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ABSTRACT

Due to the urbanization, municipal waste is increasing day by day. So it is a big challenge nowadays to handle it
and generate the alternative energy. Generation of energy from MSW is recognized as a source of renewable
energy, which can be used in heating, electricity generation purpose. So the waste management plays an
important role for generation of renewable energy. In this article we try to give a review of several process of
waste-to-energy (WTE). In this work we discuss several processes such as food waste to energy conversion and
municipal waste to energy conversion. Food waste to energy conversion is also divided to anaerobic digestion,
ethanol fermentation, biodiesel. Municipal waste to energy is divided to three groups pyrolysis, gasification, bio
refineries. Further we have discussed different process of WTE in India and USA.
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I. INTRODUCTION

In the last few decades, the usability of renewable energy has increased exponentially. Renewable energy is
a kind of energy that specifically received from natural sources like — solar energy, wind etc. and it is
replenished every time. This is one of the most popular energy sources to regenerate electricity, heating power.
From 2010 to now, 42% more energy sources comes from renewable energy in USA and also globally, the
transportation, power, & heating being moderated by 11.2% of renewable energy. Geothermal, biomass,
biofuels, wind, solar is popular resources for this energy [1]. Bio Diesel, Bio Gas , Bio Ethanol etc. has more
essential benefits when compared to conventional Gas, diesel because , it’s produced from renewable energy.
But, Solid Waste is one of the remarkable resources for renewable energy in the present time. There are
different kinds of wastes — medical waste, food waste, municipal waste, nuclear waste etc. Solid waste is a most
remarkable resource for renewable energy.

There are efficient techniques for conversion of energy from Solid waste; especially from organic waste,
Municipal waste. There are different thermal treatments like — pyrolysis, gasification for conversion of
renewable energy from MSW. Basically, pyrolysis transforms food waste in an anaerobic environment, bio oil.
Also, in Gasification by partial oxidation renewable energy is produced from Solid waste. From, renewable
energy ; different organic products are formed. Even, there are Ethanol fermentation & Anaerobic digestion is
effective way to extraction renewable energy from organic wastes. Anaerobic Digestion specially uses
microorganism for production of high percentage of energy. This is one of the most remarkable techniques
worldwide. Bio Ethanol is one of the products that replace natural gas that, reduced the dependencies of fossil
fuel [2]. For, sustainable progress of world, Waste-to-energy routes (WTERS) mostly channelize these
conversion of energy form Agriculture waste, domestic wastes etc. [3].

Waste-to-energy (WTE) incineration is one of the remarkable processes for conversion of energy from
municipal waste. There are mostly two futuristic approach of WTE method is WTE incineration & Land Fill
Gas(LFG).These are one of the potential promising technology, that extract renewable energy from both bio-
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degradable & non-bio degradable matters[4]. There is a proper hierarchical process to generate energy from the
disposed wastes. This energy is being uses to produce electricity & heating. WTE incineration facility mainly
present in China [5].

Also, there are different kinds of techniques to regenerate energy from organic waste ; mainly food waste.
Now, the current technologies are, Biological Technology — Anaerobic digestion & Ethanol fermentation and
Thermochemical technology — incineration, pyrolysis etc. [6] Also, there are different types of procedure to
convert energy from organic waste, nuclear waste, animal waste etc. Presently, USA, China, India, Russia,
Pakistan leading the growth of Waste management worldwide. Therefore, for sustainable development in future;
researchers constantly show their dependencies on Renewable Energy Technologies (RET).

1. PROS AND CONS OF RENEWABLE ENERGY FROM WASTE MANAGEMENT

PROS

CONS

Biomass is one of the remarkable Waste-to-
energy products. ENERGY from biomass
currently contributes 10-12% of the total
worldwide energy. In the rich countries usage
of bio fuel is very rare in cooking but bio fuel
has a significant use for warming up the
regions with access to forest [7].

Even though it may pay a huge amount to the
contributors, the WTE process needs a lot of
money, time and land to set up an industry and
run. As the amount of waste that is being
contributed to the waste product unit
increases, so the number of industries that
process these resources also increase [14].

International experience shows that by
anaerobic digestion, energy and nutrients
could be recovered from human waste. Biogas
digester could produce biogas from septage
which could be used directly as cooking fuel
and indirectly through conversion to
electricity. Among the constituents of biogas,
methane and hydrogen are the two
combustible gaseous components, which are
mixed with two gases (Carbon Dioxide and
Nitrogen) and water vapour. Apart from
livestock waste, human waste is also a
valuable resource which could provide energy
and fertiliser [8].

One of the severe disadvantages of WTE is
that, it increases CO2 emission when it’s
burned for energy conversion. Obviously,
WTE recovers more metals, fuels but, also it
simultaneously damage more recovery
materials [15].

Wet Anaerobic Digestion is an effective
Waste-to-Energy (WTE) technology for
conversion of renewable energy from low
solid waste. After extraction of energy, this
digestion technique releases less sludge; that’s
is effectively beneficial in manufacturing area
[9-11].

There is low investment, low subsidies for
Wet Anaerobic Digestion technigue by the
Government of respective countries [15].

Dry Anaerobic Digestion is mainly used for
high solids. There are different benefits of
this WTE technique for higher conversion of
energy like — higher removal rate of organic
matter, accumulation of Volatile acids is very
less etc.[9,12,13]

Waste-to-Energy (WTE) incineration is very
much expensive technology for renewable
energy conversion.

The main advantages of Waste-to-
energy(WTE)-T are reduction of 80-90 %
volume & mass of waste, regeneration of heat
& electricity, recycling of metals from waste,
reduction of greenhouse gases [9].

Thermopile Dry Anaerobic Digestion WTE
has mostly the accumulation of Fatty Acids,
Specific growth rate of microorganism is high
[12,13]

I1l. DIFFERENT WASTE MANAGEMENTS TO RENEWABLE ENERGY

FOOD WASTE TO ENERGY CONVERSION




With rapid urbanization, the daily production of food waste is increasing. Food waste is emitted from
various sources, including rice, meat, vegetables, fruits, bakeries, dairy products, homes, restaurants, and food
industry waste consisting of leftover food and food preparation waste [16]. The various ways by which it can be
implemented are given below:

A. ANAEROBIC DIGESTION

Food waste is perfect for anaerobic digestion [17], because of its composition and moisture content.
During the anaerobic degradation process, the OM content of FW (or any substrate) is mainly converted to
biogas in a chain process involving four consecutive steps [18], they are: 1. Hydrolysis, 2. Acidogenesis, 3.
Acetogenesis and 4. Methanogenesis [19]. Anaerobic digestion occurs naturally in the absence of oxygen as
bacteria break down organic matter to produce biogas. This process reduces the amount of material and
produces biogas, which can be used as a renewable energy source. Anaerobic digestion to produce biogas is
done in closed containers called reactors [20].

B. ETHANOL FERMENTATION

Ethanol fermentation is an effective biological process that converts food waste into renewable energy.
Various food wastes such as banana peels , pineapple wastes , grape waste, potato peel waste and household
food waste [21-28], can be used for bioethanol production. Enzymatic hydrolysis is probably the most common
pre-treatment method in producing ethanol from food waste [25].

C. BIODIESEL

Biodiesel, a renewable energy resource is mainly produced from food wastes such as soybean,
cottonseed, vegetable and animal fat [29]. It is suggested that about 5-30% of lipids in food waste are an ideal
source for biodiesel feed [30]. There are six steps for the biological conversion of food lipids to biodiesel.1)
Selection of optimal microbial species, 2) Cultivation conditions, 3) Harvesting, concentration and dehydration
of microalgae, 4) Extraction and purification of intracellular lipids, 5) Esterification of lipids for biodiesel
production, and 6) Biodiesel production [31].

MUNICIPAL WASTE TO ENERGY CONVERSION

The amount of municipal solid waste generation is expected to be 2.2 billion tons per year worldwide
by 2025. However, while developing countries still face problems in collecting, transporting and disposing of
waste, developed countries are using new technologies to produce a variety of by-products such as heat,
electricity, compost and biofuels [32]. In developed countries, waste is used by resources to produce energy,
heat, fuel, and compost, while in developing countries, waste collection, transportation, and disposal are current
issues [33,34]. Waste-to-energy technology (WTE-T) is a promising technology for converting waste into usable
forms of renewable energy, especially in developing countries. The ways for the conversion are:
A.PYROLYSIS

Pyrolysis transforms food waste, in an anaerobic environment, into bio-oil as the main product along
with solid bio-char and syngas. This technique requires pre-treatment of waste [35]. The final biological
products of pyrolysis are gaseous, liquid and solid residues which are source of renewable energy resources.

B. GASIFICATION

Gasification processes for renewable energy production from waste have been developed in the last 30
years [36]. This biological process involves partial oxidation, the main product of which is fuel gas. A recent
study showed that heat treatment of these wastes is a viable option for WTE conversion that limits greenhouse
gas emissions and reduces landfill disposal options [37]. It is a chemical process where trash is heated in a low
oxygen environment so that it turns into its constituent molecules. This process has two products: syngas and
char which are renewable energy resources.
C. BIOREFINERIES: WASTE-TO-BY-BIOPRODUCTS

A waste refinery integrates the biomass conversion process Municipal Solid Waste with the production
of biofuels, electricity, heat, bio-fertilizers and value-added chemical. Bio refineries can convert MSW into
liquid and gaseous biofuels. In this facility, the organic fraction can be converted into biogas and the mineral
fraction into solid recycled fuel (SRF) to produce syngas [38]. An integrated gasification system with a fuel
synthesis facility can convert the synthesis gas into biodiesel, bio-jet fuel, bio methanol or bioethanol [39].

IV. DIFFERENT COUNTRY WASTE MANAGEMENT TO RENEWABLE ENERGY
A. INDIA

India is a developing country therefore it faces problems regarding waste management on daily basis.
Waste management is a matter of concern for cities with denser population. The growth in the fields of
urbanization, economic growth and industrialization have resultant into increment of waste [40]. The structure
of waste management in India is very different from other developed countries. Environmental management,
advance productivity, resource rehabilitation, controlled population, and so on can help in managing waste
management in India [41]. The solution for this issue can be WTE technologies which are eco-friendly and can
efficiently treat wastes [42]. Mechanical or biological treatment of non-recyclable materials can be generated
from the process of WTE [43]. Quantity cutting down, pollution control and considerable energy production are



the main boon behind the Waste-to-Energy technology. It requires more attention from both the government of
India [44]. Mixed wastes may be treated in any way but its impurities will cause air, water and land pollutions.
But it has zero useful output that’s wrong thermal energy can be converted to energy is the only way to manage
mixed wastes [45].
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Fig 1: Regional Breakdown of Land filling, recycling & WTE in U. S., 2004 [58]

B. UNITED STATES OF AMERICA (USA)

Till 1800s, American cities did not care on water treatment, waste removal of human, street cleaning and also
public works. The environment and the public health is improved later after the severe effects of diseases and
frequent epidemics [46, 47]. At the rate of 2.5% per year, the growth of MSW is increased 351.90 million
tonnes in 2014 [48-50]. In USA 225.53 million tonnes landfilling or 64% of the MSW , electricity is generated
7.4% and also recycling is done 28.5%. East coast of USA are doing most of the WTE and costal states are
doing most of the recycling (Fig. 1, Fig. 2). 25 US states is operating Waste-to-energy power plants. [51-54]. In
USA, Anaerobic Digestion is one of the popular techniques for production of renewable energy from food
waste. Basically, this technigue use microorganism for consumption of waste. From 1970, the interest around
this technique increases for higher conversion of renewable energy from waste. Basically, it provides reliable
and local Renewable energy from Municipal waste.

So, not only in U.S. worldwide it’s a popular technique [55]. In U.S., renewable energy is being
produces as much like 10% of Nuclear power. For, modern technology for Renewable energy production is
currently in developing stage that mainly uses Sun & Wind energy resource. Also, in renewable energy research
sector in U.S., produces bioethanol from Corn Waste, rice straw, crop wastes etc. Bioethanol is popular fuels
that are specially produced from renewable energy. Also, most abundant element hydrogen is produced from
Renewable energy now-a-days. In USA, higher percentage of Electricity, domestic heat is produces from
renewable sources. Now, they have generating the electricity of 2500MW capacity that is fuelled by 26.3
million tons of MSW. Therefore, researchers from U.S. mainly focus on Anaerobic Digestion technique for
higher production of energy from waste in future [56, 57].

Other Wastes

Yard Trimmings

Food

(million tons)

Containers & Packaging

Nondurable Goods

Durable Goods

1960 1970 1980 1990 2000 2010 2014

Fig.2: Generation of Solid Waste Categories in U. S. from 1960 to 2014[59]



V. CONCLUSION

Waste management is one of the most efficient techniques for conversion of Renewable energy from
Solid Waste. Now-a-days, solid waste is the most recyclable waste to produce heating power, electricity etc. As,
most of the solid waste comes from the Municipal & Industrial waste; so, waste management is mainly required
for MSW & ISW. Food waste, Organic waste , animal waste, medical waste are the main supplies for generation
of power. For the present scenario; Incineration, Ethanol fermentation, Pyrolysis etc. is the most effective ways.
Also, waste management is very much requires for reduction of GFG (Green House Gases) — CH4, N,O.
Recycling apps, solar powered track compactors, Al Recycling robots, 10T based smart dustbin is the popular
revolutionizing techniques to control waste management. Therefore, the affective of waste management
continues to be an intriguing arena of research and study to empower the recycling methods in future for better
conversion of energy.

VI. FUTURE SCOPE

The world is now interested in Waste-to-Energy, it is one of the possible best way to use waste as an
energy. If this plan of WtE (Waste-to-Energy) works, electricity will be reached to every corner of the globe. In
the current scenario where one out of ten people has no access of electricity this can be resultant as a boon. It is
believed by 2030 the target will be achieved [60]. Other than that Biofuel which is derived from food waste can
also be considered as a help. We can define Biofuel as energy (heat, electrical or work) that can be used for
cooking purposes, illumination of lights, and many more. The major benefit of Biofuel is, it can replace the
other conventional energy in future [61].

REFERENCES

[1] https://www.c2es.org/content/renewable-energy/

[2] C.P.C. Bong, W.S. Ho, H. Hashim, J.S. Lim, C.S. Ho, W.S.P. Tan and C.T. Lee, Review on the renewable energy and solid waste
management policies towards biogas development in Malaysia. Renewable and Sustainable Energy Reviews, 70, pp.988-998, 2017.

[3] R. Kothari, V.V. Tyagi, A. Pathak, Waste-to-energy: A way from renewable energy sources to sustainable development. Renewable and
Sustainable Energy Reviews. 2010 Dec 1;14(9):3164-70.

[4] S.T. Tan, H. Hashim, J.S. Lim, W.S. Ho, C.T. Lee, J. Yan, Energy and emissions benefits of renewable energy derived from municipal
solid waste: Analysis of a low carbon scenario in Malaysia. Applied Energy. 2014 Dec 31;136:797-804.

[5] H. Cheng, Y. Hu, Municipal solid waste (MSW) as a renewable source of energy: Current and future practices in China. Bioresource
technology. 2010 Jun 1;101(11):3816-24.

[6] T.P. Pham, R. Kaushik, G.K. Parshetti, R. Mahmood, R. Balasubramanian, Food waste-to-energy conversion technologies: Current
status and future directions. Waste management. 2015 Apr 1;38:399-408.

[7] M. Kaltschmitt, D. Thrén, K.R. Smith, Renewable energy from biomass. Encyclopedia of Physical Science and Technology, ed. by RA
Meyers. 2002:203-28.

[8] S. Mukherjee, D. Chakraborty, Turning human waste into renewable energy: Opportunities and policy options for India. Turkish
Economic Review. 2016 Dec 18;3(4):610-28.

[9] D. Moya, C. Aldés, G. Lépez, P. Kaparaju, Municipal solid waste as a valuable renewable energy resource: a worldwide opportunity of
energy recovery by using Waste-To-Energy Technologies. Energy Procedia. 2017 Oct 1;134:286-95.

[10] S.N. Malik, T. Saratchandra, P.D. Tembhekar, K.V. Padoley, S.L. Mudliar, S.N. Mudliar,

Wet air oxidation induced enhanced biodegradability of distillery effluent. Journal of environmental management.

2014 Apr 1;136:132-8.

[11] GJing, M. Luan, T. Chen, Progress of catalytic wet air oxidation technology. Arabian journal of Chemistry.
2016 Nov 1;9:51208-13..

[12] F.J.Andriamanohiarisoamanana, N. Matsunami, T. Yamashiro, M. Iwasaki, I. Ihara, K. Umetsu,
High-solids anaerobic mono-digestion of riverbank grass under thermophilic conditions. Journal of Environmental
Sciences. 2017 Feb 1;52:29-38.

[13] H.V. Kinnunen, P.E. Koskinen, J. Rintala, Mesophilic and thermophilic anaerobic laboratory-scale digestion
of Nannochloropsis microalga residues. Bioresource technology. 2014 Mar 1;155:314-22.

[14] H.C. Goddard The benefits and costs of alternative solid waste management policies. Resources, conservation and
recycling. 1995 Jun 1;13(3-4):183-213.

[15] https://www.rts.com/blog/what-is-waste-to-energy/

[16] H.S. Hafid, F.N. Omar, N.A. Abdul Rahman, M. Wakisaka, Innovative conversion of food waste into biofuel in integrated waste
management system. Critical Reviews in Environmental Science and Technology. 2021 Apr 29:1-40.

[17] T.Abbasi, S.A. Abbasi, Microbial Fuel Cells as Source of Clean Energy-Potential and Pitfalls. Nature Environment & Pollution Technology.
2019 Sep 1;18(3).

[18] L. Appels, A. Van Assche, K. Willems, J. Degréve, J. Van Impe, R. Dewil, Peracetic acid oxidation as an alternative pre-treatment for the
anaerobic digestion of waste activated sludge. Bioresource technology. 2011 Mar 1;102(5):4124-30.

[19] W. Gujer, A.J. Zehnder, Conversion processes in anaerobic digestion. Water science and technology. 1983 Aug;15(8-9):127-67.

[20] H. Bouallagui, Y. Touhami, R.B. Cheikh, M. Hamdi, Bioreactor performance in anaerobic digestion of fruit and vegetable wastes.

Process biochemistry. 2005 Mar 1;40(3-4):989-95.

[21] J.B. Hammond, R. Egg, D. Diggins, C.G. Coble, Alcohol from bananas. Bioresource technology. 1996 Apr 1;56(1):125-30.

[22] H.S. Oberoi, P.V. Vadlani, L. Saida, S. Bansal, J.D. Hughes. Ethanol production from banana peels using statistically optimized simultaneous



https://www.c2es.org/content/renewable-energy/
https://www.rts.com/blog/what-is-waste-to-energy/

saccharification and fermentation process. Waste management. 2011 Jul 1;31(7):1576-84.

[23] H.K. Tewari, S.S. Marwaha, K. Rupal Ethanol from banana peels. Agricultural wastes. 1986 Jan 1;16(2):135-46.

[24] L. Ban-Koffi, Y. Han, Alcohol production from pineapple waste. World Journal of Microbiology and Biotechnology. 1990 Sep;6(3):281-4.
[25] L.J. Korkie, B.J. Janse, M. Viljoen-Bloom, Utilising grape pomace for ethanol production. South African Journal of Enology and Viticulture.
2002;23(1):31-6.

[26] L.A. Rodriguez, M.E. Toro, F. Vazquez, M.L. Correa-Daneri, S.C. Gouiric, M.D. Vallejo, Bioethanol production from grape and sugar
beet pomaces by solid-state fermentation. International Journal of Hydrogen Energy. 2010 Jun 1;35(11):5914-7.

[27] D. Arapoglou, T. Varzakas, A. Vlyssides, C.J. Israilides. Ethanol production from potato peel waste (PPW).Waste Management.

2010 Oct 1;30(10):1898-902.

[28] L. Matsakas, D. Kekos, M. Loizidou, M. Christakopoulos, Utilization of household food waste for the production of ethanol at high

dry material content. Biotechnology for biofuels. 2014 Dec;7(1):1-9.

[29] B.S. Brasil, F.C. Silva, F.G Siqueira, Microalgae biorefineries: The Brazilian scenario in perspective. New Biotechnology. 2017 Oct 25;39:90-8.
[30] S. K. Karmee, D. Linardi, J. Lee & C. S. Lin, Conversion of lipid from food waste to biodiesel.Waste Management (New York, N.Y.),

41, 169-173.. (2015).

[31] A. Mehrabadi, R. Craggs & M.M. Farid, Biodiesel production potential of wastewater treatment high rate algal pond biomass.(2016)

[32] J. Portugal-Pereira and L. Lee, "Economic and environmental benefits of waste-to-energy technologies for debris recovery in disasterhit
Northeast Japan," Journal of Cleaner Production, vol. 112, Part 5, pp. 4419-4429, 1/20/ 2016.

[33] L. A. Guerrero, G. Maas, and W. Hogland, "Solid waste management challenges for cities in developing countries," Waste Management,
vol. 33, pp. 220-232, January 2013.

[34] B. Antizar-Ladislao and J. L. Turrion-Gomez, "Decentralized Energy from Waste Systems," Energies, vol. 3, p. 194, 2010.

[35] M. Agarwal, J. Tardio, and S. VVenkata Mohan, “Critical analysis of pyrolysis process with cellulosic based municipal waste as renewable
source in energy and technical perspective," Bioresource Technology, vol. 147, pp. 361-368, November 2013.

[36] S. Thakare and S. Nandi, "Study on Potential of Gasification Technology for Municipal Solid Waste (MSW) in Pune City,"

Energy Procedia, vol. 90, pp. 509-517, 12// 2016.

[37] U. Arena, "Process and technological aspects of municipal solid waste gasification. A review," Waste Management,

vol. 32, pp. 625- 639, April 2016.

[38] C. Aracil, P. Haro, J. Giuntoli, and P. Ollero, "Proving the climate benefit in the production of biofuels from municipal solid waste refuse
in Europe," Journal of Cleaner Production, vol. 142, Part 4, pp. 2887-2900, 1/20/ 2017.

[39] R. B. Nair, P. R. Lennartsson, and M. J. Taherzadeh, "8 - Bioethanol Production From Agricultural and Municipal Wastes," in Current
Developments in Biotechnology and Bioengineering, ed: Elsevier, 2017, pp. 157-190.

[40] S. Kumar, S.R. Smith, G. Fowler, C. Velis, S.J. Kumar, S. Arya, Rena, R. Kumar, C. Cheeseman, Challenges and opportunities associated
with waste management in India. Royal Society open science. 2017 Mar 22;4(3):160764.

[41] H.D. Sharma, A.D. Gupta, The objectives of waste management in India: a futures inquiry. Technological Forecasting and Social Change.
1995 Mar 1;48(3):285-309.

[42] KA Kalyani, KK Pandey. Waste to energy status in India: A short review. Renewable and sustainable energy reviews. 2014 Mar 1;31:113-20.

[43] M. Sharholy, K. Ahmad, G. Mahmood, R.C. Trivedi, Municipal solid waste management in Indian cities—A review. Waste management.
2008 Jan 1;28(2):459-67.

[44] L.C. Malav, K.K. Yadav, N. Gupta, S. Kumar, G.K. Sharma, S. Krishnan, S. Rezania, H. Kamyab, Q.B. Pham, S. Yadav, S. Bhattacharyya,
A review on municipal solid waste as a renewable source for waste-to-energy project in India: Current practices, challenges, and future opportunities.
Journal of Cleaner Production. 2020 Dec 20;277:123227.

[45] R.K. Annepu, Sustainable solid waste management in India. Columbia University, New York. 2012 Jan 10;2(01).

[46] N. Kollikkathara, H. Feng, E. Stern, A purview of waste management evolution: Special emphasis on USA. Waste management. 2009
Feb 1;29(2):974-85.

[47] G.E. Louis, A historical context of municipal solid waste management in the United States. Waste management & research. 2004
Aug;22(4):306-22.

[48] M.V. Melosi, "Garbage in the cities: refuse, reform, and the environment, 1880-1980." TEXAS A & M UNIV. PRESS, DRAWER C,
COLLEGE STATION, TX 77843. 1982. (1982).

[49] Y. Moriguchi,"Recycling and waste management from the viewpoint of material flow accounting.” The Journal of Material Cycles and
Waste Management 1, no. 1 (1999): 2.

[50] C.S. Psomopoulos, A. Bourka, N.J. Themelis, Waste-to-energy: A review of the status and benefits in USA. Waste management. 2009
May 1;29(5):1718-24.

[51] J.D. Lauber, M.E. Morris, P. Ulloa, F. Hasselriis, Local waste-to-energy vs. long distance disposal of municipal waste. INnAWMA
Conference, June 21, 2006, New Orleans, Louisiana 2006 Jun 21.

[52] S.M. Kaufman, N. Goldstein, K. Millrath, N.J. Themelis. The state of garbage in America. BioCycle. 2004;45(1):31-.

[53] Y.P. Chugh, P.T. Behum, Coal waste management practices in the USA: an overview. International Journal of Coal Science &
Technology. 2014 Jun;1(2):163-76.

[54] Y.P. Chugh, A. Patwardhan, H. Gurley, Effects of out-of-seam dilution on production, processing, environment and cost. In:
International mineral processing technology conference, Bhubneswar, 6—8 December 2013, p 10,(2013)

[55] B.A. Klinkner, Anaerobic digestion as a renewable energy source and waste management technology: What must be done for this
technology to realize success in the United States. U. Mass. L. Rev.. 2014;9:68.

[56] S.R. Bull, Renewable energy today and tomorrow. Proceedings of the IEEE. 2001 Aug;89(8):1216-26.
[57] M.M. Hamilton, Pumping up the ethanol option. Washington Post. 1998 May:C-1.

[58] C.S. Psomopoulos, A. Bourka, N.J. Themelis. Waste-to-energy: A review of the status and benefits in USA. Waste management.
2009 May 1;29(5):1718-24.

[59] https://en.wikipedia.org/wiki/Waste in_the United States



https://en.wikipedia.org/wiki/Waste_in_the_United_States

[60] C. Vlachokostas, A.V. Michailidou, C. Achillas, Multi-criteria decision analysis towards promoting waste-to-energy management
strategies: a critical review. Renewable and Sustainable Energy Reviews. 2021 Mar 1;138:110563.
[61] S. Dhiman, G. Mukherjee, Present scenario and future scope of food waste to biofuel production. Journal of Food Process Engineering.

2021 Feb;44(2):e13594.



