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Abstract. The leather tanning industry is one of the chemical industries, which significantly 

impacts the environment. The raw material used for tanning is chromium (Cr), which is toxic to 

humans. The study aims to estimate the environmental impact of the cow tanned leather 

production at UD. PK X, Magetan, East Java, Indonesia. The method used is the Life Cycle 

Assessment (LCA) and analyzed using the "gate to gate" perspective. The results showed that 

the leather tanning process at UD. PK X produces several impact categories, including climate 

change for the entire process chain except fleshing and trimming with a total impact value of 

2.03E+02 kg CO2 eq. The impact category of human toxicity potential, freshwater 

ecotoxicology, and marine ecotoxicology on the tanning process (Cr VI) has an impact value of 

1.54E+02 kg 1.4 dichlorobenzene eq, 1.25E+03 kg 1.4 dichlorobenzene eq, and 1.55E+05 kg 

1.4 dichlorobenzene eq, respectively. The last impact is photochemical oxidation in the setting 

out process with an impact value of 6.07E-7 kg ethylene eq.  

1.  Introduction 

Leather is an intermediate agricultural commodity with various uses in downstream industries. It can be 

cut and assembled into clothing, leather goods, shoes, furniture, and several other items [1]. The raw 

material used in the leather industry is the hides and skins as a by-product from the meat industry. They 

processed and changed into a stable material that can be used to manufacture a wide variety of goods.  

The leather tanning industry is one of the fastest-growing industries in the world. World production 

for leather with an average from 2012-2014 was 586.9 thousand tonnes/year [2]. Indonesia is the largest 

producer of leather in Southeast Asia [3]. In 2010-2015, the leather, leather goods, and footwear sectors' 

annual growth reached 5% and accounted for 0.26% of the Gross Domestic Product (GDP) of Indonesia 

in 2013, which was equal to $237 billion [4]. 

According to the Indonesian Tannery Association, 75 percent of all tanneries in Indonesia are listed 

as Small and Medium Enterprises (SMEs) [3]. SMEs tend to be environmentally harmful because of 

their inadequate methods than big companies [5]. Hu et al. [6] stated that on the one hand, the leather 

industry enhances local economic growth; on the other hand, however, it contributes to enormous 

environmental pollution and destruction of biological chains.  One of the tanning agents is chrome metal, 

a chemical that is carcinogenic in grey, and there is no safe limit for its pollution [7]. Therefore, 

improving the environmental performance of this industry is also critical [8]. One method that can be 

used to improve environmental assessment is the Life Cycle Assessment (LCA) method. 

LCA is a widely accepted method that has proven its efficiency as a useful decision-making tool for 

assessing the environmental burdens associated with production processes to move towards sustainable 

production practices. The LCA method has various implementations in different geographical locations 

in leather manufacturing, such as Spain, India, Italy, and Bangladesh [1, 9-11]. The study of LCA in the 
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Indonesian leather tanning industry has been studied by Kautzar et al. [12] in the chrome-tanned leather 

industry and Al Farisi et al. [13] in the vegetable-tanned leather industry. Kautzar et al. [12] reported 

that the production process has a most significant environmental impact than the distribution of raw 

materials and products. No studies have reported the environmental impact of chrome-tanned cow 

leather from a "gate to gate" perspective. 

The research aims to estimate and minimize the environmental impact produced by the chrome-

tanned cow leather industry in UD. PKX using the LCA method. It is analyzed using a "gate to gate" 

perspective to obtain the environmental impact at each stage of the cow leather production process. 

Through this research, we can find out which process produces the highest environmental impact and 

how to improve the environmental performance of UD PKX. 

2.  Materials and methods 

2.1.  Company description 

UD PKX is a cow leather tanning industry that uses chromium as its tanning agents—placed in 

Ringinagung Village, Magetan District, Magetan Regency, East Java, Indonesia. This district is one of 

the large centers of tannery and leather handicraft industries in East Java. Thirty-four tannery industries 

produce liquid waste of 397.4 m3/day [14]. The leather tanning industries in this village consist of two 

industry types, including industries with vegetable and chromium tanning agents. UD. PKX processes 

1.5 tons of raw cowhides into 285.4 kg of cow tanned leather. 

2.2.  Life cycle assessment 

The LCA is a decision-making tool used to identify, quantification, and evaluate a product, process, or 

service by estimating the associated environmental impacts throughout its life cycle [15,16]. There are 

four steps in the LCA method, including goal and scope definition, inventory analysis, impact 

assessment, and interpretation of results [17].  

2.2.1.  Goal and scope definition, functional unit and system boundaries 

This study aimed to determine and estimate the environmental impacts in each stage of the chrome-

tanning process at UD. PKX. The analysis was obtained using the "gate to gate" perspective. In this 

analysis, the framework boundaries were only in the tanning process. This study included all direct 

inputs and outputs in each step but excluded the calculation of human energy inputs.    

 

Figure 1. The system boundaries 

It includes all the steps from the rawhide to the leather using chromium as the primary tanning agent. 

The functional unit studied is one batch production of 285.4 kg of cow-tanned leather. The boundary 

system can be seen in Fig. 1. 
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2.2.2.  Inventory analysis (Life cycle inventory or LCI) 

This analysis aims to collect data that supports the LCA analysis. All the data related to the inputs and 

outputs of the process were obtained from the production site. The inputs have been collected and 

computed, including chemicals, water demand, and energy consumption, while infrastructure was not 

included within the system boundaries. The Outputs have been collected and calculated, including 

emissions, solid, and liquid waste.  

2.2.3.  Impact assessment (Life Cycle Impact Assessment or LCIA) 

Impact assessment is a technical, quantitative, and qualitative process to characterize and assess the 

effects of the environmental burdens identified in the inventory (16). Assessment and classification of 

the impact of waste (liquid, solid, and gas) from the tanning skin production process. The software of 

OpenLCA version 1.6.3 performed the impact assessment. The method used is CML (baseline) version 

4.4, January 2015. The database used is open_lca_methods_1_5_6.zolca. 

2.2.4.  Interpretation of the results 

The interpretation stage is the stage of improvement, completion, and conclusion of the solution's 

aspects and the impact that is analyzed from the data obtained.   

3.  Results and discussion 

3.1.  Life cycle inventory 

The tanning industry UD. PKX is considered a primary source of data in this study. This secondary data 

obtained from Purba et al. [3], which is adjusted to the Life Cycle inventory stages. Data are presented 

in Table 1. These data have been computed to estimate environmental impact at each step of the tanning 

process. 

Table 1. Inputs and Outputs in the tanning industry 
No. Process Inputs and Outputs Amount Unit No. Process Inputs and Outputs Amount Unit 

1. Trimming Inputs:     Outputs:   

  Raw cowhide 1500 Kg   CO2 2.54 Kg 

  Outputs:     Cowhide, pickling 676.2 Kg 

  Rejected cowhide 120 Kg   Wastewater 748.55 Kg 

  Raw cowhide 1380 Kg 13. Tanning Inputs:   

2. Pre-

Soaking 

Inputs:     Chromium VI 47.44 Kg 

  Alcohols, C12-14, 

ethoxylated, 

unspecified 

2.76 Kg   Electricity 70.87 kWh 

  Alkylbenzenesulfonic 

acid, unspecified 

2.76 Kg   Formic acid 3.38 Kg 

  Electricity 8.52 kWh   Cowhide, pickling 676.2 Kg 

  Raw cowhide 1380 Kg   Oils, unspecified 1.35 Kg  

  Water, ground 2415 Kg   Sodium carbonate 10.14 Kg  

  Outputs:     Sodium chloride 67.62 Kg 

  CO2 6.3 Kg   Sulfuric acid 1.35 Kg 

  Cowhide 1380 Kg   Water, ground 676.2 Kg 

  Water, waste 2420.52 Kg   Outputs:   

3. Washing I Inputs:     CO2 52.44 Kg 

  Electricity 1.79 kWh   Cowhide, wet blue, 

tanning 

709.33 Kg 

  Raw cowhide 1380 Kg   Wastewater 774.24 Kg 

  Water, ground 1380 Kg 14. Sammying Inputs:   

  Outputs:     Electricity 1.79 kWh 

  CO2 1.32 Kg   Cowhide, wet blue, 

tanning 

709.33 Kg 

  Cowhide, washing I 1380 Kg   Outputs:   

  Water, waste 1380 Kg   CO2 1.32 Kg 

4. Main 

Soaking 

Inputs:     Cowhide, sammying 425.6 Kg 

  Electricity 43.51 kWh   Wastewater 283.73 Kg 

  Raw cowhide, 

washing I 

1380 Kg 15. Shaving Inputs:   

  Sodium carbonate 4.14 Kg   Electricity 4.77 kWh 
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  Water, ground 2760 Kg   Cowhide, sammying 425.6 Kg 

  Outputs:     Outputs:   

  CO2 32.2 Kg   CO2 3.35 Kg 

  Cowhide, main 

soaking 

1380 Kg   Cowhide, solid waste 127.68 Kg 

  Water, waste 2764 Kg   Cowhide, shaving 297.92 Kg 

5. Washing 

II 

Inputs:   16. Wetting back Inputs:   

  Electricity 2.2 kWh   Alkylbenzenesolfonic 

acid 

0.3 Kg 

  Cowhide, main 

soaking 

1380 Kg   Electricity 3.86 kWh 

  Water, ground 2415 Kg   Formic acid   

  Outputs:     Cowhide, shaving 297.92 Kg 

  CO2 1.63 Kg   Water, ground 299.71 Kg  

  Cowhide, washing II 1380 Kg   Outputs:   

  Water, waste 2415 Kg   CO2 2.86 Kg 

6. Liming Inputs:     Cowhide, wetting back 297.92 Kg 

  Alcohols, C12-14, 

ethoxylated, 

unspecified 

1.38 Kg   Wastewater 299.71 Kg 

  Electricity 14.27 kWh 17. Neutralization Inputs:   

  Glucose 2.76 Kg   Electricity 2 kWh 

  Cowhide, washing II 1380 Kg   Cowhide, wetting back 297.92 Kg  

  Limestone, in-ground 55.2 Kg   Sodium formate 4.47 Kg  

  Sodium sulfide 1.38 Kg   Water, ground 297.92 Kg  

  Water, ground 4140 Kg   Outputs:   

  Outputs:     CO2 2 Kg  

  CO2 10.56 Kg   Cowhide, 

neutralization 

297.92 Kg  

  Cowhide, liming 1380 Kg   Wastewater 302.39 Kg  

  Water, waste 4200.72 Kg 18. Washing V Inputs:   

7. Washing 

III 

Inputs:     Electricity 1.24 kWh 

  Electricity 2.34 kWh   Cowhide, wetting back 297.92 Kg 

  Cowhide, liming 1380 Kg   Water, ground 297.92 Kg 

  Water, ground 2760 Kg   Outputs:   

  Outputs:     CO2 1.6 Kg 

  CO2 1.73 Kg   Cowhide, washing III 297.92 Kg 

  Cowhide, washing III 1380 Kg   Water, waste 297.92 Kg 

  Water, waste 2760 Kg 19. Re-tanning 

and Fixation 

Inputs:   

8. Fleshing Inputs:     Acrylic acid 5.96 Kg 

  Cowhide, washing III 1380 Kg   Catechol 1 Kg 

  Outputs:     Chestnut, pyrogallol 

Tannins 

5.96 Kg 

  Cowhide, fleshing 1352 Kg   Electricity 48.26 kWh 

  Solid waste (cowhide) 27.6 Kg   Formic acid 4.47 Kg 

9. Splitting Inputs:     Cowhide, washing V 297.92 Kg 

  Electricity 9.4 kWh   Melamine  5.96 Kg 

  Cowhide, fleshing 1352 Kg   Oils, unspecified 17.88 Kg 

  Outputs:     Water, ground 297.92 Kg 

  CO2 6.96 Kg   Outputs:   

  Cowhide, splitting 676.2 Kg   CO2 35.98 Kg 

  Cowhide, by-product 676.2 Kg   Cowhide, re-tanning, 

and fixation 

297.92 Kg 

10. Deliming Inputs:     Water, waste 351.96 Kg 

  Alcohols, C12-14, 

ethoxylated, 

unspecified 

1.35 Kg 20. Setting Out Inputs:   

  Ammonium sulfate 13.52 Kg   Cowhide, re-tanning, 

and fixation 

297.92 Kg 

  Electricity 15.22 kWh   Electricity 612.99 kWh 

  Protease enzyme 2.03 Kg   LPG 45 Kg 

  Cowhide, splitting 676.2 Kg   Outputs:   

  Water, ground 676.2 Kg   CO2 1.8 Kg 

  Outputs:     Dinitrogen monoxide 0.0011 Kg 

  CO2 11.26 Kg   Cowhide, setting out 285.4 Kg 

  Cowhide, deliming 676.2 Kg   Methane 0.0001 Kg 

  Wastewater 693.11 Kg   Solid waste 15.88 Kg 
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11. Washing 

IV 

Inputs:   21. Stacking Inputs:   

  Electricity 3.03 kWh   Electricity 11.19  kWh 

  Cowhide, deliming 676.2 Kg   Cowhide, setting out 285.4 Kg 

  Water, ground 1352.4 Kg   Outputs:   

  Outputs:     CO2 8.28 Kg 

  CO2 2.24 Kg   Cowhide, setting out 285.4 Kg 

  Cowhide, washing IV 676.2 Kg 22. Toogling Inputs:   

  Wastewater 1352.4 Kg   Electricity 22.38  kWh 

12. Pickling Inputs:     Cowhide, setting out 285.4 Kg 

  Electricity 3.43 kWh   Outputs:   

  Formic acid 3.38 Kg   CO2 16.56 Kg 

  Cowhide, washing IV 676.2 Kg   Cowhide, setting out 285.4 Kg 

  Sodium chloride 67.62 Kg      

  Sulfuric acid 1.35 Kg      

  Water, ground 676.2 Kg      

3.2.  Impact assessment 

The environmental impact assessment was carried out using OpenLCA software with the CML baseline 

version 4.4 2015 method. The environmental impacts resulting from the production process of 285.4 kg 

of cow-tanned leather include several impact categories, such as climate change, human toxicity, marine 

aquatic ecotoxicity, freshwater aquatic ecotoxicity, terrestrial ecotoxicity, and photochemical oxidation. 

The summary of the LCA results can be seen in Table 2. 

Table 2. Summary of Life Cycle Impact Assessment UD. PKX 
Impact category Process Amount Unit 

Climate change Pre-soaking 6.30E+00 Kg CO2 eq 

 Washing I 1.32E+00 Kg CO2 eq 

 Main soaking 3.22E+01 Kg CO2 eq 

 Washing II 1.63E+00 Kg CO2 eq 

 Liming 1.06E+01 Kg CO2 eq 

 Washing III 1.73E+00 Kg CO2 eq 

 Splitting 6.96E+00 Kg CO2 eq 

 Deliming 1.13E+01 Kg CO2 eq 

 Washing IV 2.24E+00 Kg CO2 eq 

 Pickling 2.54E+00 Kg CO2 eq 

 Tanning 5.00E+01 Kg CO2 eq 

 Sammying 1.32E+00 Kg CO2 eq 

 Shaving 3.35E+00 Kg CO2 eq 

 Wetting back 2.86E+00 Kg CO2 eq 

 Neutralization 2.00E+00 Kg CO2 eq 

 Washing V 1.01E+00 Kg CO2 eq 

 Re-tanning and Fixation 3.60E+01 Kg CO2 eq 

 Setting out 2.86E+02 Kg CO2 eq 

 Stacking 8.28E+00 Kg CO2 eq 

 Toogling 1.66E+01 Kg CO2 eq 

Human toxicity Tanning 9.26E+01 Kg 1,4-dichlorobenzene eq 

Marine aquatic ecotoxicity  Tanning 3.88E+04 Kg 1,4-dichlorobenzene eq 

Freshwater aquatic ecotoxicity Tanning 3.12E+02 Kg 1,4-dichlorobenzene eq 

Terrestrial ecotoxicity Tanning 1.03E-17 Kg 1,4-dichlorobenzene eq 

Photochemical oxidation Setting out 6.00E-07 Kg ethylene eq 

3.2.1.  Climate change 

Global warming cause climate change due to irregularities or anomalies in the gradual increase in earth 

temperature over the years. It is widely projected that as the planet warms, climate and weather 

variability will increase. Changes in the frequency and severity of extreme climate events and weather 

patterns variability will have significant consequences for human and natural systems [18]. There are 

three major greenhouse gases (GHG), including carbon dioxide (CO2), methane (CH4), and nitrous oxide 

(N2O) [19]. 

UD. PKX uses electric energy machines, causing emissions in the form of CO2 gas with the unit used 

for all greenhouse gas emissions (kg CO2 eq). Only the fleshing and trimming processes do not cause 

greenhouse gas emissions because of using human workers. Besides, the setting out process produces 

CH4, N2O, and CO2 gas emissions. The combustion products of LPG produce these three gases. The 
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highest emission produced by the tanning step is 5.00e+01 kg CO2 eq/kg. The long duration of the 

tanning process, which is 9.5 hours, causes the amount of CO2 emissions that require higher power than 

other processes, namely 70.87 kWh. OpenLCA software calculates the number of emissions for the 

impact of climate change, including CO2 and N2O gases. 

The power, period of machinery use, and greenhouse gas pollution factors are used to calculate the 

amount of emissions from electricity use. Meanwhile, the LPG emissions calculation calculates the 

quantity of consumption, the LPG calorific value, and the greenhouse gas emission factor [20]. The 

amount of gas is calculated in kg unit multiplied by the impact factor in the open LCA database. 

Accumulated greenhouse gas emissions from all processes at UD. PKX is 202.2929 kg CO2 eq per 

285.4 kg cow tanned leather. The setting out process produces methane gas, but it does not cause an 

impact because the amount is minimal. 

3.2.2.  Potential human toxicity (potential poisoning humans) 

The chrome tanning industry does not use chromium metal in its pure form but salt form. The material 

used is chromium (III) sulfate ([Cr (H2O)6]2 (SO4)3). The chromium salt used has an ion number of 3+/ 

Cr3+ and will change to Cr6 + when it dissolves in water [21]. Its allergenic carcinogenic and mutagenic 

potential has been recognized, and the recent legislation sets the limit of 3 mg/kg based on the leather 

weight [6]. If chromium enters the body, it deposits in the liver, kidneys, and lymph to cause cancer 

[22]. The formation of Cr (VI) can cause severe allergic contact dermatitis in human skins and can elicit 

dermatitis at low concentrations [23]. 

According to the CML baseline version 4.4 2015 impact assessment method database, the IV 

chromium category of river water emissions is equated with 1.4 dichlorobenzenes to determine the 

impact comparison. The measured Cr VI is 1.543E+02 kg 1.4 dichlorobenzene eq. It is known that the 

environmental load for chromium metal at UD. PKX is 154.32837 kg 1.4 dichlorobenzene eq. However, 

liquid waste containing chromium VI is not discharged directly into the river. The wastewater treatment 

sector in the Magetan district processing the liquid waste from all of the tannery industries to produces 

safe waste. Meanwhile, activated sludge containing chromium is disposed of in the place provided and 

does not disturb the surrounding community. Biological processes in activated sludge can reduce Cr VI 

to Cr III by 30% [21]. 

3.2.3.  Photochemical Oxidation 

UD. PK X produces methane emissions in the setting out process. The setting out process uses LPG fuel 

to produce methane gas. Methane gas has asphyxia properties, which can replace oxygen [24]. So, 

humans exposed to methane gas in certain concentrations will experience symptoms of oxygen lack 

such as nausea, tightness, dizziness, etc. [20]. According to the CML baseline version 4.4 2015 method, 

methane gas has an impact factor of 0.006 kg ethylene eq/kg. The impact factor of each compound or 

element on ethylene gas is different. So, it is known that methane gas has a photochemical oxidation 

effect of 0.006 times lighter than ethylene gas. OpenLCA software performs calculations by calculating 

the inventory result with the impact factor to determine the impact result. The calculation showed that 

in one batch (1500 kg of cowhides), the photochemical oxidation of 6.00E-07 kg ethylene eq. 

3.2.4.  Aquatic Ecotoxicity 

The tanning process in UD. PKX contributes to aquatic ecotoxicity. The material used is Cr (III) and 

turns into Cr (VI) when it dissolves in water. The marine and freshwater aquatic ecotoxicity were 

1.5538E+05 kg 1.4 dichlorobenzene eq and 1.25E+03 kg 1.4 dichlorobenzene eq. 

3.3.  Interpretation of result and improving suggestion 

This stage discusses the interpretation of solutions to minimize the impact of the leather production 

process in the tannery. The most effective way to reduce the resulting impact is to produce cow-tanned 

leather efficiently. The leather tanning industry is an industry that uses various types of chemicals and 

water as a solvent. So, the most dominant waste is a liquid waste. Several hazardous chemicals must be 

used appropriately so their effects can be minimized. It is also supported by proper processing, so the 

resulting waste does not endanger humans and the ecosystem. Until now, there have been many 
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researchers who have studied an efficient way or method in the tannery production process without 

reducing the expected quality. 

The first impact is the emission of greenhouse gases produced in almost the entire tannery production 

chain. Some solutions that can be done to reduce greenhouse gas emissions include reforestation around 

industrial locations to reduce CO2 gas emissions. Efforts to plant trees around emission source locations 

can increase carbon stocks and reduce environmental impacts. Coutts et al. [25] observed that local 

suburban vegetation accumulates carbon substantially reduced local emissions and decreased 

atmospheric CO2 concentrations in the local area. Besides, using industrial equipment machines 

efficiently both in the duration and capacity can minimize the emissions. 

The second impact is human toxicity potential and aquatic (freshwater and marine) ecotoxicity. The 

source of the second impact categories is liquid waste containing heavy metal chrome. The first 

alternative is to use environmentally friendly tanning materials by using vegetable tannins. Many plant-

based tanneries such as mimosa or acacia, mangrove, quebracho, myrobalan, valonia, gambier, 

chestnuts, oak, divi-divi, and sumac [26]. Usually, to get good leather results, it is necessary to have a 

combination of vegetable tanners. Also, chrome tanners can be combined with vegetable tanners to 

reduce the levels of chrome use. According to [27], mitigation steps to reduce the impact of chrome are: 

increase the chrome solution's temperature, so the chromium particles bind more quickly to skin 

collagen. However, this must be adapted to the skin's resistance; measuring chemicals to be used 

accurately; proper and correct handling of chemicals so as not to spill or leak either during the production 

process or during storage; using safer substitutes such as vegetable tanners and enzymatic processes. 

4.  Conclusion 

The leather tanning industry (UD.PK X) produces most liquid waste and some solid waste in its 

production process. Each tannery production process has its characteristics and impacts categories 

depending on the chemicals used. Based on the results of the openLCA software assessment that the 

leather tanning process at UD. PK X produces several impact categories, including climate change for 

the entire process chain except fleshing and trimming with a total impact value of 2.023E+02 kg CO2 

eq. The impact of human toxicity potential, freshwater ecotoxicology, and marine ecotoxicology on the 

tanning process (Cr VI) has an impact value of 1.54E+02 kg 1.4 dichlorobenzene eq, 1.25E+03 kg 1.4 

dichlorobenzene eq and 1.55E+05 kg 1.4 dichlorobenzene eq. The last impact is photochemical 

oxidation in the setting out process with an impact value of 6.07E-7 kg ethylene eq. 
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