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Abstract There is continuous increase in quantum and

variety of waste being generated by anthropogenic activi-

ties. Burgeoning amount of waste being generated has

potential to harm the environment and human health.

Aggravating the problem, ever-increasing energy demand

is putting strain on the non-renewable sources of energy

and there is huge gap between the demand and supply of

energy. This has led the scientific communities to adopt

innovative methods to reduce, reuse and recycle them.

Therefore, there is an urgent need to minimize the quantity

of waste and meet the current demand profile of energy is

required; technologies to recover energy from waste can

play a vital role in substantial energy recovery and reduc-

tion in waste for final disposal; in addition to meet the

rising energy requirement. Generating power from waste

has greatly reduced the environmental impact and depen-

dency on fossil fuels for electricity generation. Economi-

cally also it is an optimal solution for recovery of heat and

power from waste. This paper gives an overview of energy

potential stored in waste, major available waste-to-energy

technologies and also strategic action plan for implemen-

tation of these technologies.

Keywords Waste to energy � Environment � Non-
renewable sources � Urban � Thermochemical �
Biochemical

Abbreviations

AFR African region

CNG Compressed natural gas

EAP East Asia and Pacific region

Gt/yr Giga ton per year

HI High income

HIC High-income country

LCA Life cycle assessment

LCR Latin America and Caribbean region

LI Low income

LMI Low–middle income

LPG Liquified petroleum gas

MENA Middle East and North Africa region

Mtoe Million ton oil equivalent

MW Megawatt

MWth Megawatt thermal

OECD Organization for Economic Cooperation and

Development

PJ Peta joule

SAR South Asia region

TJ Terra joule

TWh Terawatt hour

UMI Upper middle income

1 Introduction

Diverse type of wastes generated by human population

living in an urban and industrialized background creates

various environmental problems such as green house gases

emission into air, water pollution and soil contamination

(Ghiani et al. 2014). Currently, the world population is 7.1

billion that generate around 1300 million tonnes/year vol-

ume of waste (1.2 kg/capita/day) which is mostly& Rajeev Pratap Singh

rajeevprataps@gmail.com
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generated by urban centers of the world. This enormous

amount is expected to increase and reach up to 2200 mil-

lion tonnes/year by the year 2025 (World Bank 2012).

Disposal of this huge amount of waste which is complex in

nature is becoming the main issue of environmental sus-

tainability due to diminishing landfill spaces. Additionally,

the rising population and economic growth will put

immense pressure on the demand of energy supply

(Guerrero et al. 2013). International energy agency pro-

jected that world energy demand will increase to 17 billion

tonne oil equivalent by the year 2035 and the carbon

dioxide emission is expected to increase from 29 to 43 Gt/

yr (Chu and Majumdar 2012) under current waste man-

agement facilities. The solution relies on how efficiently

and effectively the existing resources are utilized by the

masses.

According to waste hierarchy, the best option to dispose

waste is to recycle and reuse it. What cannot be reused and

recycled should go for energy recovery. Generating energy

from waste could provide the best financial and environ-

mental benefits to the society. Waste is turned into usable

form of energy in the way of either heat or electricity

which can be stored and utilized further. This approach

paves the way for utilizing maximum energy that is stored

in waste. To the dismay, a large fraction of solid waste in

most of the developing countries is disposed off unscien-

tifically in open dumps or landfills that generate gases

which is mainly composed of CH4 and CO2. These gases

are proven cause of global warming; of which methane has

global warming potential of 25 times higher than carbon

dioxide (Hegde et al. 2003; Srivastava et al. 2015). If

possible efforts are not taken, the situation is going to

worsen in the recent decades.

Issues of waste management in parallel to economic

development have went through numerous developmental

stages to reach the technologies and processes for treatment

of waste that are present today, viz. thermochemical and

biochemical processes. These treatment facilities provide

clean renewable energy that has capacity to reduce waste

volume by 90 % (Singh et al. 2011b) and waste mass by

70 % (Kumar 2000). Waste-to-energy treatment plants are

primarily designed to reduce the amount of waste and then

to extract energy. The most common treatment method is

incineration followed by pyrolysis and gasification (Tozlu

et al. 2016). The composition of waste decides the tech-

nology to be chosen for treatment and energy content in the

waste (Ouda et al. 2013). Pyrolysis and gasification gen-

erate mixture of chemical products such as gases and oils.

These have tremendous potential to be burnt in gas turbines

or could be converted into transport fuels. Likewise, for

organic fraction of waste biomethanation and fermentation

processes are applied (Singh et al. 2011a). However, these

technologies are technically immature, still evolving and

need technological advancement (Rao et al. 2010).

For successful implementation of the waste-to-energy

plants, set of proper objectives with appropriate planning

and strategies to be completed in set time frame is to be

prepared. Strategic action plan in itself includes policy,

technical, financial assistance with research and develop-

ment associated with each available technology (Brunner

and Rechberger 2015). This review article guides that

waste-to-energy practices are better waste management

tools that depends on number of factors such as waste

characteristics, finance availability and environmental

aspects. The major goal of this article is to better under-

stand the potential of waste in renewable energy sector,

available technologies, economical and technological fea-

sibility and their environmental impact.

2 Energy demand and supply: current status
and future scenario

Energy security and mitigating its contribution to climate

change are two vital challenges experienced by energy

sectors to provide a sustainable future (Abbasi and Abbasi

2010; Vaish et al. 2016). Global energy demand is directly

influenced by population growth and living standard. Both

of which should be balanced to meet out the energy

requirement of future generations (Raghubanshi et al.

2013). It is a today’s bitter reality that billions of people

lack access to basic energy facility such as electricity/

power supply and also depend on traditional use of biomass

for cooking purpose (IEA 2010; Hegde et al. 2003). Lack

of access to these basic energy services creates a barrier on

path of socioeconomic development that must be overcome

to achieve UN Millennium Development Goals (IEA 2006,

2008, 2010). This condition will worsen if further appro-

priate measures are not taken into consideration. It has

been estimated that around 1.4 billion people are devoid of

access to electricity and 2.7 billion people depend on tra-

ditional use of biomass for cooking purposes in the world

in 2009 (Table 1) (IEA 2010), among which 0.8 billion

people lack electricity and 1.9 billion people use biomass

for cooking in developing Asia in 2009. It is projected that

the problem will persist even in 2020 and 1.3 billion people

will lack access to electricity. Table 1 shows current status

and projections about the number of people without access

to electricity and relies on traditional use of biomass.

Current world population is 7.1 billion which is expec-

ted to reach 9 billion before 2050. This escalating popu-

lation size is putting immense pressure on energy resources

especially non-renewable. A projection suggest that world

energy demand will rise from 12,467 million tons of oil
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equivalent (Mtoe) in 2008 to 14,765 Mtoe in 2020 (Fig. 1)

(IEA 2010). It is believed that developing countries such as

India and China will overtake OECD countries as energy

consumers and will responsible for over 70 % of this

growth.

As per provisional figures of International Energy

Agency (2014), the world consumption of total primary

energy supply was significantly increased from 6106 Mtoe

in 1973 to 13,371 Mtoe in 2012 (Fig. 2).

3 Waste-to-energy conversion potential at global
level

Nowadays much attention has been paid to alternative use

of waste for energy production. This was first implemented

by developed countries for measure of energy security and

waste management (Kalyani and Pandey 2014). It is

helpful from three different perspectives (1) environmental

perspective, a number of environmental issues are

Table 1 Current status and projections about the number of people without access to electricity and relying on traditional use of biomass.

Source: IEA (2010)

Region Number of people depending

on traditional use of biomass

for cooking (millions)

Number of people lacking access to power supply (millions)

2009 2020

Africa 657 587 644

Sub-Saharan Africa 653 585 640

Developing Asia 1937 799 650

India 855 404 342

China 423 8 2

Other Asia 659 387 307

Latin America 85 31 16

Developing countriesa 2679 1438 1350

Worldb 2679 1441 1352

a Includes Middle East countries
b Includes OECD and transition economies

Coal Oil Gas Nuclear Hydropow
er

Biomass
& Waste

Other
Renewable

s
1980 1792 3107 1234 186 148 749 12
2000 2292 3655 2085 676 225 1031 55
2008 3286 4320 2586 723 276 1194 82
2020 4124 4654 3046 920 389 1436 196
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Fig. 1 World energy demand

by source. Mtoe million tons of

oil equivalent. Source: IEA

(2010)
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associated with wastes, therefore decreases the amount of

wastes finally reaching to the landfill site, (2) energy

security, helpful in meeting the gap between energy

demand and supply and (3) economic perspective, as

waste-to-energy conversion technologies generates mone-

tary benefits to the emerging economies.

3.1 Global scenario

An exponential increase in population growth and eco-

nomic development together with technological advance-

ment has greatly accelerated the MSW generation rate in

developing as well as in developed nations (Minghua et al.

2009; Srivastava et al. 2015). As per report of World Bank

(2012), the global volume of waste generation is around 1.3

billion tonnes per year in 2012; the figures are expected to

rise up to 2.2 billion tonnes per year by 2025. South and

East Asia represents 33 % of total solid waste generated in

the world (World Bank 1999). This burgeoning amount of

waste and poor waste management practices poses several

negative impacts on environment (land, water, air, etc.) and

on human health (Scarlat et al. 2015a, b). Therefore, a

proper waste management system is required to avoid these

problems. There are several options available for managing

solid waste; out of which waste-to-energy conversion is

one of them. However, factors such as population,

socioeconomic status, climatic condition, installation cost,

recurrent cost, cost-benefit analysis and life cycle assess-

ment should be taken into consideration prior to its pro-

posal. This section of review investigates the potential of

energy production of waste from different parts of the

globe. Table 2 shows current population, waste generation

and energy potential of different wastes in different regions

of the world.

In Africa, energy potential of all wastes generated was

1125 pico-joule (PJ) in 2012 and 2199 PJ in 2025 while the

electricity generation potential was 62.5 terrawatt-hours

(TWh) in 2012 and 122.2 TWh in 2025 (Scarlat et al.

2015a, b). In Brazil, electricity generation potential from

bagasse cogeneration was lying between 62.3 and 93.4

TWh in 2009 (Khatiwada et al. 2012), whereas electricity

generation potential of India from bagasse cogeneration is

34 TWh (Purohit and Michaelowa, 2007). In India, bio-

mass energy generation potential is 1460 megawatt (MW)

and 226 MW from solid waste and liquid waste, respec-

tively (MNRE 2011). The potential of biomass energy from

MSW in China is estimated around 1170 PJ/yr in 2020 and

3454 PJ/yr in 2050 (Liu et al. 2011). In Japan, urban waste

can generate 500–600 PJ energy representing 2–3 % of

total energy consumption (Long et al. 2013). The potential

of energy generation from MSW in Malaysia is 400 MW,

whereas for biogas generation it is 200–250 MW (Oh et al.

2010). Apart from this, palm oil mill effluent which is one

of the biggest problems in Malaysia (Embrandiri et al.

2015) has energy potential of 20.23 Mtoe (Ng et al. 2012).

Likewise, biomass energy potential of Sweden from

municipal waste is 56 PJ/yr, whereas from agricultural

solid waste it is 237 PJ/yr (Wiesenthal and Mourelatou

2006; Skovgaard et al. 2008). The above section highlights

that there is a tremendous potential of energy generation

stored in waste. In addition, to achieve the goals of sus-

tainability developing and developed nations should

encourage the use of waste-to-energy conversion tech-

nologies, while developing nations in particular should

invest more to tap the potential of energy generation from

waste.

3.2 Indian scenario

In terms of gross domestic productivity (GDP), India is

11th largest economy, whereas it is 3rd in terms of pur-

chase power parity (PPP) (Kalyani and Pandey 2014). It is

Coal Oil Natural
Gas Nuclear Hydropow

er
Biofuels
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Other
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Fig. 2 World total primary

energy supply. Mtoe million

tons of oil equivalent. Source:

IEA (2014)
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Table 2 Current population, waste generation and energy potential of different wastes generated from different regions of the world

Country Region Income Populationa Wastea

generation

(tonnes/day)

Biomass

energy source

Units Potential

energy/

bioelectricity

By year References

African

urban

areas

AFR – – – All waste PJ 1125–2199 2012–2025 Scarlat et al.

(2015a)

Algeria MENA LMI 19,225,335 23,288 Biomass Mtoe 3.7 – Eddine and Salah

(2012)

Brazil LCR UMI 144,507,175 149,096 Sugarcane

biomass

TWh 62–93 2009 Khatiwada et al.

(2012)

China EAP LMI 511,722,970 520,548 Municipal

waste

PJ/yr 1170–3454 2020–2050 Liu et al. (2011)

Biogas 1258–2517

Denmark OECD HIC 4,684,754 10,959 Waste

(combustible)

PJ/yr 24–30 – Liu et al. (2011)

Biogas 31–40

Finland OECD HIC 3,301,950 7,030 Municipal

waste

PJ/yr 29 2025 Skovgaard et al.

(2008)

Agricultural

solid waste

91 Wiesenthal and

Mourelatou

(2006)

Germany OECD HIC 60,530,216 127,816 Municipal

waste

PJ/yr 591 2025 Skovgaard et al.

2008)

Agricultural

solid waste

200 Wiesenthal and

Mourelatou

(2006)

India SAR LMI 321,623,271 109,589 Municipal

solid waste

MW 1460 2011 MNRE (2011)

Sewage 226

Bagasse

cogeneration

TWh 34 – Purohit and

Michaelowa

(2007)

Japan OECD HI 84,330,180 144,466 Urban waste PJ 500–600 – Long et al. (2013)

Malaysia EAP UMI 14,429,641 21,918 MSW MW 400 – Oh et al. (2010)

Biogas 200–250

POME Mtoe 20.23 Ng et al. (2012)

Nepal SAR LI 3,464,234 427 Sugarcane

biomass

GWh 209–313 – Khatiwada et al.

(2012)

Nigeria

(Lagos)

AFR LI – – Municipal

solid waste

MW 442 2012 Mohammed et al.

(2013)

Crop residues TJ 697.15

Animal waste PJ 455.80

Norway OECD HIC 3,605,500 10,082 Municipal

waste

PJ/yr 40 2025 Statistics Norway

(2008)

Agricultural

solid waste

17 Münster and

Meibom (2011)

Pakistan SAR LI 60,038,941 50,438 Waste (LFG) MW *83.17 – Zuberi and Ali

(2015)

Sweden OECD HIC 7,662,130 12,329 Municipal

waste

PJ/yr 56 2025 Skovgaard et al.

(2008)

Agricultural

solid waste

237 Wiesenthal and

Mourelatou

(2006)

a World Bank (2012)
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also the second most populated country to witness rapid

urbanization and industrialization during last few decades.

This puts huge pressure on the nation’s resources. Thus,

optimal utilization of natural resources and recovering

whatever one could get from utilized resources is need of

the hour. India with population of 1.2 billion generates

109,598 tonnes per day which is predicted to reach to

376,639 tonnes per day by 2025 (World Bank 2012). This

huge amount of waste creates many environmental prob-

lems. Consequently, need to be managed in an appropriate

manner. Waste-to-energy conversion could prove to be a

good option for waste management in India. Table 3 shows

statewise energy recovery potential of urban and industrial

solid waste in India. Ministry of New and Renewable

Energy (MNRE) estimates the existing energy potential of

solid waste is 1457 MW, whereas 226 MW could be

generated from liquid wastes (sewage sludge). However,

less than 1.5 % of total potential, i.e., 24 MW has been

capitalized till date. Table 4 shows current status of waste-

to-energy installed capacity of India. Similarly, a brief

overview on some WTE plants set ups in India; their waste

treatment capacity and current running status has been

illustrated in Table 5.

4 Available waste-to-energy (WTE) technologies

With the growing concerns over waste management, cli-

mate change and energy security, global market for waste-

to-energy (WTE) projects has been increased in the recent

years. Need for acquiring local energy demands and finding

waste solutions have encouraged new market for waste-to-

energy technologies. According to a review by Interna-

tional Solid Waste Association (2002), the global total

installed capacity of WTE conversion technologies was 40

million tonnes per year (MT/year) with electrical and

thermal energy production of 41 and 110 million giga-

joules (GJ) (Themelis 2003), respectively. There are ther-

mal and biological processes that are available for waste-

to-energy conversion (Fig. 3). These technologies have

Table 3 Energy recovery

potential of urban and industrial

solid waste. Source: MNRE

(2011)

State/Union Territory Energy recovery potential (MW) Total (MW)

From liquid wastes

(sewage sludge)

From solid wastes

Andhra Pradesh 16 107 123

Assam 2 6 8

Bihar 6 67 73

Chandigarh 1 5 6

Chhattisgarh 2 22 24

Delhi 20 111 131

Gujarat 14 98 112

Haryana 6 18 24

Himachal Pradesh 0.5 1 1.5

Jharkhand 2 8 10

Karnataka 26 125 151

Kerala 4 32 36

Madhya Pradesh 10 68 78

Maharashtra 37 250 287

Manipur 0.5 1.5 2

Meghalaya 0.5 1.5 2

Mizoram 0.5 1 1.5

Orissa 3 19 22

Pondicherry 0.5 2 2.5

Punjab 6 39 45

Rajasthan 9 53 62

Tamil Nadu 14 137 151

Tripura 0.5 1 1.5

Uttar Pradesh 22 154 176

Uttaranchal 1 4 5

West Bengal 22 126 148

Total 226 1457 1683
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tremendous potential not only to recover energy form

waste but also to mitigate energy crisis. But, before

selecting appropriate technologies for treatment of waste,

number of criteria such as efficiency of the process, oper-

ating cost, waste characteristics and environmental impact

has to be considered. Following are the brief description of

the available technologies and their performance compar-

ison at commercial scale:

4.1 Biochemical process

Biochemical processes basically include microbial diges-

tion of organic fraction of waste by enzymes. The end

products are essentially methane and/or ethanol and other

products. Biochemical conversion processes are among the

few processes that are environmental friendly and cost-

effective toward generation of energy fuel from waste. The

most common practices are biomethanation and fermen-

tation which are discussed below.

4.1.1 Fermentation

Fermentation is an enzyme-catalyzed chemical process that

provides energy yielding pathway by decomposing feed-

stock assisted by suitable microorganisms (Table 6) under

optimal conditions (Hay et al. 2013). The process of fer-

mentation is very common at commercial scale in many

developing countries such as Brazil for bioenergy pro-

duction such as ethanol from sugar and starch crops (e.g.,

sugar cane, maize, etc.) (McKendry 2002). Likewise, bio-

hydrogen is also being produced by decomposing carbo-

hydrate-rich waste material through this simple technology.

Biohydrogen could be produced either by dark fermenta-

tion or through photo-fermentation (Ntaikou et al. 2010;

Chaubey et al. 2013; Soo et al. 2015). At the end of the

fermentation process, alcohol solvents and organic acids

are produced apart from hydrogen which can also be

commercially utilized instead of being discharged as waste.

However, during biohydrogen production, a significant

amount of ethanol is generated simultaneously which can

be coproduced during the process. Thus, ethanol can serve

as an alternative ideal fuel or additives utilized by vehicles

(Balat and Balat 2009; Suhaimi et al. 2012) generated at

the end of the process.

Utilization of organic fraction of waste is the most

viable substrate for ethanol or biohydrogen production due

to advantageous mitigation of green house gas emissions,

environmental friendliness and its sustainability. However,

further purification of ethanol through distillation is an

energy-demanding process that produces about 450 L of

ethanol/ton of dry corn (McKendry 2002). The end product

after fermentation process can be utilized as feedstock for

cattle or can be used in boilers for further gasification

method (Coombs 1996; Sen et al. 2016). Till date, there are

no proper strategies for improving substrate conversion

efficiency of the process. Hence, regulating fermentation

parameters and genetic modification of the microbes could

represent a promising process for conversion of waste into

energy (Huang et al. 2010; Soo et al. 2015).

Wang et al. (2012) examined the LCA for environ-

mental sustainability of process so as to provide a base for

decision makers to recognize the main drivers of environ-

mental profiles. This was also supported by Mabee and

Saddler (2010). As compared to incineration, fermentation

is more environmental friendly and provides environment

neutral profiles (Cherubini et al. 2009). Singh et al. (2010)

suggested that the best LCA approach for the process is

cradle-to-grave approach evaluated by suitable functional

units, allocation techniques, appropriate impact categories

that depend on the type of organic fraction of feedstock.

4.1.2 Biomethanation

Biomethanation is the process of conversion of organic

fraction of waste into biogas which is basically composed

of methane and carbon dioxide with insignificant amount

of hydrogen sulfide gas and other impurities (Tchoba-

noglous et al. 2004). Microorganisms especially methano-

gens play pivotal role during the process (Table 6).

Biomethanation is an age-old proven technology that

involves four stages—hydrolysis, acidogenesis, acetogen-

esis and methanogenesis (Divya et al. 2015). It is widely

used for treating waste with high moisture content

approximately around 80–90 %. Biogas thus produced can

be directly used in gas turbines or it can be upgraded to

higher quality gas by the removal of impurities such as

carbon dioxide and hydrogen sulfide. The process has

Table 4 Current status of

waste-to-energy installed

capacity of India. Source:

MNRE (2011)

Grid interactive power

(capacities MW)

Off grid/captive power

(capacities MWeq*)

Waste to power Waste to energy

Urban 20.20 3.50

Industrial 53.46 72.30

Total 73.66 75.8

* MWeq Mega Watt equivalent

Exploring untapped energy potential of urban solid waste 329

123



T
a
b
le

5
S
ta
te
w
is
e
ca
se

st
u
d
ie
s
o
f
w
as
te
-t
o
-e
n
er
g
y
se
tu
p
s
in

m
aj
o
r
ci
ti
es

o
f
In
d
ia
.
S
o
u
rc
e:

A
d
ap
te
d
fr
o
m

K
al
y
an
i
an
d
P
an
d
ey

(2
0
1
4
)

S
ta
te
/U
n
io
n
T
er
ri
to
ry

C
ap
ac
it
y
o
f

th
e
p
la
n
t

P
ro
ce
ss

in
v
o
lv
ed

O
u
tp
u
t

C
u
rr
en
t
st
at
u
s

S
o
u
rc
e

A
n
d
h
ra

P
ra
d
es
h

H
y
d
er
ab
ad

1
0
0
0
T
P
D

P
el
le
ti
za
ti
o
n

2
1
0
T
P
D

o
f
fl
u
ff
an
d
p
el
le
ts
,
an
d
6
.6

M
W

p
o
w
er

g
en
er
at
io
n

N
o
t
ru
n
n
in
g

R
ed
d
y
an
d
G
al
ab

(1
9
9
8
)

G
u
n
tu
r

2
8
0
T
P
D

N
A

F
lu
ff

an
d
p
o
w
er

g
en
er
at
io
n

N
o
t
ru
n
n
in
g

V
ij
ay
w
ad
a

2
2
5
T
P
D

N
A

F
lu
ff

an
d
6
M
W

p
o
w
er

g
en
er
at
io
n

N
o
t
ru
n
n
in
g

C
h
an
d
ig
ar
h

5
0
0
T
P
D

P
el
le
ti
za
ti
o
n

P
el
le
ts

an
d
o
th
er

so
li
d
fu
el
s

D
o
rm

an
t

A
n
n
ep
u
(2
0
1
2
)

D
el
h
i

T
im

ar
p
u
r

3
0
0
T
P
D

In
ci
n
er
at
io
n

3
.7
5
M
W

p
o
w
er

g
en
er
at
io
n

N
o
t
ru
n
n
in
g

L
al

(1
9
9
8
)

O
k
h
la

1
3
5
0
T
P
D

In
ci
n
er
at
io
n

1
6
M
W

p
o
w
er

g
en
er
at
io
n

N
o
t
ru
n
n
in
g

C
h
ak
ra
b
ar
ti
(2
0
1
4
)

G
u
ja
ra
t

A
n
k
le
sh
w
ar

N
A

A
n
ae
ro
b
ic

d
ig
es
ti
o
n

2
M
W

p
o
w
er

g
en
er
at
io
n

R
u
n
n
in
g

K
al
y
an
i
an
d
P
an
d
ey

(2
0
1
4
)

S
u
ra
t

N
A

A
n
ae
ro
b
ic

d
ig
es
ti
o
n

0
.5

M
W

p
o
w
er

g
en
er
at
io
n

R
u
n
n
in
g

K
a
rn
a
ta
ka

B
an
g
al
o
re

5
0
T
P
D

P
el
le
ti
za
ti
o
n

5
to
n
n
e
o
f
p
el
le
ts

R
u
n
n
in
g

K
al
y
an
i
an
d
P
an
d
ey

(2
0
1
4
)

K
er
a
la

T
ir
u
v
an
an
th
p
u
ra
m

(b
y
M
/S

B
io
te
ch

co
m
p
an
y
)

N
A

B
io
g
as
ifi
ca
ti
o
n

N
A

R
u
n
n
in
g

A
n
n
ep
u
(2
0
1
2
)

M
a
d
h
ya

P
ra
d
es
h

B
h
o
p
al

(S
o
m

D
is
ti
ll
er
ie
s)

9
0
0
cm

3
B
io
m
et
h
an
at
io
n

2
.7

M
W

p
o
w
er

g
en
er
at
io
n

R
u
n
n
in
g

S
in
g
h
et

al
.
(2
0
1
1
b
)

M
a
h
a
ra
sh
tr
a

P
u
n
e

1
5
0

A
n
ae
ro
b
ic
D
ig
es
ti
o
n

1
.2

M
W

p
o
w
er

g
en
er
at
io
n

R
u
n
n
in
g

A
m
b
u
lk
ar

an
d
S
h
ek
d
ar

(2
0
0
4
)

P
M
C
,
P
u
n
e

5
A
n
ae
ro
b
ic
D
ig
es
ti
o
n

3
7
5
k
W

p
er

d
ay

o
f
el
ec
tr
ic
it
y
.

R
u
n
n
in
g

T
ay
d
e
(2
0
1
2
)

B
A
R
C
,
M
u
m
b
ai

N
A

In
ci
n
er
at
io
n

N
A

R
u
n
n
in
g

S
h
ar
h
o
ly

et
al
.
(2
0
0
8
)

D
eo
n
ar
,
M
u
m
b
ai

N
A

P
el
le
ti
za
ti
o
n

N
A

N
o
t
ru
n
n
in
g

Y
el
d
a
an
d
K
an
sa
l
(2
0
0
3
)

R
a
ja
st
h
a
n

N
o
h
ar

5
–
1
5
0
k
g
/h

G
as
ifi
ca
ti
o
n

N
A

R
u
n
n
in
g

A
h
sa
n
(1
9
9
9
)

Ja
ip
u
r

5
0
0
T
P
D

R
D
F

N
A

Ir
re
g
u
la
r

A
n
n
ep
u
(2
0
1
2
)

T
a
m
il
N
a
d
u

C
h
en
n
ai

N
A

N
A

1
5
M
W

N
A

R
am

ac
h
an
d
ra

an
d
V
ar
g
h
es
e
(2
0
0
3
)

U
tt
a
r
P
ra
d
es
h

L
u
ck
n
o
w

N
A

A
n
ae
ro
b
ic
D
ig
es
ti
o
n

6
M
W

N
o
t
ru
n
n
in
g

R
am

ac
h
an
d
ra

(2
0
0
6
)

330 B. Vaish et al.

123



promisingly attracted toward itself due to lower environ-

mental impacts, low production cost, production of heat

and electricity and complete digestion of organic portion of

waste (Oyewole 2010).

Biomethanation technology gained its importance after

energy crisis that turned around in 1973 and 1979 (Farrell

et al. 2004). Yet, around 50–80 % failure of the technology

was reported in countries such as India, China, Europe,

Solid Waste

Biochemical Treatment 
- Require micro-organisms 
- Applied to organic fraction 
of waste 

Thermochemical process 
-Require thermal energy 
- Applied to dry fraction of    
waste  

Anaerobic Digestion 

-Methanogenic bacteria  
-End products are biogas and fertilizer 
- Produce more energy than fermentation 

Fermentation 

- Methanogenic bacteria together with 
halophilic and thermo-acidophilic 
bacteria 
- End products are ethanol and lactic 
acid 

Incineration 

-850°C 
-Sufficient quantity of 
oxygen 
-Heat and electricity 

Pyrolysis 

->750°F (400-600°C) 
- Complete absence of oxygen 
- Product is syn gas with 
charcoal and ash as by product 

Gasification 
-1000°F- 2800°F (540°C-
1540°C) 
-Limited supply of oxygen 
-Product is syn-gas 

Fig. 3 Thermal and biological processes available for converting waste to energy

Table 6 Different microbes

involved in biomethanation and

fermentation processes. Source:

Sarkar et al. (2012), Khalid

et al. (2011) and Trzcinski and

Stuckey (2010)

Microbes

Biomethanation Fermentation

Methanosarcina thermophila Pleurotus ostreatus

Methanoculleus thermophilus Bacillus macerans

Methanobacterium formicicum Phlebia sp. MG-60 (A marine fungus)

Methanobrevibacter sp. Trichoderma reesei

Desulfotomaculum thermobenzoicum Phanerochaete sordida

Methanosarcina barkeri Pycnoporus cinnabarinus 115

Methanosphaera stadtmanae Pichia stipitis

Methanosaeta concilii Zymomonas mobilis

Thermomonospora Pachysolen tannophilus

Ralstonia Aspergillus terreus

Shewanella Streptococcus thermophilus
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Thailand, Russia and Africa throughout the concern period.

Although through extensive societal and governmental

pressure, digester farms reached a modest success rates

(Mwirigi et al. 2014). Feasibility of biomethanation pro-

cess highly depends on the composition of the feedstock,

operating parameters, design of the reactor and microor-

ganisms. Therefore, the overall energy conversion effi-

ciency from biomass to electricity is around 10–16 %

(McKendry 2002). It has also been stated that around

20–30 % of the energy generated anaerobically is used up

by the process itself (RIS 2005). LCA done by Braun and

Laaber (2007) stated that the electrical efficiency of

biomethanation could reach as high as 39 %. Similarly,

LCA performed by Arafat et al. (2015) suggested that

biomethanation process has least environmental impact

when applied for treating food, paper, and yard waste. They

also suggested that incineration is the highest emitter of

CO2 followed by biomethanation.

As compared to LPG and CNG, biogas has lower con-

tent of methane, i.e., 50–60 %. Even though, due to its

manifold benefits, government all over the world are

emphasizing on commercializing of biomethanation plants

(Eriksson et al. 2016). Technologies present in the past

were not efficient enough to improve the quality and

quantity of methane gas, and therefore, new and improved

science is desired for the above concern (Chaiprasert

2011). Evaluation of microbial dynamics and feedstock

characteristics at all the four stages of the process has to be

done for exact remedy of the problem and enhancing bio-

gas production (Bhattacharyya et al. 2008).

4.2 Thermal process

Thermal process of waste is the most widespread processes

that convert waste into energy through thermal breakdown in

the form of heat or electricity by any of the thermal con-

version technology, viz. pyrolysis, gasification, incineration,

etc. They are distinguished by other treatment processes by

their high temperature treatment and higher conversion rates

(Singh et al. 2011b; Annepu 2012). They allow solid waste

reduction in mass to about 70–80 % and in volume 80–90 %

(Saini et al. 2012). Therefore, significantly smaller landfill

space is required for waste disposal (Consonni et al. 2005).

Thermal treatment has capability to destroy organic

contaminants such as halogenated hydrocarbons (McKay

2002; Buekens and Cen 2011) and can immobilize inorganic

contaminants (ISWA 2006; Samaras et al. 2010). Thermal

energy conversion plants are environmentally compatible

and have the capability to convert solid waste into different

energy forms with less environmental impact as when

compared to other sources of electricity (US EPA 2003;

Rechberger and Schöller 2006). The three main thermal

conversion processes widely used are pyrolysis, gasification

and incineration that are discussed below.

4.2.1 Gasification

Gasification (also known as indirect combustion) is thermal

conversion of waste into fuel or synthetic gases that

operates at temperature around 1000–2800 �F
(540–1540 �C) with limited supply of oxygen or air

(Kalyani and Pandey 2014). It is therefore partial com-

bustion of waste that requires lower amount of oxidant as

compared to normal stoichiometric combustion (Arena

2012). The resultant syngas or producer gas is comprised

mainly of H2, CO and CO2 (with calorific value between 10

and 15 MJ/m3) that also contains large amount of incom-

plete oxidized product which can be utilized in different

processes and at different sites as it is easier to handle and

to burn (Diblasi 2000). However, the gas has several

impurities such as tar, particulate matter, alkali metals,

chloride and sulfides (Heermann et al. 2000; Knoef 2005)

and thus requires additional gas cleanup equipment.

Gasification is a complex process that depends on the

number of parameters such as characteristic of waste pro-

vided, type of reactor and operating temperature (Arena

and Mastellone 2009). On the basis of oxidation medium

used, the process can either be carried out in partial oxi-

dation with limited amount of oxygen or in pure oxygen

(air rich in oxygen). The syngas produced after the partial

oxidation with air has calorific value ranging between 4

and 7 MJ/m3
N. This value is too low to be considered for

use in gas turbines (Arena 2012) when compared to

calorific value of natural gas, i.e., 38 MJ/m3
N (Mastellone

et al. 2010). To obtain gas with high calorific value, partial

oxidation with air that is enriched with oxygen is done.

This process reaches calorific value of around 10–15 MJ/

m3
N. But the cost of production of oxygen in separate units

Table 7 Different pyrolysis processes and their associated parameters. Source: Katyal (2007), Mohan et al. (2006) and Demirbas (2007)

Parameters Conventional pyrolysis Vacuum pyrolysis Flash (rapid) pyrolysis Carbonization Pressure carbonization

Residence time 5–30 min 2–30 s 0.1–2 s Hours–days 15 min–2 h

Heating rate Low Medium High–very high Very low Medium

Temperature (�C) 550–900 350–450 600–3000 300–500 450–550

Products Char, oil, syngas Oil Oil, syngas Charcoal Charcoal
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is only justified for only very large-scale plants (Arena

2012).

Other important parameters for consideration are resi-

dence time of waste, devolatilization, equivalence ratio,

cold gas efficiency (CGE), hot gas efficiency (HGE) carbon

conversion efficiency, etc. (Ahmad et al. 2016). However,

these parameters do not necessarily provide an exhaustive

summary of the quality of gas produced by the process. In

the present market for waste gasifier, cold gas efficiency

(CGE) and specific energy generation are crucial but not

sufficient for the assessment of the process (Heermann

et al. 2000).

Obtaining energy from waste needs environmental and

cost performance analysis through life cycle assessment

which forms the basis of decision-making tool and devel-

oping strategies for waste management (Khoo 2009). LCA

performed by Arafat et al. (2015) for gasification, speculated

that electric production efficiency is around 40 % by using

gas turbine. The reason is that the gas turbines do not require

pre-treatment of the products (Belgiorno et al. 2003). Fur-

thermore, the gasification process has least carbon dioxide

emission when applied to wastes such as plastic and yard

waste. It has least environmental impact when applied for

treating plastic waste (Arafat et al. 2015). This clearly states

that the gasification process has advantage over other pro-

cess in terms of green house gas emissions. According to US

Department of Energy Worldwide Gasification Database,

the current gasification capacity has now reached up to

70,817 MWth of syngas output at 144 operating plants with

total 412 gasifiers. If this growth continues, the worldwide

capacity will reach 122,106 MWth of syngas by the year

2016 from 505 operating gasifier plants.

Waste gasification provides several potential benefits

over direct combustion. (1) Gasification models are mod-

ular in nature (they can be adjusted according to the solid

waste treatment), (2) strongly limits emission of dioxins

and furans, (3) power can be generated at smaller scale

(i.e., below 120 kt/yr), (4) higher energy conversion effi-

ciency for the fuel gas produced and (5) non-combustible

and non-oxidized material is collected at the bottom of the

reactor (CEWEP 2011), except for fly ash and some

volatile component (Belgiorno et al. 2003; Sharholy et al.

2008; Arena 2012).

4.2.2 Pyrolysis

Pyrolysis is another direct thermo chemical decomposition

of waste feedstock at elevated temperature around[750 �F
(400–600 �C) in complete absence of oxygen (Demirbas

et al. 2011). The end product obtained is syngas that can be

converted to liquid hydrocarbons while the by-products are

charcoal and ash. Pyrolysis has a promising future for

converting waste into higher heating value fuels (Balat

2008). There are different types of pyrolysis technologies

that ranges from carbonization to flash (rapid) pyrolysis

depending on the operating conditions and feedstock used

(Demirbas 2009).

Table 7 summarizes the different types of pyrolysis

processes involved in treatment of waste and the parame-

ters that are associated with it.

If the aim is to produce liquid or gaseous products with

maximum yield, fast pyrolysis is preferred (Pütün 2002).

Fast pyrolysis also called as thermolysis that exposes

material/feedstock to high temperature in the absence of

oxygen (Thamburaj 2000). It is coupled with gas at higher

temperature (775 K) and tar at lower temperature (675 K)

(Bridgwater 2003). Depending on the feedstock used, fast

pyrolysis produces 60–75 wt% bio-oil and 15–25 wt% of

solid char, in addition to 10–20 wt% of non-condensable

gases (Demirbas et al. 2011). In a study by Sharma and

Bakhshi (1993), upgradation of bio-oil was done by the use

of HZSM-5 as catalyst at temperature around 613–683 K in

a fixed bed micro-reactor. The result was 19 wt% of bio-oil

with highest concentration of aromatic hydrocarbons

around 83 wt%. The same catalyst was used for upgrada-

tion of bio-oil from rice husk in sub and super critical

ethanol (Peng et al. 2009).

Bio-oil which is the main product of fast pyrolysis can

be obtained from variety of feedstock such as forest

residue and agriculture waste. Forest residue is mainly

used in North America and Europe, and agricultural waste

material is mainly utilized in Central and South America,

the Caribbean and South Pacific, Australia, Asia and

Africa (Mohan et al. 2006). Bio-oil has a lower heating

value of 16 MJ/kg as when compared to diesel 43 MJ/kg

(Brammer et al. 2006). Yield of bio-oil highly depends on

amount of cellulose and lignin content of the feed stock

used. Composition of bio-oil mainly consisted of

25 

30 15 

10 

10 

10 

Constituents of bio-oil 

Water Water insoluble pyrolytic lignin

Organic acids Non-polar hydrocarbons

Anhydrosugars Other oxygenated compounds

Fig. 4 Constituent of Bio-oil. Source: Shaw (2006)
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hydrocarbons, phenols, furans, aldehydes, ketones and

ethers (Fig. 4).

However, bio-oil cannot be utilized as a transportation

fuel due to high viscosity, water and oxygen content and

lower heating value as compared to diesel. Hence,

upgrading process to convert it to tangible fuels is done

under the process of catalytic hydrogenation and catalytic

cracking (Vispute and Huber 2009).

4.2.3 Incineration

Incineration is direct thermal treatment of waste at very

high temperature around 850 �C for recovering energy in

sufficient quantity of oxygen to oxidize the fuel. Carbon

dioxide and water vapor are the major end products of the

process (Johnke 2012) in addition to incombustible ash.

MSW incineration has gained much importance in recent

years due to electricity generation, enhances fuel diversi-

fication and significantly reduces the amount of waste for

landfilling (Tsai and Kuo 2010). As speculated by Murphy

and McKeogh (2006), during incineration 15 % of the

input energy is available as electricity. For integrated

incineration system, waste from one million people could

provide power to 12,400 cars, supply electricity to 30,900

houses and heat to around 15,100 houses (Tsai and Kuo

2010).

LCA by Arafat et al. (2015) showed that incineration

process had maximum CO2 emissions as when compared to

other process except biomethanation. He also stated that

incineration has least environmental impact for textile

waste and hence best suited for treating textile waste. In the

mid-1980s, Eastern European and Asian cities switched

from open dumping to incineration while in Asia, there is

limited operational plants due to technological, financial

and operational constraints (World Bank Report 1999). A

study by Zsigraiová et al. (2009) showed that integrated

waste-to-energy plants could mitigate carbon dioxide

emission and can balance the incineration cost by the

revenue gained by electricity trading. Energy recovery

efficiency for incineration varies from 0 to 34 % electricity

and 0 to 88 % heat (Astrup et al. 2015). Overall, several

studies found that pyrolysis and gasification are better

options than incineration in power plants or cement kilns

(Bientinesi and Petarca 2009; Nakakubo et al. 2012;

Gunamantha and Sarto 2012; Astrup et al. 2015).

5 Assessment of 3E (energy, economics
and environment) of waste-to-energy
technologies

Waste-to-energy conversion technology includes bio-

chemical and thermal treatment of converting waste into

usable form of energy (Johri et al. 2011). The utilization of

waste mitigates green house gas emissions, waste disposal

issue and also generates power (Rigamonti et al. 2016).

Currently there are approximately 800 wastes to energy

plants operable in around 40 countries of the world; treat

around 11 % of waste produced worldwide and generates

approximately 429 TWh of power (Richard 2012). There-

fore, it is necessary to evaluate the 3E that involves energy,

economics and environmental assessment of the waste for

different energy processes.

5.1 Energy assessment

International Panel on Climate Change asserted that there

will be threefold increase in the energy consumption by the

year 2100. In this regard, waste can be converted to energy

in the form of heat and electricity. However, energy from

biomass will enhance to 50,000 TWh in year 2050; 75,000

TWh in the year 2075 and 89,000 TWh in 2100 (IEA

2006). Due to varying composition of waste, it is very

difficult to accurately assess the energy value stored in the

waste. However, according to a study by Murphy and

McKeogh (2004) of all the available technologies, gasifi-

cation was proved to be the best in terms of electric pro-

duction, i.e., approximately around 1083 kWh/t MSW and

for biogas the value was comparatively low, i.e., 151 kWh/t

of MSW. Likewise for incineration, the electricity pro-

duction was around 200 kWh/t (Cheng and Hu, 2010;

Panepinto et al. 2015). However, average data on elec-

tricity production vary from country to country because of

varying composition of waste and different efficiency of

Development/ Opportunities Challenges/ Barrier 

Government Policies 

Technical Assistance 

Financial Assistance 

Research & Development Political Challenges 

Operational Challenges 

Limitation of Finance 

Crosslink between 
opportunities and challenges 

Implementation of successful WTE technologies 

Fig. 5 Strategy for successful WTE Technologies

334 B. Vaish et al.

123



the technologies being applied to the waste (Fruergaard

et al. 2009).

5.2 Economical assessment

Economical aspect includes the investment cost, tipping

fee and fuel cost associated with each waste-to-energy

projects. With the type of technology chosen, the value of

tipping fee also changes. It has been calculated approxi-

mately that applying waste-to-energy technology could

increase the GDP by 0.1 % (Steiner 2010). The process of

gasification is most sensitive to change in rate of electricity

as compared to incineration. The tipping fee for

biomethanation is much cheaper as compared to incinera-

tion or gasification (Murphy and McKeogh 2004). How-

ever, biomethanation could not be efficiently used for

electricity generation but can only be used as transport fuel.

Therefore, it can be concluded that the biological processes

are economically cheaper than the thermal processes

(Gaeta-Bernardi and Parente 2016).

Electricity pricing can be more accurately done with

concession in electricity bills, abolishing price ceilings and

declining block rate pricing. This would encourage

reduction in consumption of energy and increase energy

efficiency. If the true rates of electricity with peak and off

peak hours are presented on the bill, the customer will use

electricity in a more responsible way (Sovacool 2009; Pan

et al. 2015). This could prove to be a powerful insight when

it comes to planning and decision making for waste-to-

energy technologies.

Münster and Meibom (2011) in their study reached the

conclusion that after optimization of investments and pro-

duction of energy, the most economically reasonable

technologies are biomethanation of organic fraction of

waste, incineration of mixed waste and gasification for

refuse derived fuel. On the whole, from economic point of

view recycling and biomethanation are best waste man-

agement technologies.

5.3 Environmental assessment

Environmental assessment of the available technologies is

important for the feasibility of the process. Technologies

that generate energy from waste have proved that they are

no longer a threat to environment (E4Tech 2009; UCR

2009; Dedinec et al. 2015). Generation of energy from

biochemical process (biomethanation in particular) has

gained a worldwide acceptance (DEFRA 2007); gasifica-

tion is still in the process of getting recognition by the

environmental society as the process is confused with

incineration. It must be noted that the low level of oxygen

present in the gasification strongly inhibits the formation of

dioxin and furans. Waste-to-energy processes extremely

save the land area which would otherwise be needed for

landfilling of the waste (Arena 2012). Psomopoulos et al.

(2009) estimated that waste-to-energy plant treating about

1 Mt/y of waste for 30 years will require less than

100,000 m2 of land when compared to landfilling that

requires about 3,000,000 m2 for disposing 30 Mt of waste.

He also concluded that about 1 toe of CO2 is saved per ton

of waste if not disposed by landfilling.

Therefore, all of the available technologies provide

different results, and all have the capability to change the

waste-to-energy arena. Due to their lower emission into the

atmosphere, lower threat to the human health and eco-

nomic feasibility, they are gaining widespread recognition

and increase in number of installation due to complete

elimination of waste. Although the investment costs are

high, we need to find the promising revenue systems such

as government subsidies, electric energy sales, reduction in

tipping fee and renewable energy credits for their suc-

cessful implementation.

6 Strategies on implementation of WTE
technologies (strategic action plan)

Management of waste is one of the major environmental

and socioeconomic challenges for all countries. This

includes reduction in waste production and their sustain-

able management (Pan et al. 2015). The basic steps for

proper waste management are prevention, recovery and,

finally, disposal. Among different management strategies,

conversion of waste to energy (WTE) is one of the most

valuable strategies. It includes treatment of any kind of

waste to generate energy in the form of electricity, heat or

transport fuels (e.g., diesel). With the help of this tech-

nology, several kinds of waste such as semi-solid (e.g.,

thickened sludge from effluent treatment plants), liquid

(e.g., domestic sewage) and gaseous (e.g., refinery gases)

waste can be utilized to produce different form of energy.

There are several projects to convert waste into energy and

they require combination of efforts from several different

perspectives. Along with future technical developments,

including the introduction in the market of alternative

processes, it is nowadays crucial to take into account all the

social, economic and environmental issues that may occur

in the decision-making process of this technology (Scarlat

et al. 2015b). The strategies involved in WTE technologies

are discussed in detail (Fig. 5).

6.1 Government policies and their responsibilities

Government policies should address the challenges of

energy security along with the development of WTE sector

for the sustainable growth of the society. The attributes of
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government policies include several agendas such as policy

formulation, adoption and evaluation of particular tech-

nique to achieve the goal of reducing waste. Earlier there

were policies that have been categorized as financial,

administrative or social policy. During the present sce-

nario, there are integrated policies that cover actions for-

mulated with a multi-disciplinary approach. It is one of the

successful ways to accomplish effective and efficient WTE

supply chain. Basically, the development and installation

of a WTE supply chain require the involvement of owner

of the WTE plants, i.e., a governing body, source of energy

supply, distribution companies and people that will be

affected by the projects directly and indirectly (D’Alisa

et al. 2012). Policy makers have to understand the specific

issues of the concern area before drafting a guideline.

There is variation in different communities of the world

regarding energy demand, local environment, local econ-

omy and environmental protection standards. Therefore, it

is essential that appropriate policy measures are used to

ensure viability and compatibility of project. Sometimes, a

policy does not need to enact large overbearing financial

mechanisms but instead just needs to simply overcome a

few local barriers. For WTE supply chain, a decision-

making strategy include: supply and demand of contracts,

configuration of network such as sourcing, location and

capacity of energy production facilities, location of storage

facilities and network design, and lastly the ensuring sus-

tainability (Iakovou et al. 2010). Government plays an

important role in making policies that brings energy com-

panies and the local communities together.

Depending upon the project cost, a governing body

should take help from local government to an international

organization. When the market fails, there should be

intervention of some changes by government policy

makers (White et al. 2013). The different role is played by

government such as to evaluate costs and benefits, control

assets and resources, require long-term commitments and

allocate the development of a waste-to-energy facility

with an energy efficient distribution infrastructure (Haw-

key et al. 2013). The cost of project can be lowered by

linking it with public investment and energy service

companies (ESCO) by municipal authorities. When con-

cerned authorities cannot regulate or govern, the projected

benefits of a policy cannot be realized (Sarkar and Singh

2010). Comprehensiveness, consistency and flexibility are

the three major traits that are necessary for obtaining

success in policies. A policy should be clear in its goals.

With uncertain goals of policy, there are negative conse-

quences of a collapsed project, whereas perfect goals and

actions make the project more feasible. Another object

concerning the concept of consistency is the need for

policy makers to make changes as minimal and infrequent

as possible.

A constantly shifting policy will result in reluctant

investors and limited progress during production. In addi-

tion, a policy needs to be formulated with precautions

making it fit enough to handle changes in the political and

economic landscape. A plant and its associated energy

distribution network should be able to predict how they

would function when changes occur (White et al. 2013).

Consequently, a successful WTE supply chain among

plants can demonstrate its environmental and economic

benefits, as suggested by the national sustainable devel-

opment policy (Shih et al. 2006).

6.2 Technical assistance

The strategic action plan (SAP) proposes technical assis-

tance to urban local bodies in developing a cluster

approach for making the projects viable in the smaller

cities, preparation of detail project reports (DPRs) and

training programs for project implementation. For the

industrial sector, SAP proposes technical assistance for

activities required before commercialization of a technol-

ogy (such as sectoral studies, system integration and clus-

tering concept) and for preparation of training programs

(Oyedepo 2014). There is public private partnership

scheme. This scheme aims at involving the private sector in

setting up of waste-to-energy plants. The municipal cor-

poration which is vested with the function of waste man-

agement is not equipped, either financially or technically,

to handle the entire system and set up plants to process the

waste for conversion to electricity.

Hence, it is envisaged to introduce public private part-

nership in this sector (Karak et al. 2012). The scheme aims

at setting up viable waste-to-energy plants where the

municipal solid waste would be processed and output in the

form of energy would be generated. The concessionaire

would be responsible for setting up the waste-to-energy

plant and process the waste by adopting an appropriate

technology. The collection of household waste and street

sweeping should be separated. The Municipal Corporation

should be responsible for collection of waste from street

sweeping which should be deposited at designated places.

The door-to-door collection of waste from all households

should be the responsibility of the concessionaire. The

concessionaire may also select suitable material from the

waste collected through street sweeping and carry it to its

plant. The segregation of waste would also be the respon-

sibility of the concessionaire. This may be done at the

household level, intermediate level or plant level.

6.3 Financial assistance

Several financial incentives have been offered by govern-

ment authorities to support WTE technologies and among
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them National Master Plan (NMP) is one of the activities

under UNDP/GEF assisted project. It helps in making

framework of waste-to-energy program for the country

(GEW 2006). Considering Indian communities and condi-

tions, NMP has a prime objective of building capacity to

provide additional power generation from the waste released

from urban and industrial sectors in a decentralized and cost-

effective manner through various projects. This approach

also meets ongoing adaptation strategies to fulfill imple-

mentation needs and is also proved to be environmental

friendly by causing reductions in GHG emissions. Thus, it

can serve as road maps for most cost-effective implemen-

tation plan for the next coming one and half decades.

WTE projects were analyzed financially by assessing

their commercial/financial feasibility based upon the gen-

eration of potential revenue and the investment cost

(Menikpura et al. 2016). It consists of several costs such as

operation and maintenance costs, cost of capital, power

price and price of other by-products. The NMP recom-

mends the introduction of a credit line for financing the

WTE projects. At the central level in India, Ministry of

Non-Conventional Energy Sources (MNES), Ministry of

Environment and Forest (MoEF) and Ministry of urban

development (MoUD) are the nodal ministries involved in

formulating the policies and programs for the waste man-

agement in the country. There are several international

financial institutions and agencies that also fund projects in

the energy and environment sectors. A line of credit can be

obtained from these institutions through financing agree-

ments between the Government of India and the govern-

ment of lending country. The Indian Government has also

sanctioned the implementation of program on Energy

Recovery from Municipal Solid Waste (MSW) during the

year 2012–2013. The scheme also provides financial sup-

port for establishing five pilot projects for power genera-

tion from municipal solid waste.

Five pilot projects on energy recovery from municipal

solid waste are to be set up by the help of governmental

support with financial support at a rate of Rs. 2.00 crore per

MW, a subject to ceiling of 20 % of the project cost and

Rs. 10.00 crore per project, whichever is less; the financial

assistance is to be provided for the projects that are selected

through a clean competitive procedure; also, the financial

support of 20 % higher than those specified for different

categories would be provided for the projects belonging

specifically to the North Eastern Region and Special Cat-

egory States, namely Himachal Pradesh, J&K, Sikkim and

Uttarakhand; the financial assistance will be released by the

Ministry in two installments; the initial of 50 % of the

subsidy might be issued depending upon a bank guarantee

from any nationalized bank for the exact amount of the

bank lending for the project upon providing the 50 % of the

sanctioned loan amount (Aswani 2012). It could be treated

as an interest free loan up to the release of the second

installment of the subsidy. Also if the second installment is

not released within a time frame of a year due to non-

completion of the project as per the terms and condition of

the sanction, this amount may be refunded by the Bank/FI

with interest and paid to MNRE by revoking the bank

guarantee. There would be proper agreement with the con-

cerned Bank/FI for recovery of released amount of the

subsidy in the case of second installment not being released;

within a time of three months after the commencement of

the project, the second installment of 50 % of the subsidy

may be released and an average of 60 % of the plant load

factor (PLF) in between the third month of operation. The

quantum of second installment may be reduced by 5 % per

month in the event of delay in achieving the average

monthly PLF of 60 % (Aswani 2012).

6.4 Research and development

Research and development in waste-to-energy sector is not a

priority area in most of the developing economies. Vendors

bring in technologies, vehicles and equipment from devel-

oped countries and try to market them to municipalities,

which have no means to ascertain appropriateness of the

technologies and suitability of tools and equipment. It is

recognized that the cities and state need expert advice while

selecting technology as well as while deciding on tools,

vehicles and equipment needed. Research and development

in this sector to identify appropriate technologies, tools and

equipment for use in various levels of city with different

quality and quantity of waste generated is therefore con-

sidered essential. With an emphasis on India, it is recom-

mended that Indian Institute of Technologies (IITs) and

leading scientific institutions be encouraged to take up

research projects and programs in this sector, including

recycling processes. At least four institutions can be iden-

tified one each in north, south, east and west where Centre of

Excellence can be set up with Government of India support.

This support may be extended for a period of 10 years and

budgetary provisions of Rs. 150 crore per institution (total

Rs. 600 crore) could be made to support research and

development (Planning Commission 2014). These institu-

tions may also undertake R&D activities on the various

processing technologies in vogue, their suitability to Indian

conditions in addition to developing new technologies,

products, and management practices.

7 Limitations of WTE technologies

While developing a waste-to-energy strategy, there are

some financial, technical, operational, political and regu-

latory challenges and opportunities that must be taken into
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account to make any program effective. Practically, this

section is an overview of necessary limitation during

waste-to-energy program development.

7.1 Limitation of finance

Finance is one of the major problems that includes a wide

range of costs from preliminary assessments to design and

construction. The initial capital investment for digesters,

pumping mechanisms, piping, and energy generators are

high, making the costs too expensive. Despite these

financial limitations, facilities and municipalities have

funding opportunities that are outside of the typical

financing structure (Wong 2011). There are different gov-

ernment organizations and group that act as a potential

source to provide financial support for different stages of

the planning process of waste-to-energy conversion. These

stages include initial facility audits, feasibility analyses and

construction design.

7.2 Operational challenges

As the history of WTE technology demonstrates, there are

clearly technical challenges that must be overcome for

these systems. There is major challenge to manage sec-

ondary sludge stemmed from the primary sludge. Odor

control is also a problem faced by the New Bedford

Wastewater Treatment Plant. The effluents nearly from

50 % of the industries passed from wastewater treatment

plant that lead to pungent odors due to the presence of

effluent from fish processing industries (Wong 2011).

Because of this, the treatment plant should conduct all of

its treatment processes either within buildings or below

ground. For a plant like New Bedford, where the compo-

sition of wastewater and the proximity of the community to

the plant pose tight constraints, managing odor can be

especially important.

Another challenge for using biogas as energy source is

the removal of contaminate from biogas prior to use.

Siloxanes, hydrogen sulfides and chlorine are the main

contaminants of biogas (Singhal and Eguchi 2011). These

contaminants can affect the efficiency and function of this

system if they are not removed prior to use as fuel. Pro-

duction and fluctuations are also a one of concern for

treatment plants. Some treatment plants utilize backup

natural gas sources to ensure that fluctuations do not detract

from the benefit that can be attained from employing a

combined heat and power system for onsite power gener-

ation. Other operational challenges that complicate the

implementation of WTE technologies are struvite remedi-

ation (buildup within pipes leading to and from digesters

that can constrict flow rates) and foaming in digesters.

Furthermore, the opening of new technologies to improve

the treatment plant would require new training and pro-

cesses (AE News 2015).

Further, another challenge is the adaptation of ever-

changing and increasingly stringent environmental regula-

tions. However, the waste-activated sludge being has been

treated by anaerobic digestion but still has high concen-

trations of the microorganisms that should be treated by

improved mechanisms such as cell lysis with ultrasonic

treatment. Lastly, concerns have been raised regarding the

potential toxicity of the anaerobic digestion by-product if

used for land application; ongoing research in this area will

be needed to clarify these impacts.

Overcoming the operational challenges is one of the

significant problems to convert waste into energy. To

obtain the support of the decision makers of a community

to implement the strategies, site used needs to be approved

by the communities as well as other community.

7.3 Political challenges

Political impacts and concerns is one of the important

challenges for implementing WTE technologies. Public

acceptance is vital for implementation of any WTE pro-

jects. There is also challenge in adopting anaerobic

digestion and combined heat and power system and man-

agement of wastewater treatment plants because of

neglecting attitude from concerned government bodies.

Particularly, cities face greater problem to make cost-ef-

fective decisions as they are profit-maximizing entities,

whereas contractors also take their own decision as per

their financial interest. Each city has a different system,

some wastewater treatment plants responsible to the boards

while others responsible to the department of public works.

Therefore, there are large numbers of restrictions that have

to be regulated before successful implementation of waste-

to-energy conversion plan.

8 Future scenarios

Management of municipal solid waste is complex in nature

and its scientific disposal requires high cost. Applying right

waste management strategy for the type of waste generated

will serve as the core of municipal solid waste manage-

ment. For efficient implementation of suitable WTE con-

version technology, robust waste stream with cost-effective

waste disposal technology is required (Ren et al. 2016).

With the advent of new market technologies (such as

biomethanation, gasification and pyrolysis) provides dif-

ferent energy routes to recover valuable products from

waste. There is continuous improvement in technologies

especially in efficiency of the plants, development of new

catalysts or enzymes are being developed for lowering the
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environmental and economic costs. These technologies

transform the carbon containing waste into marketable fu-

els. In many cases, the available technologies have shown

great potential at small scale and require pilot-scale plants

for real-world data. If we want to mitigate climate risk

timely, the pace of adoption of waste-to-energy technolo-

gies at commercial scale should be accelerated (Gielen

et al. 2016). Thus, these technologies have huge potential

to serve the goals of sustainability.

9 Conclusions

This review aims at finding the potential of waste-to-en-

ergy conversion technologies for replacing fossil fuels. It is

the need of hour to adopt scientific methods for safe dis-

posal of wastes. The generation of wastes should be min-

imized by reusing and recycling them. Recovery of energy

from wastes is one of the important techniques to mitigate

this problem. Along with the recovery of substantial

energy; these technologies also lead to a substantial

reduction in the overall waste quantities. There are various

techniques to convert waste into energy, some of which

poses negative impact on environment and human health.

Therefore, it is essential to perform LCA analysis of var-

ious technologies prior to their implementation.
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