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Abstract 
There is a high energy poverty in the rural communities of Ghana. Crop residues 

are ubiquitous in rural areas of Ghana as agriculture plays a stellar role in livelihood 

activities in these communities. In this study, the prospects of exploiting agricultural 

crop residues for rural development in Ghana through bioenergy schemes are 

investigated. A t 70 % recoverable rate of CPHs , Edwenase produces 53 tons of CPHs 

annually, which can generate 80,772 k W h of electricity each year. CPHs were identified 

as important biomass resources for energy generation as they are currently being wasted 

in Edwenase, who have no waste management system for agricultural residues. To 

further assess the energy potential of CPHs , different C P H samples were collected in 

the Edwenase community of Ghana and thermo-chemically characterized using U A and 

P A . A n assembly of L B C s and the local farmers was also made to aggregate data on 

annual cocoa production and other socio-economic factors that may influence the 

production, availability, and management of the cocoa. The study revealed the CPHs 

have a H H V of 18.28 MJ /kg which is comparable to widely used feedstock, such as 

wood, bagasse, rice husk and straw. The low levels of N and S observed, together with 

the high heating value, suggest that CPHs are eco-friendly feedstock that can be used to 

power rural communities in Ghana which can help bridge the poverty gap between 

urban and rural. As low-class users, CPHs produced in Edwenase has 3 times the 

potential to supply the community with electricity annually since they only need 24,300 

K W h at the household level. 

It was however recommended that a techno-economic analysis is performed to 

understand the cost of generating and utilising such biopower in rural communities. 

Key words: Valorization, Biochemical Process, Heating Value, Biopower, Agriculture 

Residues, Proximate Analysis, Ultimate Analysis. 
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1. Introduction 

A good energy mix is key to the availability and distribution of energy in any 

given system and can also shape sustainable pathways for the economy of that system 

(Akrofi 2021). The heavy reliance on coal, o i l and gas is in recent view considered a 

carbon (C) generating problem. For most developing countries (DCs), an important 

source of energy is biomass which raises further concerns beyond C emissions. Biomass 

has been crucial to the development of certain countries as bioenergy has been applied 

in the execution of basic life activities such as cooking to complicated systems such as 

biopowered technologies for electrification. Allcott et al. (2016) much like many others 

have assessed the role of electrification in the development of countries. Although a 

climbing electrification rate has been said to have increased the Human Development 

Index (HDI) of countries like Indonesia, China and Ethiopia, the reverse has been 

observed for countries like Kenya (Lee et al. 2020). The impact of electrification is 

therefore not straightforward but is predicated on factors like institutions, environmental 

conditions and approach to electrification. To elicit this point; Tofu et al. (2022) shows 

that although Ethiopia increased their H D I as their electrification rate increased, the 

dependency on biomass for this electrification has direly affected the forest areas and 

land cover especially in northern Ethiopia. This suggests that the energy system for 

electrification must be built around sustainable models and inputs. 

Yalew (2022) reveals that DCs especially need to establish a modern, flexible, 

reliable, and affordable energy system that is resilient against its fast-growing energy 

demand due to high growth population growth rates, urbanization, and industrialization. 

In consideration to the global pursuit of sustainable and renewable energy (RE) sources, 

the utilization of agricultural residues for electricity generation has emerged as a 

promising avenue (Pandey et al. 2016). As the world grapples with the challenges of 

climate change, dwindling fossil fuel resources, and the need for decentralized energy 

solutions, researchers and policymakers have turned their attention to biomass-based 

energy alternatives (Johansson 2013). One such biomass feedstock with substantial 

untapped potential is cocoa pod husks (CPHs), a by-product of the cocoa industry 

(Ouattara et al. 2021). Cocoa, primarily cultivated for its beans, is a vital agricultural 

commodity, particularly in West Africa ( ICCO 2019). The residues generated from 
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cocoa processing, especially CPHs , represent a significant biomass resource that can be 

harnessed for electricity generation (Ofori-Boateng et al. 2016). 

C P H is a waste by-product of the cocoa industry, obtained after the removal of 

the cocoa beans from the fruit. Approximately 52-76 % of the weight of the cocoa fruit 

is pod husk (Oddoye et al. 2013). In addition, CPHs waste is a problem in the cocoa 

plantations because it is just left as undesirable waste to rot, constituting an 

environmental menace and a significant source of disease inoculum such as black pod 

rot due to the presence of Phytophthora spp. (Yapo et al. 2013; Ouattara et al. 2021). To 

abate the present dilemma, an economical and environmentally friendly way of dealing 

with the C P H waste menace is to process it to be of economic value. 

CPHs , often considered as waste in traditional agricultural practices, possess 

intriguing properties that make them suitable for energy production (Adjin-Tetteh et al. 

2018). In addition to addressing the environmental challenges associated with 

agricultural waste disposal, the conversion of CPHs into electricity can contribute to the 

energy needs of cocoa-producing regions (Ramos-Sanchez et al. 2017). This potential 

aligns with the broader global objective of promoting sustainable energy solutions and 

reducing the C footprint of energy generation (Yuan et al. 2022). 

The global energy landscape is undergoing a paradigm shift towards cleaner and 

more sustainable alternatives (Jiang et al. 2022). The depletion of fossil fuel reserves, 

coupled with the environmental impact of their combustion, has led to an increased 

focus on R E sources (Zhang et al 2023). Biomass, derived from organic materials such 

as agricultural residues, forestry waste, and organic municipal solid waste, has gained 

prominence as a viable R E feedstock (Ashokkumar et al. 2022). The utilization of 

biomass not only provides a sustainable energy source but also offers an opportunity to 

mitigate the environmental consequences of agricultural waste disposal (Fatma et al. 

2018). 

Various studies have explored the potential of different biomass feedstocks for 

energy generation, including agricultural residues such as rice husks, sugarcane bagasse, 

and corn stover (Koirala et al. 2019). However, the potential of CPHs , a by-product of 

the cocoa industry, remains largely underexplored (Asomaning et al. 2018). The global 

cocoa industry, concentrated in regions like West Africa, South America, and Southeast 

Asia , generates substantial quantities of CPHs as a by-product of cocoa bean processing 
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(Schutyser et al. 2018). Understanding and harnessing the energy potential of CPHs can 

contribute to the global transition towards sustainable and R E sources. 

Despite the global recognition of the potential of biomass for energy generation, 

there exists a significant research gap regarding the quantification and characterization 

of CPHs for electricity generation (Azapagic et al. 2018). This gap can be bridged by 

providing a comprehensive analysis of the energy content, chemical composition, and 

combustion characteristics of CPHs (Adanez et al. 2017). B y doing so, it aims to 

contribute valuable insights into the feasibility and sustainability of utilizing CPHs as a 

biomass feedstock for electricity generation. 

Ghana, as one of the leading cocoa-producing countries in the world, serves as 

an ideal case study for this research (Oreamuno & Croppenstedt 2023). The country's 

reliance on traditional energy sources, coupled with the challenges of energy access in 

rural areas, necessitates the exploration of alternative and decentralized energy solutions 

(Nyasapoh et al. 2022). Here, we attempt to bridge the gap between global energy 

trends and the local context in Ghana, offering a nuanced understanding of the potential 

for CPHs in addressing both environmental and energy challenges. 

The Edwenase community, situated in the Ashanti Region of Ghana, is one such 

locality grappling with energy poverty. While cocoa farming is a prominent economic 

activity in the area, the disposal of CPHs , a byproduct of cocoa production, has become 

a significant environmental concern. These husks, often seen as agricultural waste, are 

usually left to decay, or are inefficiently disposed of, contributing to environmental 

degradation (Cho et al 2020).. This study focuses on addressing two critical challenges 

faced by the Edwenase community: the need for a reliable source of R E and the proper 

management of CPHs . B y exploring the potential of utilizing CPHs for the generation 

of R E , this research aims to contribute to a sustainable and environmentally friendly 

solution while improving the energy situation in Edwenase. 

1.1. Problem statement 

Many studies have explored the potential of different biomass feedstocks for 

energy generation, including agricultural residues such as candlenut shell, sugarcane 
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bagasse, and corn stover (Koirala et al. 2019). However, the potential of CPHs , a by­

product of the cocoa industry, remains largely underexplored (Asomaning et al. 2018). 

Certain regions generate substantial quantities of CPHs as a by-product of cocoa 

bean processing worldwide (Schutyser et al. 2018). Ghana serves as a good case study 

as it produces nearly 20 % of the world's cocoa (Oreamuno & Croppenstedt 2023). The 

country's reliance on traditional energy sources, coupled with the challenges of energy 

access in rural areas, necessitates the exploration of alternative and decentralized energy 

solutions (Nyasapoh et al. 2022). The inappropriate disposal of CPHs exacerbates the 

environmental problems in the region, causing health issues and deforestation, and 

emitting greenhouse gases. 

The Edwenase community, like many rural areas in Ghana, lacks access to 

reliable and affordable sources of energy. This energy deficit significantly hampers 

economic development, access to education, healthcare, and overall quality of life. The 

extension of electricity into communities has been considered as a non-option for 

reasons of it being uneconomic. Edwenase has a population of 442 (Municipal Planning 

Coordinating Unit 2016) which falls under the 500 people minimum criteria for 

extending a community unto a grid. In fact, over 50 % of rural communities in Ghana 

have less than 500 inhabitants (Nelson et al. 2021). This makes it economically unviable 

to also consider solar sourced energy as demands about 90 % financial support and 

would need a community that consumes over 600 kilowatts-hour (kWh) electricity a 

month to be sustainable (Quansah et al. 2017). Mensah et al. (2014) observed that less 

than 30 % of rural communities in Ghana are connected to the grid. 

This necessitates this study as a means of providing a baseline for understanding 

how biopower systems fuelled by agricultural residues can be chosen, designed, and 

implemented considering social, economic, and environmental (SEE) feasibility factors. 

2. Objective and Methodology 

2.1. Objectives + Research questions 

The primary objective of this research is to explore the utilization of CPHs for 

the generation of R E in the Edwenase community of Ghana. 
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To achieve this overarching aim, the study has the following specific objectives: 

• To measure the mechanical, physical, and biological properties of CPHs . 

• To describe the current waste management practices for agricultural 

residues and Quantify the C P H produced in Edwenase. 

• To measure the energy value of CPHs from the Edwenase community. 

• To propose a technology for the utilization of CHPs as a renewable 

source of energy for the location of Edwenase. 

To guide this study, the following research questions w i l l be addressed: 

• What is the quantity and quality of CPHs produced in the Edwenase 

community? 

• What are the feasible technologies for converting CPHs into R E in the 

Edwenase community? 

• What are the environmental impacts and benefits associated with the use 

of CPHs for R E in Edwenase as a way of waste management for this 

agricultural residue? 

• What recommendations can be made to ensure the sustainable utilization 

of CPHs for R E in Edwenase, taking into consideration socio-economic 

and environmental factors? 
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2.2. Methodology 

2.2.1. Dry Ashing and Analysis of Plant Tissues 

Here, the principle was that plant tissues were ashed or digested to eliminate 

organic matter and dissolve mineral elements. The material was burned to destroy the 

organic matter leaving behind mineral elements. In simple steps, the sample was 

weighed into a crucible and burned to ash in a muffle furnace. The ash sample was 

cooled and transferred to a centrifuge tube and rinsed with distilled water and aqua 

regia. It was then analysed for macro- and micro-nutrients. Concentrations of the 

nutrients analyzed were measured. This was done according to the protocols of A y o -

Omogie & Osanbikan (2019); Hunter et al. (1984). 

2.2.2. Determination of Organic Carbon 

The Walkley-Black method was used to quantify the organic C by oxidizing it 

with potassium dichromate in the presence of sulfuric acid. Elaborately, the sample was 

digested with sulfuric acid and potassium dichromate. The excess dichromate was 

titrated with ferrous S. Organic C content and total organic matter were then calculated 

against the Van Bemellean factor. This was done according to the protocols of Ayo-

Omogie & Osanbikan (2019); Heanes (1984). 

2.2.3. Determination of Total Nitrogen 

The total nitrogen (N) was measured using the Kjeldahl method by digesting 

samples with sulfuric acid and catalysts, then titrating the liberated ammonia. This was 

done according to the protocols of Bremner & Mulvaney (1982). 

2.2.4. Determination of Hydrogen 

The titratrimetric method was used to determine the hydrogen (H) content by 

titrating digested samples with sodium hydroxide. Samples were first digested with acid 

and catalysts. The digested sample was then titrated with sodium hydroxide to a pink 

endpoint. Based on the titration volume, the hydrogen content was calculated. The 

protocols observed here were according to Mclean (1965). 
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2.2.5. Determination of Total Sulphur 

Total Sulphur (S) was estimated turbidimetrically using a spectrophotometer 

after digesting with acids and barium chloride. To elaborate, the standards were 

prepared and same was done for unknown samples. Reagents were added and the 

samples then incubated. The turbidity was measured, and the S concentration was 

calculated using a calibration curve. The observed protocols were according to Singh et 

al. (1999). 

2.2.6. Moisture Content Determination 

Moisture content was determined by simply drying samples in an oven and 

calculating the weight differences pre and post to know the weight loss. This was done 

according to the protocol of A O A C (1990). 

2.2.7. Volatile Matter Determination 

Volatile matter ( V M ) was determined by heating the samples to release the 

volatile components. Similar to the moisture content determination, the weighed sample 

was heated in a furnace. The V M was then calculated based on weight loss. The 

observed protocols were in accordance with A S T M (2014). 

2.2.8. Information Collection from Assemblies 

Two assemblies were made during the study. The first assembly comprised of 

the farmers delegated by the community itself. The second assembly comprised of the 

delegated farmers and the L B C s . Informal interviews were made at both assemblies and 

data was gathered. 
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3. Literature Review 

3.1. Global Agricultural Production and Agricultural Residues 

Agricultural activities play a key role in global economic growth, food security, 

and rural development. However, the scale of agricultural production brings a 

substantial generation of agricultural residues - by-products left after harvesting or 

processing crops (Shinde 2022).. This section delves into the literature surrounding 

global agricultural production, the magnitude of residues produced, and the potential of 

utilizing these residues for various applications, with a particular focus on biomass 

energy. 

Global agricultural production has experienced unprecedented growth to meet 

the demands of a growing population and changing dietary preferences ( F A O 2017). As 

reported by the F A O S T A T (2021), agricultural production increased at a rate faster than 

the rate of population growth. This may be one of the indicators of the fact that we 

produce 1.5 times more food than we need (Holt-Gimenez 2012). There was a general 

agricultural production of 9.5 bil l ion tons of primary crops between 2000 and 2021 

which represents a 54 % growth. The distribution of this global production was exactly 

32 % cereals, 22 % of sugar crops, 12 % vegetables and o i l crops, 10 % fruits and 9 % 

root and tuber crops. There was a 53 % growth in animal production and a 58 % 

increase in milk production. 
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Regional contribution of growth in cereal production 2020-22 to 2032 
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Graph 1: Regional contribution of growth in cereal production 2020-22 to 

2032. 

Source: data elaborated from F A O S T A T 2021 

The growth across board can be attributed to the increase in cultivated area, 

adoption and use of technology, increased use of pesticides and fertilizers, scientific 

breakthroughs, and more investment opportunities ( F A O 2017). This growth is 

earmarked to further increase. Commodity groups like cereals are projected to increase 

from 320 mill ion tons to 3.1 bil l ion tons as Graph 1 shows. This surge in production, 

while crucial for sustaining populations, has led to a parallel increase in agricultural 

residues. Residues encompass various materials, including crop stalks, husks, straw, and 

other biomass derived by-products. Understanding the dynamics of residue generation is 

crucial for devising sustainable strategies to manage and utilize these materials. 

The magnitude of agricultural residues varies across regions and crops. For 

instance, rice production contributes to vast quantities of rice husks, wheat cultivation 

generates straw, and sugarcane processing yields bagasse. These residues often 

represent an underutilized resource that can be harnessed for multiple purposes, 

including bioenergy production (Fatma 2018). 
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Using agricultural residues for bioenergy production has gained traction as a 

sustainable solution to address energy demands while mitigating the environmental 

impact of residue disposal (Johansson 2013). Various studies have explored the 

conversion of agricultural residues into biofuels, such as bioethanol, biogas, and solid 

biomass for combustion (Chen et al. 2019; Gnansounou et al. 2019). The energy 

potential of these residues is substantial, offering an alternative to conventional fossil 

fuels. 

In addition to direct energy production, the application of agricultural residues 

extends to biochar production and soil amendment. Biochar, derived from the pyrolysis 

of residues, has been recognized for its potential to enhance soil fertility, C 

sequestration, and overall soil health (Zhang et al. 2018). 

While using agricultural residues presents promising opportunities, several 

challenges hinder their widespread adoption. Logistic issues, economic feasibility, and 

competition with traditional uses of residues for animal bedding or soil mulching are 

among the challenges faced in many regions (Haque et al. 2019). Furthermore, the 

heterogeneity of residue composition demands tailored processing methods for optimal 

energy extraction, posing technological challenges (Sharma et al. 2018). 

However, numerous success stories highlight the potential benefits of effectively 

managing agricultural residues. The experiences of countries like China, which has 

successfully implemented bioenergy projects utilizing agricultural residues, serve as 

valuable case studies for others aiming to develop sustainable bioenergy strategies 

(Huang et al. 2020). 

3.2. Global Energy Situation on Prospects for Green Energy 

The global energy landscape is undergoing a transformative shift, driven by 

increasing concerns about climate change, resource depletion, and the need for 

sustainable development. This section explores the literature on the current global 

energy situation, emphasizing the challenges posed by conventional energy sources and 

the prospects for integrating green energy solutions into the global energy mix (IPCC 

2018). 
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As of the most recent assessments, the world continues to rely heavily on fossil 

fuels, with coal, o i l , and natural gas accounting for the majority of energy consumption 

(Holechek 2022). This dependence raises serious environmental and geopolitical 

concerns, including greenhouse gas emissions, air pollution, and energy security issues 

(World Energy Council 2019). 

The uneven distribution of fossil fuel resources and their finite nature necessitate 

a transition towards more sustainable and diversified energy sources. The literature 

highlights the urgent need for a paradigm shift to mitigate the adverse impacts of 

conventional energy use on both the environment and human health (IPCC 2018). 

Conventional energy sources, despite their proven reliability, come with 

significant drawbacks. The combustion of fossil fuels contributes to climate change 

through the release of greenhouse gases, with severe consequences for global 

ecosystems and weather patterns (Hossain et al. 2020). Additionally, the extraction and 

transportation of fossil fuels pose environmental risks, and their finite nature raises 

concerns about long-term energy security (Kumar & Chandra 2019). 

The literature underscores the economic and geopolitical challenges associated 

with fossil fuel dependency, including price volatility, geopolitical tensions over 

resource access, and the social costs of environmental degradation (Sovacool 2016; 

Stern 2016). 

In response to the challenges posed by conventional energy sources, the 

prospects for green energy as a sustainable alternative are highlighted. Green energy, 

including renewable sources like solar, wind, hydropower, and biomass, has gained 

momentum globally ( I R E N A 2021). The decreasing costs of renewable technologies, 

advancements in energy storage, and supportive policies contribute to the growing 

potential of green energy solutions (Jacobson et al. 2017). 

Solar and wind energy, in particular, have experienced rapid growth, with 

increasing investments and technological advancements enhancing their efficiency and 

affordability ( I R E N A 2021). It is suggested that these renewable sources have the 

potential to play a crucial role in achieving a low-C and resilient energy future 

(Proskuryakova 2023). 
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While the prospects for green energy are promising, challenges persist in its 

widespread adoption. The intermittent nature of renewable sources, energy storage 

limitations, and the need for a resilient and flexible energy infrastructure are among the 

challenges (Jacobson 2019). Additionally, the transition to green energy requires 

substantial investments, policy support, and societal acceptance (Baldwin et al. 2020). 

The literature also discusses the socio-economic opportunities associated with 

the green energy transition, including job creation, improved energy access, and the 

potential for decentralized energy systems in remote or underserved regions (Carley & 

Lane, 2019; Sovacool et al. 2017). 

3.3. Cocoa Pod Husk Generation, Composition and Energy Value 

CPHs, a by-product of the cocoa industry, have garnered attention as a potential 

biomass feedstock for energy generation. This section delves into the existing literature 

to explore the generation, composition, and energy value of CPHs , providing insights 

into their potential as a sustainable source for electricity production (Figure 1). 

Figure 1: A sectional view of an open Cocoa fruit with seeds. 

Source: Field observation 
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CPHs are generated during the processing of cocoa beans, a vital agricultural 

activity predominantly found in West Africa, South America, and Southeast As ia 

(Ouattara et al. 2021). Graph 2 shows, Ghana and Cote dTvoire produce the greatest 

number of cocoas in the world. They are trailed in terms of importance to the cocoa 

industry by Nigeria and Cameroon who can approximate about 6 % and 5% respectfully 

of the world's cocoa production ( ICCO 2019). Ghana, a major contributor to the cocoa 

industry is the only cocoa producer which a centrally controlled marketing system. 

Top 10 Cocoa Producing Countries 2022 
2,500,000 

Graph 2: Top 10 Cocoa Producing Countries 2022. 

Source: data elaborated from World Population Review 2024 

Reforms in the 1990s paved way for the liberation of the internal market, 

privatization of the input market and restructuring of the extension services. A l l external 

marketing of cocoa in Ghana however are controlled by the Cocoa Marketing Board 

(Yahaya et al. 2015). In terms of employment, the cocoa sector provides a livelihood to 

about 6 mill ion Ghanaians which is about 25-30 % of the population (Amponsah-Doku 

et al. 2022). Selten (2015) followed up with their work which revealed about 67 % of 

the household income of cocoa-producing households were from their farming of cocoa. 

The production of cocoa is therefore economically relevant to producer regions like 
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Ghana. In recent academic parlances, much work is being poured into the use of CPHs 

for the generation of R E . 

The global cocoa industry contributes significantly to the production of CPHs , 

creating a substantial waste stream that, i f harnessed effectively, could serve as a 

valuable resource for energy generation (Ingram et al. 2018). 

The generation of CPHs presents both an environmental challenge, given the 

need for proper waste management, and an opportunity for sustainable utilization in the 

context of biomass energy (Ofori-Boateng et al. 2016). Understanding the scale and 

characteristics of C P H generation is crucial for assessing their potential as a R E 

feedstock. 

C P H exhibit a complex composition, comprising cellulose, hemicellulose, 

lignin, and various other organic compounds (Olabinjo et al. 2017). The chemical 

composition plays a crucial role in determining the energy content and combustion 

characteristics of CPHs . Several studies have investigated the elemental composition 

and structural features of CPHs to better understand their suitability for energy 

applications (Ademiluyi et al. 2019). 

The high lignocellulosic content in CPHs suggests their potential as a biomass 

feedstock for energy conversion processes, such as combustion, gasification, or 

pyrolysis (Ofori-Boateng et al. 2015). The heterogeneity of the composition, however, 

necessitates thorough characterization for optimal energy extraction. 

The energy value of CPHs is a critical factor in evaluating their suitability for 

electricity generation. Various studies have employed calorimetric analyses to 

determine the calorific value, heating value, and energy density of CPHs (Owusu et al. 

2019; Ramos-Sanchez et al. 2017). These investigations provide valuable insights into 

the potential energy yield and efficiency of utilizing CPHs as a biomass feedstock. 

The calorific value of CPHs is influenced by factors such as moisture content, 

ash content (ASH) , and the proportion of V M . Understanding the energy value do not 

only aid in assessing the feasibility of energy conversion processes but also informs the 

design and optimization of biomass energy systems (Ofori-Boateng et al. 2016). 

While the literature highlights the potential of CPHs for energy generation, 

challenges exist in their effective utilization. Logistics, storage, and transportation 
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issues, as well as competition with other uses of CPHs (e.g., as organic fertilizer), 

present challenges to large-scale implementation (Ingram et al. 2018). Additionally, the 

economic viability of C P H utilization depends on factors such as energy market 

dynamics and technological advancements in biomass conversion processes. 

Opportunities, however, arise in the form of sustainable practices within the 

cocoa industry, circular economy approaches, and the potential for decentralized energy 

solutions in cocoa producing regions (Ouattara et al. 2021). Collaborative efforts 

between the agricultural and energy sectors can lead to innovative solutions that 

maximize the value of CPHs while addressing environmental and energy challenges. 

3.4. Technologies for Cocoa Pod Husk-Based Energy Generation 

As the potential for CPHs as a biomass feedstock gains recognition, the next 

critical aspect is the exploration of technologies for efficient energy generation. This 

literature review delves into existing studies to analyze various technologies employed 

for CPHs-based energy generation, evaluating their efficiency, environmental impact, 

and applicability in the context of sustainable energy solutions. 

3.4.1. Direct Combustion 

Direct combustion of biomass, an established technology embraced across 

various sectors, including the utilization of CPHs , stands as a pivotal pathway for 

energy generation (Owusu et al. 2019). This method orchestrates the incineration of 

biomass, yielding substantial heat that can be harnessed for diverse applications ranging 

from electricity generation to industrial processes. A myriad of studies has meticulously 

scrutinized the combustion attributes intrinsic to CPHs , with a keen focus on parameters 

such as calorific value, combustion efficiency, and emissions (Ofori-Boateng et al. 

2016). 

CPHs , as a biomass feedstock, present a promising avenue for energy production 

due to their abundance and relatively high energy content. However, the direct 

combustion of these husks entails confronting a spectrum of challenges, necessitating 

innovative solutions for optimal energy extraction. Foremost among these challenges is 

the accumulation of ash, a by-product of combustion that can impede the efficiency of 
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energy generation processes. Additionally, managing emissions from combustion, 

including pollutants such as particulate matter, nitrogen oxides, and sulphur dioxide, 

poses a significant concern, especially in light of stringent environmental regulations. 

Incomplete combustion further compounds the challenge landscape, leading to 

suboptimal utilization of the energy potential inherent in biomass. Addressing these 

obstacles requires a multi-faceted approach, encompassing advancements in both 

combustion technologies and emissions control strategies. 

Technological innovations play a pivotal role in surmounting these challenges 

and unlocking the full potential of biomass combustion for energy generation. Enhanced 

combustion systems, leveraging cutting-edge designs and engineering principles, offer 

the promise of improved efficiency and energy extraction rates. These systems can 

optimize combustion parameters such as temperature distribution, residence time, and 

turbulence, thereby minimizing energy losses and enhancing overall performance. 

Furthermore, the integration of advanced emissions control technologies is 

paramount in mitigating the environmental impact associated with biomass combustion. 

Solutions ranging from electrostatic precipitators to selective catalytic reduction 

systems hold the potential to substantially reduce emissions of harmful pollutants, 

safeguarding air quality and ensuring compliance with regulatory standards. 

Moreover, the synergy between technological advancements and holistic system 

optimization approaches can yield synergistic benefits, driving continuous improvement 

in the efficiency and environmental sustainability of biomass combustion. For instance, 

the implementation of integrated gasification combined cycle ( IGCC) systems, coupled 

with advanced emissions control technologies, can offer significant gains in energy 

efficiency while simultaneously minimizing environmental footprint (Osman et al. 

2024). 

3.4.2. Gasification 

Gasification emerges as a compelling alternative technology, offering a 

transformative approach to harnessing the energy potential inherent in biomass, 

including CPHs . Unlike direct combustion, which involves burning biomass to produce 

heat, gasification facilitates the conversion of biomass into a versatile combustible gas 

known as syngas. This syngas serves as a valuable intermediary, finding applications 
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across diverse sectors ranging from electricity generation to the production of biofuels 

(Ofori-Boateng et al. 2015). 

The allure of gasification lies in its array of advantages over conventional 

combustion methods. Foremost among these is its superior energy efficiency, owing to 

the optimized conversion of biomass into gaseous fuels. Additionally, gasification holds 

promise for cleaner energy production, with reduced emissions compared to traditional 

combustion processes. These inherent benefits underscore the potential of gasification 

as a cornerstone of sustainable energy systems. 

A wealth of research endeavours has been devoted to exploring the intricacies of 

C P H gasification, with a particular emphasis on process optimization, syngas 

composition, and its impact on overall energy yield (Ofori-Boateng et al. 2015; 

Ademiluyi et al. 2019). These studies delve into the complex interplay of factors 

influencing gasification performance, ranging from feedstock characteristics to 

operating conditions and reactor design. 

However, the adoption of gasification technology is not devoid of challenges. 

Chief among these challenges is the design of efficient and reliable gasification reactors 

capable of accommodating diverse feedstock while ensuring optimal conversion 

efficiency. The presence of tar compounds in the produced gas poses a significant 

impediment, necessitating effective tar removal strategies to prevent fouling and ensure 

downstream process reliability. Furthermore, the need for advanced gas-cleaning 

technologies to mitigate impurities and contaminants in the syngas adds another layer of 

complexity to the gasification process (Ofori-Boateng et al. 2015). 

Despite these challenges, ongoing research endeavours are poised to overcome 

barriers and enhance the viability of C P H gasification for sustainable energy generation. 

Innovative approaches encompassing reactor engineering, catalytic tar reforming, and 

gas purification technologies hold promise for unlocking the full potential of biomass 

gasification. Moreover, synergistic integration with complementary technologies such 

as combined heat and power (CHP) systems and biomass-to-liquid (BTL) conversion 

pathways can further enhance the economic viability and environmental sustainability 

of C P H utilization (Ademiluyi et al 2019). 

The evolution of gasification technology represents a paradigm shift in the realm 

of biomass utilization, offering a pathway towards a more sustainable and resource-
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efficient energy future. B y harnessing the inherent energy content of biomass feedstock 

like CPHs , gasification not only diversifies the energy mix but also contributes to 

mitigating environmental impacts associated with conventional energy production 

methods. 

3.4.3. Pyrolysis 

Pyrolysis, a thermochemical conversion process, holds immense promise in 

transforming biomass resources like CPHs into a spectrum of valuable energy products, 

including bio-oil, biochar, and syngas. This process entails subjecting biomass to high 

temperatures in the absence of oxygen (O), leading to its decomposition into these 

valuable components. The bio-oil derived from pyrolysis serves as a versatile precursor 

for liquid biofuels, augmenting the repertoire of R E sources (Owusu et al. 2019). 

A plethora of research endeavors has been dedicated to exploring the intricacies 

of C P H pyrolysis, with a primary focus on optimizing critical parameters such as 

temperature, residence time, and feedstock characteristics. These studies aim to enhance 

both the quality of bio-oil and the overall energy yield, thereby maximizing the 

efficiency of the pyrolysis process (Ademiluyi et al. 2019). 

Pyrolysis of CPHs presents a myriad of opportunities for the production of 

diverse energy products. However, it is not without its challenges. One notable 

challenge lies in the inherent variability of bio-oil composition, which can significantly 

impact its properties and suitability for various applications. Additionally, efficient 

separation techniques are imperative to isolate and purify bio-oil from the pyrolysis 

product stream, ensuring its usability as a high-quality feedstock for biofuel production 

(Owusu et al. 2019). 

The quest for overcoming these challenges necessitates continued research 

efforts focused on process optimization and product utilization. Fine-tuning pyrolysis 

parameters such as heating rate, reactor design, and catalyst utilization can lead to 

improved bio-oil quality and yield. Moreover, advancements in separation technologies, 

including solvent extraction and membrane filtration, offer potential solutions for 

enhancing the efficiency and cost-effectiveness of bio-oil recovery from pyrolysis 

products. 
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Furthermore, exploring innovative pathways for bio-oil utilization is essential to 

unlock its full economic potential. Beyond conventional biofuel production, bio-oil can 

find applications in sectors such as chemicals, pharmaceuticals, and agriculture, thereby 

diversifying revenue streams and enhancing the overall sustainability of C P H pyrolysis 

(Osman et al. 2024). 

3.4.4. Biogas Production 

Anaerobic digestion stands as a biological marvel, offering a sustainable solution 

for converting organic matter, including CPHs , into a valuable energy resource known 

as biogas. This process operates in the absence of O, wherein microorganisms break 

down organic substrates to produce a mixture of methane (CH4) and carbon dioxide 

(CO2), collectively termed biogas. This biogas holds significant potential for diverse 

energy applications, ranging from electricity generation to heating, and can serve as a 

renewable alternative to fossil fuels (Ouattara et al. 2021). 

A plethora of research endeavors has been dedicated to unravelling the 

intricacies of C P H biogas production, with a keen focus on factors influencing the 

process efficiency and gas quality. Studies delve into substrate composition, microbial 

activity, and digester design, seeking to optimize gas yield and enhance the overall 

viability of anaerobic digestion as a biomass utilization pathway (ibid p. 16) 

The utilization of CPHs for biogas production not only offers a R E source but 

also addresses pressing waste management concerns. B y diverting organic waste from 

landfills and utilizing it as a feedstock for biogas production, anaerobic digestion 

contributes to mitigating environmental pollution and reducing greenhouse gas 

emissions. This synergy between energy generation and waste management underscores 

the environmental sustainability of C P H biogas production (ibid p.24). 

However, the widespread adoption of anaerobic digestion technology faces 

several challenges that warrant attention. One such challenge pertains to the stability of 

the digestion process, as fluctuations in temperature, potential of hydrogen (pH), and 

substrate composition can disrupt microbial activity and impede biogas production. 

Moreover, the heterogeneous nature of CPHs as a feedstock poses challenges in 

achieving consistent gas yield and quality, necessitating strategies for substrate pre-

treatment and process optimization. 
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Furthermore, scalability emerges as a critical consideration for the commercial 

viability of C P H biogas production. While laboratory-scale studies demonstrate 

promising results, translating these findings into large-scale biogas facilities requires 

overcoming logistical and operational challenges. Factors such as feedstock availability, 

digester design, and operational efficiency play pivotal roles in determining the 

economic feasibility and scalability of anaerobic digestion technology for C P H 

utilization (Maleka 2016). 

Addressing these challenges requires a concerted effort encompassing 

technological innovation, process optimization, and policy support. Advances in 

digester design, such as the development of hybrid systems combining anaerobic 

digestion with other biomass conversion technologies, hold promise for enhancing 

process stability and gas yield. Moreover, integrated approaches that leverage co-

digestion with other organic waste streams can diversify feedstock sources and enhance 

overall process efficiency. 

3.4.5. Combined Heat and Power Systems 

C H P systems, heralded as a beacon of energy efficiency and sustainability, 

represent a transformative approach to energy generation by simultaneously producing 

electricity and useful heat from a single energy source, such as C P H (Ofori-Boateng et 

al. 2016). This synergy between electricity and heat generation offers a host of 

advantages, including enhanced overall efficiency and reduced environmental impact 

compared to separate generation systems. 

A wealth of literature has emerged, delving into the intricacies of CPH-based 

C H P systems, with a particular emphasis on system design, performance optimization, 

and integration with other R E sources. These studies seek to unravel the complexities of 

C H P technology, ranging from thermodynamic principles to engineering considerations, 

with the aim of maximizing energy utilization and minimizing resource wastage (Ofori-

Boateng etal . 2016). 

The allure of C H P systems lies in their ability to harness the full energy potential 

of biomass feedstocks like CPHs , thereby maximizing energy efficiency and 

minimizing greenhouse gas emissions. B y utilizing waste heat for thermal applications 

such as space heating, hot water production, or industrial processes, C H P systems offer 
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a compelling solution for meeting both electricity and thermal energy demands in a 

sustainable manner. 

Despite their inherent benefits, CPH-based C H P systems face a myriad of 

challenges that necessitate careful consideration and strategic intervention (Ingram et al 

2018). One such challenge is the need for integrated infrastructure, encompassing 

components such as biomass boilers, steam turbines, and heat exchangers, to facilitate 

seamless energy conversion and distribution. Moreover, the complexity of C H P 

technology, including control systems, heat recovery mechanisms, and grid integration, 

poses challenges in terms of system design, operation, and maintenance. 

Furthermore, the scalability and adaptability of C H P systems present additional 

hurdles, particularly in the context of varying feedstock availability, energy demand 

profiles, and operational conditions. Balancing the competing demands of efficiency, 

reliability, and flexibility requires innovative approaches that optimize system 

performance while accommodating dynamic operating environments (Maleka 2016). 

Ongoing research endeavors are focused on addressing these challenges and 

unlocking the full potential of CPH-based C H P systems. Efforts to streamline system 

design, enhance control algorithms, and integrate advanced monitoring and diagnostic 

tools hold promise for improving system efficiency, reliability, and flexibility. 

Moreover, exploring synergies with other R E sources, such as solar and wind power, 

can further enhance the resilience and sustainability of C H P systems, enabling them to 

function as integral components of future energy systems. 

3.5. Economic Viability of Cocoa Pod Husk-Based Energy 

Generation 

The economic viability of utilizing CPHs for energy generation is a critical 

aspect in determining the feasibility and sustainability of such initiatives. This literature 

review explores existing studies to analyze the economic factors, financial 

considerations, and potential challenges associated with CPH-based energy generation, 

shedding light on the economic landscape of integrating this biomass resource into the 

energy sector. 
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Studies assessing the economic viability of CPH-based energy generation often 

employ cost-benefit analysis and various financial metrics. Economic evaluations 

consider factors such as initial capital investment, operational and maintenance costs, 

revenue generation from electricity sales or other by-products, and potential income 

from C credits or R E incentives (Ingram et al. 2018; Owusu et al. 2019). 

Financial metrics, including the internal rate of return (IRR), net present value 

(NPV) , and payback period, are crucial in determining the project's economic feasibility 

and attractiveness to potential investors (Ofori-Boateng et al. 2016). Literature suggests 

that well-designed CPH-based energy projects can yield positive economic returns, 

especially when considering revenue streams beyond electricity sales, such as C credits 

or organic fertilizer production (Ingram et al. 2018). 

The economic viability of CPH-based energy generation is closely tied to market 

dynamics and energy pricing. Studies emphasize the importance of understanding local 

energy markets, policy incentives, and pricing mechanisms for R E sources (Ofori 

Boateng et al. 2016). Cocoa-producing regions, often characterized by rural 

communities, may benefit from decentralized energy solutions that cater to local 

demand and contribute to energy access goals (Ouattara et al. 2021). 

Moreover, favourable policy frameworks and incentives, such as feed-in tariffs 

or R E certificates, can significantly enhance the economic feasibility of CPH-based 

energy projects (Owusu et al. 2019). The literature underscores the need for a 

supportive policy environment to stimulate investments and create a conducive market 

for biomass-based energy. 

In addition to financial considerations, the literature emphasizes the importance 

of conducting social and environmental cost-benefit analyses. Assessing the impact of 

CPH-based energy generation on local communities, employment opportunities, and 

environmental sustainability is crucial for achieving holistic economic viability 

(Ouattara et al. 2021). 

Studies suggest that well-managed projects have the potential to generate socio­

economic benefits, including job creation, skills development, and improved living 

standards in cocoa producing regions (Ingram et al. 2018). Environmental benefits, such 

as reduced greenhouse gas emissions and effective waste management, contribute to the 

overall positive economic impact of such initiatives. 
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Despite the potential economic benefits, challenges in the economic viability of 

CPH-based energy generation exist. Logistic issues, fluctuating biomass prices, and 

competition with alternative uses of CPHs (e.g., organic fertilizer) can pose economic 

challenges (Ingram et al. 2018). Mitigation strategies involve optimizing supply chain 

management, exploring diversified revenue streams, and fostering partnerships with 

local stakeholders. 

Furthermore, technological advancements and process optimization play a 

crucial role in enhancing the economic feasibility of CPH-based energy generation. 

Research and development efforts focus on improving conversion efficiencies, reducing 

operational costs, and exploring innovative applications for by-products (Ofori-Boateng 

etal . 2016). 

3.6. Environmental Impacts and Benefits 

As the global focus on sustainable energy intensifies, understanding the 

environmental implications of utilizing CPHs for energy generation is crucial (Kilama 

2019). This literature review explores existing studies to analyze the environmental 

impacts and benefits associated with CPH-based energy generation, providing insights 

into the sustainability of integrating this biomass resource into the energy sector. 

CPH-based energy generation has the potential to contribute to climate change 

mitigation by reducing greenhouse gas emissions associated with traditional waste 

disposal methods. Studies indicate that the combustion, gasification, or pyrolysis of 

CPHs can be a more environmentally friendly alternative to open burning or landfilling, 

which can release significant amounts of CH4 and other pollutants (Ingram et al. 2018; 

Ouattara et al. 2021). 

The reduction in net greenhouse gas emissions, particularly when replacing 

fossil fuels, positions CPH-based energy as a potentially sustainable and climate-smart 

solution (Ofori-Boateng et al. 2016). However, the extent of this environmental benefit 

depends on factors such as the efficiency of energy conversion technologies and the 

overall life cycle analysis of the C P H utilization process. 

CPH-based energy generation offers a dual environmental benefit by addressing 

waste management challenges and positively influencing soil health. Cocoa-producing 
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regions often grapple with large volumes of discarded husks, as seen in Figure 2, posing 

disposal challenges and potential environmental degradation (Ouattara et al. 2021). 

Uti l izing CPHs for energy not only diverts this agricultural waste from landfills but also 

provides an opportunity for resource recovery. 

Figure 2: CPHs left to rot on farm. 

Source: Field observation 

Studies suggest that the application of C P H ash as a soil amendment can 

enhance soil fertility and structure, offering a sustainable alternative to chemical 

fertilizers (Ouattara et al. 2021). This dual-purpose utilization aligns with circular 

economy principles, promoting both waste reduction and soil health improvement. In 

the Edwenase community in particular, the CPHs were used as an organic source of 

fertilizer, but most households took interest in the use of the cocoa placenta for animal 

feed. It was gathered from the field, that the farmers first unhinged this placenta from 

the cocoa after removing the beans, dried them on raised dying beds in the open sun and 

then used them as animal feeds. In other cases, the farmer separated the placenta from 

the cocoa fruit and dried it on the ground. 

While CPH-based energy generation can be considered a cleaner alternative, the 

combustion process may still emit pollutants that can impact air quality. Studies 

emphasize the importance of implementing emissions control technologies to minimize 
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the release of particulate matter, nitrogen oxides, and other pollutants during 

combustion (Owusu et al. 2019). Incorporating advanced combustion technologies, such 

as fluidized bed reactors or gas cleaning systems, can significantly mitigate the 

environmental impact of C P H combustion (Owusu et al. 2019). Research in this area 

focuses on improving the efficiency of energy conversion processes while minimizing 

emissions to ensure a balance between energy generation and environmental 

sustainability. 

C P H utilization can positively influence biodiversity conservation and 

ecosystem services. Studies indicate that composting CPHs can enhance soil 

biodiversity and contribute to the overall health of agroecosystems (Ouattara et al. 

2021). Additionally, sustainable practices in cocoa cultivation, including responsible 

waste management, can reduce the ecological footprint of the cocoa industry and 

support biodiversity conservation efforts (Ingram et al. 2018). 

The integration of CPH-based energy generation into agro-industrial landscapes 

can contribute to a more sustainable and harmonious coexistence between agriculture 

and the environment. This aligns with broader goals of achieving sustainable 

development and preserving biodiversity in cocoa-producing regions. 

Despite the potential environmental benefits, challenges exist in maximizing the 

positive impact of CPH-based energy generation. Issues such as the potential release of 

pollutants, land-use conflicts, and the need for integrated waste management strategies 

warrant further investigation (Ingram et al. 2018). Future research should focus on 

optimizing the entire value chain, from cultivation and processing to energy generation, 

to ensure holistic environmental sustainability. 

3.7. Gaps in Existing Literature 

A s the research on CPH-based energy generation progresses, it is crucial to 

identify gaps and areas where further investigation is needed. This literature review 

examines existing studies to highlight gaps in the current understanding of C P H 

utilization for energy generation, providing insights into potential avenues for future 

research. 
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3.7.1. Limited Focus on Community-Specific Dynamics 

While studies acknowledge the importance of community engagement and 

socio-economic considerations, there is a notable gap in the detailed examination of 

community-specific dynamics, especially in the context of the Edwenase community in 

Ghana. Future research should delve deeper into the nuances of local cultures, values, 

and social structures to tailor CPH-based energy projects more effectively. This 

includes a comprehensive analysis of gender dynamics, cultural practices, and 

community-specific preferences that can influence the acceptance and success of such 

initiatives. 

3.7.2. Lack of Longitudinal Studies 

The majority of existing literature provides snapshots of CPH-based energy 

projects at specific points in time. Longitudinal studies that track the evolution of these 

projects over extended periods are scarce. Future research should incorporate 

longitudinal approaches to assess the long-term impacts, challenges, and benefits of 

CPH-based energy generation. This could include monitoring changes in community 

dynamics, project sustainability, and the adaptation of technologies over time. 

3.7.3. Inadequate Assessment of Environmental Footprint 

While there is recognition of the environmental benefits associated with C P H -

based energy generation, there is a gap in comprehensive assessments of the 

environmental footprint throughout the entire life cycle of these projects. Future 

research should focus on conducting life cycle analyses, considering aspects such as raw 

material extraction, transportation, processing, energy generation, and waste 

management. This holistic approach can provide a clearer understanding of the overall 

environmental impact and guide improvements in project design and implementation. 

3.7.4. Limited Exploration of Technological Innovations 

The existing literature predominantly focuses on traditional technologies for 

CPH-based energy generation, such as combustion, gasification, and pyrolysis. There is 

a gap in exploring and evaluating emerging technological innovations that could 

enhance the efficiency, sustainability, and economic viability of these projects. Future 
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research should investigate advancements in biomass conversion technologies, energy 

storage, and smart grid integration to optimize C P H utilization for electricity generation. 

3.7.5. Insufficient Attention to Policy and Regulatory Frameworks 

While some studies briefly mention the importance of policy support, there is a 

gap in in-depth analyses of the policy and regulatory frameworks that can either 

facilitate or hinder CPH-based energy generation. Future research should delve into the 

development and effectiveness of policies related to R E , waste management, and rural 

electrification in cocoa-producing regions. Understanding the regulatory landscape is 

essential for creating an enabling environment for sustainable energy projects. 

3.7.6. Neglect of Socio-Economic Metrics for Success 

While socio-economic considerations are acknowledged, there is a gap in the 

development of standardized metrics for assessing the success of CPH-based energy 

projects from a socio-economic perspective. Future research should aim to establish key 

performance indicators (KPIs) that measure the tangible impacts on livelihoods, 

employment, and community development. This w i l l contribute to a more 

comprehensive evaluation of the socioeconomic sustainability of such initiatives. 

3.7.7. Limited Exploration of Alternative Utilization Pathways 

Existing literature primarily focuses on the energy generation aspect of C P H 

utilization. There is a gap in exploring alternative pathways for utilizing CPHs , such as 

the production of value-added products, bio-based materials, or other industrial 

applications. Future research should investigate the feasibility and economic viability of 

diversifying the use of CPHs beyond energy generation. 

3.7.8. Absence of Comparative Analyses 

The majority of studies concentrate on individual aspects of CPH-based energy 

projects. A gap exists in comprehensive comparative analyses that evaluate the 

performance, benefits, and challenges of different energy conversion technologies, 

project scales, or community engagement approaches. Future research should undertake 
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comparative assessments to identify best practices and optimize the design and 

implementation of CPH-based energy initiatives. 

3.7.9. Underrepresentation of Developing Regions 

Existing literature predominantly focuses on CPH-based energy projects in West 

Africa, with limited representation from other cocoa-producing regions, particularly in 

Southeast As ia and South America. Future research should strive for a more 

geographically diverse representation to account for regional variations in C P H 

composition, community dynamics, and socio-economic contexts. 

4. Materials and Methods 

4.1. Area of Study 

Edwenase is a rural community with a population of 442 and over 100 

households in the Ejisu-Juaben Municipal District in the Ashanti region of Ghana. The 

2016 report by Municipal Planning Coordinating Unit (2016) shows there are 202 males 

and 240 females. It is situated near the communities of Abenase and Onwe. Ashanti's 

capital, Kumasi, is approximately 24 kilometres (km) away from Edwenase (Figure 3). 

Edwenase community is located at Latitude 6.68888° or 6° 41' 20" north and Longitude 

-1.43431° or 1° 26' 4" west with elevation of about 245 meters above sea level. 
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Figure 3: A map of the Ejisu-Juaben District. 

Source: Wiafe & Asamoah 2018 

The map of Edwenase community is indicated in Figure 4. The Edwenase 

community was chosen for the study because the main crop cultivated in the community 

is cocoa and contributes 2 % of the total 20 % of cocoa produced from the Ashanti 

region. Their cocoa production has been documented by Licensed Buying Companies 

(LBCs) who have stations in this area and in nearby zones. This means access to 

reliable data was possible. The area sits within the wet semi-equatorial zone. It is 

characterized by a double maxima rainfall in June and October. M a y to June is the first 
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rainy season and the heaviest rainfall occurs in June while the second rainy season is 

from September to October with very little variations between the surrounding 

communities and towns. Temperatures are high in the area and can range from 26 °C in 

August and 30 °C in March. The relative humidity throughout the year varies between 

70 to 80 % which can be considered to be high. The forest and savannah type of soils 

are suitable for the cultivation of a variety of crops including cocoa, cola-nuts, citrus, oi l 

palm and staple food crops such as cassava, yam, cocoyam, maize, rice and vegetables. 

The area contributes immensely to the production of industrial crops such as cocoa, 

pineapple, pawpaw, and o i l palm but is more notable for the substantial contribution to 

the cocoa production in the Ashanti Region. There is a trace amount of farmers who 

dabble in the production of exotic crops such as black and sweet pepper, ginger, cashew 

nuts, Irish potatoes, rubber, and mangoes which are all gaining importance as export 

commodities (ibid p.35). 

J R . 

Figure 4: A map of the Edwenase community within the Ejisu Juaben 

District. 

Source: Mapcarta 2024 

It was gathered from the field that 60 % of the people of Edwenase were farmers 

and about 80 % of these farmers engaged in cocoa production. After the harvest and 

30 



removal of the beans from the pods, the improperly disposed pod husks are left to 

decay, becoming an environmental menace by the way of the odor, unpleasant sites and 

the generation and spread of bacteria and fungi (ibid p.35). 

4.2. Materials Used 

i. CPHs : collected as the biomass fuel source from cocoa plants in the Edwenase 

community. 

ii. Planetary ball mi l l : used to mi l l and reduce the size of the dried CPHs samples. 

iii. Sieve: was used to size the milled C P H samples to fine particles. 

iv. Electronic mass balance: used to weigh the cocoa pods and the husks. 

4.3. Collection and Preparation of Cocoa Pod Husks 

In this study, four CPHs samples from four different cocoa plant types, 

Amelonado, Amazonia, Trintario and Hybrid, were obtained from the Edwenase 

community and analyzed to determine their chemical composition and heating values. 

These cocoa plant types were chosen for the samples because they are the most types of 

cocoa plants cultivated in the Edwenase community. A n assembly of the Edwenase 

farmers and L B C s was made to inquire about their current waste management practices 

for agro-residues (Figure 5). This also allowed us to gather general concerns and 

suggestions on how they are and can be integrated into this study. Data for the total 

number of cocoas produced in this area were collected from 2019 to 2023 production 

season by aggregating all the cocoa purchased from the L B C s and from Legacy farmers. 

31 



Figure 5: Assembly of L B C reps and farmers for data aggregations. 

Source: Field observation 

The data gathered here helped find the annual total energy potential of the area. 

Annual Total Energy Potential= Total cocoa produced x Calorific Value [1] 

The cocoa pods were maintained fresh until the pods were opened to remove the 

beans. Prior to the cracking of the pods and removal of the beans, the pods were 

weighed using an electronic mass balance. After the beans were removed, the CPHs 

were weighed to determine their masses. 

The weight % of the wet CPHs that were obtained from the cocoa fruits was 

determined using the equation [1]; which gives: 

CPH% = ^ X 100% [2] 
M p 

Where Mh is the mass of the wet C P H and Mp is the mass of the cocoa pods with the 

beans before it was removed. 
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The CPHs were then chopped into smaller pieces for drying. The duration for 

the drying was 2 hours at a temperature of 50 °C, this was to reduce the moisture 

content of the husks to 8-12 % of its initial moisture content for accurate determination 

of the calorific value and also for the proximate and ultimate tests. 

The dried CPHs was reduced in size by planetary ball mi l l and sieved to obtain a 

uniform size of about 1 millimetre (mm). 

4.4. Measurement of Total Cocoa Produced in Edwenase 

The total number of cocoa produced in the region was essential to this study. 

The total figure was necessary for highlighting the magnitude of the potential for 

renewable energy and the sustainability of such a project which is significantly 

dependent on the availability of the feedstock. The information was taken from the 

L B C s and the farmers during the assemblies. The data provided ranged from 2019-

2023 because it was the period from which accurate data started been recorded. 

Majority (98 %) of the cocoa farmers sell everything to the L B C s in this cocoa 

producing zone. The other data was collected from Legacy farmers. Legacy farmers 

were farming families who produced the cocoa but did not sell them. They claimed to 

be keeping the farms alive due to the heritage they came with and must keep them alive 

for when their children would be interested to having the farms. These constituted only 

2 % of the cocoa farmers. 

4.5. Measurement of the Chemical Composition of CPHs 

Proximate analysis (PA) was used to obtain moisture, V M , fixed carbon (FC) 

and A S H . Ultimate analysis (UA) was used to determine C , H , N , S and O. 

The main factors affecting the quality of the biomass feed stock is the moisture 

content, A S H , particle size and density. High moisture contents in biomass feed stock 

reduces the energy value of the feed stock. A reduction in the moisture content of the 

feed stock increases the energy density and also improves the combustion efficiency of 

the feed stock. Determining the V M of the CPHs w i l l suggest how easily combustible 

gases w i l l be released when the CPHs are heated. 
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The values of C and H which are the main combustible elements w i l l be 

determined from the U A . Higher % of these elements w i l l indicate a higher heating 

value ( H H V ) . Levels of N and S which becomes harmful when burned w i l l also be 

determined, and lastly, the O % of the CPHs. 

4.6. Measurement of the Physical Properties of the Cocoa Pod Husks 

4.6.1. Moisture content 

The quality of the C P H as a source of fuel for energy production is influenced by 

its moisture content. Higher moisture content reduces the combustion efficiency of the 

C P H as fuel, thus, it makes the C P H difficult to ignite and sustain combustion. Also, 

moist C P H is prone to microbial degradation during storage, reducing its fuel quality 

over time. 

To determine the moisture content, a dry and empty aluminium tray was 

weighed with an electronic balance and the mass recorded as M r . The chopped wet 

CPHs were poured into the aluminium tray and was weighed, and the mass was 

recorded as MTW- The aluminium tray containing the wet C P H were placed in 60 °C 

oven and dried for 4 hours. This duration of drying was chosen because the aim was to 

reduce the moisture content of the CPHs and prepare it for the U A and P A . After the 2 

hours of drying, the tray with the dried CPHs was removed and left to cool down to 

room temperature. The mass of the tray with the dried CPHs was weighed and recorded 

as Mm. Wi th the masses known, mass of wet C P H only Mw and mass of dry C P H only 

M d can be calculated for using equation [2] and [3] respectively. 

M w M TW M-, 

MD = M TD 

[3] 

[4] 

With the masses known, the moisture content of the CPHs was determined using 

the equation [4]; which gives: 
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M % x 100% [5] 

Where Mw is the mass of the wet C P H samples and Md is the mass of the dried C P H 

samples. 

4.6.2. Density 

The density of the C P H is another factor that affects its suitability for energy 

production. Higher densities indicate greater energy content, better heating rates, gas 

yield and conversion efficiencies in thermochemical processes. Lower densities cause 

bridging and flow issues, and also occupies more volume per unit energy. 

Both the particle and bulk densities of the C P H are to be determined. While the 

particle density is valuable supplemental information, the bulk density is needed for 

sizing equipment, logistics, and processing in order to utilize C P H as biomass fuel. 

To determine the bulk density, a container of volume 550 millilitres (ml) was 

weighed, and the mass recorded as M i . The container was fully filled with the C P H 

samples without compacting. Ensure the C P H pieces are randomly oriented and loosely 

filled without gaps. Determine the mass of the container fully filled with C P H samples 

M2. Determine the mass of the C P H added using the equation [5]. 

With the mass of the C P H sample added known, and the volume of the container also 

known, equation [6] gives the bulk density of the C P H samples. 

Where M is the mass of the C P H samples. 

For the determination of the particle density, a volumetric flask was weighed, 

and the mass recorded as M i . The container was then filled with a grounded C P H 

samples, and the mass weighed as M2. To make sure the spaces between the grounded 

M = M 2 - M j [6] 

Bulk density 
M 

[7] Volume of container 
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CPHs in the flask is filled, 100 taps are made on the flask. The tapped volume is 

measured as V t , which is equal to the volume of the grounded CPHs in the flask. 

The particle density is then calculated using equation [7], which gives: 

Particle density = 
M 2 - M ! 

V t 

[8] 

Where M i and M2 are the masses of the empty container, and the container with C P H 

samples respectively. The Vt is the tapped volume of the CPHs samples. 

4.7. Measurement of the Mechanical Properties 

The only mechanical property that was determined for this study is the hardness 

of the CPHs . The hardness of CPHs can have some influence of their use as fuel for 

electricity generation, primarily impacting the handling, processing, and combustion 

characteristics. Harder cocoa pods may be more resistant to mechanical degradation 

during transportation and feeding operations. This could reduce dust formation and 

improve flow characteristics, which is beneficial for handling and feeding the fuel into 

the combustion systems. The hardness of the CPHs can influence its combustion 

properties. Harder husks may have a higher bulk density and lower porosity, which can 

impact the O diffusion and heat transfer during combustion, potentially affecting 

burnout rates and combustion efficiency. 

Methods like the Vickers and Rockwell hardness methods can be used to 

determine the hardness of the CPHs . But for this study, the idea of the relationship 

between the hardness, densities and compressibility was used to estimate the hardness 

of the CPHs . Knowing the particle density and the bulk density from equation [7] and 

[6] respectively, the compressibility was estimated using equation [8], which gives: 

This ratio provides a value greater than 1. The closer the value is to 1, the harder the 

CPHs and the farther the value is away from 1, the softer the CPHs . For biomass to be 

Compressibility - 1 Bulk density 
[9] Particle density 
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considered as a good fuel for power production, moderately hardness is required. 

Biomass with a hardness value from 1.1 to 1.4 is said to be moderately hard. 

4.8. Community Engagement and Perspectives Gathering 

Examining community perspectives and socio-economic considerations is 

essential when implementing R E projects, particularly in regions with unique social and 

economic dynamics. A n assessment had to be gathered on how the local population 

perceives and is impacted by CPH-based energy generation initiatives. 

Community engagement is fundamental to the success and sustainability of any 

R E project. Studies emphasize the significance of involving the Edwenase community 

in the decision-making processes, from project planning to implementation and 

maintenance. Engaging with local leaders, residents, and relevant stakeholders ensures 

that the project aligns with community needs, values, and expectations. Participatory 

approaches, such as community meetings, workshops, and collaborative planning 

sessions, have been shown to foster a sense of ownership and shared responsibility 

among the Edwenase community members (Ouattara et al. 2021). 

Understanding their perspectives, concerns, and aspirations is crucial for 

establishing a positive and sustainable relationship between the project and the 

community. The socio-economic impact of CPHs-based energy generation on the 

Edwenase community extends to livelihoods and employment opportunities. Studies 

suggest that well-designed projects have the potential to create local job opportunities, 

particularly in biomass collection, transportation, and facility (Ingram et al. 2018). The 

cultivation and processing of cocoa pods for energy generation can also contribute to 

income diversification for local farmers. 

However, it is crucial to assess the potential trade-offs and ensure that the 

introduction of new technologies does not negatively impact existing livelihoods or 

create economic disparities within the community. Balancing economic development 

with social equity is essential for garnering community support and ensuring long-term 

project sustainability. 

Improving energy access in the Edwenase community through CPH-based 

energy generation can have broader socio-economic implications. Reliable and 
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affordable energy contributes to enhanced productivity in various sectors, such as 

agriculture and small-scale enterprises, thereby fostering economic development 

(Ouattara et al. 2021). Increased energy access can also facilitate the use of electric 

appliances, support education through improved lighting, and enhance overall quality of 

life. 

Studies underscore the importance of aligning the project goals with the socio­

economic development priorities of the Edwenase community. This may involve 

tailoring the energy generation system to meet specific local needs, such as powering 

agricultural processing units or community centres (Ingram et al. 2018). Ensuring that 

the project addresses identified community needs enhances its acceptance and positive 

impact. 

Cultural considerations and local values play a pivotal role in the acceptance and 

success of R E projects in the Edwenase community. Studies highlight the need to 

respect cultural norms, traditional practices, and community values during project 

implementation (Ouattara et al. 2021). Integrating local knowledge and practices into 

the design and operation of the CPH-based energy generation system fosters cultural 

sensitivity and acceptance. 

Understanding the cultural dynamics also involves acknowledging gender roles 

and dynamics within the community. Studies suggest that considering the perspectives 

and needs of both men and women in the Edwenase community ensures that the 

benefits of the energy project are equitably distributed (Ingram et al. 2018). 

Despite the potential benefits, challenges may arise during the implementation of 

CPH-based energy generation projects in Edwenase. These challenges could include 

land-use conflicts, disagreements over resource allocation, or concerns about potential 

environmental impacts. Establishing effective conflict resolution mechanisms, as 

identified in the literature, is crucial for addressing disputes and maintaining positive 

community relationships (Ouattara et al. 2021). 

Furthermore, ongoing communication and feedback loops between project 

developers and the Edwenase community are vital for addressing emerging challenges 

and adapting the project to evolving community needs and concerns. Against this 

background, two assemblies were made to engage with the Edwenase farmers and L B C 

representatives (REPs) (Figure 6). 
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Figure 6: Meeting with Edwenase farmers about their participation in this 

study. 

Source: Field observation 

5. Results and Discussion 

5.1. Thy Physical Properties of the Cocoa Pod Husks 

CPHs volumes obtained from the four cocoa plants; Amelonado, Amazonia, 

Trintario and Hybrid, are shown in the Table 1. 

Table 1: Volume percentage of CPHs 

Sample 
Mass(g) 

(beans+husk Mp) 

Mass(g) 

(Husk only M i ) 

C P H % 

( M t / M p ) 

Amenolado 724.94 522.11 72.02 

Amazonia 433.22 276.49 65.33 

Tnntario 419.54 295.55 70.45 

Hybrid 313.88 197.62 62.96 

Source: data of the study 
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The C P H % values range from 62.96 % (Hybrid) to 72.02 % (Amelonado). This 

indicates that while CPHs make up a significant portion of the total mass in all samples, 

there is variation in their relative contribution. In all the samples, the C P H % exceeds 60 

%, meaning CPHs are the majority component by mass. This suggests that the 

properties of the samples, such as density, hardness and combustion behaviour, w i l l be 

primarily influenced by the characteristics of the CPHs . Despite being the majority 

component, the C P H % differs among the samples, with Amelonado having the highest 

at 72.02 % and Hybrid having the lowest at 62.96 %. This variation could lead to 

differences in the overall properties of the samples, even though CPHs are the dominant 

component. 

Averagely, the C P H % across all the samples is 67.69 %. This relatively high 

average value suggests that the CPHs have a higher fraction as compared to other 

components (beans) from the whole cocoa fruits being harvested in Edwenase 

community. On the impact on fuel properties, a higher C P H % is generally preferable, 

as it represents a higher fraction of the desirable cocoa husks' properties contributing to 

the overall fuel characteristics, such as energy content, ash behaviour, and grindability. 

This proposes that the Amenolado can be the specie zoomed into for future studies of 

H H V of CPHs in such rural areas. 

5.1.1. Particle Density 

The particle density, also known as true density, is a fundamental property that 

characterizes the density of the solid matter in a material, excluding any internal pores 

or voids. For the CPHs investigated in this study, the particle density was determined to 

be 394.37 kilogram per metre cube (kg/m 3). 

The mass of the volumetric flask (Mi ) used in measuring the mass of the 

grounded husks was measured to be 262.79 grams (g). A n d the mass of the volumetric 

flask together with the grounded CPHs (M2) was measured to be 412.65 g. The tapped 

volume of the grounded pod husks was recorded as 380 ml , using the equation [7], the 

particle density was determined. 

The particle density of a fuel is often correlated with its calorific value. 

Generally, higher particle densities correspond to higher energy content per unit 
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volume. With the particle density of 394.37 kg/m 3 , the CPHs are expected to exhibit a 

moderate to good energy density, making them a reasonable solid fuel option for 

electricity generation applications. The particle density can also influence the 

combustion behaviour of a fuel, specifically the char burnout rate. Denser particles tend 

to have slower burnout rate due to limitations in O diffusion and heat transfer. The 

moderate particle density of 394.37 kg/m 3 for the CPHs may result in reasonable char 

burnout rates, facilitating efficient combustion and minimizing unburned C losses. 

5.1.2. Bulk Density 

The bulk density is a key property that describes a material's mass per unit 

volume, comprising both solid materials and voids or pores. The bulk density of the 

CPHs examined in this study was found to be 290.4 kg/m 3 . 

The mass of an empty container with a known volume was weighed and 

recorded as 343.6 kg/m 3 . A n d the mass of the dry CPHs together with the container was 

measured to be 503.32 kg/m 3 . Wi th the volume of the container known to be 550 ml , the 

bulk density was determined from equation [6] as 290.4 kg/m 3 . 

A fuel's energy density, often known as its calorific value per unit volume, is 

directly proportional to its bulk density. Compared to other biomass fuels, the CPHs 

should have a modest energy density, with a bulk density of 290.4 kg/m 3 . Because of 

their intermediate energy density, CPHs may be able to produce a respectable amount of 

energy per unit volume, which wi l l help gasifiers and furnaces operate more efficiently 

throughout the combustion and heat transfer processes. 

5.1.3. Moisture Content 

The moisture content of a fuel is a critical parameter that can significantly 

influence its combustion behaviour and overall performance in electricity generation 

applications. On a wet basis, the moisture content of the CPHs under investigation in 

this study was found to be 10.71 %. 

The mass of the wet CPHs was measured to be 168.33 g. The CPHs was 

chopped, and oven dried for 4 hours under 50 °C. The mass of the dried CPHs were 

measured to be 150.31 g. With equation [4], the moisture content on wet basis of the 

CPHs was determined to be 10.71 %. 
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The moisture content of a fuel directly affects its energy content and calorific 

value. Higher moisture content typically results in lower energy density and reduced 

heating value, as a portion of the energy is consumed in evaporating the moisture during 

combustion. With a moisture content of 10.71 %, the CPHs are expected to exhibit a 

relatively high energy content and calorific value, as the majority of the fuel is 

composed of dry, combustible material. The combustion behaviour and overall 

efficiency of a fuel is greatly being influenced by its moisture content. Lower moisture 

levels can lead to faster ignition, higher flame temperatures, and improved combustion 

rates, potentially enhancing the overall thermal efficiency of the combustion process. A t 

a moisture content of 10.71 %, the CPHs are likely to exhibit favourable combustion 

characteristics, with rapid ignition and burnout rates, contributing to efficient energy 

conversion in gasifiers. 

5.2. Mechanical Properties of the Cocoa Pod Husks 

For this study, the compressibility was used to directly determine the hardness of 

the CPHs . The compressibility of a biomass refers to the ability of the biomass material 

to undergo a reduction in volume or an increase in density when subjected to 

compressive forces or pressure. There is generally an inverse relationship between the 

compressibility of a material and its hardness. Thus, harder materials tend to be less 

compressible, while softer materials are more compressible. 

The compressibility of the C P H samples was determined to be 0.264, using 

equation [8]. This value indicates a moderate compressibility of the material, suggesting 

a relatively dense and rigid structure. A lower compressibility value, as observed for the 

CPHs , is associated with higher hardness. 

Harder and less compressible biomass fuels tend to have better flow ability and 

handling characteristics, which can facilitate their transportation and feeding into 

combustion systems. Additionally, the higher density associated with lower 

compressibility can contribute to increased energy density per unit volume, potentially 

improving the overall energy yield from the fuel. 
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5.3. Chemical Composition of the Cocoa Pod Husks 

The chemical compositions of the CPHs are shown in the Table 2, with their 

corresponding heating or calorific values calculated. 

H H V or calorific value can be determined from the composition of the CPHs 

revealed by U A and P A , as follows: 

For P A 

Calorific value = 0.3536 F .C + 0.1559 V . M - 0.0078 A S H [9] 

For U A 

Calorific value = 0.3491 C + 1.1783 H + 0.105 S - 0.1034 O - 0.0151 N [10] 

Table 2: Heating value or caloric value from PA 

H H V (PA) 
S A M P L E V M ( % ) F C ( % ) A S H (%) 

(MJ/kg) 

1 65.3 24.62 10.08 18.S1 

2 65.3 23.62 11.08 18.46 

3 65.3 24.61 10.09 18.S0 

Source: data of the study 

The samples' V M contents, which was constant at 65.3 %, showed a high 

concentration of volatile substances that aid in combustion. This number agrees with 

findings of Kemausor et al. (2015) and Ayamga et al. (2015) and also found that the 
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higher the V M content, the faster the ignition potential. The solid C fraction was 

represented by the F C concentration, which ranged from 23.62 % to 24.62 %. This is 

significant values that mean a high heating value for the C P H . The numbers of this 

study are comparable to the values of Nelson et al. (2021) and K u m i (2017). It can also 

be observed from Table 4.2 that the higher the F C content, the higher the H H V . 

Between 10.09 % and 11.08 %, the A S H of the samples was comparatively constant. 

The values are again comparable to measurements recorded by Nelson et al. (2021) and 

K u m i (2017). The values recorded in this study can be said to be medium as they are 

not less than 10 % (Titiloye et al. 2013) and can be sought to be minimized in the 

future. Factors that influenced the A S H could have been the presence of plastics, soil, 

rocks, or any unforeseen contaminant. It elicits why the sample preparation is very 

crucial. Again, a high A S H could be indicative that the cocoa in the area have nutrient 

deficiency or are growing in a soil that has a significant level of toxicity (Nelson 2021). 

It elicits why the sample preparation is very crucial. High A S H are known to affect the 

reactor designs which leads to blocking problems and also lowers the high heating 

value. From Table 2, the consistency of this claim can be observed that the higher the 

A S H , the lower the H H V . The samples' H H V , which indicate the amount of energy in 

the CPHs , ranged from 18.46 to 18.81 megajoules per kilogram (MJ/kg). Averagely, the 

heating value obtained from the P A is 18.69 MJ/kg . 

The findings of the P A show that CPHs have favorable properties that could 

make them useful as a solid fuel source. Given their moderate V M content, the CPHs 

may contribute to the overall release of energy by releasing combustible gases during 

the earliest stages of combustion. In an observed study where the V M may not be very 

high, the F C component offers a solid C portion that keeps the combustion process 

going. The samples' relatively low ash % is good since excessive ash levels can cause 

combustion systems to foul and slag, which lowers system performance and increases 

maintenance needs and costs. The observed levels of A S H are within a range that is 

suitable for biomass fuels, suggesting that CPHs are less likely to present many 

operating difficulties. 
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Table 3: Heating value or calorific value from the UA 

H H Y 

Sample H (%) S(%) N(%) O (%) C (%) (UA) 

(MJ/kg) 

1 4.18 0.26 1.23 43.93 50.4 17.99 

2 4.18 0.19 1.25 43.50 50.88 18.19 

3 4.51 0.19 1.30 43.00 51 18.67 

Source: data of the study 

The energy content and improved combustion were both aided by the H content, 

which varied from 4.18 % to 4.51 %. Wi th a range of 0.19 % to 0.26 %, the S 

concentration was comparatively low, which is ideal for lowering Sulphur oxide 

emissions. Nitrogen oxide generation during combustion may have been influenced by 

variations in the N level, which ranged from 1.23 % to 1.30 %. The O level varied 

between 43 % and 43.93 %, which facilitated burning. The principal element that carries 

energy, C , was found to be in the range of 50.40 % to 51 %. The final study yielded 

H H V ranging from 17.99 M J / k g to 18.67 MJ/kg , which indicates the overall energy 

content of the CPHs . The average heating value from the U A is 18.28 MJ /kg . 

The low S content with a range of 0.19 % to 0.26 % is beneficial since it lowers 

the possibility of Sulphur oxide emissions, which are known to exacerbate 

environmental problems like acid rain or mechanical problems with the chosen 

operating technology. This is in line with Gonzalez-Arias et al. (2020) who reported that 

high values of C and H are desirable while S content should be minimal so that fouling 

problems during combustion in boilers can be avoided. Furthermore, i f suitable 

combustion control mechanisms are put in place, the relatively low N content, ranging 

from 1.23 % to 1.30 % can assist in decreasing the generation of nitrogen oxides during 

combustion. The lower levels of S and N observed here affirms to the eco-friendly 

nature of the C P H as a feedstock. 
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The O content may be observed to facilitate combustion, but it leads to a lower 

H H V since it allows for more emission of C and water. The consistency of this claim 

can also be observed on Table 3 that the higher the O content, the lower the H H V . 

Table 4: The ratio of H / C and O/C 

Sample H/C O/C 

1 0.083 0.872 

2 0.082 0.855 

3 0.088 0.843 

Source: data of the study 

Reference to Table 4, the underpinning here is that the higher the H / C ratio, the 

higher the H H V since H has the highest H H V among other fuels. A high H/O ratio 

means there is a high presence of H . This can be observed that sample 3 with the 

highest H / C had the highest H H V . The same cannot be observed between samples 1 and 

2. A possible way to explain this discrepancy was by considering the influence of their 

S and O contents. The O/C ratios are observed to be more than the H / C due to the high 

levels of O observed. This instigates a higher chance of more C O being produced than 

CH4 and H in a thermochemical conversion to syngas. 

CPHs have a moderate energy content that makes them appropriate for a variety 

of energy production applications, such as industrial boilers, furnaces, and home heating 

systems. The calorific values obtained from the final analysis are within an acceptable 

range for biomass fuels. 

The final analysis' findings support the possibility of using CPHs as a 

sustainable biomass fuel source to generate energy. The energy potential of this biomass 

fuel is equivalent to that of other biomass fuels as confirmed by Titiloye et al. (2013); 

Martinez et al. (2015) who were determining the calorific value of certain agricultural 

leftovers such as rice husks, rice straw, corn straw, corn cob and cocoa pods. 
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The average chemical characteristics of the CPHs from the U A and P A are 

reported and compared to existing literature in the Table 5. 

Table 5: Comparison of the UA and PA results 

H H V H H Y 
V M F C A S H C H N O S 

(UA) (PA) 

C P H * Ö5J 24.28 10.42 50.70 4.29 L26 43.48 0.21 18.28 18.69 

[l] 76.4 11.6 12 43.9 5.8 2.2 47.6 0.5 17.39 

[n] - - ft 51.1 6 3.3 39.4 0.2 16.68 

[m] 59.5 24.4 16.1 - - - - - - 17 

[iv] 68.8 23.2 8.1 48.8 7.9 1.9 39.9 - 18.9 

* is the average values from this study 

Notes: (i) Titiloye et al. 2013, (ii) Yadav et al. 2011, (iii) Syamsiro et al. 2012, (iv) 

Akinola etal . 2018 

Source: data of the study 

From the evaluation of the potential of CPHs as a feedstock for power 

generation, it was clearly demonstrated that CPHs are a potential feedstock since their 

calorific value was estimated to be 18.28 MJ /kg from U A and 18.69 MJ /kg from the P A 

at a moisture content of 11.53 % dry basis. This result is in accordance with that of 

(Yadav et al. 2011) who estimated a high heating value of 16.68 kJ/kg at 48 % moisture 

content; and a moisture content of 13 % with a heating value of 17.0 MJ /kg as reported 

by Syamsiro et al. (2012). Ki lama et al. (2019), in their process of quantifying and 

characterizing CPHs for electricity generation in some rural areas in Uganda, estimated 
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a heating or calorific value of 17.5 kJ/kg on a dry basis with a moisture content of 12.58 

%. From the Table 2 and Table 3, it can be observed that the P A recorded higher H H V s 

than the H H V s of the U A . This can be attributed to the higher levels of O and V M 

content measured from our samples. 

The results from this study as compared with results obtained from different 

researchers demonstrated that CPHs as a feedstock has a very good potential for small 

scale power generation over a long period of time. 

In Edwenase community where cocoa is the main crop cultivated, the pod husks 

which are left to decay can be utilized for energy production, curbing the problem when 

it comes to electricity supply and also, preventing the CPHs to decay causing 

environmental pollution. 

5.4. Annual Quantity of Cocoa Pod Husks Produced in the Edwenase 

Community 

The total pod husks in tons produced by Edwenase each year was estimated by 

aggregating data of cocoa bags recorded by the L B C s from the community. The total 

cocoa produced can be seen in the Table 6 below. 
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Table 6: Total number of cocoa produced in Edwenase from 2019-2023 

N/S C O C O A 

SEASON 

N U M B E R O F 

C O C O A 

PRODUCED 

(BAGS) 

N U M B E R 

O F C O C O A 

PRODUCED 

(CP) 

N U M B E R 

O F C O C O A 

PRODUCED 

(KGTS) 

N U M B E R 

O F C O C O A 

PRODUCED 

(TONS) 

1 2019-2020 1500 Bags 2,250,000 96,000 96 

2 2020-2021 1350 Bags 2,025,000 86,400 86.4 

3 2021-2022 1200 Bags 1,800,000 76,800 76.8 

4 2022-2023 1000 Bags 1,500,000 64,000 54 

5 2023-2024 900 Bags 1,350,000 57,600 57.6 

Source: data of the study 

The number of estimated cocoas produced in this area annually is 76 tons. To 

account for the CPHs that w i l l be certain for R E generation, we made a feasibility 

observation that, 70 % of the produced cocoa are the recoverable available pods. The 

other 30 % covers the other uses of CPHs in the community like animal feed, soap 

ingredients and fertilizer. The recoverable CPHs are 53 tons. It can however be 

observed from Table 6 that the quantity of cocoa keeps decreasing each year. Farmers 

reported that this is due to poor weather conditions, lack of access to fertilizers, aging 

trees and losses to black pod disease. It is therefore essential to accentuate the positive 

potential of CPHs as a feedstock as it suggests that whereas the valorisation of C P H can 

promote economic development among farmers; it can also boost cocoa production as 

backed by (Proskuryakova 2023). 

Recent studies conducted by Tsai et al. (2017) and Adjin-Tetteh et al. (2018) 

show that C P H has a relatively H H V of 17-18 MJ /kg which is in line with the findings 
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of this study. The low quality of extension services in this area raises interest in the 

potential of this area in cocoa production and R E generation. According to Adjin-Tetteh 

et al. (2018), factors such as cultivation methods, environmental influences and 

differences in soil contaminations can impact greatly on H H V of C P H . 

5.5. Edwenase's Waste Management Practices of Agricultural 

Residues 

From the discussions of the two assemblies organized, it was gathered that there 

were no waste management practices been used in Edwenase. The common observed 

agriculture residues in in the area are pineapple crowns, cassava peels, rice husks, maize 

straws, maize husks, and palm kernel shells. They residues are usually left on the farms 

when processed on-farms (Ouattara et al. 2021) or thrown in their backyards which 

serve as their disposing sites. Few farmers understood the reason for leaving the 

residues on the farms and were deliberate at this practice. The same was observed by 

I C C O (2019). Relevant to this study, the cocoa farmers explained the serious lack of 

access to fertilizers in the municipal and therefore nudging them to the application of 

their indigenous knowledge. The CPHs are thrown around the cocoa trees or around the 

crops being intercropped. This is to allow the rotten pods to release nutrients to the soil 

acting as fertilizer. Few farmers who had some access to extension services or some 

level of education practiced this same technology but observed that the CPHs were left 

five feet away from the tree. This is said to potentially increase the soil nutrients and 

soil water holding capacity (Ayeni et al. 2015). 

Some farmers allowed their wives to utilize the CPHs for soap making as efforts 

to support their household income. The idea of using potash from CPHs to make soaps 

was also mentioned by Campos-Vega et al. (2018). There was a very high degree of 

male claimed dominance in the responses of the male farmers who asserted that they 

decided i f the women had access to the pod husks for soap making. It emphasizes on the 

need for gender-assessment studies to understand how gender dynamics affect farming, 

valorizing of agricultural residues and household income in such areas. For the few 

mixed farmers, they emphasized on the high cost of animal feed. The agricultural 

residues like the placenta of the CPHs were a significant source of protein for their 

animals (Oduro-Mensah et al. 2020). These activities may have indirectly offsetted a 
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small fraction of the agricultural residues which would have ended up as waste with no 

management means but there still remains largely a significant portion of agricultural 

residues like the cocoa pods which rot and become a menace by way of smell, eyesore 

sites and spread of bacteria or fungi. A n attempt to gather information from the farmers 

during the assembly on what quantity of their cocoa are lost to infections from such 

fungi and bacteria failed as they do not account for such. 

5.6. Proposed Technology for Cocoa Pod Husk Utilization in 

Edwenase 

As part of the objectives of Ghana's Renewable Energy Act , 2011 (Act 832), the 

use of R E which includes biomass is to be promoted (Nelson et al. 2021). Ghana has a 

significant amount of biomass available. Regardless of this abundance, very low levels 

of energy are generated from biomass. In rural communities, it is not economically 

plausible to be connected to the grid. This leaves a niche ready to be occupied by 

biopower sources such as CPHs . For example, maximally realizing the potential of the 

utilization of biodigesters can boost Ghana's agriculture productivity by 25 % yet we 

have only 400 digesters established ( B A G S 2019). This is outrageously wide of the 

278,000 digesters identified by the Netherlands Development Organization as the 

possible establishing potential for Ghana's biodigester utilization (Mohammed et al. 

2017) 

In the context of Ghana, CPHs are an abundant resource available for utilization. 

It contains significant amounts of sugar with structural polysaccharide-cellulose and 

hemicelluloses (Adams et al. 2018). Nelson et al. (2021) reported about 800,000 tonnes 

of CPHs to be generated annually in Ghana. This is a tremendous amount of a readily 

available resource that could be exploited for electricity production to provide economic 

gains and also environmental solutions for C P H waste disposal problems. In this 

research, Edwenase was identified to produce 76 tons of cocoa each year. This is a high 

enough number for electrifying the area. 

The successful utilization for such an area hugely predicates on several factors, 

key to which is choosing the right technology. In choosing the right technology, the 

utilized biomass (CPHs in Edwenase) was observed with respect to the desired end use 
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applications and requirements, the type and quality of the C P H , and the S E E factors 

gathered during the assembly. The choice of technology in other contexts have used 

these indicators- Maturity and commercialization, efficiency, scalability, and feedstock 

requirements (Maleka 2016). 

Thermochemical conversion technologies such as combustion, gasification and 

pyrolysis could all be appropriate for this study due to the low levels of moisture 

content (10.71 %) observed. The observed V M content (65.3 %), low levels of N and S 

also suggest that the conversion technologies above could potentially have also been 

used. Whiles combustion of C P H would technically be the easiest option; the A S H 

producible could potentially be a hindrance. Even though generated ash can be used as 

fertilizer for enhanced cocoa growth, ash deposition is very critical during biomass 

combustion as it can reduce burner efficiency due to the agglomeration of the ash 

particles in the furnace, damage to the burner due to restriction of gas flow and cause 

maintenance issues such as impulsive shutdowns for cleaning ash deposits (Nunes et al. 

2016). 

In energy production, the pyrolysis of C P H is also a good option with higher 

power generating efficiencies at low scales of operation (Park et al. 2018). Bio-oils 

generated from C P H pyrolysis could be utilised for heating or electricity by direct 

burning. 

Gasification is by far the most appropriate technology for converting C P H to 

electricity. Additional to its ability to utilise low-quality feedstock, it also converts the 

entire C content of the biomass material. Biomass gasification has a varied range of 

feedstock requirement and could be used to convert C P H into gas products for 

utilisation in small-to-medium scale decentralised electric power generation system 

(Lourinho et al. 2023). Since biomass gasification can provide a H H V product with 

better energy capture and lower emissions in comparison to combustion and pyrolysis, it 

is prudent to use gasification for the conversion of C P H to electricity. For a gasification 

system, C conversion, syngas composition, tars and soot formation and oxidation are 

important parameters. Nelson et al. (2021) found that, for energy production, it is the 

nature of the biomass (uniformity, heating value, A S H ) together with the local 

availability of biomass and the end product required (heat, electricity, fuels, and 

chemicals) that makes large-scale implementation of energy production a hectic task. 
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Since C P H is locally available and has moderate amount of ash, gasification of C P H is 

the most feasible biomass conversion technology for electricity production in 

Edwenase. 

To be specific, a gasifier generator can be used here to provide localized 

electricity using gaseous fuels derived from solid biomass feedstocks through the 

gasification process (Figure 7). 
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Figure 7: Schematic diagram of a gasifier generator. 

Source: Worall et al. 2021 

According to the description from Woral l et al. (2021), the system consists of a 

reactor vessel and a hopper. A blower provides air to the reactor via an air valve and 

ignition pot. The hopper is filled with biomass and once gasification is initiated, the 

production gases are directed through a number of filters to remove particulates and tars 

that could damage the gas engine. A water cooler is provided to reduce the temperature 

of the producer gases. Following filtration, the producer gas enters a four (4) stroke, two 

(2) cylinder engine. The A . C . alternator produces 3 phase voltages at a frequency of 50 

hertz (Hz). A n electrical load is applied to the generator and the power output from the 

engine is measured. 
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A gas flow meter is sited between the final filter and the engine gas inlet, a gas 

sample point near to the gas inlet point is connected to a wall mounted gas monitor, 

measuring carbon monoxide (CO), CO2, CH4, and hydrogen gas (H2). B y measuring the 

level of C P H at the start of the experiment, the C P H mass can be determined, then 

checking the level at various times during the test. Temperatures at various points 

around the system would be measured by thermocouples and electrical parameters, 

voltage, current, frequency would be measured by a power meter sited on the control 

panel. 

5.7. Total Energy Producible in Edwenase 

This H H V suggests that when 1 kg of C P H is burned completely, it releases 5.08 

k W h of energy in the form of heat. But no system is 100 % efficient (Xu 2023), which 

means that a part of the energy generated by the C P H w i l l be lost. In this study, we 

recommended for the Edwenase community the use of the gasifier. According to 

Maleka (2016), the gasifier has an efficiency of 30 %. With 53 tons of cocoa producible 

every year at Edwenase, the total energy that can be generated in Edwenase in a year is 

269,240 k W h . The electricity producible in the year as the electricity generation from 

biomass formula (Fellin et al. 2016) is 80,772 k W h . Asuamah et al. showed that the 

electricity consumed by a low class user community like Edwenase at the household 

level is 13.5 k W h per household in a month. Assuming the households in Edwenase are 

150, it is found that they would consume 24,300 k W h in a year. Comparing to the 

electricity producible by the gasifier in a year, 80,772 kWh, the CPHs produced in 

Edwenase has 3 times the potential to supply the community at household level with 

electricity annually. Future studies must therefore focus on accounting for the variations 

in efficiency of the system and the availability of the feedstock. In reality, there may be 

additional losses and inefficiencies, as well as potential seasonal variations in the 

availability of CPHs . 

Additionally, the calculation does not consider factors such as the cost of setting 

up and maintaining the gasifier system, the distribution of electricity within the 

community, and the potential need for energy storage or backup systems. Understanding 

the economics of bioenergy systems is crucial because whereas the energy balance may 
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be positive, the costs of its entire chain for production and deployment can make it 

economically undesirable or unfeasible. 

5.8. Assumptions and Potential Limitations of the Analysis 

The limit of the analysis predicates on the use of C P H as feedstock for electricity 

generation in the Edwenase community. It was assumed that there was similar 

vegetation and cocoa growing conditions within each farm for the selected species and 

that the energy potential is reflective of all other farms. It was assumed that the gasifier 

runs at 30 % efficiency all year round with the rest of the energy lost through friction, 

inefficient conversions and heat. 

5.9. SWOT Analysis for the Study 

A swot analysis was conducted so as to identify what picture the findings of this 

study painted. I R E N A (2022) observed that the increasing deployment of bioenergy and 

completely realizing its full socio-economic benefits is predicated on identifying the 

cross-cutting barriers and resolving them. In efforts to contextually understand what 

barriers Edwenase could face and what pillars deploying a biopower system in this 

community could have, the analysis was conducted. 
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Table 7: SWOT analysis of generating R E in Edwenase using CPHs. 

I N T E R N A L F A C T O R S 

S T R E N G T H S + 

-Readily available feedstock. 

WEAKNESSES 

-Medium A S H levels. 

-Used Gasifier has a technology readiness r x , , , • . • , , 
b J -The predominant specie (Hybrid) has the 

l e v e l o f 9 - lowest C P H % . 

-Conversion technology and process are T , r- . . • , • 
b J r -Lack of techno-economic analysis on 

scalable. costs (Total Investment Costs, Levelized 

-High feedstock conversion rate and high Cost of Electricity, Fixed Operation and 

H H V . Maintenance Costs, Variable Operation 
j , , r- , . and Maintenance Costs) for such -Little to no need for new land 

• ... processes in localized contexts, acquisition. 1 

-Feedstock is eco-friendly. -Low extension services in municipality. 

E X T E R N A L F A C T O R S 

OPPORTUNITIES + 

-Focusing on Amenolado species for 

future studies. 

-Bridging poverty gap between the urban 

and rural. 

-Explore gender-based studies pre-

implementation and post-implementation 

of such projects in rural areas. 

-Set-up strong R E policies and extension 

services. 

-Design innovative interaction means 

between stakeholders for future 

competition management and capabilities 

improvement. 

T H R E A T S 

-Intensive shift and thereby increased use 

of CPHs for other valorized processes. 

Example, for soap making or for animal 

feed. 

-Competition from L B C s for C P H due to 

increasing request of the bio-resources 

industrial sector. 

-Change of land use or possible land 

grabs. 

56 



There is an interesting proposition that spells out of the analysis. The C P H being 

eco-friendly and having a high H H V makes it ideal for use in generating R E . However, 

it must be noted that valorising a material means a new sense of demand for it and 

demand drives price. In such a future, contest between stakeholders on who gets the 

CPHs and for what industrial need to satisfy it with w i l l be key to determining how 

sustainable such projects can be and also maintain the holistic socio-ecosystem. A study 

of this kind w i l l be magnanimously relevant. The barriers deducible from Table 7 

summarises as policy uncertainty, financial and economic barriers, technology 

readiness, weak supply chain and a low level of awareness of bioenergy products (ibid 

p.55). 

6. Conclusion and Recommendations 

This feasibility study focused on the application of CPHs in Edwenase 

community in order to suggest a strategy for increasing R E and retrieving value-added 

by products. The amount of cocoa produced and cultivated in the community is 

abundant as it contributes to 2 % of the total 20 % of cocoa pods produced from Ashanti 

region, and with the C P H % volume obtained from this study being 67.69 % averagely 

shows a higher volume of the cocoa husks after the beans have been removed. The 

physical, mechanical and chemical properties of the CPHs as measured during the study 

reveals the CPHs as a potential fuel for energy production. The moisture content, 

particle and bulk density being the physical quantities measured were 10.71 % (on wet 

basis, 11.53 % on dry basis), 394.37 kg/m 3 , and 290.4 kg/m 3 respectively. These 

relatively moderate physical properties placed the CPHs in a moderate position for its 

use as fuel for energy production. The compressibility test showed the CPHs to be 

moderately hard, of which is a requirement for all biomasses being used as a fuel for 

energy production. The notable medium content of ash measured in this study means 

CPHs can be a good feedstock, but it w i l l be essential to find ways to minimize the 

A S H ad hoc to the operational challenges it poses to the gasifier. Here, it can be 

recommended that the P A and U A w i l l be performed for separated species and not to be 

mixed as was done in this study. This w i l l allow .us to measure which species in the 

Edwenase community have the highest A S H . Methods of addressing ash-related issues 

during C P H conversion can be used. Example, a number of additives can be added via 
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the following means: using chemical adsorption and reactions to capture problematic 

ash; physical adsorbtion and elutriation of identified troublesome ash species from the 

gasier; augmenting the inert compounds in ash residue by increasing C P H ash melting 

temperature; and finally, by utilisig the dilution and powering effects from the additives 

to withhold the C P H ash sintering. The low levels of N and S measured promulgate 

CPHs as an eco-friendly feedstock. The high V M content suggests a faster ignition 

potential than the C P H and also to have a H H V due to its relatively high F C content. 

Currently, there is no appropriate management of the waste from the cocoa pods 

in the community. What the farmers usually do is to leave the CPHs at a dumping site to 

decay, becoming an environmental menace by the way of the odor, unpleasant sites and 

the generation and spread of bacteria and fungi. 

From the evaluation of the potential of CPHs as a feedstock for energy 

conversion processes, it was concluded that CPHs are a high-potential feedstock due to 

it calorific value of 18.28 MJ /kg comparable to widely used feedstock, such as wood, 

bagasse, rice husk and straw by other researchers. It was also demonstrated how the 

cocoa placenta can be prepared for the purposes of animal feed. The total CPHs 

produced in Edwenase annually is 76 tons. This number could be more. It was noted 

that there was poor accessibility to cocoa fertilizers by farmers within the municipality. 

This was the same that was reported in the Municipal Planning Coordinating Unit 

(2016) report from 2016. Giving farmers in this municipality access to cocoa fertilizers 

would cause most cocoa farmers to cease using CPHs as a source of fertilizer which 

would decrease the rate of fungi and bacteria infections, reduce the practice of decaying 

CPHs and most importantly make more pod husks readily recoverable for energy 

generation. 

Other impacts and benefits of CPHs as use of feedstock of energy production are 

the lack of competition for the acquisition and need for extra land requirement for their 

production, as they were harvested from existing plantations at Edwenase community. 

To utilize the CPHs , there are several potential applications. Some of these 

potential applications are as follows: 

B y burning or gasifying CPHs , you can use them as a biomass fuel source to 

produce heat or electricity. They are a good fuel for bioenergy applications due to their 

high fiber content. 
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For animal feed, to add dietary fiber and other nutrients, cocoa bean husks can 

be added to animal feed formulas. They can be added to livestock feed, including that of 

pigs, poultry, and cattle. As substrate for mushroom cultivation, CPHs ' fibrous texture 

and nutrient content make them a viable substrate for the growth of edible mushrooms, 

including oyster mushrooms and other species. 

CPHs can be applied to soil as a mulch or amendment in horticulture and 

agriculture. They can enhance the soil's nutrient availability, water retention capacity, 

and structure. CPHs can also be used for bio char production; by heating in the absence 

of O, a process called pyrolysis, CPHs can be turned into bio char. B y adding the 

resulting bio char to the soil, the soil's fertility can be improved, and its water retention 

capacity can be increased. 

Lastly, CPHs can be composted with other organic materials to create nutrient-

rich compost that can be used in gardening or farming. 

The choice in selecting a technology for the utilization of the CPHs depends on 

specific applications and local conditions. For this study, biomass energy production 

(Gasification) was selected to be the most appropriate technology for the utilization of 

the CPHs , as the community where this study was conducted faces a major challenge 

when it comes to electricity. As part of the target impacts, this study seeks to contribute 

to efforts made at creating a conducive environment for the socio-economic 

development of inhabitants of Edwenase community and all such communities. The 

trickling-down effect would be to help bridge the poverty gap between the rural and the 

urban. Also, using a gasifier as described above for energy production w i l l limit the rate 

at which the CPHs stay on farm sites and are left to decay. It is therefore recommended 

that the gasifier, as described by Woral l et al. (2021), be built and utilized to reduce the 

pollution caused by the CPHs and mainly, generate electrical power for the community. 

Gasification of biomass emerged more attractive than combustion, pyrolysis, ethanol 

production and anaerobic digestion because we observed that it converts the entire C 

content of the biomass material into fuel. As also noted by Sikarwar et al. 2016; the 

scale of operation (small, large, centralised, decentralised), feedstock flexibility (size 

and characteristics) and sensitivity to the amount of ash and tar yield, are essential 

considerations before choosing a gasifier due to the diverse range of acceptable reaction 

conditions for gasifiers. Supporting policies and regulations should be developed and 

59 



implemented to attract investors. Also, there should be more focus on using R E 

resources to cut down on the over dependence of hydro-power in the country. This 

study found that the producible electricity from CPHs can supply low-class users such 

as Edwenase, 3 times their electricity demand at the household or residential level. In 

the general African context, it has been asserted that the rising electrification rate for 

most countries in synonymous to the increasing deforestation rate. This study is critical 

as the use of C P H requires no deforestation or new lands and w i l l be key to bringing 

down the deforestation rates in the long run. 

This study concluded with a firm recommendation on the importance of 

performing a techno-economic analysis of using CPHs to generate R E using the gasifier 

as the chosen technology in the Edwenase community. A preliminary study was 

launched to assess the costs of connecting such communities to the grid of a nearby 

town against the costs of producing their own energy using the CPHs with the gasifier 

as the chosen conversion technology. Using C C krom and Oseikrom as the two chosen 

areas, early results (which is results for about only 10 % of the entire study to be 

conducted) showed the need for 18 high tension poles and 32 low tension poles to 

connect Oseikrom to the grid in C C krom. This data w i l l feed into providing 

information about the Levelized Cost of Electricity costs for such projects in local areas. 

The study w i l l seek to also find the Total Investment Costs, Fixed Operation and 

Maintenance Costs and the Variable Operation and Maintenance Costs involved for the 

generation of R E for rural communities especially those that are deemed economically 

unsuitable for grid-extended electricity supply. Studies such as this are critical to 

allowing policymakers in Ghana to manage their energy-situation sustainably and also 

promote rural development. Also , gender-based studies must be performed in such areas 

to assess the potential productivity under equitable gender-based power dynamics. 
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Appendix 2: Table supporting formulas for Producible 

Electricity 

Table 1: Formulas for Producible Electricity and Electricity Consumable in 

Edwenase. 

Converted the HHV from MJ/kg to kWh/kg Using metric 1 kWh = 3.6 MJ 

HHV in MJ/kg -f 3.6 MJ/kWh 

Total energy content of CPHs produced in a year Using annual CPHs producible= 53 tons (53,000 

kg) and gasifier efficiency as 30 % 

Total energy content = HHV x Annual CPHs 

produced. 

Possible annual electricity generation from CPHs Total energy content x Gasifier efficiency 
Total annual electricity consumption Using 150 households and electricity per 

household per month as 13.5 kWh 

Total electricity consumption= Households x 

consumption per month x 12 

IV 


