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Abstract

place of fresh water in water resources like rivers,

In present a large variety of effluents is available

lakes, ponds etc. because of lack of recycling and

which is the result of exhaustive use of fresh water

mixing of drained water to fresh water resources.

forms and human activities. The energy generation

Various methods and technologies are in use for

from carbohydrate rich effluents is a very fruitful

energy recovery from effluents but most of them are

approach in the present era when energy demand is

expensive due to high energy consumption or use of

enhancing day by day with population growth.

expensive chemicals and instruments in the recovery

Domestic as well as industrial discharge is taking

process.
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technologies used in energy recovery process from

implemented using synthetic wastewater (WW) or

carbohydrate

the

single substrates, are not practically successful for

challenges faced during the energy recovery process.

treatment of real contaminated water forms [1]. The

There are various methods including aerobic and

basic obligation is the treatment of WW in such a

anaerobic digestion (AD) for methane and biogas

way so that the contaminants recovered, could also be

production, bio solid incineration for bioelectricity

utilised further.

rich

effluents

(CREs)

and

production and bio-electrochemical system (BES) for
bio-hydrogen, methane and bioelectricity generation.

In modern scenario WW cannot said to be a waste
but it is a rich source of organic matter along with

Keywords: Energy recovery; Carbohydrate rich

other nutrients and metal ions due to which it can be

effluents; Bioelectricity; Biohydrogen; Anaerobic

utilized for energy production [2]. There are various

digestion; Wastewater treatment

sources of organic rich WW like domestic WW [3],
sewage sludge [4], dairy WW [5, 6], winery WW [7],
petha WW [5, 8-11], phenolic WW [12], palm oil

Abbreviations:
AD - Anaerobic digestion; DF- Dark fermentation;
MFCs- Microbial fuel cells BOD- Biochemical
oxygen demand; WW-Wastewater; SS- Sewage
sludge; CREs- Carbohydrate rich effluents; MECsMicrobial electrolysis cells; HFCs- Hydrogen fuel
cells; BES- Bio-electrochemical systems; MDCs-

mill effluent [13], slaughter house effluent [14],
medicine WW [15], glycerol/ethanol rich WW [16].
Most of these WW forms are rich in carbohydrates,
nitrogen, phosphorous and other nutrients. The
revival

of

these

value-added

products

seems

profitable due to their high cost and need of pollutant
free water for drinking purposes. WW being presence

Microbial desalination cells

of complex constituents, a single pretreatment
method is not adequate for its treatment and energy

1. Introduction
As we all know that water is a basic obligation of life
and without water one cannot think about life. But
the

human

deeds

and

advancement

in

industrialization ensued in enhanced amount of water
along with air pollution. No one is unaffected by air
and water pollution, even most of us are facing
various diseases due to use of contaminated water.
Water being the major constituent of our body,

recovery. A number of physical, chemical and
biological methods are required separately or
combinely for effective and complete WW treatment.
It is obvious that the highly recovered products from
WW are mainly biohydrogen and bioelectricity but
now work is in progress for recovering various
metals as well as chemicals using advanced
technologies.

always accountable for our health issues. The major
setback of present research is that most of the
technologies are limited to lab scale and not fit to use
in

actual

situation.

Experiments,

which

were

The aim of this review is to present a short and
concise view on various methods/technologies used
for WW treatment and energy recovery from
carbohydrate rich effluents (CREs) in the form of
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value added products along with difficulties faced

information about CREs, their sources, type of

during the treatment process.

energy products and technology used for recovery
process. It can be observed from Table 1 that AD and

2. Carbohydrate rich effluents (CREs)

DF are traditional biological processes for energy

2.1 Types of CREs

recovery in the form of biohydrogen, biogas,

Discharge from various food processing industries is

methane, and bioethanol whereas bio-electricity

rich in carbohydrates and its suitable bioprocessing

generation can be attained by bio-electrochemical

has resulted in recovery of many valuable co-

processes (MFCs and MECs) and nutrient recovery is

products. There is a large variety of CREs which is

accomplished by membrane ultrafiltration, reverse

potent enough to produce energy products in the form

osmosis, forward osmosis, and electro-dialysis [16].

of fuels and bioelectricity. Table 1 represents brief

Types of effluents

Sources

Techniques/methods

Recovered

used

products

DF (Thermophilic)

Hydrogen

[18]

Sugar industry

DF

Biohydrogen

[19]

Sugar mill

MFC

Bioelectricity

[20]

Starch industry

MFC

Electricity

[21]

Beer industry

MFC

Electricity

[22]

DF and biological

Biohydrogen

Cheese whey wastewater

Cheese

(CWW)

processing

Energy

References

industry
Distillery

spent

wash

(SPW)
Sugar

mill

effluent

(SME)
Starch

processing

wastewater (SPW)
Beer brewery wastewater
(BBW)
Olive

mill

wastewater

(OMW)
Dairy

Olive

oil

industry
wastewater

Dairy

or

milk

AD and DF

industry

Food industry effluents

Food processing

bio-processing

(FIE)

industry

technologies

Poultry

processing

[23]

bioethanol

(DWW)

Poultry

and

Biohydrogen, biogas &

[5, 6]

bioethanol
Biohydrogen

[24]

Membrane ultrafiltration

Protein

[25]

[4, 26]

wastewater (PPW)

processing plant

Sewage sludge (SS)

Wastewater

Hydrothermal

Hydrochar, bio-plastic

treatment plant

carbonization

(poly-hydroxy-
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alkanoate)
Sugarcane

bagasse

Sugarcane juice

hydrolysate (SBH)

industry

Petha wastewater (PWW)

Petha

separately and with rice

industry

sweet

DF

Biohydrogen

[27]

MFC and AD

Bio-electricity,

[9, 10, 11]

biohydrogen, methane

straw

and ethanol

Domestic

wastewater

Domestic use

AD

Biohydrogen

[3]

(DW)

Table. 1: Carbohydrate rich effluents, their sources, techniques used and recovered energy products.

2.2 General composition of CREs

seedy plants, ferns and mosses) and animals [29].

Generally, chemical composition of WW comprises
of 70% organic and 30% inorganic compounds

2.3 Characterisation values of some CREs

addition with various gases. The organic matter

General characterisation of WW can be accomplished

present in WW is mainly in the form of

by analyses of physical and chemical considerations.

carbohydrates, proteins, and fats. Inorganic mater

Colour, odour and turbidity are physical factors

includes

whereas pH, alkalinity, total organic carbon (TOC),

phosphorus,

chlorides,

heavy

metals,

nitrogen, sulphur, calcium carbonate alkalinity etc.

biochemical

Various gases commonly dissolved in WW are

oxygen demand (COD), total suspended solids (TSS),

hydrogen sulphide (H2S), methane (CH4), ammonia

total dissolved solids (TDS), conductivity, nitrogen,

(NH3), oxygen (O2), nitrogen (N2) and carbon-

phosphorus, heavy metals, volatile solids (VS), fats,

dioxide

is

oil and grease and gases are chemical parameters.

encompassed of various micro-organisms from

Different types of CREs along with their typical

various groups and families i.e., Protista (bacteria,

physical and chemical properties are listed in Table 2.

(CO2)

[28].

Biologically,

WW

oxygen

demand

(BOD),

chemical

algae, fungi and protozoans), plants (liverworts,

CREsɸ

pH

COD

BOD5

TS

TDS

TSS

VS

Alkalinity

(mg/L)

(mg/L)

(g/L)

(g/L)

(g/L)

(g/L)

(mg/L)

References

DWW

3.3

4705

1800

43.62

5.3

38.32

39.84

-

Self

PWW

12.3

5882

580

5.44

5.22

0.22

1.64

2400

[9]

DW

-

740

350

-

-

450

320

1850

[3]

POME҂

4.2

51000

25000

-

-

18000

-

-

[30]

OMW

4.8

132300

-

41.8

-

-

36.8

-

[13]

SHE*

5.3-6.8

58000-

2200-

-

-

2.4-4.7

-

-

[14]
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201500

9800

PPW

5.65

858.2

-

1.17

SME

7-7.2

7210

2850

-

CWW

3.3-9

800-

600-

102000

60000

110000-

50000-

190000

60000

1096-

1609 –

1.29

8926

3980

12.25

9080-

4750-

7.3-117

135000

42000

SPW

BBW

OMW

3-4.5

4.6-7.3

4.2-6.8
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-

-

-

[25]

1.87

0.318

-

550

[20]

-

-

0.1-22.0

-

-

[18]

110-190

25.45

13-15

80-120

-

[19]

-

0.53

500- 10000

[22]

-

[23]

–

-

–

1.83

–

3.73

4.64

-

7.1-94.3

Table. 2: Summarising various physical and chemical parameters of different CREs.
ɸAbbreviations

used and explained in table 1, BOD3, ҂Palm oil mill effluent, *Slaughterhouse effluent

It can be observed from the table that most of the

3.1.1 Bio-solids incineration: Prior to reuse or

CREs are acidic in nature (pH ~ 3-6.8) except PWW

disposal, treatment of WW sludge is must to diminish

and SME, these acidic nature effluents are not

odours and also remove disease-causing agents and

suitable for biological treatment (aerobic and

resulted sludge is then referred to as bio-solids. Bio-

anaerobic digestion), so extra efforts are required for

solids are high water containing materials and are

their treatment. Most of the CREs had very high

habitually dewatered prior further treatment or

COD (4000-201500 mg/L) and BOD (500-60000

dumping [31]. Bio-solids immolation is an effective

mg/L) values (except DW and PPW), which is

operation with electricity generation and has potential

another aspect of effluent treatment because COD

for significant energy recovery from CREs. Multiple

removal is requisite to make the WW reusable. Other

hearth furnaces and fluidized bed furnaces are two

factors like TS and TDS are also included in WW

equipment options, commercially available for bio-

treatment practice which may be improved by various

solids immolation [32]. Bio-solids are incinerated in

techniques.

multiple stages in hearth furnaces, to dry entering
bio-solids by hot air recycle and recover the hearth

3. Methods and technologies used for energy

generation by reduction of arriving moisture.

recovery from WW

Fluidized bed furnaces (usually more proficient,

3.1 Common methods used

secure and at ease to operate as compared to multiple

A number of methods have been operated for WW

hearth furnaces) are newer technology but are applied

treatment and energy products recovery; some of

only for continuous operations. Cleaning of exhaust

them are as follows:

gases is obligation in both technologies to avoid
emissions of particulates, stink, nitrogen oxides
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(NOx), acid gases, hydrocarbons (methane, propane

present in CREs. In the process, protons (H +) act as

etc.) and heavy metals (Cu, Cr, Cd, Fe etc). Using

electron receiver to balance the negatively charged

both furnaces, a steam cycle power plant can be

electrons which are generated by oxidation of organic

directed by bio-solids ignition. From where the high

matter and resulted in molecular hydrogen production

temperatura is to steam that steam then turns a

[34]. Table 1 depicts various energy products

turbine connected to a generator, resulted in

recovered from a variety of CREs and their sources.

production of electricity [33].
A number of anaerobic species are capable in energy
3.1.2

Anaerobic

digestion

(AD)

and

dark

production

from

WW,

some

of

them

are

fermentation (DF): AD is an anaerobic, native

Saccharomyces sp., Clostridium sp., Actinomyces sp.,

microbial process, usually occurs in marshes,

Eubacterium sp., Lactobacillus sp., Porphyromonas

sedimentary lakes, municipal landfills and in

sp. Methanothermobacter sp., Methanobacterium sp.,

ruminant abdomen. This leads the microbe assisted

Methanococcus

transformation of organic matter present in WW to

Methanopyrus sp., Methanospirillium sp., etc. [35].

sp.,

Methanomicrobium

sp.,

valuable energy products in absence of oxygen. AD
comprise a sequence of biochemical reactions

3.1.3 Aerobic digestion: It is rarely used method for

namely, hydrolysis, acidogenesis, acetogenesis and

rescue of energy products but extensively used for

methanogenesis [32]. AD can be applicable on a

WW treatment and removal of pollutants. In aerobic

large variability of effluents; industrial WW, CREs,

digestion procedure, organic matter present in WW is

DW, sewage sludge etc. for treatment process along

degraded by microbes in presence of molecular

with energy recovery. AD is influenced by various

oxygen. Aerobic digestion of activated sewage sludge

factors (temperature, substrate loading rate, pH value,

leads to 80-85% COD removal [36].

C/N ratio and concentration (conc.) of other nutrients.
Temperature ranges 25-35 0C and pH 7 is appropriate

A large variety of aerobic microbial species are

for AD with varying conc. of other nutrients

utilised for degradation of different pollutants and for

corresponding to the nature and composition of WW.

recovery of energy products, some of them are

Temperature dependant AD is categorized in three

Pseuodomonas sp., Acinetobactor sp., Alcaligenes

0

major classes: ambient (15-30 C), mesophilic (32-39

sp., Corynebacterium sp., Nocardia sp., Arthrobactor

0

sp., Mycobacterium sp., Clostridium sp., Candida sp.

0

C) and thermophilic (50-64 C) [1].

and Gibeberella sp. etc. [35]. Various aerobic
DF is a part of AD process in which gases

microbial

(biohydrogen, methane and carbon dioxide) and

Azotobacter chroococcum and Aspergillus niger were

VFAs production from wastes takes place in lack of

used for phenol removal from WW with 35-64%

light and oxygen by microbial activity. It involves the

COD removal for Aspergillus niger, 12% phenol

obligate

removal was obtained from OMW by a fungus

and

facultative

anaerobes

(hydrogen

producing bacteria) to breakdown the organic matter

species

Phanerochaete

International Journal of Plant, Animal and Environmental Sciences
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Geotrichum

chrysosporium

candidum,

[37].

Vol. 11 No. 3 – September 2021

Aerobic
428

Int J Plant Anim Environ Sci 2021; 11 (3): 423-442

DOI: 10.26502/ijpaes.202113

digestion of CWW was found useful for biohydrogen

matter of WW is oxidised in the anodic chamber and

production [18].

electrons are transmitted to the cathode chamber.
Various species of anodophilic bacteria from various

3.1.4

Bio-electrochemical

systems

(BES):

bacterial

families

(Desulfuromonaceae,

[Microbial fuel cells (MFCs) and Microbial

Pasteurellaceae, Clostridiaceae, Aeromonadaceae,

electrolysis cells (MECs)]: BES is a technique of

Comamonadawereceae etc) are skilled to transfer

electrochemical transition of organic matter present

electrons to electrodes [41]. MFCs have been used

in WW to usable energy products (biohydrogen,

for revival of energy products from CREs (Table 1).

methane, electricity etc.) by catalytic microbial
activity. BES is an advanced technology over AD as

3.1.5 Microbial desalination cells (MDCs): MDCs

it is able to treat wastes even at low COD conc. of

are

WW and also at higher conc. of VFAs (Jadhav et al.,

instantaneous WW treatment and desalination of

2017). It degrades sludge production with reduction

saline water without application of any external

in cost of aeration. Hence two major variants of BES

power input or mechanical energy and pressure [42].

(MFCs and MECs) can be used for promising and

Use of MDCs is a sophisticated technology which

sustainable technical solutions for recovery of

plays an important role in WW treatment in addition

valuable products from CREs with high yields [39].

to energy products recovery. The theory of atypical

A number of by-products and resources (nutrients,

MDC is based on the fact that electron liberates from

heavy metals, minerals, and intermediate chemicals

oxidation of organic matter of WW by electrogenic

of industry) can be recaptured during redox reactions

(catalytic) bacteria in the anode compartment which

of BES. Table 3 depicts that a large variety of heavy

runs to the cathode compartment through an external

metals can be recovered using BES.

circuit and captured by an electron acceptor.

based

on

integrated

BES

which

allows

Deionisation of saline water takes place in the middle
MFCs are devices in which catalytic bacteria oxidizes

chamber through ion exchange membranes because

organic and inorganic matter to produce biohydrogen

of the potential difference in the dissolved solid conc.

and generate current. MECs are specific type of

along with generation of immigration between anode

reactors for biohydrogen production with an external

and cathode compartments. Oxygen is commonly

voltage source to overcome the thermodynamic

used and cheap electron acceptor in MDCs [43]. Use

barrier. MFCs are very analogous to hydrogen fuel

of microalgae in cathode chamber besides providing

cells (HFCs) in which protons (H+) are exchanged

oxygen is gaining attention which also helps in CO 2

from an anode compartment to another cathode

absorption

compartment through an electrolytic membrane [40].

pollutant removal from agricultural WW and DW in

Hydrogen is oxidised into electrons and protons on

addition to useful biomass production for biofuel

the anode of anodic compartment and oxygen is

generation. Recently, use of photosynthetic MDCs

reduced in water on the cathode in cathode

(PMDCs) has been reported by Kokabian et al., [44]

compartment in an HFC. In contrast, in MFC organic

using microalgae bio-cathode with Chlorella vulgaris
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sp.to study the impact of WW treatment, electricity

WW sludges can be used for energy retrieval. This is

generation, water desalination and nutrient removal

a carbon neutral process hence recycles CO2, does

capacity of MDCs. For this purpose, a mixed

not contribute to global warming, and produce low

consortium from aerobic sludge of local WW

toxicity products. In this process about 40-62% VS

treatment plant was utilized as microbial source in

and up to 22-37% TS removal takes place on

the anode of MDCs along with enrichment of the

processing of sludge only. Saetea and Tippayawong

chamber with synthetic WW under anaerobic

[26] used hydrothermal carbonisation for hydrochar

conditions. Three different process configurations

production from SS. PCS technology is more

were

efficient as compared to AD and aerobic WW

applied

i.e.,

static

fed-batch

(SPMDC),

continuous flow (CFPMDC) and a photo-bioreactor

treatment and biofuel production [45].

MDC (PBMDC). Among all three, SPMDCs were
found more applicable for bioelectricity production
3

3.2 Energy products recovered from CREs

with maximum current of 675mW/m (with 32.2%

A great variety of value-added products can be

TDS and 64% COD removal at 35 g/L TDS conc.)

recovered from CREs (fig. 1) using different

due to biofilm formation while the CFPMDCs were

methods. Biological treatment of effluents is a very

found more appropriate for biomass production

convenient method which helps in pollutant removal

(microalgae).

along with production of valuable products. Some of
them are as follows:

3.1.6 Hydrothermal carbonisation: It is well
known that the choice of WW treatment technology

3.2.1 Biohydrogen: Biohydrogen being carbon

is influenced by the factors (type and quality of feed

neutral, gaining attention as future fuel to reduce the

SS,

public

greenhouse gas emission because methane and

perceptions). So, an increase in use of hydrothermal

carbon dioxide are the major products of fossil fuel

carbonisation centred emerging technology, i.e.;

combustion [46]. Biohydrogen can be produced

polymeric carbon solid (PCS) is also pragmatic in

either in presence of light (biophotolysis and

energy recovery operations from SS in South African

photofermentation) or in absence of light (DF, MFC

context. PCS technology is a thermo-chemical

and MEC) [47]. DF and MFC are more suitable for

catalytic process used for biofuel production in an

biohydrogen production from CREs as compared to

aqueous solution at elevated temperature and

light process. Optimum biohydrogen production can

pressure. Optimal temperature and pressure applied

be achieved either by heat pretreatment of inoculum

requirement

are 240

of

by-products

and

0

C and 3.3 MPa respectively. In PCS

[48] or by high dilution rate [49] to suppress the

technology required temperature and pressure is

activity of inhibitory microbes and by lowering the

significantly reduced by the reagents used. The

pH of reactors [11]. Mixed microbial culture is more

reduced temperature and pressure also moderate

reliable over pure microbial source for maximum

operational costs and capital requirements. This

biohydrogen production because more care is

technology is impurity tolerant, and a wide range of

required for maintaining the pure culture and mixed

International Journal of Plant, Animal and Environmental Sciences

Vol. 11 No. 3 – September 2021

430

Int J Plant Anim Environ Sci 2021; 11 (3): 423-442

DOI: 10.26502/ijpaes.202113

culture have a wide variety of microbes for biological

biohydrogen production, some of those are depicted

conversion of organic matter [50] into valuable

in Table 1.

products. A large variety of CREs have been used for

Biohydrogen
Volatile
fatty acids

Bio-plastic

Metal ions

Methane
and Biogas

Carbohydrate
rich eflluents
(CREs)

Bioethanol

Bioelectricity

Other
nutrients

Protein
Hydrochar

Figure. 1: Types of products recovered from CREs.

3.2.2 Bio-methane and Biogas: Methane is the

methane yield and improved energy balance of WW

major constituent of biogas and a co-product of

treatment plants [52].

hydrogen in AD of CREs. It can also be produced
abiotically

(hydrogenophilic-methanogenation)

or

3.2.3 Bio-ethanol: The economic importance of

biologically by fermentation of organic matter [51].

bioethanol is well known as it has been used in

AD is more efficient over aerobic digestion process

gasoline blends with the name E10, E85 etc. to

for

energy

reduce carbon monoxide emission and improve the

consumption and high energy production in the form

efficiency of petrol. So, there was a hack in ethanol

of methane. Various WW forms have been used for

demand and prices in last decades which inspired

methane production, i.e., petha WW [11]; acidic

researchers for ethanol production from CREs.

discharged affluent of sugarcane juice after hydrogen

Before it, ethanol was produced only from biomass.

fermentation [28] etc. Co-treatment of WW with

Various WWs have been used for bio-ethanol

carbon rich food waste can result in maximized

production with the help of mixed microbial culture

methane

production

due

to

low
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or through bio-electrochemical conversion of CREs

present in WW effluents are poisonous to human

[53]. Federico et al. [23] used oil mill WW and olive

beings, animals, and environment, even present in

pomace, Ezgi and Canan [54] used apple pomace

small amounts. There are various technologies for

hydrolysate and rice straw with petha WW and dairy

heavy metal removal from WW like physical,

WW was used by Kumari et al. [9] for bioethanol and

chemical, physico-chemical and biochemical but bio-

methane production. Steinbusch et al. [55] recovered

electrochemical system (BES) is more proficient

ethanol and butanol from WW in the cathodic

among all these practises for removal of even small

chamber.

by

concentration of heavy metals present in the

acidification of gelatin rich WW using an up flow

discharge. Various metals i.e., Cr, Cu, Fe, Cd, Zn, Ni,

anaerobic reactor at different temperatures [56].

Pb, Au, iron oxide, elemental selenium, uranium etc.

Bioethanol

was

also

produced

have been picked up in satisfactory amount (903.2.4 Recovery of valuable metals: Heavy metals

Metals recovered

99.9%) in last decades [38].

Removal %

Anode/Cathode reaction

Copper (Cu)

97.8

Cu + 2e → Cu

E = 0.337 V

[57]

Zinc (Zn)

97

Zn2+ +2e− → Zn

E0 = −0.762 V

[58]

Lead (Pb)

47.5

Pb + 2e → Pb

E = −0.130 V

[59]

Nickel (Ni)

99

Ni2+ + 2e–→ Ni

E0 = 0.250 V

[60]

Cadmium (Cd)

90

Cd + 2e → Cd

E = 0.400 V

[61]

Mercury (Hg)

90-99.3

Hg2+ + 2e–→ Hg

E0 = 0.911 V

[62]

Vanadium (V)

26.1

V5+ + 5e–→ V

E0 = 0.991 V

[40]

Chromium (Cr)

99.5

Cr + 4e → Cr

E = 1.330 V

[63]

Silver (Ag)

99.91

Ag+ + e–→ Ag

E0 = 0.799 V

[64]

Gold (Au)

-

Au + 3e → Au

E = 1.001 V

[65]

Iron (Fe3+)

99

Fe2+ + 3H2O → Fe (OH)3↓+

E0 cell= 0.28 V

[66]

−

2+

−

2+

3H +e

0

–

3+

+

0

–

4+

0

0

–

2+

Redox potential

0

Reference

–

Selenium (Se)

98

Se (aq.) + 4e– → Se

E0 = 0.41V

[67]

Uranium (U)

87

U6+ + 2e– → U4+

E0Cathode= −0.042 V

[41]

Table. 3: Reactions involved in the recovery of different metals from wastewater.

3.2.5 Synthesis of biopolymer and bioplastic: Poly-

compared to low cost petro-chemically derived

hydroxy-alkanoates

biologically

plastics which limits the production of PHAs [4, 68].

degradable bio-plastics which are obtained from

Alcohols, carboxylic acids (VFAs), diols and

bacterial cells, but its production is expensive as

biopolymers

(PHAs)

are
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obtained during the PHA synthesis pathway, utilising

bioelectricity generation from PWW using graphite

CO2 as the carbon source in BES by an external

electrodes [48]. Some CREs used for bio-electricity

power supply [68]. Municipal sewage sludge was

generation through MFCs, are depicted in Table 1.

used for the production of bioplastic (poly-hydroxyalkanoate) in Netherland through rich culture route

3.2.8 Hydrochar and other biochemicals: As

(using selected bacterial species) and mixed culture

compared to bio-energy production from WW,

route [4].

biochemical production is more feasible [69]. Sewage
sludge was used for hydrochar production by

3.2.6 Volatile fatty acids (VFAs): AD of organic

hydrothermal carbonization [26]. Industrial wastes

matter, present in CREs resulted in production of

can be utilised as inexpensive raw sources of

various VFAs (acetic acid, propionic acid, butyric

integrated fermentation processes [70]. CREs and

acid, lactic acid, caproic acid etc.) along with

WW which are not suitable for human and animal use

alcohols. Yu et al. [56] used gelatin-rich WW for

can be converted into high-value products using pure

VFAs and alcohol production by acidification of WW

culture or co-culture processes. Various chemicals

using an up flow anaerobic reactor at different pH

like lipase, protease, glycerol, acetic acid, lactic acid,

and temperatures. pH affects metabolic pathways, in

biomass protein can be manufactured through

most of the studies acetate and butyrate were major

anaerobic fermentation and aerobic treatment of WW

products while low pH favours formation of butyrate.

[71]. CWW was used by [18] for biohydrogen

Propionate production is dominant over butyrate at

production along with co-production of VFAs

pH 7 and above [1]. Results showed that VFAs and

(acetate, butyrate, iso-butyrate, propionate, lactate,

alcohol production quotient was enhanced with

and formate) with a yield of 118 to 27,012 mg/L.

increasing

temperature.

Gelatin

degradation

efficiency was also enhanced from 60% to 97.5%

3.2.9 Recovery of Protein and other nutrients:

when pH was changed from 4.0 to 7.0. It shows that

Various

pH has more effect on AD as compared to

orthophosphate, and ammonia can also be regained

temperature.

by treatment of WW. Swine WW being rich in

nutrients

like

phosphate,

sulphate,

phosphate, its treatment is a critical concern. By its
3.2.7 Bioelectricity: BES is a convenient technology

treatment, 27% phosphate recovery and 70-82%

for

catalytic

phosphate removal efficiency were achieved in BES

microbial community for conversion of organic

[72, 73]. Orthophosphate was recaptured from

matter present in CREs [38]. MFCs are generally

digested sewage sludge (600 mg/L) by the metabolic

operated for bio-electricity generation. Similar to

activity of Escherichia coli [74]. Blázquez et al. [75]

hydrogen fuel cells, in MFCs protons are exchanged

reported a novel bio-electrochemical method for

from an anode to cathode compartment through an

regaining of sulphate from sulphate rich WW, where

electrolytic

chambered

elemental sulphur recovery was done by autotrophic

microbial fuel cells (SCMFC) were applied for

sulphate reducing bacteria and sulphide oxidising

bio-electricity

generation

membrane

[40].

using

Single
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bacteria. Membrane ultrafiltration was used for

are many other challenges which must be considered

protein synthesis from poultry industry WW [25].

for efficient utilisation of WW to transform it into
energy related and other valuable products. Various

3.2.10 Microalgal growth followed by biodiesel

physical and chemical factors (pH, substrate loading

production: Presence of microalgal biomass in water

rate, COD, BOD, and different temperature) affect

bodies is an indication that the water of the source is

the biohydrogen production rate [76]. Altering

polluted but this algal biomass plays dual role; first in

organic matter of WW whichever increasing with

treating WW and second biomass production

poorer WW flows that deliberate

followed by biofuel (biodiesel and bio-electricity)

decreasing with enriched waste management- leads

production [73]. This algal biomass can also be used

further

as animal fodder as well as bio-fertilizers. A few

assessments [77].

uncertainty

into

these

wastes or

energy

rescue

algal species are capable in producing up to 80% of
oil as its storage product and can also be capable to

The operation of anaerobic treatment plants at low

produce about 23 times more oil than the best oil-

temperature is also a challenge which not only

seed plant [29]. Oil trans-esterification is a technique,

downhearted the kinetics of all living process but also

used to produce biodiesel and glycerol from algal

proliferations the dispersed methane in the discharge

biomass. Biodiesel can be used to produce energy

as methane is nearly 1.5 times additionally solvable

products and glycerol may be burn directly as a fuel

at 15°C competed to 35°C [57]. This makes

or can be further converted to other biofuels

performance of AD difficult to produce the valuable

(bioethanol

energy products from the WW. This problem may be

process.

and

biohydrogen)

Microalgae

were

by
also

fermentation
used

in

short out by the use of hydrothermal carbonisation in

phycoremediation of various WW sources [3, 29].

which reagents used are capable to moderate the

Chlorella vulgaris sp. was utilised by Kokabian and

temperature and pressure of the reaction.

Gude [43] in MDCs for nutrient removal and bioelectricity generation from WW.

It is evident from Table 3 that many industrial
effluents have small or large quantity of heavy metal

4. Challenges to recover energy products from

ions which are not appropriate for fermentative

effluents

bacteria accountable for biohydrogen and VFAs

The cross relationship among power and water and

production. These metals may cause inhibition of

the organic content of WW can inspire energy

biological process resulted in low amount of energy

restoration operations from many potential sources,

products regain [1]. Some of the microbes present in

comprising municipal WW and other CRE treatment

WW forms can also inhibit another microbe’s

facilities [32]. Through incorporation of AD with

activity. Study revealed that Lactobacillus paracasei

biogas utilization and bio-solids incineration with

and Enterococcus durans inhibited the production of

electrical energy production, WW efficiencies can

hydrogen when co-cultured with Clostridium sp. [1].

diminish electricity intake by 4.7 to 83% [31]. There
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WW is mainly constituted of various organic

environmental concern, the future plan should be to

materials and nitrogenous wastes. Most of the

focus on production of biodegradable fertilizers or

organic matter is transformed to methane but there is

bio

the probability of forming nitrous gas (laughing gas)

contaminants are produced through our unhealthy

during the partial nitration procedure from the

agronomic practices due to the extreme use of

nitrogenous wastes and this nitrous gas is a very

synthetic

potent greenhouse gas. Nitrous gas is produced at

unhealthy way of medicinal waste discarding is

stress atmospheres for nitrification or denitrification

another major problem because a high quantity of

bacteria for instance at low oxygen and pH-values.

antibiotics and other medicines are found in water

Sometime phenolic substances are inhibitory to

bodies which make water unfit to use further. These

microbes [78, 79] so much care should be taken in

chemicals finally get intensified to the water

assortment of microbes for production of energy

resources and contaminate them. Some of the steps

commodities. Production of PHAs from SS is

which could help to solve the present problem can be

technically an interesting approach but its high cost

listed as:

makes the process less feasible at practical level and

i.

fertilizers,

because

fertilizers

a

and

large

amount

pesticides.

of

Presents

Presently, most of the MFCs utilised are

its cost can be reduced by maximizing the VFAs

designed for lab scale purposes, the utility of

production along with PHA storage capacity [4].

MFC should be scale up to use for energy
retrieval from large amount of WW at

Moreover, day by day the complexity of WW also a
rising concern due to addition of new chemical from

practical level.
ii.

Use of electrochemical, bio-electrochemical,

all walks of life which not only makes it more

and biological expertise for WW treatment

difficult to recover energy from WW but also makes

can generate increased amount of electricity

the WW treatment practice more energy-intensive in

in a WW treatment plant and can also help

the future. Hence in order to manage the WW more

in reduction of greenhouse gas emissions

efficiently and to recover the important energy

[80].

related products, these all challenges have to address

iii.

Advancement in the optimisation of the

in a holistic way to overcome all the issues related to

present technologies may be obtained by

the WW treatment.

using two directional mathematical models.
iv.

Application of hybrid approach (production

5. Future perspectives to control water pollution

of more than one useful product in a single

and enhance energy recovery

process)

Our present environmental conditions are getting

methane production using CREs.

very worse in a speedy way and most of the water

v.

Selection

i.e.,

of

integrated hydrogen

best

microbial

and

species,

bodies are now contaminated, and addition of more

responsible for specific biofuel production

and more pollutants is in use. So, for our

and pollutant elimination along with energy
generation by WW treatment. This would
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consequence in reduction of the operation

to develop hybrid and integrated approach which

cost and incinerated energy for the process

leads the maximum energy recovery from the WW

[74].

with zero waste product generation. Thus zero waste

Addition of a very small quantity of

management is the healthy practice for future to

catalytic substance (mostly metal ions) can

reduce the risk of upcoming hazards of the polluted

build up the microbial process, implicated in

water.

the by-product’s recovery from WW [81].
vii.

viii.

ix.

Use

of

various

CREs

along

with
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