
The Role of Hospital Wastewater for Producing Bioenergy towards a Circular 
Bioeconomy

Reethu Thomas, Angela Alin Binoy, Anena Amrithraj E, Arya S. Raj, Aadil Ahmed Irshath, Anand Prem 
Rajan*

Department of Bio-Medical Sciences, VIT University, Vellore, Tamil Nadu, India

ABSTRACT
This paper aims to assess how hospital wastewater can be utilized to produce bioenergy in order to create a 
circular bioeconomy. The real potential of wastewater is often underestimated and not realized. Wastewater, 
especially hospital wastewater consists of many chemicals, metabolites, enzymes etc., which can be purified and 
utilized in industries. Moreover, wastewater acts as a precious resource which can be employed in various 
bioprocess and fermentation industries. Clean energy and oxygen can be generated from wastewater using MFCs. 
The basic principle of MFCs is to use the metabolic processes of microorganisms to convert organic matter in 
the wastewater into electrical energy. In addition, biogas and manure can be obtained using anaerobic digestion. 
Anaerobic digestion is a biological process in which microorganisms break down organic matter in the absence of 
oxygen, producing biogas as a byproduct. The integration of these processes into the wastewater treatment plant 
leads to the production of clean water while simultaneously producing the additional products, which contributes 
to sustainable development. The core idea behind the project is to enhance our social cause by generating more 
employment opportunities, prevention of waterborne diseases, sustainable management of resources and utilizing our 
profits to do the same.
Keywords: Wastewater treatment plant; Microbial fuel cell; Bio-electro-chemical systems; Pharmaceutically active 
substances; Multi-national companies; Biogas

INTRODUCTION
Hospitals require special attention because they consume 
enormous quantities of water while producing significant 
amounts of effluent. As a result, effective management, 
purification, and discharge of hospital wastewater are critical. 
The international scientific community has conducted several 
studies focusing on the characterization of hospital wastewater.

Hospital wastewaters also comprise a diverse spectrum of 
pollutants, such as pharmaceutical chemicals, chemical residues, 
radioactive elements, antibiotic resistant strains, and 
microorganisms, all of which have the potential to be highly 
harmful.

Using waste water as a substrate and the addition of cow dung to 
accelerate the process, microorganisms convert organic matter

into electricity, which captures CO2 entering the cathode
chamber and converts it into biogas which is then combusted or
oxidized with oxygen to release energy, allowing biogas to serve
as an alternative fuel for heating purposes [1].

Microbial Fuel Cells (MFCs) can be used as a promising
technology that can break down a variety of resistant organic
substances, such as insecticides and dyes, along with the
production of electrical energy from chemical energy by utilizing
the residual organic sources [2].

The effective treatment and disposal of hospital wastewater can
be crucial in eradicating water scarcity and providing clean water
and sanitation. This review outlines a novel strategy as to how
hospital wastewater can be utilized in an integrated approach to
generate clean water and as a social enterprise generating profit.
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Figure 1: Idea mapping.

be a powerful technology for recovering and in-place converting 
chemical energy into electricity in recent years [7].

In an MFC, bacteria use a series of processes to transform 
chemical energy from the oxidation of organic and inorganic 
chemicals into ATP. These reactions result in the transport of 
electrons to a terminal electron acceptor, which creates an 
electrical current. Anode and cathode compartments are 
separated by a cationic membrane in a conventional MFC. In 
the anode compartment, microbes digest organic substances like 
glucose, which serves as an electron donor. These organic 
molecules produce electrons and protons during metabolism. 
The anode surface then receives the electrons. The protons 
migrate through the electrolyte and subsequently through the 
cationic membrane as they migrate from the anode to the 
cathode through the electrical circuit.

By reducing soluble electron acceptors like oxygen or 
hexacyanoferrate and acidic permanganate, electrons and 
protons are utilized in the cathode [8]. By connecting a load 
between the two electrode chambers, electrical power is 
generated.

The use of wastewater as a source of energy has a dual 
advantage; first, the power produced is cheap, and second, it 
leads to the treatment of wastewater. Bio-Electro-chemical 
Systems (BESs) are biological processes that transform chemical 
energy into electrical energy or other high-value products [9]. 
MFCs provide several advantages like direct electricity 
generation, energy savings from anaerobic treatment due to 
elimination of aeration, low sludge yield, and centralized and 
decentralized applications, environmental benefits like water 
reclamation, low carbon footprint, lower volumes of sludge for 
disposal, economic benefits like revenue from energy and value-
added products-chemicals, low operational costs, elimination of 
downstream processes, and operational benefits like self-
generation of microorganisms, self-cleaning, etc. [10]. MFCs 
generate clean power directly from organic material in 
wastewater without the requirement for the energy products to 
be separated, purified, or converted. In contrast, methane and 
hydrogen can be created during the anaerobic digestion process, 
but they must first be separated and purified before being used. 
Since MFCs may directly generate clean electricity and work in a 
variety of situations, notably at ambient temperatures, they are 
considered environmentally beneficial technology. Up to 1.43 
kWh/m3 of primary sludge or 1.8 kWh/m3 of treated effluent 
can be produced using MFCs [11]. MFCs use on average just 
0.024 kW or 0.076 kWh/kg COD, which is a significant 
reduction from activated sludge based aerobic processes [12,13].
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Harmful constituents of hospital wastewater

Hospital wastewater is a source of several macro and micro 
pollutants. E. coli can be employed as a marker of fecal 
contamination of wastewater. Other microorganisms include 
Staphylococcus aureus, Salmonella typhi, Pseudomonas aeruginosa, and 
pathogenic viruses such as Rotavirus, Norovirus, Enterovirus, 
Aadenovirus, and Hepatitis A [3].

The heavy metal composition of wastewater includes mainly 
mercury and platinum. Platinum is excreted by oncology 
patients undergoing treatment with cisplatin [4]. Gadolinium is 
used to improve the clarity of Magnetic Resonance Imaging 
(MRI) and can be found in wastewater due to patients 
undergoing MRI.

An analysis of the pharmaceutical components of wastewater 
revealed the presence of certain chemicals such as morphine, 
ibuprofen, and acetaminophen in higher compositions. Other 
pharmaceutical components include anti-metabolites and 
anthracycline, epirubicin, doxorubicin, daunorubicin and 5-
fluorouracil. Norflaxin is a widely used antibiotic which has 
serious impacts on environmental health such as limiting algae 
production and making alterations in plankton systems. Oflaxin 
and ciproflaxin are other antibiotics which have a significant 
impact on the aquatic system and can lead to micro ecosystem 
imbalance [5].

Other common pollutants found in hospital wastewater include 
personal care products, surfactants, gasoline additives and other 
products [6]. Thus, effective treatment methods must be 
employed to effectively remove these contaminants and make the 
wastewater fit for discharge into the environment (Figure 1).

Use of MFC to generate electricity

Microbial Fuel Cells (MFC), generate energy from the 
metabolism of microorganisms, appear to be appealing enough 
to justify energy generation. The use of MFC as an alternative 
source for generating electricity is seen as a trustworthy, clean, 
and efficient process that makes use of renewable resources and 
produces no hazardous byproducts. MFCs have thus proven to
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Treatment of hospital wastewater using MFCS: MFCs as a 
remediation technique can accelerate the degradation of 
pharmaceutical contaminants and shorten reaction times. 
They are used therapeutically to get rid of antibacterial agents 
[14].
Removal of antibiotics: Antibiotics are discharged in large 
quantities by the hospitals. Traditional physicochemical and 
biochemical methods. Using materials (photocatalysts) for 
removing antibiotics from sewage water is a cumbersome 
process. Hence, MFCs play an important role here. MFCs are 
used to break the organic compounds.

•
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microorganisms, including Antibiotic Resistant Bacteria (ARB) 
and Antibiotic Resistant Genes (ARG). HWW typically contains 
higher concentrations of ammonia, nitrogen, Chemical Oxygen 
Demand (COD), and Biochemical Oxygen Demand (BOD) 
than household wastewater, because of its great susceptibility to 
the outbreak of various diseases, hospital wastewater poses a 
serious threat to the safety of human health. Also, the 
COVID-19 pandemic epidemic necessitated a global focus on 
the detection and elimination of viruses and other infectious 
pathogens in hospital wastewater.

To give the hospital wastewater a pre-treatment, primary 
treatment is necessary. ASP, MBR, MBBR, and CWs are only a 
few biological processes that can be used to treat the resultant 
effluent. To improve the removal of resistant organic 
contaminants, these biological units can also be integrated with 
other disinfection, adsorption, or advanced oxidation methods. 
After pre-treatment, tertiary treatment can also be offered; 
however, the performance of these processes is typically 
hampered by excessive organic and nutritional loading [20].

Chlorine was used to treat the aeration tank effluent, and an 
average PhAC reduction of 51.45% was achieved. Diclofenac 
was discovered to have negative removal among the PhACs.

Membrane bio reactors, or MBRs, are devices that use 
membranes to separate solids from liquids using microfiltration 
or ultrafiltration in addition to biological treatment methods. 
They have received a lot of attention recently due to their 
effectiveness and small environmental impact compared to other 
treatment methods, such CWs, with a low bandgap, which are 
stimulated by photons from a specific light source, is a key 
component of photocatalytic therapy. Electron-hole pairs are 
produced when the photons' energies exceed the photocatalysts' 
bandgap. Hole formation causes hydroxyl radicals to be 
produced, which then interact with organic pollutants to cause 
their degradation.

Additional treatments, such as virus inactivation and bacterial 
eradication, can be carried out appropriately. A comprehensive 
set of guidelines for managing HWW has been developed by the 
WHO and concern organizations in a select few countries. 
Literature on the precise methods of source segregation/
separation of HWWs and the potential effects of direct or 
indirect discharges to the environment is noticeably lacking. The 
local/central governments as well as hospital managements need 
to take immediate action on these issues related to human and 
environmental health.

It is necessary to create and implement regulations correctly, and 
it is also necessary to take appropriate legislative action against 
organizations that disregard the regulations. Before being 
disposed of, hospital sewage sludge that contains high levels of 
helminths and other pathogens needs to be adequately treated 
by aerobic/anaerobic digestion/composting. The top layers of 
the root of the plant could be filled with the dewatered sludge.
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Production of biogas

One of the most important aspects of this wastewater treatment 
method is the production of biogas as a byproduct [15]. Biogas 
generated by fermentation can be used to generate Combined 
Heat and Power (CHP) and lighting during the manufacturing 
process [16]. Biogas systems that produce high-quality biogas can 
be used to generate electricity, which is extremely beneficial to 
environmental protection and development. Hospital effluents 
are contaminated with toxic pharmaceuticals and hospital waste, 
which can harm human health as acute or chronic diseases [17]. 
Hundreds of tons of bio solids are present in the millions of 
gallons of wastewater that pass-through treatment plants each 
day. According to the USEPA report, bio solids produce biogas 
through anaerobic digestion, which can contain 55% to 70%
methane and 25% to 30% carbon dioxide Nonetheless, due to 
the complex physical and chemical properties of organic waste, 
which affect metabolic pathways and methane content, biogas 
production from biomass waste and its utilization for energy 
applications remain challenging [18]. As a result, focus has 
shifted to opportunities for further improvement in biogas yield 
and quality.

The amount of degradable organic material in wastewater is the 
most important factor in determining its methane generation 
potential. Properly managed sludge generated by the beverage 
wastewater treatment plant could potentially yield significant 
energy in the form of biogas, transforming the wastewater 
treatment plant from a net energy consumer to a net energy 
producer. In addition to increasing energy production, the 
anaerobic digestor reduced total wastewater treatment plant 
costs biogas energy generated from various sustainable 
feedstocks can be used to generate electricity and vehicle fuel as 
an alternative to fossil fuels. Biogas production via anaerobic 
digestion is critical for maximizing energy production and 
lowering overall treatment costs in WWTP [19]. Using biogas 
for power and fuel instead of natural gas has several 
environmental advantages, including a lower carbon footprint. 
Like this, to maximize GHG mitigation, biogas should be used 
for on-site CHP rather than being upgraded to biomethane. 
Biogas-generated electricity, on average, has a lower 
environmental impact than fossil-fuel-generated electricity.

Hospital wastewater treatment

Hospital Wastewater (HWW) is also characterized by the 
presence of several new pollutants, including persistent viruses, 
Pharmaceutically Active Substances (PhACs), and several
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Other pharmaceutical pollutants: Organic substances that is 
dangerous or challenging to breakdown. Major pollutants 
include benzene, nitrobenzene, phenol, and their derivatives. A 
double-chamber MFC has been shown by Sharma, et al. to 
break down pharmaceuticals. The wastewater from the 
production of steroidal drugs was treated and power was 
produced using single-chamber MFCs. For improved medicinal 
herb sewage treatment, Birjandi, et al. developed a microbial 
propulsion system with anodic bio-oxidation injected with seed 
sludge as an effective biocatalyst mixed with cathodic electro-
fenton integrated with a Fe2O3/graphite composite electrode.

•



given the profit obtained from the manure sales and if they need
the fertilizer for their farm they can approach.

Hospital wastewater contains lots of pharmaceutical toxicants
and it is removed so that it will not further affect the
population. During the pandemic time we had faced scarcity of
oxygen which took thousands of lives, using MFCs we can
produce both electricity as well as oxygen required for hospital
use. Pollution caused by the fertilizers are increasing day by day
as a part of preventing this demand for organic manure
increased so that pure organic manure produced from our
project has higher demand among MNCs which can provide
more profit price for the working and maintenance of the
system.

CONCLUSION
Henceforth, the energy generation from hospital waste which
involves multiples projects and researches still going on. The
syringes, chemicals, used tools for surgery, cotton everything can
be recycled or can be conducted mouled treated into different
forms and then under certain process these can be converted
into useful clean energy. The study has been conducted in large
hospital complexes and proved their economic aspects also. The
building, hospital, incineration waste which also perform basic
utilization role that provides high efficiency in energy
production. As in, this system is been adapted and taken off by
many people around the world.
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DISCUSSION

Challenges

Challenges faced during collection of wastewaters from 
different sources: Water collected from hospitals contains toxic 
pharmaceutical wastes, which can harm water quality and it can 
also harm the microbes which are an important part of MFC. So, 
it is essential to properly treat the wastewater by removing the 
toxicants present. Pollutants are inevitably introduced to our 
food chain at trace concentrations. Pharmaceuticals cannot be 
fully treated by standard wastewater treatment methods due to 
practical restrictions. The present study indicates that many 
pharmaceutical residues found in wastewater can be removed 
with activated carbon in a cost-efficient system that delivers 
higher resource utilization and security than other carbon 
systems. The experiment revealed a substantial separation of the 
analyzed compounds, notwithstanding their relatively high 
solubility in water and dissimilar chemical structures. This 
suggests that ozone treatment may be competitively replaced by 
beds of activated carbon.

Challenges while using and operating MFC

Challenges while using cryogenic separation unit

This method is used for production of oxygen from water, these 
also causes four main hazards related to air separation units: 
Rapid oxidation, embrittlement, and pressure excursions due to 
vaporizing liquids and oxygen-enriched or deficient atmospheres.

Service as a social enterprise

This project is basically plotted based on social enterprise by 
utilizing the wastes produced from the hospital wastewater along 
with the idea of social service. Based on the collection source we 
selected houses around 5 km radius along with hospital waste, 
this mainly aims to appoint unemployed people in these areas as 
technicians which  can provide income. Apart from this  they are
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Thermodynamic limitations and energy losses: In practical 
applications, the actual voltage output of an MFC is less than 
the predicted thermodynamic voltage due to irreversible losses 
(i.e., over potentials). The major limiting factors (losses) that 
affect MFC performance have been identified: Most notably, 
activation losses; mass transfer losses; and ohmic losses.
Costs: MFC costs are typically divided into three categories: 
The material, component, and labor (design and fabrication) 
costs. The high cost of MFC is principally caused by material 
costs including electrode material, separator material, 
catalysts, and current collector.
Labor: The labor costs can be divided into two categories: The 
design and fabrication. It should be mentioned that labor cost 
can be reduced through mass manufacturing. With a 
significant advantage of having no moving parts, the 
fabrication of MFCs should be less expensive than other 
BESs. In addition, the use of construction materials that 
could be readily found in developing countries should be 
prioritized, as well as the use of local labor during the 
construction process.

•
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