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Abstract
Leather tanneries which produce significant amounts of solid waste, effluents, and emissions are a major contributor to industrial
waste. A cleaner production program was launched by the government of Pakistan to implement the cleaner production measures
for tanneries of Sialkot from 1999 to 2005. The main objective of this study is to identify the impact of a cleaner production
program, along with other determinants of a cleaner production in the leather industry. The study analyses firm-level primary data
collected from leather tanneries in Sialkot. The primary data were collected from tanneries in Sialkot. The econometric analysis is
conducted using the Poisson regression analysis. Overall results show that there is no significant impact of cleaner production in
2015, while the panel data results indicate that the effect of cleaner production support by CPC on cleaner production practices
diminished once the support came to an end. The other main factor is firm size, which indicates the financial position of the firm;
international and regulator pressures are major determinants of the adoption of cleaner production measures. The analysis also
indicates that there is higher probability of large firms adopting a cleaner production in comparison with small ones. Export
orientation of firms is another important determinant of cleaner production. The enforcement of the environment compliance laws
also has positive effect. The compliance with cleaner production measures is quite low, at 6.4 out of 19 cleaner production
practice measures. There is a need to adopt measures that are environmentally friendly and are favorable towards both labor
health and product quality, which are important for the sustainable growth of the tanning industry.
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Introduction

Leather products and supports goods of Pakistan are famous
worldwide. For the FIFA World Cups of 1982, 2014, and
2018, the soccer balls (Tango and Brazuca, Telstar 18, respec-
tively) were made in Pakistan (TDAP 2018). The leather
industry’s contribution to value-added manufacturing as a per-
cent of the GDPwas 5% in 2015, with 2500 leather processing
units providing employment to more than 500,000 people
(Hashmi et al. 2017). The leather industry in Pakistan, with

a 5% share in total export earnings, is one of the most dynamic
as well as the second largest export-oriented sector after tex-
tiles (Siddiqui et al. 2016). The value of exports from the
leather sector in the fiscal year 2013–14was USD 1.27 billion,
which was 10.5% higher than the previous year’s leather ex-
ports (World Bank 2011; Ghafoor and Zafar 2014).

Along significant contribution in economy, leather tanner-
ies are major contributors to industrial waste, producing solid
waste, effluents, and emissions, among which wastewater is
the most significant threat to the environment (Tariq et al.
2010). The effluents of the tanning industry contain organic
and inorganic matters which take the form of dissolved and
suspended materials with toxic metal salt residues that severe-
ly affect the health of the habitants (Mahmood and Iqbal
1995; Tariq 2006; Garai 2014; Rabelo et al. 2018; Maqbool
et al. 2018).

Tanneries, like many other small and medium enter-
prises, are often leading contributors to environmental deg-
radation, especially when they are geographically clustered
in urban localities.
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There are many reasons for poor compliance with en-
vironmental regulations by the tanning industry in
Pakistan, as in other developing countries. One reason
is the limited body of environmental guidelines for tan-
neries with either weak or poorly enforced environmental
laws. Many tanneries in Pakistan lack proper cleaner
production equipment while water treatment plants are
unavailable. Thus, international environmental standards
are rarely implemented in Pakistan. Furthermore, conven-
tional regulatory instruments are generally ineffective
due to financial constraints, low education, and unavail-
ability of technical assistance to owners (World Bank
2011). Another major factor is political influence which
deflects efforts by local authorities to enforce environ-
mental regulations and environmental compliance
(Blackman and Kildegaard 2010).

The Government of Pakistan has made efforts to reduce the
pollution associated with tanneries. A cleaner production pro-
gram (CPP) was introduced during 1999–2005 by the
Government with the cooperation of the Norwegian Agency
for Development Coopera t ion (NORAD), Trade
Development Authority of Pakistan (TDAP), and Pakistan
Gloves Manufactures and Exporters Associat ion
(PGM&EA). Under this program, different measures were
introduced in the leather sub-sectors in the cities of Sialkot,
Lahore, and Karachi (World Bank 2011). Since it is difficult
for financially constrained firms to obtain technical informa-
tion about new technologies, this program sought to provide
machinery as pilot project, technical assistance, and awareness
raising to the tanneries. For the sustainable production of
leather products in Pakistan, it is important to understand the
factors that determine compliance with environmental regula-
tions by the leather tanneries.

A number of studies have addressed factors affecting
cleaner production in industries. Among the key factors,
along with financial and technical support identified, are en-
vironmental regulations, international pressure, social activ-
ism, and firm-specific characteristics. The firm-specific char-
acteristics include human capital, product and process, regu-
lations, social, size, and financial position (Dasgupta et al.
2000; Anton et al. 2004; Anton 2005; Blackman 2008,
2010a, b; González del Rio 2009; Escobar and Chávez
2013; Lan and Munro 2013; Hemachandra 2015; Li and
Hamblin 2016).

The main objective of this study is to understand the clean-
er production program (CPP) and its implementation proce-
dure and success rate as well as the challenges faced in its
implementation at Sialkot. It also intends to identify the im-
pact of the cleaner production program, along with other de-
terminants of cleaner production in the leather industry. The
study analyses firm-level primary data collected from leather
tanneries in Sialkot. In the BLiterature review^ section, the
study will therefore offer a review of literature on the cleaner

production, environmental regulations in Pakistan. It also pro-
vides literature on factors affecting cleaner production. The
BResearch methods^ section explains researchmethods to car-
ry out this study. The BLeather industry in Pakistan^ section
gives an overview of the leather industry in Pakistan and its
contribution to the economy. In the BResults and discussion^
section, the study will examine whether support of the Cleaner
Production Program to the leather industry is a significant
determinant of the adoption of cleaner production measures.
We offer conclusions and policy implications the
BConclusions and implications^ section.

Literature review

Environmental regulation is one of the key factors of cleaner
production. Therefore, to build a comprehensive understand-
ing and highlight its importance, this section presents an over-
view of environmental regulations and cleaner production
program in Pakistan. The literature on factors playing a role
in adoption of cleaner production at firm level is also
presented.

Environmental regulations

Environment improvement has long been a concern of the
Government of Pakistan. However, the understanding of
environmental issues, their relation to development, and
their translation into action are yet to be approached in a
systematic and effective manner. The first major consoli-
d a t ed env i r onmen t a l l eg i s l a t i on , t h e Pak i s t an
Environmental Protection Ordinance (PEPO), was passed
and promulgated in 1983. Equally important was the
National Conservation Strategy (NCS) prepared in 1992
which was a major step in setting goals for natural resource
conservation. Furthermore, the Pakistan Environment
Protection Commission (PEPC) approved the National
Environment Quality Standards (NEQS) in 1993. These
NEQS were uniform for industrial and municipal dis-
charges . In 1996, the Envi ronmenta l Standards
Committee (ESC) was set up to suggest revisions to the
NEQS where necessary. The Committee found some of
the parameters to be more stringent than those for other
countries in the region. Therefore, through consultations
with stakeholders, the Pakistan Environmental Protection
Act was promulgated in December 1997. The ESC pro-
posed revised NEQS and recommended to the Pakistan
Environmental Protection Council to endorse the revised
NEQS in December 1999, which came to be known as
NEQS 2000. In 2005, the National Environment Policy
was issued which provides a framework for addressing
the environmental issues of air, water, and waste manage-
ment. It also addresses the environmental issues of
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conservation of forests, biodiversity, natural disasters, and
climate change (Sial 2018). In 2012, the 1997Act came to be
changed after the 18th amendment to the Constitution, which
designated Benvironment protection^ as one of the devolved
subjects to the provinces of Pakistan. Today, each province
has a provincial Environment Protection Agency working un-
der the provincial Environment Protection Act 2012 (The
Pakistan Environmental Protection Act 1997 n.d.; The Punjab
Environmental Protection Act 1997 n.d.; The Punjab
Environmental Protection Act 2012 n.d.).

Cleaner production program

It was against the backdrop of the preparations for the 1992
United Nations Conference on Environment and
Development (Rio Conference) that the realization came that
if manufacturing goes global, cleaner production should fol-
low suit as a global undertaking (OECD 2007). The United
Nations Industrial Development Organization (UNIDO) and
the United Nations Environment Program (UNEP) therefore
initiated a program in 1989 with the aim of cleaner production
by industries in advanced countries. They jointly therefore
launched the National Cleaner Production Centers program
in 1995 with the establishment of eight centers in developing
and transitional countries (Luken and Navratil 2004).

Owing to the role of the cleaner production program in
increasing compliance with environment regulations, it is today
accepted worldwide. Cleaner production is a voluntary ap-
proach focusing on environmental management for reduction
in pollution. It is also helpful in reducing input use and improv-
ing quality. The application of cleaner production improves
quality, reduces cost and health risks, and improves the envi-
ronment. By 2002, 100 Cleaner Production Centers were func-
tioning in over 40 countries and by 2015 the program had been
extended to 58 countries (OECD 2007;WB 2011; UNIDO and
UNEP 2015). These centers helped spread information, create
skills, provide training, and initiate pilot projects. The Center
essentially helps firms design and operate cleaner production
processes and develop and produce eco-efficient products. The
cleaner production process is one of the indicators of the
Environment Management System (EMS). It is also helpful
in meeting the requirements of the EMS and ISO-14001 certi-
fication. Cleaner production can also help in cost saving for
developing countries given their energy deficiencies as well
as extensive use of raw material (OECD 2007).

A cleaner production project (CPP) was initiated in 1999
by the Cleaner Production Centre (CPC) in Sialkot to reduce
the environmental risks associated (World Bank 2011), the
objective of the establishment of CPC being to convince the
tanners to use cleaner practices. For this purpose, the CPP
introduced different measures for cleaner production on a trial
basis, one of them being the provision of display units to firms
to practice cleaner production. The adoption of CP is

environmentally friendly and cost effective in comparison
with Bend-of-pipe^ treatment1 (Sarkis and Cordeiro 2001).
As Dandira et al. (2012) have pointed out, the environmental
benefits of Cleaner Production can be translated into market
opportunities for ‘greener^ products.

Cleaner Technologies for tanneries involve good housekeep-
ing and process improvements, conservation of water through
installation of water flow meters (for effluent load controls and
measurements), control of air quality in the industry (via the
installation of Dust Collectors on dry shavers and buffing ma-
chines), arresting of sludge from effluents tanneries (via the
installation of Grit Chambers), control of indiscriminate dis-
charge of potentially harmful liquids and hazardous solid
wastes, control of high concentration of chloride in effluents
(via the provision of de-dusting tables and related expertise),
and recovery of chrome from spent chrome liquors (via the
establishment of a chrome recovery plant) (World Bank 2011).

Factors affecting cleaner production

A number of studies have addressed factors affecting cleaner
production in industries. The green process innovation rather
than product innovation directly impacts cleaner production.
There is need to promote process-oriented innovation and to
build an environmentally friendly culture in order to be more
active in cleaner production in the long-run (Li and Hamblin
2016). In their study, Frondel et al. (2007) have shown that
cost saving tends to favor clean production while regulatory
measures and stringent environmental regulations tend to be
positively correlated with end-of-pipe technologies. Among
other factors which support the implementation of cleaner
production measures are general management systems and
specific environmental management tools such as process
control systems or environmental audits, which presumably
the part of cleaner production (Luken and Navratil 2004).

The key driver of the adoption of cleaner production tech-
nologies is a firm’s human capital (Blackman and Kildegaard
2010). Firms with high human capital are more likely to have
better environmental compliance (Lan andMunro 2013). This
is because training of workers is a major factor of compliance
with environmental regulations (Gangadharan 2006).
Programs that promote more effective environmental manage-
ment and training within the plants also lead to better compli-
ance with industrial pollution control (Dasgupta et al. 2000).
The training of workers is a major factor in compliance with
environmental regula t ions (Gangadharan 2006) .
Environmental training is also important in green manage-
ment (Teixeira et al. 2012). The programs that promote more

1 Cleaner production intends to minimize waste and emissions during the
production process while end-of-pipe treatment removes already formed con-
taminants from a stream of air, water, or waste. The end-of-pipe treatment is
normally implemented as the last stage of a process before the stream is
disposed of or delivered.
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effective environmental management and training within the
plants enable the plants to arrive at a better compliance status
with regard to industrial pollution control (Dasgupta et al.
2000; Teixeira et al. 2012). It is positively associated with
the adoption of cleaner production (Blackman 2008, 2010a,
b; González del Rio 2009).

The regulations have not always proven effective in reduc-
ing industrial pollution in the developing world (Anton et al.
2004; Blackman and Sisto 2005; Maxwell and Lyon 2000).
Although there are firms that voluntarily adopt environment-
friendly measures (Anton 2005; Uchida and Ferraro 2007;
Florida and Davison 2001), evidence of the impact of volun-
tary regulatory policies on cleaner practices is far more mixed
since non-regulatory pressures appear to have a very low im-
pact on a firm’s environmental compliance in developing
countries (Blackman 2008). One of the important reasons for
the lack of compliance of a firm with environmental regula-
tions is the poor enforcement of regulations (Schjolden 2000)
as command and control instruments play a vital role in con-
trolling industrial pollution (Dasgupta et al. 2000; Anton et al.
2004; Delmas and Toffel 2008; Priyadarshini and Gupta
2003). Close monitoring and stricter enforcement improves
firms’ compliance behavior (Dasgupta et al. 2000; Escobar
and Chávez 2013; Mudalige and Udagama 2013). The volun-
tary regulatory policies on industry compliance are mixed and
indications are that non-regulatory pressures have a very low
impact on a firm’s environmental compliance in developing
countries (Blackman 2010b).

Environmental regulations have a significant effect on
compliance when it comes to exports (Roy 2012) as buyers
play an important role in demanding cleaner production.
Firms that export their products to European countries need
to comply with specific environment standards. Hence, in de-
veloping countries, export-oriented firms are found to display
better compliance than those producing for the local market
(Samad et al. 2015; Christmann and Taylor 2006; Roy 2012;
Hemachandra 2015). According to Polinsky and Shavell
(2000), among others, social activism is one of the factors
affecting environmental compliance. The social activism by
the community can play an influential role in enhancing com-
pliance (Winter and May 2001).

The individual characteristics of the firm are also matters
for adoption on cleaner production and environmental com-
pliance. The age of a firm is represented by the number of
years a firm has been in operation. It represents the level of
technology and adherence to the conventional production pro-
cess. The number of years that a firm has been in the produc-
tion process is used as an indicator of the age of the tannery
which is expected to negatively affect the choice of cleaner
production (Hoogendoorn et al. 2014). Like firm age, firm
size and type of operation of the firm also need to be con-
trolled. Such differences in structural characteristics may in-
fluence a firm’s environmental attitude. The previous

literature shows that firm size is an important determinant of
environmental compliance behavior, as smaller firms may
lack the necessary resources to invest in environmental activ-
ities, which matches the negative and significant relation
(Bickerdyke and Lattimore 1997; Sáez-Martínez et al. 2014;
Samad et al. 2015; Sáez-Martínez et al. 2016).

Finally, we can conclude that among the key factors iden-
tified are human capital, pecuniary and non-pecuniary sup-
port, regulations, social and international activism, and firms’
individual characteristics for adoption of cleaner production.

Research methods

In the present section, we provide a model that determines the
impact of the cleaner production program on adoption of
cleaner production including other determinants as control
variables. It also describes about variables, study area, data,
and its collection procedure.

Model

To investigate the impact of the cleaner production program
(CPP) on cleaner production and determinants of cleaner pro-
duction in the tanning industry, our study estimates a regres-
sionmodel using both cross-sectional data and panel data. The
selection of the variables is based on studies discussed in
literature review section (Gangadharan 2006; Blackman and
Kildegaard 2010; Escobar and Chávez 2013). We provide a
model that determines the impact of cleaner production pro-
gram on adoption of cleaner production including other deter-
minants as control variables. The control variables include
firm characteristics as well as pressure from local and interna-
tional community and government. The following equation
presents the model for examining the determinants of the
adoption of cleaner production measures:

Y ¼ f X 1;X 2;X 3ð Þ ð1Þ
where the dependent variable Y denotes the adoption of clean-
er production measures while X1 is the vector representing
pecuniary or non-pecuniary supports to firms, X2 is the vector
of variables exerting pressure on firms to comply with cleaner
production, and X3 is the vector of variables representing a
firm’s characteristics.

Adoption of cleaner production measures (Y)

The dependent variable (Y) is a count variable, measuring the
number of cleaner production measures adopted by a firm out
of a total of 19 measures. As presented in Appendix 1 Table 8,
there are 19 measures that a firm can adopt totally or partially.
The present study estimates separate equations for overall
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measures of cleaner production as well as for each of three
sub-categories, viz., environment, labor conditions, and qual-
ity. In addition, the dependent variable is also segregated on
the basis of cost (i.e., low and high cost).

Support (X1)

Support is also a count variable. It represents Cleaner
Production Support for pecuniary or non-pecuniary measures
(i.e., financial, technical, and training supports for adoption of
cleaner production) for 19 measures from CPP. This variable
is also segregated on the basis of cost (i.e., low and high cost).

The training of workers is a major factor in compliance
with environmental regulations (Gangadharan 2006).
Environmental training is also important in green manage-
ment (Teixeira et al. 2012). The programs that promote more
effective environmental management and training within the
plants enable the plants to arrive at a better compliance status
with regard to industrial pollution control (Dasgupta et al.
2000; Teixeira et al. 2012). It is positively associated with
the adoption of cleaner production (Blackman 2008, 2010a, b;
González del Rio 2009). The level of support that a firm ob-
tains from the cleaner production program is an indicator of it.

Pressure (X2)

The different types of pressure for compliance with cleaner
production, such as pressure from the international communi-
ty, environmental regulation enforcement agencies, and social
actions (activism) by the community, are included in X2.

Regulations have not always proved effective in reducing
industrial pollution in the developing world (Anton et al.
2004; Blackman and Sisto 2005; Maxwell and Lyon 2000).
However, many firms voluntarily adopt environmentally
friendly measures (Anton 2005; Uchida and Ferraro 2007).
Nevertheless, the evidence on the impact of voluntary regula-
tory policies on industry compliance is mixed and indications
are that non-regulatory pressures have a very low impact on a
firm’s environmental compliance in developing countries
(Blackman 2010b).

Environmental regulations have a far reaching impact on
compliance when it comes to exports (Roy 2012). For export-
oriented firm, there is a need to comply with specific environ-
ment standards. Hence, in developing countries, export-
oriented firms are found to display better compliance than
those producing for the local market (Samad et al. 2015;
Christmann and Taylor 2006; Roy 2012; Hemachandra
2015). It is therefore a dummy variable and marked as 1 if a
major portion of the firm’s production is exported. Technical
assistance and awareness are also key factors given the cost of
the technologies and need for awareness of quality benefits for
compliance (Blackman 2010a, b; González del Rio 2009).

The second variable included in Pressure is Environmental
Regulatory Pressure. One of the important reasons for lack of
compliance of firms with environmental regulations is the
poor enforcement of environment regulations (Schjolden
2000). Hence, in controlling industrial pollution, command
and control instruments play a vital role (Dasgupta et al.
2000; Anton et al. 2004; Priyadarshini and Gupta 2003).
Close monitoring and stricter enforcement improve a firm’s
compliance behavior (Dasgupta et al. 2000; Escobar and
Chávez 2013; Mudalige and Udagama 2013). It is expected
that the more the number of inspections, the greater the adop-
tion of cleaner production on the part of the firm (Dasgupta
et al. 2000; Anton et al. 2004; Priyadarshini and Gupta 2003;
Escobar and Chávez 2013; Mudalige and Udagama 2013). It
is measured by the number of inspections in the last 2 years by
the Environment Protection Authority.

The third indicator we have included is social activism by
the community. It is expected that social activism can also
affect the tannery’s choice of cleaner production measures.
Tanneries facing more pressure by the community are more
likely to adopt Cleaner Production. It is measured by the num-
ber of complaints by the community in a year.

Firm’s characteristics (X3)

The individual characteristics of the firm are also important in
adopting cleaner production measures. The years in operation,
type of production process, scale of production, and human
capital are included in the vector X3.

The age of a firm is represented by the number of years a
firm has been in operation. It represents the level of technol-
ogy and adherence to the conventional production process.
The number of years that a firm has been in the production
process is used as an indicator of the age of the tannery which
is expected to negatively affect the choice of cleaner
production.

The type of production process represents whether a firm is
producing finished leather from raw hide or from wet blue.2

Firms adopting the full process, i.e., producing leather from
raw hide, are expected to adopt more measures of cleaner
production. Dummy 1 is used if the firm produces leather from
wet blue and zero otherwise.

Scale of production represents the size of the firm. Due to
unavailability of data on financial position of the firm, the size
is used here as proxy of financial position. The financial po-
sition of the firm matters for adoption of cleaner production.

2 The raw hide which is extracted from the animal is converted first into wet
blue and then into finished leather via the tanning process. In our sample, while
some tanneries produced finished leather from raw hide, others produce fin-
ished leather from wet blue. Wet blue refers to a stage in the tanning process
(which is not the final finished leather) in which the color of the leather
becomes a pale blue color due to use of chromium.
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The better financial position of the firm, the more likely it is to
adopt cleaner production (Samad et al. 2015).

In SMEs, the education of the owner as human capital is a
vital factor with regard to compliance with environment reg-
ulations: the higher the human capital, the more positive is the
effect on cleaner production adoption (Gangadharan 2006;
Blackman and Kildegaard 2010; Lan and Munro 2013).
Firms with high human capital are more likely to have better
environmental compliance than those without (Lan and
Munro 2013). The education of the owner in years is thus used
as an indicator of human capital. The study uses three types of
education for owners: Matric, FA, and BA, which are equiv-
alent to 10, 12, and 14 (or higher) years of schooling.

Study area

Sialkot is one of the industrial cities of Pakistan. The city is
famous for its industrial and export-related goods. There
are more than 3221 industrial units producing sports
goods, leather, surgical instruments, textiles, etc. Sialkot
is the world’s largest producer of hand-sewn footballs, with
local factories manufacturing more than 40 million foot-
balls per year (Gordon and O’Connor 2010; TDAP 2018).
For the FIFA World Cups of 1982, 2014, and 2018, the
soccer balls (Tango and Brazuca, Telstar 18, respectively)
were made in Sialkot (TDAP 2018). The city is also pop-
ular with regard to the production of surgical and medical
instruments, sportswear and goods, and leather wear and
products.

The Sialkot International Airport, which is the first-ever
private sector airport in Pakistan, is managed by the Sialkot
International Airport Limited (SIAL) consortium and boasts
the longest runway in Pakistan. The Sialkot Dry Port has the
distinction of being the first-ever private sector dry port in
Asia (Nadvi 1999). It is controlled by the Sialkot Dry Port
Trust. These two entities make easy transportation of exports
to other countries. The value of exports from Sialkot was USD
1.2 billion in 2014.

The registered leather tanneries in Pakistan are more
than 800 out of which around 250 are located in Sialkot
(World Bank 2011; PTA 2018). The industry in general
falls under the Small and Medium Enterprises (SMEs) cat-
egory and uses a mix of old tanning techniques and clean
production technologies (World Bank 2011). The chromi-
um concentration in the ground water near the leather tan-
neries is higher than the WHO guideline (PCRWR 2007).
The surface and groundwater of Sialkot have been degrad-
ed due to rapid industrialization while an estimated dis-
charge of effluents from only the tanneries is approximately
1.1 million liters per day (Ullah et al. 2009). We selected
Sialkot as the study area for data collection due to the neg-
ative effects of tanneries on the environment and the export
orientation of their products.

Data and collection method

This study uses firm-level data collected by the World Bank
(2011) and by the authors during the 2014–2015 period. The
World Bank dataset had been collected in 2009. We collected
second-round data from the same firms used in the World
Bank study as well as data from an equal number of other
firms that had not been included in the World Bank survey
during 2014 and 2015 (referred to as the dataset of 2015).3

We collected the data in two phases. In the first phase, we
collected data from six tanneries for case studies (see
Appendix 2 Table 9) which was a starting point for the pur-
pose of determining whether further investigation was needed
or not. These interviews with stakeholders were conducted to
understand the underpinnings of the CPP.

Moreover, we analyzedWorld Bank data while developing
methods to undertake the case studies. The case studies gave
fruitful insights into determining whether it is necessary to
collect data again or not and whether any extra information
is required. This provided the basis for the second phase of the
study which included a total of 78 firms out of which 39 had
been part of theWorld Bank survey. However, it is noteworthy
that all surveyed firms were a part of the CPP. This enabled us
to formulate a cross-section of 78 tanneries and a panel of 39
tanneries.

A cleaner production project (CPP) was initiated in 1999
by the Cleaner Production Centre (CPC) in Sialkot to reduce
the environmental risks associated with the tanning process at
a total cost of PKR 100 million (World Bank 2011). The
donors of the project were The Norwegian Agency for
Development Coopera t ion (NORAD), the Trade
Development Authority of Pakistan (TDAP), and the
Pakistan Gloves Manufactures and Exporter Association
(PGM&EA) (World Bank 2011), the objective of the estab-
lishment of CPC being to convince the tanners to use cleaner
practices. For this purpose, the CPP introduced different mea-
sures for cleaner production on a trial basis, one of them being
the provision of display units to firms to practice cleaner pro-
duction. The adoption of CP is environmentally friendly and
cost effective in comparison with Bend-of-pipe^ treatment4

(Sarkis and Cordeiro 2001). As Dandira et al. (2012) have
pointed out, the environmental benefits of Cleaner
Production can be translated into market opportunities for
Bgreener^ products.

Cleaner Technologies for tanneries involve good house-
keeping and process improvements, conservation of water
through installation of water flow meters (for effluent load

3 Data are available with authors and can be provided on request.
4 Cleaner production intends to minimize waste and emissions during the
production process while end-of-pipe treatment removes already formed con-
taminants from a stream of air, water, or waste. The end-of-pipe treatment is
normally implemented as the last stage of a process before the stream is
disposed of or delivered.
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controls and measurements), control of air quality in the in-
dustry (via the installation of Dust Collectors on dry shavers
and buffing machines), arresting of sludge from effluents tan-
neries (via the installation of Grit Chambers), control of indis-
criminate discharge of potentially harmful liquids and hazard-
ous solid wastes, control of high concentration of chloride in
effluents (via the provision of de-dusting tables and related
expertise), and recovery of chrome from spent chrome liquors
(via the establishment of a chrome recovery plant) (World
Bank 2011). Appendix 1 Table 8 shows specific measures
(and their benefits) that were introduced under CPP in Sialkot.

Leather industry in Pakistan

Today, Pakistan is the fourth largest exporter of leather gar-
ments in the world after China, Italy, and India, with tanned
leather and leather apparel and clothing as the major contrib-
utors to leather exports with 43 and 32%, respectively. The
major importers of tanned leather from Pakistan are Hong
Kong, Italy, China, and Korea while the importers of leather
garments are Germany, USA, France, and Spain with the
USA, Germany, and Sweden as the main importers of leather
gloves. Pakistan exports leather in the form of tanned leather,
clothing and apparel, gloves, footwear, and other leather prod-
ucts. In recent years, the export of leather clothing, gloves, and
footwear has been increasing rapidly in comparison with
tanned leather (GoP 2015). The leather industry of Pakistan
has its origins in Karachi and Lahore in the 1950s. It spread to
Kasur, Hyderabad, Sahiwal, Sialkot, Peshawar, and
Gujranwala in the 1960s and 1970s (PTA 2018). Presently,
the leather processing units in Pakistan numbers approximate-
ly 2500, which includes both registered and unregistered en-
tities. The tanning units have increased from 529 in the year
1999 to 800 in the year 2015.5The technology used in the
tanning industry was imported in the 1970s and 1980s while
a few tanneries use machinery manufactured locally.

In the cities of Pakistan, the major contributors to en-
vironmental degradation are industries (Government of
Pakistan 2015). In the industrial sector, the tanning indus-
try is considered one of the most polluting among the
Small and Medium Enterprises (SME), with compliance
levels with environmental regulations very low (World
Bank 2011). Industrial pollution is caused by the dis-
charge of a variety of industrial pollutants in the form of
gases, liquids, and solids which affect the physical, chem-
ical, and biological compositions of the environment.
Leather tanneries produce all three categories of waste:
wastewater, solid waste, and air emissions. The inputs

for leather in Pakistan are the raw hides of buffalos, cows,
sheep, and goats. One ton of raw hide yields an average of
0.2 t leather, up to 0.6 t solid wastes and by-products, and
about 50 m3 of effluents (UNEP 1996). Among the solid
waste are salts, buffing materials, and raw and wet blue
trimmings and shavings (Nazer et al. 2006). However, the
discharge of wastewater is the most significant environ-
mental challenge due to tanneries. The effluents of the
tanning industry contain organic and inorganic matters
which constitute dissolved and suspended materials with
toxic metal salt residues (Tariq 2006). Additionally, am-
monia is emitted during the washing of drums. A 2011
study by the World Bank has found that the tanning in-
dustry is neither efficient nor environmentally friendly
(World Bank 2011).

The tanneries in Pakistan produce not only wet blue and
crust but also fully finished leather and its products. The leath-
er industry consists of six sub-sectors, namely tanning, foot-
wear, garments, gloves, shoe uppers, and other leather goods.
The share of leather exports as a percentage of total exports
has increased from 4.68 in the fiscal year 2012–13 to 5.08 in
2013–2014 (Government of Pakistan 2015).

Results and discussion

The insights from the case studies provide rational for the need
and importance of study. This section further includes descrip-
tive statistics, correlation matrix, and regression results.

Insights from case studies

For that purpose, we conducted interviews with five stake-
holders: the Project Director, two Ex-Chairmen of CPC, the
Consultant of IMF, and the District Officer of the Punjab
Environment Protection Authority. In the following para-
graphs, we present and analyze the information obtained from
these interviews. The objective in initiating cleaner production
in the leather industry was to educate the firms on the impor-
tance of cleaner production. Hence, the CPP approached the
industry through professional associations like the PTA, cre-
ated awareness among industry professionals through semi-
nars and workshops, demonstrated cleaner production tech-
nologies through pilot demonstrations; facilitated the conduct
of environmental and energy audits, facilitated the identifica-
tion and evaluation of specific CP options, provided training
to the staff in tanneries, and calculated the environmental and
financial benefits as a result of the implementation CP mea-
sures. This resulted in the systematic implementation of CP
measures such as dust collector installation, chrome manage-
ment, chrome recovery, and good housekeeping. Good house-
keeping and process improvement received widespread ac-
ceptance as it involved little or no investment.

5 Tanning units are tanneries that only produce leather from raw hide while
leather processing units include tanneries as well as sections for the production
of clothing and apparel, gloves, footwear, and other leather manufacturing.
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Among the major factors when it came to the non-
adoption of some specific technology by a firm were
the unavailability of modern CP technologies, the high
costs of obtaining and installing these technologies, and
lack of interest in research and development. Among the
major hurdles in the way of implementation of CP mea-
sures were the rigid attitude of the owners, the lack of
funds for the purchase of modern equipment, and the
lack of education among workers. The implementation
of CPP in the tanneries has been helpful to some extent
in achieving the NEQS. However, full compliance with
CPP will only be possible with the availability of efflu-
ent treatment facilities to the firms for this purpose
(Appendix 1 Table 9)

Descriptive statistics

This section describes the descriptive statistics of data
collected from 78 tanneries in Sialkot in 2015. Table 2
presents the summary statistics of the variables used in
the regression model. The dependent variable is a count
variable, measuring the number of cleaner production
measures adopted by a firm out of a total of 19 measures.
Appendix 1 Table 8 lists the 19 measures that a firm can
adopt either partially or in full. Table 1 presents defini-
tions of varibles used in this study. We group these 19
measures into three sub-categories, namely environment-,
labor-, and quality-related measures based on their bene-
fits. Measures which improve the environment by reduc-
tion in effluents and emissions from tanneries are char-
acterized as environment-related measures. Those which
affect the health and other work conditions of workers
constitute labor-related measures. Measures that improve
the quality of the leather either by proper use of materials
or by use of proper materials are categorized as Bquality^
measures. Each sub-category is further divided into two
categories based on the cost of adoption: low or high.
The Boverall^ category is based on all the measures. As
shown in Table 2, the overall average rate of adoption of
cleaner production measures of tanneries in Sialkot is 6.4
(out of 19).

The tanneries received support for cleaner production
between 1999 and 2005 by the CPP. Support is a count
variable. It represents the Cleaner Production Support pro-
vided for either pecuniary or non-pecuniary aspects (i.e.,
financial, technical and training support enabling the adop-
tion of cleaner production) of the 19 measures of CPP. The
variable support is also segregated on the basis of sub-
categories as well as in terms of low and high costs, as
discussed above.

Table 2 shows that most tanneries export their final
products (approximately 72%). It also shows that 41%
of the owners are graduates while 42% have at least

12 years of education. According to the perception of
the owners, 80% of the tanneries are either small or me-
dium while big tanneries constitute only 20% of the sam-
ple. Figure 1 shows the adoption level of each measure of
cleaner production adoption by tanneries in 2015 for each
of the 19 measures. There are two bars for each measure.
The first bar shows the adoption rate of each cleaner pro-
duction measure by tanneries which were not supported
by CPP while the second column presents the adoption of
each measure by tanneries which were supported by CPP
during 1999 to 2005 period. The figure indicates that, in
most of the cases, the adoption rate is higher for tanneries
which received support. However, in the case of some
measures, there is not much difference between the two
types of bars although in the case of others there is a
significant difference. Note that this comparison does
not control for other factors affecting adoption by tanner-
ies, which are considered in the econometric analysis in
the next subsection.

Correlation matrix

Correlates between the variable of 78 tanneries surveyed in
2015 are presented in Table 3. The correlation between
support provided for cleaner production from 1999 to
2005 and adoption of cleaner production measures in
2015 is only 0.301, which is moderate and significant.
The correlations between adoption of cleaner production
and scale of production are strong and significant as these
are 0.464 and 0.405, respectively. It is moderate for envi-
ronmental regulations (0.379) and human capital (0.224),
while for type of production process and social activism,
insignificant. Moreover, correlation between independent
variables is less than 0.7 so there is no issue of
multicolinearity in the model.

Regression results

This section provides the empirical results of the study. We
collected data on cleaner production measures and other
characteristics of the firms from 78 tanneries in Sialkot. It
presents two types of econometric analysis. The first is a
cross-section analysis of the data for 78 tanneries collected
in 2015while the other is a panel data analysis for 39 tan-
neries for which data is available for 2009 and 2015. The
estimation technique is always based on characteristics of
the variables. Ordinary least squares regression assumes
normally distributed data which can take any real value.
The logistic regression is only used for dichotomous vari-
ables that are 0–1 valued while Poisson regression is ap-
plied for count data. In this study, the dependent variable,
in all regressions, consists of count data. Therefore, we use
Poisson regression for estimation.
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Table 1 Variable definitions

Variable Definition

Adoption of cleaner
production measures
in 2015

Overall Total It includes all 19 CP measures presented in appendix 1 Table 8. It can
have any value from 0 to 19

Low cost It includes 12 CP measures identified as low cost in appendix 1 Table 8.
It can have any value from 0 to 12

High cost It includes 12 CPmeasures identified as high cost in appendix 1 Table 8.
It can have any value from 0 to 7

Environment Total It includes CPmeasures identified as environment measures in appendix
1 Table 8. It can have any value from 0 to 16

Low cost It includes 12 CPmeasures identified low cost as environment measures
in appendix 1 Table 8. It can have any value from 0 to 9

High cost It includes 12 CPmeasures identified high cost as environment measures
in appendix 1 Table 8. It can have any value from 0 to 7

Labor conditions Total It includes 5 CP measures identified as labor conditions measures in
appendix 1 Table 8. It can have any value from 0 to 5

Low cost It includes 4 CP measures identified low cost as labor conditions
measures in appendix 1 Table 8. It can have any value from 0 to 4

High cost It includes 1 CP measure identified high cost as labor conditions
measures in appendix 1 Table 8. It can have any value 0 and 1

Quality Total It includes 10 CP measures identified as quality measures in appendix 1
Table 8. It can have any value from 0 to 10

Low cost It includes 8 CP measures identified low cost as quality measures in
appendix 1 Table 8. It can have any value from 0 to 8

High cost It includes 2 CP measures identified high cost as quality measures in
appendix 1 Table 8. It can have any value from 0 to 2

Support for cleaner
production measures
between 1999 and
2005

Overall Total It includes all 19 CP measures presented in appendix 1 Table 8. It can
have any value from 0 to 19

Low cost It includes 12 CP measures identified as low cost in appendix 1 Table 8.
It can have any value from 0 to 12

High cost It includes 12 CPmeasures identified as high cost in appendix 1 Table 8.
It can have any value from 0 to 7

Environment Total It includes CPmeasures identified as environment measures in appendix
1 Table 8. It can have any value from 0 to 16

Low cost It includes 12 CPmeasures identified low cost as environment measures
in appendix 1 Table 8. It can have any value from 0 to 9

High cost It includes 12 CPmeasures identified high cost as environment measures
in appendix 1 Table 8. It can have any value from 0 to 7

Labor conditions Total It includes 5 CP measures identified as labor conditions measures
in appendix 1 Table 8. It can have any value from 0 to 5

Low cost It includes 4 CP measures identified low cost as labor conditions
measures in appendix 1 Table 8. It can have any value from 0 to 4

High cost It includes 1 CP measure identified high cost as labor conditions
measures in appendix 1 Table 8. It can have any value 0 and 1

Quality Total It includes 10 CP measures identified as quality measures in appendix 1
Table 8. It can have any value from 0 to 10

Low cost It includes 8 CP measures identified low cost as quality measures in
appendix 1 Table 8. It can have any value from 0 to 8

High cost It includes 2 CP measures identified high cost as quality measures in
appendix 1 Table 8. It can have any value from 0 to 2

Pressure International Dummy: 1 if firm sells more than half of its production in international
market, otherwise zero

Environment Number of inspections during last 2 years by the Environment
Protection Authority

Social activism Number of complaints by community in a year

Firm characteristics Years in operation Number of years a firm is in process
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Table 1 (continued)

Variable Definition

Type of production process Dummy: 1 if firm produces leather from hide, otherwise zero

Scale of production Small Base category

Medium Dummy 1 if size is medium, otherwise 0

Large Dummy 1 if size is large, otherwise 0

Human capital Matric 10 years education (base category)

FA Dummy 1 if education is 12 years, otherwise 0

BA Dummy 1 if education is 14 years or above, otherwise 0

Table 2 Summary statistics from 78 tanneries surveyed in 2015

Name of variable Definition Mean St. dev. Min Max

Adoption of cleaner production measures in 2015 Overall Total 19 measures 6.40 3.38 0 16

Low cost 12 measures 4.31 2.37 0 10

High cost 7 measures 2.09 1.44 0 6

Environment Total 16 measures 4.70 2.87 0 13

Low cost 9 measures 2.62 1.80 0 7

High cost 7 measures 2.09 1.44 0 6

Labor conditions Total 5 measures 2.19 1.22 0 5

Low cost 4 measures 1.82 0.94 0 4

High cost 1 measures 0.37 0.48 0 1

Quality Total 10 measures 3.31 1.95 0 8

Low cost 8 measures 2.48 1.66 0 7

High cost 2 measures 0.35 0.58 0 2

Support for cleaner production measures between
1999 and 2005

Overall Total 19 measures 5.22 4.25 0 15

Low cost 12 measures 3.70 3.06 0 10

High cost 7 measures 1.51 1.48 0 5

Environment Total 16 measures 4.00 3.32 0 12

Low cost 9 measures 2.49 2.12 0 7

High cost 7 measures 1.51 1.47 0 5

Labor conditions Total 5 measures 1.80 1.60 0 5

Low cost 4 measures 1.49 1.30 0 4

High cost 1 measures 0.36 0.48 0 1

Quality Total 10 measures 2.78 2.38 0 7

Low cost 8 measures 2.22 1.91 0 6

High cost 2 measures 0.23 0.50 0 2

Pressure International Dummy: 1 if firm sells more than half of its production in
international market, otherwise zero

0.72 0.45 0 1

Environment Number of inspections during last 2 years by the Environment
Protection Authority

1.93 0.47 1 4

Social activism Number of complaints by the community in a year 0.09 0.33 0 2

Firm characteristics Years in operation Number of years a firm is in process 21 7.67 10 44

Type of production Dummy: 1 if firm produces leather from hide, otherwise zero 0.15 0.36 0 1

Scale of production Small Base category 0.42 0.50 0 1

Medium Dummy 1 if size is medium, otherwise 0 0.38 0.49 0 1

Large Dummy 1 if size is large, otherwise 0 0.19 0.40 0 1

Human capital Matric Base category 0.15 0.36 0 1

FA Dummy 1 if education is 12 years, otherwise 0 0.42 0.50 0 1

BA Dummy 1 if education is 14 years or above, otherwise 0 0.41 0.50 0 1
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Fig. 1 Adoption of cleaner
production measures in 2015

Table 3 Correlation matrix data of 2015

Adoption
of cleaner
production
(CP) in 2015

Support
for cleaner
production
(CP) (1999–2005)

Human
capital

Scale of
production

Type of
production
process

Environmental
regulations

Social
activism

International
pressure

Adoption of CP in 2015 1

Support for CP
(1999–2005)

0.301*** 1

Human capital 0.224** 0.015 1

Scale of production 0.464*** 0.202** 0.117 1

Type of production process − 0.089 − 0.186* − 0.040 0.097 1

Env. Regulations 0.379*** 0.434*** − 0.026 0.253** − 0.257** 1

Social activism 0.166 0.078 − 0.048 0.084 − 0.029 0.038 1

International pressure 0.405*** 0.275** − 0.123 0.263** 0.207*** 0.283*** 0.085 1

Standard errors in parentheses and ***p < 0.01, **p < 0.05, and *p < 0.1
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Regression results from cross-sectional data

Tables 4 and 5 present the Poisson regression results. The
dependent variable is a count variable, measuring the num-
ber of cleaner production measures adopted by a firm.
Table 4 presents results for both overall compliance and
compliance broken down by sub-categories, with cleaner
production measures as the dependent variable. Table 5 pre-
sents the results for each of these categories as low-cost and
high-cost measures. The explanatory variables include CPP
support for adoption of each measure, international pressure
(whether the firm sells a major part of its final product in the
domestic or international market), pressure from regulatory
authorities in terms of the number of inspections by PEPA,
social pressure in terms of complaints by community, and
firm characteristics such as the number of years in operation,
type of tanning process, size of the firm, and education of
the owner.

In independent variables, overall support indicates the
number of measures that the Cleaner Protection Program
(CPP) had supported. Results in Table 4 show that overall
support from CPP to a firm is not significant. Thus, the major
role in the adoption of overall CP measures was played by
international pressure, firm size, type of production, and edu-
cation of the owner. Table 5 which presents the samemeasures
bifurcated into low- and high-cost measures gives similar re-
sults except that human capital and type of production which
are high-cost measures become insignificant. Thus, when it
comes to the adoption of environment-related measures, only
the size of the firm, international pressure, and type of produc-
tion process have significant effects while in bifurcated results
mainly size matters. However, both tables confirm that sup-
port from CPC has not affected the decision to adopt
environment-friendly measures.

Cleaner production measures which improve labor con-
ditions are mostly those which improve the internal

Table 4 Poisson regression results based on cross-sectional data of 2015

Dependent variables Adoption of cleaner production measures

Independent variables Overall Environment Labor conditions Quality

Support 0.006 0.011 − 0.033 0.034

(0.012) (0.020) (0.058) (0.031)

Pressure International 0.380*** 0.384** 0.249 0.332*

(0.128) (0.152) (0.216) (0.176)

Regulator 0.162 0.190 0.157 0.078

(0.110) (0.124) (0.196) (0.153)

Social activism 0.133 0.148 0.181 0.091

(0.138) (0.160) (0.224) (0.195)

Firm characteristics Years in operation − 0.003 − 0.004 0.006 − 0.003
(0.007) (0.009) (0.013) (0.010)

Type of production process 0.325*** 0.335** 0.223 0.370**

(0.122) (0.142) (0.216) (0.168)

Scale of production Medium 0.396*** 0.438*** 0.557*** 0.409**

(0.120) (0.142) (0.213) (0.167)

Large 0.413*** 0.525*** 0.523** 0.425**

(0.142) (0.165) (0.242) (0.199)

human capital FA 0.125 0.106 0.202 0.203

(0.152) (0.178) (0.265) (0.211)

Graduation 0.276* 0.268 0.299 0.327

(0.143) (0.167) (0.251) (0.201)

Constant 0.782*** 0.377 −0.404 0.176

(0.269) (0.312) (0.474) (0.375)

Diagnostic tests Observations 78 78 78 78

LR chi2 66.18* 60.61* 23.24* 34.51*

Log likelihood − 178.55 − 165.48 − 116.20 − 144.44
Pseudo R2 0.15 0.15 0.09 0.11

Standard errors in parentheses and ***p < 0.01, **p < 0.05, and *p < 0.1
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conditions of the tannery and are important for the health of
workers, such as dust collectors and personal protective
equipment. The results presented in Tables 4 and 5 show
that big tanneries are more likely to adopt health-related
cleaner production (CP) measures that are both low and
high cost. It is important to note here that support of CPC
has no significant impact on the adoption of either high- or
low-cost labor condition measures. Only the size of the
firm is significant for the adoption of overall and low-cost
health measures. There is no variable that significantly af-
fects high-cost labor condition measures.

Measures which reduce cost or improve quality with regard
to overall adoption are significantly affected by size, interna-
tional pressure, and type of production process. However,
with regard to low-cost quality measures, the size of the firm
and type of process are important whereas for high-cost qual-
ity measures there are no significant determinants.

Regression results from panel data

Tables 6 and 7 present Poisson regression results based on
panel data. These panel data models have been estimated
using fixed effects to control for firm-level heterogeneity
across tanneries. Table 6 presents results for both overall con-
ditions and environment-, labor-, and quality-related sub-cat-
egories with cleaner production measures as the dependent
variable while Table 7 presents the results for each of these
categories divided into low-cost and high-cost measures.

While the CPP support was provided between 1999 and
2005, the panel data is for the 2 years, 2009 and 2015. Thus,
the variable is the same for both years and its coefficient esti-
mate cannot be estimated with fixed effects. We therefore es-
timate the model using its interaction with the year (time). The
results show that the coefficients of the time interaction term is
statistically significant and negative in most of the estimated

Table 5 Poisson regression results based on cross-sectional data of 2015 with bifurcation in low- and high-cost adoption measures

Dependent variables Adoption of cleaner production measures

Overall Environment Labor conditions Quality

Independent variables Low cost High cost Low cost High cost Low cost High cost Low cost High cost

Support 0.025 − 0.001 0.040 − 0.167 0.145 − 0.106 0.059 0.092

(0.021) (0.062) (0.074) (0.448) (0.135) (0.146) (0.043) (0.403)

Pressure International 0.310** 0.541** 0.295 − 0.028 0.548 0.045 0.315 0.304

(0.152) (0.238) (0.233) (0.581) (0.360) (0.273) (0.202) (0.558)

Regulator 0.066 0.277 − 0.004 0.483 − 0.063 0.191 0.103 0.609

(0.135) (0.181) (0.217) (0.425) (0.293) (0.252) (0.169) (0.465)

Social 0.087 0.196 0.146 0.176 0.163 0.203 0.034 0.514

(0.171) (0.235) (0.249) (0.517) (0.324) (0.313) (0.236) (0.550)

Firm characteristics Years in operation − 0.002 − 0.008 0.001 0.029 − 0.002 0.006 − 0.003 − 0.009
(0.009) (0.013) (0.014) (0.032) (0.020) (0.016) (0.012) (0.032)

Type of production process 0.338** 0.294 0.235 0.096 0.226 0.209 0.410** 0.346

(0.148) (0.215) (0.235) (0.582) (0.334) (0.287) (0.191) (0.528)

Scale of production Medium 0.40*** 0.373* 0.411* 1.395** 0.801** 0.379 0.395** 0.159

(0.146) (0.212) (0.224) (0.662) (0.331) (0.280) (0.192) (0.548)

Large 0.406** 0.451* 0.395 1.348** 0.897** 0.328 0.419* 0.240

(0.174) (0.247) (0.266) (0.662) (0.386) (0.321) (0.230) (0.625)

human capital FA 0.161 0.078 0.227 0.374 0.553 0.046 0.114 0.031

(0.184) (0.266) (0.283) (0.699) (0.420) (0.338) (0.242) (0.725)

Graduation 0.161 0.078 0.227 0.374 0.553 0.046 0.114 0.031

(0.184) (0.266) (0.283) (0.699) (0.420) (0.338) (0.242) (0.725)

Constant 0.496 − 0.526 − 0.233 − 3.92*** − 1.56** − 0.635 − 0.139 − 2.87**
(0.327) (0.472) (0.510) (1.275) (0.738) (0.611) (0.425) (1.196)

Diagnostic tests Observations 78 78 78 78 78 78 78 78

LR chi2 40.97 28.69 35.39 28.69 13.76 15.18 29.61 10.43

Log likelihood − 158.29 − 120.00 − 136.8 − 120.002 − 107.24 − 50.10 − 133.33 − 53.20
Pseudo R2 0.11 0.11 0.11 0.11 0.060 0.13 0.10 0.09

Standard errors in parentheses and ***p < 0.01, **p < 0.05, and *p < 0.1
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models, indicating the diminishing effect of cleaner production
support over time. Furthermore, the results show that environ-
mental regulatory pressure and the size of the firm have a
significant effect on the adoption of overall and environment-
friendly measures. It is interesting to note that environmental
regulatory pressure has a significant effect on the adoption of
cleaner production. It is worth noting in Table 6 that the time
interaction term with CPP is significant for all types of low-
cost measures while insignificant for all high-cost measures.
This may be because the firm does not try to maintain or
reinstall a high-cost measure, when it depreciates with time,
due to financial constraints. It could also be that, prior to 1999,
the firm did not adopt many high-cost measures.

Conclusions and implications

Our study attempted to understand the factors that determine
compliance with cleaner production practices in the case of the
tanning industry in Pakistan. For that purpose, it analyses firm-
level primary data collected from leather tanneries in Sialkot.
We find that firm size, which indicates the financial position of
the firm, is a major determinant of the adoption of cleaner
production measures. The analysis also indicates that there is

a higher probability for large firms to adopt cleaner production
measures in comparison with small ones. International pres-
sure which is measured by the export orientation of the firm is
another important determinant of cleaner production. Results
show that international pressure affects all types of measures
except labor condition measures. Type of production is anoth-
er important measure, and its significance is understandable
given that more measures are needed in the full tanning pro-
cess (from raw hide to leather)in comparison with half-tanning
processes(i.e., from raw hide to wet blue and wet blue to leath-
er). It can be concluded from the analysis that labor conditions
do not rank high among either the firms or the international
community, the concern being more with the end product of
the firm. The human capital of the firm as measured by the
education of owners has a significant effect on overall adop-
tion. The results show that, after controlling for other factors,
support from the cleaner production program (CPP) is not a
significant determinant of the adoption of cleaner production
measures, in either the overall or segregated analysis.

The assessment of cleaner production support overtime in-
dicates that the adoption of cleaner production measures by
tanneries supported by the CPP was higher in 2009 than in
2015, which shows that it has diminished overtime. We find
evidence for greater adoption of low-cost measures perhaps

Table 6 Poisson regression results based on panel data

Dependent variables Adoption of cleaner production measures

Overall Environment Labor conditions QualityIndependent variables

Support Dummy 2015 0.318 0.156 − 0.011 0.570

(2.281) (2.695) (3.782) (3.317)

Dummy 2015 × support − 0.053*** − 0.064* − 0.207** − 0.109**
(0.020) (0.033) (0.105) (0.052)

Pressure International 0.077 0.025 0.049 − 0.004
(0.138) (0.161) (0.250) (0.189)

Regulatory 0.416** 0.423** 0.332 0.324

(0.164) (0.189) (0.298) (0.227)

Social 0.380 0.440 0.535 0.456

(0.260) (0.309) (0.446) (0.363)

Firm characteristics Scale of production Medium 0.368** 0.370** 0.495* 0.332

(0.144) (0.169) (0.254) (0.203)

Large 0.393* 0.469* 0.568 0.534*

(0.213) (0.249) (0.387) (0.306)

Years in operation − 0.038 − 0.032 − 0.011 − 0.040

(0.100) (0.119) (0.167) (0.146)

Diagnostic tests Observations 78 78 78 78

Number of groups 39 39 39 39

Wald chi2 37.01 24.69 13.33 18.57

Log likelihood − 75.77 − 67.22 − 50.42 − 57.94

Support and human capital are dropped because they are constant within group. Standard errors in parentheses

***p < 0.01, **p < 0.05, *p < 0.1
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because the tanners are financially constrained, which makes
adopting, sustaining, and maintaining higher cost measures
difficult. Moreover, tanners seek permanent support while
the support available was only partial, transitory, and demon-
strational. For example, the solid waste management system
stopped functioning during the closing stages of the CPP pro-
ject. Moreover, not only was the adoption of these measures
voluntary but there was no review process after the implemen-
tation of the program. Hence, the tanners abandoned these
measures when the support came to an end. But the results
reveal that environmental regulatory pressure has a significant
effect on the adoption of overall as well as environment-
friendly production measures.

One of the reasons for the ineffectiveness of social activism
is the negligible complaints from those living in the vicinity of
the firms. One reason for the paucity of complaints could be
that firms normally hire workers from households in the vi-
cinity so that they are unable to complain about bad environ-
mental conditions. Moreover, after some time, people in the
vicinity of the firms would get used to the smell and the pre-
vailing environment so that they would no longer regard the
smell as a problem. Another hurdle in the way of implemen-
tation of cleaner production measures is a perception among

employees that such measures would reduce their efficiency.
For them, the unheeding of cleaner production measures is a
risk worth taking.

It can be concluded from the above that compliance with
cleaner productionmeasures in the tanning industry in Sialkot,
Pakistan, is quite low. As a statistical measure, it is 6.4 out 19
on average. Thus, there is an urgent need to improve compli-
ance with, as well as the adoption of, measures that are envi-
ronmentally friendly and favorable for workers as well as for
the quality of products, which will ensure the sustainable
growth of the tanning industry in Pakistan. This is an aspect
that policy makers and those concerned about cleaner produc-
tion practices and better working conditions for workers
should look into on an immediate basis.
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Table 7 Poisson regression results based on panel data with bifurcation in low- and high-cost adoption measures

Dependent variables Adoption of cleaner production measures

Overall Environment Labor conditions Quality

Independent variables Low cost High cost Low cost High cost Low cost High cost Low cost High cost

Support Dummy 2015 0.641 0.087 1.098 0.087 0.614 3.476 0.939 1.527

(2.809) (3.954) (3.771) (3.954) (4.290) (10.546) (3.734) (11.128)

(Dummy 2015) × (support) − 0.10*** − 0.129 − 0.170** − 0.129 − 0.288** − 1.111 − 0.131* − 0.386
(0.035) (0.103) (0.077) (0.103) (0.130) (0.891) (0.074) (0.517)

Pressure International 0.051 0.085 − 0.045 0.085 0.201 − 0.320 − 0.027 0.003

(0.167) (0.248) (0.214) (0.248) (0.267) (0.673) (0.216) (0.561)

Regulatory 0.329* 0.616** 0.327 0.616** 0.265 0.962 0.377 1.237*

(0.198) (0.296) (0.248) (0.296) (0.335) (0.731) (0.248) (0.662)

Social 0.407 0.384 0.540 0.384 0.473 1.562 0.383 2.015

(0.311) (0.480) (0.411) (0.480) (0.494) (1.158) (0.405) (1.310)

Firm characteristics Scale of production Medium 0.380** 0.363 0.389* 0.363 0.375 1.285* 0.419* 0.469

(0.176) (0.255) (0.229) (0.255) (0.275) (0.758) (0.232) (0.619)

Large 0.508* 0.204 0.746** 0.204 0.394 1.469 0.605* 0.141

(0.265) (0.367) (0.347) (0.367) (0.402) (1.137) (0.354) (0.797)

Years in operation − 0.041 − 0.043 − 0.057 − 0.043 − 0.030 − 0.216 − 0.064 − 0.171
(0.123) (0.175) (0.165) (0.175) (0.187) (0.466) (0.164) (0.496)

Diagnostic tests Observations 78 78 78 78 78 56 78 66

Number of groups 39 39 39 39 39 28 39 33

Wald chi2 16.80 12.15 16.80 12.15 10.77 6.68 18.97 12.23

Log likelihood − 55.49 − 46.41 − 55.49 − 46.41 − 44.43 − 15.09 − 55.74 −18.80

Support and human capital were dropped because they are constant within group. Standard errors in parentheses

*** p < 0.01, ** p < 0.05, * p < 0.
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Appendix

Table 8 Cleaner production measures (with benefits and costs) introduced in tanneries

Sr. # CP measure Benefits Type of benefits with cost

1 Awareness about handling of hazardous chemicals
and storage techniques

Improved health and safety Health with low cost

2 Awareness about quick quality tests to ensure
uptake of chemicals

Quality improvement Quality with low cost Environment
with low cost

3 Chrome management and chrome recycling
techniques. Guidance on avoidance of usage
of heavy water

Environmental improvement and cost savings Environment with low cost, quality
with low cost

4 Chrome recovery Environmental improvement and cost savings Environment with high cost, quality
with high cost

5 Construction of grit chambers Pollution control Environment with high cost

6 Environmentally friendly chemicals Environmental improvement Environment with high cost

7 Enzymatic sulfide free unhairing Environmental improvement/pollution control Environment with high cost

8 Good housekeeping and floor management Energy/water conservation, cost savings, good
company image

Quality with low cost, environment
with low cost

9 High chrome exhaustion techniques Quality and environmental improvement Environment with high cost, quality
high cost

10 Improvement in intensity of light Better working conditions Labor conditions with low cost

11 Installation of dust collectors Pollution control, improvement of working
conditions, worker health, and efficiency

Labor conditions with high cost,
environment with high cost

12 Mechanical de-salting before soaking Salt/energy/water conservation, cost savings Quality with low cost, environment
with low cost

13 Posting of safety signs and awareness training Improvements to working environment Labor conditions with low cost,
environment with low cost

14 Process/recipe improvement reports Quality control and improvement Quality with low cost

15 Reduced amount of salt for preservation Cost savings Quality with low cost, environment
with low cost

16 Reduction in water consumption by better
housekeeping methods

Water conservation, reduced effluents Environment with low cost, quality
with low cost

17 Solid waste collection Environmental improvement Environment with high cost

18 Use of energy efficient meters Energy conservation and cost savings Quality with low cost environment
with low cost

19 Use of personal protective equipment for
chemical handling

Improvement to health and safety Labor conditions with low cost

Source: World Bank (2011)

Table 9 Case studies of tanneries at Sialkot

Construction
year

Workers Production (ft2/day) End product
(tanning section)

Exposure
to export

EMS ISO-
14001

ISO-
9000

Effluent
treatment

Social
activism

Use of
PPEs by
workersCapacity Actual

Case study 1 1992 40 15,000 10,000 Finished leather Yes No No No No No Careless

Case study 2 1979 40 15,000 8000 Finished leather Yes No Yes Yes No No Careless

Case study 3 1992 25 8000 4000 Finished leather Yes No No No Yes No Careless

Case study 4 1986 18 7000 2000 Finished leather No No Yes Yes Yes No Careless

Case study 5 1994 668 100,000 50,000 Finished leather Yes Yes Yes Yes Yes No Careless

Case study 6 1971 30 10,000 7000 Finished leather Yes Yes Yes Yes Yes No Careless
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