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Biogas is produced after organic materials (plant and animal products) are broken down

by bacteria in an oxygen—free environment, a process called anaerobic digestion. Biogas
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systems use anaerobic digestion to recycle these organic materials, turning them into

biogas, which contains both energy (gas), and valuable soil products (liquids and solids).

Stored biogas can provide a clean, renewable, and reliable source of baseload power
in place of coal or natural gas. Baseload power is consistently produced to meet minimum
power demands; renewable baseload power can complement more intermittent
renewables. Similar to natural gas, biogas can also be used as a source of peak power
that can be rapidly ramped up. Using stored biogas limits the amount of methane released
into the atmosphere and reduces dependence on fossil fuels. The reduction of methane
emissions derived from tapping all the potential biogas in the United States would be equal
to the annual emissions of 800,000 to 11 million passenger vehicles. Based on a waste—
to—wheels assessment, compressed natural gas derived from biogas reduces greenhouse

gas emissions by up to 91 percent relative to petroleum gasoline.

Around 30 percent of the global food supply is lost or wasted each year. In 2010
alone, the United States produced roughly 133 billion pounds (66.5 million tons) of food
waste, primarily from the residential and commercial food sectors. To address this waste,
EPA’s Food Recovery Hierarchy prioritizes source reduction first, then using extra food to
address hunger; animal feed or energy production are a lower priority. Food should be
sent to landfills as a last resort. Unfortunately, food waste makes up 21 percent of U.S.
landfills, with only 5 percent of food waste being recycled into soil improver or fertilizer.
Most of this waste is sent to landfills, where it produces methane as it breaks down. While
landfills may capture the resultant biogas, landfilling organic wastes provides no opportunity
to recycle the nutrients from the source organic material. In 2015, the EPA and USDA set
goals to reduce the amount of food waste sent to landfills by 50 percent by 2030. But even
if this goal is met, there will be excess food that will need to be recycled. The energy
potential is significant. As just one example, with 100 tons of food waste per day, anaerobic
digestion can generate enough energy to power 800 to 1,400 homes each year. Fat, oil,
and grease collected from the food service industry can also be added to an anaerobic

digester to increase biogas production.

Biogas systems turn the cost of waste management into a revenue opportunity for
America’s farms, dairies, and industries. Converting waste into electricity, heat, or vehicle
fuel provides a renewable source of energy that can reduce dependence on foreign oil

imports, reduce greenhouse gas emissions, improve environmental quality, and increase



local jobs. Biogas systems also provide an opportunity to recycle nutrients in the food

supply, reducing the need for both petrochemical and mined fertilizers.

Biogas systems are a waste management solution that solve multiple problems and
create multiple benefits, including revenue streams. The United States currently has the
potential to add 13,500 new biogas systems, providing over 335,000 construction jobs and
23,000 permanent jobs. However, to reach its full potential, the industry needs consistent
policy support. Reliable funding of Farm Bill energy title programs and a strong Renewable
Fuel Standard encourage investment and innovation in the biogas industry. If the United
States intends to diversify its fuel supply and take action against climate change, it should

strongly consider the many benefits of biogas.
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Figure 1: Anaeroblc digestion process (Graphlc by Sara Tanlgawa, EESI).

3-Ryan Graunke et al (2017)

Biogas is a renewable source of natural gas produced by the microbial degradation
of organic matter in a process called anaerobic digestion. While any organic material may
be a feedstock for anaerobic digestion, waste organic matter represents a vast potential
for sustainable energy production. Food waste, in particular, is a relatively untapped
resource. Large amounts of food waste are produced at campus dining halls and other

food service facilities. A case study was undertaken to determine biogas production and
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implementation potential at the University of Florida’s Broward Dining Hall. Food waste
quantity and current disposal methods were determined. The waste was analyzed for
organic matter content and potential biogas yield. Food waste was digested in a small-
scale anaerobic digester. The study demonstrated that converting food waste to biogas
could provide significant supplemental energy to the dining hall and provide a closed-loop

system for sustainable food waste management.

Produced from anaerobic digestion of food waste, in place of fossil fuel, the energy
footprint and carbon emissions at Broward Dining Hall would be reduced. Further, energy
use and carbon emissions associated with current disposal methods would be reduced,
and valuable nutrients in the food waste would be recycled for use as organic fertilizer.
Establishing a biodigester at Broward Dining Hall would contribute to meeting the University
of Florida’s sustainability goals by simultaneously reducing solid waste and producing
carbon—neutral, renewable energy. If biogas technology were adopted throughout the food

service industry, this would significantly advance campus and societal sustainability.

4~ Trivino-Pineda et al, (2024)

The article examines municipal solid waste (MSW), specifically organic or food waste
(OW), which constitutes between 42 % and 69 % of MSW globally. These wastes contain
a high concentration of organic matter, nutrients and moisture, with an easily acidified pH.
Its management is crucial due to its environmental impact, generating greenhouse gas

emissions and pollution problems.

Anaerobic Digestion (AD) is presented as a biotechnological solution to harness the
energy of food waste. This process, without oxygen, decomposes organic matter by means
of microorganisms, converting it into biogas, with a yield of 5-7 kWh/m?®. This reduces
emissions and promotes sustainable practices, which are crucial for the sustainable

management and development of the ROA.

The methodology used involved a systematic review in English, Portuguese and
Spanish, refining the search in several databases. After a thorough selection, 18 articles
met the established criteria and were critically evaluated. The meta—analysis showed low
heterogeneity ("2 = 2 %). This article highlights the importance of addressing SWR through
AD, highlighting their energy potential and environmental benefits to mitigate the negative
impacts of MSW.
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The analysis of biogas production evidenced the need to standardize approaches for

more efficient and sustainable solutions in future research.

land fill

greenhouse gasesp iron corqounds
. -
sustainable development
: 2 -
agricultugpl wastes a‘n‘mve waste ingineratiog °
carbonizatign -

pyrolysis fecygling I’waste.anagemem
4 -

saccharification X y aste® o

bicepergy @

OLONIIOn
e
bioethanol

hemicellulose bxoconven@

crop
electron transport '@ e

aleohol. jignocellulose qnae
™ “ .-1.?‘ -,

-% ology

Solidigastes
@ v

- -
: t nt ganic solid waste
stagch bbfugpmducti ‘ pe ‘
reatment
: é
alkali ferment‘)ﬂ C st "C“\:aslgéompcenz removal
o 2 el

iron
¢ bacteria © ‘

mncrobvd activity g
- y d

staw @ | india

9o . -

micraiyaves
L N
~ micrawave

![ < 5 con(enﬂanoo(puameurs)

mhnﬂ(ion ™ 4 o ¢
¢ acetigacid, © ¥ o QC‘HQS kingtiCs S Batch @aggors
acudn‘uon P 'Y
maize caley o :he‘stﬂ/
bovine subgprate °
: e I

2014 2016 2018 2020

5- Ferdes et al, (2022)

In the context of increasing pressure regarding the sustainable utilization of food
waste in a circular economy, one of the trends is their biological transformation, through
anaerobic digestion, into biogas as a renewable source of energy. We presented the
physical-chemical properties of the main categories of food waste from different sources:
dairy, meat, and poultry, fish, fruit and vegetable, cereal and bakery, brewing and winery
industries, and others. Due to the high organic load, the presence of a multitude of
nutrients, and an insignificant amount of inhibitors, food waste can be successfully used in
the biogas production process in co-digestion with other materials. Physical (mechanical
and thermal), chemical (alkali, acid, and oxidative), and biological (enzymatic, bacterial,
and fungal) techniques have been widely used for pretreatment of different substrate types,
including food waste. These pretreatments facilitate the degradation of pretreated food

waste during anaerobic digestion and thus lead to an enhancement in biogas production.
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The purpose of this study is to review the situation of food waste generated in the food
industry and to formulate the main trends of progress in the use of this waste in the

anaerobic digestion process.

6— Kumar et al, (2024)

The excessive discharge and accumulation of solid organic waste into the environment
is of severe concern across the globe. Thus, an efficient waste management system is
important to mitigate health risks to humans, minimize harmful impacts on the environment,
and ensure a sustainable ecosystem. The organic waste is converted into value—added
products either using microorganisms or heat energy; these methods are commonly known
as biochemical and thermochemical techniques. The biochemical process has the
advantage of higher selectivity of the products and lower processing temperatures. The
principal conversion processes of this category are fermentation and anaerobic digestion
(AD). This review article focuses on AD, a potential method for treating organic waste and
creating a variety of products with added value. Here we present the digestibility of various
organic wastes, the role of microorganisms, the decomposition process, co-substrates,
digester designs, biogas yields, by—products, environmental impacts, and overall techno—
economical effectiveness of the process. Further, this review offers insights into new
directions for AD for waste treatment and future research without compromising the overall

feasibility and environmental sustainability.

The biogas from AD has several benefits over other renewable energy solutions. It
can be produced on demand, stored easily, transported with existing gas pipelines, and
utilized in the same ways as that of natural gas. Additionally, biogas uses sustainable
sources of energy and heat while replacing fossil fuels in transportation. However, the
effectiveness of the AD process relies on the optimization of several factors. Policymakers
must encourage and bring awareness about the advantages of solid waste management
using AD; its products are to be used as green fuels instead of fossil fuels. With persistent
efforts, biogas can be a novel solution to a spectrum of environmental problems. Utilizing
biogas as a renewable energy source can moderate the dependency on fossil fuels and
aid in the transition to a more sustainable energy system. In essence, Biogas has the
potential to play a significant role in combating climate change and advancing sustainable
development with the right process optimization and encouraging policies from

governments and stakeholders.
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7- Al-Wahaibi et al (2020)

Food waste is a major constituent in municipal solid wastes and its accumulation or
disposal of in landfills is problematic, causing environmental issues. Herein, a techno—
economic study is carried out on the potential of biogas production from different types of
food waste generated locally. The biogas production tests were at two-time sets; 24-h
and 21-day intervals and results showed a good correlation between those two-time sets.
Thus, we propose to use the 24-h time set to evaluate feedstock fermentation capacity
that is intended for longer periods. Our approach could potentially be applied within industry
as the 24-h test can give a good indication of the potential substrate gas production as a
quick test that saves time, with minimal effort required. Furthermore, polynomial models
were used to predict the production of total gas and methane during the fermentation
periods, which showed good matching between the theoretical and practical values with a
coefficient of determination R2 = (0.99. At day 21, the accumulative gas production value
from mixed food waste samples was 1550 mL per 1 g of dry matter. An economic
evaluation was conducted and showed that the case study breaks—even at $0.2944 per
cubic metre. Any prices above this rate yield a positive net present value (NPV); at
$0.39/m3 a discounted payback period of six years and a positive NPV of $3108 were
calculated. If waste management fee savings are to be incorporated, the total savings
would be higher, increasing annual cash flows and enhancing financial results. This
economic evaluation serves as a preliminary guide to assess the economic feasibility based
on the fluctuating value of methane when producing biogas from food waste via anaerobic

digestion, thus could help biogas project developers investigate similar scale scenarios.
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8- Ankathi et al, (2024)

Anaerobic digestion (AD) involves a set of microbiological reactions and physio—
chemical processes to generate biogas, a mixture of predominantly CH4 and CO2. It is
commercialized globally; however, AD has limited commercial applications in the U.S.
compared to other regions of the world. The main objective of this article is to review
different studies on socio—economic and environmental aspects and policies of
biogas/biomethane production and to focus on resource availability. The key outcome from
this review shows that the anaerobic digestion of food waste and animal manure has great
potential to achieve economic and environmental benefits compared to other waste

management techniques such as landfilling or conventional manure management. The 12
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life cycle assessment (LCA) studies reviewed showed lower impacts for biogas systems
and indicated a need for standardization of methodology so that alternative production
concepts can be objectively compared. Similarly, economic analyses showed higher
profitability for a biogas combined heat and power facility compared to a biomethane facility.
By considering a review of the sustainability of biogas, we presented a new multi—criteria
sustainable assessment framework that includes three domains: i. resource availability and
logistics, ii. process modeling, and iii. impact assessment with primary application to the

optimum location and installation of sustainable biogas/biomethane plants in the U.S.
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