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The sustainability of using biomass as fuel for industrial boilers within the
manufacturing sector is investigated, with particular reference to Cargill Ghana
Limited, located within the Free zones enclave of Tema. The research was
designed to achieve four specific objectives including; The identification of the
social-economic benefits of using biomass as boiler fuel; Examination of the
potential environmental impact of biomass as boiler fuel; Determination of the
impact of fossil fuel cost on the adoption of biomass as boiler fuel; and
Identification of the challenges which hinder sustainability in the adoption of
biomass as boiler fuel. Adopting a convenient sampling model, a sample size of
65 was evaluated from Cargill’s population of 187 using sample calculator. The
primary data was collected with the aid of interviews and questionnaires
administered on suppliers and staff respectively. The findings reveal that an
average of 74.1% of the participants agree that biomass as a boiler fuel has some
socio-economic benefits. While majority of the participants remained neutral,
only 28.6% indicated that the adoption of biomass has environmental
consequences. The findings further show that 73.1% of the people agree that the
continuous increases in the prices of fossil fuel have triggered high adoption of
biomass. Lastly, 54.2% of the participants believe that climatic factors such as,
land allocation and land tenure; occupational accidents and illness; deforestation
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and land degradation; and the level of wood harvest directly affect sustainability
of the production and use of biomass. In view of the findings, the research
proposed some recommendations to ensure sustainability in biomass fuel.
Notable among these is the use of highly efficient boilers to cut down emissions,
and the investigation of factors affecting sustainability and finding solutions to
them.

Keywords: Biomass, Boiler, Environmentalism, Renewable, Carbon Emissions,
Sustainability.

1. Introduction

The world's principal energy sources are the fossil fuels such as oil, coal, and natural gas.
However, these energy sources are likely to run exhausted in the next 40-50 years (AIE
Australian Institute of Energy, 2016). Also, the expected environmental consequences of these
sources, such as global warming, acid rain, and urban pollution, have enticed the world to try
to cut carbon emissions by 80% and transition to a variety of less environmentally harmful
renewable energy resources (RES) such as solar, wind, biomass, and others in a sustainable
manner (AIE, 2016); (Amevi Acakpovi et al. 2019). Biomass is one of the oldest forms of
energy with its own set of features.

According to the Intergovernmental Panel on Climate Change (IPCC), continued fossil fuel
emissions will result in a temperature increase of between 1.4 and 5.8 degrees Celsius between
1990 and 2100 (Mahmoud et al, 2009). Fossil fuels have dominated global energy sources for
decades. Currently, biomass meets 10-15 percent of this need (about 4510 EJ). In
industrialized countries, biomass accounts for 9-14% of total energy sources, whereas in
developing countries, it can account for one-fifth to one-third of total energy sources (Khan et
al 2009). Carbon dioxide (CO2) from the combustion of fossil fuels in the boiler is the most
significant source of GHG emissions from a boiler system. Methane (CH4) from natural gas
distribution system leaks, as well as CH4 and nitrous oxide (N20) produced as by-products of
combustion activities, are all modest sources of GHGs (US EPA, 2008).

Steam systems are now used in almost every major industrial operation. Steam is made from
37% of the fossil fuels used in American industry. This steam is subsequently used to heat
processes, concentrate and distil liquids, or as a direct feedstock. Food processing (57 percent),
pulp and paper (81 percent), chemicals (42 percent), petroleum refinery (23 percent), and
primary metals (23 percent) make for a considerable portion of all major industrial energy
users who contribute to fossil fuel usage (10 percent). Industrial systems are diverse, but they
generally share huge steam systems, making them an attractive target for energy conservation
efforts (Einstein et al. 2009). Process heat contributes for around 20% of overall energy
consumption in Malaysia's rubber-producing enterprises, according to Saidur et al. 2010. Any
organic stuff created from plants is referred to as "biomass." Forest wood, crops, seaweed,
agricultural and forestry wastes, and organic industrial, human, and animal wastes are
examples of plant and animal materials. Biomass is one of the original sources of energy,
especially in rural areas where it is often the only and cheapest source of energy (Demirbas,
2014). Carbohydrates make up the majority of biomass, it is a type of renewable energy with
its own set of features. Biomass has little concerns with energy storage when compared to
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other renewable technologies like solar or wind because it is already stored energy. Biomass
is a multi-purpose fuel that can be used to produce biogas, liquid fuels, and electricity (Kopetz,
2007). Biomass is also referred to as a combustible resource that may be used to generate
energy, it is also a renewable energy source since its supply is limitless. Garbage will always
exist, and trees and crops can always be grown (Australian Institute of Energy, 2010). Biomass
is the world's fourth largest energy source, accounting for around 14% of worldwide final
energy consumption, higher than coal (12%) and comparable to gas (15%) and electricity
(14%). Biomass is the principal source of energy for many poor countries, and the bulk of it
is non-commercial (Demirbas, 2015). Congruently, Cargill Ghana Limited is a cocoa
processing company located in the Free Zone Enclave in Tema. The company processes cocoa
into cocoa butter, cake and powder for customers both locally and around the world. Since its
inception in 2008, Cargill Ghana Limited was using residual fuel oil (RFO) and diesel to power
their boilers. This was changed to biomass in 2014. The cocoa shells, which is by-product of
Cargill’s processes is mainly used as the biomass fuel for its boiler operation. Unfortunately,
this is not enough to meet the demand of the plant, therefore other types biomass fuel is sourced
from contractors to supplement what the company produces. These include cashew nut shells,
palm kennel shells and wood pellets.

1.1 Problem Statement

The deescalating cost of fuel on the global market, according to Birol et al. (2015); (Abubakar
R, 2019) has had a negative influence on green energy adoption. Furthermore, businesses
prefer to power boilers and other heavy equipment with fossil fuels rather than renewables.
According to the Organization for Economic Cooperation and Development (OECD), 81% of
global energy use accounts for nearly 90% of energy-related emissions. The usage of fossil
fuels is predicted to produce up to 30 billion tonnes of CO2 globally each year. Energy crisis
has posed a serious threat to the sustainability of developing countries and communities in
recent decades. Between 1990 and 2000, developing countries in the Asia Pacific area had a
27 percent increase in conventional energy consumption, while global consumption climbed
by 11 percent (Birol et al. 2015).

Energy demands are expected to rise in the future, and by virtue of the COVID-19 Pandemic
and the Russian-Ukrainian war price of energy is projected to escalate even higher. Fossil fuels
have been dominant since the birth of technology; nevertheless, the depletion of fossil fuel
reserves, as well as significant environmental effects, has driven governments and authorities
to place a greater emphasis on renewable energy supplies.

Biomass is one of the most important renewable energies required in modern society to help
mitigate the problems created by fossil fuels and to help provide a sustainable environment for
the future (Birol et al. 2015). It is against this backdrop that the research study investigates the
sustainability of biomass as boiler fuel in industries, with specific reference to Cargill
Company Limited, located with the Free zone enclave of Tema in Ghana.

1.2 Obijectives of the Study

The main objective of the study is to assess the sustainability of using biomass as boiler fuel
in the manufacturing industry with particular reference to Cargill Ghana Limited, located
within the Free Zone Enclave in Tema.
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2. Review of prospects biomass

Any organic stuff created from plants is referred to as "biomass" (Kopetz, 2007). Forest wood,
crops, seaweed, agricultural and forestry wastes, and organic industrial, human, and animal
wastes are examples of plant and animal materials. The two types of biomasses are phytomass
(plant biomass) and zoomass (animal biomass) (Kopetz, 2007). When the sun's energy is
collected by plants and converted into chemical energy through photosynthesis, it is ‘fixed' or
stored in the form of terrestrial and aquatic vegetation. Plants are transformed into zoomass and
excreta when animals graze (consume) them. Excreta from terrestrial animals, particularly dairy
animals, can be utilized to generate energy, but aquatic animal excreta are disseminated because
it is difficult to collect and process for energy production (Demirbas, 2015), as indicated in
Figure 1.

When comparing industrial fuels, the following factors should be kept in mind: (1) the cost of
the raw material per BTU, (2) availability in any weather and in any international political
climate, (3) the complexity of the on-site equipment required to transport and burn the fuel, (4)
storage issues, (5) combustion emissions, and (6) the historical success of the technology for
boilers using this fuel. Consider coal, fuel oil, and natural gas in light of these characteristics
(Capehart et al. 2005).
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Figure 1: (a) World marketed energy consumption, (b) Different fuels contribution to total
world energy consumption. (Source: Khan et al. (2009).

Companies are constantly looking for less expensive alternatives to coal, fuel oil, and natural
gas. Both manufacturing waste and agricultural waste are low-cost natural resources. Pulp mill
liquor, sawdust, food processing waste, municipal waste, coal wash water, coffee grounds,
cardboard, hog fuel (wet bark from plywood companies), and bagasse are all now used as fuels
(sugar cane after the liquid has been extracted). Industrial wastes can be used as fuels to help
with trash disposal and provide a low-cost source of heat (Capehart et al., 2005).
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2.1 Empirical Review

This section reviewed literature that had facts and figures within the area of research. A case
study was conducted by O.0. Jessy (2017) in Nigeria in order to understand the use of a part
of biomass fuel in a combined heat power (CHP) plant for the generation of electricity and
remaining portion used for food production on a farmland. It was also to determine the impact
of biomass power generation on the alleviation of the energy crisis in Nigeria. To accomplish
this, to scenarios were compared. The first was to evaluate the quantity of power required by
the village and the mill, and the results showed that about 19% of the total available biomass
fuel could generate a steam flow rate of 0.4kg/s for the community and mill. In the second
case, the total amount of biomass fuel available was deployed and 2kg/s of steam flow rate
was produced, translating into LMW of electricity from the boiler. This was observed to be in
excess of 81% of the energy needs both the village and the mill. This empirical data stands to
confirm the capacity and efficiency of biomass as a boiler fuel.

2.2 Overview of Biomass

Sustainably produced biomass is a low-carbon fuel, and is very critical to modern
manufacturing industry, but resources to achieve this are limited. It is therefore significant for
users to apply it as effectively and efficiently as possible. The use of biomass has other potential
negative effects such as emissions of pollutants that reduce the quality of air to a very large
extent. These emissions need to be minimized, while biomass systems operated in a safe
manner. Biomass boiler systems differ from those fueled by gas or oil to a very significant level.
It is therefore important to address these differences during planning, design and operations
phases to ensure that the system is functioning well, safe, and efficient (SEAI, 2019). This
subsection seeks to find answers to these issues by discussing the biomass fuels, biomass
boilers, system design, heat metering, ash handling, flues and emissions, and sustainability.

2.2.1 Biomass Fuels

There has not been any specification on fuel that ensures the best performance of every biomass
system. According to Summerfield et al. (2018), a good biomass fuel for a boiler may be defined
as that recommended by the manufacturer of a particular boiler. At best, the manufacturer must
specify the fuel type and the acceptable moisture content, and the calorific range. This is
because the combustion of biomass is a complex process and strongly depends on the quality
and type of fuel administered. The designer of the biomass boiler is required to provide
specifications in terms of the particular type of and grade of fuel needed to provide optimal
performance. The authors indicated that, the administration of poor-quality fuel to a boiler has
a high tendency of causing more problems to the system than any known factor affecting in
boiler management. A wide spectrum of biomass can be used as boiler fuels; however, each
type has some identifiable characteristics that influence boiler choice and design requirements
for other parts of the entire system such as fuel storage and handling (SEAI, 2019). The paper
goes on to caution that, the administration of unsuitable and unsafe fuels to boilers can cause:

» Damage to the boiler.
+ Safety and health hazards.

« Significant reduction in operational efficiency of boiler.
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» Blockage in the fuel inlet system.

» Extremely high emissions.

+ High condensation of tar in the flue.
» Disruption of heat supply.

It should also be noted that reliability, availability, price, and the site characteristics such as
available space for fuel delivery, scale of heat to be supplied, storage and handling, level of
system automation, and air-quality restrictions in the area constitute key determinants for the
choice of boiler fuel.

2.2.1.1 Types of Biomass Fuels

Biomass fuels are fundamentally divided into two main categories, woody fuels and animal
waste. Woody fuels can further be grouped under six categories; Forestry residues—in-forest
woody debris and slash from logging and forest management activities. Mill residues—by-
products such as sawdust, hog fuel, and wood chips from lumber mills, plywood manufacturing,
and other wood processing facilities. Agricultural residues—by-products of agricultural
activities including crop wastes, vineyard and orchard pruning or turnings, and rejected
agricultural products. Urban wood and yard wastes—residential organics collected by
municipal programs or recycling centres and construction wood wastes. Dedicated biomass
crops—trees, corn, oilseed rape, and other crops grown as dedicated feedstock for a biomass
project. Chemical recovery fuels (black liquor)—woody residues recovered out of the
chemicals used to separate fibre for the pulp and paper industry. (Hurst Boiler Inc. 2018). Wood
logs represented in Figure 2a, are more easily acquired in rural settings and are generally used
in small-sized systems, since they are mostly loaded into the boiler manually. Wood pellets,
shown in Figure 2b can be supplied by various vendors. They are basically produced according
to specific standards and demand to ensure consistency in required quality and combustion
efficiency. Figure 2d shows contaminated waste wood being prepared to be transformed to
wood chips.

Energy crops as represented in Figure 3 are specifically grown for biomass fuel, and they
include woody crops such as short rotation coppice or willow and poplar. These typically have
a three-year maturity cycle, and are chipped or put into pellets after harvesting.

Miscanthus as indicated in Figure 3 can be baled and burnt directly as boiler fuel, but it can also
be pelletized and chipped for other boiler types.

Figure 2a: Wood Logs Figure 2b: Wood Pellets
Nanotechnology Perceptions Vol. 20 No.7 (2024)
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Figure 2c: Clean Wood Chips Figure 2d: Contaminated Waste Wood ready for Chips
Figure 2: Samples of Biomass Fuels (SAEI, 2019)

This is generally employed in bigger installations like power stations. Miscanthus contains
low ash-fusion temperature, as such is susceptible to slag formation when burnt. It is therefore
important to control the combustion temperature, while slaked lime is added to the fuel to
increase the ash fusion. According to Clauser et al. (2021); Abubakar R. (2020), renewable
sources of fuels, chemicals, and energy from waste as raw materials has the capacity of
reducing the greenhouse gases (GHG).

A

Figure 3: Other Fuels, energy crop
(SAEI, 2019)

Both national and international standards organizations have over the years designed standards
to govern biomass fuels. The standards cover the specification of physical and chemical
characteristics that crucial to handling and storage, combustion, and procedures for analysing
combustion emissions. The International Organization for Standardization (ISO) biomass fuel
standards were adopted, to ensure that challenges such as excessive emissions, inefficient
combustion, and blockages in fuel-feed are avoided. This adopted standard is the General
Requirements, represented by ISO 17225-1:29014, and its scope covers the quality of fuel
classes and the specifications for processed or raw solid biofuels produced in the forestry and
Nanotechnology Perceptions Vol. 20 No.7 (2024)



Embracing Environmentalism by Assessing the... Naana Tetebea Oyirifi et al. 3758

arboriculture, agriculture and horticulture, and aquaculture environments (Clauser et al. 2021).
2.3 Biomass Boilers

Biomass boilers are quite different from those of oil or gas-fired in a variety of ways.
According to Summerfield et al. (2018), the key differences include:

o Boiler size: Biomass boilers are comparatively bigger than their oil or gas-fired
counterparts. Larger surrounding area is required for biomass boiler, to make room for
cleaning, fuel-feed and ash-removal system. Boiler responsiveness: The response of biomass
boilers to changes in heat demand is slower. However, it can be mitigated using thermal
storage, intelligent control, or the deployment of conventional boiler capacity. Biomass boilers
have a lower turndown ratio compared to the others.

o Fuel storage: More fuel storage space is required on site. Boilers fired by oil or liquefied
petroleum gas (LPG) need sizeable storage for fuel, but biomass systems require far more
storage space since fuel has lower energy density.

e Emissions: The control of emissions are more difficult in biomass boilers than those fired
by oil or gas type boilers. Because biomass boilers produce particulate matter and fly ash,
there is a need to install extra abatement equipment to help mitigate risks. Additionally,
nitrogen oxide (NOXx) emissions per unit of heat generated by fossil fuel boilers are generally
lower than those from biomass boilers. Additional flue-gas abatement equipment may be
installed when the control combustion conditions fail to sufficiently managed NOx emissions.

e Biomass Combustion: There are six stages of biomass combustion including, warming,
drying, pyrolysis, gasification of dry fuel, gasification of solid carbon, and oxidation of
combustible gases. Figure 4 provides a detailed description of the phases.

1. Warming (up to 100°C)
Fuel is heated up to 100° C before drying can commence

2. Drying (100° C-150° C)
The moisture content of fuel evaporates at temperatures above 100°C

3. Pyrolysis (150°C-230°C)
Pyrolytic decomposition occurs from around 150° C. Components of fuel
are broken into carbon monoxide, liquid tars and gaseous hydrocarbons

4. Gasification of dry fuel (230° C-500° C)
Decomposition of dry fuel occurs under the influence of oxygen in primary
combustion air supply of the boiler at about 230°C

5. Gasification of solid carbon (500° C-700° C)
Carbon monoxide is produced from solid carbon under the influence of
carbon dioxide, water vapor and oxygen. producing visible flames.

6. Oxidation of combustible gases (700°C-1,400° C)
Combustible gases produced in the previous stages are combusted away from
the boiler grate under the influence of the boilers’ secondary air supply

Figure 4: The six stages of boiler combustion (SAEI, 2019)
Nanotechnology Perceptions Vol. 20 No.7 (2024)
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2.4 Types of Systems and Heat Transfer Media

The commonest biomass boiler systems possess the following:

e Biomass boilers that have thermal store

¢ Single or multiple biomass boilers, which usually come with buffer vessels

¢ Biomass boilers with buffer vessels and also have backup or top-up oil or gas-fed boilers
¢ Biomass with top-up or backup and thermal store

It is feasible to connect fossil-fuel and biomass boilers in series or parallel, ensuring that the
latter is connected to return side of the heat distribution system. It must be noted that thermal
storage and buffer vessels and completely different, and the heat exchange medium may be
thermal oil, water or steam. Hot water is popular used, at a temperature of about 85°C. The
grade of heat required actually determines the choice of transfer medium, thermal oil and
steam are administered in systems that operate at higher temperatures. Thermal oil and steam
systems are costlier than those of steam because they are specially designed with extra safety
considerations. However, for the purposes of this study, only the water system shall be
discussed, knowing that the general operational principles also apply to thermal oil or steam
systems.

The typical parallel and series configurations for thermal store, biomass boiler, and fossil-fuel
systems connected through low loss headers to heat loads are demonstrated in Figure 5 (a) and
(b) respectively. The series configuration can be more effective, considering that thermal store
and biomass boiler combination becomes the lead boiler, leading to the maximization of boiler
usage.
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Figure 5: (a) Connection of Biomass boiler and its thermal store parallel to fossil fuel boiler
and (b) Connection of Biomass boiler and its thermal store in series to fossil fuel boiler
(Biomass Boilers Technology Guide 2019)

2.5Thermal Stores and Buffer VVessels

Even though people use the terms thermal stores and buffer vessels interchangeably, they
actually provide different functions. Also, the term accumulator is sometimes confused with
other terminologies especially, log boilers.

1. Buffer Vessels:

These are deployed in most biomass systems to collect residual heat from the boiler when heat
demand is zero. Biomass boilers usually have higher thermal capacities but much longer
response times compared to their fossil-fuel counterparts due to extra refractory material. This
residual heat is commonly discharged from the boiler via the heating medium when there is
no heat demand. The capture and reuse of residual heat enhances overall performance,
efficiency, prevents overheating, and significantly reduces the pressure within the water circuit
of the boiler. Almost all biomass boilers require buffer vessels, and manufacturers specify the
minimum requirements for sizing buffer vessels, which are normally dependent on: Boiler
ignition, manual or automatic, Grate type Whether feed auger has to be discharged into the
grate and fuel dissipated before shut down, The texture of the ceramic lining the boiler Based
on these critical factors, the capacity ratio of buffer vessels may vary between 50 litres/lkW
and 60 litres/kW. Practically, buffer vessels are smaller than thermal stores.

2. Thermal Stores

Thermal stores are responsible for smoothing out variable heat demand, meaning a smaller
boiler may be used to run for a longer time and yet maintaining peak efficiency. These
structures can also be configured differently to act as buffer vessels. Thermal storage largely
depends on the stratification of the heating medium, in this case water, which gives a large
height to diameter ratio. Thermal stores water inlets are designed to reduce turbulence and
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maintain stratification. Figure 6 depicts an installed thermal storage vessel in the
manufacturing industry. The use of thermal storage enhances the operational demands of
biomass boilers and any backup fossil-fuel boilers, thereby changing the orientation of the
economics in a biomass system. Thermal stores help smaller boilers to stay operational for
longer periods than the bigger boilers which must vary the output significantly at start-up and
shutdown.

Figure 6: Thermal Storage Vessels
(Biomass Boilers Technology Guide 2019)

By this, smaller biomass boilers are made cheaper, and depending on the elements, size and
number of boilers, heat load, size and number of top-up fossil fuel boilers, size of any thermal
store, a detailed analysis is required in order to a design an optimum system.

2.5.1 Design and Sizing

In determining the design and size of a boiler system, the first most important steps to consider
are, the peak heat demand as well as heat load profiles linked to daily and seasonal heat load
variation. Variations in heat demand is directly related to the type of heat demand required.
Heating for processes in industries and sectors such as hospitals, huge leisure centres with
swimming pools and manufacturing usually have minimum variability. Places like homes
where heat is dissipated for heating spaces have significantly high variability in demand for
day and night, and between seasons. In the manufacturing industry however, heat demand
varies according to production, which in turn depends on demand for products, this could be
seasonal. This demonstrates the challenge of designing a system to be efficient over wide
spectrum of heat demand that is beyond the capacity of a biomass system without augmenting
it with thermal storage or fossil-fuel boiler capacity. The system design must seek to maximize
the running time of the boiler within its range of turndown. This can be achieved by changing
the time for peak load by deploying the thermal store facility, to ensure that the biomass system
experiences a steadier and effective demand (Guidehouse, 2021).

The thermal store is sized in accordance with: Boiler size

o The difference between boiler capacity and the peak load.

Nanotechnology Perceptions Vol. 20 No.7 (2024)



Embracing Environmentalism by Assessing the... Naana Tetebea Ovirifi et al. 3762

o The timing coupled with the duration of loads higher than capacity of the boiler.

To design size of the boiler relative to the thermal store may require a trade-off between cost
optimization and the physical space available. This could lead to the addition of some fossil-
fuel system capacity to augment any heat shortfall.

2.6 Socio-Economic Benefits of Biomass

According results from a study conducted by Ahmed et al. (2021), the use of biomass offers a
cheaper source of fuel, provides greenhouse energy as well as a cost-effective method for
removing waste from the public space. Biomass plays an equally significant role in the socio-
economic space just as it does for the environment. It is responsible for low carbon electricity,
bioenergy, carbon capture and hydrogen (BEIS, 2021). According to the research, biomass
provides the highest compliance coupled with sustainability criteria and waste hierarchy
principles, contributes to net zero considering feedstock availability and carbon budgets.
Additionally, biomass cycles GHGs emissions and provides a very high cost and social benefit
to society. K.G. Apotei (2021) conducted an investigation with the aim of determining the best
ways biomass can be used as an alternative energy source in Ghana that will eventually reduce
the current energy crises in the country. The results show that the use of biomass offers
greenhouse gas savings, as well as other environmental benefits. The use of biomass help
promotes trade balances, provide opportunities for economic and social development in rural
communities, and most importantly it enhances the management of waste and resources.

2.7 Environmental Impact of Biomass

Bioenergy has unique characteristics as renewable source of electricity, unlike hydropower,
wind and solar. The generation of biomass power is accompanied with the emission of
greenhouse gases and pollutants into the atmosphere. However, because biomass is renewable
in nature, it is considered by many as carbon-neutral source of electricity and therefore
cancelling its negative impact in the environment (EnergySage, 2022).

Generating electricity or heat from biomass releases carbon dioxide into the air, but biomass
sources like agricultural crops and trees tend to absorb carbon dioxide during photosynthesis
and sequester. If trees and other plants are able to capture all the carbon dioxide produced
when biomass is burnt, then it follows that the carbon cycle will remain in balance, and there
won’t be any negative effect on the environment. In actual life, things do not look that simple,
carbon impact of bioenergy is supported by a number of conditions including, combustion
technology, method of harvesting biomass, type of biomass deployed, efforts towards
regrowth, the timing, and the energy resource being displaced. The author indicated that apart
from the greenhouse gases emitted during biomass use there were other environmental
consequences of biomass energy to consider, which include deforestation, pollution and water
use.

. Deforestation:

Many bioenergy systems use waste, be it animal or agricultural as source of fuel, but several
energy firms use timber as their fuel. This is the felling of mature trees which will help remove
carbon dioxide from the atmosphere if they were left uncut. The consequences are loss of
habitat, destruction of natural beauty and soil erosion due to deforestation.
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. Pollution:

The burning of biomass in any form, be it solid, liquid or gaseous form emit other pollutants
and particulate matter aside of the emission of carbon dioxide. These pollutants include
volatile organic compounds, carbon monoxide, and nitrogen oxides. In some cases, the
burning of biomass does emit extra pollution compared to fossil fuels. Apart from carbon
dioxide, most of the pollutants emitted cannot be sequestered by new plants. Such emissions
may result in a number of human health and environmental issues if not promptly curtailed.

° Water Use:

As energy companies grow trees and other crops to serve their bioenergy needs, they apply a
lot of water during irrigation since plants require large volumes water to grow well. Large
scale farms tend to exacerbate the drought conditions, leading to the displacement of aquatic
habitats and the quantity of water reserved for other uses like drinking, hydropower, and food
crops.

Some of these environmental challenges resulting from bioenergy production can be resolved
using sustainable methods of forest management. Deliberate and careful choices on the type
of biomass to be harvested and how it should be harvested for fuel would like. Technological
advancements and research, coupled with the development of good policies can lead to future
investments in bioenergy to be more environmentally friendly. Ravindranath et al (2021)
corroborated the findings of the previous authors by stating that the environmental impact of
both traditional and modern ways of using biomass fuels as energy are serious. Traditional
applications of biomass lead to deforestation, forest and soil degradation, decline in
biodiversity, indoor air pollution and GHG emission.

On the other hand, Oke et al (2022) determined in their research that the production of biomass
for fuel in degraded lands, using appropriate guidelines has the capacity for land reclamation,
carbon sequestration, watershed protection, as well as the promotion of biodiversity. Also, the
authors found that biomass conversion technologies like liquid fuels, biogas production, and
gasification for electricity could result in the reduction of greenhouse gas emission, reduction
in water and air pollution and land degradation, while increasing land reclamation. The
increasing preference for woody biomass for fuel has raised many concerns and produced
conflicting discussions about the effects on atmospheric greenhouse gas (GHG) concentrations
climate and biodiversity. Birdsey et al (2018) on this account conducted a literature review
with aim to among other things identify the environmental and economic effects of increasing
bioenergy application of forests. It was determined that the increasing production of bioenergy
and exports of pellets usually increase the net emissions of GHGs over decades or even longer.
However, the use of round wood often produces larger GHGs reductions. Other effects of
using wood for bioenergy were identified by the authors to be induced change in land use,
changes in wood supplies, non-radiative impact of land cover on climate as well as long term
impairment on soil productivity.

2.8 Impact of Cost of Fossil Fuels on Biomass Adoption

A study was conducted by Winchester et al (2017) to ascertain the influence of oil prices on
the penetration of biofuels, greenhouse gas (GHG) emissions, energy production, and land
use. To achieve this, a global economic analysis tool was deployed to analyse the rise in oil
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prices to a maximum of $124 by 2050. For a better comparison, the system was simulated with
other oil prices such $50, $70, and $100 respectively, targeted through adjustment of the
quantity of oil resources. The findings show that increasing oil prices result in the production
of more biofuel, more land applied to bioenergy crops, and less GHG emissions. The impact
of worldwide fluctuations of oil price on household fuel use was examined by Venkataramani
et al (2011) in Guatemala. The variations in prices over a period of 6 months were recorded
and used as intelligence to simulate the model. The results indicated that, the rise in price of
oil on the international market triggered an increase in the use of biofuels. For instance, a $1,
representing a 3.4%-point increase in global fuel resulted in a 2.8%-point decrease in liquid
propane gasoline use, and a 0.75%-point increase in wood use.

2.9 Biomass Sustainability

The adoption of biomass has become increasingly popular, courting global acceptance because
it has been seen as a greenhouse technology. The deployment of biomass fuels across industrial
environment, the combination of material and the processes along the production value chain
are very critical to the study of biomass. Biomass fuel are considered affordable compared to
fossil fuels for domestic and industrial uses. The diverse applications of biomass, including
generation of energy, construction, reinforcement in metal matrix composite, metallurgy,
biochemical and traditional medicine has aroused international interest. This highlights the
significance of developing a sustainable strategy to match the multifaceted applications of the
technology. In view of this, A.A. Adeleke et al. (2021) conducted a review with the aim of
examining the sustainability of biomass in the face of its diverse applications, and to examine
the strategies necessary to ensure sustainable use of biomass. The findings show that good
public policies and technological advancement in biomass production has the propensity of
leading to sustained biomass demands which in turn drives supply directly. Sustainable
biomass as a resource has been described by OGL (2021) as finite, generating uncertainty
concerning the makeup and quantity of the resource in the short and long-term. Existing data
suggest that there is a strategy to uplift the supply of sustainable biomass feedstock by the
close of 2050 from both the local and global sources with respect to the UK. According to the
author, the Climate Change Committee (CCC) suggested during their 6th Carbon Budget
conference suggested that the potential to increase the present volumes of imported biomass
by a threshold by 2050 largely depends on demand, but needs a strong global sustainability
policy. The CCC’s report also show that between 0.7 and i.4 million ha of land can be
committed to energy crop production in the UK, this will significantly increase the domestic
production of biomass feedstock.

Biomass has a large potential as sustainable power generation fuel and to proof this, Awan et
al. (2019) researched into the conservation opportunities in biomass fired boilers. Using rice
husk as the base fuel and multiple analysis methods, the findings show that rice husk
environmentally friendly resource with a huge potential as a sustainable cogeneration fuel.

Currently, bioenergy has been named as the largest source of renewable energy globally, and
its demand is projected to rise as most countries seek sustainable low-carbon energy. These
forms of energy are expected to be alternatives, deployed as mitigation strategies for national
climate change. Bioenergy has the propensity to compete within the sustainable biomass
space,
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as most nations seek to implement broader bio-economic policies Blair et al. (2021).
According to the authors, with a projected demand increase for sustainable biomass, the IEA
Bioenergy launched an initiated of multiple tasks seeking to identify and record best practice
case studies across the globe to enhance understanding of supply chains within the biomass
ecosystem. It is also to support the production of bioenergy while parallelly contributing to the
realization of the Sustainable Development Goals (SDGSs) as envisaged by the United Nations
(UN) Agenda 2030. This research shows that it is possible to produce and use biomass fuel in
the most sustainable manner as possible.

3. Research Design

According to McCombs (2021), research design can be defined as a well-organized and
systematic and well-organized procedure adopted by researchers or scientists to undertake a
scientific study. A research design is supposed to a pre-planned and well-thought process that
is in line with a pre-determined type of research that will lead to an authentic and error-free
conclusion. A good research design provides researchers a well-structure plan to conduct a
study that efficiently assesses the cause-and-effect connection between dependent and
independent variables. Apart from the efficiency offered by a good research design, it is also
characterized by appropriateness flexibility for use, as well as a good strategy for answering
research questions and ensures adequate match of research aims with methods used to yield
the best data analysis. In an exploratory environment like this, the researcher adopted a
combination of both qualitative and quantitative design because it will help find the right
answers to the pre-asked questions. In addition, this research is a case study, which requires
focus on a particular population to derive maximum information. The design helped to explore
the sustainability of using biomass as boiler fuel at Cargill Ghana Limited. By this, both
guestionnaires and interviews were administered to achieve the best results from employees.

3.1 Population of the Study

According to Casteel and Bridjer (2021), population of a study can be defined as the objects
or elements which have common characteristics that can be queried under a study. Cargill
Ghana Limited has a staff strength about 400, representing 187 permanent staff and the rest as
contract workers. For this reason, the population for this research is 187 since they are
permanent staff and can easily be identified or located for the administration of questionnaire
and interviews. These staff members belong to seven main departments including, Production,
Technical, Supply Chain, Quality, Accounts, Human Resource and IT.

3.2 Sample Size

Kenton (2021) defines as a sample as part of a manageable version of a population. It is a
subset of a domain that bears all the characteristics of the larger group. A sample is
fundamentally deployed for testing statistical data when a population is too large to affect all
possible elements. Additionally, a sample is supposed to be a total representation of the
population such that no biases are introduced against any particular attribute. The sample size
for this study was determined using the sample calculator. The population and sample size for
this study per department have been represented in Table 1.
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n=N/ (1 + N(e)?)
Egn. 1

Where, n= Sample size, N=Population (number of employees), e=Precision level or 10%,
because level of confidence is 90%

Sample size is therefore:
n=187/ (1 +187(0.1)?)
n=65

Table 1: Population and Sample size of the study per Department

SN Department Population Sample Size
1 Production 83 Pi]
2 Technical 3 2
3 Supply Chain and Logistics A 10
4 Quality 14 4
5  Accounts 12 3
6  Human Resource 4 i
7 1T 4 1

Total 187 65

4. Data Presentaion and Analysis
4.1 Analysis of Demographic Data

Gender is one of most important demographic parameters in this study since it helps the
researcher to understand gender affects the operations at Cargill Ghana. The data analysed are
shown in Table 2.

Table 2: Gender of Respondents

Gender Frequency Percentage
MALE 4 03
FEMALE JA 3
Total 65 100

Findings reveal that out of the 65 responses received, 42 of them, representing 65% were males
while 35% or 23 respondents were females. This means that major decisions taken at the
company are most likely to have majority of males involved.

4.1.1 Age Profile of Respondents

The age of respondents in research is very critical as it describes maturity and capacity to take
major and critical decisions. Results show that majority of the respondents during the survey
Nanotechnology Perceptions Vol. 20 No.7 (2024)
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were between 30 and 39 years, being 38.5% (25). This was followed by 40-49 with 32.3%,
below 30 years with 15.4% (10), and 13.8% or 9 respondents for age group 50-59. There was
no person with age of 60 or above, the results also show that the staff are relatively young and
can support Cargill’s policy on sustainability as they still have a long time to work.

4.1.2 Level Of Education of Respondents

Level of education is very important with respect to research as it determines the maturity and
understanding of the issue under investigation. In this case, it would enable the researcher to
find out if the perception of respondents on tendering is duly influenced by level of education.

The feedback per the respondent’s analysis has been depicted in Table 3.
Table 3: Education Background

Qualification Frequency Percentage

SHS

0 0.0
DIPLOMA n 415
BACHELORS 3 508
MASTERS 5 17
PHD 0 0.0
Total 65 100

The findings indicate that out of the 65 respondents, majority of them, being 50.8% had
Bachelor’s degree, followed by Diploma with 41.5%, and 7.7% for Masters. None of the
respondents had education in SHS or Ph.D.

4.1.3 Working Experience Of Respondents

Work experience is one of the critical demographic elements during a survey, as it helps to
unearth the deep-seated knowledge in the area investigation by respondents. In this case, the
experience of staff at Cargill enables the researcher to collect appropriate data on the topic for
better analysis. The analysis is represented in Table 4.

Table 4: Work Experiences of Respondents

Years of Service Frequency Percentage

Less than 5 3 4.6
5-9 19 29.2
10- 14 14 215
15-19 9 13.8
20-24 12 18.5
25-29 8 12.3
30 and above 0 0.0
Total 65 100
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The findings indicate that a larger proportion of the respondents have worked between 5 and
9 years, this represents 29.2% of the sample size. The least was recorded by those who worked
for less than 5 years, represented by 4.6%, those with experience between 30 and more years
had 0.0%. Aside the youthful nature of the staff at Cargill, it is also clear that they have enough
experience to take appropriate decisions on the topic under investigation.

4.1.4 Respondent’s Department

The department in which a participant works is of consequence to the understanding of a
research topic and contributes to the final outcome. There are 7 departments at Cargill per the
records of the human resource department as represented in Table 5.

Table 5: Department in which Respondent works

Department Sample Percentage
PRODUCTION A 3835
TECHNICAL )| 13
SUPPLY CHAIN AND LOGISTICS 10 154
QUALITY 4 6.2
ACCOUNTS 3 46
HUMAN RESOURCE l LS
IT 1 L5

Total 63 100

Most of the respondents, 25 or 38.5% came from the Production department, while the least
of 1 was recorded by the both the Human Resource and IT departments. The rest are, 21, 10,
4 and 3 respectively for the Technical, Supply Chain, Quality and Accounts department.

4.2 Findings Related to The Research Objectives

Findings of the main survey in respect of the objectives set for the study. It is divided into four
parts in accordance with the sections of the questionnaire administered, with each part
represented by a specific objective. A Likert scale of 1 to 5 was designed to determine the
degree to which respondents agree or disagree to a statement. The scale was calibrated as, 1
for ‘strongly agree’, 2 for ‘agree’, while 3 stands for ‘neutral’. On the other hand, 4 represents
‘disagree’ and 5 for ‘strongly disagree’. In Table 6, ‘F’ is the frequency (number of
respondents) and ‘%’ represents the percentage of participants responding to the statement.

4.2.1 The Socio-Economic Benefits of Adopting Biomass as Boiler Fuel

The first specific objective was set to assess the social and economic benefits of the use of
biomass as a fuel for industrial boilers used at Cargill Ghana. The responses provided to the
statements by respondents under this objective have been summarized in Table 6.
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Table 6: The Social-Economic Benefits of Adopting Biomass as Boiler Fuel at Cargill
Ghana Limited

S/N Statements on Objective 1 1 2 3 4 5

1 | We use only biomass-fired 4717231827710 |0 |0 0 |0 |0
boilers
Biomass is less expensive 60 (9235 (77 |0 |0 |O 0 |0 |0

2 | compared to fossil fuels such as
oil and gas

3 | Biomass is easy to use in boiler |0 |0 0 |0 8 12. |51 |78.]6 |9.
systems thereby increasing 3 5 2
capacity and flexibility

4 | The use of biomass has helped | 15|23.1 3147719 |29. |0 0o [0 |0
expand access to modern energy 2
services

5 | Biomass application has 3214921335080 |0 0 0 |0 |0

increased net energy balance
with gross value addition

According to the results in Table 6, all or 100% of respondents indicate that Cargill Ghana use
only biomass fired boilers for their operations, they also believe that biomass is less expensive
than fossil fuels such as oil and gas. In respect of easy application of biomass in boiler systems,
leading to expansion in capacity and flexibility, 8 respondents, representing 12.3% were
neutral, while 97.7% disagreed with the statement. On the other hand, 70.8% of the
participants agree that the use of biomass has increased access to modern energy services, but
29.2% did not comment. Finally, respondents were asked whether the application of biomass
has increased the net energy balance with gross value addition. All the respondents, including
32 those who strongly agreed and 33 those who agreed, totalling 100% (65), responded
positively to the question. The overall findings show that the biomass of biomass is beneficial
both economically and socially, meaning Objective 1 has been achieved.

4.2.2 Potential Environmental Impact Of Using Biomass As Boiler Fuel

Objective 2 was set to examine the potential environmental impact of energizing boilers with
biomass, the results are shown in Table 7.
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Table 7: Potential Environmental Impact of Using Biomass As Boiler Fuel

S/N | Statements for on 1 2 3 4 5
Objective 2 F| % |F| % |F| % |F| % |F| %
1 | Production of biomass 0|0 28 [43.1 |24 (1369|1320 0 |0

resources directly affect
land and water quality

2 | The use of biomass leads to | 57 | 87.7 | 8 1230 |0 0o |0 0 |0

the emissions of non-GHG
air pollutants, including air
toxics

3 | Biological diversity within 0|0 191292 (375699 |139(0 |0

biomass production
landscape is negatively
affected with increasing
cultivation and application

of bioenergy

4 The nature of land use 0 0 (6] (o] 9 13.8 | 48 | 73.9 | 8 12.3
changes in relation to
bioenergy feedstock
production, leading to
environmental issues

5 Life cycle for GHG o] o 3 4.6 0 0 49 | 75.4 | 13 | 20

emissions is largely affected
by the quantum of biomass
use

6 Production of biomass o o (o] (o] 0 0 37 | 56.9 | 28 | 43.1

resources result in

deforestation and land

degradation

Under this objective, the researcher first and foremost wanted to know if the production of
biomass resources had a direct effect on the quality of water and land. About 43%, being 28
of the participants agreed to the assertion, but 20% of them disagreed to it. However, 24
respondents, representing 36.9% remained neutral. The second statement sought to determine
if the use of biomass emitted non-Green House Gasses (GHG), air pollutants and toxics, and
the responses revealed an overwhelming alignment with positivity. More than 87% (57)
strongly agreed, while the rest 12.3% agreed to the statement, nobody abstained and none
disagreed. Next, the researcher wanted to know if the production and application of bioenergy
negatively affected biomass diversity. Majority of the respondents 56.9% did not provide
answers, while 29.2% and 13.9% agreed and disagreed respectively. The fourth statement had
to do with land use for bioenergy resulting environmental issues. Almost 14% of the sample
size did not answer, but the remaining 86.2% either strongly disagreed or disagreed. The life
cycle for GHG emissions was investigated to ascertain if it directly related to the quantum of
biomass deployed.
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Three of the participants agreed to this, but the rest disagreed with it. Lastly, researcher posed
a question that suggests that biomass production leads to deforestation and land degradation.
All the 65 respondents did not accept the statement, with 56.9% or 37 people disagreeing and
43.1% (28) strongly disagreeing. A review of the results shows that the 53 production and use
of biomass resources has a direct impact on the environment, therefore confirming Objective
2.

4.2.3 Effect of the Cost of Fossil Fuel on the Adoption of Biomass for Boiler Fuel

The third objective was set to evaluate the impact of the cost of fossil fuel on the adoption of
biomass for boiler systems. The results have represented in Table 8. 53 production and use of
biomass resources has a direct impact on the environment, therefore confirming Objective 2.

4.2.4 Effect of The Cost of Fossil Fuel on The Adoption of Biomass for Boiler Fuel

The third objective was set to evaluate the impact of the cost of fossil fuel on the adoption of
biomass for boiler systems. The results have represented in Table 8.

Table 8: The Impact of Fossil Fuel Prices on Biomass Adoption

S/~ [ Sead tive 3 1 z E - =
£ = e | ¥ ‘ 2w | > | —o
28 | a43.1 | 31 | a7.7 | & E | | |

In this section, four critical statements were made requiring respondents’ attention. In the first
instance, the researcher sought to understand the continuous increase in the prices of fossil
fuels across the globe due to factors such as COVID-19 and the Russia-Ukraine war. More
than 90% (59) of the respondents believe that the statement is true, while the rest (9.2%) were
undecided. The second statement wanted to if the current prices of fossil fuels has drastically
increased the cost of production of manufacturing companies. The answers provided by
participants suggests that all (100%) of them confirmed that production cost has risen sharply
due to the uncontrolled hikes in fossil fuel cost. The next statement indicated that biomass
energy is relatively cheaper than fossil fuels, therefore attracting industry players to swiftly
switch to its adoption. In the responses, 100% agreed that the statement was completely true.

Finally, the researcher wanted to know if Cargill Ghana would under the prevailing fuel
situation continue to use biomass to power their boilers. Over 90%, representing 59
respondents strongly agreed while the rest simply agreed, meaning all the respondents support
the idea. The findings for this objective show that it has been largely achieved because the
continuous rising cost of fossil fuel has made most industry players to turn to biomass fuel.
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4.2.4 The Challenges Affecting Sustainability Of the Uptake Of Biomass As Boiler Fuel

This subsection discusses the challenges associated with the sustainability of biomass as a
boiler fuel.

The survey results have been published in Table 9.
Table 9: Challenges Associated with The Sustainability of Biomass as A Boiler Fuel

S/N | Statements on Objective 4 1 2 3 4 5

F %% F £
I | Climate change poses| 12| 185213237 |108|17|26.1 |8 |123|

challenges to the whole

|

Yo F %o F %

biomass production
landscape

Allocation and tenure of | 15| 23.1 | 17 |26.1 |5 | 7.7 |21 3237 | 108

(]

land directly affect
bioenergy production and

sustainability

[3 [ The Incidence of [15[ 231 [ 14 [21.5 |8 [123]26] 40 2 |31
occupational injury. illness
and fatalities food chains
and biomass production,
leading to sustainability
issues

|4 | Deforestation and land | 13 | 20 18 |[27.7|© | 139 |19 |2032 |6 |92 |
degradation  caused by
illegal mining affect the
level of logging and reduce
biomass production

S5 The harvest levels of wood | 17 | 26.2 | 34 | 52.3 |5 | 7.7 9 1329 |0 [

resources directly affect the
production and use of
biomass fuels

The first statement was to determine if climate change poses challenges to biomass production.

The responses show that majority of the participants, 33 or 50.8% agreed to the statement, 25
of them disagreed while 7 of them were undecided. The research also wanted to find out if
land location and land tenure has direct correlation with bioenergy production and its
sustainability.

While 28 out of 65 respondents were not in favour, 32 of them agreed, but 5 of them choose
to answer. Further, the researcher asked whether injury, illness and fatalities in food chains
and bioenergy production lead to sustainability issues. As many as 29 of the responses were
in league while 28 disagreed, 8 were neutral. Illegal mining causes land degradation
anddeforestation, which in turn impact directly on the quantum of logging, however, does this
phenomenon lead to the decline in biomass production? The findings indicate that 31 people
said yes, 9 indicated neutral, while 25 of them answered negatively.

Finally, the survey investigated the effect of the quantum of wood resources on the biomass
production. More than 78% (51) of the participants responded in the affirmative, 13.9% (9)
disagreed, but 7.7% (5) neutral. Per the account under this section, climate change, land
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allocation and land tenure occupational injuries, deforestation and land degradation, and the
guantum of wood harvested are factors affecting production and hence sustainability of the
uptake biomass as boiler fuel.

4.3 Interview With Suppliers/Contractors

A sample of interview responses from suppliers or contractors where all the five suppliers
confirmed that supplies were made daily to Cargill Ghana at 25 tonnes per day. Contractors
supply cocoa shells, cashew nut shells, palm kennel shells and wood pellets which they get
from Cocoa Processing Company and other various sources to Cargill with a storage of 75
tones. The contractors further indicated that when not properly stored, the biomass fuel could
be washed away by rains.

5. Conclusion and Recommendation
Summary of the findings for each objective or research question have been captured below.

5.1 Objective 1. Assessment of The Socio-Economic Benefits Accrued From
Using Biomass As Boiler Fuel

The First Objective was to determine the socio-economic benefits of using biomass as a fuel
for industrial boilers at Cargill Ghana. To achieve this, five statements were made for
respondents to offer their opinion, and the findings show that 74.1% of the respondents agree
that the use of biomass as a boiler fuel provide social and economic benefits. Cargill Ghana in
the past, used to pay waste companies to dispose off their cocoa shells. Since the introduction
of the biomass boiler in 2014, these cocoa shells are used to be produce steam for the plant.
Meaning the company has seen savings by cutting down on waste management fees and
scraping the use of fossil fuels. One thing apparent from literature reviewed is, savings can be
made by using biomass as boiler fuel. Companies who adopt this strategy stand to win both
now and in the future.

511 Objective 2: Examine The Potential Environmental Impact Of
Biomass As Boiler Fuel

It was determined that only 28.6% were of the view that the use of biomass has environmental
consequences, while most of the respondents disagreed. The impact of biomass use on the
environment, in terms of the increase or decrease of GHG, can be evaluated on a long term
basis. This goes to show why most respondents disagree since the environmental effects
cannot be seen or felt now but in some few years to come. Also, in the case of Cargill Ghana,
waste from processing agricultural products are used as biomass fuel. This confirms a positive
impact on the environment as waste is being converted to a useful product.

5.1.2 Objective 3: Evaluate How Cost Of Fossil Fuel Influences The Adoption Biomass As
Boiler Fuel.

This objective was set to determine the impact of the cost of fossil fuel on the adoption of
biomass for boiler systems. Four statements were made to elicit information from the staff of
Cargill Ghana, and a majority of them, representing 73.1% indicated that the continuous
increases in the prices of fossil fuels have triggered high demand for renewable energy,
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especially biomass to power boilers. Over the past few years, the price of diesel and residual
fuel oil (RFO), fossil fuels commonly used in boilers, has seen outrageous hikes. This has
recently worsened as a result of the Russia-Ukraine war. In view of this, it is important that
Cargill continues to use and promote the use of biomass as their boiler fuel.

5.1.5 Objective 4: Assess The Challenges That Hinder The Adoption Of Biomass Fuel Use.

The last and fourth objective was designed to identify the challenges associated with the
sustainability of biomass as a boiler fuel, using five critical statements. The findings under this
objective showed that 54.2% of the respondents believe that climatic factors; land allocation
and land tenure; occupational accidents and illness; deforestation and land degradation; and
the level of wood harvest directly affect sustainability of the production and use of biomass.
This indicates that conscious efforts have to be put in place to mitigate these risk as biomass
has proven to be an asset.

5.2 Recommendations

On the basis of the findings and conclusions drawn, the following recommendations are hereby
made:

1. For the sake of health and safety, the researcher recommends a legislation to regulate
or strengthen existing laws on emission levels from boilers.

2. Specific renewable energy directives be made to extend the scope of sustainability criteria
for bioenergy to embrace biomass used for industrial heating, cooling and power generation.

3. Biomass users should deploy very high efficiency boilers to help reduce environmental
ramifications.

4. It is also suggested that Cargill Ghana should use boilers equipped with post-combustion
abatement equipment to help reduce emissions of particulate matter.

5. Selective catalytic reduction or selective non-catalytic reduction should be implemented at
Cargill to reduce NOx.

6. The industrial performance department at Cargill has to take data over a period of time to
understand the impact of biomass production on the environment.

7. In general, biomass use should ensure support for decarbonization, track climate change,
and improve air quality, as well as support green industrial revolution to enhance
sustainability.

It is the expectation of the researchers that beyond the implementation of these
recommendations, the emissions due to the use of biomass fuels would drastically reduce,
while improving sustainability in the production and use of the renewable source of energy.
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