
Image 1. The best biomethane yield (mL/gCOD) 

Biogas Production of Pretreated Bioplastic Waste Using Sodium 

Hydroxide and Zinc Acetate 

Jayen Aris Kriswantoro(1,4), Ting-Rui Chang(2), Hao-Jen Pai(2), Chen-Yeon Chu(1,3*) 

(1)Ph.D. Program of Mechanical and Aeronautical Engineering, Feng Chia University, Taiwan 
(2)Bachelor on Mechanical and Computer-Aided Engineering, Feng Chia University, Taiwan 

(3)Master’s Program of Green Energy Science and Technology, Feng Chia University, Taiwan 
(4) School of Life Sciences and Technology, Institut Teknologi Bandung, Indonesia 

*Corresponding author email: cychu@mail.fcu.edu.tw  

 
1. Introduction – The side impact of the high usage of non-biodegradable petroleum-based plastic in the 

world must be solved by replacing them with biodegradable bioplastic [1]. Data show the global capacity 

of bioplastics was increasing year by year. In the last 2021, the production capacity of biodegradable 

plastic, including polylactic acid (PLA), polybutylene adipate-co-terephthalate (PBAT), polybutylene 

succinate (PBS), achieved 64.2% of global production capacity, while for nonbiodegradable bioplastic 

[2]. In recent years, the production of biodegradable plastic has increased and might be followed by the 

potential increase of produced waste because of the short term of its application, such as food packaging 

and shopping bags [3]. Incineration and recycling methods still have some weaknesses, they were a high 

potential for releasing toxic substances as a result of the burning process also sooner or later the waste 

will be produced [1]. The anaerobic digestion approach has the potential to resolve this problem. Previous 

studies [4]–[7] add the untreated bioplastic inside the anaerobic digester to produce biomethane. Selection 

of the optimum condition for the pretreatment system of waste becomes the crucial part of enhancing the 

anaerobic digestion performance [8]. In this study, the sodium hydroxide and zinc acetate combined with 

high temperature were examined to find the optimum condition to degrade the bioplastic and also to 

produce the biomethane in a batch system.  

 

2. Experimental - Bioplastic samples, polylactic acid (PLA) were obtained from Touyuan County, 

Taiwan. On this research, we were examined the weight loss of bioplastics by the time of incubation in 

different temperature (25, 55, 70, 80, 90, and 110 ˚C) using 5M NaOH, which diluted in distilled water, 

and zinc acetate or Zn(OAc) (4 gr/L) which diluted in methanol (MtOH). In pretreatment, the 10% w/v 

(weight per volume) of bioplastic was mixed with the 5M NaOH solution and 20% w/v for MtOH-

Zn(OAc) solution [9]. The pretreated PLA in the best condition of each pretreatment was diluted and then 

inoculated with 20% v/v inoculum for the anaerobic digestion. The 30 mL mixture will transfer to a 60 

mL glass vial bottle for batch biogas production at 37 and 55 ˚C with 120 rpm agitation. The digestion 

performance was measured from biomethane cumulative production and its content using GC TCD 

System HP 6890 Series (Hewlett Packard Development Company, L.P., USA). The Standard Methods 

[10] were used for examining the other parameters, such as pH, COD, TS, and VS. 

 

3. Results and Discussion - Based on the weight loss 

data, in 5M NaOH, the 94.5% loss of bioplastic was 

achieved by incubating for 24 hours. This condition 

performs the optimum condition to treat the bioplastic 

using concentrate NaOH. On the other side, the optimum 

condition for treating the bioplastic using Zn-Ace 

solution was 110 ˚C for 2 hours which achieved 96.8% 

loss. This result was in line with the previous study on 

methanolysis of PLA using Zn(OAc) [9]. The Zn(OAc) 

acts as a catalyst in the methanolysis reaction of PLA to 

produce its monomer (i.e. methyl lactate) [9]. The 

anaerobic digestion performance was evaluated from 

biomethane produced in the system. The biomethane 

yield (mL/gCOD) using NaOH at 37 and 55 ˚C was not significantly different. On the other side, these 

temperatures significantly affect the CH4 yield using Zn(OAc). The Zn(OAc) pretreatment perform the 

best condition on biomethane yield (mL/gCOD) compare with NaOH pretreatment which produced 55.7 

and 10.1 mL/gCOD at 37 and 55 ˚C, respectively. These results were in line with the previous study 

which shows that the right pretreatment of biodegradable bioplastic can reduce the lag time of biomethane 

production [11].  
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4. Conclusions – The biomethane production from pretreated bioplastic, polylactic acid (PLA), was 

shown in this study. The 4 gr/L of zinc acetate in methanol performs the optimum condition on 

pretreating the PLA to produce higher biomethane in a batch system with achieved 55.7 mL/gCOD in 21 

days at 37 ˚C.  
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