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BIODIGESTERS &
ENVIRONMENTAL
EFFECTS.

Biodigesters, also known as anaerobic
digesters, are systems that biologically

break down organic material in the absence
of oxygen, producing biogas (primarily
methane and carbon dioxide) and digestate,
a nutrient-rich slurry (Chen and Neibling,
n.d.). These systems are increasingly being
promoted as a sustainable solution to
organic waste management, particularly

in agriculture, municipalities, and food
production sectors (Orzi et al., 2010; Piadeh et
al., 2024). By offering both energy generation
and waste treatment, biodigesters align

with circular economy goals and climate
mitigation strategies (Mancini and Ragdgi,
2021; Wisniewska et al., 2021). However,

their environmental impact is not uniformly
positive and depends greatly on factors such
as scale, feedstock composition, design, and
operational management. This paper explores
the environmental benefits and challenges of
biodigesters, aiming to present a balanced
view of their role in sustainable development.
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POSITIVE
ENVIRONMENTAL
IMPACTS.

GREENHOUSE GAS
EMISSIONS REDUCTION

A primary environmental advantage of
biodigesters is their ability to reduce
greenhouse gas (GHG) emissions. Organic
waste, particularly manure and food residues,
emits methane—a potent GHG—when left to
decompose in open air or landfills. Anaerobic
digestion captures this methane, allowing it to
be used as a renewable energy source instead
of being released into the atmosphere (Piadeh
et al,, 2024). Studies suggest that using biogas
for electricity and heat can significantly
reduce lifecycle emissions compared to fossil
fuels (Lantz et al., 2007).

IMPROVED ORGANIC
WASTE MANAGEMENT

Biodigesters contribute to waste minimization
by diverting biodegradable materials from
landfills. This reduces land use pressure and
decreases leachate and odour emissions
associated with uncontrolled decomposition
(Manyi-Loh et al., 2013) (Mbnch-Tegeder

et al., 2013). The controlled digestion process
also stabilizes organic material, reducing
pathogen levels and odor potential (Chen
and Neibling, n.d.).
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DIGESTATE AS FERTILIZER
SUBSTITUTE

The solid and liquid by-products of anaerobic
digestion—collectively known as digestate—
contain valuable nutrients like nitrogen,
phosphorus, and potassium. When properly
managed, digestate can replace synthetic
fertilizers, reducing the need for energy-
intensive chemical inputs and closing nutrient
loops (Mancini and Raggi, 2021; Piadeh et

al.,, 2024). Additionally, digestate application
can improve soil organic matter and water
retention (Alburquergue et al., 2012).

RENEWABLE ENERGY GENERATION

Biodigesters offer decentralized renewable
energy production, beneficial particularly in
rural or off-grid communities. They support
local energy autonomy and reduce reliance on
non-renewable sources (Meegoda et al., 2025;
Piadeh et al., 2024). In some regions, surplus
biogas can be upgraded to biomethane and
injected into the natural gas grid or used as a
vehicle fuel, further diversifying low-carbon
energy options (Meegoda et al., 2025).
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POTENTIAL
ENVIRONMENTAL
RISKS & CHALLENGES.

ODOUR AND AIR POLLUTION

While biodigesters can reduce odours
compared to unmanaged waste, improper
handling—especially during feedstock
loading or digestate spreading—can cause
offensive smells and air pollution (Nkoa,
2014; Wisniewska et al.,, 2021). Leaks in gas
collection systems may also result in fugitive
methane emissions, which compromise
environmental gains (Chen and Neibling, n.d.;
Selormey et al., 2021).

DIGESTATE MISMANAGEMENT

Digestate must be carefully stored and
applied to land to avoid environmental
damage. Over-application or inappropriate
timing can lead to nutrient runoff,
eutrophication of water bodies, and nitrate
leaching into groundwater (Meegoda et al,,
2025; Nkoa, 2014). Regulations and guidelines
for digestate quality and application rates
vary by region and are often inconsistently
enforced.

WATER USE AND
CONTAMINATION RISK

Water is often added to the feedstock to
maintain the slurry consistency required for
digestion. In water-scarce areas, this can
stress local supplies. Furthermore, leachate
from digestate or slurry tanks can pose a risk
to surface and groundwater if containment
systems are inadequate (Jesus et al., 2021;
Selormey et al., 2021; Yue et al., 2010).

SYSTEM INEFFICIENCIES
AND CARBON COSTS

If not optimized, biodigesters may consume
more energy than they produce, especially if
feedstock is transported long distances or if
the digestion process is inefficient. Fossil fuel
use in collection and processing can reduce
or negate climate benefits (Evangelisti et

al., 2014). Proper life cycle assessments are
crucial to determine the net environmental

impact of each installation (Wang et al., 2014).
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CONTEXTUAL
CONSIDERATIONS.

The environmental outcomes of biodigesters
vary significantly depending on local
conditions. In countries with high agricultural
waste production and poor waste
management infrastructure, biodigesters
can offer substantial environmental gains.
However, in regions with robust composting
systems or clean energy grids, the relative
benefits may be reduced (Fusi et al., 2016).

Moreover, scale matters. Industrial-scale
biodigesters are often more efficient

and better regulated than small-scale
systems, which may suffer from operational
inconsistencies. Nonetheless, small-scale
digesters remain vital in developing countries,
where they can provide clean cooking fuel
and improved sanitation when combined with
proper training and maintenance support
(Massaro et al,, 2015; Piadeh et al., 2024;
Wang et al., 2014).

Effective policy frameworks and stakeholder
engagement are critical to ensure that
biodigesters are integrated sustainably. This
includes permitting processes, incentives for
biogas use, digestate standards, and support
for community-level capacity building.
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CONCLUSION.

Biodigesters present a compelling
environmental opportunity, particularly

in reducing greenhouse gas emissions,
improving organic waste management, and
supporting renewable energy production.
However, their effectiveness depends heavily
on appropriate feedstock management,
infrastructure investment, and regulatory
oversight. Poorly managed systems can

lead to odour issues, nutrient runoff,

and water contamination, undermining

their environmental credentials. As part of a
broader strategy for sustainable development,
biodigesters must be implemented alongside
sound agricultural practices, environmental
safeguards, and context-specific design. With
careful planning and oversight, they can play
a key role in a circular, low-carbon economy.
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