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A B S T R A C T

Biogas is known as a traditional energy source for off-grid population throughout the world. And currently small-
scale solid oxide fuel cell (SOFC) systems are being promoted for off-grid energy supply. Also, electricity demand
is increasing at a high rate due to the ever-increasing population and technological revolution. Therefore,
promotion of off-grid energy supply needs to be refocused.
The small scale biogas-SOFC is an envisaged modern energy system which can meet both the thermal and

electrical energy demand for off-grid population more efficiently (60% at 800 °C) than currently available
technologies. However, it has been observed that cleaning of biogas could increase the system capital cost by
6–7% and>40% of the overall annual system operating cost. Cost-effective gas cleaning is therefore important
for economic feasibility of the biogas-SOFC energy system.
This review focuses on technical and economic challenges of current commercial and laboratory scale biogas

cleaning technologies. Special focus is directed towards cost mitigation strategies for gas cleaning such as
combined in-situ bioreactor upgrading and application of cost-effective sorbents. The results are useful to ad-
vance implementation of biogas-SOFC systems in off-grid applications in developing as well as developed world.

1. Introduction

Biogas from anaerobic digestion is considered an accessible and
prominent source of energy derived from biomass. Recent research has
proved that biogas usage and development can have a significant
contribution to reduction of global warming potential [1]. Moreover,
controlling the organic waste (water) disposal is of vital importance to
avoid severe public health problems and environmental pollution pro-
blems, and at the same time producing useful fertilizers for agricultural
applications [2].
Worldwide electricity generation from biogas was 331 TWh in 2010

(8% of the total electric energy generated from renewable energy
sources) and it is estimated that this figure could reach 696 TWh (10%
of the total electric energy generated from renewable energy sources)
by 2020 and 1487 TWh by 2035 (13% of total electric energy generated
from renewable energy sources) [3]. Also on a global scale, the installed
bioenergy capacity of 66 GW in 2010 increased with an annual growth
rate of 5% in 2012, and it is estimated that the installed capacity could

grow to 270 GW by 2030 [3]. Since fuel cells are not limited by ther-
modynamic Carnot efficiency [4], they are more efficient than the
current widely applied combustion technologies. Hence, they may play
an important future role in increasing the electricity generation capa-
city from biomass resources.
Currently small scale solid oxide fuel cells (SOFCs) of< 10 kW ca-

pacity are being promoted by a number of companies already [5–8].
Such systems would be suitable to meet the off-grid energy demand for
both developed and developing countries by integrating them with al-
ready existing biogas systems.
Small scale biogas-SOFC energy system (Fig. 1) is seen as the next

off-grid energy generation technology for both developed and devel-
oping countries due to the high efficiency of fuel cells (biogas-SOFC
electrical efficiency of over 50% and 60% for SOFC-combined heat
power (CHP) has been reported in literature) [9]. The working principle
of SOFCs and anaerobic digestion has been recently reported [10].
SOFCs have added advantages as compared to other fuel cell types such
as proton exchange membrane (PEM) to be integrated with biogas due
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