Optimum technique for the remover of tar from the gasification of sewage sludge-
Waste to Energy approach
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1. Introduction

Sewage sludge is among the most growing streams of solid wastes with about 75-100 million tons per year across
the globe (Wang et al., 2024). Urbanization, population growth and development of the standard of living are
among other factors enhance the increase of sewage sludge at wastewater treatment plants and challenging
municipal waste management systems. The process of managing sewage sludge involves dewatering, thermal
drying, and stabilization (such as anaerobic digestion, composting, or incineration) to reduce the volume and
organic content before disposal at landfills or agricultural use (Ferrentino et al., 2023). Many countries already
suffering from the shortage of spaces at landfills or dumpsites and others are unable to create new disposal sites
due to demanding regulations (Jani et al, 2016). With the current environmental concerns and climate challenges
valorising sewage sludge via gasification to produce syngas is an attractive solution as sludge has high energy
content of about 3.5 kWh/kg dry sludge (Wang et al., 2024) that can be recovered rather than lost to disposal.
Gasification is a thermochemical process where a biomass is converted to syngas (mixture of Hz, CH4, CO and
CO2) and byproducts (tar, biochar and ash) at high temperatures up to 900 °C, in the presence of a gasifying agent
such as steam or air. The composition of the syngas depends on the characteristics of the feedstock and the
operating conditions of the process, such as temperature, pressure, residence time, and the use of catalysts. While
gasification destroys pathogens, it also recovers energy from sewage sludge and reduce waste volumes.
Gasification can achieve higher energy-conversion efficiencies than many other treatment processes, producing a
very versatile syngas that can be used for heat and power, electricity generation or as feedstock for chemical
synthesis. Gasification also produces a char by-product that can potentially be used as nutrient recovery or soil
amendment.

However, one of the main challenges for syngas quality is tar formation during the gasification process.
Tar is a complex mixture of different organic compounds ranging from one to five ring aromatic hydrocarbons,
polycyclic aromatic hydrocarbons (PAHs) and oxygenated hydrocarbons. Tar formation is unavoidable but it can
either be minimized by adjusting the process conditions or removed downstream using wet scrubbing and thermal
cracking with- and without-catalyst (Abdoulmoumine et al., 2015). This study focuses on a portable, modular
down-draft gasifier, with a capacity of treating 60 — 200 kg/h feedstock, designed to help small communities
convert local waste streams, primarily sewage sludge, into renewable energy. The goal is to optimize the tar
removal from this flexible unit by evaluating the technical, environmental and economic factors of two techniques
water scrubbing and thermal cracking.

2. Material and methods

Laboratory batch scale experiments were performed with sewage sludge and other organic compounds like wood
chips to produce tar using a Nabertherm, tube oven, model: R 120/500/12, shown in figure 1. For the baseline
pyrolysis tests, batches of 90.5 g of wood chips were pyrolysed at 550 °C and held for 3 hours. Tar and condensates
were collected using a water trap downstream of the oven outlet, a water condenser at the oven outlet and by
scraping condensate from the oven leftovers. The physiochemical properties of the tar were analyzed at a
commercial certified laboratory.

Additional batch runs (sewage sludge, wood chips and mixtures) across a range of temperatures and residence
times are underway to generate data for model validation. The two selected tar removal techniques (water scrubber
and thermal cracking) will be simulated using an Aspen Plus software (version 12.1), with the physiochemical
properties from the produced tar as input, to find the optimum operation conditions for obtaining the maximum tar
removal efficiency. Results from the two simulated techniques will be then compared based on technical,
environmental and economic factors.
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Figure 1. Oven used to generate tar during this study.

3. Results and discussion
Early results from the batch experiments of wood chips are shown in figure 2. From the baseline experiments (90.5
g of wood chips, 550 C, 3 h), the recovered biochar mass was 24.9 grams, which mean that about 72% of the wood
chips was converted into syngas and tar. The tar was captured at a water trap, condensed at the oven outlet using
a water condenser and at the oven inner tube as left over. The composition and physicochemical analyses of the
collected tars are ongoing. The final experimental and modelling results will be presented at the conference.
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Figure 2. Tar collected at different stages in the oven.

4. Conclusions

Sewage sludge is one of the main challenges facing the management of municipal solid waste globally. Sludge is
the final sink for all the wastes leaving residential, commercial and industrial sources that is conveyed with
wastewater and accumulated at the wastewater treatment plants. Sewage sludge can be a good candidate for waste
to energy processes like gasification due to energy content. However, tar is challenging the quality of the syngas
and needs to be removed using different methods. In this research, an Aspen Plus models is used to study the
efficiency of removing tar using water scrubber and thermal cracking. Results from the two techniques will be
validated using laboratory experiments and the optimum efficiency will be evaluated based on technical,
environmental and economical factors. An experimental procedure to produce representative samples of tar has
been established. The physiochemical properties of the tar samples will give the necessary input data for the
simulations of the tar removal process optimisation.
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