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• State-of-the-art sludge reduction tech-
nologies were reviewed.

• Advantages and disadvantages of
sludge reduction technologies were
discussed.

• Free nitrous acid technology seems
good in wastewater treatment line.

• Thermal pretreatment and TPAD are su-
perior in sludge treatment line.

• Future perspectives of sludge reduction
technologies were elucidated.

G R A P H I C A L A B S T R A C T

a b s t r a c ta r t i c l e i n f o

Article history:
Received 9 January 2017
Received in revised form 20 February 2017
Accepted 25 February 2017
Available online xxxx

Editor: Jay Gan

This review presents the state-of-the-art sludge reduction technologies applied in both wastewater and sludge
treatment lines. They include chemical, mechanical, thermal, electrical treatment, addition of chemical un-
coupler, and predation of protozoa/metazoa in wastewater treatment line, and physical, chemical and biological
pretreatment in sludge treatment line. Emphasis was put on their effect on sludge reduction performance, with
10% sludge reduction to zero sludge production in wastewater treatment line and enhanced TS (total solids) or
volatile solids removal of 5–40% in sludge treatment line. Free nitrous acid (FNA) technology seems good in
wastewater treatment line but it is only under the lab-scale trial. In sludge treatment line, thermal, ultrasonic
(b4400 kJ/kg TS), FNA pretreatment and temperature-phased anaerobic digestion (TPAD) are promising if path-
ogen inactivation is not a concern. However, thermal pretreatment and TPAD are superior to other pretreatment
technologieswhen pathogen inactivation is required. The newwastewater treatment processes including SANI®,
high-rate activated sludge coupled autotrophic nitrogen removal and anaerobic membrane bioreactor coupled
autotrophic nitrogen removal also have a great potential to reduce sludge production. In the future, an effort
should be put on the effect of sludge reduction technologies on the removal of organic micropollutants and
heavy metals.
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1. Introduction

Biological wastewater treatment plants (WWTPs) have been
employed throughout theworld to treatmunicipal wastewater. Despite
the fact that it is efficient in removing organics, large amounts of excess
sludge are generated. For example, the average annual production of ex-
cess sludge is 3millionwet tons in Australia, and 240millionwet tons in
Europe, USA and China combined (Pritchard et al., 2010). The main
methods for sludge disposal have been and still are landfill, agricultural
use and incineration, all incurring very large costs (e.g. $30–70 per wet
ton in Australia and €30–100 per wet ton in Europe) (Batstone et al.,
2011). Therefore, reducing sludge production in WWTPs has become a
hot topic for both practitioners and researchers.

The excess sludge can be classified into primary sludge and second-
ary sludge (or waste activated sludge, i.e. WAS) (Metcalf and Eddy,
2003). Primary sludge is the sludge composed of settleable solids re-
moved from raw wastewater in primary settler. WAS is the sludge pro-
duced by biological process such as activated sludge process. WAS
mainly consists of bacteria growing on organic and inorganic sub-
stances, extracellular polymeric substances (EPS) excreted by bacteria,
recalcitrant organics originating from wastewater or formed during
bacterial decay, and inorganics from wastewater. In general, the biode-
gradability of primary sludge is high and thus it would be quite difficult
to further enhance its degradation through pretreatment technologies
(Carrere et al., 2010). In contrast, WAS has low biodegradability
(Carrere et al., 2010). Therefore, lots of technologies have been devel-
oped to reduce WAS production.

For the time being, technologies for achieving sludge reduction can
be divided into two types, (a) reducing sludge production in wastewa-
ter treatment line, and (b) achieving sludge reduction in sludge
treatment line (see Fig. 1). In general, they are not implemented

simultaneously in the same WWTP. For instance, reducing sludge pro-
duction in wastewater treatment line is applied in the small WWTPs
where anaerobic digesters do not exist, whereas achieving sludge re-
duction in sludge treatment line is implemented in the large WWTPs
with anaerobic digesters (Perez-Elvira et al., 2009; US EPA, 2011).

The commonly used approach for reducing sludge production in
wastewater treatment line is to implement technologies to treat return
activated sludge, which is then recirculated to themain-streambioreac-
tor for further biodegradation (see P1 in Fig. 1). These treatment tech-
nologies include chemical treatment, mechanical treatment, thermal
treatment and electrical treatment (Camacho et al., 2005; Heinz, 2007;
Mohammadi et al., 2011; Wang et al., 2013a; Semblante et al., 2014;
Romero et al., 2015). They cause cell lysis with subsequent release of in-
tracellular and extracellular substances, which become substrate avail-
able for biodegradation (van Loosdrecht and Henze, 1999; Hao et al.,
2010), whereby sludge reduction is achieved. In addition to the treat-
ment technologies, the other technologies for reducing sludge produc-
tion in wastewater treatment line include addition of chemical un-
coupler, and predation of protozoa and metazoa (Feng et al., 2014;
Basim et al., 2016; Xiao et al., 2016; Zhu et al., 2016).

In the sludge treatment line, sludge is subject to thickening, stabili-
zation, dewatering and final disposal. Anaerobic digestion is the most
commonly used sludge stabilization method, which is used to reduce
the mass of sludge (Appels et al., 2008). However, anaerobic digestion
is generally limited by the poor biodegradability of WAS (Appels et al.,
2008; Wang et al., 2013b). Therefore, analogous to the technologies ap-
plied in wastewater treatment line, a number of pre-treatment technol-
ogies have been integrated into the sludge treatment line before
anaerobic digestions to achieve sludge reduction (P2 in Fig. 1). They in-
clude physical pre-treatment, chemical pre-treatment and biological pre-
treatment (Ge et al., 2011; Bolzonella et al., 2012; Abelleira-Peraira et al.,

2 Q. Wang et al. / Science of the Total Environment xxx (2017) xxx–xxx

Please cite this article as: Wang, Q., et al., Technologies for reducing sludge production in wastewater treatment plants: State of the art, Sci Total
Environ (2017), http://dx.doi.org/10.1016/j.scitotenv.2017.02.203

http://dx.doi.org/10.1016/j.scitotenv.2017.02.203


Download English Version:

https://daneshyari.com/en/article/5751608

Download Persian Version:

https://daneshyari.com/article/5751608

Daneshyari.com

https://daneshyari.com/en/article/5751608
https://daneshyari.com/article/5751608
https://daneshyari.com

