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Abstract

Energy security and environmental problems are important factors behind the increasing biomass consumption around the world
including the lower-income countries such as Pakistan. To utilize local biomass reserves more efficiently in the context of future
energy demand, the possession of knowledge about recent energy system in different sectors of the country has become
interestingly important. A few initiatives and technologies are currently under process in order to move towards renewable
resources from non-renewable resources and minimizing dependency on fossil fuels and reducing greenhouse gas emissions. In
recent past, some ideas have been developed for sustainable biofuel production which will make sure a rapid shift from an
unsustainable attitude towards a potentially sustainable approach. Hence, in this review, detailed data about the potential of
biomass for the production of renewable energy in Pakistan have been presented, keeping in view the recent energy mix and
future perspectives. The feasibility of local/indigenous biomass reserves and important conversion methods to transform such
biomass reserves to bioenergy has also been discussed. Here, we also highlighted the drivers for consumption of local/indigenous
biomass reserves in future energy system along with the challenges related to energy systems among various stakeholders.
Finally, the suggestions/recommendations on the government policies and future directions for successful implementation of
the energy production from local/indigenous biomass resources have been given which could be sufficient to meet increasing
energy demands of Pakistan.

Keywords Biomass - Bioenergy - Energy resources - Residues

Introduction

Energy has been a fundamental need of the human beings
since their birth on earth. Modernization and population ex-
plosion have enhanced the total energy requirements and the
per capita energy usage. China is considered as the leading per
capita energy-consuming country followed by India and
Pakistan as shown in Table 1 (Mahmood et al. 2014;

This article is part of the Topical Collection on Implications of Biochar
Application to Soil Environment under Arid Conditions

>4 Farhat Abbas
farhat@ gcuf.edu.pk; fabbas@upei.ca

Department of Environmental Sciences and Engineering,
Government College University Faisalabad, Faisalabad 38000,
Pakistan

Faculty of Sustainable Design Engineering, University of Prince
Edward Island, 550 University Ave, Charlottetown, PE C1A 4P3,
Canada

Ghafoor et al. 2016). The per capita consumption in the world
claborates that a huge quantity of energy is consumed in every
sector (e.g., industry, domestic) of the countries. Economic
progress of a country largely depends upon the extent of en-
ergy consumption and fast energy supply. The countries such
as France, USA, and China have the greatest per capita energy
consumption; consequently, these nations have the highest
economic growth rate (Ozturk 2010; Ozturk et al. 2010).
Fossil fuels are used as a primary source of energy all over
the world, but due to increasing population and diminishing
resources, the global energy demand is increasing rapidly
(Coyle and Simmons 2014). This escalating energy demand
will surely cause some serious environmental issues such as
global warming, future energy security, and depletion of fossil
fuel resources. The amount of fossil fuel resources on the
planet earth are diminishing rapidly day by day thus causing
their prices to raise immensely which makes them economi-
cally expensive and limited. While fossil fuel consumption
has some serious environmental impacts due to the massive
emissions of toxic green house gases including CO,, NO,, and
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Table 1 Comparison of electricity consumption in Pakistan with other
countries of the world

Country Per capita energy
consumption (kW h)

Pakistan 457

India 644

China 2942

Sri Lanka 636.3

Afghanistan 119.8

Nepal 454.1

Bangladesh 278.1

France 7756

Turkey 2474

Germany 7217

USA 13,361

SO, (Prairie et al. 2018; Sarkodie and Strezov 2019), China is
the biggest producer of CO, having production of 8205.86
million tons (Mt) while India ranks third with1954.02 Mt
emission (IEA 2014). The emission and subsequent accumu-
lation of harmful greenhouse gases in the atmosphere has
caused some crucial environmental problems for example ris-
ing environmental pollution and drastic changes in the climate
of the earth. The United States Environmental Protection
Agency (EPA) has reported that net greenhouse gas emission
has been largely increased mainly owing to anthropogenic
processes by ~42% during 1990-2012 (EPA 2015).

To reduce the damaging effects of greenhouse gases on the
environment, the countries have been forced to set a potential
task of lessening their emissions by at least 20% below the
year 1990 under the agreement of European commission of
climate action. To highlight the environmental and socioeco-
nomic problems linked with fossil fuel consumption and to
accomplish the aim of decreasing greenhouse gas, renewable
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energy sources are among the key solutions to fulfill the grow-
ing demands of energy around the world.

A number of methods/techniques are being developed for
energy production which could replace non-renewable energy
resources with renewable energy resources along with addi-
tional benefits of limited greenhouse gas emission and world’s
dependency on fossil fuels (Holdren 1991). Among various
developing countries, Pakistan is also facing severe energy/
electricity crisis, and in recent decades, the rate of energy
consumption has increased greatly, but energy-producing sys-
tems have not been updated parallel to the growing demands
of energy in the country as shown in Table 1 (Raza et al.
2015). Pakistan is still producing energy by conventional
methods rather than using renewable energy sources.
Among the major causes of energy crisis in Pakistan is the
costly nature of the fossil fuel as the local industry and domes-
tic users use furnace oil and natural gas for the production of
electricity and heat (Ali et al. 2016). At present, the electricity
fuel mix of Pakistan consists of hydroelectric power, oil, nu-
clear, coal, and natural gas as mentioned in Fig. 1 (World
Energy Council 2016). About 38.5% of total energy is being
generated from oil and 25.7% from natural gas (Pakistan
Energy Yearbook 2014). Hydroelectric power contributes
about 30.7% of total energy (Sheikh 2010).

As Pakistan is facing worst energy crisis, the country has
imported fossil fuels for industrial and domestic use (Arshad
etal. 2016), but still, energy requirements are not met. Thus, to
overcome this issue, the government is now aiming to obtain
energy from indigenous sources for instance solar, biomass,
wind and hydro-power to meet increasing energy demands.
The biomass from different sources could be a potential
source for energy production due to its easy availability and
inexpensive nature. Agriculture sector comprises over 60% of
the economy in Pakistan and about 62% of rural population
utilizes biomass for cooking and heating. Fossil fuel energy
resources have limited supply for the people in rural areas and
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energy is mostly obtained from animal dung, wood, and crop
residues (Uddin et al. 2016). Renewable energy production
especially from biomass can play a vital role to meet future
energy demands of Pakistan (Ahmed et al. 2016).

The purpose of this review paper is to present an extensive
literature review about renewable energy based on biomass,
current energy scenario, and future perspective in Pakistan.
This review article also includes future directions and promo-
tional strategies of biomass consumption for energy produc-
tion in Pakistan.

Indigenous energy resources
Conventional energy resources

The rate at which we are consuming oil and natural gas, the oil
reserves will exhaust 2025, while natural gas reserves will
exhaust by 2030 unless we explore more reserves (Imran
and Amir 2015). An estimate reports that only 19% of gas
reserves and less than 4% of oil reserves are remaining, where-
as only 1% of coal reserves have been left (Kugelman 2015).

Natural gas

The use of compressed natural gas (CNG) in transport sector
and natural gas for power production (Khan and Yasmin
2014) resulted in shortage of natural gas supply which also
leads to load shedding of natural gas (Arslan et al. 2014). The
first priority for the government is to supply natural gas to
domestic and commercial sectors and then to the fertilizer
industry (MPNR 2015). Natural gas at current rate of produc-
tion of 1.49 trillion cubic feet (TCF) out of 23.64 TCF of'total
recoverable natural gas will exhaust by 2030 (Pakistan Energy
Yearbook 2014). However, according to an estimate, Pakistan
has six times more reserves compared to those described
above (Sheikh 2010).

Oil

In 2014, the total production of oil in Pakistan was 86,500
barrels per day while total recoverable reserves were 371 mil-
lion barrels but Pakistan spent 14.7 billion USD on oil import
(State Bank of Pakistan 2015). Total shale oil reserves of
Pakistan are 227 billion barrels out of which 9 billion barrels
are recoverable shale oil reserves (Stevens et al. 2013).

With 48.8% consumption, the transport sector is the major
consumer followed by power sector with 42.7% consumption
of oil. Almost 92% share of oil consumption is consumed by
these two sectors (Stevens et al. 2013). In early 1990s, the total
oil consumption in the country was 50% for transport sector
and 25% for power sector but due to increase in crude oil
prices, there was a significant decline in oil consumption be-
tween 2001 and 2006 (HDIP 2014).

Coal

Total coal reserves of Pakistan are about 186 billion tones.
Coal shares 5.4% of total primary energy consumption and it
remained less than 1% in power sector in 2014. The underuti-
lization of coal was due to inferior quality of coal extracted
from Thar (Sindh, Pakistan) in particular (Stevens et al. 2013).

Nuclear energy

At present, about 5% of electricity in Pakistan is being gener-
ated by three nuclear power plants including Karachi Nuclear
Power Plant (KANUPP) (unit 1), Karachi Nuclear Power
Project (unit 2 and unit 3), and Chashma Nuclear Power
Project. The KANUPP is operating on an extended lifetime
after refurbishments and safety measurements, as its designed
life of 30 years was completed in 2002 (Rauf et al. 2015;
Raheem et al. 2016a, b). The government of Pakistan has
directed Pakistan Atomic Energy Commission (PAEC) for
the installation of 8800 MW electricity production nuclear
power plants by 2030 (Kugelman 2015).

Sustainable energy resources
Hydroelectric power

According to an estimate, the total hydroelectric potential of
Pakistan is about 41,700 MW, but only 17% of the potential,
i.e., 7116 MW, is harnessed (Khan et al. 2012; Mirza et al.
2008a, b).

Wind energy

Wind is second highest renewable energy source for electricity
production across the globe. Alternative Energy Development
Board of Pakistan has estimated that Gharo-Keti Bandar Wind
Corridor has a potential of 42,000 MW of gross resource and
with a capacity factor of 25%, an exploitable potential of
11,000 MW. However, at present, wind capacity is about
106 MW only (NEPRA 2014).

Solar energy

Utilization of solar energy for power generation can be an
alternative source to fossil fuels. With 1500 to 3000 sunshine
hours, solar energy potential ranges from 2.0 to 8.5 kWh m >
per day (NREL 2015).

Considering the high energy requirements, renewable en-
ergy sources must be adopted to overcome the energy crisis in
environmental-friendly way (Ali et al. 2016; Gangadhara and
Prasad 2016; Hiwot 2017; Nisar et al. 2017). Renewable en-
ergy sources are most favorable because they provide eco-
nomically efficient solution for developing countries and have
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minimum impact on the environment. In Europe, approxi-
mately 71% of total electricity is produced using renewable
energy sources (Cunado and Gracia 2005; Global Status
Report 2012). In Pakistan during 2013, the electricity shortfall
reached up to 6000 MW, and mostly, it remained between
4000 and 5000 MW throughout the year (GoP 2013).

In recent past, many studies have reported the use of bio-
mass from agro-industry for energy production all around the
world (Angeline et al. 2017; Ding et al. 2017; Gonzalez-
Salazar et al. 2016). At present, the renewable energy re-
sources contribute about 18% of global total energy of which
14% is obtained from renewable energy (Kumar et al. 2010).

Biomass resources and reserves in Pakistan

The organic matter primarily stores energy by the process of
photosynthesis (Rehman et al. 2013; Shakeel et al. 2016)).
Human uses biomass in the form of wood to cook food and
heating the homes. In rural areas, biomass can easily replace
conventional fossil fuels to fulfill the energy needs; however, a
huge quantity of biomass is required to meet the energy re-
quirements at large scale (commercial activities) (Mahmood
et al. 2014). Biomass contributes about 10% of primary ener-
gy supplies worldwide which could be in the form of liquid,
solid, or gas. The biomass which is used for producing energy
consists of cellulose, lignin, and hemicellulose (Gondal et al.
2018). Instead of utilizing for energy production, a large
amount of crop residues is openly burnt as the waste only
due to lack of proper government policies and unawareness
among the people.

Major sources of biomass for energy production in
Pakistan include forest residues, agricultural crops, municipal
solid wastes, and industrial wastes (McKendry 2002). Several
types of biomass resources present in Pakistan are (Khan and
Ahmed 2018)

* Food processing waste
* Forestry residues

* Sewage

*  Animal livestock

» Agricultural residues

*  Wood from woodlands and natural forests
* Industrial wastes

* Agro-industrial wastes

*  Municipal solid waste

Here, we will discuss the most abundant resources avail-
able in Pakistan. Table 2 (Tan et al. 2015) shows the potential
resources of biomass in Pakistan.

Forest wood residues

People use wood for heating their homes and cooking pur-
poses. They collect wood and burn it in their stoves (Danish
etal. 2015). The people living in the northern areas of Pakistan
still utilize forest wood for heating and cooking purposes.
Forest residues consist of trees, small branches, and unused
wood. About 5.2% of the total available land area consists of
forests in Pakistan, which is about 4.224 million hectares. The
forest residue is considered an environment-friendly source of
biomass and has a great potential to produce approximately
80% of the total energy consumption from biomass resources
in Pakistan (Sheikh 2009).

Municipal solid waste

Pakistan is a country facing huge environmental problems
related to health issues because of mishandling of municipal
solid waste. Municipal solid waste consists of inorganic as
well as organic matter which can be processed for energy
generation. It has been estimated that municipal solid waste
has calorific value of 6.89 MJ kg year ' in Pakistan which
could be treated through various methods for energy produc-
tion of about 13,900 GWh annually (Akhtar and Amin 2012).
The major cities of Pakistan like Multan, Islamabad, Karachi,
and Lahore possessing industrial parks produce a large

Table 2 Potential of available biomass resources for energy production in Pakistan

Biomass resource Current utilization Conversion technology Potential end use as energy product ~Reference
Rice husk Producing activated carbon,  Gasification and Household energy, off Sheikh (2010)
fuel, fiber, pet food etc combustion grid energy generation

Wheat straw Paper products and domestic ~ Gasification Off grid energy generation SBP (2015)

heating etc
Biogas production,
fertilizer etc
Fuel, bioethanol
production etc
Concrete strengthening,
bottom ash production
Fertilizer, fuel

Composting and
fermentation

Animal dung
Bagasse
hyydrolysis

Municipal solid waste

Forest residues

Fermentation and
Pyrolysis, combustion, sieving

Grinding, saw milling

Household fuel, biogas Stevens et al. (2013)

Motor fuel Stevens et al. (2013)

Methane, methanol and HDIP (2015)
ethanol production

Fuel wood GOP (2015)
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Table 3 Annual production of

major crops and their residues in Name of Annual production Type of Crop to residue ratio Total available residue
Pakistan the crop (thousand MT) residue (residue/kg crop) (thousand MT)
Cotton 3000 Ball shell 1.1 3300
Husk 1.1 3300
Stalks 3.8 11,802.8
Rice 6883 Husk 0.2 1376.6
Stalks 1.5 10,324.5
Straw 1.5 10,324.5
Sugarcane 49,373 Bagasse 0.33 16,293
Top and 0.05 2715
leaves
Wheat 23,864 Pod 0.3 7159
Stalks 1.5 35,796
Maize 296 Cobs 0.3 89
stalks 2 592
Barley 82 Stalks 1.3 107
Dry chilly 188 Stalks 1.5 282
Bajra 470 Cobs 0.33 151
Husks 0.3 141
Stalks 2 940

quantity of municipal, which has a great capacity for energy
production. Municipal solid waste comprises industrial, com-
mercial, and household wastes, but due to lack of proper col-
lection system, this potential power generation source is being
wasted and has become a source of diseases.

Agricultural crop waste

Pakistan is an agricultural country and its livestock and agri-
culture sectors produce tons of biomass in the form of animal
wastes (dung) and crop residues (bagasse, rice husk, wheat
straw, rice straw) which can be utilized for energy generation
(Table 3). Agricultural residue is produced during the harvest-
ing and processing of crops like rice straws, wheat straws,
cane trash, rice husk, cotton sticks, and bagasse (Kumar
et al. 2014). According to World Bank, an area of about
26,280,000 ha is under cultivation (World Bank 2015) which
supports 62% people of rural areas (GOP 2006).

Pakistan is on fourth number in producing sugar from sug-
arcane, and processing of sugarcane produces a huge amount
of cane trash and bagasse (Igbal and Igbal 2014). In 2010—
2011, about 63,920,000 metric tons of sugarcane was harvest-
ed that produced 5,752,800 metric tons of trash having a po-
tential of energy generation of about 9475 GWh per year as
bioenergy. Government of Pakistan allows sugar mills to pro-
duce up to 2000 MW from bagasse. Cotton sticks from cotton
crop can also be used for energy generation and Pakistan
nearly 11% of the total cultivable land area is specifically
reserved for the cotton generation. In 2011, about 1,474,693

metric tons of cotton sticks residue was produced (Pakistan
Economic forum 2015).

Conversion technologies for biomass

The biomass treatment methods such as chemical, biological,
and physical methods produce solid, liquid, and gaseous fuels
(Fig. 2) (Goyal et al. 2008; Valasai et al. 2017). The main
purpose of this treatment is to foster carbonaceous, bulky
low energy content to fuel. In growing season, biomass ab-
sorbs CO, and emits it during combustion. Hence, CO, is
recycled but not added to greenhouse gas effect. Figure 2
shows the steps involved in the conversion of biomass into
bioenergy.

Thermal conversion

In thermal conversion, gaseous, liquid, or solid fuels are pro-
duced by processing biomass feedstock. Thermal conversion
can be done on small scale as well as at large scale.

Gasification

Gasification is the process in which biomass is converted to
gaseous form. During this process, biomass is converted into
combustible mixture of gases, which contains carbon monoxide,
hydrogen, carbon dioxide, nitrogen, methane, and a small frac-
tion of water vapors (Nunes et al. 2016). The produced low yield
gas can be utilized in house fuel engines (Naqvi et al. 2017).
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Fig. 2 Steps involved for the conversion of biomass to bioenergy
Pyrolysis

Thermal decomposition of the feedstock material in deficient
or no oxygen/air environment is called pyrolysis. It is a basic
chemical reaction which is considered as the precursor of gas-
ification and combustion processes and mainly takes place in
the first 2 s of the reaction in natural conditions. The biomass
burning in pyrolysis process includes gases (carbon monox-
ide, carbon dioxide, methane) bio-oil and biochar. Char, car-
bon monoxide, carbon dioxide, water, and reduced molecular
weight can be obtained, at less than 300 °C by the pyrolysis of
cellulosic biomass. At temperature, 300-500 °C, the mole-
cules depolymerize the anhydrous glucose forming tarry
pyrozylate. In Asian countries, organic waste and agricultural
wastes are the main sources of raw material for pyrolysis
(Vladmimir et al. 2016; Kumaravel et al. 2016; Anke and
Hawbodlt 2016; Yildiz et al. 2016; Tripathi et al. 2016).

On the basis of conditions provided, pyrolysis has three
main categories such slow, fast, and flash while some
researchers also report six categories including intermedi-
ate, vacuum pyrolysis, and hydropyrolysis (Table 4)
(Igbal et al. 2018).

Slow pyrolysis

Slow pyrolysis has long been used for charcoal production in
the past. Typically, it is considered as a conventional pyrolysis
process, characterized by long residence time and slow
heating rate of feedstock. In this pyrolysis, the biomass/
feedstock is decomposed at temperature of up to 400—
500 °C, at a heating rate of ~0.1-1 °C s ! and residence time
period ranging from 5 to 30 min. Slow pyrolysis provides
significant quantity of char while the gaseous components
are produced only in a little amount (Ali et al. 2015).

Fast pyrolysis

This is a type of pyrolysis process in which the feedstock is
pyrolyzed at temperatures up to 850-1250 °C, 10-200 °C
heating rate for a little time span fluctuating between 1 and
10 s. Fast pyrolysis is specifically adopted for the generation
of liquid bio-oil as the yield of bio-oil in the fastpyrolysis
process dominates to the solid (char) and gaseous products.
Generally, a typical fast pyrolysis process yields 60—-75%, 15—

Table 4 Typical operating

parameters and products of Type of Heating rate Solid residence Temperature  Particle size Product yield (%)
pyrolysis process pyrolysis K7s) time (s) X) (mm) _—
Char Oil Gas

Slow 0.1-1 450-550 550-950 5-50 35 30 35

Fast 10-200 0.5-10 850-1250 <l 20 50 30

Flash > 1000 <0.5 1050-1300 <02 12 75 13
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25%, and 10-20% of liquid, solid biochar, and gaseous (non-
condensable) products, respectively (Bridgwater 2003).

Biomass in the fast pyrolysis process is successfully con-
verted to liquid product due to the high heating rate thus min-
imizing the reactions which could favor the formation of un-
desired solid char.

Flash pyrolysis

This is much improved and modified form of fast pyrolysis
process. As discussed above, the decomposition of biomass
material in fast pyrolysis is achieved by burning the material at
very high temperature up to 1000 °C s™' or in some cases
above 1000 °C s, In flash pyrolysis, the temperature ranges
between 900 and 1200 °C and the time for the heat exposure to
the biomass persists for a little period approximately about
0.1-1 s (Demirbas and Arin 2002). The main challenge in
the application of flash pyrolysis process at industrial level is
to optimize a system in which the biomass could last for a little
time period at exceptionally increased heating rate. The im-
portant problem in flash pyrolysis system is the quality and
stability of the bio-oil produced which is greatly influenced by
ash/char contents in flash pyrolysis system. Moreover, the ash/
char contents in liquid (bio-oil) product may catalyze the po-
lymerization process occurring within bio-oil resulting in bio-
oil with high viscosity (Canabarro et al. 2013).

Vacuum pyrolysis

In this type of pyrolysis, biomass is decomposed at reduced
pressure under anaerobic conditions. The pressure and tem-
perature during vacuum pyrolysis usually span between 0.05
and 0.20 and 450-600 °C, respectively (Carrier et al. 2011).
The rate at which biomass is heated in the vacuum pyrolysis
process is similar to the slow pyrolysis process. Although
some working conditions in vacuum pyrolysis process are
comparable to the conditions present in slow pyrolysis pro-
cess, the vapor removal method from the reaction area makes
a huge difference between these two processes.

The specific feature of vacuum pyrolysis is the use of re-
duced pressure to eliminate vapors generated during the pro-
cess rather than the purge gas such as nitrogen (N) which is
supplied in conventional pyrolysis methods (Korai et al.
2016). Fast vapor removal rate from organic materials under
the vacuum pyrolysis process significantly minimizes the res-
idence time of vapors thereby decreasing the secondary pro-
cesses and yields high liquid product (Naqvi et al. 2016).

Intermediate pyrolysis
Intermediate pyrolysis is normally operated to create a balance

between the solid-liquid products. As the name suggests, the
operating conditions of different parameters in intermediate

pyrolysis process are in-between the fast and slow pyrolysis.
Usually, the system pressure is kept around 0.1 MPa in inter-
mediate pyrolysis (Hornung et al. 2011). The temperature in
intermediate pyrolysis process ranges 500-650 °C while
heating rate and residence time spans between 0.1—
10 °C min~" and 300-1000 s, respectively. The typical prod-
ucts obtained during the intermediate pyrolysis include 15—
25% biochar, 20-30% vapors (non-condensable gases), and
40-60% liquid (Kebelmann et al. 2013). An important benefit
of intermediate pyrolysis process compared to fast pyrolysis
process is that contrary to the fast pyrolysis process, the liquid
produce of intermediate pyrolysis lacks reactive tar thus can
be used in engines and boilers without any further treatment
(Mahmood et al. 2013).

Hydropyrolysis

Hydropyrolysis process is comparatively a new method for
the conversion of organic materials into superior quality bio-
oil. This type of pyrolysis process operates at the conditions
where hydrogen-based materials are introduced to the system
together with feedstock at a pressure ranging 5-20 MPa which
is greater than the atmospheric pressure. The temperature,
heating rate, and residence time are almost similar to that of
fast pyrolysis process; therefore, hydropyrolysis may be re-
ferred to as a fastpyrolysis method in which hydrogen-based
organic compounds are introduced under high pressure. It is a
well-known fact that hydrogen is considered as a reducing
agent; thus, the occurrence of hydrogen at high temperature
and pressure decreases the amount of oxygen in liquid bio-oil
product and also prevents the char production (Mirza et al.
2017).

Advantages of pyrolysis

Use of pyrolysis is a fast growing process achieving an im-
mense adaptability worldwide. One of the important benefits
of'this process is its flexibility as pyrolysis can be optimized as
per the results required. For instance, for the production of
higher contents of biochar, slow pyrolysis is adopted while
in contrast, fast pyrolysis process is suitable for higher bio-
oil production. Vacuum pyrolysis process has the potential to
give more equally distributed yields and this process is cur-
rently being employed as a very important step for reduction
of wastes and transformation of waste materials into value
added things such as char, bio-syngas, and bio-oil (Carrier
et al. 2012). Another benefit of using the pyrolysis is that a
variety of biomass (wet, dry, soft, hard) and waste materials
from industrial sectors and sewage sludge can be treated di-
rectly without any major problem; however, in some cases,
biomass pretreatment before pyrolysis causes the process to be
more efficient (Wang et al. 2012). The cost of the pyrolysis
process may be a little concern but big unit of pyrolysis makes
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it in-expensive. The products of pyrolysis emits only a little
amount of NOx and SOx gases which makes this process
environmental friendly. Moreover, pyrolysis decreases green-
house gas emission and assists in maintaining an unpolluted
atmosphere along with reduction in global warming (Hornung
etal. 2011).

Combustion

In combustion, complete oxidation of biomass occurs and
is converted into energy. Biomass is combusted directly at
elevated temperature ranging between 800 and 1000 °C
(Naqvi et al. 2016). The flue gases produced are used to
generate electricity from steam turbines (Singh and
Shukla 2014). Combustion of biomass is one of the oldest
forms of combustion. However, this method is only 10%
efficient and causes substantial pollution (Pei-dong et al.
2007; Thornley et al. 2009).

Biochemical conversion

Micro-organisms decompose organic matter in the biomass
anaerobically to produce biogas. They convert organic matter
into biogas by simple chemical conversion.

Transesterification

Catalytic transesterification of bio-oils produces biodiesel. On
industrial scale, different vegetable oils including soya bean,
rapeseed, sunflower, mustard, palm, and hemp oils are utilized
to produce biodiesel (Raheem et al. 2016a, b).

Fermentation

In fermentation, sugars are hydrolyzed biochemically by the
activity of microorganisms into ethanol. A lot of countries are
producing bioethanol on industrial scale by fermentation.
Major raw materials for this process are sugar and starch
(Tan and Lagerkvist 2011).

Anaerobic digestion

Microbial activities in the absence of oxygen produce biogas
from biomass. Biogas is a mixture of methane, carbon diox-
ide, hydrogen, and traces of other gases. Biogas can be utilized
for cooking purposes at domestic scale as well as at industrial
scale to run gas engines (Jones and Ogden 1984).

Significance of biofuels
Pakistan is seriously facing a huge energy crisis owing to

increasing energy demands and depleting energy reservoirs.
Bioenergy production from the use of biomass has become an

@ Springer

important step in many countries worldwide due to its char-
acteristics (Singh et al. 2014; IEA 2016) like

*Reduction in emission of greenhouse gas

*Diversification of rural economy

eless land degradation

*Flexibility and wide availability

*Easily accessible source of energy

Energy from biomass provides sufficient energy to fulfill
the energy requirements as well as also helps to handle mu-
nicipal, commercial, and industrial waste in proper way. To
cop the environmental issues and the spread of diseases, it is
essential to manage the waste effectively (Rashid et al. 2013).
Using biomass for bioenergy will also give strength to agri-
cultural economy (Rauf et al. 2015).

Biogas

The waste organic matter is decomposed by bacteria anaero-
bically to produce biogas. Biogas is a mixture of carbon diox-
ide, methane, and some other gases in traces. Biogas is a
respiratory product of decomposers produced during anaero-
bic digestion, but due to its high combustibility, it can serve as
source of energy. Animal manure in wet condition can pro-
duce biogas. Rural areas of Pakistan have potential to produce
biogas, where a large amount of animal waste and crop resi-
dues are available (Bhattacharya and Abdulsalam 2002).

Bioethanol

Bioethanol is a precious substitute to the gasoline to run inter-
nal combustion engines and is produced by the fermentation
of waste by using yeast or bacteria (Niven 2005; Limayem
and Ricke 2012). Municipal solid waste and crop residues
have significant potential for the production of bioethanol
(Mussatto et al. 2010). Nowadays, sugarcane and starch-
based crops are being used to produce bioethanol (Oscar and
Carlos 2008).

Biodiesel

Biodiesel is a liquid fuel, produced by processing waste oil
from oil-producing plants and household waste oil. Many
plants like canola, corn, peanut, soya bean, sunflower, avoca-
do, and mustard seeds contribute for the biodiesel production.
Biodiesel can also be produced by animal fats and recycling of
cooking oil.

In the presence of catalyst and alcohol esterifictaion of
animal fats and plants, oil also yields biodiesel which is used
in transportation as a replacement of petro-fuels (Ma and
Hanna 1999; Pramanik 2003; Schuchardt et al. 1998;
Freedman et al. 1984). Use of biodiesel in transportation has
following advantages (Tan and Lagerkvist 2011):

edirect use in any diesel engine without upgrading
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seco-friendly

scomprises no petroleum, but can be mixed with conven-
tional engines

*degradable, non-toxic, and lead free

sclean burning alternative fuel

Transport fuel

Transportation is highly dependent on petro-fuels for energy
needs and the main user of fossil fuels is transportation sector
in Pakistan (NREL 2006). Biofuels are in liquid form pro-
duced from crop residues and oils extracted from plants. The
biofuels which are produced across the world include
bioethanol, biodiesel, butanol, and gasoline etc. Bioethanol
and biodiesel can be used as fossil fuels alternative in
Pakistan.

Potential impact of bioenergy
Household impacts of bioenergy

Around 62% population of Pakistan lives in rural areas and
they utilize animal dung, crop residues, and firewood to meet
their energy demands for cooking and heating purposes (GOP
2006). Biogas and animal dung have a potential to fulfill the
energy demands of an average of about 28 million people in
rural areas (Mirza et al. 2008a, b). Due to unavailability of
other energy alternative sources, nearly 76% household de-
pends on biomass resources in Pakistan (GOP 2006). The
use of fuelwood in Pakistan at household level is expected
to increase in recent years owing to poor economic condition
of the country. This has resulted in the significant rise in the
deforestation rate as Pakistan ranked second among the
highest deforestation rate around the globe [TUCN 2002].
On average, 420 km® or 1.66% of the area is lost per year.
Pakistan lost 33.2% or nearly 8400 km? of its forest cover
between the years 1990 and 2010. Although Pakistan was
expected to improve its forest cover from 4.8% to around
5.7% in year 2011 and then 6% in 2015 but this goal has not
been achieved (Ouerghi and Heaps 1993).

Industrial impacts of bioenergy

Fossil fuels are primary source for running the industries,
where biomass is being focused as an energy alternative.
The energy share reserved for industrial sector is about 23%
of the total energy consumption in Pakistan. Bagasse from
sugarcane is primary source of biomass for industries and
can be used directly or indirectly by many industries. Sugar
industry itself uses 70% of total bagasse to run condensation-
extraction steam turbines. The rest of bagasse is used by dif-
ferent industries to run combined heat and power systems
(Larson and Kartha 2000). Agricultural residues such as wheat

corn, rice husk and cotton sticks are also used for energy
generation in industries. Mostly, the crop residues are directly
burnt in brick kilns (Rauf et al. 2015). Being an agricultural
country, the potential of potential of producing crop residues
in Pakistan is enormous which could act as a significant
source of energy in Pakistan. The term crops or agricultural
residue is usually assigned to organic waste materials pro-
duced as a by-product during the crop harvesting or process-
ing. There are two types of crop residues such as primary and
secondary residues. The agriculture/crop residues produced
during the harvesting of crops in the field are termed as pri-
mary residues for example sugarcane tops and rice straw,
while crop residues produced simultaneously during the pro-
cessing are defined as secondary residues such as sugar cane
bagasse. The main and important crops of Pakistan are cotton
lint and Pakistan ranks 4th in the cotton production, 5th in
sugarcane production, and 11th in paddy rice production in
the world (Butt et al. 2013). Thus, there is a great advantage to
use these crop residues in order to produce energy for indus-
trial sector.

Commercial sector

Limited data is available on the use of biomass for energy
production in commercial sector like bakeries, restaurants
etc. Only the fuelwood is reported to use in the commercial
sector which contributes nearly 10 PJ of energy, thus only
contributing 1% of the total biomass consumption (Butt
et al. 2013).

Advantages of energy from biomass over fossil fuels

The products obtained from petroleum act as primary fuel in
transport sector and are major source of energy in each indus-
try. The emission of dangerous greenhouse gases, from the
volatile organic compounds (VOC) present in petroleum prod-
ucts, contributes towards serious environmental issues
(Dincer 2000). The effective and efficient solution to these
environmental issues is renewable energy which can play a
vital role (Edenhofer et al. 2012). In recent years, bioenergy is
getting more attention. Bioenergy has a number of advantages
for environment (Gopalakrishnan et al. 2011) such as

*biodegradable or renewable energy

ereduces emissions of greenhouse gases

ssupports agriculture and food processing industries

provides economic development

sprovides employment opportunities

sreduces landfills

sabundantly available and cost saving

sreduces dependence on fossil fuels

senergy security and reliability

ecan be used to produce different products such as enthanol
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Promotional strategies for bioenergy

It is needed to find some new resources besides conventional
bioenergy resources to cope with demand and energy issues of
the country. Pakistan is a country which is rich with biomass
resources easily available for energy generation. Here, we
explored some alternative biomass resources easily available
in Pakistan for energy production;

City wastes

Urban areas of Pakistan are generating approximately 55,000 t
of solid wastes per day and if this waste is collected and
treated appropriately can serve as a potential source for energy
generation. A massive quantity of waste is openly burnt in
some areas causing the emission of greenhouse gases and
produces pollution in different parts of the environment along
with lethal diseases outbreak. If city waste is burnt in an or-
ganized manner, then its heating power can be used for elec-
tricity production in Pakistan. By designing and maintaining
proper landfill sites and utilizing wastes properly, an appropri-
ate quantity of electricity and heat could be produced.

Poultry litter

Poultry-based farms are widely available in Pakistan and a
massive quantity of poultry litter (chicken litter) originated
both from broiler-chicken and layer-chicken is produced daily.
This type of biomass source can be used significantly for
energy production in Pakistan with special attention of the
government. According to an estimate, 528 million broiler
chicken and 15 million layer-chicken were produced during
2003-2004 including share of 3.5, 6.5, 22, and 68% of
Baluchistan, KPK, Sindh, and Punjab, respectively. The re-
ports suggest that in Pakistan, 15 t of chicken-litter is produced
per annum from a poultry farm of 3000 chickens. If govern-
ment process and handle this waste-litter technically, it may
provide sufficient energy needed for the production of 40 MW
of electricity daily.

Animal slurry

In 2000, livestock census and Pakistan Federal Bureau of
Statistics (FBS) estimated that there are about 46.69 mil-
lion of animals such as cows, bullocks, and buffaloes
generating 700 million kg dung on daily basis (FBS
2002). Hassan (2002) reported that in addition to 50 mil-
lion kg of biofertilizer production, 17.5 million m® of
biogas can be generated by biomethanation process from
the animal dung on daily basis. So far, animal dung is
being used to produce biogas only at a small scale and
this could be used on commercial basis if authorities take
interest and develop a proper policy.

@ Springer

Conclusions and future directions

Biomass could be a potential source of bioenergy for Pakistan
in near future, as country is facing terrible energy crisis. In
order to cope with this energy crisis, scientists and researchers
are focusing on biomass for energy generation due to its easy
availability. Biomass is considered as an emerging source for
production of bioenergy in developing countries to meet the
energy demands. Pakistan is also a developing country, and to
tackle its energy crisis, Pakistan should make efforts to utilize
biomass for production of bioenergy. Some technological
measures have been taken by the government considering
the significance of energy produced from biomass. To reduce
the energy shortage in the country, government and private
sectors must work on urgent basis for increased production
of bioenergy. It is very important to select the suitable bio-
chemical or thermal conversion methods for biomass-
producing fuels such as pyrolysis vapors, char, syn gas, or
bio-oil which can further produce methane, methanol, dimeth-
yl ether, hydrogen etc. These fuels may be used to run com-
bined heat and power systems and as vehicle fuels. The future
potential of biofuels, thermal energy, or electricity generation
at small scale must also be considered. The government of
Pakistan must make new projects and policies on bioenergy
production from biomass in collaboration with different coun-
tries and companies.
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