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Abstract

This paper presents the results of a study on a multi-stage hybrid biomass–charcoal gasi�cation to produce low tar content
gas for engine application using coconut shell as a fuel. The performance of a gasi�er-engine system consisting of the hybrid
biomass–charcoal gasi�er, a gas cleaning=cooling system and a diesel engine is also discussed.
The lowest tar content found in hybrid coconut shell-charcoal gasi�cation was 28mgNm−3. Using a spray tower, producer

gas could be cooled down to 40
◦
C; almost tar-free gas was obtained after cooling the producer gas from the hybrid gasi�er

system. A three-cylinder Perkins diesel engine was tested at a constant speed of 1500 rpm on diesel alone and dual fuel
modes of operation. A maximum of 81% of the total heat energy input was replaced by the producer gas at an electricity
generation of 11:44 kWe. c© 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Tar is the most undesirable contaminant of producer
gas for engine application. Although tar can be re-
duced by auxiliary systems such as scrubbers, these
are normally expensive and bulky. Besides, the gas
cleaning system produces wastewater that contains
carcinogenic substances and may need further treat-
ment before disposal. Therefore, one of the major ar-
eas for future gasi�er development will be the design
of gasi�ers that produce a raw gas of very low tar
content.
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Each type of gasi�er has di?erent reaction con-
ditions and consequently di?erent tar compositions
and production rates. Reported tar yields range from
10 to 100 gm−3 of gas for updraft gasi�er [1–4]
and 50–500mgm−3 of gas for downdraft gasi�er
[1,5,6]. Required gas cleanliness standards for suc-
cessful gasi�er-engine systems is recommended from
10mgNm−3 to less than 1mgNm−3 [7,8]. Thus,
even the best design of conventional downdraft gasi-
�er produces tar that is 50 times higher in concentra-
tion than is desirable. Even after elaborate cleaning
producer gas normally has tar content well above the
desirable upper limit. Tar concentrations in cleaned
gas using high eCciency scrubber systems found in
practical gasi�er systems has been reported to be
70–75mgNm−3 [9].
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