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ABSTRACT  

Ethiopia has been recording two digit economic growths for the last five years. The contribution of 

industrial sector for this economic growth is significant. One of the industry sectors that contribute 

for this two digit economic growth is the leather sector. Currently there are twenty four different 

tanneries in the country but in the coming few years their number is expected to increase. 

Annually all tanneries generate 70,104 tonnes of solid waste and 3,393,600 m3 wastewater in the 

pre-tanning leather processing stage and dispose into the surrounding environment without proper 

treatment. The leather production process could create emissions of greenhouse gas, water 

pollution, and hazardous wastes, which potentially disrupt local ecosystems and pose human health 

risks. Processing of leather also consumes large amounts of fossil fuel, which contributes to 

greenhouse gas emissions. To make the Ethiopian tanning industry is competitive in the global 

market; the industries should process the leather in the carbon neutral environment with taking 

mitigation measure for emission of greenhouse gases during fossil fuel use and waste disposal.  

In this study, tanneries biogas and methane  production capacity were estimated using anaerobic 

digestion of solid and wastewater  in the leather industry development institute and analyzed the 

opportunities in which the tanneries could produce in carbon neutral environment with replacing 

the fossil fuel used by methane generation.    

Using waste-to-energy principles through anaerobic digestion of tannery waste it estimates that all 

tanning industry can generate more than four million meter cube of biogas with three million meter 

cube of methane per year. This can cover approximately sixty seven percent of fossil fuel needs of 

the tanning industry and this can also help to mitigate 100% and 67% for methane and carbon 

dioxide respectively. Beside to the environmental advantage with implementation of clean 

development mechanism the industries could get more than a million USD per year from the annex 

I countries either financial or technological support. 
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C H A P T E R  O N E  

INTRODUCTION 

1.1 Background 

Tanning is one of the oldest industries in the world. During ancient times, tanning activities were 

organized to meet the local demands of leather footwear, drums and musical instruments. With the 

growth of population, the increasing requirement of leather and its products led to the 

establishment of large commercial tanneries. Leather industries have the current annual turnover 

approximately US $127 billion while providing employment for half a million people (Food and 

Agricultural Organization (FAO), 2010). 

According to FAO, in 2007 the global world production of leather was close to eight billion pieces 

of hide and skin and the share of developing country was about 39%.The top three major leather 

producers are the Peoples Republic of China, Italy and India each countries produced 6599.3, 

2146.9 and 1738.6 Sq.feet respectively in 2006 (Food and Agricultural Organization (FAO), 2010). 

 The leather industry in Ethiopia is endowed with rich raw materials in terms of quality and 

quantity (Minestry of Agriculture and Rural developemnt of Ethiopia (MoARD), 2007). Ethiopia 

has nearly 30 million heads of cattle, 20 million heads of sheep and about 15 million heads of 

goats. It ranks 7th in cattle, 12th in sheep and 5th in goat population in the world (Central Statistical 

Authority). Sheep skins from the highland of Ethiopia which has fine quality in terms of thickness, 

flexibility strength and texture comprise about 70% of national sheep skin production. The goat 

skins which are classified as Bati-genuine are thick, and flexible with clean inner surface. 

(Minestry of Agriculture and Rural developemnt of Ethiopia (MoARD), 2007).  

In Ethiopia hide and skin have been used processed with traditional leather methods for handicraft 

articles and garment production goes for centuries. Such traditional cottage industries still exist, but 

modern tanneries were introduced in mid 1920’s. (Favazzi A. , 2002). Currently, there are twenty 

four tanneries with five thousand employee producing semi processed and finished leather 

products for export. The annual insulated capacity of these tanneries is 2.3 million pieces for hide 

and 44.3 million pieces for skins (LIDI, 2010).  
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The government plans to increase the number of tanneries for the coming five years due to the high 

demand in the international market for leather and leather products and Ethiopia earns substantial 

amount in foreign exchange from leather and leather products exported. In the last decade the tanning 

industry increased remarkably and the export earnings from the sector has been of the order of a 

hundred million ranking second to that of coffee. In the next five years export earnings from the 

sector is expected to reach half a billion. Though tannery is major export industry, the pollution and 

greenhouse gases emission associated with it is a major concern. The tanning process is water 

intensive and tannery wastewater carries large amount of hazardous chemicals. (European 

Commission, 2003). Moreover, during manufacturing which involves trimming, fleshing and shaving 

substantial amount of solid and liquid waste are generated. On the average, one metric ton of wet 

salted hide or skin yields 200 kg leather while the remaining 800 kg is disposed as waste (Kanagaraj, 

Velappan, Babu, & Sadulla, 2006). 

The leather processing is one of industrial activities which contribute for emissions of greenhouse 

gases especially methane gas during solid and wastewater disposal into the environment (Buljan & 

Bosnic, 2000). The conventional leather tanning technology is highly polluting as it produces large 

amounts of organic and chemical pollutants (C.Thorstensen, 1993). The organic wastes generated by 

the leather industries undergone biodegradation and emit greenhouse gases, primarily methane which 

is 25 times stronger than carbon dioxide and to a lesser degree of Nitrous oxide (300 times stronger 

than carbon dioxide) (Nemec, 2009). Furthermore, it poses potential odour as well as land 

contamination problems. 

Methane and nitrous oxide are the major greenhouse gases after carbon dioxide responsible for the 

global warming, which is one of the major challenges humanity is currently facing. Unless mitigation 

measures are in place the emissions from the growing leather industries will contribute undoubtedly 

to global warming. However, with appropriate waste management measures such as applications of 

anaerobic digestion the emerging leather plants could convert the waste to energy while minimizing 

the greenhouse gas emissions. Hence develop cleanly with little impact to the environment. 

Anaerobic Digestion (AD) is a biochemical process during which complex organic matter is 

decomposed by various types of microorganisms in the absence of oxygen (Fabien, 2003). During the 

process, the organic matter is stabilized in the form of digested sludge and biogas is obtained, which 

is a mixture of methane (50%-80%), carbon dioxide (20%-50%), and trace levels of other gases such 

as hydrogen, carbon monoxide, nitrogen, oxygen, and hydrogen sulfide (Kumar, 2008).The biogas 
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produced can be used to generate electricity or to meet other energy needs of the leather processing 

plant.    

Furthermore, by complying with the Kyoto Protocol, a supplementary treaty to the United Nations 

Framework Convention on Climate Change (UNFCCC) the emissions reduced from the clean 

technology could generate carbon credit under the Clean Development Mechanism (CDM) which is 

additional incentive to be clean.   

 

1.2 The research problems 

Leather industry has been categorized as one of the highly polluting industries and the leather-

making activity can have adverse impact on the environment (Gomes, Estela, & Jorge, 2010). The 

tannery effluents are characterized by high contents of dissolved, suspended organic and inorganic 

solids giving rise to high oxygen demand and potentially toxic metal salts and chromium metal ion 

(Buljan & Bosnic, 2000). The disagreeable odor emanating from the decomposition of proteinous 

waste material and the presence of sulphide, ammonia and other volatile organic compounds are 

also associated with tanning activities. 

Currently, annual total waste generated from the pre-tanning leather process in Ethiopia is about 

70,104 metric tons of solid waste and 3.4 million meter cube of wastewater (LIDI, 2010). The waste 

contains toxic chemicals disposed to the surroundings without being treated polluting the 

environment and posing health hazard to the people leaving in the area. 

One of the chemicals released from tannery wastes is methane. Over the last two centuries, a 

methane concentration in the atmosphere has more than doubled (IEA, 2000). Methane is emitted 

from a variety of both anthropogenic and natural sources and accounts for 16% of the global GHG 

emissions. Global GHG emissions amounted to over 44 Gt CO2-equivalent emissions (CO2e), with 

methane accounting for 7 Gt CO2e (IEA, 2000). Methane (CH4) is a powerful greenhouse gas with 

a much shorter lifespan than CO2. While the concentration is less than CO2 in the atmosphere, it 

traps 25 times more heat than CO2 over a long period. Measured over 20 years, methane’s warming 

impact is 72 times greater than an equivalent weight of CO2  (Ashley Pettus, 2009).Because 

methane has a shorter lifetime in the atmosphere (8-12 years) compared to CO2 which is more than 

a century  therefore substantial emission reduction could be achieved in a short time from methane.    



 

Page | 4 
 

 

 

1.2 The research objectives 

The main objective of this study is to assess the potential of methane emission reduction from tannery 

waste through anaerobic digestion. The biogas produced could meet the energy needs of the tanneries. 

Further, the potential of generating carbon credit from the clean development mechanism will be 

investigated. The following are the specific objectives: 

�  Determine the amount of methane generated per kg of tannery solid waste. 

�  Determine the amount of methane generated per cubic meter of tannery liquid waste. 

� Asses the total amount of methane generated from tanneries in Ethiopia. 

� Project the amount of methane generated from tanneries in the next five years. 

� Assess the possibilities of carbon neutral development for the tanneries.   
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C H A P T E R  T W O  

LITERATURE REVIEW 

2.1 Tanning industries 

2.1.1 Introduction 
 

The use of leather goes back to prehistoric times. The principal raw material is the hide or skin of 

animals including, to a small extent, reptiles, fish and birds. The tannery operation consists of 

converting the raw skin, a highly putrescible material, into leather, a stable material, which can be 

used in the manufacture of a wide range of products. The whole process involves a sequence of 

complex chemical reactions and mechanical processes. Amongst these, tanning is the fundamental 

stage, which gives to leather its stability and essential character. Preserving pelts by tanning and 

performing various steps of pre- and after-treatment, generates a final product with specific 

properties: stability, appearance, water resistance, temperature resistance, elasticity and permeability 

for perspiration and air, etc (C.Thorstensen, 1993). 

Leather is an intermediate industrial product, with numerous applications in downstream sectors of 

the consumer products industry. For the latter, leather is often the major material input, and is cut and 

assembled into shoes, clothing, leather goods, furniture and many other items of daily use. These 

different applications require different types of leather and requiring its own process sequences 

(European Commission, 2003). 

2.1.2 Leather pre-tanning process 
 
Most tanning process of hides and skins are operated in batches with sequential orders. As shown in 

annex, these sequential are grouped as beam house process, tanyard, post tanning wet process and 

dry finishing process (C.Thorstensen, 1993). Beam house processes are receiving, storage, siding 

and trimming, unharing and liming and fleshing. Tanyared process includes deliming, bating, 

pickling, tanning, removal of excess moisture, splitting and shaving. Post-tanning wet process 

include neutralization, re-tanning,dyeing and fat liquoring while dry-finishing process normally 

involve the removal of solvents mainly water, followed by mechanical treatment and the application 



 

Page | 6 
 

of surface finishes ( GTZ, 1997). Since the objective of this research work is to capture the methane 

emitted from pre-tanning waste for biogas production the beam house process will be described. 

2.1.2.1 Sorting 
 
On receipt, hides and skins may be sorted into several grades by size, weight, or quality. Hides are 

also sorted by sex. Here, the aim is to avoid losses of product at each process unit operation and 

ultimately to have more or less product of the same physico-chemical properties ( GTZ, 1997). 

2.1.2.2 Trimming 
 
Trimming is generally carried out during the sorting process. Some of the edges (legs, tails, face, 

udders, etc.) of the raw hides and skins can be cut off (European Commission, 2003). Usually this 

process step is done in the abattoir, but it can also be carried out in tanneries. 

2.1.2.3 Curing & storing 
 
Curing is a process that prevents the degradation of hides and skins from the time they are flayed in 

the abattoir until the processes in the beam house are started (C.Thorstensen, 1993). The methods for 

curing for long-term preservation (six months) are: salting and drying. Methods for short-term 

preservation (2 - 5 days) are cooling, using crushed ice or refrigerated storage, and biocides. Curing is 

done in the abattoir, at the hide market, or at the tannery and salting is the most commonly practiced 

preservation method in most tanneries. 

2.1.2.4 Soaking 
 
Soaking is carried out to allow hides and skins to re-absorb any water which may have been lost after 

flaying, to clean the hides and skins (J.Buljan, J.Ludvik, & G.Reich, 2000) (removal of dung, blood, 

dirt etc), and to remove interfibrillary material (European Commission, 2003). The soaking methods 

depend on the state of the hides. The process is mostly carried out in two steps: a dirt soak to remove 

the salt or dirt and a main soak. The duration of soaking may range from several hours to a few days.  

2.1.2.5 Unhairing & liming  
 
The function of liming and unhairing is to remove hair, interfibrillary components and epidermis and 

to open up the fiber structure. Hair removal is performed by chemical and mechanical means. The 

keratinous material (hair, hair roots, epidermis) and fat are eliminated from the pelts mainly with 
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sulphides (NaHS or Na2S) and lime (European Commission, 2003). Alternatives to inorganic 

sulphides include organic compounds such as mercaptans or sodium thioglycolate in combination 

with strong alkali and amino compounds. Enzymatic preparations are sometimes added to improve 

the performance of the process. 

2.1.2.6 Painting & liming of sheep skins 
 
The aim of painting is to bring about the breakdown of the wool root within the skin so that as much 

undamaged wool fiber as possible can be pulled easily from the pelt. Paint, generally consisting of a 

mixture of sodium sulphide and lime, is applied to the flesh side of the skin and left for several hours 

(European Commission, 2003). Application of the paint can be done through a spraying machine or 

manually. After several hours the wool can be ‘pulled’ from the skin, either manually or mechanically 

(K.T.Sarkar, 1997) 

2.1.2.7 Fleshing 
 
Fleshing is a mechanical scraping off of the excessive organic material from the hide/skin 

(Connective tissue, fat, etc.). Fleshing can be carried out prior to soaking, after soaking, after liming 

or after pickling (J.H.Sharaphouse, 1995). The process of fleshing is called green-fleshing if the 

removal is done prior to liming and unhairing. If fleshing is performed after liming and unhairing it is 

called lime-fleshing. Sheepskins may be fleshed in the pickled state usually when final article of 

special properties is intended to be produced. 

2.1.2.8 Splitting 
 
By mechanical splitting the thickness of hides and skins is regulated and they are split horizontally 

into a grain layer and, if the hide is thick enough, a flesh layer. Splitting is carried out on splitting 

machines, fitted with a band knife. Splitting can be done in limed condition or in the tanned condition. 

2.1.2.9 Deliming 
 
The aim of deliming is to remove residual lime from the pelts and to take the pelts to the optimum 

condition for bating (J.Buljan, J.Ludvik, & G.Reich, 2000). This involves a gradual lowering of the 

pH (by means of washing and addition of deliming chemicals), an increase in temperature and the 

removal of residual chemicals and degraded skin component.Either option can be employed 

depending on the tanner demand. 
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2.1.2.10 Bating 
 
Bating is a partial degradation of non-collagenic protein achieved by enzymes to improve grain of 

hide/skin and the subsequent run and stretch of leather. In this process the rest of the unwanted hair 

roots and scud can be removed (K.T.Sarkar, 1997). At this stage of operation the pelt made soft and 

porous so that chemicals in the next subsequent operations can easily wet deep into the material. 

2.1.2.11 Degreasing 
 
Excess grease must be eliminated from fatty skins (sheep, pig) to prevent the formation of insoluble 

chrome-soaps or prevent the formation of fat spues at a later stage. The non-uniform presence of 

natural grease matter in/or on the surface of the pelt later results in unequal distribution of retanning 

material and end especially in discoloration of dyed leather. Degreasing is most relevant in processing 

sheepskins, where the natural fat content is about 10% - 20% on dry weight (J.H.Sharaphouse, 1995). 

The nature of this fat makes it difficult to remove because of the presence of cerides and a high 

melting temperature. 

The three different methods commonly used for degreasing are: 

1. degreasing in aqueous medium with organic solvent and non-ionic surfactant. 

2. degreasing in aqueous medium with non-ionic surfactant. 

3. degreasing in solvent medium. 

2.1.2.12 Pickling 
 
Pickling is carried out to reduce the pH of the pelt prior to mineral tanning and some organic tannages 

(e.g. chrome tanning, gluterdialdehyde tanning, and vegetable tanning) (European Commission, 

2003). Pickling operation is basically used either to preserve the pelt in acid media or acidify the pelt 

and the degree of which depend on the nature of tanning material intended to be employed. 

Practically, more amount of pickling acid is used when pickling is designed for preservation. The 

choice of the exact pickling parameters depends on the subsequent tanning step. Very often tanning is 

carried out in the pickle liquor; however, pickled pelts, e.g. sheepskins, can be traded. Pickled pelt 

sheepskins must contain fungicides to protect them from mould growth during storage. 
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2.2 Waste from tanning process 

Transforming hides into intermediate or finished leather products generates substantial amount and 

varieties of liquid, solid and atmospheric residues (J.Buljan, J.Ludvik, & G.Reich, 2000). It is 

estimated that one tonne of raw hide produces an average of 200- 250kg of leather. This results in 

the generation of more than 750-800kg of solid waste and about 30-50m3 of wastewater (J.Buljan, 

J.Ludvik, & G.Reich, 2000). Out of this almost 50-60% of solid and wastewater comes due to pre-

tanning leather process (Kanagaraj, Velappan, Babu, & Sadulla, 2006).  

In general, the waste due to the hides and skins are the materials of the cured raw stock released or 

removed during the process. The amount is directly proportional to the quantities of hides/skins 

processed. There is very little difference due to the type of hides/skins or the processing method used. 

On the other hand, the chemicals used in the processing will vary greatly from one tannery to another. 

However, the general process is more or less the same.  

 In the conventional leather tanning technology,  during processing of skin or hides, only 20% - 25% 

of the weight of the raw hide is processed to leather (Buljan & Bosnic, 2000), depending on, among 

others things, the animal species and product specification. The rest of the weight plus the chemicals 

input ends up as either waste or by-products, assuming that emissions are not discharged by the 

wastewater effluents (Buljan & Bosnic, 2000). 

Residues can be solid or liquid. They include salt, hair or wool, trimmings, flashings, splits, shavings, 

fats, grease, waste machinery oil, sludges from wastewater treatment, waste treatment, and waste 

process chemicals from finishing operations, organic solvents, and chemicals used in other than 

finishing processes, solids from air abatement, packaging material, and others (Kanagaraj, Velappan, 

Babu, & Sadulla, 2006). 

2.2.1 Sources of Waste 
 
Leather tanning is a production process in which animal hides are transformed by using of water, 

chemicals and mechanical process. Therefore, wastewater from the process will contain a high 

concentration of pollutants (Buljan & Bosnic, 2000). Moreover, this process also generates solid 

waste. In this respect, the character of wastewater, the pollution loads as well as the amount of solid 

waste depend on the type of production process (European Commission, 2003) including the source 

of the tanning. The main steps which produce waste are concluded as follows: 
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2.2.1.1Raw Hide Preservation 

 

Preservation of raw hide/skin is not part of the actual tanning process, but is necessary to preserve raw 

hides from decomposition. Salt, about 20% of the weight of raw hides, is normally used for pickling 

of raw hides (European Commission, 2003). In addition, bactericides and insecticides are also used 

for preservation of hides/skins. Therefore, prior to the actual tanning process, the salt must be 

removed which is normally carried out by washing of the raw hides. This salt is the first type of solid 

waste generated by the leather tanning process (Kanagaraj, Velappan, Babu, & Sadulla, 2006). 

2.2.1.2 Hide Washing and Soaking 

During this step hides are rehydrated. Surfactants and alkaline are added for the removal of dirt. The 

effluent from this process contains BOD, COD, salt, insecticides and bactericides, flesh scraps, hair, 

skin and dirt (J.H.Sharaphouse, 1995). 

2.2.1.3 Unhairing and Liming 
 
Liming and unhairing is one of the steps which produce effluent with very high pollution load 

(C.Thorstensen, 1993). Wastewater discharged from this step contains residues of hair, epidermis as 

well as other dirt accumulated in the hides. The combination of lime (to swell the hides); salt and 

sodium sulfide (for unhairing) together with bactericides and insecticides accumulated in the hides 

will be discharged along with the effluent (J.H.Sharaphouse, 1995) . The effluent will have high pH, 

high concentration of BOD, COD, salt, sulfide, insecticides and bactericides, ammonia, alkaline and 

suspended solids. Solid wastes generated are hair-sludge, lime and sludge (European Commission, 

2003). Hydrogen sulfide gas (rotten egg gas) is emitted in case insufficient alkaline is added resulting 

in a pH lower than 9.5 (G.Boshoff, J.Duncan, & P.D.Rose, 2004). 

2.2.1.4 Fleshing and Splitting 
 
Hide which has been limed/unhaired will be fleshed by a scraping machine. Subsequently the fleshed 

hide will be split by “splitting machine”.  Main waste generated from this step is fleshings and scraps 

from the lower part of hides (J.H.Sharaphouse, 1995).These hide scraps have dark green color due to 

the reaction during the step of unhairing and liming. The liquid effluent from this step is small in 

volume, and has similar composition as the wastewater generated from the liming step but with lower 

concentration. 
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2.2.1.5 Deliming of Splittings 
 
For deliming of splitting, ammonium chloride is added to reduce leather swelling. Acid is introduced 

for neutralizing purposes, reducing the pH to 7-8. At the same time the splitting is decoloured by 

using hydrogen peroxide as oxidizing agent (European Commission, 2003).The wastewater generated 

has muddy white color containing BOD, COD, salt, sulfate, ammonium, alkaline, suspended sludge 

and chloride (Kanagaraj, Velappan, Babu, & Sadulla, 2006). 

2.2.1.6 Pelt Deliming and Bating 
 
Pelt deliming and bating is used to reduce pH level of the pelt with the addition of ammonium 

chloride and/or ammonium sulfate (Pietro & Alessandra, 2006). Addition of these chemicals must be 

sufficient to eliminate the action of lime completely. Enzyme or bate is added to smooth and soften 

hide tissues. Therefore, wastewater generated from this step will contain BOD, COD, salt, sulfate, 

ammonium, alkaline, suspended solid, and chloride. Ammonia gas is also emitted at this step 

(C.Thorstensen, 1993). 

2.2.1.7 Pickling  
 
Pickling is done to adjust pH level of the pelt to the range of 1.4 – 3.0 which is suitable for subsequent 

chrome tanning (Pietro & Alessandra, 2006). Sodium chloride or sodium sulfate and sulfuric acid are 

used during pickling for the pH adjustment (European Commission, 2003). The pickling takes 1-2 

hours. The wastewater from this step will contain acid, salt, suspended solid, BOD, and COD 

(J.H.Sharaphouse, 1995). 
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2.3 Tanning Industries in Ethiopia 

2.3.1 Introduction 
 

The modern tanning industry in Ethiopia started in the mid of 1920’s (Favazzi A. , 2002).  Presently, 

Ethiopia’s leather industry is in the forefront of the leather sector development within the Eastern and 

Southern Africa region. The leather sector is the second largest component of Ethiopia’s export 

earnings after coffee, representing 14% of the total earnings in 2010 (Central Statistical 

Authority).Currently there are 24 tanneries under operation and five other tanneries are under 

establishment (LIDI, 2010). Annually, all leather industries uses 2.3 million pieces of hides and 44.3 

million pieces of skins as an input for processing with full capacity operations (LIDI, 2010). 

2.3.2 Production and waste generation capacity  

 
The leather industry, one of the major polluting industries in Ethiopia since it generates large 

amount of liquid and solid wastes. In addition, it releases obnoxious smell because of degradation 

of proteinous material of skin and emits greenhouse gases such as NH3, H2S, CH4 and CO2. The 

solid wastes are leftover from raw trimmings, fleshings, chrome shavings, buffing dusts and keratin 

wastes (Buljan & Bosnic, 2000).  

The tanning process, with the exception of finishing, produces 35 m3 wastewater on the average of 

per metric ton of raw hide or skin (J.Buljan, J.Ludvik, & G.Reich, 2000). According to UNIDO 

while processing a tonnes of hide or skin 380kg of chemical waste and 637kg of solid waste mainly 

from the raw hides are generated (European Commission, 2003).,  

Others estimate show that during the pre-tanning leather processing stage, out of a tonnes of raw hide 

or skin 510kg or 60% is solid waste and 30 m3 of wastewater is generated in the process  (Kanagaraj, 

Velappan, Babu, & Sadulla, 2006). Currently the tanneries in Ethiopia produce 234 metric tonnes of 

solid waste and 11,312m3 wastewater daily which are disposed to the surrounding without treatment 

as shown in Table 1.   
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Table 1. Waste generation capacity of the tanning industry 

 

• Daily Actual Production in kg is calculated based on: Wet Salted for Hide is 25.6kg  (J.Buljan, 

J.Ludvik, & G.Reich, 2000) (and for Skin is 1.5kg (LIDI, 2010) per pieces. 

• Source: LIDI and tanneries. 

 
 
 
 
 

No  Name of Tannery 
 

Daily Production 

(Pieces) 
Daily Production 
(tonne)  

Waste generation capacity  
Solid waste 

(tonne) 

Wastewater (m
3
) 

  Skin Hide Skin Hide Per year Per year 

1. Ethiopia Tannery Share 
C. 

14500 1300 21.75 33.280 9906 495,000 

2. Dire Tannery 6000 600 9.000 15.360 4383 219,000 

3. Hafde Tannery Plc 9000 500 13.500 12.800 4734 236,700 

4. Wallia Tannery Plc 7000 300 10.500 7.680 3273 163,500 
5. Batu Tannery Plc 3000 700 4.500 17.920 4035 201,600 
6. Modjo Tannery Share C. 

 
5700 200 8.550 5.120 2460 122,700 

7. ELICO 15000 800 22.500 20.480 7737 386,700 

8. Bahir Dar Tannery Plc 3000 100 4.500 2.560 1272 63,300 

9. Blue Nile Tannery  5000 0 7.500 0 1350 67,500 

10. Debrebrehan Tannery 
Plc 

6500 0 9.700 0 1746 87,300 

11. Addis Ababa Tannery 900 0 1.350 0 2430 12,000 
12. Sheba Tannery 6000 300 9.000 7.680 3003 150,000 
13. Kolba Tannery Plc 9000 400 13.500 10.240 4272 213,600 

14. Mersa Tannery Plc 10000 500 15.000 12.800 5004 250,200 
15. Bale Tannery Plc 0 600 0 15.360 2766 138,000 

16. Kombolcha Tannery 5000 0 7.500 0 0 0 
17. Hora Tannery Plc 4700 0 7.050 0 1269 63,300 

18. Gellan Tannery PLc 4000 0 6.000 0 1080 54,000 
19. Dessie Tannery Plc 5000 0 7.500 0 1350 67,500 

20. Abay Tannery PLc 4000 0 6.000 0 1080 54,500 

21. Mesaco Global Tannery 3000 0 4.500 0 810 40,500 

22. Shoa Tannery Plc 6000 500 9.000 12.800 3924 196,200 
23. Crystal Tannery 7000 1000 0 0 0 0 

24. China Africa Tannery 8224 0 12.336 0 2220 111,000 

 Total 147,524 7800 210.736 174.080 70,104 3,393,600 
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There are currently twenty four operational tanneries with daily processing capacity of 147,524 pieces 

of hides (211 metric tonnes) and 7800 pieces of skins (174 metric tonnes). Of the twenty four 

tanneries twenty two of them generate waste during pre-tanning. In the coming five years the amount 

of waste is expected to increase since there is a plan to increase production. At present from the pre-

tanning leather process the tanneries generate 70,104 metric tonnes of solid waste and 3,393,600m3 of 

waste water annually. The amount of wastewater and solid waste generated are shown in Figure 1 and 

2, respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Page | 15 
 

 

Figure 1. Annual wastewater generation capacity 
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 Figure 2. Annual solid waste generation capacity
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2.3.3 Waste Management Techniques in the Tannery 

 

The industrial waste refers to all wastes generated due to industrial operations or derived from 

industrial process ( (Kanagaraj, Velappan, Babu, & Sadulla, 2006)).The tanning industry is 

characterized as disposing of solid, liquid, gaseous and sledges into the environment. 

The tanning industry in Ethiopia by the very nature is water and material intensive. Consequently, 

it generates large quantity of wastewater containing high amount of BOD, COD, TDS, Chloride 

and Sulfides (Environmental Protection authority (EPA), 2005). Due to this, unless managed 

accordingly it is a threat to the environment. The tanning industry in the country use landfills to 

dispose the solid waste but the wastewater is usually damped to the surrounding rivers without 

treatment. Hence, the waste management of the tanneries is a major environmental concern.  

The government of Ethiopia upholds the concept of sustainable and carbon neutral development. 

Therefore, the tanning industries could follow the same path by compiling with Ethiopian 

Environmental protection Authority (EPA) standards regulations with regard to waste disposal 

(Environmental Protection authority (EPA), 2005) which is tabulated in Table 2. The cleaner 

production center of Science and Technology Ministry is also involved in assisting the tanneries to 

be clean and carbon neutral.  

Table 2.Tannery effluent standard from EPA 

 

Limit Values for Discharges to Water Parameter Limit value 

Temperature 40oC 

pH 6-9 

BOD5 at 20oC 90% removal or 200 mg/l, whichever is less 

COD 500mg/l 

Suspended solid 50mg/l 
 Total ammonia (as N) 

 
80% removal or 60 mg/l, , whichever is less 
 

Total nitrogen (as N) 80% removal or 10 mg/l, , whichever is less 
 

Chromium (as total Cr) 
 

2mg/l 

Chromium (as Cr VI) 
 

0.1mg/l 

Chlorides (as Cl) 
 

1000mg/l 

Sulphides (as S) 
 

1mg/l 
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EPA set provisional limits for tannery effluent discharge but they are not enforced. Presently the 

tanning industries in Ethiopia do not have uniform waste disposal systems. In some tanning 

industries have primary or secondary treatment plants to treat the wastewater before discharging their 

waste as shown in figure 3, but none of the tanneries do have any proper solid waste management 

system. 

  

Figure 3. Treatment plant in Ethiopia tannery 

Out of the twenty four tanneries in the country eleven of them have neither primary nor secondary 

treatment plants for the liquid waste. The solid waste is either burned without proper incinerator or 

disposed on open landfall as shown in Figure 4 & 5. The tanneries usually prefer for short term low 

cost solution at the expense of the environment which eventually will be expensive to clean up.  

 

Figure 4. Landfill method of waste disposal 
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Disposing solid waste on open damp fill, apart from releasing greenhouse gases from the 

decomposition of organic matters, it produces undesirable odors while posing health hazardous to 

community. Further it easily contaminates the surface as well as the underground water thus 

compromising the quality of potable water. 

 

Figure 5.Landfill method of waste disposal 

The other widely used solid waste disposal method by the tanning industries is burning without 

proper incinerators as shown in Figure 6. 

 

Figure 6.Waste treatment method using burning method 

Some tanning industries recycle their solid and liquid waste changing it to glue as displayed in 

Figure 7. Glue is made from controlled hydrolysis of the collagen in animal tissue (Divakaran, 
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1984). The raw material used for the production of glue is trimmings and fleshings. The glue 

production sequence consists of liming to swell and separate collagen fibers, washings to remove 

lime and others extraneous matter, neutralizing by acidifying and rinsing, extraction, setting and 

clarification, concentration and drying (Divakaran, 1984). This by itself produces other solid residues 

composed of sludge and fat as  shown in Figure 8.  

 
Figure 7.Glue production from tannery solid waste 

 
Figure 8. Solid waste from glue formation 
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2.4 Energy Consumption in the Tannery 

2.4.1 Introduction  
 
Tanneries are energy intensive. The heavy machineries used for processing including drying hides 

and skins consume electricity. In additions, tanneries use warm water for processing and water 

heating is requires substantial amount of energy. Those tanneries with water treatment facilities also 

require additional energy to treat the wastewater.    

2.4.2 Energy consumption and Source  
 
The energy consumption by type of energy used can be classified into two: thermal energy and 

electrical energy. Energy is required as thermal energy for processes like drying, heating water, 

space heating, and production of high air pressure (used for solvent and blowing dust). Electricity is 

used to operate the machineries, for lighting as well as to operate electrical appliances such as 

computers. Several studies of energy consumption were conducted in the 70’s and 80’s. Studies 

show that approximately 85% of all energy consumption in tanneries is thermal while the remaining 

about 15% is electrical  (European Commission, 2003). The energy consumption for a typical 

tannery is given in Table 3.  

Table 3. Consumption of thermal and electrical energy  (European Commission, 2003) 

Energy type Needs of energy percent of overall consumption 

Thermal energy Drying 32-34 

Hot water 32-34 

Space heating 17-20 

Electric energy Machinery and process vessels 9-12 

Pressurized air 1.5-3 

Light 1.5-3 

 

Most of the tanneries in Ethiopia do not keep records of their energy consumptions; however, based 

on limited data, using the three months (September, October and November, 2010) energy 

consumption from the Ethiopian tannery (Ethiopia Tannery, 2010) and daily fuel and electricity 

consumption of Sheba Tannery, ( Sheba Tannery, 2011). It concludes that to process a single 

finished hide or skin consumes 0.50 KWh of electricity and 0.12 liter of furnace oil.  
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Using the above overall energy consumption data as a base, the Ethiopian tanning industry uses 

nearly 23GWh of electrical energy and 5,591,664 liter of diesel/furnace oil for processing of 

hide/skin per annum. This electrical energy needs mainly satisfied from the public supply for 

operating tanning machine. After electricity furnace oil is the next energy source for heating water in 

the boilers that produce vapor at different stages of the production process and its coming from oil 

exporting nations using hard currency.    
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2.5 Global Climate Change 

2.5.1 Introduction 
 
This chapter reviews the science of global climate change, its impact, the Kyoto protocol with its 

market mechanisms, and specifically the Clean Development Mechanism.    

2.5.2 The science of global climate change 
 
The debates and literature on climate change and global warming mitigation have emerged since the 

mid 1980s. Global climate change (referred to as ‘’ global warming’’) is possibly the greatest 

environmental challenge facing the world this century (Goldblatt, M.Kagi, W.Leuchinger, & Visser, 

2002). 

There are a number of questions surrounding the global climate change debate: is the climate 

changing, how and why is this happening, what possible impacts will it have, and what can be done 

about it? A school of “Sceptical environmentalists” does not believe that global climate change is 

happening; a second school believes it is a real phenomenon but as a result of natural variation; and a 

third school believes the sustained and rapid rise in global temperature is attributes to human 

activity. 

The origin of the “greenhouse “concept dates back to 1827 when French physicist Joseph Fourier 

theorized that the earth’s atmosphere  acts like a greenhouse-letting in the sun’s heat while slowing 

its release back into space. A number of the minor gases in the atmosphere such as water vapor and 

CO2 contribute to this effect. These greenhouse gases are transparent to the visible and “near” 

infrared light emitted by the sun, but absorb the lower frequency “far” infrared that is radiated back 

as heat from the earth’s surface. Without this phenomenon, the earth would be approximately 30oC 

colder than it is and life would barley be sustainable (Houghtton, 2004). 

 (Hansen, J.Ruedy, R., & Lo, 2006) reported that 2005 was the warmest year on record. Over the last 

century the global average surface temperature has increased by 0.6 ± 0.2oC. The temperatures in the 

lowest eight kilometer of the atmosphere have risen by about 0.1oC per decade during the last forty 

years.          

In the late 1990s, Michael Mann published the first serious attempt to calculate the average global 

temperature over the last millennium (Jones.P.D. & M.E, 2004). Current global temperature is higher 

than at any time during the past 1000 years, and the increase is exponential (Figure 2.3). Assuming 
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this exponential rise in temperature, rise of between 1.4 and 5.8oC is predicted by 2100 (Houghtton, 

2004). 

 

Figure 9.Variation of the earth temperature for the past 1000 years 

 

2.5.3 The impact of global Climate Change  

 
In the past decade, 2.5 billion people in developing countries have been affected by climate disasters 

(International Emission Trading Association (IETA), 2006). Poor, developing countries like Ethiopia 

are most vulnerable to climate change and also have the least capacity to deal with the impact. 

During the twentieth century the global average sea level has risen by between 0.1 and 0.2 meter 

through thermal expansion of sea water and wide spread loss of land ice. The rise in ocean 

temperature will result in the Antarctic and Green land ice caps melting, and causing increased 

flooding of coastal areas and unpredictable effects on the ocean currents (J.Houghtton, 2004). A 

more extreme weather pattern with more droughts in some areas and more flooding in others will 

follow. The earth’s principal ecosystems and biodiversity will undergo major changes. These 

consequences of climate change will require major adaptation to deal with adverse effects on the 

environment and economy. 



 

2.5.4 Greenhouse gases 
 
Green house gases are those gases in the atmosphere which absorb thermal (infrared) radiation 

emitted by the earth’s surface. Earth’s 

dioxide (CO2), methane (CH4), n

(UNEP, 2007). 

 
Figure 10. Common sources of the th

2.5.5 The Kyoto protocol and Market Mechanisms
 
The Kyoto Protocol is an international treaty ratified by over 190 countries to reduce greenhouse gas 

emissions that could cause global climate effects 

international treaty on global climate protection began in 1991 and resulted in the adoption of the 

United Nations Framework Convention on Climate Change (UNFCCC) in May 1992

The UNFCCC was opened for signature during the Earth Summit in Rio de Janeiro, Brazil, in June 

1992, and entered into force in March 1994 
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Green house gases are those gases in the atmosphere which absorb thermal (infrared) radiation 

emitted by the earth’s surface. Earth’s most abundant greenhouse gases are: water vapor, carbon

nitrogen oxide (NOX), chlorofluorocarbons (CFCs) and 

. Common sources of the three anthropogenic gases 

2.5.5 The Kyoto protocol and Market Mechanisms 

The Kyoto Protocol is an international treaty ratified by over 190 countries to reduce greenhouse gas 

d cause global climate effects (Cheng, 2001). Negotiations to formulate an 

international treaty on global climate protection began in 1991 and resulted in the adoption of the 

United Nations Framework Convention on Climate Change (UNFCCC) in May 1992

The UNFCCC was opened for signature during the Earth Summit in Rio de Janeiro, Brazil, in June 

tered into force in March 1994 (Monique, Martijn, & Paul, 2006). The objective of the 

Green house gases are those gases in the atmosphere which absorb thermal (infrared) radiation 

most abundant greenhouse gases are: water vapor, carbon 

hlorofluorocarbons (CFCs) and ozone (O3) 

 

The Kyoto Protocol is an international treaty ratified by over 190 countries to reduce greenhouse gas 

. Negotiations to formulate an 

international treaty on global climate protection began in 1991 and resulted in the adoption of the 

United Nations Framework Convention on Climate Change (UNFCCC) in May 1992 (UNEP, 2007). 

The UNFCCC was opened for signature during the Earth Summit in Rio de Janeiro, Brazil, in June 

. The objective of the 
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Convention is to stabilize atmospheric concentrations of greenhouse gases at safe levels. To achieve 

this objective, all Parties have committed to address climate change, adapt to its effects, and report 

their actions to implement the Convention. The Convention divides countries into two groups: 

Annex I Parties, which comprise developed countries and economies in transition, and non-Annex I 

Parties, which include primarily developing countries (UNEP, 2007). 

The Convention established the Conference of Parties (COP) as its governing body with the 

responsibility to advance implementation and oversee progress toward the Convention’s goals. 

During the COP-3 meeting held in Kyoto, Japan in 1998, the Parties agreed to a legally binding set 

of obligations that required Annex I countries to lower their GHG emissions to an average of 

approximately 5.2 percent below their 1990 levels. The emission reduction goal needs to be 

accomplished over the commitment period of 2008-2012 (UNEP, 2007).  

The non-Annex I countries also agreed to emission reduction objectives, but, under the principle of 

“common but differentiated responsibilities”, did not undertake binding obligations to achieve 

emission reduction targets. This agreement is known as the Kyoto Protocol. In order to give Parties a 

degree of flexibility in meeting their emission reduction targets, the Protocol developed three 

innovative mechanisms, known as the Clean Development Mechanism, Joint Implementation and 

International Emissions Trading (UNEP, 2007). 

1. The Clean Development Mechanism 

It was established under Article 12 of the Kyoto Protocol. The CDM enables Annex I Parties to 

implement projects that reduce GHG emissions in non-Annex I Parties in return for certified 

emission reductions (CERs) (Cheng, 2001).CDM projects also assist host Parties in achieving 

sustainable development and in contributing to the ultimate objective of the Convention. The CDM 

Executive Board supervises the CDM.  

 2. The basic principles of the Joint Implementation (JI) mechanism 

 

It is defined in Article 6 of the Kyoto Protocol. Under JI, an Annex I Party with an emission 

reduction and limitation commitment under the Kyoto Protocol may implement an emission-

reduction or emission removal project in the territory of another Annex I Party with an emission 

reduction and limitation commitment under the Protocol (UNEP, 2007). The Party implementing 

the project may count the resulting emission reduction units (ERU’s) towards meeting its own 

Kyoto target.  
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3. International Emissions Trading (IET)  
 
As set out in Article 17, provides for Annex I Parties to acquire emission units from other Annex I 

Parties and to use those units towards meeting a part of their targets. These units may be in the 

form of the initial allocation, or Assigned Amount Units (AAUs), Removal Units (RMUs), a unit 

issued for the amount generated from domestic sink activities, CERs under the Clean Development 

Mechanism, or ERUs generated through Joint Implementation. AAUs and RMUs are issued in 

developed nations. 

The three ”market-based” flexible mechanisms allow developed nation Parties to earn and trade 

emissions credits through projects implemented either in other developed countries or in developing 

countries. The emissions credits can be used to help nations meet their GHG reduction 

commitments. These mechanisms also help to identify lowest cost opportunities for reducing 

emissions and to attract private sector participation in emission reduction efforts. Developing nations 

benefit from technology transfers and investment brought about through collaboration with 

industrialized nations under the CDM.  

Kyoto gases’ that can earn credits are over 30 atmospheric greenhouse gases. But only 6 green house 

gases can attract carbon credits (UNEP, 2007). These are: 

• Carbon dioxide (CO2) 

• Methane (CH4) 

• Nitrous oxide (N2O) 

• Perfluorocarbons (CxFx) 

• Hydrofluorocarbons (HFCs) 

• Sulphur hexaflouride (SF6) 

2.5.6 The Clean Development Mechanism 
 
The basic principle of the CDM is simple: developed countries can invest in abatement opportunities 

in developing countries and receive credits for the resulting emission reductions. This could reduce 

the need for developed countries to invest in more expensive mitigation projects within their own 

borders. According to Article 12 of the Kyoto Protocol, the purpose of the CDM is threefold 

(B.Schlamadinger & I.Jurgens, 2004). 

1. To assist Annex I Parties in achieving compliance with their quantified emission limitation and 

reduction commitments. 
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2. To assist non-Annex I Parties in contributing to the Convention’s ultimate objective, and  

3. To assist non-Annex I Parties in achieving sustainable development. 

Markets for trading certified emission reduction credits generated by the CDM projects are also 

enacted by Kyoto Protocol agreements. The CDM thus is regarded as one of the most important 

internationally implemented mechanisms to finance emission reduction projects and to support 

sustainable development in developing countries. 

 Some examples of projects categories potentially eligible for CDM projects (French Global 

Environment Facility, 2005) are:  

• Energy sector: Substitution of high carbon contents fuels (Such as coal and oil) with low 

carbon content fuels (such as natural gas and Renewable energies). 

• Waste Management Sector: capture and use of methane produced by industrial wastewater 

treatment. 

• Industrial sector: Any changes in industrial process resulting on reduction of GHG 

emission. 

2.5.7 The Carbon Market  

The “carbon market” was set up in 2005, i.e. three years before the start of the first commitment 

period in 2008 (French Global Environment Facility, 2005).The carbon market is a diverse collection 

of transaction in fragmented market segments where quantities of GHG emission reductions are 

traded. The tradable commodity is a CO2 equivalent allowance. Each carbon Credit allowance 

authorizes the emission of one metric ton of CO2 equivalent gas (International Emission Trading 

Association (IETA), 2006).  
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2.6 The Ethiopian Case: Greenhouse gas emissions and CDM projects activity 

 

Ethiopia still at low level with benefitting through the CDM project as compared to other developing 

countries, four countries (People Republic of China, India, Brazil and South Korea) account for 70% 

of CDM projects and 80% of CERs through to 2012. Sub-Saharan Africa accounts for 2% of 

registered projects and 5% of CERs through to 2012 (Clean Development Mechanism in Afirica 

Network). 

Ethiopia has well institutional arrangements to follow up the CDM project. EPA (Environmental 

Protection Authority) was designated as the DNA (Designated National Authority), which is official 

agency dealing, with all CDM projects in the country.  

According to EPA, One CDM project, Humbo Reforestation, implemented by Humbo Woreda 

located 350 km south of Addis Ababa, supported technically by World Vision Ethiopia and World 

Vision Austria and financially by the World Bank (WB). CER (Certified Emission Reduction) have 

been sold on the international market and the income will be utilized to refinance the project.  

(Embassy of Japan In Ethiopia, 2008). 

Other CDM Project plans have been submitted to EPA from different organization on various topics. 

These projects are seeking buyers (the one who buys a project will gain the CER right and can sell it 

on the international market). Some of the CDM project plans submitted to EPA is: Ethanol (biofuel) 

production project in the Ethiopian sugar industry, production and marketing of biofuel, 

Rehabilitation of degraded land through bamboo planting, Meta Abo Brewary watershed 

development, Carbon sequestration and better energy utilization and Converting Methane into 

renewable energy through biogas digester in Mekele  University (Embassy of Japan In Ethiopia, 

2008). 
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2.7   Anaerobic digestion 

2.7.1 Introduction 
 
Historical evidence indicates that the anaerobic digestion (AD) process is one of the oldest 

technologies. However, the industrialization of AD begun in 1859 with the first digestion plant in 

Bombay (Deenis & Burke, 2001). In recent times many countries have come under pressure to 

explore AD technologies for two reasons: higher prices and increasingly stringent environmental 

regulation. AD facilitates usually have a good record in treating a wide spectrum waste steams 

such as industrial, municipal and agricultural waste. 

Anaerobic digestion (AD) is a series of processes in which microorganisms break down 

biodegradable material in the absence of oxygen, used for industrial or domestic purposes to 

manage waste and/or to release energy. It is widely used as part of the process to treat 

wastewater(Fabien, 2003). As part of an integrated waste management system, anaerobic digestion 

reduces the emission of landfill gas into the atmosphere. Anaerobic digestion is widely used as a 

renewable energy source because the process produces a methane and carbon dioxide rich biogas 

suitable for energy production, helping to replace fossil fuels. The nutrient-rich digestate which is 

also produced can be used as fertilizer (Kumar, 2008). 

   2.7.2 Anaerobic digestion processes 

 
The anaerobic digestion of organic matter is a complex process, which falls into four degradation 

steps (Francesco & Cinzia, 2009). The specific microorganisms that take part in the process have 

different requirements on environmental conditions and moreover coexist in synergetic interactions. 

Figure 11 explains the basic steps of anaerobic digestion process. 

   1. Hydrolysis 

An important step of the anaerobic biodegradation process is the hydrolysis of the complex organic 

matter. During the anaerobic digestion of complex organic matter, the hydrolysis is the first and 

often the rate-limiting step (Angelidaki & Ellegaard, 2003). The rate of hydrolysis is a function of 

pH, temperature, concentration of hydrolytic bacteria, and type of particulate organic matter (Deenis 

& Burke, 2001). In this process hydrolytic organisms hydrolyze complex organic matter such as 

proteins, poly carbonates, lipids, etc. to simple organic compounds (formate, acetate, propionate, 

butyrate and other fatty acids, etc). 
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   2. Acidogenesis 

In this stage, the hydrolyzed compounds are fermented into volatile fatty acids (acetic, propionic, 

butyric, valeric acids etc.), neutral compounds (ethanol, methanol), ammonia, and the pH falls as the 

levels of these compounds increases. Carbon dioxide and hydrogen are also evolved as a result of the 

catabolism of carbohydrates. The group of microorganisms responsible for this biological conversion 

is obligate anaerobes and facultative bacteria, which are often identified in the literature as 

acidogens. The specific concentrations of products formed in this stage vary with the type of bacteria 

as well as with culture conditions such as temperature and pH (Meta-Alvarez, 2002). 

  3. Acetogenesis 

The third step is acetogenesis, where the simple molecules from acidogenesis are further digested to 

produce carbon dioxide, hydrogen and mainly acetic acid. This conversion proceeds with the action 

of obligate hydrogen producing acetogenic bacteria, which are considered as acetogens. The 

production of different by-products produced depends on the environmental conditions such as 

volatile solid, carbon nitrogen ratio, total solid temperature, pH…etc.  

Acetogenesis occurs through carbohydrate fermentation in which acetate is the main product and 

other metabolic processes also occur. The result is a combination of acetate, CO2 and H2. The role of 

hydrogen as an intermediary is of critical importance to AD reactions. Long chain fatty acids, 

formed from the hydrolysis of lipids, are oxidized to acetate or propionate and hydrogen gas is 

formed. Under standard conditions, the presence of hydrogen in the solution inhibits the oxidation. 

The reaction only proceeds if the hydrogen partial pressure is low enough to thermodynamically 

allow the conversion. The presence of hydrogen consuming bacteria thus lowers the hydrogen partial 

pressure, which is necessary to ensure thermodynamic feasibility and thus the conversion of all the 

acids. As a result, the concentration of hydrogen, measured by partial pressure, is an indicator of the 

health of a digester (Meta-Alvarez, 2002). In general, it is necessary for hydrogen to have a low 

partial pressure for the reaction to proceed. 
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    4. Methanogenesis  

Methanogenesis is the last stage of anaerobic digestion which involves the production of methane 

from the raw materials produced in the previous stage. Methanogens which carry out the terminal 

reaction in the anaerobic process are the most important in anaerobic digester systems. The methane 

is produced from a number of simple substances: acetic acid, methanol or carbon dioxide and 

hydrogen. Among these, acetic acid and the closely related acetate are the most important, since 

around 75% of the methane produced is derived from acetate (Meta-Alvarez, 2002). 

Methanogens can be divided into two groups: acetate consumers that utilize acetic acid known as 

acetoclastic methanogenesis whereas hydrogen and carbon dioxide utilizing consumers are known as 

hydrogenotrophic methanogenesis. The growth of methanogens is slower than the bacteria 

responsible for the preceding stages. This population converts the soluble matter into methane, about 

two thirds of which is derived from acetate conversion or the fermentation of an alcohol, such as 

methyl alcohol, and one third is the result of carbon dioxide reduction by hydrogen. It has been 

estimated from stoichiometric relations that about 70% of the methane is produced via the acetate 

pathway (Fabien, 2003). 
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Figure 11.Degradation steps of anaerobic digestion process 

2.7.3 Conditions and variables influencing anaerobic digestion  

 
There are several conditions and variables that must be applied in order to obtain a proper 

breakdown of tannery wastes. The operating parameters of the digester must be controlled so as to 

enhance the microbial activity and thus increase the AD efficiency. Some of these parameters that 

can affect production of biogas from tanning waste are:   

1. Total Solid content  

 
There are three different ranges of solid content: low solid (LS) AD systems contain less than 10% 

Total Solid (TS), medium solid (MS) from 15-20% and high solid systems (HS) range from 22-40% 
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(Fabien, 2003). When increasing the total solid content, the volume of the digester decreases, due to 

lower water requirements.   

The Conventional anaerobic digesters require feed material with total solids content below 10%. 

Modern systems can deal with greater than 20% total solids content in the feed. Most anaerobic 

digestion plants needs total solid content about 10-20 % (Foster, Perez, & Romero, 2000).  

       2. Temperature   

  
Temperature is one of the major important parameters in anaerobic digestion.  It determines the rate 

of anaerobic degradation processes particularly the rates of hydrolysis and methanogenesis.  

Moreover,  it  not  only  influences  the metabolic activities  of  the microbial  population but  also 

has  a significant  effect  on some other factors such as gas transfer rates (Stronach, Rudd, & Lester, 

1986). Anaerobic  digestion commonly  applies  two optimal  temperature ranges:  mesophilic  with 

optimum  temperature around 35°C  and thermophilic  with optimum  temperature  around 55°C 

(Meta-Alvarez, 2002). 

Reasonable methane yields still can be expected from anaerobic digestion at low temperatures (14 – 

23°C) (Meta-Alvarez, 2002).  The Alvarez also stated that a relative stable operation in most 

common method for maintaining the temperature in anaerobic digester is an external heat exchanger. 

This method has the benefit of enabling to mix recirculating digestate with raw slurry before heating, 

and in seeding the raw slurry with anaerobic microorganisms. 

       3. Retention time  
 
Retention time is the time needed to achieve the complete degradation of the organic matter. The 

retention time varies with process parameters, such as process temperature and waste composition. 

The retention time for waste treated in a mesophilic digester ranges from 15 to 30 days and 12-14 

days for thermophilic digester (Gregor & Jemec, 2009).  

      4. pH
 

  
The optimal pH values for the acidogenesis and methanogenesis stages are different. During 

acidogenesis, acetic, lactic and propionic acids are formed and, thus the pH falls. Low pH can inhibit 

acidogenesis and pH below 6.4 can be toxic for methane-forming bacteria (the optimal range for 

methanogenesis is between 6.6 and 7). An optimal pH range for all is between 6.4 and 7.2 (Hilton & 
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Olesziewicz, 1998).  

 Dennis A. Burke P.E (Deenis & Burke, 2001), said that the optimum pH value to have a good 

methane generation the bacteria require neutral to slightly alkaline environment (6.8-8.5). 

       5. Carbon to Nitrogen ratio (C: N)  
 
The relationship between the amount of carbon and nitrogen present in organic materials is 

represented by the C: N ratio. Optimum C: N ratios in anaerobic digesters are between 20 and 30 

(Fabien, 2003). A high C: N ratio is an indication of a rapid consumption of nitrogen by the 

methanogens and results in a lower gas production. On the other hand, a lower C: N ratio causes 

ammonia accumulation and pH values exceeding 8.5, which is toxic to methanogenic bacteria 

(Fabien, 2003). Optimum C: N ratio of the feedstock materials can be achieved by mixing waste of 

low and high C: N ratio, such as organic solid waste mixed with sewage or animal manure (Fabien, 

2003). 

A C: N ratio (based on biodegradable organic carbon and nitrogen) within the range of 20–30 is 

considered to be optimum for an anaerobic digester. To maintain the C:N level of the digester 

material at optimum levels, substrates with high C:N ratio can be co-digested with nutrient rich  

organic  wastes  (low  C:N  ratio)  like animal  manure  or food waste (Zaher, Cheong, & Chen). 

         6. Volatile Solids (VS)  
 

Volatile solids are the part of the total solids contents of the substrate that can be converted into 

biogas. The biogas production potential of different organic materials can also be calculated on the 

basis of their volatile solid content. The higher the volatile solid content in a unit volume of 

organic wastes, the higher the gas production (Abu-hamatteh & Al-Jufout, 2010). 
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C H A P T E R  T H R E E  

MATERIALS AND METHODS 

In this chapter, materials and methodology adopted in the research study are discussed. 

3.1 General procedures 

Evaluations of biogas production were done by taking pre-tanning solid and wastewater sample with 

processing 50 pieces of sheep skins in the model tannery of Leather Industry Development Institute 

(LIDI). The waste sample is brought from LIDI model tannery. Then make pretreatment procedure 

on the coming sample like size reduction and removing non bio-degradable materials. Then taking 

samples of waste (solid and wastewater) and adding different proportion of cow dung into the 

waste sample to modulate C: N ratio and to optimize gas production.   

 3.2 Study sites  

Leather Industry Development Institute (LIDI), found in Akaki Kality sub city, Addis Ababa, 

Ethiopia was selected for the study since it is a model tannery promoted by the government. Batch 

anaerobic digesters were setup in the laboratory facility of the tannery. The experiment was 

conducted during the dry season from December 25, 2010 to February 30, 2011. The mean minimum 

and maximum ambient temperatures during these periods were 10˚C and 23ºC, respectively (National 

Metrological Agency (NMA)). 

3.3 Sampling methods  

Tanneries generate solid waste in the tannery process but most of solid waste comes before the pre-

tanning process during flashing, unhairing, and splitting. After pre-tanning the solid waste have 

chrome metals which makes difficult to degrade therefore in this research only waste from pre 

tanning is used.  

The samples collected from the model tannery outlet were stored in acid washed 2-L polyethylene 

bottles and stored at temperatures close to 40C before treatment.  
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3.4 Methods  

 3.4.1 Pretreatment methods on the Waste sample 

 
The solid waste samples were treated before digesting. During pretreatment all non bio-degradable   

materials as well as chemicals that could inhibit the digestion process were removed from the 

sample, while the samples were prepared to particle sizes of 2 to 5mm.      

   3.4.2 Physico-chemical Analyses 

 
The physico-chemical parameters important for anaerobic digestion are pH, temperature, total solid, 

volatile solid, total nitrogen, total organic carbon and Chemical Oxygen Demand (COD). These 

parameters were measured as follow.  

� pH: The sample’s pH was measured using digital pH meter (pH 210, Microprocessor pH 

meter).  Standard solutions with pH 4, 7 and 10 were used for calibration (APHA, 1998) . 

� Temperature: The temperature of the sample is read according to APHA -2550 standard 

method (APHA, 1998). 

� Total Nitrogen is estimated with kjeldahi method (APHA, 1998). 

� Total organic carbon is determined by catalytic oxidation using TOC 1200 Euro glace 

analyzer (APHA, 1998). 

� Total solid (TS): Freshly collected sample is weighed in a crucible. The crucible is placed 

inside an electric hot air-oven maintained at 105°C.The crucibles is allowed to remain in the 

oven for 24 hours, then taken out, cooled in desiccators, and weighed. The weight of the 

sample, which was left in the crucible, gives the total solids and it is represented in 

percentage basis (APHA, 1998). 

 

        ����� ����	� 
��� =
����� ������

������� ������
 � ���     ……. Equation 1.  

 
� Volatile Solid (VS): Volatile solid content of the raw material is determined by drying the 

samples at 550 ºC. Then volatile solids content in percent is determined using the formula 

(APHA, 1998). 
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� Chemical Oxygen demand (COD) is the amount of oxygen needed to chemically oxidize 

wastes. In the process (Open Reflux Method, Titrimetric Method) first the sample is digested in 

the COD digestion rack and then titrated with standard Ferrous Ammonium Sulfate (FAS) 

(APHA, 1998). 

3.4.3 Methods of biogas production 

 
The anaerobic digestion of tannery waste set up consists of well-insulated 2.5 liter amber bottle 

digester kept in sand containing plastic bag to control temperature variation, PVC tubes for biogas 

transportation, sodium hydroxide holding bottle jar, it is also used as gas holder to store the biogas 

and water holding bottle jar. 

The waste sample is mixed with fresh cow dung in 3:1 ratio and placed in digestion bottle sealed 

with a cork as shown in Figure 12. Finally, the digester is covered with jackets to insulate the sample 

and control the temperature variation (Figure 13).   

 

 

Figure 12. Set up of anaerobic digestion of tannery waste 
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Figure 13. Set up of anaerobic digestion of tannery waste 

 

3.5 Sample preparation  
 
The tannery waste samples collected from the same batch process were prepared at different liquid to 

solid ratio (Figure 14). The first sample set (CT) is prepared from cow dung alone. The second 

sample (ST) is prepared with only solid waste. The third sample set (WWT) consists of only 

wastewater. S1/2WW1/2 is prepared from 50% solid and 50% liquid waste.  S3/4WW1/4 is made of 25% 

liquid and 75% solid waste and while S1/4WW3/4 consists of 25% solid and 75% liquid waste.       

The digester is a 2.5L amber bottle with a plastic stopper. Two PVC tubes are inserted through the 

stopper, one used as an outlet for the gas while the other one gives access to monitor the sample’s 

pH. The six sample batches were prepared in triplicate therefore the experiment in total has 18 

samples which is tabulated in Table 4. In each sample cow dung is mixed with in 1:1 ratio.  
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Figure 14. Tannery solid waste and wastewater sample 
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Table 4. Sample composition of tannery waste 

 

3.6 Measurement of gas production  

The amount of biogas produced was measured using water displacement method. The methane 

content of the biogas was estimated after filtering the CO2 with 15% (W/V) sodium hydroxide 

(NaOH) solution (Figure 15) (Z.Song, Williams, & Edyvean, 2001). The daily gas production was 

recorded for each sample until the gas production ceases. Temperature variation of the laboratory 

was also registered daily using thermometer and the pH level of the anaerobic media was also 

monitored with calibrated digital pH meter. 

Composition  Tannery solid waste(gm) Wastewater(mL) Cow dung(mL) 

Only cow dung 
(F1) 

0 0 1500 

0 0 1500 

0 0 1500 

Tannery solid waste and cow 
dung 
(F2) 

1500 0 500 

1500 0 500 

1500 0 500 

 Tannery wastewater and cow 
dung 
(F3) 

0 1500 500 

0 1500 500 

0 1500 500 

50% tannery solid and 50% 
tannery wastewater 
(F4) 

750 750 500 

750 750 500 

750 750 500 

75% tannery solid and  25% 
tannery wastewater 
(F5) 

1125 375 500 

1125 375 500 

1125 375 500 

25% tannery  solid and 75% 
tannery wastewater 
(F6) 

375 1125 500 

375 1125 500 

375 1125 500 
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Figure 15. Set up of methane and biogas estimation 

 

3.7 Data collection 

3.7.1 Primary Data Collection 

The primary data used in this research is the data obtained from the experiment which gives an 

estimate to the amount of biogas produced from the waste generated during the pre-tanning process. 

 3.7.2 Secondary Data Collection 
 
Data from other sources as well as relevant documents and other related materials were collected to 

estimate the amount of waste produced by tanneries annually. Further, the energy consumptions 

particularly fossil fuel is estimated. This information gives the ball park figures on the carbon 

footprints of the tanneries.    

 

 

 



 

Page | 43 
 

C H A P T E R  F O U R  

RESULT AND DISCUSSION 

In this chapter, the experimental results of the biogas generated from tannery wastes are presented. 

The total and volatile solid contents of the samples were calculated to see how they relate to the rate 

of biogas production.   

4.1 Characterizations of feedstock 

4.1.1 Total solid content and volatile solid content 
 
The total solids (TS) and volatile solids (VS) of the six sample sets are summarized in Table 5. 

Table 5. Total solids and volatile solids of different combinations of feedstocks 

Code of sample  Total solid content (%) Volatile Solid content (%) Volatile Solid (as % of TS) 

F1 18.40 14.90 80.98 

F2 28.37 21.37 75.33 
F3 12.21 7.41 60.68 
F4 23.27 19.51 83.84 
F5 26.80 23.58 87.98 
F6 19.40 13.47 69.43 

 

From the table the sample set with only liquid waste and cow dung (F3) has the least TS (12%). On 

the other hand, F2, which is composed of solid waste and cow dung has the highest TS (28%) 

followed by F5 (27%), which is composed of 75% solid and 25% liquid waste. As can be observed 

from the data as the solid content increases the TS also increases.   The total solid content falls in the 

range of 12 to 28%. The TS content of the waste sample is within the range of 5 to 70% 

recommended by  (Zolar, Steffen, & Buran, 1998). Further, (Angelidaki & Ellegaard, 2003) 

recommend TS within the range of 10 to 37% for municipal wastewater sludge to obtain high biogas 

yield.  In terms of VS, F5 (75% solid waste and 25% liquid waste) has the highest, which is 24%, 

followed by F2 (21%). F6 (25% solid and 75 liquid waste) has the least VS (13%).     

 

The percent of volatile solid content in total solids varies from 61% (F3) to 88% (F5) which is within 

the recommended range of 60% to 87% (Zolar, Steffen, & Buran, 1998). As shown in Table 6, in all 
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samples, 250 mg of cow dung was mixed making 14% of the total sample to optimize the ratio of 

carbon with that of nitrogen.   

Table 6. Details of the substrate used in different anaerobic batch digesters  

Code  of 

sample 

Cow dung 

(gm) 

        Waste sample  Cow dung (%)  Waste sample (%) 

Solid waste 

(gm) 

Wastewater 

(mL) 

Solid waste  Wastewater 

F1 750 0 0 100 0 0 

F2 250 1500 0 14.3 85.7 0 

F3 250 0 1500 14.3 0 85.7 

F4 250 750 750 14.4 42.8 42.8 

F5 250 1125 375 14.3 64.3 21.4 

F6 250 375 1125 14.3 21.4 64.3 

 

4.1.2 Total Biogas production of different combinations of feedstock 
 

The net total biogas production from the six sample sets is given in Table 7and Figure 16. F5 (75% 

solid and 25% liquid waste) has the highest biogas production of nearly 10 liters followed by F4 (8.5 

liters) which has equal proportion of liquid and solid. F6’s (25% liquid and 75% solid waste) gas 

production (5.5 liters) is slightly higher than cow dung alone (F1). F2 (solid waste only) produced 

nearly twice more gas than F3 (liquid waste only) which produced the least in all of the sampled 

groups.  In terms of the quality of the gas, the amount of methane in the biogas varies from 68% (F2) 

to 76% (F4) while in cow dung only (F1) the estimated amount of methane is 72%. On the other 

hand, F3 has the shortest the retention time (52 days) while the longest was for F2 and F5 which is 

two months.    

      Table 7. The total biogas and methane production with retention time 

Code of sample Total biogas 

production (mL) 

Total methane 
production (mL) 

Methane 
production in % 

No days of 

production 

F1 5365 3915 72 54 
F2 7539 5165 68 60 

F3 3729 2577 69 52 

F4 8501 6455 76 59 

F5 9698 7278 75 60 

F6 5503 4102 74 57 
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4.1.2.1 Biogas production for cow dung 

 

The biogas produced from cow dung (5.4 liters) and the quality of the gas (72% methane) is good 

agreement with the results obtained by [ (Angelidaki & Ellegaard, 2003) (Deenis & Burke, 2001)]. 

4.1.2.2 Net Biogas production for the sample containing tannery waste 
 
Biogas production from organic compounds requires the C: N ratio to be within the range of 20 to 30 

(Fabien, 2003).  If the ratio is either above or below the range biogas may not be produced (Zolar, 

Steffen, & Buran, 1998).  

The C: N ratio of the sample can be adjusted by mixing fresh cow dung with the sample. However, 

to find out the exact amount of biogas produced from the sample, one has to be subtracting the 

contribution of the cow dung from the total. The net biogas production is therefore presented in 

Table 8 for the five sample groups. 

Table 8.Net biogas production from different composition of solid waste and wastewater 

Code of sample Total biogas production(ml) Biogas production from  

cow dung (ml/250gm) 

Net biogas 

production(ml) 

F2 7539 1788 5751 

F3 3729 1788 1941 

F4 8501 1788 6713 

F5 9698 1788 7910 

F6 5503 1788 3715 

      

From Table 8, one kilogram of tannery solid waste during the pre-tanning process produces 3.83 

liters of biogas, while one liter of liquid waste produces about 1.3 liters of biogas. One kilogram of 

solid waste and one liter of liquid waste also produce about 2.57 liters and 0.85 liter of methane 

respectively. Hence, one tonnes of solid waste produced during the pre-tanning process generates 

nearly 3.8 cubic meter of biogas (about 2.6 cubic meter of methane) while one meter cube of liquid 

waste could produce 1.3 cubic meter of biogas with 0.87 cubic meter of methane.    
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Figure 16. The total biogas and methane production for all feedstock

F1 F2 F3 F4 F5 F6

Biogas (mL) 5365 7539 3729 8501 9698 5503

Methane (mL) 3915 5165 2577 6455 7278 4102
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4.1.3 The relationship between Total Solid, Volatile Solid and total biogas production  

 
Biogas production depends on certain factors, pH, C: N ratio, total solid, volatile solid and others. 

The range of total solid of the feedstock used in this research varies between 12% and 28% while the 

volatile solid content varies between 7% and 24%. As shown on Figure 17, biogas production is 

directly proportional to volatile solid and total solid. F3’s gas production is the least among all the 

sampled sets and it also has the least total solid and volatile solid. On the other hand F2 and F5 have 

the highest gas production which is due to the high volatile and solid content.  
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Figure 17.The relationship between total solid, volatile solid and total biogas production
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4.1.4 Comparison of retention time with the maximum daily biogas & methane production. 
 
Figures 18 and Figure 19 show that average daily biogas and methane production rates for the six 

sample sets respectively. Gas production is initiated within five to ten days. In F5 (75% solid and 

25% liquid waste) which produced the most, gas production started within five days and reached 

peak in a month time and finally production ceased after two months. Similarly, in F2 gas 

production was also initiated five days after the experiment was setup. Peak production reached 

five days earlier than F5, but production continued for nearly two months just like F5. Hence, both 

data sets suggest the two months retention time to fully digest the decomposable organic matters of 

tannery wastes.    
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Figure 18. Biogas production with the retention time 
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Figure 19. Methane production with retention time
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4.1.5 pH and Temperature Value of the digester 

  

During loading the pH values of the sampled sets varied between 6.8 and 7.5 at 24oC. The pH 

values dropped gradually for the first few days due to increase acidity of the sample. But later on 

the pH level stabilized at 6 for all sample sets with the exception of F6 which registered 6.5.  As 

the samples digest completely the pH increased to 7 at end of the process. The fall in pH at the 

beginning of the experiment is because of the fact that first step in anaerobic digestion is the 

conversion of organic materials by acidogenes into acids. This increases of the acid content in the 

digester causes a drop in the pH values at the initial stage (Kumar, 2008). Since the temperature of 

the sample sets were controlled in the range of 20oC to 25oC, which is within the recommended 

range (Jenangi) the pH was stable throughout.    

4.1.6 Factors affecting biogas production  

 

Some of the factors that could inhibit biogas production from the tannery waste are:  

4.1.6.1 Temperature 
 
 Anaerobic bacteria are temperature sensitive and the bacteria can tolerate a minimum temperature 

of about 4
o
C but its function is best in higher temperature ranges up to 60

o
C (Jenangi). Reduction 

in temperature from 35
o
C to 25

o
C may decrease methane production by half percent (Alberto, 

Giulio, & Gualtiero, 2010). In this experiment to overcome such problems the temperature of the 

samples were regulated close the room temperature (20-26
o
C) using heaters in addition to 

insulation.  (Jenangi). 

4.1.6.2 pH
 

 
Anaerobic bacteria are pH sensitive and if the pH is above or below the desired value the entire 

system may stop production of biogas. The pH could be maintained within the range by adding 

concentrated H3PO4 or NaOH in the sample (Z.Song, Williams, & Edyvean, 2001).In the 

experiment the pH of the sample varied between 8.5 and 9.1 but by adding small drop of 

concentrated phosphoric acid (H3PO4) it was maintained between 6.8 and 7.5 at 24oC. This pH 

value is within the range in which anaerobic bacteria are functional (Deenis & Burke, 2001). 
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4.1.6.3 Sulfide 
 
One of the properties of tanning solid waste and wastewater discharge is having more sulfide 

content. The presence of large concentration of sulfide in the waste can inhibit the anaerobic 

bacteria. The formation of  hydrogen sulfide in anaerobic  digestion  results in  the reduction of  

oxidized sulfur  compounds  and the dissimilation of  sulfur containing amino acids such as 

cysteine by sulfate reducing bacteria (Chen, Cheng, & Creamer, 2008).   

The reduction is performed by two major groups of sulfur reducing bacteria (SRB) including 

incomplete oxidizers, which oxidize compounds such as lactate to acetate and CO2 and complete 

oxidizers (acetoclastic SRB), which completely convert acetate to CO2 and HCO3. Both groups 

utilize hydrogen for sulfate reduction (Hilton & Olesziewicz, 1998). Inhibition caused by sulfate 

reduction can be differentiated into two stages.  Primary  inhibition  is  indicated by  lower  

methane production due to competition of  SRB  and methanogenic  bacteria to obtain common 

organic  and inorganic  substrates. Secondary inhibition results from the toxicity of sulfide to 

various anaerobic bacteria groups (Chen, Cheng, & Creamer, 2008). But to overcome such 

problems, the tanning waste, before being treated anerobically, is subjected to pre- treatment. The 

most common pre-treatment methods for minimizing or removing the toxicity of sulfide are 

addition of FeCl3 which forms ferric-sulfur in the precipitation form (Hilton & Olesziewicz, 1998). 

4.1.6.4 C: N ratio 

 
 The composition of waste also determines the relative amounts of organic carbon and nitrogen 

present in the waste substrate (C: N ratio).  A solid waste substrate with high C: N ratio is not 

suitable for bacterial growth due to deficiency of nitrogen. As a result the gas production rate and 

solids degradability will be low. On the other hand, if the C: N ratio is very low, the degradation 

process leads to ammonia accumulation which is toxic to the bacteria (Fabien, 2003). In this 

research to optimize the C: N ratio cow dung is added. (Zaher, Cheong, & Chen). 
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4.2 The advantages of biogas production from tannery waste  

Production of methane rich biogas through anaerobic digestion of organic materials like tannery 

waste provides a versatile carrier of renewable energy, as methane can be used in replacement for 

fossil fuels in both heat and power generation, thus contributing to cutting down the emissions of 

greenhouse gases to mitigate climate change. Methane production through anaerobic digestion has 

been evaluated as one of the most energy efficient and environmentally benign ways of producing 

alternative energy sources.    

In general biogas production from tannery waste has a number of economic, environmental and 

social benefits. Biogas production with anaerobic digestion from tannery waste can reduce 

greenhouse gas emissions since the methane released from decomposition of organic matters is 

captured for energy use. Moreover, the methane could replace fossil fuel, which is used to prepare 

boiler water for industrial use.  

4.2.1 Economic Advantage 

  
Applying waste to energy principles the tanning industry could significantly reduce their energy 

costs. The effluent from the biogas is nitrogen rich fertilizer which could be sold to farmers.   

4.2.1.1 Biogas as a source of energy    
 
In Ethiopia the tanning industry uses liquid furnace oil to boil water. Though electricity is supplied 

with hydropower, which is clean and renewable, diesel is used as a backup in the tanneries. Oil is 

imported commodity highly vulnerable to international price which influences the cost of leather 

products greatly. Hence switching from fossil fuel to biogas could somehow regulate the 

production cost of leather products and thus makes the industry competitive in the international 

market. Currently the tanning industry uses 0.12 liter of diesel/furnace oil for production of one 

piece of hide/skins (Ethiopia Tannery, 2010). Hence, annually more than five million liters of 

diesel and furnace oil is consumed to produce about 46 million pieces of hides and skins. 

As shown in Table 9 due to environmental factors and volatile world oil price tanning industries in 

European (for example Italy) are switching to biogas to heat water space and for other industrial 

applications (Pietro & Alessandra, 2006). This helps the tanneries to save production costs while 

making leather production carbon neutral environment.   
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Table 9. Energy consumption and Sources of different countries 

 

Tanning industry in Ethiopia can also generate their own energy sources like others developed 

countries through implementing waste-to-energy principles using anaerobic digestion of tannery 

solid waste and wastewater. The amount of biogas generation depends on the production capacity 

of each tanning industry in the country. Renewable energy production capacities of all tanning 

industry are given in Table 10. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Country  Energy consumption Source of energy 

Italy Electricity consumption 380,000MWh 

Heat consumption 847.2MWh  

Methane (61%),fossil oil 32% 

and 7% diesel oil 

Poland  Per square meter of raw hide/skin ranges 

from 5 to 9 KWh 

Coal and wood (75%), fossil 

fuel (15%) and methane (10%) 

Ethiopia  5.6 million liters of fossil fuel and 

23GWh of electric power per annum. 

Electric and diesel/Furnace oil 
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Table 10. Total biogas and methane production from the tanning industry 

No.  Name of  Tannery 

 

Annual Methane production potential Annual biogas production potential 

From  

Solid waste (m
3
) 

From  

wastewater (m
3
) 

Total  

production (m
3
) 

From  

Solid waste (m
3
) 

From  

wastewater (m
3
) 

Total 

production (m
3
) 

1. Ethiopia Tannery SC. 25,458 420,750 446,208 37,642 643,500 681,142 
2. Dire Tannery 11,264 186,150 197,414 16,655 284,700 301,355 
3. Hafde Tannery Plc 12,166 201,195 213,361 17,989 307,710 325,699 
4. Wallia Tannery Plc 8,411 138,975 147,386 12,437 212,550 224,987 
5. Batu Tannery Plc 10,370 171,360 181,730 15,333 262,080 277,413 
6. Modjo Tannery Share C. 6,322 104,295 110,617 9,348 159,510 168,858 
7. ELICO 19,884 328,695 348,579 29,400 502,710 532,110 
8. Bahir Dar Tannery Plc 3,269 53,805 57,074 4,833 82,290 87,123 
9. Blue Nile Tannery  3,469 57,375 60,844 5,130 87,750 92,880 

10. Debrebrehan Tannery Plc 4,487 74,205 78,692 6,635 113,490 120,125 

11. Addis Ababa Tannery 6,245 10,200 16,445 9,234 15,600 24,834 

12. Sheba Tannery 7,717 127,500 135,217 11,411 195,000 206,411 
13. Kolba Tannery Plc 10,979 181,560 192,539 16,233 277,680 293,913 

14. Mersa Tannery Plc 12,860 212,670 225,530 19,015 325,260 344,275 
15. Bale Tannery Plc 7,108 117,300 124,408 10,510 179,400 189,910 
16. Kombolcha Tannery S.C. 0 0 0 0 0 0 

17. Hora Tannery Plc 3,261 53,805 57,066 4,822 82,290 87,112 
18. Gellan Tannery PLc 2,775 45,900 48,675 4,104 70,200 74,304 
19. Dessie Tannery Plc 3,469 57,375 60,844 5,130 87,750 92,880 

20. Abay Tannery PLc 2,775 46,325 49,100 4,104 70,850 74,954 

21. Mesaco Global Tannery 2,081 34,425 36,506 3,078 52,650 55,728 
22. Shoa Tannery Plc 10,085 166770 176,855 14,911 255,060 269,971 
23. Crystal Tannery 0 0 0 0 0 0 
24. China Africa Tannery 5705 94,350 100,055 8,436 144,300 152,736 

Total 180,160 2,884,985 3,065,145 266,390 

 
4,412,330 

  

4,678,720 
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Based on the solid and liquid waste data given on Table 1, the amount biogas and methane produced 

by the tanneries in Ethiopia is tabulated in Table 10. The 24 tanneries currently operating in the 

country generate more than four million cubic meter of biogas with three million cubic meter of 

methane per annum with about 100tera joule equivalent energy.  

4.2.1.2 Methane as a source of energy for tanning industry 
 
Methane is somewhat lighter than air and has an ignition temperature of approximately 700oC as 

compared to diesel oil 350oC and propane about 500oC.The temperature of the flame is 870oC for 

methane gas (Jan Lam, 2009). One m3 of biogas has 60-80% methane content which is equivalent to 

about approximately 0.81 liters of diesel oil or kerosene and it can also give 15 KWh of electric 

power (Werner & Stefan, 2000). 

The methane generated from the tanneries has multi-dimensional uses. It can either be burned 

directly as a source of energy to replace diesel fuel or generate electricity.  

The total amount of methane generated from all tanneries has the following benefits:  

• The annual methane production can replace nearly 3.7 million liters of diesel oil. 

• It can also generate 70GWh electricity. 

The amount of methane produced from all tanning industry per year can cover nearly more than 

sixty seven percent of the diesel/furnace oil consumption. 

4.2.2 Environmental Advantage 
 
The production of biogas through anaerobic digestion of tannery waste has environmental benefits in 

terms of waste management, emission reduction of greenhouse gases (GHG’s) through methane 

capturing and displacement of fossil fuel used. In addition the effluent from the biogas could be used 

as fertilizer replacing chemical fertilizers, which also contribute to green house gas emission. 

Conversion of solid waste and wastewater into biogas can provide a number of direct environmental 

benefits. Some of them of are: 
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4.2.2.1 Reduce Greenhouse Gas Emissions 
 
The use of anaerobic digestion to create biogas from tannery waste has an important climatic twin 

effect. First, when tannery waste used as production of biogas under anaerobic conditions, it can 

prevent uncontrolled emission of methane (CH4), a greenhouse gas, into the atmosphere. Second, the 

biogas or bio-methane generated by the anaerobic digestion process can replace the fossil fuels used 

by the tanning industry, that will also generate GHGs especially carbon-dioxide.   

The annual emission of greenhouse gases (methane and carbon-dioxide) from the Ethiopian tanning 

industry is above two thousand metric tons of methane which is equivalent to 55,000 carbon dioxide 

equivalent. The methane also displaces nearly 10,500 metric tons of CO2 generated from burning 

diesel. Hence, in total 65,500 tonnes of CO2 can be captured through proper waste management and 

waste to energy principles.  
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Figure 20. Methane and Carbon dioxide emission from tannery 
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4.2.2.2 Control of Unpleasant Odors 
 
The odor from tanneries comes is due to emissions of H2S, VOC, and ammonia (NH3-N) from 

tannery waste (Buljan & Bosnic, 2000). While hard to measure objectively, these odors are 

perceived as a serious environmental problem for residents near by the tanneries and also the 

workers in the tannery. Hence, anaerobic digestion is a good method for controlling these odors, 

particularly if used in conjunction with a system that will scrub the H2S from the biogas. This 

controlling odor from the tanning industry has also a positive impact on sanitation and used to break 

the chain of disease transformation.  

4.2.2.3 Decrease pH value of tannery waste 
 
The waste generated by the leather industry damages aquatic plants and animals due to having either 

high or low pH value. But this using waste energy technology could resolve this problem.   

Here in the experiment the first few days the pH falls from 7 to 6 as a result of producing acids by 

acidogenes. After that; pH rises gradually as a result of nitrogen digestion (forming NH4+). Then the 

PH stabilized between 7.2 and 7.5 during production of methane gas. But at the end of retention time 

the PH value was in the range of 7.0 to 7.3. This show that digestion of tannery waster using 

anaerobic method will decline the pH value of the effluent into to accepted value recommended by 

Ethiopian Environmental protection Authority (EPA).  

 

 

 

Figure 21. The reduction of pH value of the waste sample 
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   4.2.2.4 Decrease COD value of the tannery waste 
 

The amount of biogas produced from tannery waste can be theoretically or empirically estimated 

using COD content of the waste sample (E.Ravhitraindranath, Chitra, & S Shamahatu, 2010). The 

amount of COD actually converted is proportional to the COD conversion, or removal efficiency of 

the digester (Z.Song, Williams, & Edyvean, 2001). Digestion efficiency will vary with sample type 

and amount, waste, as well as with digester type. The COD value of the wastewater sample at the 

beginning of anaerobic digestion is about 668mg/L but after 20 days it declined to 573mg/L. Finally, 

at the end of 59 days it reached 421 mg/L. This shows that anaerobic digestion will decrease the 

COD value of the waste up to 63%. This is also similar with 60-80% removal of COD stated by 

Alberto Mannucci (Alberto, Giulio, & Gualtiero, 2010) and Z.Song (Z.Song, Williams, & Edyvean, 

2001). 

 

 

 

Figure 22. The reduction of COD value of the waste sample 
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4.2.2.5 The Sludge can be used as a fertilizer 
 
Technical and economical evaluation studies have been performed and all indicate that digested 

tannery waste has a definite value as a fertilizer based on its nutrient content (Nemec, 2009). 

However, this option is usually only possible for vegetable-tanning processes since high chromium 

content in tannery waste prevents its eventual use as a fertilizer (Nemec, 2009). But in this 

experiment the wastes are collected from pre-tanning waste only, which means it does not contain 

any tanning agent that will inhibit plant growth when the sludge can be used as a fertilizer. 

4.2.3 Social Advantage 

 
The other advantage of biogas production is social benefits; this can be seen as creating other job 

opportunities for the people and having alternative source of energy from their surroundings. The 

implementation of a biogas plant can increase direct or indirect jobs during all project phases and 

lifetime, especially in the case of construction and operation of the anaerobic digester. 

During construction of biogas plants unless these are built by the investors themselves, there are 

effects on regional/local income and employment which subsequently continue. Permanent jobs are 

created for the operation personnel and indirect effects result in contracts with local and regional 

companies for the service and maintenance of a plant including the gas-burners in the households. 

The utilization of biogas contributes to an enlarged range of energy fuels offered on the market. In 

this way the local basis of the energy supply can be extended and secured, and it also simplifies the 

setting of additional commercial activities where the factor energy has so far proved to be a problem. 
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    4.3 CDM prospect for tanneries 

4.3.1 Introduction  

 

Countries around the globe, rich and poor alike, are preparing for a new “green” economy. The carbon 

market, including projects under the Clean Development Mechanism (CDM) of the Kyoto Protocol, is 

a growing suite market based tools that can accelerate low-carbon global economic growth, and that 

can help stimulate green companies, technologies, and jobs in the developing world.  The CDM has the 

potential to foster alternative tannery waste management options. 

4.3.2 Methane and global climate change 

  
Methane (CH4), a powerful greenhouse gas with a much shorter lifespan than CO2, has 25 times 

greenhouse effect than carbon dioxide (Ashley Pettus, 2009). More than half of the earth’s methane 

output comes from human-related sources primarily in the areas of agriculture (livestock and rice 

cultivation), industrial waste management (landfills, sewage treatment, and manure), and energy 

(coal and oil/gas production) (John & Eugene, 2008). 

Climate scientists have recently begun to address an unnerving truth: while drastic cuts in Carbon 

dioxide emissions offer the only hope for long-term stabilization of the earth’s climate, they will do 

little to change the course of planetary warming over the next century, let alone the next 20 years. 

The potential “good news” is that much of the Arctic’s warming over the next two to three decades 

will not be driven by carbon dioxide, but rather by the effects of a number of shorter lived pollutant 

gases and aerosols that only remain in the atmosphere for periods of a few days to several years.  

Short lived pollutants act as “climate forcers” by trapping heat in the troposphere (i.e. the greenhouse 

effect) and by reducing the reflectivity of snow and ice covered surfaces. According to recent 

modeling results, the major short lived forcers black carbon, tropospheric ozone, and methane have 

caused roughly 70% as much global warming on annually averaged basis as CO2, since the pre-

industrial era (J.Houghtton, 2004). In the Arctic, the climate response to non Carbon dioxide 

pollutants accounts for as much as 80% of the warming due to Carbon dioxide equal to an estimated 

temperature rise of 1.2oC (Ashley Pettus, 2009). 

Of all the non Carbon dioxide forcers, methane has the greatest impact on the planet as whole. 

Methane warms the planet through a number of direct and indirect effects. Once released, it acts as a 
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potent greenhouse gas, absorbing more long-wave radiation, on a molecule per molecule basis, than 

carbon dioxide. Eventually CH4 is oxidized in the atmosphere through a chemical reaction with 

hydroxyl radicals, producing CH3 and water. When this reaction occurs in the presence of nitrogen 

oxides and sunlight, it leads to the formation of ozone molecules in the troposphere. According to 

IPCC estimates, methane emissions account for as much as half of the increase in tropospheric ozone 

since 1750 (Houghtton, 2004). 

Methane only stays in the atmosphere around 8 to 12 years while carbon dioxide can last for 

centuries. But methane has a big effect in its short time life span and it is responsible for 75% as 

much warming as carbon dioxide measured over any given 20 years (Ashley Pettus, 2009). This 

means methane reductions could have an immediate beneficial effect on our climate, faster than 

comparable reductions to CO2.  

Climate change is happening at an alarming rate. Leading nations are calling for emissions 

reductions of 80% by 2050 (Ashley Pettus, 2009) and others are saying we need to reduce 

emissions much sooner. This means we only have a few decades to act, so we need to concentrate 

on greenhouse gas reductions that will have an immediate impact. Our short-term climate actions 

should focus on reducing methane emissions so we can see the quickest benefit. In this regard the 

tanning industry can make great contributions for mitigation of methane by capturing uncontrolled 

emission of methane during waste disposal. 

Table 11. Relative climatic change potential caused through different greenhouse gases 

Green house  gas Relative global warming potential (equivalent of CO2)  

 20 years after emission 100 years after emission 

CH4 63 245 

N2O 270 320 

CF3Br (Halon 1301) NA 56000 

C2F6 (Perflourethan) NA 125000 
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4.3.3 Projection scenario of GHG’s emission in the tanning industry 

 

According to Ministry of Water Resource, National Meteorological Service Agency (June 2001) 

report (National Meteorological Services Agency (NMSA), 2001), the Ethiopian national methane 

emissions totaled 1808Gg in 1994. The agriculture sector is by far the largest (84%) source of 

methane emissions followed by the energy sector resulting from fossil fuel use in the residential sub-

sector. The waste, land use change & forestry sectors make a small contribution to the total CH4 

emissions. But nowadays due to expansion of large and small private industries (GRIPS 

Development Form, 2009) mainly in the leather sector, methane emissions have increased 

dramatically. Direct landfills of tanning solid and wastewater are the main cause for the increase of 

GHG emissions. Emission of methane gas from tanning waste and carbon dioxide from use of fossil 

fuel has been increasing since 1920.  
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Figure 23. Projection scenario of greenhouse gas emissions from the tanning industry 
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Projection scenarios for methane and carbon dioxide emission from the tanning industry depend on 

two events. These are: the number of new leather industries planned, expansion plans of currently 

working tanneries and their waste management options. The Federal Democratic Republic of 

Ethiopian Government (FDRE) in its Growth and Transformation Plan (GTP) targets to generate half 

a billion USD at the end of the GTP (LIDI, 2010). At present the existing leather industries emit 

2207 tonnes, 15,500 tonnes of methane and carbon dioxide respectively. As shown in figure 23, after 

five years in 2015 the amount of methane and carbon dioxide emission could increase in fivefold. 

 

4.3.4 Carbon foot print of the tanning industries 

The carbon footprint is a very powerful tool to understand the impact of tanning industry on global 

warming. The total amount of methane produced due to improper way of disposing solid and 

wastewater are usually expressed in equivalent tonnes of carbon dioxide (CO2e). 

Here the tanning industries make a contribution to global warming with both emission of carbon 

dioxide due to fuel use and methane because of improper disposal of tanning waste. Hence, the 

carbon footprint of tanning industry is calculated using both annual emission of carbon dioxide and 

methane. 

The carbon footprint comes from uncontrolled emission of methane: Methane has 25 times global 

warming potential (GWP).  

• The amount of methane that could be captured from the tanneries is 2207 tonne. 

• The global warming potential (GWP) of methane: 25 times. 

• The amount of methane mitigated equivalent to carbon-dioxide is: 55,175 tonne of 

carbondioxide equivalent (CO2e). 

The tanning industry also contribute for global warming because the emission of carbon dioxide 

coming from using fossil fuel for boiler water. The footprint of tanning industry due to carbon-

dioxide emission can be calculated as: 

• The amount of carbon-dioxide capturing due to replacing diesel/furnace oil with methane gas: 

10,500 tonne. 

• The global warming potential (GWP) of carbon-dioxide: 1 

• The amount of carbon-dioxide mitigated equivalent to carbon-dioxide is: 10,500 tonne of 

carbondioxide equivalent (CO2e). 
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The carbon footprint of the tanning industry is the sum of the footprint coming from carbon dioxide 

and methane. Therefore the total carbon footprint of all tanning industry will be 65,675 tonne of 

carbon dioxide equivalent (CO2e).  

4.3.5 Estimation of carbon credits based on methane emissions 

 
A carbon credit is a generic term for any tradable certificate or permit representing the right to emit 

one ton of carbon or carbon dioxide equivalent (CO2e) (Dayal, 1999). Carbon credits and carbon 

markets are a component of national and international attempts to mitigate the growth in 

concentrations of greenhouse gases (GHGs). One carbon credit is equal to one ton of carbon dioxide, 

or in some markets, carbon dioxide equivalent gases.  

For estimation of carbon credits purposes, all GHG emissions are related to a carbon dioxide 

equivalent (CO2e). In order to do this, the different gases are weighted by their respective global 

warming potential (GWP). GWP is a measure of the relative effect of a substance in warming the 

atmosphere, compared to the value of one ton of carbon dioxide (CO2). It would suggest that the 

global warming effect of methane is 25 times that of CO2 (Ashley Pettus, 2009). 

In the world, the carbon market value in terms of Carbon dioxide is varies time to time but some of 

the values from different sources can be seen as follows: 

According to Dr. S.V.Srinivasan (S.V.Srinivasan, 2010) the value of carbon credits is about US$8-

15 for reduction of one tone of carbon dioxide. The current carbon price is US$18 per ton of carbon 

dioxide, according to (Mao, 2009). As of August, 2010, and the current market price of emission 

reduction credits in existing carbon market is between US$19 and US$ 22 per ton of carbon dioxide 

(Nhan, Minh-Ha, Sandra, & Michael, 2010) 

Using the above research output as base with implementing CDM project in the tanning industry 

through anaerobic digestion of tannery waste, because of mitigating 65,675 tonne of equivalent to 

carbon dioxide (55,175 tonne  of CO2e from methane  and 10,500 tonne  of (CO2e from fuel use). 

The tanning industry in the country will have US$ 1.3 million per year. 
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4.3.6 Advantage of Implementing CDM project in the Tanning Industry 
 
The appeal of the CDM lies in the fact that it combines an incentive mechanism, particularly for 

operators in Annex 1 countries who have committed to emission reductions under the Kyoto 

Protocol, and an advantage for host countries which can promote environmental friendly 

development projects. This section provides a brief overview of the advantages CDM project for the 

tanning industry in Ethiopia. 

4.3.6.1 Positive Public Relations   

The tanning industry would also, according to this research, attempt to reduce their GHG emissions 

to gain positive public relations with inside and outside the country in an attempt to: Reduce 

shareholder pressure with the increased awareness around global warming there is an “increased 

need to show to the outside world that the tanning industry is operating responsibly” and lower their 

carbon footprint. When reducing GHG emissions companies will lower their carbon footprint and in 

doing so reduce the impact of their operations on the environment. This will also give an opportunity 

for Ethiopian tanning industry to gain additional market strength in the global world. When 

implementing projects to reduce GHG emissions, industries would be seen as taking a lead in the 

global attempt to reduce GHG emissions and fight global warming. The Ethiopian tanning industry 

would then be able to use this as a marketing tool to sell products from “a company that cares for the 

environment and produce in the carbon neutral environments”. 

4.3.6.2 Financial benefit  

The tanning industry could be rewarded financially for projects implemented specifically to reduce 

their “carbon footprint” or GHG emissions. The additional financial benefit could, according to this 

study, be as a result of any of the following:  

• When registering a CDM project to reduce GHG emissions from an existing operating 

facility, Ethiopian tanning industry could receive additional revenue from CER sales. 

• When registering and implementing a CDM project to reduce GHG emissions in Ethiopian, 

Tanning industry could get investment support from other companies/countries that would 

eventually purchase the CERs, or want to be seen as “assisting in the global attempt to reduce 

GHGs”. 

• A potential benefit of CDM project implementation is to “gain access to new cleaner 
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technology” i.e. technology transfer that would otherwise not be available due to its cost. 

• When implementing new projects like anaerobic digestion of tannery waste, to reduce GHG 

emissions, industry could potentially reduce its operating costs. Although this would mean 

that such a project can be registered under CDM to earn CERs, the reduced GHG emissions 

would assist in reducing global carbon emissions. 

• Projects aimed at reducing GHG emissions could also result in increased energy efficiency. 

•  Encourage Foreign Direct Investment (FDI) in new low emission technologies and 

technology transfers: energy efficiency, industrial processes, sustainable forestry, land 

restoration, etc. 

• The CDM is also likely to provide further benefits for project developers, particularly in terms 

of image and social and environmental responsibility. 
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C H P T E R  F I V E  

           CONCLUSION AND RECOMMENDATION 

Presently Ethiopia claims significant and continuous economic growth. The contribution of 

industrial sector, especially the leather sector, for this economic growth is significant. However, to 

sustain the economic growth in the country the leather industry targets as a whole to earn half a 

billion USD at the end of the five year. To achieve this target all tanning industry should handle 

their waste in environmental friendly ways and make leather production process in carbon neutral 

environment.  

As has been described from literature review of this study and the results obtained, the solid waste 

and wastewater coming from tanning industry and fossil fuel used for boiling water contribute to 

green house gases emission (2,207 tonne of methane and 15,500 tonne of carbon dioxide). 

Recognizing such environmental effects, this study proposes integrated waste management system 

using waste to energy principle.      

On the laboratory scale experiments of anaerobic digestion of pre-tanning tannery waste within 

eight week digestion, the combination of solid waste and wastewater in the ratio 3:1 produced the 

maximum biogas and methane as nearly 10 liter, 7 liter respectively in 60 days, followed by 1:1 

ratio of solid waste and wastewater as 9 liter of biogas and 6 liter of methane within 59 days. The 

solid waste sample alone produces 8 liter of biogas and 5 liter of methane in 60 days; wastewater 

containing samples also produce 4 liter of biogas and 3 liter of methane in 52 days. Finally the 

combination of solid waste and wastewater in the ratio 1:3 produced 6 liter of biogas and 4 liter of 

methane in 57 days. Therefore, taking the methane production from pre-tanning solid waste and 

wastewater as a base one ton of solid waste can generate approximately 3.8 m3 of biogas with 2.6 

m3 of methane and one m3 of wastewater could also be produce 1.3 m3 of biogas with 0.85 m3 of 

methane. 

The waste treatment using anaerobic digestion of tannery waste could give us the economic, 

environmental and social benefits. All tanning industry in Ethiopia has a capacity of generating 
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more than 4.5m3 of biogas and nearly three million m3 of methane gas per annum. The need of 

diesel/furnace oil of the tanning industry per year is about five million liters. So the methane 

generated can cover the more than 67% fossil fuel consumption. Through waste to energy 

principles through the tanneries could mitigate greenhouse gases emission. It can help the 

tanneries to minimize the toxicity of effluent discharges to the standard value recommended by 

Environmental protection Authority (EPA). The chemical oxygen demand (COD) of the waste 

effluent could be reduced by 63%. The Clean Development Mechanism also provides an 

opportunity to the tanneries to generate additional foreign currency through carbon trade 

marketing and their products could be competitive in the international market. Further replacing 

diesel/furnace oil with methane could reduce the cost of leather production, thus increase the profit 

margin.   

In the end, proper waste management and waste to energy principles has economic, environmental 

and social benefits thus it is highly recommended for the current as well as for the newly planned 

tanneries.   
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APPENDICES 
 

Operation/chemicals Temperature  Percent  Kg/liter Time/min Remark  

Water-Cold  300 150 L 20’ Drain  

Water-Cold  300 150 L 20’ Drain  

Water-Cold  300 150 L 20’ oBe  <1  

Water -Cold  200 100 L   

Sodium silcofolride  0.2 100 gm   

Wetting agent  0.3 150 gm   

Soda ash  0.4 200 gm 30’  

Soda ash  0.4 200 gm 30’,rest 30’ pH =9-10 

Run automatic 5’/25’ for overnight 

Next day –Drain, pile for 30’ then paint using 250ml paint solution for one piece, wait for 2-3hr then unhair. 

water  200 100L   

Lime   0.3 150 gm 5’  

Add skin    30’  

Sodium sulfide  0.5 250gm  30’  

Run automatic 3’/27’ for 16-18 hours, next day flesh properly 

water 36 150 67.5 L 10’ Drain 05’ 

Water  
DESECALANTE SE-01 
Sodium bisulphate 
degreaser 

37 100 
1.5 
0.5 
0.2 

45 L 
675 gm 
225 gm 
90 gm 

60’ Check pH 
(8.0:8.4) 

ENZYMAS TD  0.3 135 gm 90’ Run high speed 

Check bating effect     Drain all float –Run30’ 

Degrees ,salt 
Water  

 3 
3 

1.35 Kg 
1.35 Kg 

45’ Drain -20 min 
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Annex 1.Wet salted sheep skin, process sheet from soaking to pickling         
 

Wash –Salt 
Water 
 

37 1 
100 

450 gm 
45L 

20’ Drain -20min 
 
 Wash –Salt 

Water 
 

25 1 
100 

450 gm 
45L 

20’ Drain -20min 
 
 

Wash- Water 25 200 90 L 20’ Drain 30min 
Check pelt cleanness 

Pickle 

Water  
Salt  

25  
70 
10 

 
31.5 L 
4.5 Kg 

15’ Check  oBe (12-15) 

Formic acid(1:10)  0.4 180 gm 30’ Check  pH  (less than 1) 

Sulphric acid (1:20)  0.8 360 gm 30’ 

Geno prese WB (1:5)  0.15 67.5 gm 30’ 

Run Over Night 01min, stop 59 min (low speed) check  pH  (3.0-3.1) -----Check float (50%) if above drain out. 
Drain; add 100%..........water at 35 oC run 10min, drain 
Add 100%.......... water at 35 oC run 10min, drain 
Add 150%........water at 35oC 
0.1%...........Genoprse WB (1:5) ……RUN 30 min 
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No 
of 
days 

Temperature( oC ) Total biogas production (mL) 

F1 F2 F3 

biogas methane biogas methane biogas methane 

1. 22.4 0 0 0 0 0 0 

2. 24.2 0 0 0 0 0 0 

3. 21.5 0 0 0 0 0 0 

4. 20.9 0 0 0 0 0 0 

5. 23.1 0 0 0 0 0 0 

6. 20.9 0 0 0 0 0 0 

7. 21.4 0 0 0 0 0 0 

8. 22.0 13 0 6 0 0 0 

9 23.7 42 0 12 0 0 0 

10 21.5 66 0 16 0 0 0 

11 22.0 88 0 26 0 0 0 

12 23.7 101 10 42 0 0 0 

13 22.0 115 28 70 4 0 0 

14 20.9 127 46 91 10 5 0 

15 22.4 137 57 110 13 19 0 

16 23.0 152 77 126 18 37 0 

17 22.7 168 96 145 27 51 0 

18 21.7 175 116 170 47 65 0 

19 22.8 189 133 188 60 77 0 

20 22.6 174 145 199 84 86 6 

21 23.0 215 154 224 100 99 12 

22 21.5 221 161 244 124 107 28 

23 24.3 223 174 256 137 118 47 

24 21.3 230 183 265 155 121 69 

25 22.1 235 195 281 175 125 88 

26 22.3 223 197 294 184 130 101 

27 23.1 205 184 295 198 139 111 

28 24.2 195 178 294 211 142 120 

29 22.8 182 163 288 230 152 131 

30 21.1 170 154 293 203 157 121 

31 23.3 156 141 280 242 160 118 

32 24.9 146 129 282 230 148 128 

33 21.3 136 118 279 239 140 125 

34 22.3 124 106 256 232 133 119 

35 23.9 117 100 248 220 130 113 

36 22.4 106 94 223 200 124 106 

37 23.8 110 96 209 185 119 102 

38 23.7 96 86 185 176 115 95 

39 22.3 90 77 165 149 111 91 

40 23.1 82 73 157 139 107 89 

41 23.8 74 63 142 121 103 82 
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  Annex 2.Average daily biogas and methane production for sample F1, F2 and F3 
 
 

 

42 24.7 69 55 157 142 98 77 

43 23.1 60 47 127 116 95 73 

44 22.4 53 43 117 105 90 66 

45 23.4 61 46 105 92 84 72 

46 24.5 52 40 97 89 76 67 

47 23.9 44 38 88 75 75 64 

48 22.1 37 31 89 83 60 50 

49 24.3 31 27 75 67 51 43 

50 23.1 27 21 65 63 38 31 

51 22.4 23 17 52 49 27 21 

52 21.8 17 9 48 42 15 11 

53 23.0 5 4 38 31   

54 24.0 3 3 31 26   

56 23.4   27 21   

57 22.0   21 18   

58 21.8   17 14   

59 22.5   14 12   

60 23.0   10 7   
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No 
of 
days 

Temperature( oC ) Total biogas production (mL) 

F4 F5 F6 

biogas methane biogas methane biogas methane 

1. 22.4 0 0 0 0 0 0 

2. 24.2 0 0 0 0 0 0 

3. 21.5 0 0 0 0 0 0 

4. 20.9 0 0 0 0 0 0 

5. 23.1 0 0 0 0 0 0 

6. 20.9 0 0 0 0 0 0 

7. 21.4 0 0 0 0 0 0 

8. 22.0 0 0 17 0 0 0 

9 23.7 5 0 31 0 0 0 

10 21.5 11 0 68 0 0 0 

11 22.0 31 0 86 0 0 0 

12 23.7 56 3 101 12 0 0 

13 22.0 78 4 116 18 0 0 

14 20.9 101 9 124 39 0 0 

15 22.4 121 26 138 52 8 0 

16 23.0 139 47 148 63 14 0 

17 22.7 150 67 163 76 25 0 

18 21.7 155 83 171 92 47 7 

19 22.8 167 103 178 106 62 15 

20 22.6 184 115 186 122 86 21 

21 23.0 197 128 198 134 101 27 

22 21.5 212 141 243 146 117 32 

23 24.3 228 154 218 151 125 55 

24 21.3 243 165 218 157 128 58 

25 22.1 254 181 233 176 135 59 

26 22.3 265 195 236 189 145 84 

27 23.1 282 211 244 200 153 92 

28 24.2 285 222 248 211 159 101 

29 22.8 302 235 261 210 166 114 

30 21.1 306 248 276 224 175 129 

31 23.3 303 245 286 235 182 142 

32 24.9 298 263 331 243 193 152 

33 21.3 293 253 306 252 203 159 

34 22.3 288 251 312 263 212 169 

35 23.9 270 243 312 271 219 180 

36 22.4 257 199 319 272 225 186 

37 23.8 257 228 310 282 224 226 

38 23.7 249 226 315 276 224 231 

39 22.3 243 221 314 262 187 192 

40 23.1 237 215 278 252 214 183 

41 23.8 223 205 260 234 210 173 

42 24.7 212 185 245 224 199 159 
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Annex 3. Average daily biogas and methane production for sample F4, F5 and F6 
 

 

 

 

 

43 23.1 201 171 234 205 189 152 

44 22.4 183 159 217 194 175 139 

45 23.4 172 150 205 184 156 128 

46 24.5 162 140 193 173 141 122 

47 23.9 153 128 180 159 126 110 

48 22.1 137 118 164 137 115 100 

49 24.3 115 105 149 127 102 91 

50 23.1 101 96 145 116 89 82 

51 22.4 87 78 130 105 78 69 

52 21.8 74 63 117 99 66 58 

53 23.0 62 55 103 82 49 41 

54 24.0 50 42 90 75 41 35 

56 23.4 44 36 82 60 29 21 

57 22.0 32 25 67 47   

58 21.8 20 15 57 33   

59 22.5 6 3 47 26   

60 23.0   28 12   



 

Page | 86 
 

Process Unit Inputs/Chemicals Wastewater Solidwaste Air Emission 

Trimmings  - - • Parts of the raw hides(trimmings)  - 

Curing & Storing • Salt 

• Energy for cooling/drying 

- • salt  

Soaking • Water 

• Alkali 

• Sodium Hypo-Chlorite 

 

• BOD, COD, SS, DS from soluble proteins, dung, 

blood...etc 

• Salts 

• Organic Nitrogen 

• AOX 

• Emulsifiers,surfactans,biocides 

- - 

 

Fleshing  • (cold) water • BOD,COD,SS,DS  from fat ,grease • Fat ,connective tissue, lime - 

Liming & unhairing • Water 

• Lime, alkali sulphides 

• Thioalchols 

• Enzymes 

• Surfactants 

 

• sulphides 

• BOD, COD, SS, DS –emulsified and saponified 

fat,protein, degradation products from hair 

• lime 

• high pH, 

• org.-N, NH4-N, 

• biocides 

• Hair 

• sludge from liming effluents 

(waste water treatment) 

 

 

• Sulphides 

• odour 

 

Rinsing after 

Unhairing 

 

• water • as from liming and unhairing - - 

Splitting  • water • same as liming • lime split (flesh-side) 

• trimmings  

- 

Deliming / 

Bating 

• ammonium salts 

• org. and inorg. acids and their salts 

• carbon dioxide 

• enzymes 

• water 

• BOD, COD, DS from epidermis, skin and 

pigment 

residues, degradation products and excess 

bating agents 

• NH4- N 

• sulphides 

• calcium salts (mainly sulphates) 

 • NH3 

• H2S 

• dust from bating agents 
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Annex 4. Steps in the pre-tanning leather process showing consumption and releases

Rinsing  • water • as from deliming and batting - - 

Degreasing  • Surfactants and water 

• Organic solvent 

• BOD, COD, DS 

• organic contents (fat, solvents) 

• surfactants 

• distillation residues 

• waste water treatment residues 

- 

Pickling  • Water 

• organic and inorganic acids, salt 

 

 

 

• BOD, COD, SS, DS 

• Salt 

• low pH, 

• fungicides 

- 

 

 

 

• Hydrogen sulphide 

• Acid fumes 

Air abatement • filter matrices 

• water, acidic and basic 

• agents for wet-scrubbers 

• waste water from wetscrubbers • sludges from waste water from 

wet-scrubbers 

• filter matrices 

• dust 

not abated emissions 

Waste water 

abatement 

• energy 

• precipitation agents 

• other treatment agents 

(flocculation, etc.) 

- • Sludges 

• coarse material 

• filters (e.g. from special 

treatemnet) 

• According to waste water 

stream and process (e.g. 

sulphides, ammonia, odour) 

Waste treatment  

• Energy 

• other treatment agents according 

to process 

• according to waste fraction and process 
• according to waste fraction and 

process 

• according to waste fraction 

and process 
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Deliming, batting 

Pickling 

Chrome tanning 
Vegetable tanning 

Samming Neutralization 

Re-tanning 
Fat liquoring & dyeing 

 

            Fat liquoring & dyeing 
 

Drying 

Drying 

Crust 

Finishing and spraying 

Finished Leather 

Annex 5. Schematic diagram: Leather tanning and finishing process 

Soaking, liming, unharing, Fleshing &, splitting   
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