

 

     0.249 

 

 01 

 14 

 03 

 09 

 
    PROCESS 

   INVOLVED 

         (A3)   

        

              4  

             12      

 

  c1 

  c2 

 

 3.352 

 3.696 

 

    0.499 

 

 10 

 08 

  ENERGY 

CONSUMPTION 

        (A4)   

             

              5 

 

  d1 

 

 3.320 

 

    1.000 

 

 12 

POLITICAL & 

ECONOMIC 

        (A5)   

  

             13 

             14 

 

  e1 

  e2  

 

 4.240 

 3.735 

 

     0.499 

 

 

 02 

 06 

HETEROGE-

NITY & 

SUPPLY (A1) 

    WASTE  

       (A2)   

PROCESS 

       (A3) 

 

 

      

 

 

 

 ENERGY 

      (A4) 

 

 

 

                               

POLITICAL &       

ECONOMIC (A5) 

 

TECHNICAL 

KNOWHOW(A6) 

 BARRIERS TO PLASTIC RECYCLING 

a b a b c d a b a a b a b c 
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TECHNICAL 

CAPABILITY &  

KNOWHOW 

        (A6) 

  

              7 

              8 

             11 

 

  f1 

  f2 

  f3 

 

 3.815 

 3.940 

 3.729 

 

    

      0.333 

 

 05 

 04 

 07 

 

Step 3.Comparison of criteria or alternatives via linguistic terms and transformation of relative 

importance into triangular fuzzy number 

The decision maker compares the criteria via linguistic terms shown in the below Table 3. 

.                           TABLE 3. Linguistic terms and the corresponding triangular fuzzy numbers 

       SAATY SCALE                             DEFINITION     FUZZY TRIANGULAR  

                   SCALE 

                1 EQUALLY IMPORTANT                    (1, 1, 1)    

                3 WEAKLY IMPORTANT                    (2, 3, 4) 

                5  FAIRLY IMPORTANT                    (4, 5, 6) 

                7 STRONGLY IMPORTANT                    (6, 7, 8) 

                9 ABSOLUTELY IMPORTANT                    (9, 9, 9) 

                2 

                4 

                6 

                8  

 

The Intermittent Values between 

Two Adjacent Scales 

 

                   (1, 2, 3) 

                   (3, 4, 5) 

                   (5, 6, 7) 

                   (7, 8, 9) 

  

According to the corresponding triangular fuzzy numbers of these linguistic terms, for example if  the decision 

maker states “Criterion 1 (A1) is Weakly Important than Criterion 2 (A2)”, then it takes the fuzzy triangular scale as 

(2, 3, 4). On the contrary, in the pair wise contribution matrice of the criteria, comparison of A2 to A1 will take the 

fuzzy triangular scale as (1/4, 1/3, 1/2). 

Step 4. Building comparison matrice for criteria 

The pair-wise comparison matrice is represented by Eq.1, where   indicates the d
th

 decision maker’s preference of 

i
th

 criterion over jth criterion,with the help of fuzzy triangular numbers. In this case “ tilde” represents the triangular 

number demonstration in each case, for example   represents the first decision maker’s preference of first 

criterion over third criterion which equals to,   = (1,1,1) 

   =                                                                                                                  (1) 
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TABLE 4. Comparison matrice for criteria 

 

Step 6. Calculation of Geometric Mean for fuzzy comparison matrices 

According to Buckley [ 16], the geometric mean of fuzzy comparison values of each 

criterion is calculated as shown in Eq.2. Here,  represents the triangular values 

   = 
1/n

                                                                                                                                 (2) 

                                         TABLE 5. Geometric means of fuzzy comparison values 

 

 Step 7. Calculation of Relative fuzzy weights (ωi)  and  non-fuzzy weight (ωdi) for each criterion. 

Determination of relative fuzzy weights and non-fuzzy weights for each criterion can be obtained with Eq.3 and 

Eq.4, following the below mentioned substeps. 

Step 7a. Calculate vector summation of . 

 A1                           A2 A3 A4 A5 A6 

A1  (1,1,1)              (0.16,0.20,0.25)  (1,1,1) (0.25,0.33,0.50)  (1,1,1) (0.11,0.11,0.11) 

A2 

 

(4,5,6)  (1,1,1) (0.16,0.20,0.25) (0.25,0.33,0.50) (0.16,0.20,0.25) (0.11,0.11,0.11) 

A3 (1,1,1)  (4,5,6)  (1,1,1) (0.25,0.33,0.50)  (1,1,1) (0.11,0.11,0.11) 

A4 (2,3,4) (2,3,4) (2,3,4) (1,1,1) (0.25,0.33,0.50) (0.25,0.33,0.50) 

A5 (1,1,1) (4,5,6) (1,1,1) (2,3,4) (1,1,1) (0.11,0.11,0.11) 

A6 (9,9,9) (9,9,9) (9,9,9) (2,3,4) (9,9,9) (1,1,1) 

CRITERIA                            GEOMETRIC MEAN(  ) 

A1          0.405          0.44                                     0.489 

A2          0.378                                0.440                                   0.523                  

A3          0.692                                0.753                                   0.831 

A4          0.890                                1.200                                   1.587 

A5          0.978                                1.087                                   1.175  

A6          4.586                                5.196                                   5.451 

SUMMATION          7.929                                9.116                                   10.056 

REVERSE(power of -1)          0.13                                  0.11                                     0.10     

INCREASING          0.10                                  0.11                                     0.13    
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Step 7b. Calculate the (-1) power of vector summation. After that replace the fuzzy triangular number, to make 

it in an increasing order. 

Step 7c. To calculate the fuzzy weight for criterion i (ωi), we multiply each  with this reverse vector. 

   ωi = (  …….  )
-1   

                                                                                               (3)    

= (l , m , u  ) 

Step 7d. As   are still fuzzy triangular numbers, they are required to be de-fuzzified represented by Eq.4 

(ωdi) =                                                                                                                               (4)      

                            TABLE 6. Relative fuzzy weights and non-fuzzy weights of each criterion.  

                           Relative fuzzy weight ( ωi)       Non-fuzzy weight(ωdi) 

A1    0.405                         0.048              0.050             0.050 

A2    0.037                        0.048                         0.030                       0.030 

A3   0.069                         0.082                         0.108             0.086 

A4   0.089                         0.132                        0.206                0.142  

A5   0.097                         0.119                        0.152                0.122 

A6  0.458                         0.571                         0.708            0.579   

 

Step 8. Normalization of  non-fuzzy relative weights  

ωdi is a non fuzzy number, it is normalized by following Eq.5 

ωN =                                                                                                                                                 (5) 
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TABLE 7. Normalized relative weights of criteria 

                          CRITERIA (BARRIERS) Normalised 

weight(ωN) 

RANKING OF THE 

BARRIERS 
A1                             HETEROGENITY AND  SUPPLY 

   

         0.086          5 

A2                           WASTE GENERATION 

 

         0.051            6 

A3                            PROCESS  INVOLVED 

 

         0.148          4 

A4                             ENERGY CONSUMPTION 

    

        0.245          2 

A5                            POLITICAL & ECONOMIC 

 

       0.210          3 

A6     TECHNICAL CAPABILITY & KNOWHOW        1.00         1 

 

V  DISCUSSION AND  CONCLUSION 

Plastics have a huge role to play in our day to day lives as a result of its huge number of applications owing to its 

versatile nature. Developments in the field of plastic recycling is very much crucial for the growth of plastic 

industries in India. There is a large variety of challenges involved during the recycling of plastics in the country. 

From the above analysis of Barriers for Plastic Recycling processes using Fuzzy- AHP methodology it is seen that 

the technical capability and knowhow is the most important barrier to the recycling of plastics in Indian Plastic 

industries followed by energy consumption, political and economic factors and so on.. Since the decision makers 

preferences depend on both tangible and intangible criteria, these vague linguistic variables are represented by 

Fuzzy Set Theory. The advantage of the analysis presented in this study will help the plastic industries in the country 

to identify the barriers as a result of realistic representation of the problem and make efforts to combat the negative 

effects of the barriers during plastic recycling processes. Although plastic recycling is being practiced in the country 

since long but the industries in India should more often entertain the application of recycled plastic products.  
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ABSTRACT 
 

The last half decade has witnessed a remarkable resurgence of attention among practitioners and scholars to 

understanding the ability of corporate social responsibility (CSR) to address environmental and social 

problems. While significant advances have been made, assessing the forms, types and impacts on intended 

objectives is impeded by the conflation of distinct phenomena, which has created misunderstandings about why 

firms support CSR, and the implications of this support, or lack thereof, for the potential effectiveness of 

innovative policy options. As a corrective, we offer seven categories that distinguish efforts promoting learning 

and stakeholder engagement from those requiring direct on-the-ground behavior changes. Better accounting for 

these differences is critical for promoting a research agenda that focuses on the evolutionary nature of CSR 

innovations including whether specific forms are likely to yield marginal or transformative results. 

 

Keywords: CSR, Core elements, Companies, Policy, PSU’s, CPSE’s 

 
I INTRODUCTION 
 

The 21
st
 century is characterized by unprecedented challenges and opportunities, arising from globalization, the 

desire for inclusive development and the imperatives of climate change. Indian business, which is today viewed 

globally as a responsible component of the ascendancy of India, is poised now to take on a leadership role in the 

challenges of our times. It is recognized the world over that integrating social, environmental and ethical 

responsibilities into the governance of businesses ensures their long term success, competitiveness and 

sustainability. This approach also reaffirms the view that businesses are an integral part of society, and have a 

critical and active role to play in the sustenance and improvement of healthy ecosystems, in fostering social 

inclusiveness and equity, and in upholding the essentials of ethical practices and good governance. This also 

makes business sense as companies with effective CSR, have image of socially responsible companies, achieve 

sustainable growth in their operations in the long run and their products and services are preferred by the 

customers.  

Indian entrepreneurs and business enterprises have a long tradition of working within the values that have 

defined our nation's character for millennia. India's ancient wisdom, which is still relevant today, inspires people 

to work for the larger objective of the well-being of all stakeholders. These sound and all-encompassing values 

are even more relevant in current times, as organizations grapple with the challenges of modern-day enterprise, 

the aspirations of stakeholders and of citizens eager to be active participants in economic growth and 

development
1
.  
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The idea of CSR first came up in 1953 when it became an academic topic in HR Bowens „Social 

Responsibilities of the Business. Since then, there has been continuous debate on the concept and its 

implementation. Although the idea has been around for more than half a century, there is still no clear consensus 

over its definition. One of the most contemporary definitions is from the World Bank Group, stating, “Corporate 

social responsibility is the commitment of businesses to contribute to sustainable economic development by 

working with employees, their families, the local community and society at large, to improve their lives in ways 

that are good for business and for development
 2

 

 

II CSR CORE ELEMENTS IN INDIA 
 

The CSR Policy should normally cover following core elements: 

1. Care For All Stakeholders:  

The companies should respect the interests of, and be responsive towards all stakeholders, including 

shareholders, employees, customers, suppliers, project affected people, society at large etc. and create value for 

all of them. They should develop mechanism to actively engage with all stakeholders, inform them of inherent 

risks and mitigate them where they occur. 

2. Ethical functioning:  

Their governance systems should be underpinned by Ethics, Transparency and Accountability. They should not 

engage in business practices that are abusive, unfair, corrupt or anti-competitive.  

3. Respect for Workers' Rights and Welfare:  

Companies should provide a workplace environment that is safe, hygienic and humane and which upholds the 

dignity of employees. They should provide all employees with access to training and development of necessary 

skills for career advancement, on an equal and non-discriminatory basis. They should uphold the freedom of 

association and the effective recognition of the right to collective bargaining of labour, have an effective 

grievance redressal system, should not employ child or forced labour and provide and maintain equality of 

opportunities without any discrimination on any grounds in recruitment and during employment.  

4. Respect for Human Rights:  

Companies should respect human rights for all and avoid complicity with human rights abuses by them or by 

third party
3
.  

5. Respect for Environment:  

Companies should take measures to check and prevent pollution; recycle, manage and reduce waste, should 

manage natural resources in a sustainable manner and ensure optimal use of resources like land and water, 

should proactively respond to the challenges of climate change by adopting cleaner production methods, 

promoting efficient use of energy and environment friendly technologies.  

6. Activities for Social and Inclusive Development:  

Depending upon their core competency and business interest, companies should undertake activities for 

economic and social development of communities and geographical areas, particularly in the vicinity of their 

operations. These could include: education, skill building for livelihood of people, health, cultural and social 

welfare etc., particularly targeting at disadvantaged sections of society. 
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III PROVISION FOR CSR COMPANIES BILL 2012 
 

Till date it is very difficult exercise to analyze the spending of CSR by various firms and private companies and 

such information is not maintained at government level, even among the top 100 firms by revenue, there are 

many who don’t report their CSR spends or even declare the social causes they support, that is because they are 

not required to do so by law and no provisions for CSR exists in the Companies Act, 1956 so currently the 

Ministry does not maintain such details. But all that will change when the new Companies Bill, 2012 (which has 

already been passed by the Lok Sabha) becomes a law
4
.  

The Companies Bill, 2012 incorporates a provision of CSR under Clause 135 which states that every company 

having net worth Rs. 500 crore or more, or a turnover of Rs. 1000 crore or more or a net profit of rupees five 

crore or more during any financial year, shall constitute a CSR Committee of the Board consisting of three or 

more Directors, including at least one Independent Director, to recommend activities for discharging corporate 

social responsibilities in such a manner that the company would spend at least 2 per cent of its average net 

profits of the previous three years on specified CSR activities. It is proposed to have detailed rules after passing 

of Companies Bill 2012 by Rajya Sabha to give effect to this provision
5
.  

According to Schedule-VII of Companies Bill, 2012 the following activities can be included by companies in 

their CSR Policies:-  

(i) Eradicating extreme hunger and poverty;  

(ii) Promotion of education;  

(iii) Promoting gender equality and empowering women;  

(iv) Reducing child mortality and improving maternal health;  

(v) Combating human immunodeficiency virus, acquired immune deficiency syndrome, malaria and other 

diseases;  

(vi) Ensuring environmental sustainability;  

(vii)  Employment enhancing vocational skills;  

(viii) Social business projects;  

(ix) Contribution to the Prime Ministers National Relief Fund or any other fund set by the Central 

Government or the State Governments for socio-economic development and relief and funds for the 

welfare of the Scheduled Caste, the Scheduled Tribes, other backward classes, minorities and women; 

and  

(x) Such other matters as may be prescribed.  

The Companies Bill, 2012, Clause 135 also provides for constitution of a CSR Committee of the Board. The 

CSR Committee is required to;  

(a) Formulate and recommend to the Board, a CSR Policy which shall indicate the activities to be 

undertaken by the company as specified in Schedule VII;  

(b) Recommend the amount of expenditure to be incurred on the activities referred to in clause (a); and  

(c) Monitor the Corporate Social Responsibility Policy of the company from time to time.  
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(d) The format for disclosure of CSR policy and the activities therein as part of Board‟s report will be 

prescribed in the rules once the Bill is enacted.  

The data pack compiled by CSR identity.com together with Forbes India is revealing to some extent how much 

each company will have to fork out on CSR when they will bound by law and their actual spending for the 

financial year 2012. The data is given in Annexure –I.  

 

 

IV NOTABLE WORK BY SOME COMPANIES FOR CSR IN INDIA 
 

 Ashok Leyland  

Operates a FunBus in Chennai and New Delhi. This bus, equipped with a hydraulic lift, takes 

differently abled children and those from orphanages and corporation primary schools on a days picnic. 

The company also runs AIDS awareness and prevention programmes in its Hosur factories for about 

3.5 lakh drivers.  

 Axis Bank  

The Axis Bank Foundation runs Balwadis which are learning places for children living in large urban 

slum clusters. It also conducts skill development programmes (PREMA and Yuva Parivartan) in motor 

driving, welding, mobile repairing, tailoring etc, for the youth in backward districts.  

 Bharat Petroleum Corporation  

Its rain water harvesting project Boond, in association with the Oil Industries Development Board, 

selects draught-stricken villages to turn them from „water-scarce to water-positive. Some of BPCLs 

other social programmes include adoption of villages, prevention and care for HIV/AIDS and rural 

health care.  

 Hindalco Industries  

Its CSR activities are concentrated in 692 villages and 12 urban slums, where it reaches out to about 26 

lakh people. It has constructed check dams, ponds and bore wells to provide safe drinking water. In 

education, it awards scholarships to students from the rural schools it support. Its other interests include 

women’s empowerment and health care, in which it treats patients in hospitals, runs medical camps and 

operates rural mobile medical van services.  

 Indian Oil Corporation  

It runs the Indian Oil Foundation (IOF), a non-profit trust, which works for the preservation and 

promotion of the country’s heritage. IOCL also offers 150 sports scholarships every year to promising 

youngsters. Some of its other initiatives lie in the domains of clean drinking water, education, hospitals 

and health care. 

 Infosys  

The Infosys Science Foundation, set up in 2009, gives away the annual Infosys Prize to honour 

outstanding achievements in the fields of science and engineering. The company supports causes in 

health care, culture and rural development. In an interesting initiative undertaken by it, 100 school 
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teachers in Karnataka, who were suffering from arthritis, underwent free surgery as a part of a week-

long programme.  

 Mahindra & Mahindra  

Nanhi Kali, a programme run by the KC Mahindra Education Trust, supports education of over 75,000 

underprivileged girls. The trust has awarded grants and scholarships to 83,245 students so far. In 

vocational training, the Mahindra Pride School provides livelihood training to youth from socially and 

economically disadvantaged communities. M&M also works for causes related to environment, health 

care, sports and culture.  

 Oil & Natural Gas Corporation  

It offers community-based health care services in rural areas through 30 Mobile Medicare Units 

(MMUs). The ONGC-Eastern Swamp Deer Conservation Project works to protect the rare species of 

Easter Swamp Deer at the Kaziranga National Park in Assam. ONGC also supports education and 

women empowerment.  

 Tata Consultancy Services  

Its Computer Based Functional Literacy (CBFL) initiative for providing adult literacy has already 

benefitted 1.2 lakh people. The programme is available in nine Indian languages. Besides adult 

education, TCS also works in the areas of skill development, health care and agriculture.  

 Tata Steel  

It comes out with the Human Development Index (HDI), a composite index of health, education and 

income levels, to assess the impact of its work in rural areas. Health care is one of its main concerns. 

The Tata Steel Rural Development Society aims to improve agricultural productivity and raise farmers’ 

standard of living. 

Annexure-I  

TOP PSU’s Spending on CSR in India 
MAHARATNA CPSES 

 

S. 

No. 
Name of the CPSE Year 

Total funds 

allocated for CSR 

(Rs. Crore) 

Funds utilized 

for CSR 

(Rs. Crore ) 

 

1. 

 

Coal India Limited 

2010-11 

2011-12 

2012-13 

262.28 

553.33 

903.52 

152.33 

77.33 

81.15 

 

2. 

 

Indian Oil Corporation 

Limited 

2010-11 

2011-12 

2012-13 

131.11 

95360 

988.70 

128.41 

82.73 

78.95 

 

3. 

 

National Thermal Power 

Corporation Limited 

2010-11 

2011-12 

2012-13 

72.37 

45.52 

55.12 

72.21 

49.43 

54.55 

 

4. 

 

Oil and Natural Gas 

Corporation Limited 

2010-11 

2011-12 

2012-13 

335.352 

378.48 

450.55 

219.03 

121.08 

368.18 

 

5. 

 

Steel Authority of India 

Limited 

2010-11 

2011-12 

2012-13 

94.00 

64.00 

72.01 

68.95 

61.25 

70.12 
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NAVRATNA CPSE’s (Central Public Sector Enterprises)   

S. 

No. 
Name of the CPSE Year 

Total funds 

allocated for CSR 

(Rs. Crore) 

Funds utilized 

for CSR 

(Rs. Crore ) 

 

1. 

 

Bharat Electronics 

Limited 

2010-11 

2011-12 

2012-13 

2.74 

2.25 

3.50 

2.08 

2.36 

2.78 

 

2. 

 

Bharat Heavy 

Electrical Limited 

2010-11 

2011-12 

2012-13 

21.55 

30.05 

34.06 

4.30 

4.87 

9.18 

 

3. 

 

Bharat Petroleum 

Corporation Limited 

2010-11 

2011-12 

2012-13 

22.00 

7.73 

9.93 

18.23 

7.76 

9.36 

 

4. 

 

GAIL (India) Limited 

2010-11 

 

 

2011-12 

2012-13 

69.54 

(including carry forward amount of financial 

year 2009-10) 

82.77 

91.18 

63.91 

 

 

54.43 

84.45 

 

5. 

 

Hindustan 

Aeronautics Limited 

2010-11 

 

2011-12 

2012-13 

No specific allocation of money for CSR, as CSR Policy was 

notified formally during November 2010 

 

5.00 

6.19 

1.79 

 

5.81 

5.91 

 

6. 

 

Hindustan Petroleum 

Corporation Limited 

2010-11 

2011-12 

2012-13 

15.00 

30.78 

32.9 

20.10 

26.54 

31.2 

 

7. 

 

Mahanagar Telephone 

Nigam Limited 

2010-11 

2011-12 

2012-13 

Since MTNL is in losses, no specific 

allotment is made under CSR Head 
- 

 

8. 

 

National Aluminum 

company Limited 

2010-11 

2011-12 

2012-13 

26.77 

34.22 

38.12 

26.77 

34.22 

37.90 

 

9. 

 

NDMD Limited 

2010-11 

2011-12 

2012-13 

81.56 

80.13 

82.05 

62.23 

86.72 

81.06 

 

10. 

 

Neyveli Lignite 

Corporation Limited 

2010-11 

2011-12 

2012-13 

12.47 

13.00 

15.00 

13.23 

16.14 

15.00 

 

11. 

 

Oil India Limited 

2010-11 

2011-12 

2012-13 

25.00 

50.00 

48.02 

29.40 

50.19 

47.98 

 

12. 

 

Power Finance 

Corporation Limited 

2010-11 

2011-12 

2012-13 

11.89 

13.24 

16.09 

8.91 

13.27 

15.98 
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13. 

 

Power Grid 

Corporation of India 

Limited 

2010-11 

2011-12 

2012-13 

20.41 

13.48 

17.50 

15.58 

24.93 

25.09 

 

14. 

 

Rashtriya Ispat 

Nigam Limited 

2010-11 

2011-12 

2012-13 

15.40 

12.00 

15.10 

11.73 

10.62 

14.09 

 

15. 

 

Rural Electrification 

Corporation Limited 

2010-11 

2011-12 

2012-13 

5.10 

12.85 

13.95 

1.38 

12.99 

14.91 

 

16. 

 

Shipping Corporation 

of India Limited 

2010-11 

 

 

2011-12 

2012-13 

3.77 

 

 

5.67 

9.68 

5.84  

( including the balance 
carry forwarded from 

the previous year) 

5.84 

8.72 

Source: Ministry of Corporate affairs, CSR Voluntary Guildlines 2012. 

 

V CONCLUSION  
 

The 21
st
 century is characterized by unprecedented challenges and opportunities, arising from globalization, the 

desire for inclusive development and the imperatives of climate change. Indian business, which is today viewed 

globally as a responsible component of the ascendancy of India, is poised now to take on a leadership role in the 

challenges of our times. It is recognized the world over that integrating social, environmental and ethical 

responsibilities into the governance of businesses ensures their long term success, competitiveness and 

sustainability. This approach also reaffirms the view that businesses are an integral part of society, and have a 

critical and active role to play in the sustenance and improvement of healthy ecosystems, in fostering social 

inclusiveness and equity, and in upholding the essentials of ethical practices and good governance. This also 

makes business sense as companies with effective CSR, have image of socially responsible companies, achieve 

sustainable growth in their operations in the long run and their products and services are preferred by the 

customers. The exact provisions of the Companies Bill, 2012 are still being debated. Once the Bill is passed in 

Rajya Sabha, detailed rules would give effect to the provisions of voluntary guidelines issued in 2009 to 

Corporate Sector (Private Companies), then Companies would be bound by legal provisions to implement 

Corporate Social Responsibilities. In case of public sectors, revised guidelines on CSR and sustainability are 

being implemented from 1 April 2013, as a commitment of the CPSEs to their stakeholders to conduct business 

in an economically, socially and environmentally sustainable manner.  
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ABSTRACT 

Extensive application of external agricultural inputs to agricultural production systems lead to deterioration of 

soil quality. In this context the present study aims at analysing the soil quality of some selected conventional 

and organic agro-ecosystems of Dimoria Tribal Development Block, Kamrup, Assam, in order to assess the 

impacts of agrochemicals application in terms of its physic-chemical properties with special emphasis on heavy 

metal contamination. The study reveals that there are no significant differences between organic and 

conventional management for most of the soil physical and chemical properties measured.However, soil 

samples from the conventionally managed system exhibited significantly higher values of electrical conductivity 

(EC) and higher concentrations of K, Cu and Zn, than the organic systems, which were likely the result of 

chemical fertilizer application.In terms of NPK availability the soil status can be regarded as of moderate 

quality. The average contents of heavy metals in surface soils (0-15 cm depth)of both organic and conventional 

systemsranges in the following order; Cd  < Ni  < Cu  < Cr < Zn.For the fields sampled, it can be concluded 

that there is little direct benefit on soil physical condition for organic farming practices but equally there is no 

detrimental effect. 

Keywords: Conventional Farming, Heavy Metals, Organic Farming, Soil Quality. 

 

I. INTRODUCTION 

Soil is a fundamental resource base for agricultural production systems. Besides being the main medium for 

plant growth, soil functions to sustain plant productivity, maintain environmental quality, and provide for plant, 

animal and human health. In general, soil quality refers to the soil’s capacity to perform specific functions 

(SSSA 1987). In agriculture, it refers to the soil’s ability to sustain production (Lal, 1994). 

The term soil quality has been coined to describe the combination of chemical, physical and biological 

characteristics that enables soil to perform a wide range of functions. 

The current industrial agriculture system promotes the reliance on agrochemicals, bothsynthetic fertilizers and 

pesticides, while neglecting to consider their negative effects on theeconomy of local communities, human 

health and environment. The long term use of highlevels of agrichemical to boost yields has made it difficult to 

sustain the same rate of yieldgrowth, and yields approach the economic optimum levels. Environmental 

pressures areincreasing as existing land and water resources come under threat from rapid urbanization.Land is 
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being withdrawn from agricultural production, creating additional pressures for thereallocation of water now 

used in agriculture. Furthermore, the need to use large amounts ofpesticides to control pests and weeds has 

raised environmental and human health concerns.Agrochemicals pose health and environmental risks, and they 

can pollute rivers and lakesthisexpensive agriculture system: farmers are already fertilizing soils and protecting 

crops withorganic and sustainable techniques that work with nature, not against it, and can provide foodfor all 

(Pretty et al. 2003, Badgley et al. 2007). 

 

Organic farming has gained ground world wide and has expanded in the last decade due to environmental, 

economic and social concerns (Araujo et al., 2008). Organic farming has been proposed as an alternative 

agricultural system to help solve the environmental problems arising from conventional management, such as 

frequent pesticide applications, excessive inputs of chemical fertilisers, soil degradation and the presence of 

pesticide residues in food (Stockdale et al., 2001). 

 

Agricultural sustainability depends on productive soil. During the last several decades, much research has 

focused on increasing productivity and protecting environmental quality under different farming systems. These 

studies show that conventional farming’s use of chemical fertilizers and pesticides has increased crop yields and 

enhanced food security around the globe (Pang & Letey 2000). However, despite the high yields associated with 

it, conventional farming’s ability to sustain soil fertility and environmental quality has been called into question 

(Pang & Letey 2000). Conventional farming systems are reported to be associated with a decline in soil 

structure and soil aggregation, a decrease in water infiltration and an increase in soil bulk density, soil salinity, 

nitrogen leaching and ground water contamination (Logsdon et al. 1993, McGarry et al. 2000). 

 

Sustainable management is crucial to the maintenance of soil structure and organic matter (SOM) levels are 

important if the continued availability of water and nutrients and standards of soil workability are to be 

sustained (Pulleman et al. 2003). There is an abundance of recent literature comparing organic and conventional 

farms with respect to soil properties, microbiology and nutrient analysis (Armstrong Brown etal. 2000; Marinari 

et al. 2006; Mulumba and Lal 2008; Pulleman et al. 2003; Parfitt et al. 2005). Pulleman et al. (2003) compared 

soil structure and organic matter dynamics on conventional (non-organic) and organic arable farms. It is well 

understood that the key to long-term success in organic farming is good soil management. 

 

Scientific assessment of soil quality is essential to monitor the sustainability of agricultural systems.Soil’s 

physical and chemical properties can be used as indicators for making soil-quality assessments and for 

determining the sustainability of farming systems. 
 

In this context the present study aims at analysing the soil quality of some selected conventional and organic 

agro-ecosystems of Dimoria Tribal Development Block, Kamrup, Assam, in order to assess the impacts of 

agrochemicals application in terms of its physic-chemical properties with special emphasis on heavy metal 

contamination. 

 

The specific objectives of the study were: 

i. to explorethe main soil properties and topsoil accumulation of heavy metals in some selected 
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conventional and organic agro-ecosystems under long-term cultivation in Dimoria Tribal Development 

Block, Assam, and  

ii. to compare the quality of the soil in terms of its nutrient status. 

II. METHODOLOGY 

2.1 Study Area 
 

The study area, Dimoria is a part of Kamrup district located in the fringe of Meghalaya plateau with 

peculiarities of unity among diversity. The area enjoy hot and humid climate with annual rainfall of about 1740 

mm. The seasonal variation of temperature is observed in this area. July is the warmest month and January is the 

driest month of the year. The average temperature in the summer is about 32
o
c while winter is about 10

o
c. 

 Dimoria has some of the most impressive hills and hillocks like Dhoumara pahar in the south, Mata pahar, 

Dhaudang pahar etc., scattered throughout the region lying mostly in the north-south and east-west directions. 

They are covered with broad leaves evergreen forests, deciduous forest and a variety of fire trees.  The area has 

various type of soil with their respective characteristics. Large quantities of alluvial soils are brought down from 

the nearby hills, which contain some of their physical and chemical properties. In the low-lying swamps, 

especially among the flood plain of Kolong and Digaru River, marshy soils are seen which contain high 

percentage of humus. So, the area is rich in agriculture. The principal crops are paddy, wheat, oil seed and so 

forth. The hilltops are covered with a thin layer of red soil. On the slope of the hill, tribes do jhum cultivation. 

Moreover the area also has many Tea Estates. 

The people of this region practice different land use systems like Food agriculture, Bamboo plantation, 

Horticulture, Agro-forestry, Natural forest, Shifting cultivation, etc. Several agrochemicals (synthetic fertilizers, 

pesticides etc.) of different chemical nature are known to be used in different land-use systems which may be 

associated with a number of environmental concerns viz. persistence in the environment, accumulation of heavy 

metals, toxicity in soil, vegetation and water supplies and impact beyond the target organism including 

bioaccumulation and its implication for human health. 

 

2.2 Sampling and Analysis 

2.2.1 Selection of sampling station 

For the purpose of this study, samples were collected from some selected conventional and organic agro-

ecosystems of the area. In all study areas, the same method was used to collect soil samples. In total 5 stations 

were selected. One station each from organic and conventional paddy fields and organic and conventional 

vegetable farms and one from natural forest representing control sample. 

2.2.2 Sampling procedure 

In order to collect soil samples (0-15 cm depth) grasses, mosses, litter and other plant residues were removed 

from soil surface. Collection of soil samples was done by using an auger. In each case, a triangular block was 
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cut with the help of the auger. Soils were collected in plastic bags, which were sealed and labeled properly. 

Three soil samples from a rooting depth of 15 cm were collected randomly from each sampling station. Three 

samples from each site were also taken from 0 to 15 cm layer for bulk density determination. 

Soil samples were brought to the laboratory for analysis. Before analysis, the samples were spread out thinly on 

a piece of hard paper for drying in air in a shade. The big lumps were broken down, and plant roots, pebbles and 

other undesirable matters were removed. After the soil become completely dry, and after homogenization, half 

of each sample was passed through a 2-mm mesh screen. The samples were preserved in clean sealed polythene 

bags for analysis. The other half was sieved through a 500 μm mesh (Fritsch laboratory sieving set used) and 

used for determining soil “total” Cd, Cr, Cu, Ni, Pb, and Zn. 

2.2.3 Soil quality parameters and methodology for their study. 

A large number of parameters are generally used to characterize the soil quality criteria. The most important 

consideration should be those properties of soil, which influence the movement and retention of water that 

contribute to store and supply of nutrients. In this study some selected physical and chemical parameters were 

determined. The different parameters that were used to assess soil quality of different land uses are 

shown in Table 1.  

Table 1: Soil properties under study with their methods of measurement 

Soil properties Methods 

Bulk density Core sampling method (Blake and Hartge, 1986) 

Texture Feel method 

Temperature Soil thermometer 

Moisture content Moisture meter 

pH Potentiometrically in 1:2.5 (v/v) soil suspension in water (pH meter) 

Electrical Conductivity Conductivitimeter 

Organic matter Titrimetric method (Walkley and Black, 1934).% Soil organic matter 

=% organic carbon x 1.724 (Allison, L.E., 1965) Nitrate nitrogen Spectrophotometric method 

Available phosphorus Spectrophotometric method 

Available potassium Flame photometer method (1986) 

 

2.2.4 Heavy metal analysis of soil samples 

For determining metal concentration in soil, at first the soil samples were prepared for digestion. For digestion, 

1gm of soil from each sample was taken and mixed with 1ml sulphuric acid, 10ml nitric acid and 4ml perchloric 

acid and heated in a hot plate in digestion chamber at temperature 100°C. When a white fume appears it indicates 

the completion of digestion process. Then the samples were filtered by Whatman filter paper and kept in a narrow 
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mouth plastic bottle. The total volume of prepared samples was made upto10ml and analyzed by Atomic 

Absorption Spectroscopy (AAS). During digestion process all the apparatus was cleaned properly and glass wares 

was washed with tap water and then distilled water to prevent cross contamination. 

In AAS, for the determination of heavy metals Cd, Cr, Cu, Ni, Pb, and Zn the calibration is done by standard 

solution of each metal. 

 

III. RESULTS AND DISCUSSION 

 

The soil quality has been discussed with respect to some representative physic- chemical parameters. The results 

of the analysis has been shown on table 2, 3and 4 and discussed on the basis of existing literature. Depending on 

soil conditions like nutrient availability, pH, aeration, temperature, moisture etc. the soil quality varies. 

The soil in both the organically and conventionally managed systemswas characterized as clay- loam and sandy-

clay- loam and was uniform in morphological and physical properties.(Table-2) 

 

TABLE 2: Mean ± SE of selected soil (0-15 cm) physical properties in the land use systems 

 

Properties Land use systems 

 Vegetable Farm (1) 

CONVENTIONAL 

Vegetable 

Farm (2) 

ORGANIC 

Rice Field (1) 

CONVENTIONAL 

Rice Field 

(2) 

ORGANIC 

NaturalForest 

(Control) 

Mean 

S.E 

Mean 

S.E 

Mean 

S.E 

Mean 

S.E 

Mean 

S.E 

Temperature 

(°C) 

20.33 

±0.66 

20.66 

±0.33 

21.33 

±0.33 

28.0 

±0.33 

21.67 

±0.33 

Moisture (%) 3.61 

±0.14 

7.0 

±0.80 

12.31 

±0.42 

17.0 

±4.90 

22.24 

±8.34 

Bulk density 

(g/cm
3
) 

1.38 

±0.02 

1.34 

±0.03 

1.07 

±0.07 

1.34 

±0.03 

1.33 

±0.02 

Water-

holding 

capacity (%) 

51.21 

±0.27 

65.51 

±1.16 

54.40 

±0.25 

51.17 

±0.20 

55.81 

±1.49 

 

Texture 

 

Sandy clay loam 

 

Sandy clay 

loam 

 

Clay loam 

 

Clay loam 

 

Silt loam 
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The soil in both the systems was acidic in nature. SOM is usually considered to be one of the most important 

properties of soils due to its significant impact on other biological and physicochemical soil properties. Thus, it is 

noteworthy that there was no significant difference in the levels of SOM between the two management 

systems.(Table-3). 

With the exception of the EC values and concentrations of K,the variables evaluated did not present significant 

differences under the two management systems (Table-3). As EC is strongly influenced by management 

practices, it can be used as an indicator of the extended use of fertilizers in soil. An increase in the EC in 

conventionally managed soils could be due to the higher input of salts (in the forms of chemical fertilizers and/or 

pesticides). 

TABLE 3: Mean ± SE of selected soil (0-15 cm) chemical properties in the land use systems. 

Properties Land use systems 

Vegetable Farm (1) 

CONVENTIONAL 

Vegetable 

Farm (2) 

ORGANIC 

Rice Field (1) 

CONVENTIONAL 

Rice Field 

(2) 

ORGANIC 

NaturalForest 

(Control) 

Mean 

S.E 

Mean 

S.E 

Mean 

S.E 

Mean 

S.E 

Mean 

S.E 

pH 5.41 

±0.02 

5.30 

±0.09 

6.08 

± 0.47 

6.26 

±0.32 

5.13 

±0.79 

E.C (µS/cm) 

 

193.2 

±0.66 

176.4 

±3.15 

185.5 

±0.95 

165.85 

±1.53 

156.05 

±1.77 

Organic 

Matter (%) 

1.28 

±0.15 

2.15 

±0.12 

2.73 

±0.1 

2.81 

±0.25 

3.04 

±0.04 

NO3 N  

(mg/kg) 

4.5 

±0.47 

6.0 

±0.81 

4.18 

±0.10 

4.6 

±0.25 

1.9 

±0.00 

AP       

(Kg/ha) 

3.24 

±0.30 

2.21 

±0.47 

5.88 

±0.48 

3.52 

±0.2 

7.93 

±18.29 

AK        

(Kg/ha) 

158.7 

±0.13 

117.27 

±3.43 

130 

±4.78 

82.5 

±19.7 

43.29 

±9.33 
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The concentrations of the soil available Pb, Cu, Cr, Ni, Cd and Zn determined by ASS are presented inTable-

4.The soil of the organically cultivated Land-use systems exhibited significantly lower Cu and Zn 

concentrations than that of the conventional ones. The application of various agrochemicals, such as pesticides 

(copper containing fungicides) and synthetic fertilizers (containing both Cu and Zn), in the conventional 

systems could account for the increased soil content of these metals through foliar run off. 

TABLE 4: Mean ± SE heavy metal concentration of selected soil (0-15 cm) in the land use systems 

Heavy 

metal 

conc. 

(mg/kg) 

Land use systems 

Vegetable Farm(1) 

CONVENTIONAL 

VegetableFarm(

2) 

ORGANIC 

Rice Field (1) 

CONVENTIONAL 

Rice Field 

(2) 

ORGANIC 

Natural 

Forest 

(Control) 

Mean 

S.E 

Mean 

S.E 

Mean 

S.E 

Mean 

S.E 

Mean 

S.E 

Cd 0.16 

±0.04 

0.83 

±0.083 

0.21 

±0.03 

0.16 

±0.00 

BDL 

Cr 46.06 

±0.06 

42.16 

±0.08 

32.13 

±0.08 

8.03 

±0.05 

BDL 

Cu 18.53 

±0.08 

4.66 

±0.12 

27.16 

±0.12 

15.5 

±0.15 

BDL 

Ni 24.13 

±0.06 

29.06 

±0.03 

21.56 

±0.12 

21.23 

±0.03 

BDL 

Pb BDL BDL BDL BDL BDL 

Zn 94.46 

±0.14 

35.13 

±0.23 

99.83 

±0.16 

65.4 

±0.45 

BDL 

BDL: Below detection limit 

 

IV. CONCLUSION 

In the present study, the major objective of the research wasto explore the soil quality of two differentlly  

managed agricultural systems viz.(conventional and organic agro-ecosystems) in order to assess the impacts of 
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agrochemicals application in terms of its physic-chemical properties with special emphasis on heavy metal 

accumulation. 

The study reveals that there are no significant differences between organic and conventional management for 

most of the soil physical and chemical properties measured. However, soil samples from the conventionally 

managed system exhibited significantly higher values of electrical conductivity (EC) and higher concentrations of 

K, Cu and Zn, than the organic systems, which were likely the result of chemical fertilizer application. In terms of 

NPK availability the soil status can be regarded as of moderate quality.Most of the soil samples revealed organic 

matter near-by or above 3%, which were moderate according to ICAR rating, 1997.The average contents of heavy 

metals in surface soils (0-15 cm depth)of both organic and conventional systems ranges in the following order; Cd  

< Ni  < Cu  < Cr < Zn. However, not a single metal was detected in the control sample. For the fields sampled, it 

can be concluded that there is little direct benefit on soil physical condition for organic farming practices but 

equally there is no detrimental effect. 

Agricultural sustainability depends on productive soil. The significance of the present study, therefore, lies in 

scientific assessment of soil quality, which is essential to monitor the sustainability of agricultural systems. 
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ABSTRACT  

Inclusive growth refers to both the pace and pattern of economic growth. It emphasizes on productive employment 

rather than on income redistribution. This is why inclusive growth is termed as a long run approach as it helps the 

deprived sections of the society to gain some standing of their own.  

Financial inclusion is a part of inclusive growth as it focuses on delivering financial services at much affordable 

costs to the under-privileged sections of the society. Our Prime Minister started a program named Pradhan Mantri 

Jan Dhan Yojana which is nothing but an inclusive financing strategy as it focuses to take into account all the low-

income segments of the society and provide the financial services at affordable costs. 

Key words : Financial Inclusion, deprived sections, sustainability, India & Banking system. 

 

I INTRODUCTION 

Inclusive growth refers to both the pace and pattern of economic growth. It emphasizes on productive employment 

rather than on income redistribution. This is why inclusive growth is termed as a long run approach as it helps the 

deprived sections of the society to gain some standing of their own.  

Financial inclusion is a part of inclusive growth as it focuses on delivering financial services at much affordable 

costs to the under-privileged sections of the society. Our Prime Minister started a program named Pradhan Mantri 

Jan Dhan Yojana which is nothing but an inclusive financing strategy as it focuses to take into account all the low-

income segments of the society and provide the financial services at affordable costs i.e. no minimum balance 

requirement, interest on deposit to be given, life insurance cover of Rs. 30,000/-, easy transfer of money across 

India, access to pension etc. 

The committee on financial inclusion, of government of India, has defined financial inclusion as the process of 

ensuring timely aces to financial services and adequate credit where needed by vulnerable groups such as the weaker 

sections and low income groups at an affordable cost (Rangarajan Committee, 2008). The process of financial 

inclusion consists of ensuring bank accounts to each household and offering their inclusion in the banking system 

(Reddy, 2007). Access to financial services promotes social inclusion, and builds self-confidence and empowerment. 

In an address Dr. K. C. Chakrabarty, Deputy Governor, Reserve Bank of India at the National Finance Conclave 

2010, has mentioned that financial inclusion is no longer a policy choice but it is a policy compulsion today. 
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The aim of financial inclusion is to promote sustainable development and generating employment for a vast majority 

of the population especially in the rural areas. At present, only 34% of the India‟s population has access to basic 

banking services. Recognizing the importance of inclusive growth in India, efforts are being made to make the 

financial system more inclusive.  

 

II THEORETICAL FRAMEWORK 

 

Choubey, B.N. (1983) has evaluated that Commercial Banks have failed to fill the serious gap and deficiencies in 

farm credit, which the RRBs could manage to do. He emphasized that the NABARD would be required to pay 

special attention to the depoliticisation of the agricultural credit and government credit agencies. He suggested that 

NABARD might help the agricultural and rural sector in raising their productivity at reasonable faster rate.  

 

Gundannavar, V.R. (1992) has highlighted the role of banks in implementing social banking schemes to keep pace 

with changing social needs. He has strongly opposed any move to reduce resources allocation to priority sectors, 

which will have an adverse impact on the agricultural credit. He has suggested to increase higher interest rate on 

commercial lending and to continue concessional rate of lending to priority sectors.  

 

Rangarajan, C. (1996) has identified three to four major factors which would have impact over the future banking 

operation including progressive de-regulation of interest rates, a diversified competitive market place, market 

determined exchange rate mechanism and technological progress. He suggested the banks to provide credit to 

agriculture and allied sector as provision of credit to high tech agriculture which is almost equal to providing credit 

to industry.  

 

Biswal, D. and Dash, H. (1997) have attempted to study the recovery phenomenon of rural bank credit in Orissa. 

The banks in financing rural development are of the view that poor recovery and mounting overdue are the major 

huddles faced by them. They have suggested for adequate development of rural infrastructure in the state to improve 

the income and financial condition of rural poor which in turn will improve the recovery performance of banks in 

the state.  

 

NABARD (1999) remarked that the despite having a wide network of rural bank branches in India which 

implemented specific poverty alleviation programmes that sought creation of self employment opportunities through 

bank credit, a very large number of the poorest of the poor continued to remain outside the fold of the formal 

banking systems.  

 

Vaidya, B.V. (2002) has made a comprehensive effort to highlight some of the aspects of rural development of the 

country under the policy of liberalisation and globalisation, including economic aspect, agricultural aspect, industrial 
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aspect, infrastructural aspect and management aspect. From his analysis, he has drawn the conclusion that a 

comprehensive methodology will be necessary for rural development which is the bed-rock of development for the 

whole country.  

 

Ansari (2007) in her study reveals that reaching the poorest and whose credit requirements were very small, 

frequent and unpredictable, was found to be difficult. Further, the emphasis was on providing credit rather than 

financial products and services including savings, insurance, etc. to the poor to meet their simple requirements. 

Therefore, need was felt for alternative policies, systems and procedures, savings and loans products, other 

complementary services and new delivery mechanisms, which would fulfil the requirements of the poorest.   

 

Ravichandran K. & Akhathlan K. (2009) analyzed that there are few people who are enjoying all kinds of 

services from savings to net banking, but still in India around 40% of people lack access to even basic financial 

services like savings, credit and insurance facilities. So an inclusive sector should not only serve the bankable 

clients, but also integrate the unbankable clients by making them bankable. Many actions taken by the government 

like Nationalizing of Banks, 40% of credit targets to priority sector, opening of RRBs, etc for past three decades are 

one form of financial inclusion, but still around 80% of rural households do not have access to credit from a formal 

source. So as a last door step to Financial Inclusion, RBI came up with an initiative of launching National pilot 

project on Financial Inclusion in Puducherry in 2005. The specialty of this Financial Inclusion project is that 

accounts are opened by the bank officials at the doorsteps of households without insisting on any minimum balance 

or deposits. 

S. Vighneswara (2010) evaluated, using appropriate statistical techniques, the impact of financial inclusion efforts 

on the inclusive growth in the case of a developing economy like India by considering the most reliable data for the 

period from 1975 to 2007. The theoretical and empirical analysis leads us to conclude that bank led financial 

inclusion has definitive advantages for inclusive growth in developing economies. 

Karthikeyan M. (2011) analyzed that the main focus of financial inclusion in India is to promote sustainable 

development and generating employment in rural areas for the rural population. There are many factors affecting 

access to financial services by weaker section of society in India. Several steps have been taken by the Reserve Bank 

of India and the Government to bring the financially excluded people to the fold of the formal banking services. As 

on 31st March 2009, 204 districts in 18 States and 5 Union Territories have reported having achieved the target. 

Keeping in view the enormity of the task involved, the Committee on Financial Inclusion recommended the setting 

up of a mission mode National Rural Financial Inclusion Plan (NRFIP) with a target of providing access to 

comprehensive financial services to at least 50 per cent (55.77 million) of the excluded rural households by 2012 

and the remaining by 2015. 
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Gupte R. et al (2012) attempted to devise a financial inclusion index which could measure both the extent and 

impact of financial inclusion and strategies devised for the same. The author first of all, aimed at studying the 

various indicators being identified by the different researchers in the past through various studies and the methods 

being used for computation of financial index and then the author combined the maximum possible indicators of 

computing the extent and impact of financial inclusion to get more holistic view and restricted the study only to 

India. The author followed the methodology followed by the UNDP for computing its HDI using the geometric 

mean approach in 2010. He has taken up four dimensions for computation of FII (financial inclusion index) i.e.  

Outreach, usage, ease of transactions and cost of transactions which will be further divided into sub-indices for 

detailed study. For the purpose of calculations and construction of FII, the maximum and minimum values are set to 

the actual observed maximum and minimum values of the indicators from 139 countries. In the paper, the author has 

also studied the initiatives being taken by the Government of India for the achievement of this Millennium 

Development Goal of financial inclusion and has tried to categorize them into initiatives impacting outreach (SHGs, 

KCCs, opening bank branches in unbanked areas & Micro-finance Institutions) and initiatives impacting ease & cost 

of transactions (No frills A/Cs, relaxing KYC norms, BCs, EBTs, Biometric ATMs & GCCs) 

Kumar N. (2012) attempted to analyze that if there is any change in the relationships between operating bank 

branches and varied population categories and their income levels. For this purpose, the author undertook a pooled 

dataset for urban and rural population separately ranging from 1990 to 2008. He applied regression analysis for his 

study and took the number of branches opened and the number of branches functioning as the dependent variables. 

With the help of regression analysis he found out that the number of operating branches in more populous regions is 

lesser, time and income levels merely have any effect in determining the number of operating branches whereas 

ownership does play an important role in determining the same along with the bank group size as captured by the 

assets. In this paper, the test of convergence has also been applied to determine the trend of functioning branches 

across rural and urban population over a period of time. The results implied that the higher income regions 

experienced higher branch growth. Finally the functioning branches for rural and urban sectors and the total number 

of functioning branches have been tested for structural changes and significant changes have been noticed which 

may be due to the impact of policy changes in financial inclusion. 

Chauhan A. (2013) attempted to study the overview of financial inclusion in India by making a comparison 

between India and some other selected countries regarding number of branches, ATMs, bank credit etc to identify 

India‟s position regarding financial inclusion as compared to other selected countries. The author also attempted to 

know the various strategies adopted by RBI for strengthening the inclusion and the steps taken by banks to 

strengthen financial inclusion with the help of a case study of Axis bank. 

Damodaran A. (2013) stated that vast segment of India's population exists on the margins of India's financial 

systems. There is a growing concern about people being „under-banked‟. Financial inclusion is an important priority 

of the country in terms of economic growth and development of society. It enables to reduce the gap between rich 
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and poor. It helps to channelize money-flow to the economy; it ensures people who are unable to access financial 

system so far can access it with ease. The author also discussed the role of financial inclusion in the economy and 

how the different stakeholders play an important role in developing the whole initiative. 

JDY Mission Document (2014), In the year 2014, our Hon‟ble PM launched the Pradhan Mantri Jan Dhan Yojana 

in which his sole motive was to bring 100% financial inclusion in India. This yojana has been divided into two 

phases for its implementation. The first phase will range from 15
th

 August, 14 to 14
th

 August, 15 in which universal 

access to banking facilities, providing basic banking accounts for saving & remittance, Rupay debit card with inbuilt 

accidental insurance of Rs 1 Lakh and training on financial literacy will be will be provided. The second phase will 

range from 15
th

 August, 15 to 15
th

 August 2018 in which an overdraft facility of up to Rs 5000/- after six months of 

satisfactory performance of saving / credit history, creation of Credit Guarantee Fund for coverage of defaults in 

overdraft A/Cs, Micro-Insurance, Unorganized sector pension schemes like Swavalamban etc will be taken care of. 

PM dedicates Digital Village (2015) Prime Minister Shri Narendra Modi dedicated the „ICICI Digital Village‟ to 

the nation at an event which was organized to celebrate the ICICI Group‟s 60 years of partnering India in its 

progress. ICICI Bank announced that it created the „ICICI Digital Village‟ at Akodara in Sabarkantha district of 

Gujarat to enable villagers to use technology in various aspects of life including banking, payments, education and 

healthcare among others. Here, financial transactions are cashless, text books are paperless, children can read books 

on LED monitors and Tabs, patients can avail the facility of telemedicine and wi-fi connectivity is available across 

the village for access to the village‟s own website. 

III RATIONALE OF THE STUDY 

India has a huge network of institutional credit. Institutional credit refers to credit offered by financial institutions 

like banks. The Indian financial system is considered to be one of the finest systems in the world. It is only because 

of the strong grip of the financial system that even the global financial crisis could not affect India that severely. 

In spite of having such a strong financial system it has been evident that financial awareness has not been able to 

penetrate into the rural sections of the society. Non institutional credit givers in the form of money lenders still 

continue to grasp the poor in their clutches. This is a matter of concern and proper action needs to be taken for the 

same. So the present study aims at analyzing that what all strategies have been adopted by the government and the 

financial institutions for the welfare of the excluded ones and to what extent have these steps or policies helped the 

rural deprived people by effective implementation of plans. 

The Eleventh Five Year Plan (2007-12) envisions inclusive growth as a key objective. The inclusive growth implies 

an equitable allocation of resources with benefits accruing to every section of society. It is aimed at poverty 

reduction, human development, health and provides opportunity to work and be creative. Achieving inclusive 

growth in India is the biggest challenge as it is very difficult to bring 600million people living in rural India into the 

mainstream. One of the best ways to achieve inclusive growth is through financial inclusion. 
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IV OBJECTIVES OF STUDY 

 

Following are the main objectives of this study: 
 

 To list the various measures & initiatives of state / central government with respect to   financial inclusion.  

 To find out the steps taken by the banks in the area of financial inclusion. 

 To identify the various strategies adopted for strengthening financial inclusion in India 

 To identify the various strategies adopted by RBI with respect to financial inclusion as a goal. 

 To identify the challenges being faced in achieving financial inclusion in India as a part of sustainable 

growth. 

 To make suggestions for improvement of the present situation that may lead to sustainable development 

 

V STRATEGIES ADOPTED FOR STRENGTHENING FINANCIAL INCLUSION IN INDIA 

Swavalamban  

Under the scheme, Government contributed Rs. 1000 per year to each National Pension System (NPS) account 

opened in the year 2010-11 and for the next three years, that is, 2011-12, 2012-13 and 2013-14. The benefit was 

available only to persons who joined the NPS with a minimum contribution of Rs. 1,000 and maximum contribution 

of Rs. 12,000 per annum. It was regulated by the Pension Fund Regulatory and Development Authority. 

Swabhiman 

Swabhiman was an initiative by the Union Government and the Indian Banks‟ Association to bridge economic gap 

between rural and urban India. It aimed at bringing the underprivileged segments of Indian population into the 

formal banking fold. It also ensured that the benefits of economic growth reach everyone at all levels. 

Besides giving access to banking, it also enabled government subsidies and social security benefits to be directly 

credited to the accounts of the beneficiaries, enabling them to draw the money from the bank saathi or business 

correspondents in their village itself. 

This enabled small and marginal farmers to obtain credit at lower rates from banks and other financial institutions 

and thus consequently saving them from the exploitation of the money lenders.  

Pradhan Mantri Jan Dhan Yojana 

This scheme is supposed to be implemented in two phases, out of which first phase has been implemented on 15
th

 

August, 14 which will extend till 14
th

 August, 15. In this phase, following issues will be kept in mind: 

 Universal access to banking facilities 

 Providing basic banking accounts for saving & remittance and Rupay debit card with inbuilt accident 

insurance cover of  Rs 1 lakh 

 Financial literacy programme.  

The implementation of Phase-II of this programme will be from 15
th

 August, 15 - 15
th

 August, 18. 
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VI SPECIAL BENEFITS UNDER PMJDY SCHEME 

 Interest on deposit. 

 Accidental insurance cover of Rs.1.00 lac 

 No minimum balance required. 

 Life insurance cover of Rs.30,000/- 

 Easy Transfer of money across India 

 Beneficiaries of Government Schemes will get Direct Benefit Transfer in these accounts. 

 After satisfactory operation of the account for 6 months, an overdraft facility will be permitted 

 Access to Pension, insurance products. 

 Accidental Insurance Cover, RuPay Debit Card must be used at least once in 45 days. 

 Overdraft facility upto Rs.5000/- is available in only one account per household, preferably lady of the 

household. 

  

VII FURTHER STRATEGIES ADOPTED BY RBI 

 

1) No Frill Accounts i.e. an account that enables the excluded people to open savings account with negligible 

or no balance so as to lower down the costs for both the individual and the bank. 

2) Launch of multilingual websites in 13 different languages on all matters concerning banking transactions 

3) Community Finance Learning Initiatives (CFLIs) were introduced for promoting basic financial literacy 

among households. 

4) RBI also facilitated a one-time settlement for overdue loans of up to Rs. 25,000/- 

5) Financial inclusion technology fund had also been set up of around US $ 125 million to meet the cost of 

technology adoption, including evolving industry-wide standards for IT solutions. 

6) For agricultural counseling purpose, ABI has set 100 centers in its agri-lending branches. 

7) UBI started “Union Mitra Scheme” for the purpose of providing debt counseling & financial education to 

the rural people free of cost. 

8) Dena bank introduced “Dena Bhoomiheen Kisan Credit Card” for tenant farmers and landless laborers. 

9) Simple KYC Norms were introduced so that the excluded people did not face much difficulty in opening 

their savings accounts 

10) RBI asked banks to introduce General Purpose Credit Card (GCC) facility upto Rs. 25000/- at their rural 

branches entitling the holder to withdraw only upto the sanctioned amount. Interest on the same was 

deregulated. 
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VIII CHALLENGES TO SPREAD FINANCIAL INCLUSION 

 

Spreading Financial Inclusion over a population of approximately 1.27 billion is quite a challenging task being face 

from both the demand(customers) factors and the supply (banks & other financial institutions) factors. However the 

supply factors are to a great extent, expected to reduce the supply side constraints with the help of implementation of 

few central government policies. 

Demand side challenges are: 

 Low literacy levels. 

 Lack of awareness about financial products and services. 

 Lack of trust in formal banking mechanisms 

Supply side challenges are: 

 Limited service providers 

 Higher levels of regulations 

 Non -availability of rural branches. 

 

IX RECOMMENDATIONS 

 The government of India should help develop financial literacy among the population, particularly in low-

income families. That can be done by teaching it in primary schools, high schools and colleges. 

 Promote the practice of agency banking micro finance institutions & business correspondents so that they 

can reach the excluded people and make them understand the importance of getting involved in the formal 

banking system and using the financial products. 

 Such policies should be implemented in which financial institutions strive for achieving synergies with the 

technology providers so that they can reach the population at large and cover as many deprived people as 

possible and also handle low value, large volume transactions efficiently and effectively. 

 Policies being made by the governments at different at different levels should be kept under a strict check 

so as to ensure its effective implementation and benefit being provided to the ones in need. Also, 

appropriate regulatory and risk management policies should be devised so as to ensure financial inclusion. 

 Relaxations being provided on the requirements of individual identity proofs for opening bank accounts  

should be strictly adhered to by the financial institutes for these act as major stumbling blocks and thus 

restrict the under-privileged to have access to formal financial channels. 

 Any government or social security payments or payments under all the government schemes should be 

strictly routed through the service area bank account. This will make people in rural areas to compulsorily 

have an account in their service area branch to avail the government benefit.         

  

 



International conference on Science, Technology and Management                             ICSTM-2015                                                                                                       

YMCA, New Delhi (India), 1 Feb 2015                                                     www.conferenceworld.in 

1107 | P a g e  
 

X CONCLUSION 

From the above study, it can concluded that India is at moderate level of financial inclusion and thus, it needs to 

implement its policies even more effectively and efficiently so as to achieve its target of banking facilities for all by 

the end of the year 2018. Just framing the policies won‟t do the needful rather supervising their implementation and 

devising such mechanisms which are for the ease of the excluded people will suffice the actions and help in 

achieving the set goals. 

 

REFERENCES 

[1] Apurva Chauhan (2013), “A study on overview of Financial Inclusion in India”, Indian Journal of Applied 

Research, Vol. 3, Issue 12. Available at URL: 

http://www.theglobaljournals.com/ijar/file.php?val=December_2013_1385986542_62b5c_108.pdf 

[2] C. Paramasivan & V. Ganeshkumar (2013), “Overview of Financial Inclusion in India”, International 

journal of Management & Development Studies, Vol. No. 2 (2013), Issue No. 3 (March). 

[3] Damodaran Akhil (2013), “Financial Inclusion: Issues & Challenges”, AKGEC International Journal of 

Technology, vol. 4, no. 2. Available at URL: http://www.akgec.in/journals/July-Dec13/11-Akh.pdf 

[4] Ghorude, K.N. (2009), “Micro Finance for Financial Inclusion and Sustainable Rural Development”, 

Southern Economist, Vol. 48, No.1, PP.47 – 50.   

[5] Gupte R., Venkataramani B. & Gupta D. (2012). “Computation of Financial Inclusion Index for India”, 

proceedings of International Conference of Emerging Economies – Prospects and Challenges, Procedia – 

Social and Behavioral Sciences 37 (2012), pp. 133-149 

[6] Krishnamurthy Ravichandran & Khalid Alkhathlan (2009), “Financial Inclusion – A path towards India‟s 

Economic Growth”, http://papers.ssrn.com/sol3/papers.cfm?abstract_id=1353125 

[7] Kumar N. (2012), “An Empirical Analysis of Financial Inclusion Across Population Groups in India”, The 

IUP Journal of Bank Management, Vol. – XI, No.1 (2012) 

[8] Mahendra Dev.S.(2006), “Financial Inclusion – Issues and Challenges”, Economic and Political Weekly, 

Vol.41 (41), October 14-October 20, 2006. 

[9] Michael Chiba (2009), “Financial Inclusion, Poverty Reduction and the Millennium Development Goals”, 

European Journal of Development & Research, Vol. 21. 

[10] PM dedicates ICICI Digital Village to the Nation, 2015, Available at URL: 

http://www.icicibank.com/managed-assets/docs/about-us/2015/pm-shri-narendra-modi-dedicates-icici-

digital-village-to-the-nation.pdf 

[11] Pradhan Mantri Jan Dhan Yojana (2014) Scheme details available at URL:  

[12] http://www.pmjdy.gov.in/scheme_detail.aspx  

http://www.theglobaljournals.com/ijar/file.php?val=December_2013_1385986542_62b5c_108.pdf
http://www.akgec.in/journals/July-Dec13/11-Akh.pdf
http://papers.ssrn.com/sol3/papers.cfm?abstract_id=1353125
http://www.icicibank.com/managed-assets/docs/about-us/2015/pm-shri-narendra-modi-dedicates-icici-digital-village-to-the-nation.pdf
http://www.icicibank.com/managed-assets/docs/about-us/2015/pm-shri-narendra-modi-dedicates-icici-digital-village-to-the-nation.pdf
http://www.pmjdy.gov.in/scheme_detail.aspx


International conference on Science, Technology and Management                             ICSTM-2015                                                                                                       

YMCA, New Delhi (India), 1 Feb 2015                                                     www.conferenceworld.in 

1108 | P a g e  
 

[13] Rana Mitra (2007), “Financial Inclusion meeting the Challenge”, People‟s Democracy,Vol.XXXI-II, 

No.17, April 29, 2007. 

[14] Ranganath Santosh & Tulsi Rao G. (2013), “Banking and Financial Inclusion in India – A need for 

Innovation”, Srusti Management Review, Vol. – VI, Issue – I. (Jan-13) 

[15] Rangarajan Committee (2008), Report of the committee on financial inclusion, Government of India. 

[16] Swabhiman – Transforming Rural India through Financial Inclusion, 2011, available at URL: 

http://pib.nic.in/newsite/efeatures.aspx?relid=84236 

[17] Vighneswara Swamy (2010), “Bank-based financial intermediation for Financial Inclusion and Inclusive 

Growth”, Banks and Bank Systems, Volume 5, Issue 4.  

http://pib.nic.in/newsite/efeatures.aspx?relid=84236


International conference on Science, Technology and Management                             ICSTM-2015                                                                                                       

YMCA, New Delhi (India), 1 Feb 2015                                                     www.conferenceworld.in 

1109 | P a g e  

 

IMPACT OF IMPLEMENTATION OF GREEN 

MANUFACTURING TECHNOLOGY IN AN INDIAN 

FMCG GOODS MANUFACTURING INDUSTRY 

Anuja Bhattacharjya
1
, Annanya A Baruah

2
, Prof. Suchismita Satapathy

3 

 

1,2,3
 Mechanical Engineering, Kiit, Bhubaneshwar, (India) 

ABSTRACT 

Nowadays firms are facing a growing pressure to turn greener and more environmental friendly in the 

manufacturing approaches. Different firms contribute differently towards their environment like some implement 

reverse logistics, some green supply chain management, some green purchasing and marketing. All these and other 

factors combined form the basis of green manufacturing technology implementation. GM stresses on reducing parts, 

rationalizing materials, and reusing components, to help make products more efficient to build. In this paper we 

describe a case study where ITC Limited, an FMCG goods manufacturing industry has been considered. Using  

MINITAB 17, factor analysis and regression have been used to validate how green manufacturing has successfully 

been implemented at ITC Limited. 

I INTRODUCTION 

By definition, green manufacturing is a system that integrates product &process design issues with issues of 

manufacturing, planning & control in such a manner as to identify, quantify, assess, and managethe flow of 

environmental waste with the goal of reducing and ultimately minimizing environmental impact while also trying to 

maximise resource efficiency. 

Green manufacturing technology is one of those sciences which has been studied and experimented for many years 

but very seldom implemented. The impacts, costs and other social issues are what probably stops experienced 

managers to implement the earth-soothing technological methods. But, young Indian entrepreneurs are looking into 

this issue with great concern and interest. The current scenario of green manufacturing implementing is not very 

advanced or strong in India. Many companies want to change their manufacturing techniques to greener methods so 

that they can strengthen their position globally. Now to achieve such standards the company has to follow certain 

measures and practices. These measures if properly followed can help the industry to successfully implement green 

manufacturing practices. 
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1.1 Literature Review 

Although the concept of Green manufacturing is new, it has been a topic of research for many years considering the 

topic of waste management.There are many instruments required to appropriately assess the impact green 

manufacturing has had on any particular organization as a whole. A lot of research has been conducted in this field 

and many conclusions have been derived. But since, most importantly, organizational performance is the key factor 

of research for any organization, the exact factors required to determine the performance graph need to be decided 

from previous work done by other renowned researchers. Given below is a list of some of the work that has been 

done relating to this field. 

 Paul I.D., Bhole G.P.  ( Procedia Material Science,2014, pg.1644-1649) have stated the importance , 

methodology and applications of green manufacturing technology. The paper tells us about how green 

manufacturing can help us to combat pollution and waste, highlighting how green manufacturing can be 

used to form sustainable products and reusing them. It also stated green supply chain as a useful tool. 

Future works include quantifiable green strategies within  factories like lighting. 

 Mittal Varinder Kumar & Sangwan Kuldip Singh (Procedia CIRP 17 ( 2014 ) 559 – 564) have studied on 

prioritizing economic, social and environmental barriers to green manufacturing technology. Since various 

barriers come up when GM is implemented, these barriers need to be prioritized because of limited 

resources. A fuzzy TOPSIS multi-criteria decision model has been developed to prioritize these barriers 

from environmental, social and economic perspectives. Future work states the government needs to step in 

and take steps for better implementation of green manufacturing in the manufacturing sector. 

 Voon-hsien-lee et.al.(2014) has talked about how green supply chain management and technological 

innovation are related. 

 Sezen and Cancaya(2013) have establishes the effects of green manufacturing and eco-innovation on 

sustainability performance, as firms are facing the pressure to become more environmental friendly. 

 Zhu and Sarkis(2004) saw how Firms today realize that there is a need to balance economic performance 

and environmental management. 

 Rehman et.al.(2013) have conducted a case study on a steel industry and graded it on the basis of how 

green manufacturing has been validated in the organisation as a tool for sustainable development. 

 According to Gutowski et al. (2005) [6] Motivating factors for GM are regulatory mandates, economic 

advantage, reduced waste treatment and disposal costs, conservation of energy, water, materials, product 

take-back system, supply chain requirements, corporate image, and employee satisfaction. 

 Rehman M.A. and. Shrivastava R.L (2011) [10] identified nineteen measures of GM includes Top 

management commitment, Need and role of employee team responsible for GM ,Green process/practices 
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,Green design ,Green purchasing/marketing ,Green packaging, Green transportation ,Green supply chain 

management GSCM ,Reverse logistic ,Reduce /remanufacture/recycle (3R) etc. 

 According to Lele .S (2009) [9] there are many drivers which are expanding the boundaries for green 

manufacturing. 

 According to Cote and Richardson (2009) [2] the corporate drivers for green manufacturing include public 

opinion, shareholder value, cost reductions, joining industry leaders and complying with environmental 

management regulations. 

 Achanga Pius, et.al(2006) [14] identified Several critical factors that determine the success of 

implementing the concept of lean manufacturing within SMEs that includes leadership, management, 

finance organisational culture and skills and expertise. 

A growing number of executives today feel that going green will help them to compete more effectively in the 

marketplace in the long term. 

Case Study- ITC Limited: 

II OBJECTIVE 

 To provide a practical example of performance improvement of the ITC Limited that has implemented 

Green Manufacturing initiative. 

 To assess the Green Manufacturing implementation practices and performance improvement of the 

organization. 

 The study was conducted in an industry that has already implemented this initiative. The study would help 

in evaluating the industry‟s GM implementation and overall business performance. 

 The status of the industry before implementing Green Manufacturing is compared to its current status, i.e., 

after implementing Green Manufacturing. 

 Evaluation of the industry‟s GM implementation and overall business performance. 

 

III ABOUT THE COMPANY 

ITC Limited or ITC is an Indian conglomerate headquartered in Kolkata, West Bengal. Its diversified business 

includes five segments: Fast Moving Consumer Goods (FMCG), Hotels, Paperboards & Packaging, Agri Business 

& Information Technology.  

Established in 1910 as the Imperial Tobacco Company of India Limited, the company was renamed as the Indian 

Tobacco Company Limited in 1970 and further to I.T.C. Limited in 1974. The periods in the name were removed in 

September 2001 for the company to be renamed as ITC Ltd. The company in  2012-13, had an annual turnover of 

http://en.wikipedia.org/wiki/India
http://en.wikipedia.org/wiki/Conglomerate_(company)
http://en.wikipedia.org/wiki/Kolkata,_West_Bengal
http://en.wikipedia.org/wiki/Fast-moving_consumer_goods
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US$8.31 billion and a market capitalization of US$45 billion. It employs over 25,000 people at more than 60 

locations across India and is part of Forbes 2000 list. Its main products are: 

 Cigarettes-ITC Ltd sells 80 percent of the cigarettes in the India, where 275 million people use tobacco 

products and the total cigarette market is worth close to $6 billion (around Rs.35,000 crore) ITC's 

major cigarette brands include W.D. & H.O. Wills, Gold Flake Kings, Gold Flake Premium,Gold 

Flake Super Star, Navy Cut, Insignia, India Kings, Classic (Verve, Menthol, Menthol Rush, Regular, 

Citric Twist, Mild & Ultra Mild), 555, Silk Cut, Scissors, Capstan, Berkeley, Bristol, Lucky 

Strike, Players, Flake and Duke & Royal.  

 Foods: ITC's major food brands include Kitchens of India; Aashirvaad, Mint-

o, Sunfeast, Candyman, Bingo! and Yippee. ITC is India's largest seller of branded foods with sales of 

over Rs. 4,600 crore in 2012-13. It is present across 4 categories in the Foods business namely Staples, 

Snack Foods, Ready-To-Eat Foods and Confectionery.  

 Lifestyle apparel: ITC sells its products under the Wills Lifestyle and John Players brands. Wills 

Lifestyle was accorded the „Superbrand‟ status and John Players was included in the top 10 „Most 

Trusted Apparel Brands 2012‟ by The Economic Times.  

 Personal care products include perfumes, haircare and skincare categories. Major brands are Fiama Di 

Wills, Vivel, Essenza Di Wills, Superia and Engage.  

 Stationery: Brands include Classmate, PaperKraft and Colour Crew. Launched in 

2003, Classmate went on to become India's largest notebook brand in 2007.  

 Safety Matches and Agarbattis: Ship, i Kno and Aim brands of safety matches[40] and 

the Mangaldeep brand of agarbattis (Incense Sticks).  

 Hotels: ITC's Hotels division (under brands including WelcomHotel) is India's second largest hotel 

chain with over 90 hotels throughout India.  

 Paperboard: Products such as specialty paper, graphic and other paper are sold under the ITC brand by 

the ITC Paperboards and Specialty Papers Division.  

 Packaging and Printing: ITC's Packaging and Printing division operates manufacturing facilities 

at Haridwar and Chennai and services domestic and export markets.  

 Information Technology: ITC operates through its fully owned subsidiary ITC Infotech India Limited, 

which is a SEI CMM Level 5 company.(Wikipedia.com) 

3.1. Basic highlights of the company 

 More than 40% of energy consumption at ITC is from renewable sources. 

 All ITC‟s premium luxury Hotels are LEED Platinum certified. 

 ITC‟s Social and Farm Forestry initiative has greened over 1,42,000 hectares. 

 The company has also recently got the GRI-G3 A+  application checked and approved of. 

http://en.wikipedia.org/wiki/Market_capitalisation
http://en.wikipedia.org/wiki/Forbes_2000
http://en.wikipedia.org/wiki/W.D._%26_H.O._Wills
http://en.wikipedia.org/wiki/Gold_Flake
http://en.wikipedia.org/wiki/Gold_Flake
http://en.wikipedia.org/wiki/Gold_Flake
http://en.wikipedia.org/wiki/Gold_Flake
http://en.wikipedia.org/wiki/Gold_Flake
http://en.wikipedia.org/wiki/555_cigarettes
http://en.wikipedia.org/wiki/Silk_Cut
http://en.wikipedia.org/wiki/Capstan_(cigarette)
http://en.wikipedia.org/wiki/Aashirvaad
http://en.wikipedia.org/wiki/Fiama_Di_Wills
http://en.wikipedia.org/wiki/Fiama_Di_Wills
http://en.wikipedia.org/wiki/Fiama_Di_Wills
http://en.wikipedia.org/wiki/Classmate_Stationery
http://en.wikipedia.org/wiki/ITC_Limited#cite_note-40
http://en.wikipedia.org/wiki/Incense
http://en.wikipedia.org/wiki/ITC_Hotels
http://en.wikipedia.org/wiki/Haridwar
http://en.wikipedia.org/wiki/Chennai
http://en.wikipedia.org/wiki/ITC_Infotech
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 ITC was conferred the prestigious „World Business and Development Award 2012‟ at the Rio+20 UN Summit 

for its Social and Farm Forestry Initiatives. 

 ITC was conferred the Corporate Social Responsibility Crown Award for Water Practices from UNESCO and 

Water Digest (2008) and The Asian CSR Award for Environmental Excellence, given by the Asian Institute of 

Management (2007). 

 ITC is an ISO 14001: Environment Management Systems certified organization.(ITC sustainable report-2013) 

3.2. Environmental performance 

 In line with the National Action Plan on Climate Change (NAPCC), strategies have been adopted to address 

climate change-related impacts and develop appropriate mitigation and adaptation plans. 

 It has been running water positive 11 years in a row i.e. the water it uses is returned back as fresh water to the 

environment. 

 It has been carbon positive for 8 consecutive years. 

 It has been solid waste recycling positive for the last 6 years. 

 55.7% of the 21,347 Terra joules of energy consumed by ITC comes from fossil fuels, 41.2% from renewable 

resources and the rest are purchased from the respective state electricity boards where consumption of 

renewable energy has increased by 8.2% from the previous year. 

 Each category of waste is individually addressed and tracked to ensure that it can be reused, if possible, and if 

not, recycled. Almost 99.8% of the waste is recycled. 

 Itc monitors combustion efficiencies to achieve lower specific emissions and invests in state-of-the-artpollution 

control equipment.( ITC sustainable development report-2013) 

3.3. Social performance 

 ITC gives special emphasis to the Occupational Health & Safety interests of its employees (including that of 

service providers) and all visitors to its establishments. This is ensured through adherence to Corporate 

Environment, Health & Safety Guidelines, which incorporates best international standards and practices.( ITC 

sustainable development report-2013) 

 

 

 

 

                                      

Fig.1.   The growth of the company in the past 10 year 
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IV RESEARCH METHODOLOGY 

 

• A survey was carried out to find the overall performance of the Industry/Company before and after 

implementation of Green Manufacturing.  

• Based on the evaluations the current situation of the industry‟s GM implementation and overall 

performance will be obtained.  

• A questionnaire of two pages were designed consisting of the extent of relationship between various GM 

implementation practices and overall performance.  

• 150 questionnaires were distributed and sent for survey, out of which 130 were evaluated. 

• The research instrument validated by Minhaj Ahemad.A.Rehman was used for the compilation of data.  

• Using Minitab the data obtained from the questionnaires were evaluated. Factors were extracted using 

Varimax rotation. A reliability test based on Cronbach‟s Alpha was used to assess whether the dimensions 

were consistent and reliable. ( Bulent Sezen and Sibel Yildiz Cankaya, 2013 ). 

• The data was then analysed using regression analysis to determine direction of the relation between the 

factors and their components. . ( Bulent Sezen and Sibel Yildiz Cankaya, 2013 ). 

 

V DATA ANALYSIS AND RESULTS 

 

Table 1- Mean and Proportionate Marks 

Mean and Proportionate Marks 

1.00 - 1.50 1(Not at all) 

1.51 - 2.00 2 

2.01 - 2.50 3 

2.51 - 3.00 4 ( To a moderate extent) 

3.01 - 3.50 5 

3.51 - 4.00 6 

4.01 - 4.50 7 

4.51 - 5.00 8 (To a very large extent) 
 

The above table shows the relation between the parameters and the factors.‟ 1‟ mark means there is no relation and 

as the marks go on increasing, the relationship percentage too goes on increasing.( Minhaj Ahemad.A.Rehman, R. R 

Shrivastava, Rakesh. L Shrivastava,2013) 
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Table 2:Assessment of Various Factors 

 

Assessment result – Factor 1: Organizational Capabilities 

Ques

tion 

Nos. Addressed items of the factors Mean 

Grand 

Mean 

Max 

Marks 

1 

Organization Capabilities lead to improvement in financial, manpower and 

Operational performance 
3.275 

3.6833 6 

11 

Organization Capabilities lead to continuous improvement and improvement in 

competitive advantage and stakeholder‟s enrichment 3.775 

22 Organization Capabilities lead to improvement in green SC performance 4 

     

 

Assessment result – Factor 2 : Green Design Initiatives 

 

Addressed items of the factors Mean 

Grand 

Mean 

Max 

Marks 

2 

Green design Initiatives lead to improvement in financial, manpower and 

Operational performance 3.925 

3.9667 6 

12 

Green design Initiatives lead to improvement in continuous improvement and 

improvement in competitive advantage and stakeholder‟s enrichment 4.05 

23 Green design Initiatives lead to improvement in green SC performance 3.925 

 

Assessment result – Factor 3: Green Standards Adoption 

 

Addressed items of the factors Mean 

Grand 

Mean 

Max 

Marks 

3 

Green Standard Adoption lead to improvement in financial, manpower and 

Operational performance 3.7 

3.8083 6 

13 

Green Standard Adoption lead to improvement in continuous improvement and 

improvement in competitive advantage and stakeholder‟s enrichment 3.775 

24 Green Standard Adoption lead to improvement in green SC performance 3.95 

 

Assessment result – Factor 4 : Suppliers Management 

 

Addressed items of the factors Mean 

Grand 

Mean 

Max 

Marks 

4 

Supplier Management lead to improvement in financial, manpower and 

Operational performance 3.775 3.75 6 

25 Supplier Management lead to improvement in green SC performance 3.725 

 

Assessment result – Factor 5 Technology Innovation 

 

Addressed items of the factors Mean 

Grand 

Mean 

Max 

Marks 

5 

Technology Innovation lead to improvement in financial, manpower and 

Operational performance 4.025 3.975 6 

14 Technology Innovation lead to continuous improvement 3.925 

 

Assessment result – Factor 6 GM Planning 

 

Addressed items of the factors Mean 

Grand 

Mean 

Max 

Marks 
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15 

GM planning lead to continuous improvement and improvement in 

stakeholder‟s enrichment 3.9 3.9 6 

 

Assessment result – Factor 7 Green purchasing & marketing 

 

Addressed items of the factors Mean 

Grand 

Mean 

Max 

Marks 

6 

Green Purchasing & Marketing lead to improvement in financial, manpower 

and Operational performance 4.075 

3.9167 6 

16 

Green Purchasing & Marketing lead to continuous improvement and 

improvement in competitive advantage and stakeholder‟s enrichment 3.95 

26 green purchasing & marketing lead to improvement in green SC management 3.725 

 

Assessment result – Factor 8 Implementing RL 

 

Addressed items of the factors Mean 

Grand 

Mean 

Max 

Marks 

7 

implementing RL lead to improvement in financial, manpower and Operational 

performance 4 

3.833 6 

17 

implementing RL lead to continuous improvement and improvement in 

competitive advantage and stakeholder‟s enrichment 3.775 

27 implementing RL lead to improvement in green SC management 3.725 

 

Assessment result – Factor 9 Top management Commitment 

 

Addressed items of the factors Mean 

Grand 

Mean 

Max 

Marks 

8 

top management commitment lead to improvement in financial, manpower and 

Operational performance 3.85 

3.775 6 
18 

top management commitment lead to continuous improvement and 

improvement in competitive advantage and stakeholder‟s enrichment 3.65 

28 

top management commitment and Customer focus lead to improvement in green 

SC management 3.825 

 

Assessment result – Factor 10 Customers Focus 

 

Addressed items of the factors Mean 

Grand 

Mean 

Max 

Marks 

19 

Customer focus lead to continuous improvement and improvement in 

stakeholder‟s enrichment 3.6 3.6 6 

 

Assessment result – Factor 11 Green Disposal initiatives 

 

Addressed items of the factors Mean 

Grand 

Mean 

Max 

Marks 

9 

Green Disposal Initiatives lead to improvement in financial, manpower and 

Operational performance 3.925 

3.975 6 

20 

Green Disposal Initiatives lead to continuous improvement and improvement in 

competitive advantage and stakeholder‟s enrichment 4 

29 green Disposal Initiatives lead to improvement in green SC management 3.775 

 

Assessment result – Factor 12 Process management 

 

Addressed items of the factors Mean 

Grand 

Mean 

Max 

Marks 

10 

Process Management lead to improvement in financial, manpower and 

Operational performance 3.925 
3.975 6 
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21 

Process Management lead to continuous improvement and improvement in 

competitive advantage and stakeholder‟s enrichment 3.975 

30 Process Management lead to improvement in green SC management 4.025 

 

Using the above table 1 marks have been assigned to the various factors affecting the parameters. From the results 

we can see that all the factors have a more than average impact on the parameters which determine the overall 

betterment of performance of the organization after implementation of GM techniques. Out of them, Green design 

initiatives, Green disposal initiatives, process management and technology innovation got the maximum score. .( 

Minhaj Ahemad.A.Rehman, R. R Shrivastava, Rakesh. L Shrivastava,2013) 

Table 3- Factor and Reliability Analysis Result 

organisational 

capabilities 

Cronbach'

s alpha mean 

grand 

mean 

green design 

initiatives 

Cronbach'

s alpha mean grand mean 

1 

 

3.275 

 

2 

 

3.925 

 11 0.818 3.775 3.68 12 0.809 4.05 3.967 

22 

 

4 

 

23 

 

3.925 

 green standard 

adoption 

   

supplier 

management 

   3 

 

3.7 

 

4 0.902 3.775 

 13 0.9 3.775 3.81 25 

 

3.725 3.75 

24 

 

3.95 

     technology 

innovation 

   

implementing 

RL 

   5 

 

4.025 

 

7 

 

4 

 14 0.87 3.925 3.98 17 0.848 3.775 3.833 

    

27 

 

3.725 

 green 

purchasing 

and marketing 

   

top 

management 

commitment 

   6 

 

4.075 

 

8 

 

3.85 

 16 0.856 3.95 3.92 18 0.834 3.65 3.775 

26 

 

3.725 

 

28 

 

3.825 

 green disposal 

initiatives 

   

process 

management 

   9 

 

3.925 

 

10 

 

3.925 

 20 0.905 4 3.9 21 0.905 3.975 3.975 

29 

 

3.775 

 

30 

 

4.025 

 GM planning 

      15 0.751 3.9 3.9 19 0.858 3.6 3.6 
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Table 4- Effects of Organizational capability on the  corporate sustainable performance 

independent variable dependent variable 

organisational capability 

financial, 

operational and 

operational 

performance 

continuous improvement and 

improvement in competitive 

advantage and stakeholder's 

enrichment 

improvement in green 

SC performance 

R square 0.0318 0.134183 0.031 

Adjusted R square 0.00632 0.1113984 -0.03 

t 7.23997 8.1999404 6.762 

F 1.24799 5.8891825 1.235 

Significance 0.27095 0.0200859 0.273 

Table 5- Effect of Green Design Initiatives on the corporate sustainable performance 

independent 

variable dependent variable 

Green design 

initiatives 

financial, operational 

and operational 

performance 

continuous improvement and 

improvement in competitive 

advantage and stakeholder's 

enrichment 

improvement in green SC 

performance 

R square 0.00801 0.0037142 0.037 

Adjusted R 

square -0.0181 -0.0225038 0.011 

t 8.62789 7.2922278 7.021 

F 0.30665 0.1416667 1.442 

Significance 0.58299 0.7087232 0.237 
 

Table 6- Effect of Green Standard Adoption on the corporate performance 

independent 

variable dependent variable 

Green 

standard 

adoption 

financial, operational 

and operational 

performance 

continuous improvement and 

improvement in competitive 

advantage and stakeholder's 

enrichment 

improvement in green SC 

performance 

R square 0.00984 0.0007151 0.009 

Adjusted R 

square -0.01622 -0.0255818 -0.02 

t 9.52091 7.9368792 7.799 

F 0.37748 0.0271947 0.357 

Significance 0.54261 0.8698905 0.554 
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Table 7- Effect of Supplier Management on the corporate sustainability performance 

independent 

variable dependent variable 

Supplier 

management 

financial, operational and operational 

performance improvement in green SC performance 

R square 0.09328 0.0047474 

Adjusted R 

square 0.06942 -0.0214434 

t 10.232 7.1466123 

F 3.90922 0.1812632 

Significance 0.05531 0.6726917 

 

Table 8- Effect of Technology Innovation on the corporate sustainability performance 

independent variable dependent variable 

Technology Innovation 

financial, operational and operational 

performance continuous improvement 

R square 0.13617 0.0485258 

Adjusted R square 0.11344 0.023487 

t 3.24178 5.4766011 

F 5.99004 1.9380241 

Significance 0.01912 0.1719776 

 

Table 9- Effect of Green purchasing and marketing on the corporate sustainability performance 

independent 

variable dependent variable 

Green 

purchasing 

and marketing 

financial, operational 

and operational 

performance 

continuous improvement and 

improvement in competitive advantage 

and stakeholder's enrichment 

improvement in green 

SC performance 

R square 0.00021 0.0001153 0.001 

Adjusted R 

square -0.0261 -0.0261974 -0.02 

t 6.38112 8.7471767 8.174 

F 0.00781 0.0043829 0.049 

Significance 0.93003 0.9475627 0.826 
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Table 10- Effect of Implementing RL(reverse logistics) on the corporate sustainable performance 

independent 

variable dependent variable 

implementing 

RL 

financial, operational 

and operational 

performance 

continuous improvement and 

improvement in competitive advantage 

and stakeholder's enrichment 

improvement in green 

SC performance 

R square 0.0943 0.0642347 0.017 

Adjusted R 

square 0.01883 0.0396093 -0.01 

t 5.55571 6.0195617 7.725 

F 1.24946 2.6084746 0.662 

Significance 0.30623 0.1145679 0.421 

 

Table 11- Effect of Top management commitment on the corporate sustainability performance 

independent 

variable dependent variable 

top management 

commitment 

financial, operational 

and operational 

performance 

continuous improvement and 

improvement in competitive 

advantage and stakeholder's 

enrichment 

improvement in green 

SC performance 

R square 0.02382 0.000294 0.686 

Adjusted R square -0.00187 -0.026014 -0.03 

t 6.49286 5.873111 7.237 

F 0.92711 0.0111765 0.002 

Significance 0.3417 0.9163616 0.968 

 

Table 12- Effect of Green disposal initiatives on the corporate sustainability performance. 

independent 

variable dependent variable 

Green disposal 

initiatives 

financial, operational 

and operational 

performance 

continuous improvement and 

improvement in competitive 

advantage and stakeholder's 

enrichment 

improvement in green SC 

performance 

R square 0.02649 0.1000313 0.004 

Adjusted R 

square 0.00087 -0.0263158 -0.02 

t 9.83676 5.6469681 8.471 

F 1.03412 1.3337972 0.166 

Significance 0.31562 0.2785962 0.686 
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Table 13- Effect of Process management on the corporate sustainability performance 

independent 

variable dependent variable 

Process 

management 

financial, 

operational and 

operational 

performance 

continuous improvement and 

improvement in competitive 

advantage and stakeholder's 

enrichment 

improvement in green SC 

performance 

R square 0.01886 0.0669903 9E-04 

Adjusted R 

square -0.00696 0.0424374 -0.03 

t 9.52369 10.107602 6.32 

F 0.73054 2.7284091 0.035 

Significance 0.39807 2.7284091 0.852 

 

Table 14- Effect of GM Planning on the corporate sustainability performance 

independent variable dependent variable 

GM planning 

continuous improvement and improvement in competitive advantage and 

stakeholder's enrichment 

R square 0.06481 

Adjusted R square 0.0402 

t 6.31212 

F 6.31212 

Significance 0.11289 

 

Table 15- Effect of Customer focus on the corporate sustainability performance 

independent variable dependent variable 

Customer focus 

continuous improvement and improvement in competitive 

advantage and stakeholder's enrichment 

R square 0.03148 

Adjusted R square 0.00599 

t 8.09326 

F 1.235 

Significance 0.27342 
 

In this study, regression analysis is also conducted to test the hypotheses and to define the direction of 

relations. Table 3 to Table 15 shows us the results obtained when the data obtained by collection was used for 

regression analysis where the factor was taken as the independent variable and the parameters individually were 

taken as the dependent variables. ( Bulent Sezen and Sibel Yildiz Cankaya, 2013 ). 
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VI DISCUSSION 

 

One of the most important areas of application of GM is manufacturing & design sector. All companies have a 

social responsibility and on GM implementation the company was found fonder to environmentally friendly 

products. The basic challenges of GM implementation found out were long term effort, investment, increase in 

production cost and specialized engineers. 

From the data obtained using regression analysis, we can see that organizational capability has a greater positive 

effect on continuous improvement and stakeholder‟s improvement(t=8.1999404, F=5.8891825) compared to 

financial, operational and operational performance(t=7.23997, F=1.24799) and improvement in green SC 

performance(t=6.762, F=1.235). Likewise other factors were also compared and it was deducted that the 

maximum values of t and F were for the factor Supplier management( t=10.232) followed by Process 

management( t=10.10, 9.52), Green initiatives( t=9.83) and Green standard adoption (t=9.52). this proves that 

the organization has to improve on the implementation of the other factors of Green Manufacturing to put them to 

the utmost use.But production costs had been deeply affected and reduced, leading to an increase in income which 

has been shown in the graph(Fig. 1) previously. Thus by implementing GM the company has had the dual advantage 

of protecting the environment, fulfilling its social responsibility and bringing in better returns for the company. 

 

VII CONCLUSION 

Environmental issues are rapidly emerging as one of the most important topics in strategic manufacturing decisions. 

Growing public awareness and increasing government interest in the environment have induced many companies to 

adopt programmes aimed at improving the environmental performance of their operations. State of the art literature 

has proposed many models to support executives in the assessment of a company‟s environmental performance. 

Unfortunately, none of these identifies operating guidelines on how the systems should be adapted to support the 

deployment of different types of “green” manufacturing strategies. The present paper seeks to illustrate the impacts 

green manufacturing has had on the various important factors which determine organisational growth and 

productivity, to support the implementation of feasible “green” manufacturing strategies. 

One of the most important areas of application of GM is manufacturing & design sector. All companies have a 

social responsibility and on GM implementation the company was found fonder to environmentally friendly 

products. The basic challenges of GM implementation found out were long term effort, investment, increase in 

production cost and specialized engineers. 

But production costs had been deeply affected and reduced, leading to an increase in income which has been shown 

in the graph previously. Thus by implementing GM the company has had the dual advantage of protecting the 

environment, fulfilling its social responsibility and bringing in better returns for the company. 
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ABSTRACT 

Green manufacturing technology is one of those sciences which has been studied and experimented for many years 

but very seldom implemented. The impacts, costs and other social issues have probably stopped experienced 

managers to implement the earth-soothing technological methods. The scope and effects of implementation of green 

manufacturing technology in the Oil and Petroleum sector of India has been analyzed to show how far the sector 

can improve by adopting green manufacturing technology. A study was conducted at Oil India Limited (OIL), to 

evaluate the effects of implementation of GM. A questionnaire survey was carried out for the purpose. The Data 

received were processed on Minitab 17 to conduct Factor analysis and One way Analysis of Variance (ANOVA). 

Inferences were drawn from the result obtained. Through the results the positive impact of green manufacturing was 

shown. 

Keywords: Factor Analysis, Green Manufacturing, One Way Analysis Of Variance, Positive Impact, 

Survey 

I INTRODUCTION 

Green Manufacturing is a method for manufacturing that minimizes waste and pollution.  It slows the depletion of 

natural resources as well as lowering the extensive amounts of trash that enter landfills.  Its emphasis is on reducing 

parts, rationalizing materials, and reusing components, to efficiently build products. 

The Center of Green Manufacturing University of Alabama defines the goal of green manufacturing as ―To prevent 

pollution and save energy through the discovery and development of new knowledge that reduces and/or eliminates 

the use or generation of hazardous substances in the design, manufacture and application of chemical products or 

processes.‖ In simple words, green manufacturing is the method for manufacturing that minimizes waste and 

pollution achieved through product and process design. Application of green manufacturing has become an 

important aspect in the industries today.  

The concept of Green Manufacturing has its roots from Germany that requires importing companies to take 

responsibility and remove any packaging materials used for that product.  In fact, the Germans have established a de 

facto global manufacturing standard instilling that, ―any company wishing to compete globally must start making 

products that will comply with the green dictates of the huge European market.‖ 
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Green Manufacturing involves not just the use of environmental design of products, use of environmentally friendly 

raw materials, but also eco-friendly packing, distribution, and destruction or reuse after the lifetime of the product. 

Green Manufacturing has many aspects including: 

1. Reducing the toxicity of raw materials used in production. 

2. Reducing energy consumption during the manufacturing process. 

3. Recycling materials and scrap. 

4. Reducing the amount of packaging in final products. 

 

II LITERATURE REVIEW 

 Nowadays, environmental consequences are considered essential for business operations with the aim to reduce 

costs and develop quality products. The environmental challenges that we face in the near future are significant 

and every part of society must respond to it, including manufacturing.(Atasu etal.,2008; Kleindorfer et 

al.,2005). 

 Lee Voon-Hsien et al, 2014, discussed the relationship between five GSCM practices and Technological 

Innovation (TI), from the context of manufacturing firms. The GSCM practices comprise internal 

environmental management (IEM), eco-design (ED) investment recovery (IR), green purchasing (GP), and 

Cooperation with customers (CC). 

 According to Mittal Varinder Kumar & Sangwan Kuldip Singh, Manufacturing firms consume energy and 

natural resources in highly unsustainable manner and release large amounts of green house gases leading to 

many economic, environmental and social problems from climate change to local waste disposal. A growing 

number of organizations have begun working towards implementation of Green Manufacturing (GM) because 

of increased concerns about the pollution increase, natural resources depletion and global warming. However, 

there are barriers which hinder the implementation of GM. In order to mitigate these barriers, the prioritization 

of barriers is essential as high-priority barriers can be taken up first to address the issue more effectively within 

the available resources. 

 According to Deif Ahmed M.,2011, Higher global awareness of environmental risks as a result of the new green 

movement is shaping new customer requirements in many places. In addition, the evolving green technology 

together with more eco-friendly product designs is helping in realizing the green manufacturing objectives in 

real practice. 

 GOVINDAN. K. A, SHANKAR, M., 2013, evaluated the essential drivers of green manufacturing using fuzzy 

approach. 

 Rehman Minhaj Ahemad.A, Shrivastava R. R, Shrivastava Rakesh. L,(2013) highlighted the road map of a 

company for achieving performance improvement through GM implementation and its impact on organizational 

performance. They also pointed out strengths and weaknesses of GM implementation practices and overall 

performance using developed research instrument. 



International conference on Science, Technology and Management                             ICSTM-2015                                                                                                       

YMCA, New Delhi (India), 1 Feb 2015                                                     www.conferenceworld.in 

1126 | P a g e  
 

 Paula I.D., et al, 2014, Discussed about the waste and the methodology of green manufacturing that can be 

applied and can reduce the wastage and increase the use of sustainable energy. The implementation of Green 

Manufacturing may not only be good for the environment — it is often good business, as well. 

 

III OBJECTIVE 

 To provide a practical example of performance improvement of the Indian Oil and Petroleum Company 

that has implemented Green Manufacturing initiative. 

 To assess the Green Manufacturing implementation practices and performance improvement of the 

organization. 

 The study was conducted in an industry that has already implemented this initiative. The study would help 

in evaluating the industry’s GM implementation and overall business performance. 

 The status of the industry before implementing Green Manufacturing is compared to its current status, i.e., 

after implementing Green Manufacturing 

 Evaluation of the industry’s GM implementation and overall business performance. 

 

IV ABOUT THE INDUSTRY 

The Indian Oil Industry dates back to the time of the British Rule, when petroleum first became the global source of 

energy. The first oil deposits in India were discovered in 1889 near Digboi, Assam. The first well was completed in 

1890 and the Assam Oil Company was established in 1899 to oversee production. Oil India Limited (OIL) is the 

second largest hydrocarbon exploration & production (E&P) Indian public sector Company and operational 

headquarters in Duliajan, Assam, India under the administrative control of the Ministry of petroleum and Natural 

Gas of the Government of India. Company's corporate office is located in Noida in New-Delhi-NCR region. The 

history of OIL dated back to February 18, 1959. Oil India Private Limited was incorporated to expand and develop 

the newly discovered oil fields of Naharkatiya and Moran in the Indian North East.(Wikipedia) 

 

V AWARDS AND RECOGNITIONS 

 

 The Golden Peacock Environment Management Award for the year 2013 in July, 2013. 

 In January, 2014, OIL received the Greentech Environment Award 2013 of Gold Category in Petroleum 

Exploration Sector for sustainable achievement in Environment Management. 

 OIL received Vigilance Excellence Award 2013-14 at a Conclave of Vigilance officers organized by the 

Institute of Public Enterprise (IPE) at Hyderabad.. 

 Oil India Limited (OIL) also bagged the prestigious TERI Corporate Social Responsibility Award, 2004, 

which was presented to OIL in recognition of corporate leadership for good corporate citizenship and 

sustainable community development initiatives. (www.oil-india.com) 

http://www.oil-india.com/
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VI STRATEGY FOR GROWTH 

 

The Company's focus remains on its core competence of Exploration and Production of hydrocarbons. The key 

focus areas for growth of the Company broadly cover the following: 

 Continue to induct world class technology 

 Focus on organic growth 

 Develop fields with potential for quick monetisation  

 Acquire blocks to augment existing reserve base 

 Acquisition of companies that are value accretive 

 Diversify through downstream investments   

Presently, OIL's hydrocarbon production primarily comes from its matured fields in the North East and their biggest 

priority is to sustain and increase production from these matured fields. This needs induction of state-of-the-art and 

fit for purpose technology, increased drilling and fast tracking plans to explore newer and prospective areas. The 

Company has adopted strategy of balanced growth of portfolio of assets. (www.oil-india.com) 

 

VII RENEWABLE ENERGY 

 

Oil India Limited had recently started to focus on renewable energy and since 2012-13 commissioned 67.6 MW of 

Wind Energy Power plants in Rajasthan. In its endeavor to harness Solar Energy, the Company successfully 

commissioned a 5.23 MW Solar Power plant at Ramgarh in Rajasthan during the financial year 2013-14. OIL has 

also undertaken a two phased study on "Wind Resource Assessment" (WRA) to assess wind potentiality in the state 

of Assam, a pre-requisite to install & commission a wind farm.  In the first phase of WRA exercise, Centre for Wind 

Energy Technology (CWET), an R&D institution of the Ministry of New and Renewable Energy (MNRE), has 

identified nine (9) locations in Upper Assam. In the 2nd phase, Wind Monitoring Stations (WMS) will be set up at 

these identified locations to measure & monitor the wind data for a period of next two years. Currently the process 

to award the contract to CWET for 2nd phase is on and they have planned to complete the installations of WMS by 

31st March 2015. The Company has plans to take up larger projects in the ensuing financial year in both Wind 

Power and Solar Power. (www.oil-india.com) 

 

VIII HEALTH, SAFETY, ENVIRONMENT  

 

As a Company engaged in E&P Activities, OIL pays utmost importance to Health, Safety & Environment (HSE) 

and the same is reflected in its vision statements that "OIL is fully committed to Health, Safety & Environment". 

OIL is committed to continuously review & improve HSE initiatives to prevent accidents, minimize environmental 

impact, prevent environmental pollution and reduce health and safety risks. To this effect, HSE policy has been put 

in place by the Company. Also, to provide the framework and structure to meet the highest level of HSE 

expectations, a HSE manual along with a guide has been prepared and adopted for all the operational areas.  The 

http://www.oil-india.com/
http://www.oil-india.com/
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Lost Time Injury Frequency performance for the year 2013-14 was excellent as per the MOU target set for the 

Company.   (www.oil-india.com) 

 

IX RESEARCH METHODOLOGY 

 

• A survey was carried out to find the overall performance of the Industry/Company before and after 

implementation of Green Manufacturing.  

• Based on the evaluations the current situation of the industry’s GM implementation and overall 

performance will be obtained.  

• A questionnaire o two pages were designed consisting of the extent of relationship between various GM 

implementation practices and overall performance.  

• 250 questionnaires were distributed and sent for survey, out of which 235 were evaluated. 

• The research instrument validated by Minhaj Ahemad.A.Rehman was used for the compilation of data.  

• Using Minitab the data obtained from the questionnaires were evaluated. Factors were extracted using 

Varimax rotation. A reliability test based on Cronbach’s Alpha was used to assess whether the dimensions 

were consistent and reliable. ( Bulent Sezen and Sibel Yildiz Cankaya, 2013 ). 

• One way Analysis of Variance (ANOVA) is conducted in this study to check the relationship of the factors 

taken into consideration. 

Table 1 

Mean and Proportionate Marks 

1.00 - 1.50 1(Not at all) 

1.51 - 2.00 2 

2.01 - 2.50 3 

2.51 - 3.00 4 ( To a moderate extent) 

3.01 - 3.50 5 

3.51 - 4.00 6 

4.01 - 4.50 7 

4.51 - 5.00 8 (To a very large extent) 
 

Table 2 below shows the various factors and the mean obtained after assessment of the questionnaire data. Marks are 

then allotted to the factor according to the Grand mean obtained from Table 1 above. Table 1 consists of mean and 

proportionate marks. 1 indicates that the Company is having a weak relationship between the implementation factors 

and the performance measure, whereas 8 indicates that the relationship between the implementation factors and the 

performance measure is very strong. 

 

 

 

http://www.oil-india.com/
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Table 2:Assessment of Various Factors 

 

Assessment result – Factor 1: Organizational Capabilities 

Questi

on 

Nos. Addressed items of the factors Mean 

Grand 

Mean 

Max 

Marks 

1 

Organization Capabilities lead to improvement in financial, 

manpower and Operational performance 
3.2 

3.18333333 5 

11 

Organization Capabilities lead to continuous improvement and 

improvement in competitive advantage and stakeholder’s 

enrichment 3.05 

22 

Organization Capabilities lead to improvement in green SC 

performance 3.3 

     

 

Assessment result – Factor 2 : Green Design Initiatives 

 

Addressed items of the factors Mean 

Grand 

Mean 

Max 

Marks 

2 

Green design Initiatives lead to improvement in financial, 

manpower and Operational performance 3.15 

3.24166667 5 

12 

Green design Initiatives lead to improvement in continuous 

improvement and improvement in competitive advantage and 

stakeholder’s enrichment 3.25 

23 

Green design Initiatives lead to improvement in green SC 

performance 3.33 

 

Assessment result – Factor 3: Green Standards Adoption 

 

Addressed items of the factors Mean 

Grand 

Mean 

Max 

Marks 

3 

Green Standard Adoption lead to improvement in financial, 

manpower and Operational performance 3.28 

3.33333333 5 

13 

Green Standard Adoption lead to improvement in continuous 

improvement and improvement in competitive advantage and 

stakeholder’s enrichment 3.28 

24 

Green Standard Adoption lead to improvement in green SC 

performance 3.45 

 

Assessment result – Factor 4 : Suppliers Management 

 

Addressed items of the factors Mean 

Grand 

Mean 

Max 

Marks 

4 

Supplier Management lead to improvement in financial, 

manpower and Operational performance 3.2 3.375 5 

25 

Supplier Management lead to improvement in green SC 

performance 3.55 

 

Assessment result – Factor 5 Technology Innovation 

 

Addressed items of the factors Mean 

Grand 

Mean 

Max 

Marks 

5 

Technology Innovation lead to improvement in financial, 

manpower and Operational performance 3.5 3.725 6 

14 Technology Innovation lead to continuous improvement 3.95 
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Assessment result – Factor 6 GM Planning 

 

Addressed items of the factors Mean 

Grand 

Mean 

Max 

Marks 

15 

GM planning lead to continuous improvement and improvement 

in stakeholder’s enrichment 3.58 3.575 6 

 

Assessment result – Factor 7 Green purchasing & marketing 

 

Addressed items of the factors Mean 

Grand 

Mean 

Max 

Marks 

6 

Green Purchasing & Marketing lead to improvement in 

financial, manpower and Operational performance 3.38 

3.325 5 

16 

Green Purchasing & Marketing lead to continuous improvement 

and improvement in competitive advantage and stakeholder’s 

enrichment 3.38 

26 

green purchasing & marketing lead to improvement in green SC 

management 3.23 

 

Assessment result – Factor 8 Implementing RL 

 

Addressed items of the factors Mean 

Grand 

Mean 

Max 

Marks 

7 

implementing RL lead to improvement in financial, manpower 

and Operational performance 3.38 

3.53333333 6 

17 

implementing RL lead to continuous improvement and 

improvement in competitive advantage and stakeholder’s 

enrichment 3.63 

27 

implementing RL lead to improvement in green SC 

management 3.6 

 

Assessment result – Factor 9 Top management Commitment 

 

Addressed items of the factors Mean 

Grand 

Mean 

Max 

Marks 

8 

top management commitment lead to improvement in financial, 

manpower and Operational performance 3.83 

3.84166667 6 

18 

top management commitment lead to continuous improvement 

and improvement in competitive advantage and stakeholder’s 

enrichment 3.98 

28 

top management commitment and Customer focus lead to 

improvement in green SC management 3.73 

 

Assessment result – Factor 10 Customers Focus 

 

Addressed items of the factors Mean 

Grand 

Mean 

Max 

Marks 

19 

Customer focus lead to continuous improvement and 

improvement in stakeholder’s enrichment 3.3 3.3 5 

 

Assessment result – Factor 11 Green Disposal initiatives 

 

Addressed items of the factors Mean 

Grand 

Mean 

Max 

Marks 

9 

Green Disposal Initiatives lead to improvement in financial, 

manpower and Operational performance 3.25 
3.43333333 5 

20 

Green Disposal Initiatives lead to continuous improvement and 

improvement in competitive advantage and stakeholder’s 

enrichment 3.5 
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29 

green Disposal Initiatives lead to improvement in green SC 

management 3.55 

 

Assessment result – Factor 12 Process management 

 

Addressed items of the factors Mean 

Grand 

Mean 

Max 

Marks 

10 

Process Management lead to improvement in financial, 

manpower and Operational performance 3.28 

3.29166667 5 

21 

Process Management lead to continuous improvement and 

improvement in competitive advantage and stakeholder’s 

enrichment 3.25 

30 

Process Management lead to improvement in green SC 

management 3.35 

 

Table 3: Mean and P value of ANOVA 

Performance measure Critical success 

factor 

Financial, manpower 

and Operational 

performance 

Continuous improvement and 

improvement in competitive 

advantage and stakeholder’s 

enrichment 

green SC 

performance 

Organizational Capabilities 3.2 ( 0.008) 3.05(0.019) 3.3(0.00) 

Green Design Initiatives 3.15(0.154) 3.25(0.444) 3.325(0.357) 

Green Standards Adoption 3.275(0.18) 3.275(0.678) 3.45(0.063) 

Suppliers management 3.2(0.44) 

 

3.55(0.4130 

Technology Innovation 3.5(0.455) 3.95(0.214) 

 GM Planning 

 

3.575 

 Green purchasing and marketing 3.375(0.189) 3.375(0.349) 3.225(0.323) 

Implementing RL 3.375(0.05) 3.625(0.056) 3.6(0.06) 

Top management Commitment 3.825(0.012) 3.975(0.348) 3.725(0.016) 

customers Focus 

 

3.3 

 Green Disposal Initiatives 3.25(0.204) 3.5(0.107) 3.55(0.86) 

process management 3.275(0.011) 3.25(0.431) 3.35(0.039) 

 

Table 4: Factor and Reliability Analysis Result 

1 Organizational 

Capabilities 

Cronbach's 

Alpha 
Mean 

2 Green 

Design 

Initiatives 

Cronbach's 

Alpha 
Mean 

1 

0.81 3.1833 

2 

0.877 3.24166 11 12 

22 23 

3 Green Standards 

Adoption 

Cronbach's 

Alpha 
Mean 

4 Suppliers 

management 

Cronbach's 

Alpha 
Mean 

3 
-0.744 3.3333 

4 
0.872 3.375 

13 25 
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24 

   5 Technology 

Innovation 

Cronbach's 

Alpha 
Mean 6 GM Planning 

Cronbach's 

Alpha 
Mean 

5 
-0.869 3.725 

15 -0.778 3.575 

14 

   
7 Green 

purchasing and 

marketing 

Cronbach's 

Alpha 
Mean 

8 

Implementing 

RL 

Cronbach's 

Alpha 
Mean 

6 

0.677 3.325 

7 

-0.809 3.5333 16 17 

26 27 

9 Top management 

Commitment 

Cronbach's 

Alpha 
Mean 

10 Customers 

Focus 

Cronbach's 

Alpha 
Mean 

8 

-0.842 3.841667 

19 0.826 3.3 

18 

   28 

   

11 Green Disposal 

Initiatives 

Cronbach's 

Alpha 
Mean 

12 process 

management 

Cronbach's 

Alpha 
Mean 

9 

-0.9 3.4333 

10 

-0.807 3.291667 20 21 

29 30 

 

Table 5: Effects of Organisational Capabilities 

 

Dependent variable 

Independent 

Variables 

Financial, manpower and 

Operational performance 

Continuous improvement and 

improvement in competitive 

advantage and stakeholder’s 

enrichment 

green SC performance 

SS MS DF 

Confidence 

Level SS MS DF 

Confidence 

Level SS MS DF 

Confidence 

Level 

Organizational 

Capabilities 4.574 1.525 3 98.93% 4.76 1.586 3 98.93% 0.31 0.305 1 95.00% 

R Square 27.89% 23.91% 1.86% 

Adjusted R 

Square 21.88% 
17.56% 0.00% 

F 4.64 3.77 0.72 
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Table 6: Effects of Green Design Initiatives 

 

Dependent variable 

Independent 

Variables 

Financial, manpower and 

Operational performance 

Continuous improvement and 

improvement in competitive 

advantage and stakeholder’s 

enrichment 

green SC performance 

SS MS DF 

Confidence 

Level SS MS DF 

Confidence 

Level SS MS DF 

Confidence 

Level 

Green Design 

Initiatives 0.479 0.479 1 98.93% 0.18 0.178 1 95.00% 0.48 0.237 2 98.04% 

R Square 5.26% 1.55% 5.41% 

Adjusted R 

Square 2.77% 0.00% 0.30% 

F 2.11 0.6 1.06 

 

Table 7: Effects of Green Standards Adoption 

 

Dependent variable 

Independent 

Variables 

Financial, manpower and 

Operational performance 

Continuous improvement and 

improvement in competitive 

advantage and stakeholder’s 

enrichment 

green SC performance 

SS MS DF 

Confidence 

Level SS MS DF 

Confidence 

Level SS MS DF 

Confidence 

Level 

Green 

Standards 

Adoption 1.657 1.657 1 95.00% 0.17 0.083 2 98.04% 1.37 0.685 2 98.04% 

R Square 13.84% 2.08% 13.85% 

Adjusted R 

Square 11.57% 0.00% 9.19% 

F 6.1 0.39 2.97 

 

Table 8: Effects of Suppliers management 

 

Dependent variable 

Independent 

Variables 

Financial, manpower and 

Operational performance 

Continuous improvement and 

improvement in competitive 

advantage and stakeholder’s 

enrichment 

green SC performance 

SS MS DF 

Confidence 

Level SS MS DF 

Confidence 

Level SS MS DF 

Confidence 

Level 

Suppliers 

management 0.452 0.226 2 98.04% 

    

0.84 0.418 2 98.04% 

R Square 4.35% 

    

4.67% 

Adjusted R 

Square 0.00% 

    

0.00% 

F 0.84 

    

0.91 
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Table 9: Effects of Technology Innovation 

 

Dependent variable 

Independent 

Variables 

Financial, manpower and 

Operational performance 

Continuous improvement and 

improvement in competitive 

advantage and stakeholder’s 

enrichment 

green SC performance 

SS MS DF 

Confidence 

Level SS MS DF 

Confidence 

Level SS MS DF 

Confidence 

Level 

Technology 

Innovation 0.417 0.208 2 98.04% 0.4 0.4 1 95.00% 

    R Square 4.17% 4.04% 

    Adjusted R 

Square 0.00% 1.52% 

    F 0.8 1.6 

     

Table 10: Effects of Green purchasing and marketing 

 

Dependent variable 

Independent 

Variables 

Financial, manpower and 

Operational performance 

Continuous improvement and 

improvement in competitive 

advantage and stakeholder’s 

enrichment 

green SC performance 

SS MS 

D

F 

Confidence 

Level SS MS 

D

F 

Confidence 

Level SS MS 

D

F 

Confidence 

Level 

Green 

purchasing and 

marketing 0.602 0.602 1 95.00% 0.52 0.259 2 98.04% 

0.2

8 

0.28

2 1 95.00% 

R Square 4.50% 5.53% 2.57% 

Adjusted R 

Square 1.99% 0.42% 0.00% 

F 1.79 1.08 1 

 

Table 11: Effects of Implementing RL 

 

Dependent variable 

Independent 

Variables 

Financial, manpower and 

Operational performance 

Continuous improvement and 

improvement in competitive 

advantage and stakeholder’s 

enrichment 

green SC performance 

SS MS DF 

Confidence 

Level SS MS DF 

Confidence 

Level SS MS DF 

Confidence 

Level 

Implementing 

RL 2.292 1.146 2 98.04% 2.22 1.11 2 98.04% 1.64 0.819 2 98.04% 

R Square 14.91% 14.44% 14.12% 

Adjusted R 

Square 10.31% 9.81% 9.48% 

F 3.24 3.12 3.04 
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Table 12: Effects of Top management Commitment 

 

Dependent variable 

Independent 

Variables 

Financial, manpower and 

Operational performance 

Continuous improvement and 

improvement in competitive 

advantage and stakeholder’s 

enrichment 

green SC performance 

SS MS DF 

Confidence 

Level SS MS DF 

Confidence 

Level SS MS DF 

Confidence 

Level 

Top 

management 

Commitment 6.73 2.243 3 98.93% 1.61 0.804 2 98.04% 4.8 2.4 2 98.04% 

R Square 26.11% 5.55% 20.02% 

Adjusted R 

Square 19.95% 0.45% 15.70% 

F 4.24 1.09 4.63 

 

Table 13: Effects of Green Disposal Initiatives 

 

Dependent variable 

Independent 

Variables 

Financial, manpower and 

Operational performance 

Continuous improvement and 

improvement in competitive 

advantage and stakeholder’s 

enrichment 

green SC performance 

SS MS DF 

Confidence 

Level SS MS DF 

Confidence 

Level SS MS DF 

Confidence 

Level 

Green Disposal 

Initiatives 0.4 0.4 1 95.00% 1.14 0.57 2 98.04% 0.9 0.9 1 95.00% 

R Square 4.21% 11.40% 7.56% 

Adjusted R 

Square 1.69% 6.61% 5.13% 

F 1.67 2.38 3.11 

 

Table 14: Effects of process management 

 

Dependent variable 

Independent 

Variables 

Financial, manpower and 

Operational performance 

Continuous improvement and 

improvement in competitive 

advantage and stakeholder’s 

enrichment 

green SC performance 

SS MS DF 

Confidence 

Level SS MS DF 

Confidence 

Level SS MS DF 

Confidence 

Level 

process 

management 
1.893 1.893 1 95.00% 0.42 0.212 2 98.04% 1.46 0.732 2 98.04% 

R Square 15.80% 4.45% 16.08% 
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Adjusted R 

Square 13.59% 0.00% 11.54% 

F 7.13 0.86 3.54 

 

The data obtained from the questionnaire was then analyzed using 12 factors. The analysis was done using Varimax 

rotation and rotated factor loadings were obtained. 

Table 3 shows the analysis of the various results obtained. 

Table 4 to Table 14 shows the effects of the 12 factors taken into considerarion. The results obtained from One way 

Analysis of variance (ANOVA) was assessed to bring out the effects of the factors 

 

X DISCUSSION  

• Oil India limited aims to grow in a sustainable manner by integrating its diverse activities to the three pillars of 

Sustainability i.e. Environment, Society and Economics. 

• Oil India Limited upheld its fine tradition of delivering economic value to shareholders by continuing to post 

impressive financial performance figures in Financial Year 2012-13. Economic growth is the driving force 

behind OIL’s Sustainable Development journey and has enabled the company to pursue various initiatives in 

the areas of engagement with local communities, reduction of environmental impacts from operations, 

employee health & safety and safeguarding of biodiversity & eco-systems in areas of operations. During the 

year 2012-14 OIL has earned a total revenue of total revenue of Rs. 11456.32 crore against Rs. 11279.90 crore. 

During the year 2013-14, its total revenue was Rs. 915,943.86   

• The overall performance of the industry has increased after implementation of GM. An increase in the total 

revenue can be seen in the subsequent years. OIL has been vigilant towards its responsibility to the society. 

Steps were taken to reduce pollution. Various environmental policies and initiatives were taken up. OIL has 

been able to reach 10th position in world ranking by its vigorous effort in various dimensions. Through GM 

implementation its energy production too has increased.  

• The result obtained showed positive relationship between the various factors as analyzed. 

Based on the above analysis, the overall grade of the company was estimated as follows: 

 Numerical weightage assigned to each factor=8 marks 

Number of factors taken into consideration=12 

Maximum marks=12*8 

=96 

Total marks achieved=64 

% marks achieved=66.7% 
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XI CONCLUSION  

• Due to increasing pollution and global warming, it has become a responsibility for the industries to implement 

environment friendly manufacturing process. Implementing GM is not just ecofriendly but it also has helped 

increase their average revenue. Recycling waste products too have proved to be profitable.  

• The study shows that the Company still has a long way to go. OIL is planning to harness wind energy in the NE 

region of India. Harnessing wind energy will pave a way to the production of a large amount clean energy. The 

R&D department is working hard to produce fuel that gives off less amount of polluting gases to the atmosphere 

when burnt.  

• The study will help improve implementation of green manufacturing in the Company. 
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ABSTRACT 

This paper presents the outcomes of an experimental analysis carried out to study the effect of micro-sized metal powders, 

when they are mixed to the dielectric fluid, during Electric Discharge Machining (EDM) of different steels. The work piece 

material, peak current, pulse on time, duty factor, gap voltage and mixing of fine metal powders(copper and aluminium) in 

dielectric fluid are taken as process input parameters. Material removal rate and Surface Roughness are taken as output 

parameters to measure the process efficiency. A newly designed experimental set up has been used to perform the task. 

Taguchi design of experiments is used to conduct experiments. The achieved results of this work indicate that the addition 

of fine metal powders in dielectric increases the material removal rate and reduces the surface roughness. 

 

Keywords: Dielectric, EDM, Steels, Micro-Sized Metal Powders, Material Removal Rate, Surface Roughness 

 

I INTRODUCTION 

Scientifically  emerging  industries  like  automotive, defense, aerospace, electronics, nuclear power, metallic  moulds  and  

dies  requires  materials  of high  strength,  high  temperature  resistant  alloys  like carbides,  super  alloys, haste-alloys etc. 

These materials are difficult to machine by conventional machining processes.  With  the drastic improvement  in the  field  

of  materials,  it  has  become  essential  to  develop cutting  tool  materials  and  processes  which  can  safely  and 

conveniently  machine  such  latest  materials  for  constant production  and  high  precision [1]. Thus,  non-conventional  

machining  processes  are  providing  effective solutions  to  the  problem  imposed  by  the  increasing demand for high 

strength, high temperature resistant alloys, the requirement of parts  with intricate shapes.  

Electric discharge machining is one of the most widely used  non-traditional  material  removal  process  for machining  of  

any  material,  which  is  electrically conductive,  irrespective  of  its  hardness  and  strength.  In spite  of  remarkable  

advantages  of  the  process,  limitations like  poor  surface  finish  and  low  volumetric  material removal  are  associated  

with  EDM. In  the  recent  past, Powder  Mixed  Electric  Discharge  Machining  (PMEDM) has  emerged  as  an  

innovative  method  to  improve  the process  effectiveness  of  EDM [1].  In PMEDM, the micro-sized metal powder is 
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mixed into the dielectric used in EDM. When  a suitable  voltage  is applied  between  the  tool  and  work  electrodes,  an  

electric field  is  established.  The  inter  electrode  spark  gap  is  filled up  with  fine  metal  powder  particles,  and  the  

gap  distance between  tool  and  the  work  piece  increases.  The  powder particles  get  energized  and  the  grains  come  

close  to  each other under the sparking area and form groups. Under the influence  of  electrostatic  forces,  the  powder  

particles arrange  themselves  in  the  form  of  chains  at  various places  under  the  spark area.  The  chain  formation  

helps  in bridging  the  gap  between  both  the  electrodes.  Due  to  the bridging  effect,  the  gap  voltage  and  insulating  

strength  of the  dielectric  fluid. The easy short-circuit takes place, which results premature explosion in the gap.  Thus a 

series of discharges starts under the electrode area.  Due  to  the  increase  in  the frequency  of  discharging,  the  faster  

sparking  within  a discharge  takes  place,  which  causes  faster  material removal  from  the  work  piece  surface.  At the 

same instance, the mixed powder alters the plasma channel. The plasma channel gets enlarged.  The electric density 

decreases; hence, sparking is uniformly spread among the powder particles.  Hence even  and  more  uniform distribution  

of  the  discharge  takes  place,  which  causes uniform  material  removal  from  the  work  piece.  This results in 

enhancement in dimensional accuracy [2]. 

 

II EXPERIMENTAL PARTICULARS 

2.1 Selection of work piece materials  

The  work piece materials  selected  for  the  current  study  are  High carbon high chromium steel (HCHCr Steel ) and  

EN-31  steel.The HCHCr steel work materials of size 50mm×20mm×12mm of 9 specimens are prepared by using power 

hacksaw, shaper and surface grinder. HCHCr  Steel  is  developed  for  applications requiring  high  resistance  to  wear  or  

to  abrasion  and  for resistance  to  heavy  pressure  rather  than  sudden  shocks. Because  of  these  qualities  and  its  non-

deforming properties, HCHCr steel is used to manufacture blanking, stamping  and  cold  forming  dies,  bending,  forming,  

and seaming  rolls  etc.   

Table 1 Chemical Composition of HCHCr Steel 

Elements C Si Mn P S Cr Mo Fe 

Composition (wt. %) 2.55 0.26 0.47 0.038 0.056 13 0.08 Balance 

 

EN-31 steel finds wide applications in roller bearing components such as brakes, cylindrical, conical & needle rollers. The 

EN-31 steel work materials of size 40mm×20mm×10mm of 9 specimens are prepared by using power hacksaw, shaper and 

surface grinder. 

Table 2 Chemical Composition of EN-31 Steel 

Elements C Si Mn P S Cr Fe 

Composition (wt. %) 1.07 0.32 0.58 0.04 0.03 1.12 Balance 
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Table 3 Properties of HCHCr steel and EN-31 steel 

Material 
Thermal Conductivity 

(W/mK) 

Density 

(g/cc) 

Electrical Resistivity 

(Ω-cm) 

Specific heat capacity 

(J/g. 
O
C) 

HCHCr steel 20 7.67 0.0000720 0.5 

EN-31 steel 46.6 7.81 0.0000218 0.475 

 

2.2 Selection of tool electrode material 

The tool electrode does not undergo much surface wear when it is strike by the positive ions in the process. The local heat 

rise at the surface of the tool electrode has to be less. It must have higher thermal conductivity, higher density, and higher 

melting point and can be machined without any difficulty. In this study the electrolytic copper is selected as tool electrode 

material because it possesses the above features efficiently. The electrode has a cross-section of 10mm×12mm. 

Table 4 Properties of Copper electrode 

Material Copper 

Thermal conductivity 391.1W/m K at 100
0
C 

Density 8.94×10
3 
kg/m

3
 

Modulus of Elasticity 117 Gpa 

Melting point 1356 K 

Latent heat of fusion 134 J/g 

Thermal expansion 16.9×10
-6

/K at 100
o
C 

 

III EXPERIMENTAL SET-UP 

Experiments are performed on Electra EMS-5535 EDM machine. The working tank of EDM machine has the dimensions 

of 800mm×500mm×350mm.It requires rich amount of metal powders for mixing in such a large tank of EDM to obtain 

desired powder concentration in dielectric fluid for experimentation. Furthermore, filter of machine might clog due to 

existence of fine powder particles and debris when using existing circulation system of machine itself. Therefore, a new 

experimental tank was made-up of size 450mm×200mm×180mm, which is filled with 7 liters of dielectric fluid. The 

experimental tank is made up of sheet metal, is called the machining container. It is placed in the existing working tank of 

EDM machine and experiments were performed in this machining container [4]. The work piece is mounted on the 

magnetic V- block which is placed in the machining container. The tool is placed on the tool holder and its alignment is 

checked with the help of dial gauge. A stirrer assembly is used to stir the dielectric continuously to prevent settle down of 

the powder in the machining tank. 
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Fig.1 Experimental setup    Fig.2 Schematic Diagram of Experimental Setup 

 

IV EXPERIMENTAL PROCEDURE 

 

The electric discharge machine is of die sinking type, with servo-head and straight polarity is used to conduct the 

experiments. The following steps have been followed during the experimentation work: 

•Place the machining container in the actual working tank of EDM machine and fasten firmly to the T-slots. 

•Attach the stirrer assembly to the machining container at chosen position, which is running at a speed of 800 rpm. 

•Fix the copper electrode in the servo feed tool holder of EDM machine. 

•Ground the work pieces on top and bottom faces to a good level of surface finish with the help of surface grinder. 

•Measure the initial mass of the work piece with the help of weighing balance. 

•Clamp the work piece on the magnetic V-block, which is placed in the machining tank and check its alignment by using 

dial indicator and fill the machining tank with seven liters of kerosene (dielectric fluid). 

•Set the parameters of the experiment according to the experimental setting finally, switch ‘ON’ the machine. 

•Once machining operation is completed, the work pieces are taken out and measure the mass again on weighing balance. 

•The same experiment was repeated with and without addition of fine metal powders in dielectric on different types of 

work pieces. 

•The Material Removal Rate (MRR) is calculated by: 

 

Where, Wi = Initial weight of work piece material (gm),  

Wf = Final weight of work piece material (gm) 

t = Time period of trial in minutes,  

ρ = Density of work piece in gm/cc 

•The instrument Taly-Surf  has been used to determine the surface roughness of the work pieces after conducting each 

experiment. 
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Fig.3 Work pieces before machining       Fig.4 Work pieces after machining 

V EXPERIMENTAL DESIGN 

In this investigational work, to study the effect of fine metal powder mixed in the dielectric, upon Material removal rate 

(MRR) and Surface roughness (SR), by changing the various input machining parameters and some parameters have been 

kept fixed throughout the testing. The design variables can be summarized as follows: 

Table 5 Process Parameters and their Levels 

Parameters 
Levels 

1 2 3 

Work piece HCHCr steel EN-31 steel ---- 

Peak current 6 9 12 

Pulse on time 20 50 100 

Duty factor 7 8 9 

Gap voltage 40 60 80 

Powder Aluminium Copper ---- 

 

Table 6 Fixed parameters 

S.No Machining parameter Fixed value 

1 Open circuit voltage 135±5 volts 

2 Polarity Straight 

3 Machining time 15 min. 

4 Type of Dielectric Kerosene 

5 Powder size 325 mesh 

6 Powder concentration in dielectric 4g/liter 
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For conducting the experiments, it has been decided to follow the Taguchi design of experiments and a suitable orthogonal 

array is selected after considering the above design variables. The effects of process parameters on material removal rate 

and surface roughness are analyzed by using statistical software MINITAB16. 

Table 7 Experimental Settings and output responses 

Exp. 

No. 

 

Work Piece 

 

Peak 

Current 

(Amps) 

Pulse on 

time 

(µs) 

Duty 

factor 

 

Gap 

voltage 

(volts) 

Powder 

 

MRR 

(mm³/min) 

SR 

(µm) 

1 HCHCr Steel 6 20 7 40 Al 0.312 2.78 

2 HCHCr Steel 6 50 8 60 Cu 0.521 2.96 

3 HCHCr Steel 6 100 9 80 ---- 0.834 3.44 

4 HCHCr Steel 9 20 7 60 Cu 0.365 2.78 

5 HCHCr Steel 9 50 8 80 ---- 0.312 3.16 

6 HCHCr Steel 9 100 9 40 Al 0.990 2.88 

7 HCHCr Steel 12 20 8 40 ---- 0.208 3.18 

8 HCHCr Steel 12 50 9 60 Al 1.929 3.22 

9 HCHCr Steel 12 100 7 80 Cu 2.816 3.24 

10 EN-31 Steel 6 20 9 80 Cu 0.563 2.68 

11 EN-31 Steel 6 50 7 40 ---- 0.204 2.70 

12 EN-31 Steel 6 100 8 60 Al 0.563 2.86 

13 EN-31 Steel 9 20 8 80 Al 0.102 3.28 

14 EN-31 Steel 9 50 9 40 Cu 0.612 3.32 

15 EN-31 Steel 9 100 7 60 ---- 0.665 2.92 

16 EN-31 Steel 12 20 9 60 ---- 0.609 3.44 

17 EN-31 Steel 12 50 7 80 Al 1.382 2.96 

18 EN-31 Steel 12 100 8 40 Cu 1.485 3.22 
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VI RESULT AND DISCUSSIONS 

 

From the test results shown in Fig.5, the material removal rate is greater with the addition of copper powder in comparison 

to that of aluminium powder. This is may be due to higher thermal conductivity and lower electrical resistivity of copper 

powder, electrode material is not permissible to absorb more amount of heat and most of the heat is used to eradicate 

material. As a result, material removal rate will be higher. The experimental result shows that by increase in the peak 

current and pulse on time increases the material removal rate. In EDM process, the material removal rate is a function of 

electrical discharge energy. The increase of peak current produces high energy intensity spark, which produces high 

temperature, causing more material to melt and vaporize from the work piece. Thus material removal rate increases with 

increase of peak current. In general, the power of the spark and frequency defined by the number of pulses per second to 

decide the process performance. 

 

Fig.5 Effect of process parameters on Material Removal Rate 

As pulse on time increases the frequency reduces and therefore the long pulse duration increases material removal. By 

increasing the voltage causes higher energy to discharge i.e., larger impulsive force of discharge on the work piece results 

in higher MRR. From the investigational result, it is detected that the material removal rate is greater in HCHCr steel 

compared to EN-31 Steel. This is possibly due to lower density and lower thermal conductivity of HCHCr steel, results in 

bulk heating of work surface there by extra material is melted and evaporated. 



International conference on Science, Technology and Management                             ICSTM-2015                                                                                                       

YMCA, New Delhi (India), 1 Feb 2015                                                     www.conferenceworld.in 

1145 | P a g e  

 

 

Fig.6 Effect of process parameters on surface roughness 

From the experimental results shown in Fig.6, The Surface roughness obtained by the addition of copper powder is greater 

as compared to aluminium powder. The reason for this may be the higher density of copper metal powder overwhelms the 

suspension capability of the dielectric fluid. The Surface roughness of the HCHCr steel is more related to EN-31 steel. This 

can be probably due to more material removal rate on the HCHCr results in deeper cavities. The peak current is the utmost 

significant factor that affects the surface roughness. At higher current, the impact of the discharge on the surface of the 

work piece become more powerful and results more erosion led to the increase in the surface roughness. Increase in the 

pulse on time results to an increase in the surface roughness, that can be feasibly due to more discharge impinges the work 

piece surface and forms deeper cavities. 

 

 VII CONCLUSIONS 

Addition of micro-sized metal powders into the dielectric fluid is one of the modern progresses in EDM that confirms 

better material removal rates at chosen surface quality. From the current investigation, for the selected process parameters 

the following conclusions were made: 

1) Adding aluminium metal powder in dielectric fluid generates superior surface finish than that of the addition of copper 

metal powder and without the addition of metal powder. 

2) The material removal rate is mainly affected by Peak current and pulse on time, and type of metal powder as additive. At 

the higher value of peak current, greater is the MRR. 

3) Powder Mixed EDM makes discharge collapse easier, increases the discharge gaps and expands the discharge channel, 

and finally forms uniformly distributed large and shallow craters on the work piece.  

4) The Surface roughness of the HCHCr steel is superior compared to EN-31 steel. 
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ABSTRACT 

Multiplier is the most commonly used circuit in digital devices. Multiplication is one of the fundamental functions  

that used in digital signal processing. Mostly high performance DSP systems  that rely on hardware multiplication 

to achieve high data throughput. There are many types of multipliers available depending upon the application in 

which they are used. We propose a Gate Diffusion Input (GDI) based cell design for 4-bit array multiplier, which is 

found to be much more power efficient in comparison with existing multiplier design. It ultimately reduces the 

Power consumption. Here the 4-bit multipliers based on GDI cells are designed using EDA Tanner and simulations 

are based on 180nm CMOS technology. The transistor count is reduced to 136 when compared with CPL Multiplier 

which requires 200 transistors. 

 

Keywords : CPL, DSP, GDI ,Low power ,Multiplier 

 

I INTRODUCTION 

The integration of a large number of functions on a single chip usually provides 

 Less area/ volume and hence compactness 

 Less power consumption 

 Less testing requirements at system level 

 Cost effective 

 Multiplier is the most commonly used circuit in the digital devices. Designing multiplier circuit efficiently we can 

reduce the power consumption of the circuit. Various blocks of multiplier are AND gate, Half Adder and full adder 

1.1 Adder 

Addition is the most common and often used arithmetic operation on microprocessor, digital signal processor, 

especially digital computers. Adders   serves as a  main building block for synthesis and all other arithmetic 

operations. The efficient implementation of an arithmetic unit  and the binary adder structures become a very critical 

hardware unit. A full adder shown in Figure 1 is a logical circuit that performs an addition operation on three binary 

digits. The full adder produces a sum and a carry value, both of which are binary digits 
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                                            Figure 1. Full Adder Circuit  

1.2 Multipliers 

Multiplication is an operation that occurs frequently in digital signal processing and many other applications. 

However, multipliers occupy a much larger area and incur much longer delays than adders. Therefore it is 

imperative that special techniques be used to speed up the calculation of the product while maintaining a reasonable 

area.  A multiplier can be divided into three stages: first one is Partial products generation stage, second is partial 

products addition stage, and the final addition stage. In the first stage, the multiplier and the multiplicand are  

multiplied bit by bit to generate the partial products. The second stage  is more  complicated and it determines the 

speed of the overall multiplier. The multipliers play a major role in arithmetic operations in digital signal processing 

(DSP) applications. The present development in processor designs aim at design of low power multiplier. So, the 

need for low power multipliers has increased. Generally the computational performance of DSP processors is 

affected by its multipliers performance. The multiplier structure considered for analysis is Array Multiplier.  It has 

been implemented using different technique and their performance comparison has been made. 

 

II EXISTING METHOD 

2.1 Complementry Pass Transistor Logic 

 The full adder circuit designed by using complementary pass transistor logic (CPL) has swing restoration ability .It 

has 18 transistors based on NMOS pass-transistor network. This cause slow input capacitance and high speed 

operation. However it also leads to one threshold voltage (Vth) lose in the output. CPL consumes less power than 

standard static CMOS circuits, due to less output voltage swing that is the result of one Vth loss in the output. 

However it introduces noise margin and causes serious problems in cascading, especially at low voltages. Therefore, 
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CMOS inverters are used to restore the outputs voltage level and ensure the drivability and feeble PMOS transistors 

are used to minimize the static current caused by the incomplete turn-off of the PMOS in the output inverters. 

The basic difference between the pass-transistor logic and the complementary CMOS logic styles is that the source 

side of the pass logic transistor network is connected to some input signals instead of the power lines. The  main 

advantage is that one pass-transistor network (either PMOS or NMOS) is sufficient to implement the logic function, 

and the  results are in smaller number of transistors and input loads especially when NMOS network used and the 

pass transistor logic has an  threshold voltage drop problem. 

 

Figure 2. Schematic Of Full Adder Using CPL 

The above is the schematic of  Full Adder designed using CPL technology which is a part of the multiplier 

implemented. It requires a total of 18 transistors. 

 

Figure 3. Schematic Of The Multiplier Using CPL 
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III  PROPOSED METHOD 

3.1 Gate Diffusion Input Technique 

The GDI method is based on the use of a simple cell as shown in Figure 4. At first glance, the basic cell reminds 

same   as the standard CMOS inverter, but there is some important differences. 

 1. The GDI cell contains three inputs: (common gate input of NMOS and PMOS), P (input to the source/drain of 

PMOS), and N (input to the source/drain of NMOS).  

                        

                                          Figure 4. GDI Basic Cell 

 2.  It must be remarked that not all of the functions are possible in standard p-well CMOS process but can be 

successfully implemented in twin-well CMOS or silicon on insulator (SOI) technologies. Table 3.1 shows how a 

simple change of the input configuration of the simple GDI cell corresponds to very different Boolean functions. 

3. Most of these functions are complex (6–12 transistors) in CMOS, as well as in standard PTL implementations, but 

very simple process (only two transistors per function) is required for GDI technique. 

Table 3.1 Various Logic Functions using GDI Cell 
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3.2 Full Adder Based On Gate Diffusion Input 

A full adder is designed using two XOR Gates and a Multiplexer. Both the designs are implemented using       Gate 

diffusion input technique. 

 

Figure 5. Schematic of Full Adder Using GDI 

3.3 Multipliers to Be Implemented 

The multiplier to be implemented  

 ARRAY MULTIPLIER 

3.3.1 Array Multiplier 

 

                                                    Figure 6. Array Multipliers 
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This is one of the simplest techniques for implementing multiplication. The idea is to add all the N partial products 

sequentially using N-1 adders. If we are multiplying N bit values then in effect we will need N-1 N-bit adders or 

N*(N-1) single adder cells. The structure of the array multiplier is shown in Figure 6.This figure shows that there 

are many identical critical paths traveling from the top right to the lower left. 

Array multipliers shown in figure 6. are very slow as their critical path is very long. If we assume that the time taken 

to produce a sum is klog(N), then the time for multiplication with an array multiplier would usually be many 

multiples of klog(N) for current practical values of N. The advantage of the array multiplier is that because of its 

regular structure it is easy to design and layout. 

3.3.2 Multiplier  Based On Gate Diffusion Input 

A 4x4 array Multiplier is designed using 16AND gates, 8 Full Adders and 4 Half Adders.The figure shows the 

schematic of 4x4 array Multiplier. It requires less number of transistors and has low power consumption. 

 

Figure 7. Schematic of Multiplier Using GDI  

IV SIMULATION RESULTS 

Simulation results are performed using Tanner EDA tool in 125nm technology with supply voltage of 5v. To 

establish an impartial testing environment each circuit have been tested on the same input patterns. Studies have 

been done with Complementary pass transistor and proposed GDI logic. The 4 bit array multiplier is designed and 
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the power consumption and number of transistors used are compared with Complementary pass transistor Logic and 

the proposed GDI logic. 

 

Figure 8. Waveform of Full Adder Using GDI 

The above is the output for the full adder. Here a ,b and c are the inputs and d,e are the sum and carry  using GDI 

technique. Here the number of gates as well as power consumption is reduced when compared to CPL. GDI technique 

uses only a total of 10 transistors. 
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Figure 9. Waveform of Inputs a0 to a3 for Multiplier Using GDI 

 

Figure 10. Waveform of Inputs b0 to b3 for Multiplier Using GDI 



International conference on Science, Technology and Management                             ICSTM-2015                                                                                                       

YMCA, New Delhi (India), 1 Feb 2015                                                     www.conferenceworld.in 

1155 | P a g e  

 

 

Figure 11. Waveform of Outputs p0 to p3 for Multiplier Using GDI 

 

Figure 12.  Waveform of Outputs p4 to p7 for Multiplier Using GDI 
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The figure 9 and 10 shows the input waveforms to the multiplier were the inputs are from a0 to a3 and b0 to b3.The 

output from p0 to p7 are show in figure 11 and 12 respectively. 

V PERFORMANCE ANALYSIS 

 Comparison table   depicts the transistor over a range of Power Supply  and as it is shown in the proposed technique  

has minimum Power and transistor count 

                               Table 5.1  COMPARISON OF FULL ADDER DESIGNS 

 

                                 Table 5.2  COMPARISON TABLE FOR MULTIPLIERS 

 

 

VI CONCLUSION 

The 4 bit Array multiplier is implemented by using GDI Technique and Complementary Pass Transistor Logic. 

Implementation as well as simulations are compared and carried out in tanner Software showing less power 

consumption in GDI circuit. From the comparison table, it is clear that GDI based multipliers has least power 
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consumption at 5volt supply compared to Complementary Pass Transistor Logic (CPL). It is also most effective in 

terms of number of transistors required.. Nowadays, chip area is very important parameter. With respect to chip area, 

GDI technique is significantly advantageous over other technique which cannot be calculated using tanner software. 

Calculation of area can be taken as future enhancement. 
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