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Abstract: Global waste generation is expected to continue
to grow due to economic development and population
growth. Therefore, sustainable waste management is
mandatory if a sustainable world is desired in which the
objectives of the circular economy concept are met,
where recovery is the last step to be taken when reduce,
reuse or recycle have already been carried out. Waste to
Energy (WTE) is a very broad term that covers any
process that converts waste into energy, or an energy-
carrying product, such as a gas or oil. Despite the
existence of many different technologies, the aims of all
WTE processes are essentially the same, Reduce the
volume of waste and hence reduce the volume requiring
disposal in landfill; Reduce the biodegradable fraction of
waste to zero, and Produce a useful commaodity (typically
electricity and/or heat) from non-recyclable waste. This
review summaries the technological approaches that
have been developed, presents some of the basic
principles, provides details of some specific processes.

Keywords: Waste to Energy, Biochemical conversion,
Anaerobic digestion, Fermentation and composting.

1. INTRODUCTION

Global energy demand has increased rapidly in the last
century along with the improvement of living
standard, rising fossil fuels consumption and waste
generation [1,2]. Waste_management has been carried
out for a long time from a hygienic point of view,
avoiding health problems in society [3]. However, the
development of world's population must be
environmentally and economically sustainable,
addressing climate change immediately [4]. Thus,
energy supply and waste management are great current
challenges that humanity has to face [2]. The growing
inclusion of renewable energies in the energy mix
together with a proper treatment and management of
waste will be help to a global sustainable development.
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The 218t century will be the century of the cities. The
urban population of the world has grown rapidly since
1950, from 746 million to 3.9 billion in 2014 [5].
According to UN data it is expected to increase up to
9.7 billion by 2050, with nearly 90 per cent of the
increase to take place in the urban areas of Africa and
Asia. Already today, the global amounts of municipal
solid waste are estimated at 2 billion tonnes per year.
Unlike world population and urbanization trends, there
are no UN forecasts of future waste generation per
capita [6]. However, there is a common understanding
that waste quantities will substantially increase. The
drivers are increased consumption of goods in growing
urban populations, changes in lifestyle, and increasing
wealth of the rising middle class. Circular
economy concept could minimize the waste
generation applying the four r's: reduce, reuse, recycle
and recover. Recover refers to the last step that should
be taken when the previous ones have been
undertaken [7]. The recovery of waste as an energy
vector or a by-product could contribute to the
reduction of waste disposal problems in the future.
Besides, the waste-to-energy (WTE) concept could
ensure access to energy to all world's population [8].

The potential feedstock for WTE systems can be
classified according to its origin: agricultural,
industrial and residential [9]. Agricultural sector
generates organic vegetable and animal wastes.
Industrial sector can produce organic (e.g., by-
products from sugar refinery, diary wastes,
slaughterhouse animal waste or wastewater) and non-
organic wastes (e.g., by-products from pulp and paper
industry). The residential wastes are mainly produced
in the kitchen, toilets or garden. The kitchen wastes
involve municipal solid waste and used cooking oil.
The treatment of toilets waste generates sewage
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sludge that can be recovered. The garden wastes
comprehend vegetable wastes.

Organic wastes from agricultural sector (e.g.,
lignocellulose,  livestock  manure),  industrial
wastewater and residential wastes (e.g., waste food,
domestic solid waste, sewage sludge) can also be
processed biochemically through microorganisms to
produce energy as gas or liquid fuel to generate
electricity [7]. The most available biochemical
processes are anaerobic digestion and fermentation.
Both processes may require pre-treatments and
perform co-digestion or co-fermentation of different
substrates to improve the biodegradability of the waste
[10,11]. Although anaerobic digestion is a more
widespread process than fermentation, the economic
and sustainable feasibility of both biochemical
conversion technologies should be assessed in detail.

2. METHODOLOGY
This review study is a result of investigating the

articles under the topic of "waste to energy". Data were
then collected using the literature, national and

international scientific websites such as Google
Scholar, PubMed, Elsevier, Scopus, Springer, Magiran
and NPTEL.

3. WASTE-TO-ENERGY (WTE)
TECHNOLOGY

There are several waste to energy technologies
available based on the type, quantity and
characteristics of raw material, the required method of
the energy, economic conditions, environmental
standards and specific factors [12]. The most
commonly used waste to energy technologies are
thermo-chemical,  bio-chemical, chemical and
physical conversion technologies [13]. The thermal
treatment includes cineration, pyrolysis, gasification
and refused derived fuel (RDF) The biological
treatment includes anaerobic digestion (AD) and
fermentation. The chemical conversion includes
hydrolysis, solvent extraction and transesterification.
The physical conversion includes mechanical
extraction, briquetting of Biomass and distillation.
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Fig. 1. Diagram of the development of biofuel generation with highlights on the second generation biofuels produced by
biomass residues andwaste and their conversion pathways to produce a wide variety of bioenergy
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3.1. Biochemical conversion

Biochemical conversion entails breaking down
biomassto make the carbohydrates available for
processing into sugars, which can then be
converted into biofuels and bioproducts through
the use of microorganisms and catalysts. Potential
fuel blend stocks and other bioproductsinclude the
following:

* Renewable gasoline

» Ethanol and other alcohols

* Renewable chemical products

* Renewable diesel

Biochemical conversion include the considerable
cost and difficulty involved in breaking down the
tough, complex structures of the cell walls in
cellulosic biomass. The Bioenergy Technologies
Office is exploring more efficient and cost-
effective ways to gain access to theseuseful sugars
for conversion processing.

Biochemical Conversion Step by Step
Biochemical conversion uses biocatalysts, such as
enzymes, in addition to heat and other chemicals, to
convert the carbohydrate portion of the biomass
(hemicellulose and cellulose) into an intermediate
sugar stream. These sugars are intermediatebuilding
blocks that can then be fermented or chemically
catalyzed into a range of advanced biofuels and
value-added chemicals. The overall process can be
broken into thefollowing essential steps:

A. Feedstock Supply: Feedstocksfor biochemical
processes are selected for optimum
composition, quality, and size. Feedstock
handling systems tailored to biochemical
processing are essential to cost- effective,
high-yield operations.

B. Pretreatment: Biomass is heated(often combined
with an acid or base) to break the tough, fibrous
cell walls down and make the cellulose and
hemicellulose easierto hydrolyze (see next step).

C. Hydrolysis: Enzymes (or other catalysts) enable

the sugars withincellulose and hemicellulose in
the pretreated material to be separated and
released over aperiod of several days.
D1. Biological Conversion: Microorganisms are
added, which then use the sugars to generate
other molecules suitable for use as fuels or
building-block chemicals.
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D2. Chemical Conversion: Alternatively, the
sugars can beconverted to fuels or an entire
suite of other useful products using chemical
catalysis.

E. Product Recovery: Products are separated from
water, solvents, and any residual solids.

F. Product Distribution: Fuels are transported to
blending facilities, while other products and
intermediates may be sent to traditional refineries
or processing facilities for use in a diverse slate
of consumer products.

G. Heat & Power: Theremaining solids arecomposed
primarilyof lignin, which canbe burned for heat
and power.

Feedstock Supply
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Fig.2.Biochemical ConversionStep by Step

3.1.1.Anaerobic digestion

Organic wastes can be efficiently processed through
anaerobic digestion; a significant circular economy
technology to mitigate the GHG emissions and to
convert waste into biogas (50-70% CHy) and organic
fertilizers [ 14]. The most common organic raw waste
materials used for biogas production are
biodegradable organic fraction of municipal solid
waste (OFMSW), sewage sludge, organic industrial
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wastes, food wastes and manure from livestock [15 ].
Depending on the moisture of raw material, wet or dry
anaerobic digestion will be more suitable to process
the organic waste. Wet AD is used to treat the organic
matter with water content over 80% and
conventionally higher than 90%, making it especially
attractive for wastes as livestock manure or industrial
& agriculture wastes. Continuous and batch dry AD is
typically used to process materials with high solids
content, between 20% and 40% [16 ], which is more
suitable for the treatment of the organic fraction of
municipal solid waste and agricultural wastes. Wet AD
leads to methane yields of 0.1-0.150 m3/kg of waste
while dry AD presents methane yields between 0.2 and
0.6 m3/kg of volatile solids. Dry AD has increased its
interest and capacity in the last decade, but the lack of
knowledge compared to well-established wet AD
technology makes it still less preferred and represents
only a 35% of anaerobic digestion facilities [17 ].
Besides total solids content of feedstock, other
significant differences between wet and dry AD
include: (i) not requirement of internal mixing in dry
AD digestors, (ii) dry AD can be continuous or batch
process, being batch with percolate recirculation the
preferred configuration or (iii) the requirement of
water is scarce or none in dry AD. The most relevant
aspects for the efficiency and productivity of this
process has been identified as: feedstock composition,
co-digestion of substrates, temperature, pH, C/N,
organic load and hydraulic retention time [15]. The
composition of substrate strongly varies the methane
production; between 0, 33 and 450 Nm? biogas/ton VS
(volatile solids) depending on the wuse of
lignocellulosic wastes or sugar and starch crops [18].
Co-digestion of complementary substrates provides an
enhanced equilibrium of macro and micronutrients
which improves biogas production by increasing the
biodegradable components, providing a wider range of
digesting microbial species and increasing the
concentrations of active biomass[19].

Pretreatments remove unwanted compounds and
enhance biodegradability of the waste. Lately, several
pretreatments were explored to improve biogas
production between 20 and 33% [20]. They include
physical (grinding/milling, irradiation), physico-
chemical (steam explosion, liquid hot water), chemical
(alkali, acid, oxidizing agents, organic solvent) or
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biological (ammonia fibre explosion, ionic liquids or
fungal).

Domestic solid waste production rate is rapidly
increasing worldwide with food and green waste
contents between 32 and 56% depending on the GDP
of the country [17]. Dry anaerobic digestion has
received increasing attention as a potential technology
to reduce the GHG emissions of this waste and it has
been shown that the rate-limiting step is
the hydrolysis phase. Future research in this line
should explore some of the different pretreatment
options presented above to enhance hydrolisis through
the increase of biodegradability of these wastes
keeping in mind the cost-effectiveness of the process.
The trend in developed and developing countries is to
move towards intensive livestock farming leading to
higher specific concentrations of livestock
manure with strong environmental impact when not
properly managed. The main limitations of manure as
feedstock for anaerobic digestion are the low C/N ratio
(given its high nitrogen content), the low percentage
of volatile solids and the high proportion of
components with low degradability potential.
Research should focus on innovative biological,
chemical, thermal and physical pretreatments for
livestock manure to further enhance methane
production [21].

Sewage sludge represents a major issue in wastewater
treatment plants and anaerobic digestion appears as a
well-known and suitable technology to process it [22].
Urban wastewater_treatment facilities supply a large
share of the current worldwide produced biogas also
presenting a great potential for future exploitation|[23].
This process makes use of primary and secondary
sludge converting about near 50% of organic matter in
the sludge into biogas.

Lignocellulose is an interesting substrate for second-
generation biofuel production given its low cost and
wide availability. However, it also presents a complex
structure which limits its biological degradation [24].
Physical, physical-chemical, chemical and biological
pretreatments are used to modify this structure
increasing its biodegradability. Codigestion of
lignocellulosic residues with high C/N ratio is
commonly carried out. Low yields of biogas
associated to lignocellulose wastes can also be
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improved through the application of o physical and
physico-chemical pretreatments.

Waste food represents one third of food production,
around 1.6 Gt/year, and anaerobic digestion appears as
an adequate technology to efficiently dispose fruit or
vegetable given their high moisture and high
biodegradability [25]. Their easy hydrolysis
generates acidification which  inhibites  methane
production reducing final efficiency. Acidification can
be solved by means of different pretreatments, co-
digestion, adjustment of the inoculum concentration
and monitoring of the operation conditions [26].
Traditionally, the application of anaerobic digestion is
limited to industrial _wastewater with COD of 3000
40,000 mg/L such as vegetable and fruit, starch, sugar
and alcoholic beverages industrial sectors. In the last
years, wastewater with lower COD (1500-3000 mg/L)
has also been successfully processed by specific
anaerobic digestors [27].

Photosynthetic eukaryotic and prokaryotes microalgae
comprise over 20,000 species whose composition
contains carbohydrates, proteins and lipids with
varying content of volatile solids. The main drawback
of anaerobic digestion of microalgae is the low
biodegradability of unprocessed microalgae. This
problem is solved through the application of
pretreatments which break down the cell walls of the
microalgae, increasing biomass biodegradability and
methane vyields [28]. A second limitation is the low
CIN ratio and/or ammonia inhibition, which can be
counterbalanced through the addition of high carbon
substrates [29].

Anaerobic digestion of organic waste is considered a
reliable process and has become an attractive
technology from a policy-making point of view which
will play a major role [30]. Also standardization
process should be promoted by governments to boost
the utilization of low carbon biogas for energy
generation [31]. Finally, economic feasibility of this
technology should be carefully assessed given the
large investments required. Further research should
focus on the finding additional revenues of the process
from the chemical products.
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3.1.2. Fermentation

Fermentation is a biological process that is commonly
facilitated by secretion of enzymes sourced from
microorganisms which converts simple sugars to low
molecular weight structures such as alcohols and
acids. The fermentation of two most common sugars
follow the two reactions below:

Glucose : Cs H1206—2C, Hg O +2CO» (1)
Xylose :3Cs Hig Os — 5C, Hg O +5CO; 2)
During fermentation, biomass could be converted into
alcohols through biochemical pathways. These
pathways involved several schemes in which
hydrolysis and fermentation process are carried out
either concurrently in the same reactor Conversion of
biomass feedstocks through fermentation process is a
vital issue because it allows for the production of wide
range of substances under mild conditions. The extent
of fermentation on organic substances largely depends
on composition and structure of the biomass
feedstock. Only feedstocks that are not competing
with the food items in terms of demand should be
selected for biofuel production. Consequently,
residues and waste materials from agriculture and
forestry were considered as the most interesting

sources of biomass.

High hydrolysis ratio is also an important requirement
for the effective utilization of monosugars present in
lignocellulosic ~ structures. From  biochemical
perspective, organic substances present in the
hydrolyzed solution can be categorized into several
groups such as simple and complex carbohydrates,
lipids, proteins, and heteropolymers. The potentials for
biogas and biohydrogen  generation  from
lignocellulosic biomass is huge due to utilization of
different microorganisms in the conversion of
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cellulose and hemicellulosic fractions of the
agricultural and forestry residues [32]. However, a
major setback is usually encountered during biofuels
production which is the conversion ratio of the
polymeric substances into fermentable sugars like
hexoses and pentoses due to production of inhibitors
Diastatic enzymes

Cellulose

along with the desired products. To minimize such
inhibitors and maximize hexoses and pentoses
production, microbial metabolism in the degradation
and saccharification of the biomass cell wall were
considered [33, 34].

Yeast

)—,
.v". o

Glucose

Galactose

ﬁ;/ \_/

Mannose

Z

Hemicellulose 5 sugar
Arablnosé
ngnin
Fig.4. Bioethanol production process
Sugar Platform
sugarcane Extraction Fermentation
sweet sorghum » Sugars » Beer
sugar beet A (~15% EtOH)
Distillation
Starch Platform
corn, potato  Saccharification Hydrolysis
sweet potato
. > 90% Ethanol
Cellul Dehydration
Cellulose Platform eliulose
wood, grasses Pretreatment
agri. residues > 990/0 EthanOl

Fig.5. Bioethanol production flow diagram

IJIRT 160685

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY

993



© June 2023| JIRT | Volume 10 Issue 1 | ISSN: 2349-6002

4. CONCLUSION

With the ever-increasing demand for energy in a
rapidly growing economy like India, cheap and
sustainable energy is the need of the hour. Waste to
Energy conversion remains a major untapped energy
resource in the Indian context. Biomass residues and
waste can be converted into transportation fuels and
bioelectricity using transesterification,
thermochemical and biochemical pathways. The
choice of process technology depends on the end
product desired and the feedstocks. In general,
thermochemical technology that employs thermal heat
might not be sensitive to the biomass waste
composition when compared to the biochemical
strategies for the production of biofuels. Nevertheless,
the production of biofuels from biomass waste is still
considered more robust in material handling,
transportation, and conversion technology, when
compared to traditional editable food crops-based
biofuels. Still, on-going research studies are devoted
to fill up the inadequacies of the existing technologies
and improve the efficiency and economics of the
production technologies employed.
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