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1) Abstract
Leather tanneries are always been a concern for environmentalist because of their potential environmental impacts. Growing Concerns about leather tanneries pollution persuading leather manufacturers to adopt Eco-friendly tanning practices. Tanneries in Pakistan lack the modern tanning techniques and are using traditional most polluted tanning process, making their products less desirable in global market. This report analyse the Leather Tannery environmental impacts and provide a comprehensive strategy for mitigation of these impacts. Furthermore, report evaluates the potential sources of emissions in tanning processes and what measures can be taken to make tannery a carbon neutral. Carbon offsetting options and barriers to achieve carbon neutrality was also identified. This report may provide a useful decision framework for leather manufacturers to incorporate sustainability in their tanning practices and follow-up of most effective carbon mitigation strategies to tackle the future carbon pollution regulations in the industry. In addition, report can be used as a guideline for planning and implementation of carbon neutrality plans in leather industry. 

2) Introduction

There is sufficient evidence available that human induced activities such as burning of fossil fuels are resulting into warming of earth, rise in sea levels up to a considerable extent in 21st century. There are growing concerns that if the global climate emissions are not tackled, these anthropogenic changes in climate will be projected to have severe consequences for humanity as well as for planet (Kathey Dhanda, 2014, Burns, 2004). Despite the Paris climate change agreement 2015, the global leaders still lack the commitment to shape policies aimed at reduction of greenhouse gas emissions. Given this inaction at international level, an increasing number of organizations have recognized environment as an important asset to be valued, therefore the policy makers are shaping their policies to curb greenhouse gas emissions (Kathey Dhanda, 2014, Ann, 2006).  

Recently, the growing concerns of environmental impacts of climate change in all over world, enforces leather manufactures to improve their tanning processes in order to meet higher environmental standards and to reduce their environmental impacts (Kılıç, 2015). Leather is one of the most traded commodities in the world and its derived products play a major role in the world’s economy with an estimated global trade of $100 billion per year. Due to growing population in the world, it is estimated that the raw leather production will keep growing in near future especially in developing countries. Pakistan’s leather industry is one of the significant sectors of country’s economy, a major source of employment, and rank 2nd largest export earning sector after textile, contributed $1.195 billion in 2014-2015, 2.5% in country GDP, 5% in country export, and provide jobs to more than 1 million skilled and semi-skilled workers. Country leather industry still has potential to improve in near future (UNIDO, 2010, Rana, 2016). 

Leather is intermediate industrial product which is used in several other industries such as footwear, textile, automobile, furniture and many other items. It is made from animal hides (a renewable waste of meat industry) through a tanning process, consists of several stages which consumes massive resources such as water, chemicals and energy. The conventional tanning process, which is a fundamental stage of leather processing is one of the highly polluting industrial activities as it disposes large amounts of solid waste and waste water into the environment without being treated which in turn contributes to greenhouse gas emissions particularly methane gas (25 times stronger than carbon dioxide) (Solomon, 2007). Furthermore, leather tanneries have been associated with odour and have potential to contaminate soil and ground water (Black, 2013, Rivela, 2004, Joseph, 2008). Though Leather industry has significant contribution in export earning but the greenhouse gas emissions, air pollution and waste water pollution associated with it is a major concern.

There are several practices adopted by leather tanneries to make their processes carbon neutral in developed countries but developing countries especially, Pakistan lacks such practices and measures.
3) Carbon Neutrality 

“Carbon neutrality” also known as “climate neutrality” has been extensively used by different organizations in recent years. Literature shows that there is no standard definition of carbon neutrality. A carbon neutral or green tannery is a tannery which has zero emissions from its processes. Furthermore, carbon neutrality involves a perceived obligation of an organization or an individual to achieve zero net carbon emissions through a combination of reductions in their carbon emissions and purchases of carbon offsets (Vandenbergh, 2007). This is usually a three-stage process: measuring GHG emissions, reducing GHG emissions, and then offsetting remaining GHG emissions to become carbon neutral. Leather tanneries can become carbon neutral if they identify their sources of GHG emissions, successfully reduce them as much as possible through a time bound plan and offset the remaining emissions which are not possible to reduce. 
4) How Leather Tannery can become carbon neutral?

Leather Tannery used in this study is located at tanneries cluster of Kasur city, about 50km from Lahore (provincial capital of Punjab Province of Pakistan). Tannery was established in 1990 and currently employing over 100 people. It consists of 3 units (1) Main production unit where traditional tanning processes are being done (2) Wet blue storage unit (3) Finishing unit where the finishing of the leather being carried out. It manufactures high quality of leather which includes, chrome tanned leather, crust leather, finish leather, aniline, laminated, split and Nubuck leather which is used in footwear, fashion and sports industry. Approximately, 5 million squares leather is being produced annually and being sold to its domestic and international customers. Proposed Tannery is located very close to residential area and its activities are harming the environment as well as local residents through its massive wastewater, usage of organic and inorganic chemicals, solid waste, and energy consumption in its different processes of manufacturing (Tanneries, 2016). Leather Tannery has moral and ethical obligation to reduce its environmental impacts and has potential to become a first carbon neutral tannery in Kasur by implementing the clean and renewable technologies in their processes which will provide a competitive edge to the tannery not only at domestic level but also at international level. Although it is very difficult to eliminate all emissions from leather manufacturing processes but maximum reduction can be achieved by effective management of energy and water consumption, recycling of solid waste and wastewater. Before analysing the tannery’s current emissions, it is pertinent to understand the processes involved in leather manufacturing in the tannery. Figure 1 shows whole process of leather manufacturing in Leather Tannery, required resources on each stage and emissions from processes. 
a) Figure 1: Process of Leather Manufacturing in Leather Tannery




5) Setting Boundaries

Before measuring GHG emissions of Tannery, it is important to define the organizational and system boundaries of the tannery.  

a) Organizational boundaries

All three units of tannery will be included in organizational boundaries for measuring GHG emissions of the tannery. These units are briefly described below:

1). Corporate office and raw leather processing unit also called beamhouse where raw skins or hides are processed for initial tanning process. 

2). Wet blue storage unit where semi-finished leather is stored or dried 

3). Finishing unit where semi-finished leather is further processed to make it useable in different industries. 

b) Operational Boundaries

Defining operational boundaries is the most important part of measuring emissions of a leather tannery. Raw leather is a renewable product of meat industry but its emissions cannot be calculated from slaughterhouse because of unavailability of data. That is why the emissions will be counted from transportation of raw leather from dealer to tannery, operational emissions and disposal of waste emissions. All these emissions are divided into three scopes. 

Scope 1

Scope 1 emission also called direct emissions, are those produced by tannery owned sources such as emissions from fuel used in tannery owned vehicles.

· Combustion of fossil fuels in tannery owned vehicles such as motorcycles, van etc. 

· Emissions from combustion of gas or oil by generator owned by company to produce electricity during load shedding.

· Emissions from fuel leakage or greases to machinery.

· Emissions associated with refrigeration or air conditioning equipment.

Scope 2 


Scope 2 emissions are generated by indirect sources such as electricity or gas consumed by the tannery in its functions, purchased by outside sources or from the government. 

· Electricity consumed in all units and in all processes. 

· Gas for heating purposes. 
Scope 3 

Scope 3 emissions are also called indirect emissions. These emissions are generated by outside sources used by the tannery such as transportation and disposal of waste.

· Business and staff commuting.

· Transportation of raw leather from dealer to tannery, semi-finished leather to other units and packaging material such as sacks, markers, papers.

· Energy or fuel used for disposal of wastewater to city treatment plant.

· Energy used in extraction of ground water.

· Transportation of solid waste such as animal fat from fleshing machine, chemicals waste, hides hairs etc.

· Transportation of chemicals from supplier warehouse to tannery.

· Transportation of machine repair parts.

· Transportation of oil or grease for the maintenance of machines.

c) Emissions not to include

· Transportation of raw leather from slaughter house to dealer warehouse because it cannot be tracked.

· Any activity during tanning process outsourced to third party or to other tanneries.

· Transportation of sold leather.

· Embodies emissions will not be taken into account because the current buildings of Leather Tannery are very old and there is no data available about the quantity and sources of material used in the construction of buildings.

6) Measuring GHG emissions

Before measuring the emissions, it is significant to understand the whole functioning process of the Leather Tannery described in figure above. All the activity data can be calculated from the purchasing receipts of chemicals, purchased electricity bills, travel expenses receipts, receipts of any LPG or gas purchased for use in office, and from water bills. Transportation data can be calculated by accounting total km travel by staff and by recording the means of transportation.

Data about the emissions can be calculated by using the emissions factor tools such as IPCC guidelines for national greenhouse gas inventories 2006 (IPCC, 2006), online tools or software’s, GHG protocol calculation tool designed by world resource institute (WRI, 2001). 

7) Strategies to reduce greenhouse gas emissions from tannery

Tannery considered in this study is using the traditional method of processing leather which is considered most harmful, and polluted method in all over the world. Use of traditional methods is responsible for massive waste of water, chemicals, and effluents, results into environmental degradation, affect adjoining population, employees and reduces the productivity of tanning. Leather Tannery can reduce GHG emissions and its environmental impacts by implementing clean technologies or by introducing effective changes in their processes. Some strategies are very costly such as treatment of its wastewater, solid waste and the use of renewable technologies for energy generation. These strategies are briefly described below. 
a) Reducing Emissions from Wastewater

A huge amount of water used in unit 1 for the cleaning of raw hides and skins and during the pre-tanning process. 1kg of leather produced, uses almost 50-150 litre of water at pre-tanning process which is then drained (Dandira, 2012). Pre-tanning processes performed at unit 1 use different kinds of chemical such as detergents, enzymes, biocides, sulphides, acids, and chromium. These chemicals produce very toxic gases which are very harmful for human health and environment. Wastewater of tannery contains high concentration of inorganic salts, heavy metals and organic substances, poses greater challenge for treatment (Giannetti, 2014). 
Prevention and reduction of water waste from the source can be the best option for tannery that will save water consumption and will also reduce the wastewater disposal cost (Paul, 2013, Rao, 2003). Despite the limited resources, tannery can reduce its waste water through effective management of water by providing some basic training to the employees, improving water pipes quality to reduce leakages, volume control of processing water by installation of flow meters and by reducing the flow of water can be effective to reduce water usage in the tannery (Joseph, 2008). There are several techniques being used to reduce the wastewater. For example mechanical desalting, improved manual desalting, counter current soaking, enzyme assisted unhairing, recycling of lime wastewater, organic and carbon dioxide based deliming, recycling of pickle wastewater, salt free organic acid pickling system, high exhaust chrome tanning, chrome recovery and reuse, chrome recycling and closed pickle-tan loop can reduce the water usage to almost 60% in pre-tanning processes and can also help to reduce the ratio of pollutants into the water (Rao, 2003). 
b) Reducing Emissions from Energy Sources

Energy is a major source of emissions of tannery. From transportation of raw hides to tannery to completion of required articles, every process requires energy. Major chunk of tannery emissions comes from its usage of fuel in generation of energy and transportation. These emissions can be reduced by effective management of energy. Changing energy consumption behaviour and attitude of the employees through awareness campaigns and training can be the most effective way to reduce energy consumption. Furthermore, energy usage can be reduced by using energy efficient lights in all units. Growing utility prices, political uncertainties especially in oil generating countries, and unforeseen risks associated with fossil fuel supplies highlight the need to invest in renewable technologies to reduce dependence on fossil fuels and to increase energy efficiency. Tannery can also utilize the renewable technologies in energy generation. For example, tannery has massive potential to generate electricity by installing solar system as the tannery site receive solar radiations whole year. Transportation emissions can be reduced by discouraging unnecessary travel by staff members. Tannery can invest in energy efficient machines to reduce its energy consumption in long run. Recycling of waste water can also reduce the energy consumption as the tannery use the ground water and energy is being used to extract water from the ground. Heat pump techniques and electro-thermal processes can also be used to reduce the energy consumption in tannery. 
c) Reducing Emissions from Solid Waste

Tannery produces large quantities of hazardous solid waste such as raw hides salt, animal fat from fleshing, buffing powder during buffing process, raw hides hairs, and chemicals used in tanning process etc. 1000 kg of raw salted leather only produce 250 kg of finished leather after all processes and rest of it goes into solid waste (Paul, 2013, Kanagaraj, 2006). To reduce the tannery waste, a hierarchy approach and process integrated approach can be used. Hierarchy approach consists of 5 components which are 1). Reduce waste by effective management of resources and through employee training, 2). Reuse if possible, 3). Recycle material, 4). Recover energy, 5). Least option is to dispose (Bain et al., 2010). In integrated approach, tannery should identify the methods to reduce the solid waste at its source before it enters to the waste stream (Paul, 2013). There are several technologies available to convert solid waste into useable by-products such as collagen and poultry feed. Few of the technological options to treat solid waste are oxidation dechroming method, acidic hydrolysis dechroming, alkaline hydrolysis dechroming, enzyme hydrolysis dechroming, and combination of dechroming methods (Jiang, 2016).  Solid waste generated in tannery is mostly biodegradable which can be a potential source for bio energy through anaerobic digestion and combustion processes. 

d) Reducing Emissions from Transportation

Tannery located close to residential area and most of the employees working in tannery are local residents. Most of the staff members use motorcycles as a transport mean to come to work. This behaviour should be discouraged by top management and should provide them awareness to conserve the energy by using bicycles or by walking to work. Unnecessary travel should be discouraged and on-site waste recycling facility can reduce the disposal transportation cost. 

8) Offsetting 

It is impossible to eliminate all GHG emissions by tannery through managerial measures; purchasing carbon offsets will be a necessary part of tannery goal to achieve carbon neutrality. The strategies described above can be implemented first to reduce the greenhouse gas emissions, remaining emissions can be offset by investing in different GHG emissions reduction projects such as forestry or the tannery can buy some CO₂ credits from credible organizations. On the first phase of offsetting, tannery should reduce its CO₂ emissions through efficient ways of energy consumption and disposal of waste. There are some offsetting options which the tannery can implement for offsetting its GHG emissions. These options are briefly described below.

1. On-site Generation

Tannery can start on-site energy generation through renewable energy sources especially by installing the solar panels on their roof top of all three units. Solar energy is the cleanest source of energy available at the moment in the world and becoming cheaper by each passing day. By generating on-site solar energy, tannery can claim the CO₂ emissions credit by reducing its dependence on traditional energy sources produced by fossil fuels. 

2. Anaerobic digestion

Tannery produces a large quantity of solid waste which can be used to generate biogas through anaerobic digestion process. By investing on this plant, tannery can buy solid waste of other tanneries in the area to produce biogas which can be used in tannery functions. Through this program, tannery can offset its energy emissions and can also reduce its emissions from disposal of solid waste. By buying other tanneries’ solid waste, Leather Tannery can apply for CO₂ credits because of reducing other tanneries’ solid waste emissions.

9) Cost and Benefits of going carbon neutral

a) Benefits

· Will enhance tannery environmental performance and will help to reduce its environmental impacts.

· It will improve communication between management and employees especially lower level staff members.

· Help to motivate employees through their participation.

· Will create better image in the eyes of prospected customers, local society, government and NGO’s. 

· Help to generate more jobs in the area.

· Help to reduce energy, water and chemical consumption cost. 

· Reduction of volume of waste disposal.

· Help to identify loopholes in the system and to reduce cost associated with leakages or spills. 

· Provide a marketing tool and competitive edge in domestic and international market and will help to gain new customers at international level who are looking for carbon neutral suppliers.

· Help to make good relationships with government environmental agencies and tannery can influence the policy makers in Kasur tanneries association. 

· Help to compliance with local and international environmental laws and save the environmental damages penalties and fines. 

b) Cost to going carbon neutral

· Massive investment required for the up-gradation of existing tanning systems and for adopting the new technologies. 

· Massive resources required to train staff especially lower level staffs which are mostly illiterate. 

· Massive financial resources required for installation of renewable sources of energy such as solar PV system.
10) Barriers to achieve carbon neutrality by Leather Tannery
· Tannery lacks the financial and human resources as the decision to go carbon neutral require massive financial and human resources.

· Unforeseen cost during the implementation phase can increase the total budget of investment.

· Lack of effective infrastructure can prolong the investment in cost saving projects. 

· Difficult to count emissions from staff travel as there is not proper travel recording system exist.  

· Lack of know how about environment management, environmental laws and lack of knowledge about implications of tannery direct and indirect activities on environment can also contribute toward inaction by top management. 

· Lack of skilled staff to implement the carbon neutrality plans.

· Pakistan is an energy deficient country with multiple challenges such as home-grown militancy, terrorism, corruption and political instability. In this kind of unstable environment, making big investment is always risky.  

· Retrieving or tracking information related to calculation of carbon emissions can be very time taking and can be more complicating than expected. 

· Tannery management does not have previous knowledge or expertise to measure GHG emissions of tannery which can be challenging to start. 

11) Conclusion

Adopting clean technologies in leather manufacturing has become vital in today’s challenging environment.  Pollution and emissions generated by the tanneries is a major concern of the climate change debate. Tanneries can make their processes sustainable by reducing their GHG emissions through proper implementation of clean technologies, through effective management of resource consumption and should handle their waste in environmental friendly ways. Traditional method of leather manufacturing and use of old machines in processes, making Leather Tannery a less competitive in global market. To make tannery competitive in global market, tannery should process the leather in carbon neutral environment and should introduce mitigation measures to reduce greenhouse gas emissions and the environmental impacts associated with their processes. Then, tannery would be able to use it as a marketing tool to sell its products to international exporters, looking for environment friendly and carbon neutral leather suppliers. Although it will be very costly and time taking process but the benefits associated with it cannot be balanced with the cost. 
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