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1. Introduction

Consumption of fossil fuels is increasin
for energy (Siddique et al., 2015a). A num
fineries have been established to satisfy th
2016). A huge quantity of wastewater is ge
troleum refining process, which includes
desalting, distillation, hydro-treating and w
et al., 2016). It has been reported that 3.5e
wastewater (PWW) is produced per ton of c
and Fan, 2016). As it carries a variety of impu
PWW can pose severe health risks to the
et al., 2015). Additionally, PWW has a hig
mand that can generate hazardous pollut
(Siddique et al., 2014).

Anaerobic co-digestion (ACD) is a c
anaerobic wastewater treatment method
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a b s t r a c t

This work investigates th
methane generation from
sludge. The results reveale
produced approximately 0
dividual digestion of petro
0.17 L CH4/g VSadded, resp
e32% relative to individua
the waste sludges before
methane generation by 5
activated sludges. The max

VSadded, were attained from th
and petrochemical wastewate
fluence of microwave pre-trea
for waste management.

g due to high demands
ber of petroleum re-
is demand (Guo et al.,
nerated during the pe-
systems for crude oil
ater cooling (Siddique
5 m3 of petrochemical
rude oil refined (Zhang
rities, direct disposal of
environment (Uddeen
h chemical oxygen de-
ion in the waterbodies

ommercially attractive
because the cost of

dique).
aim, Zularisam Bin Abdul Wahid
k, 26300, Gambang, Kuantan, Pahang, Malaysia

mbined influence of ultrasonic and microwave pre-treatment on bio-
aerobic digestion of petrochemical wastewater and waste activated
at co-digestion of waste activated sludge with petrochemical wastewater
L CH4/g VSadded. However, the highest bio-methane generations from in-
mical wastewater and un-pretreated waste activated sludge were 0.19 and
ely. In addition, co-digestion enhanced bio-methane generation by 18%
estion of the wastes. Using microwave and ultrasonic pre-treatments on
co-digestion process resulted in supplementary enhancement of bio-
nd 25%, respectively, relative to co-digestion with un-pretreated waste
m biogas and bio-methane productions, 0.47 L/g VSadded and 0.33 L CH4/g
e co-digestion of 30-min microwave pre-treated waste activated sludge
r, respectively. The scientific contribution of the present work on the in-
tment may play a role in the development of an energy-efficient strategy
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heating, maintenance, and operation may be counterbalanced by
methane production (Serrano et al., 2013). In addition, the anaer-
obic process does not require an aeration phase that can consume
up to 50% of total energy input to organic wastewater treatment
systems (Serrano et al., 2015). Therefore, several research works
have assessed anaerobic processes for the treatment of organic
wastewaters (Neumann et al., 2015). In particular, current works
have focused on co-digestion, i.e., the simultaneous degradation of
varying organic substrates in a single digester, in order to produce
more bioenergy (Koch et al., 2016). As to petrochemical residues, a
plentiful resource, ACD technology is the most applied “waste-to-
energy” method (Pan et al., 2015). The feedstocks most frequently
used in anaerobic co-digestion are animal manure, municipal
waste, industrial waste, food waste, energy crops and agricultural
wastes (Aboudi et al., 2016).

Earlier researchers had reported that individual digestion of
petrochemical wastewater was relatively ineffective (Lakatos et al.,
2014). Specifically, hydrolysis is the key phase in which waste is in
particulate form (Aboudi et al., 2015). Nevertheless, if feedstock
waste is cellulose-poor, anaerobic digestion is controlled by
methanogenesis, rather than hydrolysis (Harsono et al., 2014). The
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