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a b s t r a c t

Electrochemical and photoelectrochemical catalysis of surface-passivated zinc oxide (ZnO) nano-
structures with three different metal oxides were investigated. Initially, vertically aligned ZnO nanorods
structures were developed over conductive substrates by a two-step approach and then passivated with
an ultrathin zinc hydroxide, that is, Zn(OH)2, cobalt oxide, that is, CoO, and Zn(OH)2/CoO as bilayer, by
electrochemical deposition. Compared with the pristine ZnO structures, the surface-passivated nano-
structures possess slightly rough surfaces, whereas their crystal structure remains unchanged. From
electrochemical catalysis studies under dark and illumination, it is noticed that vertically aligned ZnO
nanostructures passivated with narrow band-gap CoO layers have a predominant water oxidation per-
formance than that of the structures passivated with other oxide materials. It is mainly attributed to the
eradication of surface states present on ZnO nanorods. Interestingly, the structures passivated with bi-
layers, that is, Zn(OH)2/CoO, showed significant stability and durability (~103% retention in current
density@60th min) with a continuous oxygen evolution reaction process for long durations.

© 2021 Elsevier Ltd. All rights reserved.

1. Introduction

In recent years, the development of electrodematerials, that is, as
anodes as well as cathodes, for sustainable and efficient water-
splitting process and thereby the production of eco-fuels has
received great attention because of the threatening signals of global
warming and climate changes [1]. After the invention of photo-
catalysis in titanium oxide by Fujishima and Honda [2], various
oxides and non-oxides metallic compounds came into the limelight
due to their suitable physical and chemical properties along with
rich surface morphologies [3]. In particular, various metal oxide
materials, including Cu2O, TaON, BiVO4, WO3, Fe2O3, etc. [4], have
been evolved as a special class of materials because of their easy
processability and scalability along with excellent chemical stability
and favorable band alignment toward the redox potential of water
[5,6]. Among these metal oxide semiconductor materials, zinc oxide

(ZnO) has received great attention as a suitable, efficient, and cost-
effective anode material for not only the water-splitting process by
oxygen evolution reaction (OER) for O2/H2 production [7e10] but
also two-electronwater oxidation reaction process to generate H2O2
[11]. This is mainly due to the low-temperature synthesis, non-
toxicity, and abundancy of ZnO along with finely aligned conduction
and valance band positions around the redox potential of water.
However, photodegradation of OER electrodes greatly hinders their
usage in real-time applications. In this view, enhancement of the
performance along with chemical sustainability of electrocatalytic
electrodes has appeared to be one of the challenging issues.

To overcome the above bottlenecks, the researchers have been
implemented various approaches, including the development of
nanostructures, loading of co-catalysts, growth of core/shell het-
erostructures, surface passivation, etc [12,13]. As a result, enriched
chemical active surface area, amplification of chemical kinetics,
increase of light absorption cum protection from chemical corro-
sion, and reduction of surface states and thereby a decrease of
recombination losses have been observed [4]. For instance,
different types of ZnO nanostructures, including nanorods, nano-
wires, nanoparticles, nanoflakes, etc., have been developed and
explored their electrocatalytic as well as photoelectrochemical
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a b s t r a c t

Zinc oxide (ZnO) nanorods were developed on stainless steel (SS) sheets as well as glass substrates in two
steps by adopting well-established two different chemical methods namely, spray pyrolysis and chemical
bath deposition techniques. Then, the structures were exposed to dynamically generated shock waves in
a home-built shock tunnel. All the as-grown and shock waves exposed structures were characterized
with advanced analytical techniques. Surface morphology and structural studies reveal that the as-grown
nanostructured films over the both SS and glass substrates possess nanorods-like surface morphology;
however, they exhibited (101) and (001) orientations as predominant orientations, respectively. From
micro Raman analysis, it is noticed that the nanorod structures grown on both surfaces have good phase
purity and crystalline quality. On the other hand, the cathodoluminescence studies show that these
hydrothermally grown ZnO nanorods possess a large number of native defects. Finally, the ZnO nanorods
exposed to shock waves generated with a temperature and pressure of ca. ~20,000 K and ~6 MPa for a
short duration of 2e3 ms exhibited superb sustainability in terms of surface morphology as well as
crystalline quality, which is mainly attributed to the slantly overlapped morphology as well as the high
melting temperature of ZnO nanorods.

© 2022 Elsevier Ltd. All rights reserved.

1. Introduction

Materials science is one of the crucial branches in space engi-
neering technology where the materials have been synthesized,
processed, and tested for different applications [1,2]. The reduction
of weight and cost of the materials along with the enhancement of
specific device functionalities are a few key issues that have
received great focus today [3e5]. State-of-the-art in space engi-
neering reports suggests that most of these bottleneck problems
can be handled by developing new class materials [6]. Noticeably,
the primary selection of materials is determined by their me-
chanical and physical properties along with chemical characteris-
tics [7e9]. In this direction, the combination of various kinds of
materials has been adapted for different space engineering

applications including electrical and electronics, sensors, control-
lers, detectors, protection, and energy conversion and storage de-
vices since it is impossible to achieve all these applications by using
a single material [10]. Though there are plenty of high-temperature
materials withmelting temperatures higher than 2000 �C including
carbides, refractory metals, oxides, nitrides, and borides, the
ceramic materials have received considerable attention due to their
multifunctional characteristics along with considerable sustain-
ability even under extreme temperatures or harsh operating con-
ditions [11]. At the same time, these compound materials possess
significant mechanical strength along with suitable optical and
electrical properties. As a result, different kinds of devices have
been developed and tested for various space applications including
leak detection, temperaturemonitoring, emissions monitoring, and
fluctuations in the surrounding environment.

In recent years, the development of materials with nanoscale
dimensions by adopting advanced processing methodologies al-
lows scientists to realize efficient and eco-friendly devices not only
for day-to-day applications but also for space engineering and
medical applications [12]. As a result, various semiconductor
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ABSTRACT: The world is fast becoming a global village due to the increasing daily requirement of energy by 

all population across the world while the earth in its form cannot change. The need for energy and its related 

services to satisfy human social and economic development, welfare and health is increasing. Returning to 

renewables to help mitigate climate change is an excellent approach which needs to be sustainable in order to 

meet energy demand of future generations. Renewable technologies are technically viable and economically 

attractive; traditional energytechnology receives many investment dollars. The use of renewable energy 

resources is growing gradually and it’s requirement is also increasing as compared with the conventional energy 

sources from corner to corner of the world. The use of these energies can accomplish the added energy 

requirement and the research on this is in development. The renewable energy types considered include solar, 

wind, geothermal, bio-energy and waste derived energy, ocean thermal energy, tidal, wave and hydraulic.This 

paper provides a brief knowledge about different renewable energy resources. It thus, becomes a need to 

explore these sources more efficiently, so that we can maximize it’s use for different applications worldwide. 

Keywords— Renewable Energy Resources, Solar Energy, Wind Energy, Hydrothermal Liquefaction 

1. INTRODUCTION 

As world’s population is increasing day by day, therefore the utilization of energy is increasing in a hurry. The 

employ of renewable energy resources seems to be a huge movement by which the extra energy can be 

generated as generation of energy becomes an important concern for the world [1]. Renewable energy resources 

can be a alternative option for conventional energy resources as it substitute conventional fuels [2]. Basically, 

the most important aspect for increasing renewable energies is to pilot a number of positive results like 

controlling the greenhouse effect and climate change [3, 4].The status for electricity generation of various 

renewable energy types, such as solar, wind, hydraulic, biomass, ocean andgeothermal, is frequently reported 

and the development potentials of renewable energies are often investigated [5, 6]. The development of 
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Abstract: Waste disposal is an important issue that needs to be addressed, not only for health and 

environmental reasons but also for its social and economic impacts. Three important waste streams that 

contribute to the growing amount of wastes generated come from medical, industrial, and electronic residual 

wastes. These residual wastes are usually just being dumped or disposed of in sanitary landfills. Apart from 

finding solutions to these environmental waste problems, these wastes can be a possible source of energy that 

can support our energy sustainability. 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 commodity (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: Thermo-chemical, Pyrolysis, Gasification, electronic waste, industrial waste, medical waste, waste 

disposal, waste-to-energy  

1. INTRODUCTION 

The World Bank estimates that 1.3 billion tonnes of waste is generated annually worldwide and, by 2025, 

this amount will increase to 2.2 billion tonnes per year [1]. The tremendous rise in municipal solid waste 

(MSW) in the fast-growing cities of developing and emerging countries have led to increasing public concerns 

with regards to the resultant health and environmental impacts. Apart from municipal solid wastes, other major 

wastes that have potential as WTE feed sources are those coming from medical facilities, hazardous wastes 

from industries, and different residual electronic wastes. Most of the residual wastes from these waste streams, 

after segregation and treatment, usually just end up in storage facilities – or worst – in landfills. For medical 

wastes, for example, the global wastes generated surge and increase manifolds during the COVID-19 pandemic, 

which adds up to our waste problems. Hazardous industrial wastes, on the other hand, such as paints and used 

oils and grease after treatment just end up also in storage facilities or in landfills. Moreover, for electronic 

wastes – after segregating and recovering the recyclable materials – the residual electronic wastes also are just 

being disposed of in landfills. These three different wastes streams instead of adding to environmental waste 

problems may have potential benefits as a WTE feed, which can help not only in managing these wastes but 

http://www.jetir.org/
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also to provide alternative source and energy supply support. In this era of sustainable growth, trends are 

moving away from conventional (non-renewable) resources towards renewable resources to satisfy the energy 

requirement of the general population without creating negative environmental impacts. A worldwide effort is 

being made to recognize the potential of every nation in the solid waste management sector and its subsequent 

utilization in the energy recovery sector. Solid Waste Management (SWM) is a current paradigm between 

developing and developed countries. In industrialized countries, technologies to utilize MSW for the production 

of energy, heat, solid biofuel and compost were well established [2-4]. MSW is a valuable renewable resource 

with capacity of biogas generation for combined heat and power (CHP) production by using the appropriate 

waste-to-energy technologies [5]. These technologies must be selected based on the waste composition 

assessment and economics [6]. Selection of the appropriate WTE-T is not an easy task due to generation of 

solid waste is influenced by seasonality and socioeconomic level of producers [7]. Policy instruments for 

sustainable waste management also have a significant impact in the selection of WTE-T [8]. Waste-to-energy 

technologies can be classified into biochemical and thermochemical processes while MSW can be classified as 

biodegradable and non-biodegradable, which are suitable for biochemical and thermochemical processes 

respectively [9, 10]. Biochemical processes are related to anaerobic digestion technologies to produce biogas 

[11] and thermochemical processes are related to pyrolysis [12], gasification [13] and incineration technologies 

[14]. Other authors also consider landfill gas utilization technologies [15] along with biorefineries as WTE-T 

[16, 17]. These technologies are potential to reduce greenhouse gas emissions in decentralized energy from 

waste systems [18]. this paper aims to review the suitability of waste type, based on their characteristics, and to 

match the exhibited characteristics against the operational parameters of the appropriate WTE technologies.  

2. METHODOLOGY  

This review is based on a literature search using Science Direct 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 [19]. The most commonly used waste to energy technologies are thermo-chemical, bio-chemical, 

chemical and physical conversion technologies [20]. The thermal treatment includes cineration, pyrolysis, 

gasification and refused derived fuel (RDF) The biological treatment includes anaerobic digestion (AD), 

fermentation  and enzyme. The chemical conversion includes hydrolysis, solvent extraction and 

transesterification. The physical conversion includes mechanical extraction, briquetting of Biomass and 

distillation.  

Thermo-chemical technologies are generally used to convert waste into heat, electricity, and other value-

added products (VAP) by subjecting waste to high temperatures [21]. Thermal conversion is considered a part 

of integrated waste management technology [22]. 

3.1. Incineration  

One of the most common waste treatment technology is incineration, in which waste mass is reduced by 

70% and waste volume is reduced up to 90%. Incineration is suitable for high calorific value wastes. In this 

process, produced energy is converted in electricity generation[19, 23, 24]. The whole process carried out in 

three phases i.e. incineration, energy recovery and control of air pollution. The whole process is illustrated in 

Figure 1. In the first phase (incineration process), waste is directly burned at 700-1000o C in the combustion 

chamber by using flue gas and preheated air. Ultra-hot steam is produced after combustion of waste and this 

steam is used to create heat energy. Turbine is connected to generator which produces energy, heat and bottom 

ash. Bottom ash primarily contains of silicon, iron, calcium, aluminum, sodium and potassium.Heat and energy 

are recovered in second phase of incineration process. The biggest disadvantage of incineration process is the 

production of greenhouse gases. Thus, it is of prime concern to install emission control equipment to the 

incinerator, which is the third phase of incineration process [19,25,26]. Incineration technology of Indian MSW 

is not convenient as it contains high organic composition, moisture content or inert content (range 30- 60% each) 

and low calorific value (range 800-1100 kcal/kg) [27].Usually, in India small incinerators are used for burning 

of hospital waste. Still, a medium sized incinerator plant was installed to dispose of 300 tonnes of day-to-day 

waste at Delhi, India in 1987. However, the plant remained out of order currently, because non-availability of 

http://www.jetir.org/
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waste having required calorific value for incineration [28]. At present, there is no large-scale incinerator 

working in India 

 

Figure 1. Incineration process to produce electricity and heat 

3.2. Gasification  

Gasification is a partial oxidation of organic substances at elevated temperature (500°C - 1800°C) to 

produce a synthesis gas (often called syngas) that can be used as a feedstock (through some reforming 

processes), or as a fuel [29]. The synthesis gas contains CO, CO2, H2, H2O, CH4, trace amounts of higher 

hydrocarbons such as ethane and ethane, inert gases originating from the gasification agent and various 

contaminants such as small particles [30]. The partial oxidation can be carried out using air, oxygen, steam, 

carbon dioxide or a mixture of these. Air gasification produces a low heating value (LHV) gas (4-7 MJ/Nm3 

higher heating value), while oxygen gasification produces a medium heating value (MHV) gas (10-18 MJ/Nm3 

higher heating value). [31]. This synthesis gas can be used for efficient production of electricity and/or heat, or 

second generation liquid biofuels. Several different gasification processes are available or being developed 

which are in principle suited for the treatment of MSW, certain hazardous wastes and dried sewage sludge. 

Good operation of the gasification reactor and minimisation of tar formation requires that the nature (size, 

consistency) of the waste input remains within certain predefined limits. This often requires special 

pretreatment of MSW, thereby increasing the cost. Figure 2. illustrates the gasification process. 

Special features of gasification processes are:  

• smaller gas volume compared to incineration (up to a factor of 10 by using pure O2),  

• smaller waste water flows from synthesis gas cleaning,  

• predominant formation of CO rather than CO2,  

• capturing of inorganic residues, e.g. within slag in high temperature slagging gasifiers,  

• high operating pressures (in some processes), leading to small and compact aggregates,  

• material and energetic utilisation of the synthesis gas. 

. 

http://www.jetir.org/


© 2023 JETIR April 2023, Volume 10, Issue 4                                                                  www.jetir.org (ISSN-2349-5162) 

JETIR2304242 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org c300 
 

 

Figure 2. Gasification process to produce energy and heat 

3.3. Pyrolysis  

The recent consciousness of the need for abatement of air pollution leads to worldwide interest in and 

investigation of pyrolysis as a major process for waste treatment. Pyrolysis is thermal degradation either in the 

complete absence of an oxidising agent, or with such a limited supply that gasification does not occur to an 

appreciable extent; the latter may be described as partial gasification and is used to provide the thermal energy 

required for pyrolysis at the expense of product yields. Relatively low temperatures (400-900°C, but usually 

lower than 700°C) are employed compared to gasification. Three products are obtained: pyrolysis gas, pyrolysis 

liquid and solid coke, the relative proportions of which depend very much on the pyrolysis method and reactor 

process parameters. The heating value of pyrolysis gas typically lies between 5 and 15 MJ/m³ based on MSW 

and between 15 and 30 MJ/m³ based on RDF. 

Pyrolysis plants for waste treatment usually include the following basic process stages:  

1. Preparation and grinding: the grinder improves and standardises the quality of the waste presented for 

processing, and as such promotes heat transfer.  

2. Drying (depends on process): a separate drying step improves the LHV of the raw process gases and 

increases efficiency of gas-solid reactions within the reactor.  

3. Pyrolysis of wastes: besides the pyrolysis gas, a solid carbon-containing residue is generated which contains 

mineral and metallic compounds. 

4. Secondary treatment of pyrolysis gas and pyrolysis coke: condensation of the gases for the extraction of 

energetically usable oil mixtures and/or incineration of gas and coke for the destruction of the organic 

compounds and simultaneous utilisation of energy. 

http://www.jetir.org/
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Figure 3. Pyrolysis process to produce energy and heat 

3.4. Refuse-derived Fuel (RDF)  

RDF technology stipulates safe and eco-friendly disposal of MSW. It is an alternating fuel which can be 

used in boilers in place of fossil fuels. The process of RDF generation is described in Figure 4. A few RDF 

plants were setup in India [27,32], RDF pellets is frequently used for pulp, paper industry, wood industry waste 

and saw-mill industry [25]. 

 

 

Figure 4. Refuse derived fuel process 

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. Several efforts have been made by the government of India to improve our waste 

energy potential (biomass, MSW). A significant improvement in biomass energy generation capacity (10 GW) 

has been attained in the past decade, however, the MSW-based energy potential is yet to be realized. It is to be 

mentioned that less than 5% of the overall energy generation potential from MSW is currently utilized in India. 

The types of waste (MSW) plays an important role on the efficiency of WTE technologies and the yields of  

production. The thermal treatment required waste that have low moisture content and high calorific value for  

good performances.  

 

“Waste is nothing but wealth at wrong place” 
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