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a b s t r a c t

In the backdrop of overwhelming concern for greenhouse gas emission, global warming and overall
environmental degradation, many manufacturing enterprises are now integrating their manufacturing
philosophy with proactive environmental management approach. It is uppermost in the minds of many
whether such environmental proactive approach will also help to improve financial performance of the
manufacturing enterprises. This study explores this pertinent issue in the context of manufacturing
enterprises of two democratic countries from the east and the west, India and UK respectively. Data
collected through a questionnaire validated by invited experts distributed among manufacturing en-
terprises of India and UK were used to construct the structural model for testing the relationship be-
tween environmental proactivity and financial performance. The fitness and robustness of the structural
model can be considered adequate. The results indicate positive correlation of environmental proactivity
with financial performance, manufacturing based operational performance and non-manufacturing
based operational performance. Model equations derived from structural analysis, however, reveal
much stronger positive correlation of financial performance with manufacturing based operational
practices than with the non-manufacturing based operational practices. The novelty of this research
work lies in its managerial implications. It is suggested from the research that the manufacturing en-
terprises of India and UK should focus more on the manufacturing based operational practices than non-
manufacturing based operational practices in order to improve environmental and as well as financial
performance.

© 2015 Published by Elsevier Ltd.
1. Introduction

Businesses across the world are undertaking phenomenal
change in their production strategies by incorporating the concept
of sustainable development. This has become imperative due to
deteriorating environmental health owing to emissions of green-
house gases (GHG) and other polluting substances from
manufacturing. Lifecycle analysis of many such products indicates
their disastrous footprint on the mother earth. This has necessi-
tated environmental proactive role in running business.
Manufacturing enterprises small, medium or large contribute
significantly to GHG emission. Environmental quality is further
degraded by discharge of solid wastes and wastewater from their
operations (Kumar and Pal, 2013a, 2013b; Swain, 2006; Pizer et al.,
n).
2011; Marshall et al., 2013). Energy inefficiency and inefficient
supply chain also lead to increased emission and generation of
more wastes affecting the environment as well as financial per-
formance of the manufacturing enterprises. There are a number of
good reasons to get involved in taking action on climate change
from the industrial perspective. Such actions may reduce cost and
increase revenue, reduce the risks associated with higher energy
costs, develop appropriate strategies for reduction of greenhouse
gas emissions, and initiate proactive approaches for both preven-
tive and corrective measures, along with compliance with
government-initiated regulations. The manufacturing enterprises
all over the world are thus bound to adopt environmental proactive
approach (Swain, 2006). But the question of whether such an
environmental management approaches will lead to better finan-
cial performance or not is arising in theminds of the entrepreneurs.
This issue needs to be particularly examined in the contexts of
manufacturing sectors of both the developing and the developed
countries where India and UK are two fit cases for this study.
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India is a developing economy of the east and UK is a developed
economy of the west. Manufacturing is a top priority in both India
and UK. India has recently launched a national manufacturing
policy that aims to increase manufacturing activity from a current
16% of Gross Domestic Product (GDP) to 25% by 2022 in order to
achieve a growth rate of 12e14% per year. Government of UK also
announced a series of policy on advanced manufacturing. Apart
from manufacturing similarity in terms of technology and opera-
tions, both the countries face similar kind of challenges to develop
their manufacturing strategies (UK and India Partnership in
Advanced Manufacturing Research Challenges, 2012; Shapira
et al., 2014). In environmental quality excellence awards, UK
ranks just after India (IBEF, 2013). In both the countries, stake-
holder's pressure as to cleaner production is a key issue for
consideration. The issues of green product design, green
manufacturing and green supply chain management including
boundary-spanning activities such as green purchasing and prac-
tice of reverse logistics are gaining importance in these two
countries (Binder and Neumayer, 2005; Kapila et al., 2011; Baud
and Dhanalakshmi, 2007).

Thus in this paper, manufacturing enterprises of India and UK
have been considered collectively for evaluation purpose with the
aim of testing the relationship between environmental proactivity
and financial performance of manufacturing enterprises. The re-
lationships of environmental proactivity with non-manufacturing
based operational performance are also evaluated (as pre-
requisites of the main objective). Structural equation modelling
(SEM) is used in the study as it applies effective statistical tools for
testing and estimating causal relations between latent or unob-
served variables allowing both confirmatory (theory testing) and
exploratory modelling (theory development). Identification of the
constructs and variables from literature with respect to the objec-
tive as per hypotheses is essential to successful structural equation
modeling (Jabbour et al., 2013; Sambasivan et al., 2013). Informa-
tion about rest of the paper is organized as follows. Literature re-
view is discussed in section 2. Research methods and data
collection are discussed in section 3. Research hypotheses are
provided in section 4. Results and discussion are illustrated in
section 5 and the conclusions are provided in section 5.
2. Literature review

Eco-friendly manufacturing is considered as an economically
driven integrated approach that seeks reduction and elimination of
all waste streams associated with the design, manufacture, use and
disposal of all involved materials, and products (Curkovic, 2003).
Life cycle assessment is also considered a sustainable tool for
environmentally friendly manufacturing that takes into account
product design, manufacturing and life cycle activities. Benefits of
clean production do not remain confined to reduction of adverse
environmental impacts only (Choi et al., 1997) but also lead to
better product acceptability. Environmentally conscious customers
demand product functional design complying with environmental
regulations (Smith and Yen, 2010). Hence development of green
processes and products can be a way for manufacturing enterprises
to achieve competitive advantage with financial benefits (Porter
and Linde, 1995; Dangelico and Pontrandolfo, 2010). Proper envi-
ronmental management system (EMS) should have an integrated
and holistic approach to improve environmental and financial
performance (Hui et al., 2001).

Decisions about green initiatives are taken by the top manage-
ment of the manufacturing enterprises to improve environmental
performance by applying the principles of sustainability (Vachon
and Klassen, 2008; Kneller and Manderson, 2012; Toke et al.,
2012). Environmental proactivity often gets reflected in the ap-
proaches of manufacturers to get ISO 14001 certificates (Jabbour
et al., 2013; Sambasivan et al., 2013; Arimura et al., 2011). Many
manufacturing enterprises are now considering ‘reduce-recycling-
reuse’ (3R) concept to reduce rawmaterial and water consumption.
Reducing raw material and water consumption not only helps to
prevent rapid depletion of natural resources, but also helps the
manufacturing enterprises to save financially (Jayal et al., 2010;
Sarkis, 1995).

However, it is not clear whether the environmental proactivity
is positively related to the financial performance of the
manufacturing enterprises of India and UK. Particularly, in case of
limited financial resources how environmental proactivity in-
fluences financial performance, it is found controversial among the
researchers (Sambasivan et al., 2013; Iwata and Okada, 2011).
Governments of both these countries like many other governments
of the developed as well as developing economies have applied
increased focus on improving the attractiveness of the location for
manufacturing enterprises through the formation of local clusters
(IRMA, 2009). Formation of local clusters promotes regional
development by providing various opportunities for improving
environmental and economic performances of the enterprises
(Planning Commission, Government of India, 2013). Researchers
like Sambasivan et al. (2013) and Jabbour et al. (2013) have pro-
posed a number of constructs (latent variables) and variables
(manifest variables) that can influence the financial performance of
the manufacturing enterprises through environmental proactivity.
The importance of the variables can vary from country to country
depending on the size of the countries. However, in this paper, all
major possible variables for the proposed factors have been
considered though literature shows that there may be overlapping
of the variables. Such overlapping has been avoided in this work by
selecting only the proper and exact variables. Five-point scale has
been used to measure the degree of the variables as it is easier to
mark for the decision makers compared to other point scales
(Sambasivan et al., 2013; Jabbour et al., 2013).

Environmental proactivity (EP) deals with 11 variables as found
from different literature. EP plays an important role at strategic
level environmental decision making. EP involves (i) top manage-
ment support or manpower involvement, (ii) approach to increase
environmental expenditure, (iii) maintain regulations imposed by
the governments and stakeholders, (iv) formal environmental
management system, (v) total quality management system, (vi)
long term sustainable initiatives, (vii) recycling initiatives, (viii)
intelligent environmental management, (ix) life cycle assessment,
(x) eco-design, and (xi) environmental risk management system.
Environmental proactivity can help an enterprise to improve its
operational performances based on manufacturing and non-
manufacturing activities. Environmental proactivity can also lead
to improve the financial performance through operational perfor-
mances (Sambasivan et al., 2013; Toke et al., 2012; Jabbour et al.,
2013).

Manufacturing based operational performance (MOP) involves
six variables namely (i) reduction of emission to air, (ii) greener
overall manufacturing system, (iii) reduction of energy consump-
tion, (iv) reduction of raw material consumption, (v) reduction of
water consumption, and (vi) reduction of wastes. Normally,
manufacturing process itself is considered the significant source of
environmental pollution because of formation of chips, smoke, dust
and application of coolants, different chemicals or hazardous ma-
terials. From the variables, it is clear that MOP considers the pre-
vention or controlling activities against environmental pollution or
affects occurred during the time of manufacturing or because of
manufacturing process (Toke et al., 2012; Setiawati et al., 2013;
Sambasivan et al., 2013).
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Non-manufacturing based operational performance (NOP) also
deals with six variables. NOP involves (i) sale of scraps/wastes/
excess materials, (ii) rating of customer satisfaction, (iii) environ-
mental auditing of suppliers, (iv) adoption of green transportation,
(v) green packaging, and (vi) societal concerns. From the variables, it
is clear that NOP considers the prevention or controlling activities
against environmental pollution occurred other than the
manufacturing process (outside of production-line). NOP leads to
improve the overall quality of the enterprises while gaining finan-
cially (Toke et al., 2012; Sambasivan et al., 2013; Silva et al., 2013).

Financial performance is the most important criteria from the
perspective of any enterprise as the ultimate goal of any
manufacturing enterprise is making money. Financial performance
is assessed by (i) increased revenue, (ii) increased profit/reduction
of production cost, and (iii) increased return on equity and cash-
flow. Turnover is the income of an enterprise from its product
sale and revenue gross sale or turnover including asset sale. While
return on equity is given by the ratio of net income and share-
holder's equity, cash-flow considers any movement of money into
or out of a business or product over a specific period of time. Cash-
flow can be used to evaluate the quality of income generated by
accrual accounting which is the addition of interests or different
investments over a period of time (Setiawati et al., 2013; Endrikat
et al., in press; Toke et al., 2012). All the constructs and variables
are provided with their sources in Appendix 1.

Majority of researches have revealed that environmental pro-
activity is positively related to the operational performance irre-
spective of its nature (i.e. manufacturing or non-manufacturing
based) (Gonz�alez-Benito and Gonz�alez-Benito, 2005; Sambasivan
et al., 2013). However, it is found quite controversial among the
researchers whether the environmental proactivity really helps the
enterprises to improve their financial performance. For example,
while the earlier studies (Walley andWhitehead,1994; Newton and
Harte, 1997) conclude that there is no significant relationship be-
tween environmental proactivity and financial performance, recent
studies (Claver et al., 2007; Sambasivan et al., 2013) argue that
there is a positive relationship between the environmental proac-
tivity and financial performance. Sueyoshi and Goto (2010) observe
that the relationship between environmental proactivity and
financial performance is largely affected by the size of the enter-
prises. For large enterprises environmental proactivity is positively
related to financial performance. However, for small and medium
enterprises (SME) environmental proactivity has no significant
impact to improve the financial performance.
Fig. 1. Flow diagram for research methods of survey.
3. Research methods and data collection

Research methods are the systematic and theoretical analyses of
the methods applied to a specific field of research for solving a
particular problem to ascertain the best possible practices. Based on
the existing gap in research involving environmental proactivity,
manufacturing and non-manufacturing based operational perfor-
mance and financial performance of the manufacturing enterprises
of India and UK, it was decided to conduct a quantitative research
(Fig. 1.). Manufacturing enterprises (large and SMEs) of India and
UK were the target area of this research as the manufacturing
sectors of India and UK contribute more than 10% to the gross do-
mestic product (GDP) employing around 9% and 8% of the total
working population respectively. As per 2010 statistics, India is the
10th largest manufacturing nation in the world followed by UK
(Planning Commission, Government of India, 2013; BIS, 2010).

Manufacturing sectors of India and UK can be classified into four
categories depending on the use of products, namely (i) Basic goods
(e.g. finished steel, fertilizers, cement, steel casting, pipes and
tubes, stamping and forging); (ii) Capital goods (e.g. commercial
vehicles, auto components, electric motors, railway locomotives,
textile machinery, machine tools, electric generators, ship building,
tractors); (iii) Intermediate goods (e.g. cotton yarn, tyres, tin metal
containers, bolts and nuts) and (iv) Consumer goods (e.g. sugar, tea,
soaps, paper and paperboards, medicines) (IBEF, 2013; National
Statistics, 2007).

This study includes major manufacturing enterprises except
those which do not involve machining or metal forming. After
identifying the research gap, hypotheses were developed which are
described in the next section. Then questionnaires were built with
the aim of testing the hypotheses. Manufacturing enterprises of
India and UK had been considered collectively for this research. The



Table 1
Details of responses of the delivered questionnaires.

Country Small and medium scale enterprises (SME) Large scale enterprises (LSE)

A B C D E F G A B C D E F G

India 358 62 17.32% 2 3.23% 60 16.76% 151 67 44.37% 3 4.48% 64 42.38%
UK 301 65 21.59% 1 1.54% 64 21.26% 100 65 65.00% 2 3.08% 63 63.00%

A ¼ Total number of delivered questionnaires B¼ Number of collected answers C¼ Percentage of response rate D ¼ Number of discarded questionnaires E ¼ Percentage of
discarded questionnaires (of the collected answers) F¼ Number of accepted answers G ¼ Percentage of accepted answers (of the sent questionnaires).
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manufacturing enterprises included SMEs and large scale enter-
prises. In India, SMEs are defined as enterprises where investment
in plant and machinery up to Rs. 10 crore or 100 million, but in UK
SMEs are defined as enterprises where the number of employees
are up to 250.

The questionnaires were validated by the invited experts (who
occupied the highest position in production/operations/environ-
mental areas) from different manufacturing enterprises of India
and UK in a workshop meeting. All the experts were well experi-
enced in the area of environment and manufacturing/operation. It
was found that all the items (constructs and respective variables)
collected from literature were valid as per the opinion of the ex-
perts and no extra itemwas added to the formed questionnaires as
it contained all the necessary major variables.

The research data were collected during the period May 2013 to
January 2014. The lists of the companies with addresses and email
information were collected from the lists of industrial directory
available on the websites.1 The validated questionnaires were sent
to different manufacturing enterprises of India and UK through
postal mail and e-mail to collect the answers. Emails containing
questionnaires and brief objective and explanation of this research,
were sent to the respondents occupying the highest positions in
production/operations/environmental areas in the manufacturing
enterprises followed by phone calls to contact the employees of the
enterprises in order to increase the number of answers. The ques-
tionnaires contained four sections, each for one construct. Under
EP, MOP, NOP and FP construct, participants were requested to
mark based on a 5-point scale where the degrees of 1, 2, 3, 4 and 5
were used to represent ‘not at all’, ‘to little extent’, ‘to some extent’,
‘to a moderate extent’ and ‘to a large extent’ respectively. There
were a total of twenty six variables to be marked; under construct
EP there were eleven variables, under construct MOP therewere six
variables, under construct NOP there were six variables and
construct FP contained three variables.

The questionnaires were then sent to a total of 910
manufacturing enterprises out of which 358 enterprises from India
were SMEs (ISME), 151 enterprises from India were large (ILSE), 301
enterprises from UK were SMEs (UKSME) and 100 enterprises from
UK were large (UKLSE). A total of 259 answers (28.46% of the total
questionnaires sent) were collected from different manufacturing
enterprises of India and UK; among them 62 answers (response rate
17.32%) were from ISME, 67 answers (response rate 44.37%) were
from ILSE, 65 answers (response rate 21.59%) were from UKSME and
65 answers (response rate 65%) were from UKLSE. This indicates
that the response rate is lower in India (see Table 1). Out of these
259 answers, 8 answers (0.03% of the total answers) were discarded
(2 answers from ISME, 3 answers from ILSE, 1 answer from UKSME
and 2 answers from UKLSE) due to being incomplete, leading to a
total response rate of 27.58% which was greater than 6%2 for 251
1 http://indiaindustriesdirectory.com/http://www.ukdirectory.co.uk/
manufacturing-and-industry/manufacturing/.

2 Murillo-Luna et al. (2011) suggest that a response rate greater than 6% can be
considered adequate to apply SEM.
valid responses (valid response rates for ISME, ILSE, UKSME and
UKLSE are 16.76%, 42.38%, 21.26% and 63% respectively) and can be
considered adequate at total and as well as individual level (i.e.
ISME, ILSE, UKSME and UKLSE) for applying structural equation
modelling (SEM) as suggested by a number of researchers (Large
and Thomsen, 2011; Jabbour et al., 2013; Sambasivan et al., 2013).

SEM1,3considers general linear model to evaluate how well the
hypothesized structure fits2 the data using maximum likelihood3.
Structural equation modelling is done following the steps below.

Step 1 The missing values of the collected data are first checked.
For the missing values of data, Little's Missing Completely at
Random (MCAR) Test4 is performed to check whether the
missing data are completely at random. Normally, if the p-
value5 is greater than 0.5, it indicates that the datamissing is
completely at random. Mean value replacement is consid-
ered as the recommended option for missing value treat-
ment (Armstrong and Overton, 1977).

Step 2 The second step is to group variables into factors using
Principal Component Analysis (PCA) with the objective of
reducing a set of variables down to a smaller number of
factors in order to create composite scores for these factors
for use in subsequent analysis. PCA is done using varimax
method6 to extract factors having eigen values greater than
1, from the constructs to indicate how much data cloud
variance is absorbed by it. The accumulated (total) variance
for each construct is expressed with its eigen value. Anti-
image correlation matrix contains the negatives of the
partial correlation coefficients, and the anti-image covari-
ance matrix contains the negatives of the partial covariance.
Most of the off-diagonal elements are small to indicate a
good factor model. Main diagonal values of the anti-image
matrix are greater than 0.6, however slight less values also
are accepted (Jabbour et al., 2013). The values of the load-
ings7 and communalities8 (to explain the adherence of a
given variable to the diverse factors of a factorial analysis as
mentioned by Jabbour et al., 2013) of all variables for a
particular construct are expressed from component matrix
and reproduced correlations to show which particular var-
iable is loaded on which particular factor and which vari-
ables are not significant (having communalities less than
0.5).

Step 3 To assess the fitness of the model, Kaiser-Meyer-Olkin
(KMO) Test, Bartlett's Test of Sphericity (BTS) in terms of
Chi-square and p-value, reliability test (using Cronbach's
alpha) are performed.

KMO Test is used to verify the correlation value between the
variables. More the value of the KMO Test is near to one and zero,
more the sample size is adequate and inadequate respectively. The
3 Important statistical terms are expressed with their cut-off values (if any) in
Appendix 2 as suggested by Meyers et al., 2005; Sambasivan et al., 2013 and Kenny,
2014.

http://indiaindustriesdirectory.com/
http://www.ukdirectory.co.uk/manufacturing-and-industry/manufacturing/
http://www.ukdirectory.co.uk/manufacturing-and-industry/manufacturing/
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acceptable value is considered greater than 0.5; between 0.7 and
0.8 is good and 0.9 or above is excellent.

BTS considers the hypothesis that the correlation matrix is the
identity matrix where the determining factor is equal to one in
order to analyze the correlation matrix as a whole. Bartlett factor
scores have a mean of 0 and the sum of squares of the unique
factors over the range of items is minimized. Reliability analysis for
each construct is performed in terms of Crobach's alpha to measure
the internal consistency (i.e. howclosely related a set of items are as
a group), acceptable value of which is greater than 0.7 (Kline, 2005).

Step 4 The basic correlation matrix and the descriptive statistics
(average and standard deviation of the variables) are
presented.

Step 5 Before running the SEM model, the appropriate method for
SEM is selected. Partial Least Squares (PLS), dealing with
second generation multivariate analysis is used to deal with
complex theories like environmental related issues or in
empirical research works/initial stages of development. To
generalize framework for multi-block analysis, PLS has the
advantage of systematic convergence of the algorithm due
to its simplicity, possibility of managing data with a small
number of individuals and a large number of variables with
practical meaning of the latent variable estimates. PLS-SEM
is a two-step method; while the first step deals with
computing the latent variable scores using the PLS algo-
rithm, the second step deals with carrying out Ordinary
Least Square (OLS)9 regressions on the latent variable scores
for estimating the structural equations. Once the PLS-SEM is
run, it should be stopped within 300 iterations (general
case) for the identified model. If the PLS-SEM algorithm
does not converge within 300 iterations, the algorithm
could not find a stable solution which almost never occurs.

Step 6 Now, Average Variance Extracted (AVE), Compounded or
Composite or Construct Reliability (CR), Coefficient of
Determination (R2)10 and communality are determined for
each construct.

AVEmeasures the amount of variance captured by a construct in
relation to the variance due to random measurement error
(Sambasivan et al., 2013). The formula for variance extracted (VE) is
given below using standard notations (as used by Meyers et al.,
2005) l to represent the standardized factor loadings and n to
represent the number of items.

VE ¼
Pn

i¼1 l
2
i

n

CR is a measure of overall reliability of a collection of hetero-
geneous but similar items (Sambasivan et al., 2013) and is
expressed by the following equation using standard notations (as
used by Meyers et al., 2005) l to represent the standardized factor
loadings, n to represent the number of items and d to represent
error variance.

CR ¼

 Pn
i¼1 li

!2

 Pn
i¼1 li

!2

þ
 Pn

i¼1 di

!2

R2 values near 0.75, 0.5 and 0.25 are considered as substantial,
moderate and weak respectively, indicating how much (%) of the
variance can be explained by the variables used in the concerned
regression equation (Hair et al., 2011).
To assess the construct validity (refers to the degree to which a
measure assesses the theoretical construct it is supposed to assess)
of the model, convergent validity and discriminant validity can be
tested. Convergent validity is considered when the variables do not
correlate well with each other within their parent factor
(construct), indicating the construct (latent variable or unobserved
variable) is not well explained by its variables (manifest or
observed variables). To test convergent validity, the values of AVE
are greater than or equal to 0.5 and the values of CR are greater than
AVE (Foltz, 2008), or greater than or equal to 0.7 (Sambasivan et al.,
2013). Discriminant validity is considered when the variables
correlate more highly with variables outside their parent factor
than with the variables within their parent factor, indicating the
construct is better explained by some other variables (from a
different construct), than by its own observed variables. To test
discriminant validity, cross-loadings are examined. Discriminant
validity is achieved when an indicator's loading on a construct is
higher than all of its cross-loadings11 with other constructs (Meyers
et al., 2005).

Step 7 The complete SEM model is demonstrated by acceptable
level of absolute fit12 expressed in terms of Goodness-of-fit
Index (GFI).

Normally, the overall statistical fitness of the model is expressed
by Goodness of Fit (GoF) statistics which have values 0.10, 0.25 and
0.36 for GoF-small, GoF-medium and GoF-large respectively
(Wetzels et al., 2009). Goodness-of-Fit Index (GFI) (should be
greater than 0.90) is the proportion of variance in the sample cor-
relation/covariance accounted for by the predicted model as
(Meyers et al., 2005):

0: No fit� GFI� 1: Perfect fit.

Step 8 Finally, a bootstrap of 1000 sub-samples, drawn from the
original sample with replacement (i.e. each time an obser-
vation is drawn at random from the sampling population, it
is returned to the sampling population before the next
observation is drawn) is used to test the robustness of the
model in order to estimate the statistical significance of
relationships between mentioned variables and constructs
expressed in terms of outer loadings (Jabbour et al., 2013).

Sign indeterminacy of latent or construct variables results in
arbitrary sign changes of the bootstrap coefficients, compared to
the estimates obtained from the original sample. This occurrence of
sign changes pull the mean value of bootstrap results (i.e. outer
weight) towards zero increasing the corresponding bootstrap
standard error and hence ultimately decreasing the t-value as t-
value is given by the ratio of outer weight and standard error. Hence
individual sign change is considered to obtain the highest t-
values13. However, if the result (path) is not significant, construct
level change is considered to compromise between no sign change
and individual sign change (Wold, 1985).

t-test values near 1.65, 1.96 and 2.58 reflect significance levels of
10%, 5% and 1% respectively [i.e. a ¼ 0.10, 0.05 and 0.01 or 90%, 95%
and 99% of Confidence Interval (CI) respectively] (Hair et al., 2011).
4. Research hypotheses

This section proposes the research hypotheses. Enterprises may
be proactive towards environmentally friendly manufacturing
programmes if they recognize that improved environmental per-
formance creates value for the enterprises. EP offers a structured
approach to decision making in facilitating an economic and
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environmentally friendly production. A proactive strategy focuses
on eliminating the source of potential problems rather than
highlighting the problems after they have occurred. Manufacturing
enterprises are considered environmentally proactive when they
respond to challenges by adopting different environmentally
friendly strategies in order to minimize the environmental impact.
Environmentally proactive manufacturing enterprises commit re-
sources to environmental management on an as-needed basis. EP
deals with strategic level different kinds of environmental de-
cisions making by the top management including environmental
expenditure, life cycle assessment, intelligent environmental
management and risk management for long-term sustainable
growth of the manufacturing enterprises. MOP deals with lean
manufacturing practices and energy and carbon footprint reduc-
tion technologies. MOP indicates formal routines and procedures
that are used by the managers and employees to maintain or
improve the environmental performance of operational practices.
MOP includes practices aimed at improving operational and
environmental performances as per strategic plan. Thus, it is quite
expected that EP positively correlates with manufacturing based
operational performance and this has been addressed by different
researchers from countrywise and sector-wise (Sambasivan et al.,
2013; Jabbour et al., 2013; Toke et al., 2012; Wisner et al., 2010).
In India and UK, all the activities, related to MOP and EP are largely
Fig. 2. Structural model
performed by the manufacturing sector. However for the Indian
and UK manufacturing sector it has not been brought forth by the
researchers. Hence, the first hypothesis is stated as follows:

Hypothesis 1. (H1): Environmental proactivity (EP) has a positive
correlation with manufacturing based operational performance
(MOP).

NOP deals with green supplier selection and various types of
non-manufacturing related environmental impact control methods
including improvement in transportation systems and packaging. It
is quite expected that the strategic level environmental decision
making helps to improve the NOP which has been highlighted by
several researchers focusing on different countries and sectors
(Jaber and Saadany, 2009; Silva et al., 2013; Toke et al., 2012).
However for the Indian and UK manufacturing sector the rela-
tionship between EP and NOP has not been addressed by the re-
searchers though in both the countries the activities related to EP
and NOP are greatly performed. Hence, the second hypothesis is
stated as follows:

Hypothesis 2. (H2): Environmental proactivity (EP) has a positive
correlation with non-manufacturing based operational perfor-
mance (NOP).

The relationship between EP and FP, it is quite controversial
among the researchers, particularly in case of obsolete and
for original data set.



Table 2
Cross-loadings for evaluating discriminant validity. Bold values indicate that the
specific cell values are greater than the other cell values for the same row.

EP MOP NOP FP

EP1 0.688 0.469 0.645 0.353
EP2 0.439 0.229 0.255 0.169
EP5 0.548 0.370 0.434 0.392
EP6 0.775 0.678 0.655 0.577
EP7 0.740 0.667 0.596 0.546
EP9 0.817 0.753 0.665 0.583
EP10 0.868 0.853 0.739 0.757
EP11 0.830 0.777 0.742 0.655
MOP3 0.828 0.892 0.808 0.646
MOP4 0.722 0.849 0.633 0.666
MOP5 0.660 0.797 0.580 0.593
MOP6 0.668 0.752 0.616 0.530
NOP2 0.616 0.589 0.786 0.532
NOP3 0.624 0.548 0.728 0.506
NOP4 0.747 0.704 0.843 0.588
NOP5 0.620 0.593 0.757 0.464
NOP6 0.639 0.668 0.745 0.478
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inefficient technologies due to lack of financial resources
(Sambasivan et al., 2013; Iwata and Okada, 2011; Planning
Commission, Government of India, 2013). The manufacturing en-
terprises, in both the countries, are to take initiatives to control the
environmental impacts and maintain the regulations imposed by
the governments. Hence environmental expenditure is a key issue
for every manufacturing enterprise. After investing money to
control the environmental impacts, every manufacturing enter-
prise wants to get environmental and financial benefits from its
initial investment, because manufacturing enterprises are required
to recoup the funds expended in environmental investment. It is
thus essential to find out the relationship between EP and FP for the
large scale enterprises and SMEs, in India and UK. Hence, the third
hypothesis is stated as follows:

Hypothesis 3. (H3): Environmental proactivity (EP) has a positive
correlation with financial performance (FP). It can be expressed in
terms of MOP and NOP if the previous mentioned hypotheses (i.e.
H1 and H2) are proved.
Table 3
Reliability and validity values for the structural model.

Constructs Average
Variance
extracted
(AVE)

Composite
reliability

R2 Cronbach's
alpha

Communalities

EP 0.528 0.896 0 0.868 0.478
MOP 0.680 0.894 0.768 0.841 0.644
NOP 0.597 0.881 0.711 0.831 0.582
FP 0.712 0.881 0.583 0.797 0.713

FP1 0.728 0.720 0.630 0.919
FP2 0.629 0.649 0.569 0.861
FP3 0.477 0.476 0.478 0.742
5. Results and discussion

After collecting the complete answers, the data are analyzed
using SPSS 16 and Smart-PLS 2.0. In the research, for the just-
identified model (i.e. Degrees of Freedom is greater than zero),
only complete answers were considered with no missing data.
Hence, Little's Missing Completely at Random (MCAR) Test is not
required to check whether the missing data are completely at
random. There is no such column (variable) where all the items are
identical and the data for the variables are non-normally
distributed.

Variables of construct EP, MOP, NOP and FP are grouped into
factors using Principal Component Analysis (PCA) through the
varimax method, explaining an accumulated variance of 56.35%,
54.365%, 54.164% and 71.344% with eigen values of 5.259, 2.575,
2.908 and 2.14, and acceptable values of the main diagonal of the
anti-image matrix (0.831, 0.727, 0.736, 0.866, 0.914, 0.906, 0.884
and 0.877), (0.796, 0.833, 0.864 and 0.851), (0.872, 0.888, 0.840,
0.869 and 0.863) and (0.596, 0.638 and 0.744) respectively. To
refine variables EP3, EP4, EP8; MOP1, MOP2 and NOP1 are
excluded from the constructs EP, MOP and NOP respectively due to
low communalities (0.406, 0.108, 0.423, 0.239, 0.448 and 0.342
respectively). No variables are extracted from construct FP as all
the variables have communalities greater than 0.5. The values of
the load and communalities are presented in Appendix 3A, 3B, 3C
and 3D.

To assess the fitness of the model for constructs EP, MOP, NOP
and FP, KMO test (values 0.863, 0.844, 0.864 and 0.643 respec-
tively), BTS test [Chi-square 1215, 540.665, 487.393 and 266.109
(p-value<0.1 for all) respectively], and Cronbach's alpha (0.870,
0.842, 0.828 and 0.797) are performed, presenting all satisfactory
values.

Pearson's correlation matrices for all the constructs are pre-
sented in Appendix 3E, 3F, 3G and 3H, and the descriptive statistics
(average and standard deviation of the variables) for all the con-
structs are presented in Appendix 3I, J, K and L.

EP5, MOP6, NOP6 and FP2 have highest average among all the
variables for constructs EP, MOP, NOP and FP respectively. Pearson's
correlation matrices reveal that EP11-EP9, MOP4-MOP3,
NOP4eNOP2 and FP2-FP1 variables have highest correlations
among all other correlations for constructs EP, MOP, NOP and FP
respectively.

The SEM algorithm stops to converge within four iterations. All
the path coefficients (loads) are determined (see Fig. 2.). The
discriminant validity is checked by examining the cross loadings,
showing adequate results presented in Table 2. EP is positively
related to MOP (path coefficient is 0.876), NOP (path coefficient is
0.843) and FP (path coefficient is 0.335). Thus all the three hy-
potheses are considered as true. Among the three constructs
mentioned later, MOP is mostly or predominantly influenced by EP.
From the structural model FP is expressed in terms of MOP and NOP
like FP ¼ 0.390 MOP þ 0.071 NOP.

Now, AVE, CR, R2, Cronbach's alpha and communalities are
determined for constructs EP, MOP, NOP and FP respectively, pre-
senting all satisfactory values (see Table 3).

The overall SEMmodel was demonstrated by an acceptable level
of absolute fit measure of GoF-large (0.675) with an average R2 of
0.687. Though GoF was a LISREL measure, however the value of GoF
was calculated according to the equation used by Wetzels et al.,
2009.

Finally, to test the model robustness, a bootstrap of 1000 sub-
samples was run to estimate the statistical significance of re-
lationships between proposed variables and constructs with cor-
responding t-values (see Fig. 3 and Table 4) to demonstrate the
significance level of the paths. Here also, all the three relationships
were positively correlated; however FP was influenced by EP at a
significance level of closely but less than 10%. MOP and NOP both
were influenced by EP at a significance level of less than 1%. Hence,
the bootstrapping model indicates that the structural model was
considered as a robust model. From the bootstrapping model FP
was expressed in terms of MOP and NOP like FP ¼ 2.086
MOP þ 0.400 NOP.



Table 4
Significance of model relationship coefficients.

Relationship Load T test Significance level

0.688 8.435 Less than 1%
0.439 3.365 Less than 1%
0.548 5.111 Less than 1%
0.775 15.855 Less than 1%
0.740 13.416 Less than 1%
0.817 20.453 Less than 1%
0.868 35.180 Less than 1%
0.830 23.824 Less than 1%
0.892 34.784 Less than 1%
0.849 25.794 Less than 1%
0.797 17.394 Less than 1%
0.752 11.021 Less than 1%
0.786 12.677 Less than 1%
0.728 10.932 Less than 1%
0.843 22.899 Less than 1%
0.757 13.049 Less than 1%
0.745 12.241 Less than 1%
0.919 54.304 Less than 1%
0.861 26.564 Less than 1%
0.742 11.757 Less than 1%
0.876 32.254 Less than 1%
0.843 28.593 Less than 1%
0.335 1.687 Close but less to 10%
0.390 2.086 Close to 5%
0.071 0.400 Greater than 10%

Fig. 3. Relationship between EP and FP with bootstrapping of 1000 sub-samples.
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6. Conclusions

It transpires that environmental proactivity and environmental
performance are positively correlated. Financial performance (FP) is
improved through manufacturing based operational performance
(MOP) and non-manufacturing based operational performance
(NOP). From the structural model, it can be seen that FP is pre-
dominantly influenced by MOP rather than NOP. Thus, it is quite
expected that the enterprises which have strong manufacturing
based operational practices to control environmental impacts are
financially more benefited compared to the enterprises which focus
non-manufacturing based operational practices.

Some important correlations are also found from this research
as seen in Pearson's correlation matrices. Life cycle assessment
(EP9) and environmental risk management system (EP11) are
highly correlated. Similarly, increased revenue/turnover (FP1) helps
to increase profit (FP2). Other correlations are not significant as
such, confirming that the indicators chosen for the research do not
overlap or repeat. It is suggested from the research that the
manufacturing enterprises of India and UK should focus more on
the manufacturing based operational practices to improve envi-
ronmental and as well as financial performance. It is also suggested
to assess the life cycle of products in order to improve the envi-
ronmental risk management system.

Hence, these propositions have direct managerial implications,
because the areas of manufacturing and non-manufacturing based
operational performances are largely controllable by the produc-
tion/manufacturing and environmental managers. Overall, this
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research gives a comprehensive view of environmental proactivity,
manufacturing and non-manufacturing based operational perfor-
mances and financial performances (from environmental
perspective, i.e. due to environmental proactivity) of the
manufacturing enterprises of India and UK.

However, this research also has its own limitations. In this
research work, the manufacturing enterprises of India and UK are
collectively considered. The comparison between the enterprises of
the two countries is not addressed. Similarly, SMEs and large scale
enterprises are collectively considered without doing the separa-
tion. Indian SMEs are not compared with the SMEs of UK. Indian
large scale enterprises are not compared with the large scale en-
Constructs Related Variables

Environmental Proactivity
(EP)

EP1: Top management support/commitment and manp
environmental training
EP2: Approach to increase environmental expenditure
environmentally friendly materials cost, waste and wat
EP3: Approach to maintain regulations imposed by the

EP4: Approach to have ISO 14001 certification or envir
environmental management system (EMS) for green m
supply chain management (GSCM)
EP5: Approach to have total quality management syste

EP6: Long term sustainable initiative regarding GM and

EP7: Recycling initiatives like joining local recycling en
collaboration with same sector/industry
EP8: Intelligent environmental management or commu
exchange green initiatives among similar sectors
EP9: Life cycle assessment with environmental databas

EP10: Approach of green or eco-design (with cross-fun

EP11: Environmental risk management system to decre
accidents

Manufacturing based
Operational Performance
(MOP)

MOP1: Reduction of emission to air

MOP2: Achieved overall cleaner or greener production
proper coolant use, chip handling system, reduction of t
etc.)
MOP3: Reduction of energy consumption

MOP4: Reduction of raw material consumption

MOP5: Reduction of water consumption

MOP6: Reduction of wastes/solid wastes/wastewater b
through lean manufacturing/just-in-time (JIT)

Non-Manufacturing based
Operational Performance
(NOP)

NOP1: Sale of scraps/wastes/excess materials/inventory

NOP2: Rating of customer satisfaction on green product
etc.)
NOP3: Approach of environmental auditing of supplier
green suppliers, mentioning environmental requiremen
of material, ISO 14001 certification in order to achieve
NOP4: Adoption of green transportation by using fuel e
transportation system
NOP5: Adoption of green packaging (use of environme
reverse logistics practice, consideration of less weight e
NOP6: Societal concern for protection of natural enviro
plantation of trees etc.

Financial Performance (FP) FP1: Increased revenue/turnover
FP2: Increased profit/reduction of production cost
FP3: Increased return on equity and cash-flow
terprises of UK. These limitations flourish the scope of future
research work which may be done based on the available data
collected during the period of this research work as the sample
sizes are relatively low but over 50 and in all the cases response rate
is greater than 6%. Finally it is believed that future research work
may disclose more relevant points.
Appendix 1. Variables related to different constructs and
their sources
Sources

ower involvement including Toke et al., 2012; Sambasivan et al., 2013;
Jabbour et al., 2013

(operational cost, training cost,
er treatment/recycling cost)

Sambasivan et al., 2013; Sueyoshi and Goto,
2009; Wang et al., 2014

government and stakeholders Cong and Freedman, 2011; Zhu et al., 2013;
Lannelongue and Gonz�alez-Benito, 2012

onmental policy or formal
anufacturing (GM) and green

Jabbour et al., 2013; Toke et al., 2012; Casadesús
et al., 2008; Testa et al., 2014

m/ISO 9001 certification Casadesús et al., 2008; Zhu et al., 2013;
Terziovski et al., 2003

GSCM over budget schedule Toke et al., 2012; Sambasivan et al., 2013; Joung
et al., 2012

terprises or establishing Ricoh Group Sustainability Report , 2007, Toke
et al., 2012; Tonjes and Mallikarjun, 2013

nication management to Mandal and Sarkar, 2012; Burke and Gaughran,
2006; Butler, 2011

e of products Zhu and Deshmukh, 2003; Hon and Xu, 2007;
Chung and Wee, 2011

ctional integration, if required) Jabbour et al., 2013; Toke et al., 2012; Knight
and Jenkins, 2009

ase frequency of environmental Sambasivan et al., 2013; Ma et al., 2013; Zhao
et al., 2010
Sambasivan et al., 2013; Pan et al., 2013;
Changhong et al., 2006;
Kuramochi et al., 2012; Jos�e et al., 2007

/manufacturing system (such as
oxic/hazardous/harmful materials

Toke et al., 2012; Sambasivan et al., 2013; Diaz-
Elsayed et al., 2013

Sambasivan et al., 2013; Dong et al., 2013; Oda
et al., 2012
Toke et al., 2012; Sambasivan et al., 2013;
Pereira and Benedetti, 2013
Sambasivan et al., 2013; Coelho and Campos,
2014; Rezaei et al., 2010

y recycling or controlling process Toke et al., 2012; Setiawati et al., 2013;
Sambasivan et al., 2013
Kahn, 1985; Jaber and Saadany, 2009;
Mauthoor et al., in press

s (such as safety, energy efficiency Toke et al., 2012; Sambasivan et al., 2013; Tseng
and Hung, 2013

s with questionnaire to select
ts like product testing report, bill
green purchasing

Jabbour et al., 2013; Toke et al., 2012;
Sambasivan et al., 2013; Buyukozkan and Cifci,
2012

fficient/environmentally friendly Toke et al., 2012; Sambasivan et al., 2013; Lin
et al., 2014

ntally friendly materials, reuse/
tc.)

Toke et al., 2012; Zhang and Green, 2012; Silva
et al., 2013; Ramos et al., in press

nment such as green disposal, Toke et al., 2012; Jaber and Saadany, 2009;
Padhan et al., 2013; Silva et al., 2013
Toke et al., 2012
Setiawati et al., 2013; Endrikat et al., in press
Toke et al., 2012
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Appendix 2. List of statistical terms/items used in research
method and data collection
Sl
no.

Terms/items Expression of terms/items

1 Structural Equation Modelling Statistical technique for testing and estimating causal relations between latent or unobserved variables allowing both
confirmatory (theory testing) and exploratory modelling (theory development)

2 Fit Refers to the ability of a model to reproduce the data (usually the variance-covariance matrix); a good-fitting model is one
that is reasonably consistent with the data and so does not necessarily require respectification
A good-fitting model is not necessarily a valid model, thus parameter estimates must be carefully examined to determine
whether themodel is reasonable as well as fit statistics; conversely, it should be noted that a model all of whose parameters
are statistically significant may be from a poor fitting model

3 Maximum likelihood Produces parameter estimates that are the most likely to have produced the observed correlations, if the sample is from a
multivariate normal population

4 Little's Missing Completely at Random
(MCAR) Test

Checks whether the missing data are in MCAR i.e. observed values of dependent variable are a truly random sample of all
values of dependent variable, with no underlying process that lends bias to the observed data; p-value should be less than
0.05

5 p-value In statistical hypothesis testing, the p-value is the probability of obtaining a test statistic at least as extreme as the one that
was observed, assuming that the null hypothesis is true; if p-value is lesser than the default significance level of 0.05, then
the null hypothesis is rejected

6 Varimax method Rotates (referred to as orthogonal rotation) the axis such that the two vertices remain 90� (perpendicular) to each other
assuming uncorrelated factors

7 Loadings Expresses the correlation of the item with the factor while the square of this factor loading indicates the proportion of
variance shared by the item with the factor

8 Communalities (c2) Proportion of the variance of an item that is accounted for by the common factors in a factor analysis leading to find out the
unique variance of an item given by 1� c2 (which is equal to item specific variance þ item error variance or random error)

9 Ordinary Least Square (OLS) or Linear
Least Square (LLS)

Statistical technique that uses sample data to estimate the true population relationship between two variables leading to
solve the unknown parameters in a linear regression model (LRM); LRM relates a dependent/regressand/output variable
with one or more independent/regressed/input variables

10 Coefficient of Determination (R2) Defined as a ratio of explained (independent) variance to the total variance of the dependent variable and expressed as
follows where SSR is the Sum of Squared Residuals and TSS is the Total Sum of Squares for the dependent variable
R2 ¼ 1� SSR

TSS
11 Cross-loadings Indicate how strongly each item loads on each other factor; there should be a gap of at least 0.2 between primary and cross-

loadings
12 Absolute fit measures Measures how well the correlation/covariance of the hypothesized model fits correlation/covariance of the actual or

observed data based on discrepancies or matrix of residuals, Degrees of Freedom (DoF) and sample size; absolute fit index
presumes that the best fitting model has a fit of zero determining how far the model is from perfect fit (i.e. measure of
badness/bigger is worse)

13 t-value t-statistic is given by the mean difference divided by the standard error; can be interpreted as how many standard errors
away a mean from another value; t-value considers or takes into account sample sizes
Appendix 3
Appendix 3A
Result of the PCA for EP.

Variables Load Communalities

EP1 0.696 0.639
EP2 0.589 0.589
EP5 0.622 0.672
EP6 0.776 0.602
EP7 0.704 0.530
EP9 0.797 0.717
EP10 0.848 0.729
EP11 0.814 0.781

Appendix 3C
Result of the PCA for NOP.

Variables Load Communalities

NOP2 0.779 0.607
NOP3 0.722 0.522
NOP4 0.834 0.695
NOP5 0.761 0.578
NOP6 0.711 0.506
Appendix 3B
Result of the PCA for MOP.

Variables Load Communalities

MOP3 0.866 0.751
MOP4 0.816 0.666
MOP5 0.796 0.633
MOP6 0.725 0.525

Appendix 3D
. Result of the PCA for FP.

Variables Load Communalities

FP1 0.907 0.823
FP2 0.850 0.722
FP3 0.771 0.595



Appendix 3F
Pearson's correlation matrix for MOP.

MOP3 MOP4 MOP5 MOP6

MOP3 1
MOP4 0.683a 1
MOP5 0.612a 0.605a 1
MOP6 0.610a 0.484a 0.427a 1

a Correlation is significant at the 0.01 level (2-tailed).

Appendix 3E
Pearson's correlation matrix for EP.

EP1 EP2 EP5 EP6 EP7 EP9 EP10 EP11

EP1 1
EP2 0.417a 1
EP5 0.573a 0.396a 1
EP6 0.382a 0.493a 0.368a 1
EP7 0.414a 0.156a 0.322a 0.453a 1
EP9 0.458a 0.248a 0.253a 0.563a 0.595a 1
EP10 0.524a 0.261a 0.453a 0.632a 0.563a 0.656a 1
EP11 0.460a 0.195a 0.217a 0.588a 0.600a 0.707a 0.704a 1

a Correlation is significant at the 0.01 level (2-tailed).

Appendix 3G
Pearson's correlation matrix for NOP.

NOP2 NOP3 NOP4 NOP5 NOP6

NOP2 1
NOP3 0.479a 1
NOP4 0.593a 0.514a 1
NOP5 0.489a 0.407a 0.570a 1
NOP6 0.475a 0.421a 0.519a 0.483a 1

a Correlation is significant at the 0.01 level (2-tailed).

Appendix 3H
Pearson's correlation matrix for FP.

FP1 FP2 FP3

FP1 1
FP2 0.703a 1
FP3 0.567a 0.429a 1

a Correlation is significant at the 0.01 level (2-tailed).

Appendix 3I
Descriptive statistics for EP.

Variables Average Standard deviation

EP1 3.79 0.834
EP2 3.80 0.844
EP5 4.48 0.683
EP6 3.53 0.801
EP7 3.89 0.872
EP9 3.08 0.935
EP10 3.02 1.073
EP11 3.41 1.009

Appendix 3J
Descriptive statistics for MOP.

Variables Average Standard deviation

MOP3 3.52 1.009
MOP4 3.00 1.018
MOP5 3.10 0.897
MOP6 4.08 0.813

Appendix 3K
Descriptive statistics for NOP.

Variables Average Standard deviation

NOP2 2.29 0.833
NOP3 2.32 0.690
NOP4 2.54 0.859
NOP5 2.88 0.665
NOP6 3.41 0.864

Appendix 3L
Descriptive Statistics for FP.

Variables Average Standard deviation

FP1 3.49 0.887
FP2 3.86 0.793
FP3 3.66 0.840
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