279

© IWA Publishing 2011 Water Science & Technology

|

64.1

|

2011

A new approach to energy-efﬁcient treatment of
wastewater produced by the ﬁsh industry in Vietnam
N. Trautmann, M. Beier, L.-C. Phan and K.-H. Rosenwinkel

ABSTRACT
Economic growth in Vietnam in the last few years has brought about an increasing demand for
energy and has had a severe environmental impact. Fish processing is one of the fastest-growing
industries that discharge organically-polluted wastewater. To counter these environmental
problems, new technologies for energy-efﬁcient treatment are needed. By coupling innovative
nitrogen removal systems with anaerobic treatment processes, it is possible to realise such
technologies. In the present project, a combined deammoniﬁcation and anaerobic carbon removal
system is presented. Special requirements to enable reliable treatment are discussed, taking
industrial wastewater characteristics into consideration. To evaluate energetic efﬁciency, energy
balance calculations based on data from a ﬁsh-processing factory are made. The determined speciﬁc
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energy consumption and production rates show that energy recovery is possible, even when COD
and nitrogen removal efﬁciencies of over 90% are achieved. Depending on the pre-treatment
employed, energy recovery rates ranging from 0.6 to 2.5 kWh/mt raw ﬁsh can be reached.
Key words

| deammoniﬁcation, energy recovery, ﬁsh industry, nitrogen removal

INTRODUCTION
In the last few years, South-East Asia has experienced strong
economic growth leading to an increasing number of industrial zones (IZs) and higher demand for energy. This trend is
supported by the policies opted for, as the announcement of
the implementation of 90 new IZs by 2015 shows (Vietnam
News ).
The growth rate of energy consumption is more than
11% p.a. in Vietnam alone (APC ). Along with this
higher energy consumption, increasing industrial production has a severe environmental impact (pollution of
water bodies, greenhouse gas emissions). Furthermore, the
implementation of strict discharge limitations emphasizes
the need for sustainable wastewater treatment. Regarding
adequate treatment of the wastewater from IZs, there is a
special lack of appropriate technologies for an efﬁcient integrated system for treatment and energy recovery purposes.
Recent development of industrial production in Vietnam
have shown that high-level technologies can also be handled
under local conditions. As the treatment of industrial waste
water is under the industry’s responsibility, it is feasible to
apply advanced treatment concepts. In a joint VietnameseGerman research project funded by the Federal German
doi: 10.2166/wst.2011.471
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Ministry of Education and Research (BMBF) called AKIZ,
such a system for the treatment of wastewater from the
ﬁsh- and seafood-processing industry is to be developed
and evaluated.
The focus of one sub-project is the development of a
sustainable method of treating wastewater from the ﬁshprocessing industry. This branch of industry is the third
largest industry in Vietnam and it has experienced enormous growth in the last few years, as is shown in Figure 1.
In 2008 the total quantity of raw ﬁsh processed was more
than 4.5 mt (FAO ).
These enormous quantities show the high degree of potential pollution that untreated wastewater discharges from ﬁsh
factories into water bodies can be expected to generate.
Taking into consideration the growing demand for energy for
the industrial sector in general and for wastewater treatment
in particular, new energy-efﬁcient treatment systems have to
be developed. This can be done by coupling both approved
and new technologies for carbon and nitrogen removal.
Sander et al. () have shown that, taking certain boundary
conditions into account, the combination of various energyefﬁcient processes can lead to an integrated treatment system.
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Fish production in Vietnam since 1974 (FAO 2010).

State of the art
In the last few decades several investigations have been
carried out on the treatment of wastewater from ﬁsh industries. Various biological systems have been implemented to
provide major treatment facilities, e.g., activated sludge systems, UASB systems, rotating disk reactors, trickling ﬁlters
and lagoons (Chowdhury et al. ). Due to high COD concentrations in raw wastewater, research and practical
technology (e.g. Veiga et al. ; Palenzuela-Rollon et al.
) both focus on the use of anaerobic treatment steps.
But as anaerobic systems don’t remove nitrogen to a signiﬁcant extent, there always has to be an aerobic treatment step
in addition to comply with discharge limits. In Vietnam,
limits of 50 mg/L (TN) and 400 mg/L (COD) have to be
met by ﬁsh-processing wastewater discharges into sewer
systems.
Pre-treatment
The elimination of suspended solids, oil and grease from ﬁsh
factories’ wastewater can be achieved through dissolved air
ﬂotation (DAF), as Genovese et al. () and Steinke & Barjenbruch () have shown. This results in the removal of
organic nitrogen and COD at efﬁciencies of up to 36
and 56%, respectively (Steinke & Barjenbruch ). The
volume-speciﬁc energy input required for DAF ranges from
0.08 to 0.125 kWh/m3 according to Stark et al. () and
Bennoit & Schuster ().
Anaerobic treatment
Anaerobic treatment is a suitable process for COD removal
from ﬁsh-processing wastewater, as various examples in
Chowdhury et al. () show. Although high sodium
concentrations can be inhibiting to anaerobic processes
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(Lefebvre & Moletta ), the latter list various examples
showing that adaptation to high salinity is possible (e.g.
Boardman et al. ; Omil et al. ). The energy input
required is much less than for aerobic treatment as no aeration is necessary. Furthermore energy is recovered through
biogas usage. According to Palenzuela-Rollon et al. ()
it is necessary to eliminate most of the lipid load to permit
a stable anaerobic treatment process with high-rate reactors
(e.g. UASB). The energy consumption for pumping and for
stirring can be assumed to be 0.005 kWh/(m3*mheight) and
0.12 kWh/(m3reactorvolume*day), respectively (Urban ).
Heating can be neglected, because the wastewater temperature is sufﬁcient owing to the climatic conditions in tropical
regions. Methane (CH4) production is 0.35 m3/kg of
CODdegraded with a net caloriﬁc value of 10 kWh/m3 CH4
under standard conditions. The ﬁnal energy output depends
on the chosen technology for energy usage.
Activated sludge systems
Conventional aerobic carbon and nitrogen removal systems
are an appropriate technology for the complete treatment of
wastewater produced by the ﬁsh-processing industry.
Examples of its application can be found in Chowdhury
et al. () and Steinke & Barjenbruch (). The energy
consumption of nitrogen removal by nitriﬁcation/denitriﬁcation is 3.7 kWh/kg N (Beier et al. ). This value
refers to systems to which no external carbon source has
to be added, to compensate a lack of COD in the wastewater
stream. For denitriﬁcation reactors (stirring only) the energy
demand is approx. 0.5 kWh/m3 (Beier et al. ).

POTENTIAL FOR ENERGY EFFICIENT TREATMENT
SYSTEMS
The development of energy-efﬁcient integrated treatment
systems for the combined removal of carbon and nitrogen
from wastewater streams of industrial origin allows more
sustainable protection of water bodies. Wastewater that is
polluted with large quantities of both components mainly
derives from the agricultural product industry.
In the ﬁsh-processing industry a lot of process steps are
executed depending on the end-product. Fish production for
human use includes mainly skinning, washing and ﬁlleting,
besides transportation, weighing and other operations.
Most of the wastewater is produced in washing processes.
As the material is of organic origin, the wastewater is
mainly polluted with lipids and proteins (Gonzalez ).
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Depending on the raw material and the end-product, the
organic pollution can vary signiﬁcantly between factories, as
a list of different wastewater outputs from the ﬁsh-processing
industry in Chowdhury et al. () shows. According to
Carawan (), for overall ﬁsh processing the COD concentrations vary over a range from 300 to 10,000 mg/L with
regard to salmon, catﬁsh, tuna and herring. The variety in pollutant concentration mainly is due to variations in water usage
efﬁciency and raw material inputs and as well.
An example of the characteristics of ﬁsh-processing
wastewater in Vietnam is shown in Table 1. These ﬁgures
arise from investigations at a ﬁsh-processing factory in an
IZ in the Mekong Delta. In the same IZ, the speciﬁc water
consumption per tonne of raw ﬁsh is 3.5–5 m3/t. The
speciﬁc loads in Table 1 relate to water consumption of
5 m3/mt of raw ﬁsh. For the end-product the speciﬁc load
is three times as high.
During the last two decades new processes have been
developed to improve nitrogen removal from highly-polluted
wastewater streams. On the basis of the conventional
nitriﬁcation/denitriﬁcation process a more energy-efﬁcient
approach (energy savings: 25%) has been arrived at by
shortening the nitrogen oxidation chain. This so-called
nitritation/denitritation process has also been implemented
for the treatment of industrial efﬂuent and sub-streams
from municipal treatment plants (Abeling & Seyfried ).
Further energy and carbon savings can be attained by
combining partial nitritation and anaerobic ammonia oxidation (Anamox). This coupled deammoniﬁcation process
Table 1

|

|

64.1

|

2011

(Figure 2) has been the topic of various publications (e.g.
Hippen et al. ; Wett ). Nowadays deammoniﬁcation
systems are implemented in a couple of treatment plants for
highly nitrogen-polluted sub-streams from sludge stabilization units and for leachate treatment.
Due to the absolutely autotrophic nitrogen conversion
process, deammoniﬁcation doesn’t require any carbon
source and is therefore most suitable for wastewater with
low C/N ratios as you ﬁnd in the efﬂuent of anaerobic treatment systems. The lower yield compared to heterotrophic
bacteria reduces sludge growth and disposal costs. As only
50% of the ammonia has to be oxidized, the energy savings
compared to conventional nitriﬁcation/denitriﬁcation are
about 60%. Besides elemental nitrogen (N2) an ∼10% nitrate
output is produced during the Anamox step.
For full-scale applications, 1 and 2 step systems based on
bioﬁlm or suspended sludge have been developed. The nitritation and Anamox processes are implemented in one
reactor or two separate ones. The energy input required
for the full-scale deammoniﬁcation process is ∼1.5 kWh/
kg N, when using energy-efﬁcient units (Beier et al. ).

INNOVATIVE TREATMENT CONCEPT
Based on the waste water characteristic from a ﬁsh processing factory (Table 1) a concept for energy efﬁcient carbon
and nitrogen removal is described.

Characteristics of wastewater from a ﬁsh-processing factory in the Mekong Delta, Vietnam

Conc.
3

Spec. load (5 m /mt)

Figure 2
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COD (mg/L)

BOD (mg/L)

TN (mg/L)

SS (mg/L)

pH (–)

T ( C)

833 (kg/mt)

615 (kg/mt)

540 (kg/mt)

110 (kg/mt)

6.7

28–33.5

4.1

3.1

2.7

0.6

Nitrogen elimination process scheme and equation for Anamox process (Strouss et al. 1999).
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The production of the ﬁsh-processing factory investigated is approx 40 mt/day of Pangasius. That represents
120 mt/day relative to raw ﬁsh-processing, this being responsible for 492 kg/day of COD and 324 kg/day of the TN load
in the wastewater stream of 600 m3/day.
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Most experience with the deammoniﬁcation process for
wastewater with a high nitrogen content has been obtained
from municipal sludge liquor treatment. In contrast to this
experience, the requirements for the biological treatment
of wastewater of industrial origin are much more complex.
Sludge liquor production mainly depends on the quantity
of stabilized sludge and the nitrogen content exhibits only
small changes, whereas in the ﬁeld of industrial wastewater
there may be changes in the quantity and the degree of pollution due to changes in the production process (e.g. raw
material, campaign-based production, shifts).

concentration in waste water varies in a wide range between
factories, different anaerobic reactor types can be applied. In
this work an anaerobic CSTR with sludge recycling is applied.
In the anaerobic treatment step, the energy potential of
the wastewater stream can be used for biogas production,
without considering the carbon demand of a downstream
nitrogen elimination step. The deammoniﬁcation process
enables the anaerobic reactor to be operated in a fashion
that is optimized for biogas generation. If there are any anaerobically non-degradable wastewater constituents – and also
in the event of the anaerobic reactor being affected by failures in operation – it may be necessary to implement
another carbon elimination step. The latter can be operated
under anoxic (denitriﬁcation) or aerobic conditions. To
establish denitriﬁcation it is necessary to recycle the nitrate
in the Anamox process efﬂuent. With this measure the nitrogen removal efﬁciency of the whole system can be improved
as well. Through the oxidation of substances possibly inhibiting the nitrifying and Anamox bacteria, the aerobic or
anoxic carbon removal system also works as a barrier. The
ﬂowchart of the system described is presented in Figure 3.

Description of the coupled process

Energy recovery and utilization

Anaerobic treatment technology for carbon removal and
deammoniﬁcation for nitrogen removal are two established
processes that allow energy-efﬁcient treatment. By combining
these technologies, an optimum in energy savings and energy
recovery can be obtained. A DAF might by necessary to
separate lipids, before anaerobic treatment. As the COD

In the overall process of production and wastewater treatment, many possible sinks and sources of energy (heat and
electricity) can be identiﬁed. When applying a coupled
carbon-nitrogen removal process, the energy system gets
more complex, because with the production of biogas,
another ﬂexible energy source is included.

Coupling of anaerobic and aerobic systems
Requirements for the coupled process

Figure 3

|

Coupled nitrogen/carbon removal and energy recovery system.
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The energy carrier biogas can be used for heat and
electricity generation, with technologies that have been
state-of-the-art for years. The efﬁciency of conventional cogeneration units is ∼50% as regards heat and 35% as regards
electricity. Waste heat can be used for heating in production
processes and for cooling as well. When applying an adsorption refrigerator 60–70% of the introduced heat can be
gained as cooling energy. One kWh of cooling energy represents an electricity consumption of 0.63–0.76 kWh only,
because evaporation chill in coldness production has to be
considered. With the growth of agricultural production of
biogas, more efﬁcient technologies for methane enrichment
have been developed. They allow methane to be utilized as
a substitute for natural gas or liquid fuels (Pölz & Salchenegger ).
Energy balancing
The energy-related evaluation of the proposed coupled treatment system will be carried out by balancing energy streams.
These include electricity consumption with the speciﬁc
values mentioned above and energy production based on
anaerobic carbon elimination. For the production of electricity a co-generation unit is assumed, as it is the most
favoured technology. As heat isn’t used in the production
and treatment process, the generation of cooling energy
through absorption refrigeration is calculated. As pre-treatment with DAF is recommended for anaerobic systems,
two variants with and without DAF have been calculated.
For nitrogen removal a 2-step system with upstream denitritation as shown in Figure 3 is considered. The recycling

Table 2
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stream from the Anamox reactor’s efﬂuent into the anoxic
zone is calculated on the basis of the carbon available in
the anaerobic reactor’s efﬂuent and the nitrate concentration in the recycling stream. Heating for the anaerobic
and Anamox processes is neglected due to the climatic conditions in southern Vietnam. In the variant with DAF, the
disposal of the solids separated off is not included in the
energy calculations.

RESULTS
The energy consumption and production values calculated
for the proposed combined treatment system are shown in
Table 2. All energy values are based on the assumed removal
rates.
The calculation shows that with the coupled anaerobic/
aerobic system the energy content of the generated biogas is
higher than the energy consumption of the overall system.
This can be observed in the variants with and without
DAF. Taking the efﬁciency of the co-generation unit into
consideration, electricity consumption is higher than electricity production. As the off-heat isn’t needed in the
wastewater treatment system, it can be used in production
processes for cooling as well.
The utilization of a DAF unit leads to a smaller C/N
ratio in the wastewater stream. This reduces energy recovery
through biogas, while energy consumption for nitrogen
removal doesn’t decrease by the same amount. A high
degree of energy recovery through biogas utilization is
only possible in combination with the deammoniﬁcation

Energy balance based on removal rates of the coupled system and on the following loads: COD ¼ 492 and TN ¼ 324 kg/d; Q ¼ 600 m3/day (variant based on DAF in brackets)

Anaerobic C elimination

DAF

COD removala

[%]

(30)

N removal

[%]

(15)

Biogas generation

kWh/day

–

1,394 (976)

–

–

–

Heat productionb

kWh/day

–

697 (488)

–

–

–

697 (488)

Cooling energy
productionc

kWh/day

–

324 (226)

–

–

–

324 (226)

Electricity
productionb

kWh/day

–

488 (342)

–

–

–

488 (342)

Energy
consumption

kWh/day

(60)

72 (72)

80 (56)
–

Anoxic zone

Partial nitritation

18 (12)

–

5 (3.5)

–

20 (20)

400 (337)

a

2% non-biodegradable.
Efﬁciency of co-generation unit: 35% electricity, 50% heat.

b
c

Electricity equivalent, efﬁciency of adsorption refrigerator: 65% of heat, efﬁciency of compression refrigerator: 140% of electricity.
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Anamox

Overall performance

Unit

98 (98)
86 (75)

20 (20)

91 (93.5)
–

512 (500)

g

300 (68)
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Speciﬁc electricity consumption, production and recovery of electricity and
cooling energy (based on raw ﬁsh)

Energy in kWh/mt

Without DAF

With DAF

Consumption

4.3

4.1

Production

6.8

4.7

Recovery

2.5

0.6
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on marine and agricultural production, the presented technology offers a solution to satisfy the growing demand for
energy and at the same time fulﬁl the need for industrial
wastewater treatment.
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The raw ﬁsh-speciﬁc energy consumption of the wastewater
treatment system is presented in Table 3. Considering the
quantity of 4.5 million tonnes of ﬁsh processed in Vietnam
in 2008, it shows that there is a huge potential for recovery
of energy out of ﬁsh-processing wastewater, as long as
electricity and cooling energy from biogas is used. By optimizing biogas utilization and solving the nitrogen removal
problem this energy can be used as a direct substitute for
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CONCLUSIONS
The present paper shows that suitable processes exist for
accomplishing energy-efﬁcient treatment of organicallypolluted wastewater from the ﬁsh industry. For the shown
example the combination of anaerobic treatment (CSTR)
with an innovative nitrogen removal system, such as
deammoniﬁcation, allows a positive energy balance to be
attained for the overall treatment system. Without pretreatment by DAF, the energy recovery potential is even
higher. Due to the low efﬁciency of the current technology
for electricity generation it is presently not possible to
cover the total demand of the treatment system. The whole
potential can only be utilised, when co-generation’s off
heat it used for cooling. Taking the expected growth of the
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greenhouse emissions, for the treatment of ﬁsh-processing
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