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There is greater pressure to find alternative, carbon-cutting solutions to climate issues that are
becoming increasingly pressing within industrial organisations. Biomass energy has become
an attractive source of renewable energy due to its advantages, including carbon neutrality,
waste valorisation, and compatibility with circular economy principles. This literature review
investigates biomass adoption and carbon emissions reduction in industrial organisations using
an integrated socio-technical approach. The research investigates how employee knowledge,
environmental awareness, organisational support, and behavioural intentions affect both the
adoption of biomass-based energy technology and its effective use. The study focuses on the
importance of biomass application as a tool for reducing carbon emissions, as well as on how
employees' environmental attitudes influence the acceptance of biomass-based technologies,
pro-environmental workplace practices, and organisational commitment to an emissions-
reduction goal. Results indicate that actions such as training and employee involvement, as
well as organisational traits (culture, participatory decision-making, and leadership
commitment), are important in influencing employee behaviour towards biomass efforts. The
study also shows that integrating the biomass provisions with strong environmental standards
and incentive structures can drive high levels of compliance behaviour and long-term
sustainability results. In general, this study emphasises the role of human behaviour-related
factors in determining whether biomass can reduce carbon emissions and underscores that its
power efficiency alone is insufficient to justify its use. Incorporating employee-centred
strategies into biomass deployment frameworks has the potential to improve environmental
performance, promote sustainable industrial activity, and make a viable contribution towards
overall carbon reduction efforts.

1. INTRODUCTION

or even carbon-negative energy source, depending on its
production and utilisation. The pursuit of low carbon

Biomass is a renewable energy source derived from organic
materials, including wood, crop residues, animal waste, and
other biological matter. Biomass has significant potential as an
energy source, given its abundance and flexibility. It can be
transformed into electricity, heat, or biofuels. Kumar and Vyas
[1] observed that biomass is beneficial because the CO, taken
up during the growth of the biomass feedstock exceeds the
amount emitted during burning or conversion. This property
puts biomass in a strong position as an alternative to fossil
fuels in the international energy mix. Ahamer [2] further
elucidated that carbon emissions, mainly CO,, are driven by
the burning of fossil fuels for energy production and
transportation, as well as by industrial activities. These
emissions are the largest contributors to global warming and
environmental degradation [3].

Lim and Ahmad [4] defined emission reduction as any
process, technology, or practice that reduces greenhouse gas
emissions into the environment. There is substantial potential
for biomass to help reduce emissions, as it is a carbon-neutral
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emissions also enhances the world's shift towards sustainable
energy systems. Sustainable energy is the use of energy
sources that meet current energy needs without compromising
the capacity of future generations to meet their own needs.
Biomass can help realise this vision by providing
decentralised, renewable energy sources, especially in rural
and developing areas. The fact that it can be easily integrated
into the current energy infrastructure and can aid in developing
energy equity makes it one of the most important contributors
to establishing a robust and sustainable energy future. All
these are eventually geared towards combating climate
change. It implies making carbon impacts less severe and
long-term through intelligent policies and clean technologies.
Habibzadeh et al. [5] noted that biomass has a cleaner
combustion profile and may lead to a reduced net carbon result
as compared to coal, oil, or natural gas. Therefore, using
biomass to produce fuel will directly reduce carbon emissions
into the atmosphere. This reduction leads to a reduction in
emissions.


https://orcid.org/0000-0001-6600-6710
https://orcid.org/0000-0002-6092-6740
https://crossmark.crossref.org/dialog/?doi=10.18280/ijsdp.210823&domain=pdf

As Popoola et al. [6] observed, biomass helps reduce carbon
emissions and provides renewable energy. Biomass is being
used in national energy plans and carbon control, underscoring
its importance in achieving climate goals. Nigeria relies on oil
and gas to generate electricity, power vehicles, and fuel
industries. This extensive reliance on fossil fuels is increasing
carbon emissions, which pollute the air and contribute to
climate change [7]. The biomass resources examined and used
include agricultural crops, agricultural crop residues, forestry
resources, municipal solid waste (MSW), and animal waste
[8]. However, the prospects of achieving net-zero emissions
through biomass appear not to be feasible in Nigeria, as most
people still rely on traditional biomass use, such as firewood
for cooking, which is unsafe and harms the environment.
Modern methods of utilising biomass, such as converting it
into gas or fuel, are uncommon due to poor infrastructure, lack
of government support, and limited public awareness [9].

Furthermore, a major issue in many nations is citizens'
ability to accept this technology. The deployment of biomass
as a tool for industrial organisations to mitigate CO, emissions
depends not only on whether the technology is technically
feasible or economically viable, but also on employees'
behaviours and attitudes. Industrial psychology insists that
employees are key agents in managing change within the
organisational system, particularly in sustainability—oriented
plans such as the shift from fossil fuels to biomass energy
systems. This paper aims to examine how biomass can
effectively reduce carbon emissions and support the nation's
move toward clean and sustainable energy, while aligning with
citizens' acceptability of adopting the right technology. This
literature review study has the following objectives:

*Investigate the various sources of carbon emission and the
differences in biomass and fossil fuel combustion processes
for a sustainable environment.

*Examine the role of employee attitudes and leadership
styles in the adoption and effective utilisation of biomass
technology, and in promoting biomass-based carbon emission
reduction initiatives.

*Determine how green human resource management
(GHRM) promotes the implementation of biomass for carbon
reduction.

2. REVIEW OF RELATED STUDY OF THE BIOMASS
AS A TOOL FOR SUSTAINABLE REDUCTION OF
CARBON EMISSION

2.1 Carbon emission and its major sources

Climate change, global warming, is “the largest security
threat humankind has ever experienced” [10]. The main driver
of global warming is the escalating global carbon emissions.
According to the 2007 Fourth Assessment Report (AR4) by
the Intergovernmental Panel on Climate Change (IPCC),
United Nations, "Most of the observed increase in globally
averaged temperatures since the mid-20th century is very
likely due to the observed increase in anthropogenic
greenhouse gas concentrations." Huisingh et al. [11] have
claimed that the atmospheric CO; level has now been reached,;
as such, it became the first legally binding document to
commit developed nations. This varies from about 280 ppm
before the industrial times to 391 ppm by the year 2011. The
continuous and increasing production of carbon emissions is,
therefore, a matter of global concern. Globally, the rise in
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carbon emissions comes mostly from industry, transport and
energy supply; however, residential and commercial
buildings, deforestation and agricultural sectors also
contribute major quantities of CO», CH4 and other greenhouse
gases [12].

Kohse-Hoinghaus [13] defined carbon emissions as the
release of CO: and other carbon-containing greenhouse gases
into the atmosphere when fuels or organic materials are burned
or otherwise oxidised. CO: is by far the largest anthropogenic
greenhouse gas; roughly three-quarters of global emissions
come from CO-, and it is produced whenever carbon-based
fuels (coal, oil, natural gas, wood, etc.) are burned. Other
carbon-based gases include CH4+ and CO. CHa, for example, is
emitted from natural gas systems, landfills, agriculture and
other sources; although it remains in the atmosphere for only
a decade or so, it is more potent than CO-, and accounts for
about 16% of human greenhouse gas (GHG) emissions [14].
Fossil fuels are composed of carbon that has been buried
underground for millions of years. This carbon originated from
ancient plants and organisms, but over time it was locked in
coal beds, oil reservoirs or shale [15]. When coal, oil, or gas is
burnt, ancient carbon is released and converted into CO..

2.2 Biomass combustion and carbon emissions

According to Soeder [16], biomass fuels are composed of
carbon recently captured from the atmosphere by plant
photosynthesis (typically over the past few years to decades).
When these organic materials are combusted, they release CO:
that had very recently been in the air. In contrast to fossil fuels,
no geologic timeframe is involved; the carbon in biomass is
part of the modern, fast carbon cycle. Burning biomass
likewise combines carbon with oxygen. For example,
cellulose in wood (approximate formula (CsH100s)n) burns to
form CO: and water. Per unit of energy, woody biomass often
emits slightly more CO- than coal because of its chemical
composition (wood contains oxygen and hydrogen in addition
to carbon). Indeed, Syrodoy et al. [17] noted “a bit more CO:
is released per unit energy from biomass than from black
coal,” due to that composition. The key distinction between
Biomass and fossil fuels is that the CO. from biomass was
recently drawn from the air. If the biomass source (e.g. a
forest) regrows or is sustainably replenished, it will reabsorb
CO:s.

Thamarai et al. [18] emphasised that although carbon will
eventually be reabsorbed, the delay matters for climate
warming because there is a warming effect during the period
when biogenic CO: remains in the atmosphere. Biomass
energy is not ‘global warming neutral’ even though it may
become carbon neutral on a mass-exchange basis in practical
terms. Woody biomass from mature forests has a long payback
time (possibly decades), whereas fast-growing crops or
residues have a shorter payback time. Thus, biomass CO: is
often considered net-zero only under certain conditions (e.g.
rapid regrowth or when using waste residues). In greenhouse-
gas inventories, CO: from biomass is classified as biogenic
CO.. Batten et al. [19] defined biogenic CO: emissions as
those related to the natural carbon cycle and those resulting
from the production, harvest, combustion, etc., of biologically
based materials. Biogenic emissions are distinguished from
fossil fuel CO: in inventories to reflect their origin in the recent
carbon cycle rather than geologic stocks. Biomass carbon is
part of the fast cycle; burning it does not create new carbon in
the coupled atmosphere—biosphere system, unlike fossil fuels.



If regrowth exactly balances harvest, the net change in
atmospheric carbon over a full cycle is zero. By contrast,
burning fossil fuel increases atmospheric CO: over that same
period. This is why fossil fuels are said to contribute to the
greenhouse effect, whereas biomass is often assumed, in
aggregate, to be carbon-neutral.

2.2.1 Policies promoting biomass as renewables

For example, under the EU’s Renewable Energy Directive
and similar policies, sustainably sourced bioenergy
contributes to renewable energy targets. EU guidance
explicitly states that biomass “must be produced, processed
and used in a sustainable way to optimise greenhouse gas
emissions savings”. In practice, this means that criteria such as
reforestation, biodiversity protection, and GHG-saving
thresholds are used to qualify biomass as green. Nelson and
Grayson [20] defined “carbon neutrality” of biomass as
depending on “new growth completely offsetting losses of
carbon caused by harvesting”. By definition, biomass is net-
zero only if forest carbon stocks are stable or increasing [21].
Kandulu et al. [22] further explained that fossil CO2 emissions
directly contribute to atmospheric GHG burdens, and that
climate policies target their reduction (e.g., carbon taxes,

emissions caps). Biomass CO., when legally counted, can
often offset these. However, critics like Chlela [23] pointed out
that without proper accounting, an energy system could burn
more wood while reporting lower net emissions. This has
implications for “net-zero by 2050 strategies: many models
rely on bioenergy (often with carbon capture) to offset
stubborn fossil emissions, assuming biomass COx: is neutral. In
reality, if biomass is not replanted or regrowth is slow, those
emissions will delay progress on climate.

2.2.2 Key differences and implications between fossil fuel and
biomass

These differences drive distinct policy approaches, as fossil
fuels are uniformly discouraged in climate strategies because
their CO: emissions increase atmospheric carbon. Biomass, by
contrast, is often promoted as renewable, provided it is used
sustainably. Emissions accounting can be complex, as
countries must determine how to account for changes in forest
carbon alongside bioenergy use. In life-cycle assessments and
climate modelling, biomass can only replace fossil emissions
if the forest regrowth (or other carbon offset) occurs within the
relevant time frame. Table 1 shows the differences between
fossil fuels and biomass.

Table 1. The differences between fossil fuels and biomass in terms of carbon emission impact on the environment

Author Differences

Fossil Fuel Carbon

Biomass Carbon

Li et al. [24]
Anastassiadis [25]
Choi and
Manousiouthakis
[26]

DeLuca [27]

Age of carbon
Carbon source

Cycle domain

Atmospheric impact

Halis et al. [28] Permanence of
emissions
Christianides et al.

[29] Accounting treatment

Ancient (millions of years old)
Comes from the geological reservoir

Joins the fast carbon cycle only upon
combustion

Combustion increases net atmospheric CO-
Effectively permanent on human timescales
Fossil CO: from energy is fully counted in

national GHG inventories and subject to
mitigation

Recent (years to decades old)
Comes from the current biosphere

Circulates within the fast cycle
continuously

Has zero net increase over its regrowth
cycle

Is reabsorbed if the biomass regrows

Biogenic CO: from energy is often
accounted in land-use sectors, leading to
the notion of carbon neutrality in the
energy sector

2.2.3 Processes for carbon emission reduction

According to Mohsin and Saqib [30], carbon emissions can
be reduced by directly displacing fossil fuel dependency
through the harnessing of biomass, solar, wind, hydro, and
geothermal power. This also means a reduction in electricity
generation emissions as part of the global energy
decarbonization effort. Indeed, State-of-the-Art Technologies
such as photovoltaics in tandem with offshore wind farms have
revolutionized the practicalities of roomy renewable
electricity absorbing that is even liberating nations from their
coal and natural gas plants. McKenna et al. [31] also
highlighted that global power sector emissions could be cut by
70% in 2030 with systemic renewable energy integration if
grids are updated and storage options are developed. Energy
demand is also reduced when industrial processes,
transportation, and buildings are made more -efficient,
resulting in lower emissions. Cutting-edge technologies such
as smart grids, high-efficiency heating, ventilation, and air
conditioning (HVAC) systems and lightweight materials for
vehicles are also essential to helping reduce waste.
Conversely, carbon pricing mechanisms such as carbon taxes
and cap-and-trade systems give economic reasons to cut down
on emissions.

According to the proposal by Gugler et al. [32], pricing
carbon pollution will compel industry and consumers alike to
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transition to less-polluting alternatives. This carbon-pricing
mechanism, implemented for example in Sweden, has been
critical to reducing its emissions on the national level while
still allowing business and the economy to grow, noting how
market-based solutions can balance environmental and
financial aims. Chausson et al. [33] also added that emissions
reductions can be amplified through ecological restoration,
with the most effective activities including reforestation and
afforestation that rely on natural carbon sinks. They are
thermodynamic sinks because they fix atmospheric CO: in
photosynthesis. More recent research indicates that enhanced
restoration sites can sequester almost a third of global annual
emissions if forests are rewilded — and soil health is
emphasized. CCS targets emissions from sectors, such as
cement and steel production. CCS achieves this by capturing
CO: at the source and storing it geologically — eliminating
emissions that renewables cannot, or are not yet, able to. An
analysis by Kabato et al. [34] notes that, if regenerative
agriculture approaches were adopted, agricultural emissions
could be cut by 20% and food security would be addressed.

2.3 Assessing biomass as a renewable energy source:
Sustainability, climate impacts, and integration challenges

Hassan et al. [35] described renewable energy as being



fundamental to international climate change mitigation and the
avoidance of fossil fuels. While coal, oil, and natural gas are
finite resources, renewable energy sources, such as solar,
wind, and hydropower, tap into natural processes that
replenish themselves over time. For instance, solar energy
harnessed through photovoltaic panels or concentrated solar
power systems converts sunlight directly into electricity and
can be deployed in both urban and remote settings. Wind
energy is also generated through the utilization of turbines,
which make use of the kinetic energy produced by wind and
transform it into electricity. It has been implemented fast in
locations where wind patterns are relatively constant, like in
offshore wind farms. As it is illustrated by a study conducted
by Evro et al. [36], transitioning to renewable energy would be
able to reduce world-level CO; emissions by 70% by the year
2050 in comparison to fossil fuel-fuelled scenarios, which
means that it is something that the environment needs. The use
of biomass as opposed to fossil fuel also has health benefits.
When fossil fuels are burnt, pollutants such as nitrogen oxides
and fine particulate matter (PM s5) that may lead to long-term
health conditions such as asthma, lung cancer and heart
disease are emitted to the atmosphere. Comparatively,
renewable energy systems have virtually no operational air
pollutant emissions.

An analysis by Hanssen et al. [37] later revealed that such a
replacement of coal with renewables would save almost 3.6
million lives annually all over the world due to the quality of
air. Besides that, the infrastructure of renewable energy
production is also less likely to consume more water to cool it
than coal or nuclear plants, and more freshwater can be utilized
to grow crops and feed populations. Solar PV systems also use
very little water; thus it works well in dry areas that are
experiencing water shortages. This is the twofold advantage of
lowering emissions and saving resources, which makes
renewables one of the key factors of sustainable development.
At the planetary level, renewable energy can reduce the causes
of climate change while conserving biodiversity.

In the work by Lv et al. [38], the authors noted that global
warming may be limited to 1.5 °C with the scaling of
renewables and the introduction of energy efficiency and the
electrification of industries in the world, including transport
and heating. This shift also eases the burden on the ecosystems
that have been damaged by the exploration of fossil fuels, like
deforestation of the Amazon to drill for oil.

Ullah and Dwivedi [39] in their study revealed that
sustainably sourced  biomass (e.g., agricultural
residues/forestry waste) has the potential to lead to 50-80%
fewer emissions compared to coal, but when sourced from
poorly managed, unmanaged, or mismanaged systems could
also lead to higher net emissions. A second issue is land use
competition. The farming of energy crops such as corn that is
used to produce ethanol, or palm oil which can be refined to
produce biodiesel, can take over land used to produce food or
natural habitats, and make the problem of deforestation and
loss of biodiversity worse. For instance, in Southeast Asia,
palm oil development has led to deforestation, which has
endangered species such as orangutans; in addition, it has led
to the degradation of peatlands, which contain locked-up
carbon. On the one hand, waste materials (crop residues, food
scraps, or sawmill byproducts) do not create such conflicts.
These waste streams would have decomposed, emitting CHa,
which is a powerful greenhouse gas. Capturing CHs by
anaerobic digestion (AD) to create biogas not only creates
energy but also reduces emissions.
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2.3.1 Sustainability of biomass

As stated by Hariram et al. [40], sustainable energy is
defined as energy and its systems that serve today’s needs
without compromising those of future generations. It is based
on a triad of environmental, economic, and social dimensions.
From an environmental perspective, this means that
sustainable energy must dramatically reduce greenhouse gas
emissions and cause minimal ecological disruption.
Economically, it needs to be affordable and accessible over the
long term, and socially, it needs to be related to equity, health,
and community wellbeing. For instance, solar and wind energy
are most often claimed to be sustainable because they rely on
inexhaustible natural resources, emit very small quantities of
emissions in the process of their operation, and are becoming
increasingly economically competitive. Yet, no technology is
inherently sustainable; this depends on resource management,
resource interception, and energy conversion efficiencies, as
well as system-wide implications. Sustainability is usually
characterized by three criteria or pillars: the maintenance of
environmental integrity, economic viability, and social equity.
From an environmental perspective, a sustainable energy
source should have a low carbon footprint, not consume finite
resources, and cause minimal harm to ecosystems. One such
framework, proposed by Qazi et al. [41], highlighted the need
for “circularity” in energy systems to recycle materials, reduce
waste, and utilize resources, thereby fostering resilience.
Unless biomass originates from waste feedstocks, such as
agricultural residues or forestry byproducts, it does not
represent a sustainable resource. These feedstocks recycle
biological materials that would otherwise decompose and
produce CHa. However, sustainability is compromised when
biomass comes from dedicated energy crops, such as palm oil
or soy, which can lead to deforestation and biodiversity loss.
Even sustainably harvested wood pellets can incur carbon debt
in cases where growth and regrowth cannot keep pace with
emissions. Supply chain emissions from processing and
transport, often fossil fuel dependent, further undermine
sustainability.

2.4 Optimization for the sourcing of biomass

Biomass is defined by Barot [42] as materials that originated
as living matter and store energy from photosynthetic reaction,
which can be liberated by burning, gasification, or AD
processes. The environmental and climate impact varies
significantly depending on the biomass type, how it is sourced,
and the type of conversion technology used. Sources of
biomass and their conversion are provided in Figure 1. To
effectively utilize biomass to mitigate CO: emissions as
proposed by Gupta et al. [43], organic waste and residues
should take priority, such as agricultural byproducts like corn
stalks or residues from the forest, including sawdust. Using
these waste streams for energy displaces emissions from
decomposition as well as the use of virgin biomass that may
otherwise compete with food crops or natural ecosystems. AD
of manure, for example, produces energy in the form of biogas
and decreases CH4 emissions relative to the baseline scenario
of untreated waste [44]. Equally essential is ensuring that any
virgin biomass, such as wood or energy crops, is sourced
sustainably. This involves practices like cutting already dead
trees, growing trees, or cultivating fast-growing species like
willow on marginal lands unsuitable for food production.
Sustainably managed forests, certified by various forestry
organizations, ensure that harvested trees are replanted,



maintaining carbon sinks and preventing deforestation-driven
emissions. However, if forests are overharvested or replaced
with monocultures as narrated by Farooq [45], the carbon debt
from lost sequestration and soil degradation can outweigh the
benefits, as highlighted in analyses of biomass supply chains.
Baker et al. [46] suggested localizing supply chains because it
further enhances sustainability by reducing emissions from
transportation, which can account for 10-30% of biomass’s
lifecycle footprint. Regional biogas plants using locally
sourced farm waste, for example, minimize diesel use in
transport while supporting rural economies. Advanced
conversion technologies such as gasification and pyrolysis
also play a role, as they produce fewer pollutants and achieve
higher energy efficiency than traditional combustion. Gasifier
wood pellets, for instance, emit roughly half as much CO: per
kWh as traditional biomass combustion, along with lower
particulate matter emissions, as demonstrated in air quality
studies.

Hayat et al. [47] highlighted that combining carbon capture
and storage with Bioenergy with Carbon Capture and Storage
(BECCS) can turn biomass into a technology with net-
negative emissions. Equally crucial is to prevent land-use
changes that convert carbon-rich areas such as peatlands or
primary forests into biomass plantations, as these changes
release stored carbon, negating the emissions reductions. The
EU's Renewable Energy Directive (RED II) serves as an
example of a policy that strives to prevent this issue by limiting
biomass sourcing from high-carbon-stock areas. Additionally,
thorough lifecycle assessments (LCAs) are essential to
validate the net emissions reductions of biomass systems.
These assessments need to consider all phases, including
harvesting, processing, transportation, and combustion, to
ensure that undisclosed emissions do not compromise climate

benefits [48].

SLUDGE BIOMASS @ FOOD WASTE
,
A

LIVESTOCK MANURE ; p MUNICIPAL SOLID WASTE

INDUSTRIAL WASTE

AGRICULTURAL CROPS
AND RESIDUES

FORESTRY RESIDUES

THERMOCHEMICAL
CONVERSION
TECHNOLOGIES

BIOCHEMICAL
CONVERSION
TECHNOLOGIES

Heat and electricity
Biofusls
Chemical products
Biomatorials

CIRCULAR BIO-ECONOMY

Figure 1. Conversion of waste into biofuels [44]

2.4.1 Types of biomass and carbon emission rates

Biomass is a broad category of organic materials, all of
which have varying carbon emission profiles that are different
based on sourcing and management. Beginning with wood and
forestry residues, including logging residues, sawdust, or
wood chips, the material emits about 430g CO»/kWh of CO:
[49]. A more complicated situation arises with energy crops,
like switchgrass or fast-growing willow. The biogas (manure
or landfill gas) from animal waste has special benefits. AD
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captures CH4 emissions that are decomposed from waste and
translates them into biogas lowering the net emissions to 50—
150 gCO2/kWh [50]. Lastly, algae and aquatic biomass
(microalgae or seaweed) demonstrate very variable emissions
(100-300 gCO»kWh) but have the potential of negative
emissions when combined with carbon capture. Algae
themselves are inherently CO, absorbents and if the carbon
that is captured is utilized in the energy generation process, the
entire process yields more carbon that is taken out of the
atmosphere than that which is produced. This potential is
emphasized by the innovations in algae-based biofuels, but
scalability continues to be difficult [51]. The use of biomass in
place of coal lowers CO, emissions since biomass works under
a biogenic carbon cycle. It burns to give off CO, that is taken
in during the growth of plants in a closed loop. In comparison,
coal emits fossil carbon that was trapped millions of years ago,
which releases new CO; into the atmosphere. In the case of
power plants, for example, replacing coal with wood pellets
can cut emissions by 50-80%, and forests are also replenished.
Also, decomposition of agricultural or forestry waste will not
emit CHa4, which will also reduce net GHG contributions.

2.4.2 Environmental impacts of biomass

Recent years have seen a heated debate on the
environmental impact of biomass energy, with advocates of
this fuel proclaiming it carbon-neutral and critics questioning
its volume production. For example, food waste can be
decomposed anaerobically to capture CHa4 and produce biogas,
arenewable energy source that can be scaled up, with localised
components of the system used, such as cheap collection,
which is not usually the case in developing nations [52].
However, the carbon neutrality of biomass is being called into
question. The result is that CO, emissions are not curtailed in
time, since it takes decades for carbon to be recaptured by
regrowth; such delays in sequestration are a significant lapse
in climate mitigation schedules.

Also, the leaching of fertiliser from these crops pollutes
water with nitrogen, a problem associated with U.S. corn
ethanol production, which promotes the growth of hypoxic
areas in the Gulf of Mexico [53]. Algae biofuels and
gasification of agricultural waste are also promising
technological advances, but have limits to their scalability.
Likewise, the application of carbon capture and storage (CCS)
technologies in bioenergy has not been widely pursued due to
technical challenges and insufficient financing. To ensure
biomass supports climate goals, experts emphasise the need to
focus on low-impact feedstocks.

2.5 Infrastructural requirements for biomass conversion
to biofuels

Rial [54] stated that a complete and well-planned
infrastructure system is necessary for biomass to become a
biofuel, spanning from feedstock collection to fuel delivery.
For harvesting, transportation, preprocessing, conversion, and
distribution to occur, facilities, equipment, and energy sources
are needed. The study will investigate this in greater detail in
the following pages. The first step is creating the right biomass
harvesting infrastructure. Optimising road networks and
logistics is crucial at this stage to reduce costs and pollution
[55]. Poor logistics in biomass collection and transport can
increase feedstock costs by up to 40%. After that comes the
moving and storage of the biomass. Benti et al. [56] stated that
raw biomass occupies a large volume and has low energy



density; it is not cost-effective to transport over long distances.
So, biomass is now gathered at decentralised hubs and
compressed into pellets or briquettes to increase its energy
density and reduce transport costs. Mobile crushing units,
dryers and pelletizers are needed in this step. It is important
for storage facilities to be protected from weather events to
prevent their contents from becoming damp or damaged by
microbes, which can reduce biomass quality. Feedstock
uniformity is mainly achieved through the core role of
preprocessing infrastructure.

According to Poornima et al. [57], conversion technologies
are at the heart of infrastructure and are mainly divided into
two categories: thermochemical and biochemical routes.
Pyrolysis, gasification, and hydrothermal liquefaction, for
example, convert biomass into syngas, bio-oil, or char. These
processing technologies require reactors that operate at high
temperatures (300900 °C), heat exchangers, scrubbers, and
gas cleanup systems. Biothermal conversion, in contrast to
biochemical processes (e.g., AD, fermentation), uses
bioreactors, microbial cultures, pH-control systems, and the
final separation of liquid products. These systems are either
very simple or very complex, and their prices vary widely. As
observed by Vasi¢ et al. [58], enzyme prices and confusion
among various processes remain issues in the production of
bioethanol from cellulose using lignocellulosic materials.
Essentials such as power supply and waste management
systems, including treated water, must be included in any plan.
Certain systems of converting biomass require high quantities
of water, and produce waste (e.g. lignin sludge, ashes or
fermentation residues) that must be safely disposed.
According to Wang et al. [59], gasification produces tar and
fine particles that must be removed before syngas can be used
to produce fuels. The transportation systems should also add
biofuels to the existing energy supply. These liquid biofuels,
such as ethanol and biodiesel, require specialised terminals,
storage tanks, and pipelines. Ethanol is hygroscopic, and
transporting it through petroleum pipelines is not safe due to
the risk of corrosion or contamination. Therefore, the U.S.,
among others, relies on rail or truck delivery, which makes its
logistics more costly.

2.6 Modern technologies for converting biomass into
cleaner energy

This includes numerous modern technologies for converting
biomass into biofuels such as biogas and biodiesel [60]. Such
processes entail integrating engineering and biotechnology to
convert biomass into cleaner forms of energy. These methods
are described in the following section.

*More sophisticated anaerobic digestion

AD has transcended the traditional biogas production by co-
digestion and bioaugmentation. Modern AD systems
maximise microbial activity by combining multiple
feedstocks, including agricultural waste, food waste, and
livestock manure, thereby increasing CHa production by 30—
50% compared to single-substrate systems. In Nigeria, in its
pilot plants, incorporation of rice husks with poultry waste has
increased biogas production twofold [61]. Additional
innovations, such as temperature-phased AD and microbial
electrolysis cells, improve the efficiency of the breakdown
process, whereas Al-based sensors can monitor pH and CHa
concentration in real time, reducing operational expenses. The
fertiliser is then reused as organic fertiliser when the rich
digestate is repurposed after digestion in agro-industrial
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systems.

*Synergy and gas upgrading

Sanata et al. [62] observed that biomass is converted to
syngas (a mixture of CO, H,, and CH4) via partial combustion
at high temperatures (700-1200 °C). Newer designs, such as
dual-fluidised bed gasifiers, offer 80% efficiency by
separating the combustion and gasification zones, thereby
reducing tar formation, which is a significant challenge in
older designs. The presence of catalytic filters and plasma-
assisted cleaning has removed 99% of tars and particulates,
making syngas capable of driving turbines or fuel cells.
Sweden's GoBiGas project thermally gasifies forestry residues
to produce biomethane for buses, reducing CO, emissions by
90% compared with diesel production. Emerging
hydrothermal gasification processes use supercritical water to
gasify wet biomass (e.g., algae, sewage sludge) without
requiring dry cleaning, reducing energy requirements by 40%.

*Pyrolysis and bio-oil upgrading

According to Al Arni [63], fast pyrolysis is a process in
which biomass is subjected to very high temperatures of
500 °C in the absence of oxygen for a few seconds, producing
bio-oil, biochar, and syngas. More recent developments focus
on catalytic fast pyrolysis, in which bio-oil vapours are broken
down by zeolites or metal oxides into drop-in biofuels such as
renewable diesel. U.S. National Renewable Energy Lab
(NREL) has also invented a catalytic reaction which
transforms corn stover into air travel fuel with 70 percent
reduced lifecycle emissions. Microwave pyrolysis, in which
electromagnetic waves are directed, provides uniform heating
and higher-quality bio-oil. In the meantime, biochar is
emerging as a soil additive to capture carbon and enhance crop
yields, with companies such as Charm Industrial beginning to
produce biochar to supply carbon markets.

3. METHOD EMPLOYED FOR THE LITERATURE
REVIEW STUDY

In this paper, a systematic literature review (SLR)
methodology is adopted to examine prior research on the role
of biomass as a carbon-emission-reduction practice. The
review focuses on industrial firms considering human factors
such as employees’ attitudes and behaviour towards its
adoption and implementation. The approach was developed
with the aim of being clear and replicable, and of covering a
broad scope of interdisciplinary literature in energy systems,
environmental management, and organisational behaviour.
This PRISMA analysis framework is intended to ensure
reproducibility, rigour in the selection process, and
transparency. The guideline approach employed screening,
eligibility, with exclusion and inclusion of relevant studies.

3.1 Research design

The study utilised an SLR methodology in accordance with
existing review procedures, including PRISMA, and evidence-
based review structures. This methodology enabled the study
to analyse, evaluate, and synthesise academic research on the
technical and human aspects of biomass utilisation in industry.

3.2 Search strategy
All well-known academic literature search databases,

including Scopus, Web of Science, ScienceDirect, and Google
Scholar, were searched on 15 January 2026. The search was



built around three thematic areas: (1) Energy/Biomass, (2)
Carbon Emission Reduction and (3) Industrial Psychology
Factors. The three domains were linked with the Boolean
operator AND, and synonymous terms in each domain were
linked with the Boolean operator OR to form the final search
strategy.

*Domain 1: Energy/Biomass: such as “biomass” OR
“bioenergy” OR “renewable energy”

*Domain 2: Carbon Emission Reduction: such as “carbon”
OR “decarbonization” OR “CO; mitigation”

*Domain 3: Industrial Psychology Factors: “employee
attitudes” OR “worker perception” OR “behavioural factors”
AND  “pro-environmental behaviour” OR “employee
behaviour” OR “organisational behaviour” OR “industrial
psychology”

The search string was ("biomass" OR "bioenergy" OR
"renewable energy") AND ("carbon" OR "decarbonization"
OR "decarbonisation" OR "CO, mitigation") AND

Topic.
3.3 Database search results and deduplication procedure

The search results are as follows: Table 2 shows all the
records retrieved and exported into and from an Excel profile.
The duplicate records are identified through automated
matching of article titles, authors' names, publication year, and
Digital Object Identifier (DOI). A subsequent manual
verification was conducted to check for any remaining
duplicates. After the deduplication process, 950 unique title
and abstract records were left for screening. The complete

study selection process is presented in the PRISMA 2020 flow

diagram (Figure 2).

Table 2. The data extraction results from the various

databases

("employee attitudes"” OR "worker perception” OR . Records
. . Database Search Field .
"behavioral factors" OR "behavioural factors™) AND ("pro- : Retrieved
environmental behavior" OR "pro-environmental behaviour" Scopus Title-Abstract-Keywords 282
OR "employee behavior" OR "employee behaviour" OR Web of Science . Topic 149
"organisational behavior" OR "organisational behaviour" OR ScienceDirect Title-Abstract-Keywords 211
- . " .. . Google Scholar Title Search 308
industrial psychology"). Research was limited to English- Total 950
language peer-reviewed publications from 2010 to 2026.
Database-specific fields for search were provided for Title,
Abstract, and Keywords in Scopus and Web of Science on
[ Identification of studies via databases and registers J
Keywords and Boolean Operators ("biomass" OR
- “biormass” OR ‘“renewable energy”) AND
S . ("carbon" OR “decatbonization” OR
E : g
s The Re.\earch ﬁr,tldeb “decabonization” OR "CO; mitization) AND
g identified from*: SCOPUS : a il S
% WOS. Sci # d ” (denployec attilddes™ OR “warker perception” OR
E » ScienceDirect, an “hetpivioyal faclues” OR “behavieoural [aclors”)
= Google Scholar (n=950) AND ("pro-environmental behavior" OR "pro-
euvironmenlal  behavioor™ OR  “employce
bmplaor® OR “employes behaviomr” OR
“organieational behavior” OR "“organizational
behavioor” OR "industrial ppshology™)
(o) v
. . Duplicated articles removed and articles
Articles after screening »| without proper focus
(n=500) (n=450)
v
) : The research excluded retracted articles,
Reports sought for retrieval e . -
= = »| letters, note, and editorial (n=210)
= (n=500)
'S
o
[E Articles removed with reasons (n=141)
i. Did not relate to biomass adoption and
Reports evaluated for o carbon emission reduction (n = 70)
eligibility (n=290) ii. Articles that are not focus on the
industrial psychological behavionr
towards biomass adoption was removed
(n=48)
iii. Non-English articles ware excluded
LR (n=23)
v
@ Rescarch publications included in
E review (n = 149)
Z Report of selected research studies
. included in the two tables (n=10)

Figure 2. The PRISMA flow diagram for the literature review study
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3.4 Inclusion and exclusion criteria

This review was based on peer-reviewed journal articles,
conference proceedings, review papers and official reports
published between 2010 and 2026 to capture the most recent
developments in the field. The studies primarily focused on
biomass utilisation in industrial applications, with results on

carbon mitigation and the underlying socio-psychological
(i.e., behavioural/attitudinal) underpinnings that drive
sustainability practices. Non-peer-reviewed studies, opinion
papers, and papers unrelated to industrial biomass utilisation,
as well as those lacking empirical or conceptual relevance to
human behaviour, were excluded, as shown in Table 3.

Table 3. The study's inclusion and exclusion criteria

Criteria Category Description

Inclusion Criteria

Exclusion Criteria

Relevance of study

Studies addressing biomass adoption, carbon

Studies unrelated to biomass,

Study Focus

Research Domain

Publication Period

Publication Type

Language

Research
Methodology

Industrial Context

Human Factors

Technology &
Sustainability
Focus

Outcome Variables

Data Sources

Quality
Assessment

topic to the review
objectives

Subject area of the
study

Timeframe for selecting
studies

Type of academic
source considered

Language of publication

Accepted
methodological
approaches

Organisational setting
of the research

Employee-related
behavioural variables

Technological and
environmental
relevance

Expected study
outcomes

Databases used for
article retrieval
Evaluation standard for
selected studies

emission reduction, employee attitudes,
sustainability behaviour, or pro-environmental
practices in organisations
Industrial engineering, environmental management,
energy studies, organisational psychology,
sustainability, renewable energy

Articles published between 2010 and 2026

Peer-reviewed journal articles, conference papers,
review papers, book chapters

English-language studies

Quantitative, qualitative, mixed-methods, systematic
reviews, empirical case studies

Manufacturing industries, energy firms, industrial
organisations, and corporate sustainability
environments
Employee attitudes, environmental awareness, green
behaviour, organisational commitment, technology
acceptance, and sustainability culture
Biomass systems, renewable energy adoption,
carbon reduction technologies, and sustainable
industrial operations
Emission reduction, sustainability performance,
employee engagement, organisational efficiency,
green innovation
Scopus, Web of Science, ScienceDirect,
SpringerLink, IEEE Xplore, Google Scholar
High-impact journals, indexed publications (Q1—
Q4), clear methodology and findings

sustainability, organisational
behaviour, or industrial
applications
Medical, agricultural-only,
unrelated social sciences, or non-
industrial studies

Studies published before 2010

Editorials, dissertations,
newspapers, blogs, unpublished
manuscripts
Non-English publications without
translation

Opinion papers without empirical
or theoretical contribution

An agricultural study that does not
relate to biomass

Studies without human or
behavioural dimensions

Fossil-fuel-only systems or
unrelated technologies

Studies lacking measurable
sustainability or behavioural
outcomes
Non-academic or unreliable
databases
Low-quality studies with unclear
methods or insufficient data

3.5 Screening and quality assessment

Studies that met the inclusion criteria were screened in two
phases: a title/abstract review and a full-text review. The
quality assessment items were based on methodological
rigour, specificity of purpose, relevance to the research theme,
and data credibility. Only high-quality studies that satisfied
these criteria were included in the synthesis.

3.6 Data extraction and synthesis

Data were systematically extracted using a predetermined,
structured template for study purposes, methods, main results,
and reported behavioural risk factors. The results were
thematically synthesised and categorised into technological,
organisational and behavioural groups. This facilitated cross-
disciplinary synthesis and the corresponding identification of
research gaps. Thus, the impact of image cues on stakeholders
in sustainable industrial practices highlights that a well-
rounded view recognises the adoption of biomass to reduce
carbon as a contributor to sustainability and underscores the
importance of employees' attitudes and behaviours towards
organisational sustainability campaigns.
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4. THE INTEGRATIVE FRAMEWORK LINKING

BIOMASS ADOPTION AND EMPLOYEE
BEHAVIOUR FOR  SUSTAINABLE CARBON
EMISSION REDUCTION

The integrative framework design for this research not only
further advances the current understanding of biomass
adoption but also proposes that the successful decarbonization
of industry requires an integrative approach that considers
organisational and Dbehavioural aspects as well as
technological and economic aspects, as presented in Figure 3.
Existing research has mostly focused on the availability of
biomass feedstock, conversion technologies and the
environmental impacts of biomass implementation [64].
However, the present framework suggests that employee
attitudes, perceived safety, leadership and pro-environmental
behaviour are also important factors influencing the
effectiveness of biomass implementation strategies. The
multidimensional approach can provide a more complete
understanding of the sustainable carbon-reduction benefits
that industrial organisations can gain from biomass use. It is
proposed that technical factors underlie the adoption of
biomass. The likelihood of implementing biomass



technologies is greater in industrial organisations when
biomass resources are readily available, conversion
technologies are well developed, operational infrastructure is
sufficient, and economic returns outweigh investment costs
[65]. Many studies already show that biomass has the potential
to help decarbonise energy consumption and boost renewable
energy production and circular economy goals. But just
because it is technically feasible does not mean it will be

ENABLING DRIVERS EMPLOYEE COGNITIVE—

BEHAVIOURAL RESPONSE

successful. There are still multiple organisations with the
required technological capacity but facing implementation
challenges due to organisational resistance, insufficient staff
involvement, and a lack of sustainability integration. This
observation reinforces the hypothesis that technological
readiness is a prerequisite, but not enough for the successful
adoption of biomass.
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Figure 3. The framework integration between leadership, Green Human Resource Management (GHRM) and employee
behaviours to enhance the industrial biomass acceptance and carbon reduction

In addition to the technical, organisational support is shown
to be a key enabler and is perceived as an important factor
affecting employees' attitudes and the level of organisational
commitment to sustainability programs. Businesses with well-
defined environmental policies, adequate investments in
renewable energy initiatives, and sustainability goals
embedded in their business strategies foster an environment
conducive to integrating biomass solutions. The results are
consistent with the Organisational Support Theory, which
states that if an employee feels a strong commitment to and/or
support for their organisation, they will support the
organisation's initiatives. Organisational support can boost
employees' confidence in implementing biomass, minimise
uncertainties about technological shifts, and motivate them to
join environmental management initiatives [66].

The framework also highlights leadership and GHRM
practices as key components that can catalyse behavioural
change in industrial organisations. Green transformational
leaders share visions for the environment, motivate staff to
embrace sustainability objectives, and promote sustainable
actions at work. At the same time, the practices of Green
HRM, such as training on environmental issues, green hiring,
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considering environmental performance as part of employee
performance and rewarding employees on green performance,
promote the acquisition of the competencies and motivation
needed to implement biomass processes [67]. Recent research
increasingly shows that companies with strong green
leadership and HRM systems have greater employee
environmental engagement and Dbetter sustainability
performance. The result is that leadership and Green HRM as
strategic tools that translate national objectives for sustainable
development into employee-led work.

One important aspect of this approach is the focus on
employee attitudes and perceptions of safety as psychological
barriers to biomass adoption. Employees' attitudes toward
sustainability affect their willingness to support renewable
energy technologies and participate in environmental
programs. Positive attitudes towards the environment foster
acceptance of organisational change and boost support for
sustainability programs. Furthermore, a safety-oriented
attitude is especially relevant in an industrial context in which
employees may come into direct contact with biomass fuels,
buildings, and conversion technologies [68]. When employees
feel biomass systems are safe and reliable, they tend to be more



open to new technologies and are more involved in
implementation. On the other hand, issues such as
occupational safety, operational reliability, or technological
uncertainty may lead to resistance and slow adoption. These
findings indicate that the Theory of Planned Behaviour (TPB)
is supported. TPB states that attitudes and perceived control
are key determinants of intentions and behaviour.

The framework also suggests that pro-environmental
behaviour is an important mediating factor between the
organisational factors and the outcomes of biomass adoption.
Pro-environmental behaviour includes workplace behaviours
such as energy saving, waste reduction, participation in
recycling programs, compliance with environmental
regulations, and innovation for sustainability [69]. Staff with
high pro-environmental behaviours actively contribute to the
organisation's sustainability goals and positively support the
success of renewable energy projects. The results indicate that
organisations that dedicate resources to staff environmental
awareness and behavioural development are more likely to
achieve successful biomass integration and better
environmental performance. This connection entails
recognising that workers should not be treated as a “recipient”
of sustainability policies but rather as a “player” in reducing
carbon emissions associated with industrial decarbonization.

The framework also shows that the adoption of biomass
serves as an intermediary between organisational and
behavioural factors and the outcomes of carbon emissions
reduction. Biomass technologies enable the replacement of
fossil fuels, the optimisation of waste valorisation processes,
the production of renewable energy, and the optimisation of
circular resource use [70]. Therefore, the adoption of biomass
systems by industrial entities can lead to tangible reductions in
greenhouse gas emissions, carbon footprints, and energy use,
as well as improvements in sustainability performance.
However, the success of these environmental outcomes relies
heavily on employee acceptance, operational compliance, and
organisational support systems. Therefore, carbon reduction
must be considered the result of a socio-technical system in
which technological innovation and human behaviour interact.

Theoretically, the framework is based on the TPB, Social
Cognitive Theory, Organisational Support Theory and
literature on sustainability management. The combination of
these viewpoints complements current biomass research by
adding a behavioural dimension, which is typically missing
from renewable energy research. The research to date has
centred on engineering aspects and environmental outcomes
of decarbonisation efforts, but the current framework also
highlights the need to consider human aspects of these efforts
[71]. Industrial organisations need to go beyond a technical
investment approach and develop a comprehensive strategy
for leadership development, Green HRM practices, employee
engagement programs, and workplace environmental
education to maximise the potential carbon-reduction benefits
of biomass technologies. The lesson for policy is that
workforce readiness and behaviour change also play a critical
role in designing renewable energy policies and programs to
sustain the industry. Technological interventions can be
complemented with investment in employee training,
environmental awareness campaigns and organisational
support systems, all of which can have significant impacts on
biomass adoption outcomes [72]. The integrative context
shows that biomass adoption is a complex process of socio-
technical change influenced by the interplay among technical
readiness levels, organisational support, leadership practices,
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employee attitudes, perceived safety, and pro-environmental
behaviour. The framework offers solid conceptual ground for
future empirical research and a comprehensive understanding
of how to leverage both technological innovations and human
activities to achieve long-term reductions in carbon emissions
and promote sustainability. This holistic approach is part of a
growing series of publications on renewable energy transitions
and offers a useful guideline for advancing solutions that use
biomass in industrial decarbonization.

5. THE DESCRIPTIVE RESULTS ANALYSIS
SELECTED LITERATURE

OF

The characteristics of the 25 studies included in the
synthesis are summarised in Table A1, and the main results of
these studies are described. The studies cover various
geographical areas, such as Asia, Europe, North America, and
emerging economies, and a variety of industrial application
areas, including biorefineries, forestry, agriculture, energy
production and manufacturing, and systems in the circular
economy. The reviewed research studies employed a range of
methods, including surveys, case studies, empirical studies,
experimental studies, systematic reviews, and policy
assessments.

In the literature surveyed, the use of biomass as a resource
was consistently linked to reductions in carbon emissions
through the substitution of fossil fuels, the valorisation of
biomass waste, the production of renewable energy, and the
circular utilisation of biomass resources [73]. Moreover,
employee-related factors were shown to be significant

determinants of successful biomass adoption and
sustainability ~ performance, including environmental
awareness, technology acceptance, sustainability

commitment, perceived organisational support, and pro-
environmental behaviour. These results provide empirical
evidence for the integrative framework for biomass adoption
proposed in this review and show that both technical and
behavioural factors affect biomass adoption outcomes.

6. DISCUSSION

This section discusses the challenges in how biomass
adoption in industrial organisations is affected by employee
behaviour and the Pro-environmental factors that enhance the
process of carbon emission reduction.

6.1 Evaluating the challenges preventing the wide use of
biomass

6.1.1 Carbon debt and payback time

When biomass is burnt for energy, the carbon is released
into the atmosphere instantly, but trying to put it back
underground may take many decades or even centuries. Rising
CO: levels in the atmosphere, called carbon debt, can be
observed over 50-200 years, depending on the feedstock and
land used for bioenergy. Wilkinson et al. [74] found that
carbon debt from burning whole trees from main forests takes
103 years to offset, the longest of all the sample forest types.
Decomposing residues at the site would have released carbon
slowly, whereas burning them would have released it more
quickly. In addition, disrupted forests lose more soil carbon
and regenerate more slowly due to changes in local climate.



Also, Searchinger et al. [75] pointed out that because climate
goals require swift action on carbon emissions, we should
preserve existing forests to maintain the existing carbon cycle.

6.1.2 Indirect land-use change

As biomass production scales up, land is used differently. If
cropland is converted to energy farming (e.g., producing
ethanol from maize), farmers replace the food crops they lose
by clearing forests or grasslands elsewhere. The meta-analysis
found that biofuels emit from 10-340 g CO2e/MJ, with
numerous cases where these emissions are greater than those
of fossil fuels [76]. The biodiesel process from palm oil
releases about 200 tons of CO: per hectare in just 5 years,
which we will never be able to undo. Even systems that require
little input, such as switchgrass, can push pastures to areas in
the Global South where large amounts of carbon are present.
Essentially, indirect land-use change (ILUC) is pervasive and
cannot be solved properly by typical certification schemes.
Namakka et al. [77] showed that EU energy policies pose
challenges for Southeast Asian peatlands, even with
sustainability rules in place.

6.1.3 Supply chain emissions and combustion inefficiencies

The extensive use of fossil fuels in the production and
transportation of biomass casts doubt on the claimed carbon
advantages and warrants examination. Even though producing
energy from dedicated crops calls for synthetic nitrogen, the
process still leads to many other issues. Pelletizing 1 ton of
wood usually requires 1-3 GJ of energy from gas, making it
unlikely that pelletized wood will reduce net carbon emissions
[78].

Switching to end-use burners introduces even greater issues,
including emissions beyond CO: and technology-related
setbacks that harm climate and health [79]. Because of their
design, industrial boilers can be efficient, but biomass burning
emits short-lived climate pollutants (SLCPs) that have a much
greater impact than CO.. Black carbon is 460—-1,500 times
more potent than CO: over 20 years, and residential wood
stoves emit 0.4—1.7 grams of it per kilogram of fuel [80].
Biomass feedstocks being so variable makes it very difficult
to form standard processes for converting them into fuel.
There is a wide range of biomass feedstocks, including dry
chips, energy crops, agricultural residuals, and manure, so it is
nearly impossible to find a single treatment system that fits all
feedstocks. Recent studies found in their broad look at biomass
gasification modelling that moisture content (typically in the
range of 10% to 50%), the chemical make-up of ash and how
much volatile matter is present in biomass all impact gas yield,
the amount of tar formed and the temperature inside the
reactor, causing engineers to either design systems that are
over flexible and put up with reactive performance if feedstock
characteristics differ from what is ideal.

In most cases, less energy can be recovered through
thermochemical or biochemical methods than from fossil
fuels, reducing profits for biomass projects. About 70%—-85%
of the feedstock’s energy is converted into syngas or bio-oil.
At the same time, the rest is recovered as char, tar, or heat
when using thermochemical approaches such as gasification
and pyrolysis.

When high-quality syngas or bio-oil is produced, there is
still a lot of work needed to connect these sources to present
turbines, boilers or internal-combustion engines. Gas turbines
require syngas that is very pure in energy, has few particles,
and has low trace metal levels, which biomass - generated
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syngas usually does not meet without additional treatment.

It was shown in Energy that the cost of integrated biomass
gasification plants increases by 15%—-25% when they include
cleanup systems, which eliminate the fuel cost savings
biomass is meant to provide. Hou [81] reported that minor
variations in syngas composition often destabilised the flame,
so they preferred co - firing with natural gas to reduce biomass
use. Technology for monitoring and adjusting biomass
conversion processes is very new compared with that used in
mature fossil-fuel methods [82]. Up-to-date measuring
instruments to check moisture, particle size, tar concentration,
and syngas content are either costly or do not withstand the
severe conditions in biomass plants. As a result, flame
ionisation detectors set up during gasification can measure tar
content. Still, they must often be calibrated and struggle to
filter out interference from water vapour. Even though IoT for
tracking biomass temperature and humidity has worked well
in small trials, deploying these systems in large-scale industry
encounters problems related to sensors, data accuracy, and
cybersecurity, which causes most commercial companies to
stick with periodic sampling rather than reliable continuous
monitoring.

6.2 Importance of biomass for carbon reduction

Using biomass in power plants instead of coal or natural gas
directly reduces emissions, because biomass generates
electricity that replaces electricity produced from fossil fuels.
It is found through experiments and studies in the field that
replacing 20% of coal with biomass in power plants can reduce
their net emissions of CO: by roughly 15-19% for every
megawatt-hour of electricity made [83]. Beyond its emissions,
co-firing biomass adds a reliable power source that helps
replace coal and makes the switch to renewables easier. Using
agricultural and forest materials as bioenergy supplies
renewable power and prevents them from trapping CH4, which
is 20 times more potent than CO: as a greenhouse gas. For
example, if rice husks are gasified for energy rather than left
to rot, they have the same climate-warming effect as 21 times
the global CO: emissions when gasified [84]. Therefore,
turning waste into energy allows us to resolve waste problems
and control climate change. When biomass is pyrolysed to
produce biochar, its stable carbon may remain stored in the soil
for many hundreds of years. By taking up carbon in the soil
rather than relying solely on plant regrowth, biochar serves as
a long-term sink, separating some sequestration from the
active cycles of biomass [85]. In cement and steelmaking, high
temperatures above 400 degrees are very common, and it is
usually difficult to generate such heat using electricity. Pellets
made from torrefied biomass, which involves low-oxygen heat
treatment, have similar characteristics to coal for shipping and
burning. Research on this subject reveals that switching to
torrefied pellets in steel production can reduce CO2 emissions
by up to 80% until green heat sources become more
economical.

BECCS utilises processes that both burn or gasify biomass
and store CO: deep underground. BECCS using sustainable
materials can reduce atmospheric carbon by up to 2 tonnes per
megawatt-hour of power. Despite requiring significant energy
and investment, BECCS can deliver the net negative emissions
needed to reach the goals in the IPCC net-zero scenarios.
Bringing biomass into the circular economy enhances its
environmental benefits, as its resources can be utilised
multiple times. An example of this is the cultivation of



microalgae in wastewater effluent, which purifies the water,
produces biomass for AD to generate biogas, and yields a
nutrient-rich byproduct that may replace synthetic fertilisers
[86]. When paired, these streams reduce emissions, conserve
organic resources, and promote the low-carbon transition
across sectors. Using biomass principles, MSW can be
managed in an environmentally friendly way. Sorting out the
organic fractions of waste at landfills and sending them to AD
or waste-to-energy facilities prevents uncontrolled CHa
emissions.

6.3 Employee attitudes and behavioural factors in the
adoption of biomass for carbon emission reduction

Employee attitude: refers to the favourable or unfavourable
opinions employees have regarding biomass-based technology
and sustainability efforts. These intentions are formed as a
function of perceived usefulness, perceived ease of use, self-
efficacy, job security and environmental responsibility. When
workforce members perceive biomass technologies to be
environmentally friendly and conducive to the organisation’s
reputation, they are more likely to endorse and participate in
their implementation. On the other hand, negative attitudes,
which commonly stem from fear of technological complexity,
additional administrative or terminal work, and insecurity
about long-term employment effects, may lead to opposition
to the implementation of biomass [87]. Employees can also see
the biomass system as a threat to what they consider traditional
work processes. The authors argue that such attitudinal
resistance may interfere with organisations’ efforts to reduce
carbon emissions, regardless of apparently established
technical infrastructure.
6.3.1 Pro-environmental behaviour and
engagement

The behavioural determinants are significant in changing
positive intentions into actual behaviour. Pro-environmental
behaviour refers to voluntary actions by employees that lead
to the realisation of environmental objectives set by an
organisation, e.g., minimising energy use through various
actions, proper utilisation of biomass materials, or adherence
to emission-cutting rules [88]. Employees who have strong
environmental values are likely to adopt behaviours which
enhance the performance of biomass systems. Such
behaviours encompass active participation in the sustainability
training programs, reporting inefficiencies, and supporting
ongoing improvement projects that entail the utilisation of
biomass. Rather, a lack of commitment to the environment
may lead to rule breaches, defaults, or poor management of
biomass plants, thereby reducing their ability to mitigate
carbon emissions.

sustainability

6.3.2 Resistance to change and behavioural adjustments
Resistance to change is one of the barriers to behavioural
change in industrial organisations converting to biomass
energy systems. Employees who have worked in traditional
hydrocarbon technologies for decades can experience the
second-degree impact of being psychologically forced to feel
unsafe by the new working beats. This kind of resistance may
manifest as cooperation, reduction, distrust, or evasion of new
biomass activities [89]. One of the major variables of success
in adoption, therefore, is behavioural adaptation. Those
institutions that meet resistance directly, in part by enhancing
their capacity to communicate effectively, in part by making
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decisions more participatory, and in part by engaging in
continuous training, are best at developing adaptive behaviour.
A positive attitude toward the new system is fostered when
employees are involved in planning and implementing the
biomass projects.

6.3.3 Perceived organisational support and motivation

Organisational support, as perceived, is a significant factor
that shapes employees' attitudes and behaviours towards
adopting biomass as a carbon-emission-reduction tool. In this
way, employees tend to be more motivated because they
consider management committed to sustainable practices and
feel fully supported in training, incentives, and recognition
[90]. Positive environmental efforts, energy-efficiency
incentives, and training help encourage employees to support
biomass projects. From an industrial psychology perspective,
intrinsic motivation (e.g., personal environmental values) and
extrinsic motivation (e.g., incentives/performance appraisal
systems) would increase employee commitment to carbon
management practices.

6.3.4 Safety perception and behavioural compliance and
implications for carbon emission reduction

Perception of safety is also an essential predictive behaviour
for the adoption of biomass. The processing and handling of
biomass can result in occupational hazards, including dust,
heat, and mechanical hazards [91]. If employees feel their
work environment is unsafe, they may develop negative
attitudes, which can lead to behavioural withdrawal or
noncompliance with work procedures. To the extent the
workforce is more confident, compliance will likely improve.
Good safety training, good ergonomic system design and clear
safety communication will enhance employee confidence in
and knowledge of doing it 'safe'. When perceptions of safety
are positive, they also support trust in biomass technologies
and help promote uniform, responsible behaviour that is
crucial for both environmental and operational sustainability.

Employee attitudes and behaviours contribute significantly
to the success of carbon reduction that originates from biomass
technologies. Positive attitudes and pro-environmental
behaviours significantly influence acceptance, cooperation,
and emissions efficiency [92]. Conversely, however, negative
perceptions and forms of resistant behaviour by farmers can
undermine the effectiveness of biomass systems, leading to
less-than-optimal carbon savings even when technology is
deployed. Therefore, industrial enterprises intending to
leverage biomass to mitigate CO» emissions will need
strategies that include psychological and behavioural
innovations, rather than technological solutions. Evaluating
employee attitudes through training programs, leadership
commitment, and a participatory approach is necessary to
ensure that biomass adoption is both technically feasible and
behaviourally sustainable.

Figure 4 depicts the system-level pathway by which
biomass reduces carbon emissions, noting that employee
attitudes and behaviour are pivotal to achieving sustainability
outcomes. Under section (a) (i.e., off-farm activities), the
diagram depicts the indirect emissions related to biomass
production, including oil refining, fuel transport and diesel use
as well as fuel combustion during on-processing
transportation. These processes contribute to the overall
carbon footprint before biomass reaches the farm or
processing. At section (b) (on farm), a direct emission from the
biomass production prepared chain, such as till, plant, irrigate,



harvest and applying energy as well as biocides, is shown.
These operating considerations are what will directly influence
the productivity and sustainability of biomass production.
Section (c) adds the human factor, also known as human brain
processing. It includes employee cognitive and behavioural

aspects, such as:
*Individual acceptability of biomass technology,

*Behaviour control (how practitioners execute procedures),

and
*Community collaboration and acceptance.

Figure 4 highlights that good functioning conditions are
contingent upon both employees’ attitudes and behaviours;
these form a link between technical and sustainability
processes. Ultimately, these technical and behavioural aspects
contribute to the sustainability of biomass acceptability as a
carbon offsetting measure. The diagram thus indicates that the
successful uptake of biomass is not only technology-based but
also depends on behaviour, whether through positive
opportunities

employee attitudes or organisational
significant emission reductions.
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The following is a summary of the factors through which
employees’ attitudes and behaviour affect the acceptance of
biomass to reduce carbon emissions in organisations, based on
recent studies [93]. It means that staff with high environmental
consciousness, positive attitudes toward the benefits of
renewable energy, and sufficient knowledge and training are
more likely to demonstrate pro-environmental behaviours that
support sustainability activities and participate in low-carbon
actions.

Table 4 also shows that organisational factors, such as
management support, green leadership, organisational culture,
and GHRM, are salient. When all these conditions are met,
employees are more likely to demonstrate commitment,
cooperate, and take the initiative in environmental efforts,
such as adopting biomass technology [94]. In conclusion,
Table 4 shows that in addition to technological or commercial
choice, biomass adaptation decisions are also behavioural.
Positive employee attitudes lead to desirable behaviours,
including low resistance to change and greater efficiency of
carbon emission reduction (CER) strategies for biomass.

for

(b)
On-farm

(c)

Direct emissions

Human brain
processing

_Production cycle

attitude and behaviour of the
employees

Figure 4. Structural framework for the integration of attitude and behavioural influence for the adoption of biomass as a
sustainable tool for carbon emission reduction

Table 4. Employee attitudes and behaviours toward the adoption of biomass for carbon emission reduction

Implication for Biomass

Authors Details Dimension Employee Attitude Behavioural Response .
Adoption
. . The belief that biomass reduces Active support for High acceptance and
Taghavi and Environmental . L )
. greenhouse gas emissions and organisational advocacy for biomass
Maharati [95] Awareness . . TR .
environmental degradation sustainability initiatives technologies
Perceived Positive perception of biomass as ~ Willingness to engage in . .
. . Faster transition to biomass-
Sahar et al. [96] Environmental a renewable, low-carbon energy biomass-related
. based energy systems
Benefit source operational changes

Cooperation with new

technologies and work Reduced resistance to

Job Security Confidence that biomass adoption

Oreg et al. [97]

Perception will not threaten employment . technological change
practices
. Organisational P.r ide in working for an ngher §ngagement m Sustained organisational
Daily et al. [98] . environmentally responsible biomass implementation o
Commitment Lo sustainability performance
organisation programs
Knowledge and Adequate understanding pf Conegt and efﬁment Improved efficiency and
Qamar et al. [99] . biomass technology and its operation of biomass .
understanding reduced operational errors
benefits systems
Health and Safety Perception that biomass systems Compliance with safety Safe and stable biomass
Saxena [100] . . : . L
Perception pose minimal health risks and operational standards utilization
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Marzouk [101] ECOHOH.HC costs and enhances
Perception .\
competitiveness
Robertson and Management Trust in leadership’s commitment
Barling [102] Support Perception to sustainability goals

Chuunga et al. Resistance to Low fear of technological and
[103] Change procedural change
Miao and . Strong sense of personal
Environmental P .
Nduneseokwu Responsibili responsibility toward climate
[104] P ty mitigation
Influence of colleagues and
Foolen-Torgerson . L I
ctal. [105] Social Influence organisational norms in biomass

technology

Belief that biomass lowers energy

Support for cost-saving
and energy-efficiency
initiatives
Alignment with biomass-
related organisational
policies
Openness to modifying
work routines
Voluntary engagement in
emission-reduction
behaviours

Stronger economic
justification for biomass
investment

Smooth implementation of
biomass projects

Reduced implementation
delays
Development of pro-
environmental workplace
culture for biomass utilisation

Collective participation in
biomass initiatives

Wider acceptance across the
organization

7. FUTURE TRENDS OF BIOMASS AND BIOFUELS

Producing biofuels from non-food biomass has strong
potential to reduce carbon emissions [106]. By using
lignocellulosic materials, such as agricultural residues and
algae, these advanced biofuels help minimise conflict with
food supplies. However, large-scale production suffers from
inefficient conversion and requires significant energy;
research in this area is making progress each day.
Biotechnology advances such as synthetic biology, genetic
modification, and improved processing methods are helping to
increase the amount of biofuel produced [107]. Scientists are
finding new ways to make conversion more efficient by using
thermochemical, biochemical and plasma processes. There is
much hope that microalgae and cyanobacteria can serve as
important feedstocks for producing advanced biofuels. The
government’s involvement, such as setting biofuel blend
standards and supporting biofuel production, addresses energy
shortages and protects the environment.

Bioenergy Carbon Capture and Storage (BECCS) will play
a very important role towards our climate change objectives
[108]. In essence, BECCS entails burning biomass to produce
power and heat, capturing the emitted CO» and storing it deep
underground, an approach that leads to net negative carbon
emissions. The potential of this technology is enormous on a
global scale, with projections that it may produce 28 EJ of
electricity per year and trap emissions equivalent to 2.5 GtCO,
annually over a period of thirty years, whose effects will be
more significant in the long run. Nevertheless, BECCS has its
own issues, including the large amount of land it requires and
the need to implement it urgently. These systems are flexible
and may be expanded up to the goals of annual removal of 0.8-
1.4 tCO; per ton of used biomass [109]. Before addressing the
various obstacles BECCS faces, it is important to consider its
sociological, technical, and environmental effects, as well as
the relevant policies. Recent research suggests that
biorefineries are playing an increasingly important role in the
sustainable circular bioeconomy. They are being adapted to
include multi-feedstock and integrated systems for producing
biofuels, biochemicals, and bioplastics. Current trends suggest
greater use of waste management, renewable energy, and
carbon capture technologies to improve the environment and
reduce carbon emissions. Both renewable energy efficiency
and sustainability are increasing through international
innovation in modern methods such as gasification,
fermentation, and enzyme conversion [110]. Still, there are
problems with scaling these solutions and maintaining
affordable prices. The application of biorefineries is also
relevant to addressing climate change and reducing fossil fuel
use, and it can be achieved efficiently using biomass waste.

3730

Overall, the biorefineries will play a major role in the
transition towards a sustainable and circular economy.

The bio-supply chain applications of blockchain, IoT, and
Al have proven successful in terms of efficiency and
environmental favourability, as reported by scholars. Digital
tools have enabled more efficient, smarter supply chain
operations. Digitalisation of what is uneconomical to retain as
residual biomass can create higher-value products, thereby
making logistics more efficient and cost-effective [111]. The
transparency, sustainability, and resilience of food systems are
also improving due to better use of digital technologies,
notably during periods such as the COVID-19 pandemic [112].
Also, digital technologies are crucial to implementing the
strategy of converting biological resources into a wide range
of valuable products across the entire value chain. Such
changes are expected to ensure biomass is supplied more
efficiently and transparently.

Lately, Waste-to-Energy (WtE) techniques have become a
popular way to manage MSW more sustainably. In 2025, the
world is estimated to generate more than 2.2 billion tons of
MSW each Ramar which will cause many environmental
problems. Modern WtE techniques support waste
management and facilitate the installation of renewable energy
projects [113]. Thermal methods such as incineration,
pyrolysis, and gasification, and biochemical methods such as
AD, microbial fermentation, and microbial fuel cells, are
among the main areas being studied these days [114]. This
kind of technology makes it possible to generate heat,
electricity and biofuels from waste products [115]. AD appears
to be a suitable method for clean, safe, and affordable
production of energy from waste [116]. The development of
WHE aligns with circular economy principles and will likely
become increasingly important for meeting clean energy
requirements. People are turning to Hybrid Renewable Energy
Systems (HRES) as environmentally friendly ways to generate
electricity by integrating multiple renewable sources [117,
118]. Current trends place increased emphasis on Power-to-X
systems that convert hydrogen into other energy forms and on
less-constrained, more durable systems [119]. Choosing
appropriate generation technology, determining each unit's
size, and managing energy remain trickier components of
power system design. The most widely used software for
determining HRES and designing them is called the Hybrid
Optimisation Model for Electric Renewable (HOMER). It is
believed that future developments will integrate solar thermal
power and thermal engines with other generation techniques,
resulting in a more efficient overall system [120]. These
innovations attempt to support the technical, socio-economic,
and environmental dimensions of hybrid power generation
systems.



Recent research indicates that biohydrogen produced via
biomass gasification and reforming can be an effective, long-
term energy source [121]. The applications of steam and
supercritical-water biomass gasification at the field scale are
encouraging; however, they require greater selectivity and
efficiency to be economically viable in industry [122].
Presently, other researchers are investigating combined
procedures, in which dark fermentation and photo-
fermentation have been coupled as potential future methods of
biohydrogen production, and microbial electrolysis and
gasification of biowastes have also been paired as potential
future methods of biohydrogen production [123]. Bio-
hydrogen is initially deemed superior to photo-
electrochemical or even thermo-chemical processes because it
consumes less electricity and is cheaper to install. Individuals
are also becoming interested in utilising bio-methanol to
generate hydrogen and simulate a process that is likely to bring
zero-carbon energy into reality. As the utilisation of
renewables increases, researchers are currently considering
including the electrolysis of water, the gasification of biomass,
and the reforming of hydrocarbons to produce hydrogen for
deployment in energy storage [124].

8. CONCLUSION AND RECOMMENDATION

Technical readiness, organisational support, leadership,
GHRM, employee attitudes, perceived safety, and pro-
environmental behaviour are interrelated and affect the
adoption of biomass and carbon-reduction outcomes.
Conceptually and empirically, the use of biomass helps reduce
net CO2 emissions by substituting for fossil fuels, using waste
for energy, and pursuing circular-economy principles.
However, the decision to adopt biomass is influenced not only
by technical efficiency and economic viability but also by
human and institutional factors, which serve as significant
mediators.

The study findings also suggest a significant positive effect
of employees' attitudes, environmental consciousness, and
intention on the successful use of biomass technologies in an
industrial context. Favourable attitudes of employees toward
environmental responsibility, organisational sustainability
commitment, and the perception of personal and collective
utility are strongly associated with greater attitude intensity
towards biomass acceptance and direct agricultural
participation. On the other hand, refusal to change, insufficient
technological knowledge, fear of losing tasks, and poor
communication have been identified as significant behavioural
barriers. Hence, another finding from the literature is that
organisational culture and leadership dedication also have a
significant role in influencing employee behaviour.
Businesses that incorporate sustainability into their missions,
offer environmental training opportunities, and have
employees participating in such efforts seem to adopt bio-
based energy systems more readily. Incentive policy,
environmental policy, and performance reporting are also
conducive to improving behavioural compliance and to long-
term  support  for  emissions-reduction  measures.
Notwithstanding the findings, although the review provides a
good understanding of studies that integrate the technical
performance of biomass and employees’ behaviour within the
same industrial context, it raises an interesting gap.

Therefore, from the findings in this literature review
analysis, the following recommendations are suggested:
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*Include Human Factors in Biomass Plans of Action:
Industrial companies would employ when planning for and
commercialising Biomass technologies, rather than solely
relying on economic evaluations and technical implementation
factors.

*Improve Staff's Environmental Motivation and Training:
Formalised training and sensitisation on the benefits of
biomass, its safety in use, and their role in achieving the carbon
emissions reduction agenda must be accorded priority.

*Enhance Leadership Voice and Organisational Culture:
Top management will have to demonstrate a positive pro-
environmental culture through explicit policies, resource
allocation, and visible support for biomass initiatives.

Incentivise and Encourage Employee Involvement:
Employee involvement in the decision-making process and the
awarding of rewards related to environmental performance
may help enhance acceptance, motivation, and long-term
behaviour change.

*Promote the use of Integrated and Empirical Research: The
authors recommend that future studies consider
interdisciplinary  approaches, congruently engineering,
environmental science, and organisational behaviour as the
empirically important links connecting biomass performance
with employee behaviour.

*Policy and institutional support: Government policy
should promote the use of biomass in industry, supported by
favourable regulations, subsidies, and standards, and should
also focus on consumer intervention and market development.

In summary, the literature identifies the potential of biomass
as a technology to reduce carbon emissions within industrial
organisations and highlights that this long-term potential is
primarily contingent upon technologies being embedded
within positive employee attitudes, underpinned by supportive
behavioural frameworks.
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APPENDIX

Table Al. Summary of selected inclusion literature review of the biomass adoption and carbon emission reduction in industrial
organisations with integration of the psychological perspective

Carbon Employee Pro-
Ref. Country / Industry Resez‘lrch Biomass Type Reduction Attitude Env1r0mpent Key Findings
Year Sector Design . al Behaviour
Outcome Variable .
Variable
Sustainable
' Literature Wood, Agri- net-zero and Behavioural Prosumer Biomass pr?motes a c1:cular
Global Bioeconomy . . GHG knowledge, S economy; "prosumers" are
. . review and residues, plant - o participation .
[125] Review / and Agri-food . reduction cognitive . key to sustainable loops;
conceptual biomass, and A and bio- . .
2024 Industry through motivation, and . digital transformation (AI)
framework algae . . . recycling S .
circular social learning aids bio-circularity.
models
CSR CO; emissions can be
Coke oven gas . . . . . .
Pro-ecological implementatio limited via rational pro-
Desk research (COG) . .
Energy and General (used attitudes and n, energy ecological CSR
[126] -/2022 . and Case ) produces 3.46x . . .
Manufacturing . in CHP plant) environmental saving, and management; COG has a
studies less CO;, than .
awareness waste clear ecological advantage
natural gas .
segregation over natural gas.
Social Waste PEB towards Altruism, expectations, and
Construction Cognitive Sawdust (used minimisation Altruistic values renovation interpersonal influence
China / for P - .
127 and Theory and . contributing to and outcome waste predict PEB; financial
2022 /el
Renovation questionnaire energy/etectric carbon expectations minimisation rewards showed a negative
ity) . P
survey neutrality (RWM) link in this context.
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[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

(88]

[137]

[138]

China /
2025

Global
(focus on
North
America,
Europe,
China,
Australia)
/2025

Canada
(Prince
Edward
Island) /
2026

China /
2023

Global
(North vs
South
compariso
n) /2024

Nigeria /
2020

China /
2018

Nigeria /
2024

China /
2016

Indonesia
/2025

Spain /
2020

China /
2025

Industrial
Agriculture
and Rural
Waste
Management

Industrial
Energy
Application

Energy (Heat)

Industrial
Agriculture
Manufacturing
application

Forestry/
Energy

Construction
Industry

Industrial
Agriculture
Application

Transportation
(Internal
Combustion
Engines)
Industry

Bioenergy /
Biomass
Power

Power
Generation

Industrial
Residential
Heating

Urban
Development /
Public
Industrial
Sector (focus
on 81 pilot
cities)

Questionnaire
survey and
PLS-SEM

Systematic
literature
review
(qualitative
and
quantitative)

Qualitative
(Thematic
analysis;
literature
review and
survey)

Quantitative
(Survey;
Structural
Equation
Model)

Systematic
literature
review

Review article

SEM using
Theory of
Planned
Behaviour
(TPB); face-
to-face survey

Literature
review and
policy
assessment

Multiple
regression
analysis;
farmer survey

Integrated
TAM-TPB
model using
PLS-SEM;
purposive
sampling

Integrated
CADM model
(TPB, VBN,
NAM, NEP)
using PLS

Mixed
computational
modelling:
PLS-SEM,
NCA, and
fsQCA

Crop straw and
livestock
manure

General
biomass

Wood
biomass/
Forestry
products

Agricultural/
production
waste

Woody
biomass
(Pellets,
fuelwood,
charcoal,
chips)

Bamboo

Agricultural
biomass waste
(crop straw,
manure)

Bio-fuel
(Ethanol,
Biogas)

Crop straw
(primarily
corn)

Agricultural/w
ood residues
(corncob,
sawdust)

Domestic
biomass
heating
systems

Mentions
green
landscape
plant selection
and forest
restoration

Sustainable,
resourceful use
of solid waste

Biomass is
identified as a
precondition
for carbon
reduction;
public support
has shifted
away from
fossil fuels
Respondents
cited benefits
such as carbon
sequestration
and reduced
dependence on
fossil fuels
Adoption of
low-carbon
behaviour
demonstrated
ecological
effects, such as
carbon
sequestration
Sustainable
biomass use
reduces
emissions and
helps meet
climate targets

Bamboo
absorbs ~35%
CO; and
releases high
oxygen

Intended for
carbon
emission
abatement
(CEA)

Biofuels can
move away
from fossil

fuels,
providing
cleaner
combustion

Biomass use
mitigates
environmental
pollution

Reduction of
CO, emissions
by 184,000
tons via co-
firing

Influences
overall energy
consumption
and
environmental
preservation
Quantified the
change rate of
total carbon
emissions and
carbon
emission
intensity
(2020-2022)

Environmental
commitment,
attitude, and
subjective norms

Focus on smart
city and energy
generation
applications

Perspectives of
industry
employees on
growth and
sustainability
needs

Organisational
commitment
(Affective,
Sustained, and
Normative)

Focus on policy
and governance
for industrial
forestry/energy
application

Policy focused
on how the
industry
transforms
bamboo for
engineering
applications

Workers Attitude
(Positive
evaluations of
behaviour)

Focus on
technical/legal
frameworks)

Focus on risk
perception

Workers and
Public Attitude
(ATT) (Overall

positive/good

decision)

Company and
Homeowners'
Attitude toward
biomass heating

focuses on
organisational
investment and
resource
dependency

PEB towards
the rural solid
waste
(recycling and
collection)
industry

Workers and
public
acceptability
(expressed as
attitude or
behaviour, like
protesting)

Social
perception and
willingness to
participate in

biomass
operations

Low carbon
and pro-
environment
behaviour
(e.g., waste
disposal, green
tech adoption)

Sustainable
uptake of
woody
biomass
energy

Policy focused
on the
acceptability
of the
implementatio
n of bamboo
for industrial
use

Intention to
reuse
agricultural
biomass waste

Focus on
technical/legal
frameworks)

Willingness to
participate in
straw
collection

Intention to
participate
(Supplying/tra
nsporting
feedstock)

Intention to
adopt biomass
technology

Mentions the
positive
impact of
community
lifestyles and
awareness

Commitment, norms, and
attitude are key PEB
predictors; environmental
knowledge and perceived
benefits significantly shape
the workers.

Highest acceptability for
solar/wind/hydro; moderate
for biomass. Acceptability is

typically lower for the
energy generation industry.

Support for biomass exists,
but is balanced by concerns
regarding long-term
feedstock sustainability.

Organisational commitment
positively impacts pro-
environment behaviour, but
role models' guidance had
an unexpected negative
effect.

Key drivers include fiscal
incentives and strict
sustainability criteria; policy
focus differs significantly
between North and South.

Bamboo is a viable
substitute for wood and steel
in construction; Nigeria
needs regulatory policies to
harness a potential $22bn
annual economic
opportunity.

Attitudes and perceived
behavioural control
significantly determine
intentions.

Hydrogen and biofuels are
suitable replacements for
fossil fuels; Nigeria requires
a robust legal framework for
their utilisation and
operations.

Trust factors are the
strongest predictors of risk
perception; economic losses
(personal risks) dominate
behavioural choices over
environmental concerns in
rural China.
Perceived Behavioural
Control is the most
influential factor for
participation intention;
people are more likely to
engage if they can devote
the necessary time or
resources.

Values, environmental
concerns, attitudes,
perceived behavioural
control, and economic
incentives determine the
intention to adopt.

Technological and
organisational factors are
central drivers; cities follow
three distinct paths based on
neutrality potential.
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[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

Global /
2026

USA/
2013

EU, UK,
Switzerlan
d, New
Zealand,
Australia /
2025

Nigeria /
2023

USA/
2018

Kenya /
2026

Ghana /
2025

Sweden /
2024

Spain,
Germany,
Mexico /

2019

Romania /
2024

Construction
Industry (CI)

Higher
Education
(Research

University)

Agriculture

Agroforestry
Inudtry

Institutional/
Commercial
Heating

Household
Energy

Household
Energy

Agriculture /
Bioenergy

Residential
Energy

Residential
Heating /
Energy
Communities

Ridge
Regression
(RR)

Stated-
preference
conjoint
survey

Systematic
literature
review with
binomial sign-
test

Quantitative

(Purposive/Si

mple random
sampling;
interviews)

Quantitative
(Econometric
modelling -
ZINB model)

Mixed
methods
(Survey;

experimental

stove testing;
Machine
Learning)

Mixed
methods
(Household
survey; key
informant
interviews)

Semi-
structured
interviews and
online surveys
(Motivation-
Action model)

Cross-cultural
study using the
Revised NEP
scale and
questionnaires

Multiple
regression and
mediation/mod

eration tests;
questionnaire
survey

Focuses on
construction
materials

General (used
in
cogeneration)

On-farm
renewables
and residue
management

Bamboo
(Bambusa
vulgaris)

Woody
biomass

Firewood and
Charcoal

Biomass
briquettes

Plant residuals
and energy
crops (willow,
poplar)

Biomass
heating

Agro biomass
(agricultural
byproducts)

Waste
Management

Examined
15%—-23%
reduction
targets' impact
on green
reputation
Identifying
drivers to
deliver
agricultural
contributions
to EU climate
targets
Bamboo is
noted for its
potential
effectiveness
in carbon
sequestration

Substitution of
fossil fuels to
reduce
greenhouse
gas emissions

Improved
stoves
designed to
reduce
emissions and
optimise fuel
combustion

Briquettes
emit fewer
GHGs and air
pollutants than
traditional
fuelwoods

Supports
Sweden's goal
to be carbon-

neutral by

2050

Combustion of
clean fuels
reduces air

pollution and
global
warming

Decarbonising
the heating
sector to reach
renewable
energy targets

focuses on
organisational
and technical
practices

Altruism and
Environmentalis
m (NEP scale)

Focus on the
industrial
farming process

Focus on the
industrial
Agroforestry
process

Focus on
institutional/com
munity
acceptance

Focus on
household users

Focus on
household
adoption patterns

Farmers'
Personal Factors
(Needs, attitudes,

values, habits)

Consumer
Attitude toward
Household
Installations

Industry and
Residents'
Perception of
drivers and
barriers

focuses on the
implementatio
n of Circular
Economy
Practices
(CEPs)

Institutional
pro-
environmental
behaviour and
green branding

Adoption of
GHG
mitigation
measures/tech
nologies

Willingness to

adopt bamboo

in agroforestry
for industrial
applications

Adoption and
retention of
distributed-

scale biomass
combustion

systems

Adoption of
improved
cookstoves
(ICS)

Willingness to
purchase and
switch to
biomass
briquettes

Motivation to
cultivate
biomass for
energy

Pro-
environmental
behaviour
(Activism and
energy saving)

Intention to
adopt agro-
biomass
heating

Circular business mode
forms a critical "source-
process-end" logic chain for
decarbonization. Digital
practices.

Constituents benefit from a
green reputation; energy
management choices
significantly shape
perceived reputation.

Farm size, education, and
knowledge are positive
predictors; implementation
costs are a significant
barrier.

Farmers are strongly willing
to adopt bamboo (100%);
the primary drivers are
fuelwood provision and
economic gains for the
manufacturing industry.

Local attitudes in favour of
renewable energy are
associated with higher

adoption and retention of
biomass systems.

Improved stove adoption is
moderate (33.1%);
economic limitations and
cultural preferences remain
major constraints.

High willingness to
purchase (80.4%) but lower
willingness to switch
(72.1%); long-term
transition depends on
subsidies and policy
awareness.
Prominent barriers include
low profitability and high
investment risk; potential
from underutilised land may
be overestimated due to
spatial constraints and soil
depletion risks.
Ecocentrism is the
predominant view;
significant cross-cultural
differences exist (e.g., job
creation is a key driver in
Spain, while investment cost
is the main concern in
Germany).
Awareness, knowledge, and
local drivers are positive
predictors of adoption;
political barriers moderate
the relationship between
knowledge and intention to
act.
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