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Abstract  
The present study focused on conversion of cellulosic part of waste textiles into biogas and its 
challenges. The annual global fiber consumption exceeded 70 Mt with a cellulosic fraction of 
around 40%. This huge amount of fiber is further processed into apparel, home textiles and 
industrial products and after a certain time delay end up in waste streams. This amount of cellulose 
has the potential of production of approximately 20 billion liters of ethanol. Assuming a good 
collection and waste management system, however, there are still challenges facing the process of 
conversion. For instance, high crystallinity of cotton cellulose makes it hard to achieve enzymatic 
or bacterial hydrolysis. In addition, waste textiles are composed of different materials including 
natural and synthetic fibers, and the cellulosic fibers should be separated from the other materials. 
Furthermore, presence of dyes and reagents in the fibers can also be challenging in the 
bioprocessing of textile waste. In the present work, we examined the process of dilute acid 
hydrolysis of viscose and cotton (i.e. jeans) textiles. Hydrolyses were performed at different 
lengths of time (8 and 15 min), temperatures (180 and 200 °C), and acid concentrations (0.5, 1.5, 
and 3% w/w). Hydrolysis of viscose and jeans under identical conditions resulted in significantly 
different yields of glucose. This may be due to differences in the structure, i.e. high crystalline 
cellulose in jeans and low crystalline cellulose in viscose. 
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Introduction  
According to the Waste Framework Directive (European Directive-WFD 2006/12/EC), waste 
has been defined as “any substance or object that the holder discards, intends to discard or is 
required to discard”. The amount of waste generated by human activities is steadily 
increasing. There is a variety of waste and waste streams.  
 
The annual global fiber consumption exceeded 70 Mt in 2009, and almost all these fibers are 
converted into various products. Most of the fiber products, applied for e.g. apparels, 
furniture, carpets, and automotive interiors, have a short or medium term use and end up as 
waste after a few years of service [1]. Thus, the volume of the annual production of waste 
textiles is presumably comparable with the yearly volume of fiber consumption.  



Acid Hydrolysis of Cellulose-based Waste Textiles 

The management of waste is an issue of importance. As shown in Figure 1, the main methods 
of disposal of end-of-life waste textiles are currently landfilling or incineration. In many 
countries, there is an increasing concern regarding the environmental impact of disposal of 
this enormous amount of wastes. This waste is in fact a potentially rich source of energy and 
materials. 
 
On the other hand, fear of depletion of fossil fuel reserves, along with rising concerns about 
climate changes caused by greenhouse gas (GHG) emissions, have led to a worldwide interest 
in replacing fossil fuels with other sources of energy. Within the transportation sector, 
biofuels such as bioethanol and biogas are promising alternatives to fossil fuels. An 
economically and environmentally sustainable approach when producing these fuels can only 
be obtained by using a low-cost feedstock that will not affect global food supplies and that 
exerts a minimal negative environmental impact. Thus, the biodegradable fraction of solid 
waste may be considered as an alternative sustainable and cost-effective source for biofuel 
production in a biorefinery (Figure 1).  
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Figure 1: Waste textiles management today and in the future. 

 
The cellulosic fraction of the world’s total fiber consumption is around 40%, the same 
proportion as the average cellulose content of lignocellulosic materials. Waste textiles hold 
only negligible amounts of lignin or hemicelluloses. Therefore, using waste textiles for the 
process of biofuel production appears less complicated than using lignocelluloses. On the 
other hand, waste textiles are composed of different materials, including natural as well as 
synthetic non-cellulosic fibers, making bioprocessing difficult. In addition, 90% of the global 
cellulosic fiber consumption is cotton, a material with a recalcitrant structure.  
 
Extensive research has been carried out on the use of cellulose as a platform for industrial 
production of monomeric sugars to be used in the production of different bioproducts, such as 
bioethanol [2-3]. Nevertheless, a commercial breakthrough of this technology has so far 
remained elusive, mainly due to the difficulty executing a cost-efficient hydrolysis of the 
cellulose molecules [4-5]. Various hydrolysis strategies are in use, but some of the most 
commonly applied ones involve treatment with either concentrated or dilute acid, where the 
latter requires a high temperature [6-8]. 
 
Experimental  
The materials used in this work were pure cotton, jeans (denim), and a viscose-type textile 
(obtained from local shops in Borås, Sweden). 
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Laboratory scale hydrolyses were performed using 150-ml sealed tubular micro-reactors 
(Swagelok, USA). The reactors were constructed from SS-316L, due to its strength at elevated 
temperatures and corrosion resistance. The reactor was loaded with 10 g of solid substrate and 
100 ml of an acid solution with desired concentrations. The reaction temperature was 
controlled in an oil bath that was designed to control the temperature up to 250 °C. The 
hydrolysis was stopped at desired time by cooling down the reactor in an ice bath. 
 
Concentrations of glucose was determined using an Aminex HPX-87H column (Bio-Rad, 
USA) at 60 °C, using 5mM H2SO4 at a flow rate of 0.6 ml/min, which was connected to a 
refractive index (RI) detector (Waters 2414, Milipore, Milford, USA). 
 
Results and Discussion  
 
Dilute acid hydrolysis has been thoroughly examined for saccharification as well as 
pretreatment (prior to enzymatic hydrolysis) of lignocellulosic materials. Sulfuric acid is a 
commonly used acid because of its low price and less corrosive nature, compared to e.g. 
hydrochloric acid. In order to obtain a high glucose yield, with diminutive inhibitor formation, 
high temperatures (e.g. 80-230 °C) along with short residence times (e.g. 2-15 min) should be 
applied [9-11]. 
 
In the present work, we examined the process of dilute acid hydrolysis of viscose and cotton 
(i.e. denim) textiles. Hydrolyses were performed at different lengths of time (8 and 15 min), 
temperatures (180 and 200 °C), and acid concentrations (0.5, 1.5, and 3% w/w). The effect of 
duration and temperature on yield was described by means of a severity factor Log (R0) as  
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where t is the reaction time (min) and Tr is the temperature (°C) [7-8, 12]. The results are 
illustrated in Figure 2.  
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Figure 2: Dilute acid hydrolysis of viscose and cotton (jeans) textiles. 



Acid Hydrolysis of Cellulose-based Waste Textiles 

 
Hydrolysis of viscose and jeans under identical conditions resulted in significantly different 
yields of glucose. By increasing the severity factor from 3.2 to 4.7 at an acid concentration of 
3%, the yield of viscose hydrolysis steadily decreased from 54.9% to 5.6%. However, when 
using an acid concentration of 1.5% and 0.5%, maximum yields of glucose, i.e. 53.1% and 
46.5% of the theoretical yield, were obtained at severity factors of 3.5 and 3.8, respectively 
(Figure 2). In contrast, the glucose yield never exceeded 24.4% when performing dilute acid 
hydrolysis of cotton, although the hydrolysis was performed under identical conditions. This 
may be due to differences in the structure, i.e. high crystalline cellulose in jeans and low 
crystalline cellulose in viscose (data not shown). 
 
The suggested kinetic models predict that glucose yields higher than 65-70% are not 
attainable when performing a dilute acid hydrolysis of cellulose [13], because the hydrolysis 
liquor is not able to penetrate the crystalline region in cellulose. Moreover, once glucose is 
formed, it could be degraded to unwanted materials such as hydroxymethyl furfural at a 
significant rate. Furthermore, due to optimization problems, up to 30% of the cellulose 
produces oligomers, that cannot be assimilated by fermentative microorganisms [11, 13-15]. 
 
Performing the process in two to three steps, using more advanced reactor designs, may 
improve the sugar yield when performing dilute acid hydrolysis of lignocellulosic materials 
[14, 16]. Some of the sugars are, however, inevitably degraded into inhibitors and thus, the 
resulting yield tends to be low [8, 17].  
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