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Abstract: Solid waste management has been a serious issue of 

concern for both developing and developed nations as it stands 

out to be a potential threat in term of health hazards, 

environmental exploitation and economic burden. Hence, a 

properly well-designed eco-friendly solid waste management 

system is mandatory. Most of the developed countries had 

witnessed success in handling solid waste generated by 

households and industries by implementing closed-loop supply 

chain management (CLSCM) and majorly by outsourcing. But, 

solid waste management scenario in developing nations is 

entirely different and is not even in initial stage. This paper 

specially emphasize on leather industries solid waste 

management as leather industries around the world possess 

threat to mankind and environment. In this study, papers on 

leather solid waste management is selected and reviewed. 

Finally, a strategic comparison is made between the waste 

management techniques followed in developing and developed 

nation.   

Keywords: Closed-loop supply chain management, Leather 

industries, Outsourcing, Solid waste management. 

I. INTRODUCTION 

Proper solid waste management is a basic amenity need 

to be provided by the municipality to ensure better 

environmental condition. Poor management of solid wastes 

may pave way for environmental degradation and bring in 

health hazards. The solid waste management scenario is 

different in developed and developing nations. Most of the 

developed nations are adopting advanced and properly 

planned solid waste management techniques whereas in 

developing nations outdated and inefficient techniques are 

followed. The importance and awareness of proper solid 

waste management is not even in initial stage in developing 

nations. Many developing nation witnessed an alarming 

increase in the quantity of solid wastes as a result of rapid 

urbanization and economic growth. Statistical report warns 

that the solid waste generation rate is spontaneous than the 

urbanization rate. By the year 2025, it was estimated that 

1.42kg of solid waste will be generated by an individual 

person per day. Improper solid waste management 

techniques like open dumping and incineration results in 
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serious respiratory health problems [1]. Poor solid waste 

management will lead to serious environmental problems 

like acidification, global warming, eutrophication and 

human toxicity. Study carried in three cities namely 

Panchkula, Mohali and Chandigarh, regarding waste 

management suggests recycling, composting and sanitary 

landfill as the available way to handle solid waste [2]. Waste 

management problem in a country is the result of 

technological, financial and political failure. Proper 

consideration of technical, economic and social information 

is necessary in achieving sustainable waste management [3]. 

In most waste management cases, the effectiveness and 

usefulness of the proposed waste management technique is 

analyzed using Life Cycle Assessment (LCA) process. 

Procurement, production, use and disposal are the four 

phases of a product's life cycle. Iron and steel industries, 

plastic industries, rubber production, textile manufacturing 

and leather production are the major industries releasing 

solid wastes into the environment [4]. Leather 

manufacturing industry is a traditional and major 

employment providing sector, which is present all over the 

world. Initially human nomad used the hunted animal‘s skin 

to protect them against the prevailing heat, cold and rain. As 

a result of human evolution, shoes, belts, jackets, handbags, 

saddles, furniture and bags are manufactured from leather. 

For manufacturing the above mentioned products, the animal 

skin has to be flexible and durable. To obtain the above 

mentioned properties, the animal skin is subjected to series of 

chemical treatments called tanning process. Raw skin and 

hides of cattle, horse, elephant, crocodile and polar bears are 

subjected to tanning process and the end product obtained is 

leather. As a result of free trade, the leather exports gained 

great leap and considerably contributed to the nation‘s 

economy [5]. It was found that more than 60% of leathers are 

used in footwear manufacturing.  

According to a global study, china (17.4%) is the leading 

leather exporter followed by Italy (14.8%), Vietnam (11.6%) 

and Germany (6.3%). In total global leather export, India's 

share is 2.7% which is equal to 1.4 billion US dollars. 

Countries such as US, Germany and other EU countries are 

the largest importers of leather products. Even though 

Leather industries immensely contribute to developing 

nation‘s economy, it makes adverse impact on the 

environment. Leather products have to undergo series of 

chemical reactions and at each stage some amount of wastes 

is released [6].  Various operations involved in Leather 

processing are shown in Fig. 1 [7]. Stringent environmental 

regulations and demand for eco-friendly manufacturing 

strategies forced leather industries to implement sustainable 

manufacturing. Adopting an Eco-friendly manufacturing 

design will help a firm in 

reducing ecological footprint. 

Conventional 3R (Reduce, 
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Reuse and Recycle) strategy replaced by 6R (Reduce, Reuse, 

Recover, Redesign, Remanufacture, Recycle) strategy forms 

the base for sustainable manufacturing and Closed-Loop 

supply chain management. A case study [8] carried in a 

fashion industry using eco-design and recycling indicates 

that most of the leather waste from the post-consumed 

products can be converted into useful products. Generation of 

enormous amount of leather waste is the result of volatility in 

consumer market as it is unsustainable. However, 

implementation of an environment friendly production 

strategy is mandated for all leather processing industries. 

Progress in implementation of green technology and the 

responsibility of leather sectors in adhering to environmental 

regulations are detailed in the following sections.  

 
 

Fig. 1. Various operations in leather processing  

II. ENVIRONMENTAL IMPACT 

Every year, globally 4 million tons of solid wastes are 

generated by leather industries. Leather products imposes 

threat from its processing stage to decomposing stage i.e., 

from cradle to grave. Leather manufacturing process takes 

place in three stages namely beam house operations, tannery 

process and finishing process. Among the three stages, the 

second one, Tanning operation is the vital as well as the 

troublesome stage. Tanning operation stage is vital because 

at this stage only the raw skin or hide material is made into 

durable and resistant leather. At the same time, this stage is a 

worrying stage as it generates effluents and solid wastes. 

Conventional vegetable tanning method was replaced by 

chrome tanning method for increasing the production rate of 

leather, but the chrome tanning method brought many 

environmental problems. The wastes released at each stage 

are harmful to the environment. The untreated water 

effluents from the tanneries are directly released into the 

rivers and thus contaminating the water bodies. The major 

compositions of the effluents are chromium, chlorine, 

cadmium, nickel, zinc and lead. A study estimates that out of 

500kg of raw hides, only 75kg is converted into leather while 

the remaining are excluded as wastes. Quantity and types of 

solid wastes produced by tanneries in processing 1 ton of raw 

skin and hide is tabulated in Table 1 [9]. The excluded waste 

from the beam house such as animal hair and flesh could be 

converted into useful by-products by hydrolysis. But, these 

excluded wastes from the beam house are dumped in the open 

space as landfills which give rise to harmful microbes. 

Decomposition of solid wastes from Leather industries may 

release methane gas. 

The excluded solid wastes from tannery are 

classified into four types: Tanned Collagen, Untanned 

Collagen, non-collagenous protein waste, Non-proteinious 

waste. Some of the excluded wastes can be converted into 

useful products like biodiesel, fat liquoring oil and are used 

in grease and activated carbon production [10]. Bio-chemical 

oxygen demand (BOD), Chemical Oxygen Demand (COD), 

Total Dissolved Solids (TDS) norms and sludge are the 

major environmental problems generated by the solid wastes 

released from leather industries [11]. The characteristics and 

quantity of tannery sludge generated varies based on the raw 

materials and tanning technology used. Chromium, the main 

agent used in leather tanning process is considered as a 

carcinogen generating hazardous waste [12]. Globally 85% 

of raw skins/hides are processed using chrome salts. Being 

cheap and easy to use are the reasons for using chrome salts. 

Every year around 6, 00,000 metric tons of solid waste 

containing chromium is produced by leather industries [13]. 

Since 60 m3 of water is needed for processing one ton of hide, 

a large amount of waste water is generated during leather 

production [14]. These effluents contain unused chemicals, 

leached proteins, acids, tannins, solvents and degraded 

products of hide and skins which are hazardous to the 

environment. 

 

Table- I: Quantity and Types of Solid Wastes Generated 

from Tanneries for 1 ton of raw skins/Hides  
Types of Solid Wastes Quantity (Kg) 

Hair 100 

Dry sludge 125 

Buffing Dust 65 

Fleshing 120 

Chrome Shaving & splitting 160 

Trimming 105 

Salt 300 

 

It was found that nearly one third of the water pollution is due 

to leather industries effluents. Leather dusts, produced 

during buffing operation contain impregnated chemicals and 

hair fragments. Most of the Leather industries in developing 

nations are facing the aforementioned problems and were 

closed for not following the suggested environmental 

regulations. In countries like Bangladesh and India, the 

Leather sector is considered as a reliable source of income 

and it significantly contributes to the economy of the nation. 

It generates employment opportunities for 

skilled/semi-skilled and unskilled laborers [15]. But on the 

other hand, factors like adoption of outdated/inefficient 

technology, high cost of capital investment, technical 

problems and lack of supervising facilities hinders the 

leather industries progress towards green technology [16]. 

The problem of solid waste management also exists in 

developed nations but by adopting advanced and potential 

technology, the developed nations are overcoming the solid 

waste management problems [17]. But solid wastes 

generated differ from one country to another country or one 

region to another region depending on industrial 

organization, economic condition, life style and waste 

management system [18]. All the countries are trying to 

handle solid wastes effectively and Fig. 2. shows the global 

solid waste management scenario (World Bank report). 

Pyrolysis, the common technique used in conversion of waste 

into energy was found to produce large amount of chlorine 

waste [19]. From World 

Bank‘s report, it is evident 
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open dumping is commonly practiced in solid waste 

management and it will prompt health hazard and 

environmental degradation. Landfill system is identified as 

the worst waste management practice based on a study 

carried in Italy and insisted energy recycling is ranked as 

better waste management system [20]. 

 In a Study carried in Iran regarding solid waste management 

practice, landfill was identified as the worst practice while 

combination of anaerobic digestion and incineration was 

identified as the most ecofriendly practice [21]. 

 
Fig. 2. Global treatment and disposal of waste (percent) 

III. CSR OF LEATHER INDUSTRIES  

Increasing environmental awareness among customers 

and demand for green products urged the manufacturing 

sectors to come up with an environment assisted 

manufacturing technique. Further, stringent environmental 

regulation and government‘s industrial protocol mandated 

corporate social responsibility (CSR) for industries. CSR 

topic covers areas like social, legal, ethical, financial, 

environmental and economic dimensions of an organization. 

Social dimensions include child labor prohibition, 

employment generation and safety aspects for worker while 

environmental aspects include accident prevention and 

mitigation of environmental degradation. Factors like 

emission reduction, environmental conservation, strategic 

advancement, risk mitigation and competitive advantage are 

some drivers in CSR of industries [22]. In short, CSR is 

defined as an umbrella that describes the multi-faceted bond 

between society and industry. Contrarily, a study [23] 

indicates that small medium entrepreneurs (SMEs) are not 

aware of advantages and necessity of following CSR. By 

understanding the CSR principle, most of the established 

manufacturing industries around the world adopted 

closed-loop supply chain (CLSC), Lean manufacturing, Zero 

waste manufacturing techniques and reverse logistics 

technique [24]. There exists a wide gap in information and 

knowledge sharing between an established organizations and 

SMEs regarding CSR [25]. Most of the SMEs are criticized 

for not adhering to the environmental policy and for not 

paying attention to CSR concept. But SMEs significantly 

contributes to the economy of developing nations by 

generating job opportunities and by alleviating poverty. 

From the studies, it could be understood that there exists a 

difference in understanding CSR concept between developed 

and developing countries [26].  

The concept of CLSC has been the area of interest 

for most of the researchers and academicians all over the 

world and CLSC has undergone more transformation in 

recent years [27].  In the study [28], examined the success of 

implementing CLSC in leather footwear industry and the 

structure of CLSC is found straight opposite to forward 

supply chain i.e., begins from customer and ends with 

manufacturers. By consuming 6.9 pair of shoes per person 

annually, China and USA become world‘s largest footwear 

consuming countries. While it was 4.5 in European Union 

and 5.3 in UK and the scenario is entirely different in 

developing countries like India (0.6) and Vietnam (0.5). In 

term of footwear production, China tops the chart with 

14,200 million of footwear followed by India (2, 209 

million), Brazil (900 million) and Vietnam (770 million). It 

was identified that only less than 5% of 20 billion pairs of 

shoes produced in a year is recycled whereas the remaining 

goes to incineration or landfill [29]. By understanding the 

CSR policy, a renowned sports shoe manufacturer Nike 

introduced a recycling program called ‗NikeGo Places‘. 

Through this program, nearly 16 million pairs of damaged 

and worn-out athletic shoes were recycled [30]. Similarly, in 

developing nations, organizations like ―It‘s from the sole‖ 

and ―soles for shoes‖ are actively accepting donated 

footwear. For analyzing the effectiveness of the recycled or 

reused solid wastes, Material Flow Analysis (MFA) was 

carried along with LCA [31]. From the results, it was 

identified that among various municipal solid wastes 

generated, paper and cardboard wastes are recycled in large 

extent while the remaining wastes are not appreciably 

recycled. Most of the developing countries are used as a 

manufacturing site by multinational companies. As a result, 

the generated industrial waste accumulates into the 

municipal solid waste and increases the waste management 

burden. According to a study [32] carried out using waste 

input output (WIO) analysis in Taiwan, it was found that 

wastes generated from electrical and leather industries 

accounts for major proportion of generated industrial waste. 

In a developing country like India, it was suggested that 

public-private partnership (PPP) will ensure optimal success 

in handling solid wastes [33]. The concept of PPP arises as a 

result when either of the individuals was unable to 

accomplish the specific tasks. Implementation of PPP will 

create an opportunity for joint venture where both developed 

and developing countries will work together in solid waste 

management. Factors like sociological, managerial and 

economic aspects should be evaluated while implementing 

PPP concept. The study also urged the co-ordination of 

rag-pickers from different parts of a city for in handling the 

solid wastes effectively. 

According to a report, rag-pickers roughly reduced 

20% load on transportation and landfill; saves 14% of 

municipal budget annually. The wastes collected by the 

rag-pickers are segregated into different level for retaining 

the product value as shown in Fig. 3 [34]. EASEWASTE 

(Environmental Assessment of Solid Waste Systems and 

Technologies), a decision support model, was created in 

Denmark to estimate waste 

flow, resource consumption 
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and environmental degradation of waste management 

systems. The developed model generates an assessment score 

in terms of global warming, ozone depletion and eco-toxicity 

[35]. To understand the status of CSR implementation in 

developing countries, a study carried in Bangladesh 

identified economic factors, social and environmental factors 

as the drivers in CSR implementation [36]. Non-compliance 

in solid waste management is the result of poor training, 

inefficient planning and financial constraints.  

 
Fig. 3. Segregation of solid wastes  

IV. MOVING TOWARDS GREEN TECHNOLOGY 

A typical solid waste management consists of collection, 

transportation, treatment process and disposal. The waste 

management system followed in developed countries usually 

occurs in stage by stage manner. The three main stages of 

waste management system followed in developed countries 

towards smart city (SC) project are waste categorization, 

waste quantification and waste controlling practices [37]. In 

Waste categorization process, the generated wastes are sorted 

as organic, plastic, metal scrap and leather wastes. While in 

waste quantification, the amount of waste generated in 

various industries like food processing, leather sectors, 

e-waste, medical waste and construction industries are 

calculated and in waste management practice, from 

recycling, reusing and redesigning practice the suitable 

practice is selected. To overcome the gap in waste 

management practice, Internet of Thing (IoT) assisted waste 

management practices are adopted in developed countries. 

The IoT assisted waste management is a combination of 

Geographical Information System (GIS) sensor and Global 

System for Mobile (GSM) communication. With the aid of 

IoT assisted waste management technology, it is possible to 

identify the location, quantity and the type of wastes dumped 

in the garbage bins.  

In the progress of moving towards green technology or 

adopting sustainable techniques, factors such as type and 

quantity of chemicals used, quantity of waste generated, 

commitment from management and technology adopted 

should be analyzed. The general criteria to be considered 

while selecting a cleaner leather processing are (a) adverse 

effect by generated waste (b) generated waste manageability 

(c) ecological value of processed waste (d) costs of 

post-processed waste (e) maximization of process water. To 

overcome the negative impact created by leather tanneries, 

the concept of zero-discharge tanning was created. Though 

the concept of achieving zero-discharge appears to be a 

global challenge, it is achievable by adopting the following 

strategies either alone or in combination: usage of 

ecofriendly chemicals, optimum utilization of the chemicals, 

reusing the chemicals recovered and process integration 

[38]. From Table 1, it could be inferred that trimmings 

accounts for considerable percentage in solid wastes 

generated by leather tanneries. In order to bring down the 

negative impact created by leather industries, various 

eco-friendly enzymes/catalyst and tanning agents were 

developed over the years [39]. The trimming waste from 

tanneries consists of collagen and hairs. Hair removal is a 

crucial process and usage of inorganic sulfide (a 

conventional biocatalyst) in hair removing process will have 

adverse environmental effect. In order to lessen the adverse 

environmental impact left by inorganic sulfide, an eco-being 

biocatalyst called Keratinolytic protease was developed [40]. 

In a similar study [41] related to sulfide reduction during 

unhairing process, it was identified that the inclusion of 

hydrogen peroxide during unhairing process reduces the 

sulfide usage and increases the chromium absorption rate of 

hides. China, world's largest leather producing country 

responded to customers demand by developing a dust 

suppressor using collagen (a discarded waste from leather 

industries) through sustainable manufacturing technique 

[42]. The unutilized hairs from the tanneries are roughly 

used as boiler feed in gelatin manufacturing. Formaldehyde 

is generally used as a re-tanning agent in leather industries 

for compaction but it becomes a carcinogen for 

environmental degradation. Hence, for effective trimming, a 

re-tanning agent free from formaldehyde was developed by 

environmental assisted leather processing [43]. Biopol, a 

biopolymer used as a tanning, re-tanning and fatting agent is 

obtained by polymerization and esterification process from 

the hydrolyzed collagen which is discarded as waste from 

tanneries [44].  

Among various wastes eliminated from the leather 

tanneries, animal fat is an important one. The amount of fat 

wastes eliminated varies depending upon the type of animal 

skin used. The fat content of pig or sheep skin is higher than 

that of cattle skin. The fat content also varies depending upon 

the geographical and climatic conditions. For instance, the 

fat content of European skin is 5% - 10% whereas the fat 

content of Australian skin is 20% - 40%. With the view of 

reusing or recovering the leather waste, eliminated animal 

fat from tanneries are used in production of biodiesel [45]. 

The experimental result of biodiesel prepared by blending 

animal fat with diesel showed reduction in the emission of 

CO2, CO and NOx. To come up with a better solution for 

mitigating environmental wastes generated by 

manufacturing industries, researchers suggested microbial 

enzymes as potential solution 

[46]. Animal fleshing 

eliminated from leather 
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industries is vermicompost using Eisenia foetida and the 
results identified the vermicomposting as 
nutrient-enriched product [47]. In order to reduce the 

effluent load such as COD, BOD and TDS from leather 

industries, a new enzymatic process for fiber opening using 

Aspergillus Terreus is developed as a substitute for 

conventional liming process [48]. The quality of leather 

obtained by using the proposed enzymatic technique was 

found to be better than that of conventional liming leather.      

As an attempt in effective management of tannery sludge, it 

is used in developing a composite along with rice husk ash 

and cement [49]. Through various R&D works, advanced 

technologies for mitigating leather and tannery pollution 

were developed, but they are not commercially available in 

developing countries [50].    

V. CONCLUSION 

With the issuance of strict environmental regulations, it 

becomes necessary for all manufacturing sectors to adopt 

ecofriendly manufacturing techniques. The adverse impact 

left by the leather tanneries on the environment is ineffable. 

Exploding population, beaming urbanization and rapidly 

changing lifestyle increases the generation of solid waste. 

Conventional techniques like incineration and landfilling are 

followed by most industries in developing countries. With the 

aid of advanced technology, the developed countries had 

witnessed solution in tackling the hazards created by solid 

waste from household and industries. However, the waste 

management scenario is entirely different in developing 

nations. From literature reviews, it was identified that the 

advanced technology followed in developed nations are not 

available and feasible in developing nations. The reason for 

non-availability and non-feasibility is the poor 

understanding of CSR by industries in developing nations. 

Hence, a better understanding about CSR by industries and 

implementation of PPP in developing countries will turn out 

to be a best solution in handling solid wastes.         
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