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fuel-based emissions, and concerns related to national energy-security make it imperative to search for
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alternative energy sources. Biomass-based renewable sources, such as wood, agricultural residues, mu-
nicipal solid wastes are attractive alternatives to petroleum-based feedstocks for energy and chemicals.
K?onrds: Although biomass shows great potential, limited systematic studies exist on biomass as a feedstock in
Biomass Bangladesh. In this work, we present an overall assessment of the availability and utilization potentials of
Rene'wable energy different biomass resources. A novel feature is the quantitative assessment of major biomass resources,
Proximate analysis . . . . . . . .
Waste residue which are unconventional and were previously ignored. It is estimated that the total available biomass
Municipal solid waste from agriculture, waste, industries, animals and other sources could generate more than 3447 petajoules
(>950 TWh) of energy, which is three times of the current fossils fuel based-energy consumption in
Bangladesh. This means that even if only one-third of the overall biomass is utilized for energy gen-
eration, it would meet the total energy demand in Bangladesh without utilizing fossil fuels and other
sources. A systematic pathway from utilizable biomass to useful chemicals is also presented towards
industrial utilization of biomass. This study presents a realistic assessment of available biomass as a
prominent source of useful energy and chemicals, and insinuates the potential to be the sustainable
source of primary energy that can eventually replace the fossil fuels in the long term.
© 2016 Elsevier Ltd. All rights reserved.
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Appendix A.

1. Introduction

To satisfy the increasing demand of primary energy in both the
developed and developing countries, the need for renewable energy
sources is rapidly rising. In 2010, 520 Quadrillion Btu of energy was
used worldwide [1]. It is predicted that the annual average global
energy demand growth would range from 1.5% to 2.5% for the
period between 2000 and 2030 [2]. Sustained population growth
will remain a key driver of increasing energy demand, along with
economic and social development. Although conventional fossil
fuels (e.g., coal, oil and natural gas) are the prime sources of energy
worldwide, they do not offer sustainability for longer period,
especially for countries which do not have abundant fossil fuel re-
serves. Fossil fuel reserves are concentrated in a small number of
countries. About 80% of the coal reserves are located in only six
countries [3]. Moreover, fossils fuels are not the cleanest sources of
energy. Carbon dioxide emission from the burning and consump-
tion of fossil fuels adversely affects the global climate. A rise of at-
mospheric temperature by 2-6°C is estimated due to global
warming and man-made climate change by the next century [4].

Being a developing and densely populated country, the situa-
tion in Bangladesh is no different. A population totaling more than
160 million has an enormous energy demand. According to the
World Bank, the consumption of electricity in Bangladesh ex-
ceeded 39.5 billion kWh in 2011. Furthermore, only 62% of the
population had access to electricity with a per capita availability of
321 kWh per annum, which is very low in comparison to the other
countries of the world [5]. In 2012-13, almost 97.6% power gen-
eration in Bangladesh was fossil fuel-dependent [6]. To fully satisfy
its energy demand, Bangladesh imports fossil fuels and electricity
from other countries. In 2014, Bangladesh imported 5450 thou-
sand tons of crude oil and petroleum products costing approxi-
mately 5 billion US dollars [6,7].

Power generation in Bangladesh is mostly dependent on nat-
ural gas with fast-depleting and limited national reserves. As of
September 2015, Bangladesh has a total installed power genera-
tion capacity of 11,877 MW. In reality, these power plants have
been generating on an average of 156 GWh/day of electricity (55%
of installed capacity), with the maximum daily generation of
174.5 GWh (69% of installed capacity) in August 2015 [8,9]. During
2012-2013, more than 25 GWh of daily load-shedding was re-
ported, which has been reduced significantly over the time [10,11].
However, this has been achieved through fossil fuel-based power
generation and power import from other country [8].

Renewable energy, such as biomass, is becoming increasingly
popular worldwide. Facing with the challenges due to increasing
energy demands, depleting reserves and uncertain price of fossil
fuels, stringent environmental regulations on CO, emissions, and
need to diversify energy portfolio for national security, biomass
can be a promising and sustainable source of alternative energy. A
major goal of this current study is to quantitatively assess the
potential of biomass as an energy source in Bangladesh.

Biomass is a combination of varying organic compounds, which
is abundant in nature, yet barely being used up to its potential.
Currently, biomass accounts for 7-10% of primary global energy
consumption [12-14], whereas, nuclear and hydroelectric power
individually contribute ~7% [15], and renewable sources (wind
and solar) sum to < 1% of the global energy demand [16,17]. Li-
quid transportation fuels, such as ethanol and biodiesel, are the
most popular biomass-based energy alternatives, albeit these
currently comprise only 2% of world biomass energy and have
potential to contribute substantially [18,19]. Bangladesh produces
large amount of conventional and unconventional biomass in
different forms that need to be identified and considered for better
utilization. Considering the fact that biomass sources are relatively
abundant and offer feedstock versatility, these resources have
become an attractive alternative to petroleum-based products.
Moreover, utilization of biomass also seems promising because of
biodegradability and lower greenhouse gas emission ensuring re-
duced environmental pollution, which is a major concern in fossil-
fuel technology. Biomass can range from agricultural byproducts to
solid and liquid waste from industrial and municipal sources [20].
Biomass is not only important as a source of energy but also as a
source of different valuable fuels [21] and chemicals [22]. Biomass
consists of different celluloses, hemicelluloses and some other
carbohydrates [23]. These biomasses in turn might be used as a
raw material of chemicals including different alcohols, organic
acids which have a huge market demand.

The total amount to biomass fuel consumed in Bangladesh in
the year 2000 was approximately 45 million tons [24]. While this
amounts only a fraction of the total energy available through
biomass, biomass is in fact the principal source of energy supply in
rural areas contributing more than 90% to the primary total energy
supply [25]. Small Biogas plants are being introduced generate
energy utilizing biomass [26]. Biomass also has a potential to
contribute in the industrial and manufacturing sectors in a de-
veloping country like Bangladesh. Efficient utilization of available
biomass can be useful to reduce the net import of fuels, chemicals,
and industrial goods and raw materials.

Despite of its potentials as fuel and raw material, there has not
been any organized study performed on feedstock types, quan-
tities and characterization of the available biomass in Bangladesh.
Few studies have been reported on biomass, which focus only on
electricity production without considering other applications or
the individual contributions of variety of biomass resources
[27,28]. Even fewer studies considered the distinct characteristics
of different feedstock biomass [29-31].

The assessment of the biomass availability and quality is an
important first step toward utilizing biomass for energy generation
and conversion to value-added chemicals. Countrywide assess-
ment of biomass resources has been performed for many countries
[32-36]. In this paper, we present an organized assessment of
different biomass resources in Bangladesh evaluating their gross
available quantity, waste fraction, basic properties and proximate
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