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Abstract

As concerns about the environment and sustainability of fossil fuels grow, biomass is becoming
an increasingly important renewable energy source. This paper explores various methods for
converting biomass, such as direct combustion, anaerobic digestion, and the production of gas
and liquid fuels. Direct combustion can generate heat and electricity, though it tends to be costly
and has environmental drawbacks. Anaerobic digestion helps lower methane emissions and
produces useful biogas and fertilizers but requires lots of investment. Processes like pyrolysis
and gasification, which convert biomass into gas and liquid fuels, provide flexible energy
solutions but face technical and economic challenges. Overall, biomass has significant potential
to contribute to a sustainable energy future, provided that the existing challenges are effectively
addressed.
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Introduction

Fossil fuels are the carbon-abundant fossils of animals and plants that lived long long ago, and
they have been supplying energy for over 150 years now. As of this year, fossil fuels currently
supply about 80% of the world’s energy (Environmental and Energy Study Institute). However,
fossil fuels are a finite source of energy, as well as contributing to significant amounts of CO2
emissions and helping drastically change the Earth’s climate and global warming. Because of
these problems, many countries are gradually switching to the use of renewable energy: energy
derived from an infinite source such as the sun or water. Sources not as big as wind energy or
solar energy are also effective in energy generation as well as the reduction of carbon
emissions. One of said sources would be biomass. In this paper, we will be exploring how
biomass is converted into energy/fuel.

What is biomass?

Before discussing the process of converting biomass into usable energy, what even is biomass?
Biomass is a renewable energy source that usually comes from living waste. Biomass stores
energy from the sun through photosynthesis. The energy is then released as heat when the
biomass is burned, and this heat can be used to generate electricity or provide direct heating.
Biomass can come in many forms, including wood, agricultural products, and even animal waste
or remains. It can be transformed into biofuels like ethanol and biodiesel for vehicle fuel or into
biogas for heating and generating electricity.

Advantages of Biomass

Using biomass to generate heat and energy has several advantages. It does not emit out CO2
because the CO2 released during combustion is canceled out by the CO2 absorbed by plants.
This makes it a green alternative to fossil fuels. Additionally, biomass uses agricultural and
forestry wastes, which would otherwise be discarded, reducing waste.

Challenges of Using Biomass

Even though biomass is associated with many pros, there may also be cons with biomass.
Using biomass triggers water pollution as well as eradicating many trees, habitats and
ecosystems. Furthermore, maintaining biomass may have high costs but low efficiencies, as
well as vulnerability to technical challenges. There are also many concerns since harvesting
biomass may not be supportable in the long run.

Current State of Biomass

As of right now, biomass only supplies a small percentage of energy compared to other sources
and fossil fuels. Biomass accounted for approximately 5% of U.S. energy consumption in 2022
(U.S. Energy Information Administration). As the years progress the world will increasingly begin
to depend on renewable energy sources like biomass for energy production.
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Processes of Biomass Conversion

How does it function? At present, there are various techniques for releasing the energy
contained in biomass to produce power that serves as energy. These methods include
combustion, bacterial decomposition, and transforming biomass into gaseous or liquid fuels.

Burning

The first method is burning/direct combustion. In this process, biomass is burned in a high
temperature boiler that produces steam, which then drives turbines to rotate the blades
(IDSEmergencyManagement). When the turbine is rotated from the steam, energy/electricity is
produced from this process. Essentially, burning biomass then using the steam to move the
turbines which drive a generator is similar to biomass providing a wind turbine “wind” when
burned. Biomass is burned directly to heat buildings and water, provide heat for industrial
processes, and produce electricity using steam turbines. The cost of energy production from
direct combustion is a little higher as compared to the other methods of converting biomass into
energy due to the need for treatment of biomass before burning it, such as dehydrating, cutting,
and crushing, before adding it into the boiler or furnace. Typical sources of biomass used in
direct combustion include solid wood, wood chips, pellets, sawdust, and shavings as well as
agricultural pemains such as stalks, leaves and shells. Another process that direct combustion
goes with is co-firing, where biomass is burned along with coal in a coal power plant. This
method of co-firing reduces carbon emissions without significantly changing the infrastructure of
the power plant. Below is an image that shows the process of direct combustion. Firstly, the
biomass goes into the combustor/boiler, then the steam from burning biomass is used to power
the steam turbine, which starts rotating and powers the generator, the energy going through the
transmission grid and supplying energy.
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Bacterial Decomposition

Bacterial Decomposition, otherwise called anaerobic digestion, is a process that converts
biomass into energy by using bacteria in an environment without any oxygen. This process
usually takes place in a container called a digester. Inside the digester, organic materials like
animal and plant waste, food, and products of farms are broken down by many microorganisms.
These microorganisms convert the biomass into simpler compounds which eventually lead to
producing biogas: a mixture consisting of methane and carbon dioxide. Methane can be used in
various situations such as generating electricity, providing heating, or serving as a fuel for
vehicles. Furthermore, this entire process produces a product which is called digestate. This
digestate is a substance that can be used as an organic fertilizer, enhancing soil health and
fertility. Below is a diagram of the process of anaerobic digestion. The feedstocks of this process
include food waste, landfill gas, livestock waste, crops and water waste. Additionally, the biogas
produce can be used as heat, electricity, fuel, and gas, while the digestate (byproduct of this
process) can be used as soil fertilizer, soil improvements and livestock bedding, which is both
beneficial as energy and for farms.
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Conversion to Gas/Liquid Fuel

Lastly, conversion to gas/liquid fuel is another process that can convert biomass into usable
forms of energy/fuel. There are a variety of processes that can do this conversion. One method
is the thermochemical conversion of biomass, which includes both pyrolysis and gasification
processes. Biomass can be converted into fuel through several methods, each with its own
advantages and challenges. In thermochemical conversion, biomass is heated in high-pressure
vessels called gasifiers. During pyrolysis, organic materials are heated to temperatures between
800°F and 900°F without oxygen. This process produces fuels such as charcoal, bio-oil,
renewable diesel, methane, and hydrogen. Gasification, on the other hand, heats biomass to
temperatures between 1400°F and 1700°F, with oxygen or steam added. This creates a gas rich
in carbon monoxide and hydrogen, known as synthesis gas. This fuel can be used for diesel
engines, heating, or electricity generation. It can also be converted into liquid fuels using the
Fischer-Tropsch process, which turns synthesis gas into liquid hydrocarbons. Another method,
hydrotreating, processes bio-oil with hydrogen under high temperatures and pressures to
produce renewable diesel, gasoline, and jet fuel. Another chemical process, transesterification,
turns vegetable oils, animal fats, and greases into biodiesel. This involves reacting triglycerides
with methanol in the presence of a catalyst, like sodium hydroxide or potassium hydroxide,
resulting in biodiesel and glycerol. Finally, biomass can also be converted biologically through
processes like anaerobic digestion and fermentation to produce ethanol, which is used as fuel.
The image below shows a basic overview of these biomass conversion processes into fuels.
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Advantages and Challenges of Direct Combustion

Directly burning biomass for energy has several advantages. First, biomass is a renewable
resource that can be replenished through sustainable farming and forestry practices, which
helps lessen our dependence on finite fossil fuels. Using waste from agriculture and forestry for
energy helps reduce landfill use and waste, improving waste management. Biomass is also
often locally available, which can boost energy security by reducing the need for imported fossil
fuels. The burning of biomass cuts down waste volume and can be managed to meet
environmental standards. It generates heat that can be used to produce electricity and, if
managed well, can operate with minimal noise and odor. However, there are challenges with
direct combustion. The initial setup costs are high, requiring substantial investment. Managing
emissions to prevent pollution can also be costly. Burning biomass can produce harmful
byproducts like metals and dioxins. Additionally, the process might conflict with efforts to reduce
waste buildup. Waste needs to be pre-treated, such as dehydrating and chopping, before
burning, which can produce pollutants affecting air quality and human health. Biomass
combustion systems generally have lower efficiency compared to fossil fuels, and developing
countries may face technology and economic challenges in setting up these systems.

Advantages and Challenges of Anaerobic Digestion

Anaerobic digestion, like direct combustion, offers both advantages and challenges. One key
benefit is its positive environmental impact. By processing organic waste from landfills,
anaerobic digestion reduces methane emissions(a greenhouse gas that speeds up climate
change). This process produces biogas, which can be used as a renewable energy source for
generating electricity, heat, or even refined into renewable natural gas. Additionally, the
byproduct, known as digestate, serves as a nutrient-rich fertilizer that improves soil health and
reduces the need for chemical fertilizers. Economically, anaerobic digestion can lower waste
management costs and create job opportunities; for instance, according to the Environmental
and Energy Study Institute, building 13,500 biogas systems in the U.S. could create over
335,000 temporary construction jobs and 23,000 permanent jobs. Furthermore, biogas systems
can transform waste management costs into money from energy production and the sale of
digestate as fertilizer or livestock bedding. However, there are challenges as well. The initial
investment for biogas plants can be high, potentially limiting their adoption. Efficient biogas
production requires careful management of feedstock and moisture levels to maintain optimal
microbial activity. There are also logistical challenges related to the collection, transportation,
and processing of various organic wastes, which can be complex and costly. Integrating
anaerobic digestion with existing waste management and energy systems can be technically
demanding, often requiring significant upgrades.
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Advantages and Challenges of Conversion to Liquid or Gas Fuel

Converting biomass into liquid or gas fuels has several benefits. It can produce a range of
energy rich fuels, such as bio-oil, renewable diesel, methane, hydrogen, and synthesis gas,
which can be used in existing engines and energy systems. These renewable fuels help reduce
greenhouse gas emissions. Effective processes like pyrolysis and gasification transform
biomass into these fuels, with pyrolysis producing bio-oil and renewable diesel, and gasification
creating synthesis gas that can be further processed into liquid fuels. Methods like hydrotreating
and transesterification also make renewable diesel and biodiesel from organic materials.
However, the high costs of setting up and operating these technologies, variability in biomass
feedstocks, and the need for catalysts add to the complexity.

Conclusion

Overall, while biomass has the potential to contribute significantly to the global energy mix, its
integration into the energy landscape requires careful consideration of economic, environmental,
and technical factors. As technology advances, biomass could become an increasingly
important component of our efforts to reduce the effects of climate change. Maintaining a
balance between the different modes of biomass conversion can help cancel out the cons as
well maximize the pros between all of them.
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