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1. Introduction. Anaerobic digestion is an efficient energy-generation process converting an organic 

material in an energy-carrying gas, known as biogas, and a solid residue (digestate) [1]. To date, the solid 

by-product was mostly used in agriculture for soil amendment [2]. The enhanced number of biogas plants 

and the polluting potential of the generated digestate necessitate the development of sustainable, 

economically attractive and safe techniques for the treatment and utilisation of the digestion waste.  

Pyrolysis constitute an attractive alternative for digestate handling. The number of applications of the 

generated biochar could improve the economics of an anaerobic digestion plant [3]. Biochar reduces soil 

erosion and can partially substitute the inorganic fertilizers due to its nutrients content, whereas preserves 

water quality by hindering nutrient leaching. Due to the porous morphology, biochar promotes anaerobic 

digestion microorganisms’ activity and thereby it can also be used as a supporting agent in a digester for 

enhancing the efficiency and shortening the instable start up period [4]. On the other hand, the generated 

pyrolysis oil contains a great amount of organic substances that can potentially be used for production of 

fuels and chemicals.  

In the present study, the solid by-product of an industrial biogas plant operating with agricultural residues 

under mesophilic conditions was treated by means of isothermal pyrolysis under three different 

temperatures of 300-500 °C to investigate the effect of pyrolysis conditions on biochar and biooil 

properties. 

2. Experimental. A fixed-bed pyrolysis reactor was used for the tests. Samples were dynamically heated 

with a rate of 10 °C/min to a target temperature where maintained for 180min. The generated solid and 

liquid fractions were collected and the gaseous product was continuously measured over the entire 

process. The feedstock, biochars and condensates were characterized by means of proximate, elemental, 

AAS and GC-MS analysis. Thermogravimetry was employed for the kinetic evaluation of pyrolysis of 

digestate over the temperature range of 30-1000 °C. 

3. Results and Discussion. Pyrolysis of digestate proceeded in a similar manner at the various heating 

rates and concurrently biochar yields were not appreciably affected when the heating rate altered from 5 

to 20 °C/min. Three independent, parallel, first order reactions were required for the simulation of 

digestate pyrolysis behaviour.  

Biochar yields were reduced at higher temperatures. In contrast, temperature increment from 300 to 500 

°C promoted liquid and gas generation. Increasing pyrolysis temperature led to greater proportions of 

fixed carbon in biochar. Alkalinity augmented with pyrolysis temperature, underlying a superior catalytic 

performance of the high-temperature biochars inside a digester. Porosity and surface area enhanced with 

increasing temperature.  

Phenols were dominant in the bio-oil produced by digestate’s pyrolysis. Furans proportion was almost 

stable for all bio-oils suggesting that the sum of lignin-derived benzofuran and the lignocellulose- and 

cellulose - derived furan remains stable regardless of the pyrolysis temperature. A very small amount of 

ketones appeared in bio-oils. Oxazole, pyridine and indole were the most dominant N-containing 

compounds in bio-oil produced at 300 °C, indole for bio-oil generated at 400 °C, and pyrolle for the 

liquid produced at 500 °C. From the non-condensable gases released by pyrolysis of digestate hydrogen 

and methane were increased as the temperature raised. 

4. Conclusions. Thermochemical conversion of digestate generated a stable material that can be used as 

soil amendment and agent that improves anaerobic digestion.  The highest-temperature biochar was the 

optimal choice for soil amelioration whereas displayed the properties that are suitable for the 

improvement of methane yields in an AD system.  
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