
102
*Corresponding author.

DOI: https://doi.org/10.51646/jsesd.v13i2.204
This is an open access article under the CC BY-NC license (http://Attribution-NonCommercial 4.0 (CC BY-NC 4.0)).

Solar Energy
And Sustainable Development
Refereed, biannual scientific journal issued by:
The Libyan Center for Solar Energy Research and Studies

Biomethane and Green Hydrogen Production Potential from Municipal 
Solid Waste in Cape Coast, Ghana

 Isiaka Alani1 , Milohum Mikesokpo Dzagli2,3* , Damgou Mani Kongnine1,3 , 
Satyanarayana Narra4,5 , Zipporah Asiedu4 .

1 West African Service Center for Climate Change and Adaptive Land Use (WASCAL), University of Lomé, 
Lomé, 01 BP 1515, Lomé1, Togo.

2 Laboratoire de Physique des Matériaux et Composants à Semi-conducteurs, University of Lomé, Lomé, 01 
BP 1515, Lomé1, Togo. 

3 Regional Centre of Excellence on Electricity Management (CERME), University of Lomé, Lomé, 01 BP 
1515, Lomé1, Togo.

4 Department of Waste and Resource Management, University of Rostock, 18059 Rostock, Germany.
5 German Biomass Research Centre gGmbH, 04347 Leipzig, Germany.

E-mail: mdzagli@gmail.com .

ARTICLE  INFO.

Article history:
Received 12 Jun  2024
Received in revised form 14 Jun 2024
Accepted 29 Jul 2024
Available online 4 Aug 2024

KEYWORDS
Biomethane, municipal solid waste, 
food waste management, green 
hydrogen, pollutant emissions, 
renewable energy.

ABSTRACT                                  
Biomethane and hydrogen are promising 

elements in the transition towards sustainable energy, 
due to their capacity to mitigate greenhouse gas 
emissions. In Ghana, efforts to promote sustainable 
waste valorization for energy production are underway; 
however, organic waste conversion into biomethane 
and hydrogen still needs to be expanded. This study 
aims to evaluate the potential of producing biomethane 
and hydrogen from the municipal solid waste in Cape 
Coast, and their injection into the national gas grid. 

The upgrading biogas obtained from anaerobic digestion of food/organic wastes was used 
to generate biomethane. The modified Buswell Equation and data from literature were used to 
estimate the amount of biomethane and hydrogen. The environmental impact was assessed using 
the CO2 equivalent emissions. The findings reveal that Cape Coast generated approximately 6,400 
tons of food waste in 2021, with a projection to 11,000 tons by 2050. Biomethane and hydrogen 
quantities were estimated at 3,700,000 m³ and 784,000 kg in 2021, respectively. Their projection 
reaches to 6,600,000 m³ and 1,400,000 kg by 2050. Converting waste into biomethane and hydrogen 
is an eco-friendly method of their management and use for renewable energy in Ghana. Strategies 
can be integrated into Ghana national energy policies to encourage waste-to-energy projects.
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إمكانية إنتاج الميثان و الهيدروجين الاخضر من النفايات الصلبة 
في بلدية  كيب كوست، غانا . 

إيسياكا ألاني، ميلوهوم ميكسوكبو دزاجلي، دامجو ماني كونجنين، ساتيانارايانا نارا، زيبورا أسيدو .    

ملخ��ص: يع��د الميث��ان الحي��وي والهيدروج��ن م��ن العناص��ر الواعدة في التح��ول نحو الطاقة المس��تدامة، نظ��راً لقدرتهما عل��ى التخفيف 
م��ن انبعاث��ات الغ��ازات الدفيئ��ة. تب��ذل الجه��ود في غانا للاس��تفادة من النفايات لإنتاج الطاقة المس��تدامة؛ ومع ذلك، ف��إن تحويل النفايات 
العضوي��ة إلى الميث��ان الحي��وي والهيدروج��ن لا ي��زال بحاج��ة إلى التوس��ع. تهدف هذه الدراس��ة إلى تقييم إمكانية إنت��اج الميثان الحيوي 
والهيدروجن من نفايات البلدية الصلبة في مدينة كيب كوست، تم حقن الميثان والهيدروجن المنتجن في شبكة الغاز الوطنية. تم 
 Buswell اس��تخدام طريق��ة التخم��ر اللاهوائ��ي للنفاي��ات الغذائي��ة / العضوي��ة لتولي��د غاز الميثان الحي��وي. كما اس��تخدامت معادلة
المعدل��ة وبيان��ات التصمي��م م��ن المراج��ع لتقدير كمي��ة الميثان الحيوي والهيدروجن الي يمكن انتاجها م��ن المخلفات العضوية لمخلفات 
البلدية الصلبة. كما تم تقييم الأثر البيئي من انبعاثات غاز ثاني أكسيد الكربون المكافئ.  كشفت النتائج المتحصل عليها؛ أن بلدية 
كي��ب كوس��ت جمع��ت م��ا يق��در بحوال��ي6,400  ط��ن م��ن نفاي��ات الطع��ام في ع��ام 2021، وم��ن المتوق��ع أن تص��ل الكمي��ة إلى 11,000 
ط��ن بحل��ول ع��ام2050 . وق��درت كمي��ات الميث��ان الحي��وي والهيدروج��ن المنتجة ب���حوالي 3,700,000 متر مكع��ب وحوالي784,000  
كج��م في ع��ام 2021، عل��ى التوال��ي.  وم��ن المتوق��ع أن تص��ل الكمي��ة إلى حوال��ي 6,600,000 م��تر مكع��ب م��ن الميث��ان الحي��وي وحوال��ي 
1,400,000 كجم من الهروجن بحلول عام 2050. ويعتر تحويل النفايات إلى ميثان حيوي وهيدروجن طريقة صديقة للبيئة 
ومس��تدامة لإدارة النفاي��ات واس��تخدامها كمص��در للطاق��ة المتج��ددة في غان��ا. ولتحقي��ق ذل��ك يل��زم دم��ج الاس��تراتيجيات في سياس��ات 

الطاق��ة الوطنية في غانا لتش��جيع مش��اريع تحوي��ل النفايات إلى طاقة. 

الكلمات المفتاحية - الميثان الحيوي، نفايات البلدية الصلبة، إدارة النفايات العضوية، الهيدروجن الأخضر، الانبعاثات الملوثة، الطاقة المتجددة.

1. INTRODUCTION

Biomethane and hydrogen have recently gained significant attention in the energy transition 
pathway due to their potential to reduce greenhouse gas emissions and promote sustainable 
development [1-3]. Converting organic solid waste into biomethane and green hydrogen 
contributes to the renewable energy mix while providing sustainable waste management 
solutions [2, 4]. Ghana is a West African country endowed with natural gas resources, which 
could be complemented with biomethane from Municipal Solid Waste (MSW). Using MSW for 
energy production effectively addresses the challenge of waste management while simultaneously 
producing renewable energy [4-5]. According to the International Energy Agency [6], bioenergy 
is the most significant contributor to renewable energy worldwide, accounting for over 60% of all 
renewable energy consumed. In addition, hydrogen could be considered as an important element 
of the sustainable energy system in the future. Green hydrogen from renewable sources is a 
promising alternative to conventional hydrogen production [7]. The potential of bioenergy and 
green hydrogen production from MSW has been explored across the globe [8-9]. According to 
Figueroa-Escamilla et al. [10], methane generated from the organic fraction of MSW is considered 
as a potential energy source. In similar study conducted in Spain, the ground around 4499 ktoe 
was estimated if all biowastes were converted into biomethane [11]. This quantity could satisfy 
almost 31.6% of the final demand for natural gas in a sustainable manner [11]. 
MSW management is a significant challenge in Ghana particularly in coastal cities such as Takoradi, 
Cape Coast and Tema, where the population density is high. The disposal of MSW in landfills 
results in the emission of methane and other harmful pollutants [12]. However, recent studies 
have shown that MSW can be a potential feedstock for renewable energy production in Ghana 
[13-15]. Ghana generates about 12,710 tonnes of MSW daily with Accra, Kumasi and Tamale 
being the most significant waste generators [16, 17]. The studies also found that approximately 
61% of the solid waste generated is organic, making it suitable for biogas production. Another 
study by Amo-Asamoah et al. [18] investigated the potential of MSW for electricity generation 
in Kumasi. Their findings gave that 36 MJ of energy (10kWh) could be generated from 1 m3 of 
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biogas yield from MSW in Kumasi [18]. Biomethane production from MSW involves converting 
the organic matter to methane through anaerobic digestion. The process produces biogas that 
includes methane (CH4), carbon dioxide (CO2), and traces of other gases such as hydrogen 
sulphide (H2S) and ammonia (NH3). The biogas is composed mainly of CH4 and CO2 and can 
be upgraded to biomethane, which has properties similar to natural gas and can be injected into 
the natural gas grid. Production of MSW biomethane has several advantages, including reducing 
the dependence on fossil fuels and promoting a circular economy [19].  Developing a sustainable 
energy mix is particularly important for Ghana as the country continues to face significant 
energy challenges, including high losses in the distribution system [20]. Harnessing the potential 
of organic solid waste for biomethane and green hydrogen production could play a significant 
role in achieving Ghana’s target of increasing renewable energy capacity to 10% by 2030 [21-22].
The potential for biomethane and hydrogen production from MSW has been studied in several 
countries worldwide, with positive results [8, 23-24]. Despite the availability of significant 
quantities of MSW in the country, there is a limited research on the potential for biomethane 
and green hydrogen production from MSW in Ghana. The few studies conducted in Ghana 
have focused mainly on the potential for biogas production from MSW for energy or electricity 
production [12-15]. This study therefore aims to fill the research gap by evaluating biomethane 
and hydrogen production potential from MSW in Cape Coast municipality to compensate the 
unavoidable greenhouse gas emissions. The total MSW potential for biomethane and hydrogen 
in Cape Coast and the quantity of natural gas equivalent to that can be produced from MSW-
derived biomethane were investigated and the rate of CO2 emissions reduction was estimated. 

2. CASE-STUDIES PRESENTATION

2.1. Study area 

The current study is focused on Cape Coast Municipality. Cape Coast is a coastal city and the 
capital of the central region of Ghana. This coastal city of the Atlantic ocean is 150 kilometers 
west far from Accra. It has geographic coordinates of about 5.13151° N latitude and 1.2794744° 
W longitude, (Figure. 1).  Cape Coast is the hub of Ghana’s tourism industry and one of the most 
populated districts in the central region of Ghana with a population of 189,925 inhabitants [25].
Cape Coast Municipality  is covered with two wet seasons  and two dry seasons annually.

Figure 1. Map of Cape Coast Metropolis and its localization on Ghana map (Adapted from [26]).



Isiaka Alani et. al.

105 Solar Energy and Sustainable Development, Volume (13) - No (2) . December 2024

 The principal wet season occurs from May to July and the rainfall in this area ranges from 750 to 
1000 mm [27]. Cape Coast’s unique geographical location and existing natural gas infrastructure 
make it an ideal research area for investigating the conversion of waste to biomethane from 
municipal solid waste for injection into the Ghana natural gas grid. The construction of a 290-
km onshore pipeline from Takoradi to Tema passing through Cape Coast would allow for the 
transport of natural gas. It would be an occasion for studying this energy infrastructure in 
supporting the integration of biomethane  [28-29]. Additionally, the district’s waste management 
practices and waste composition can be examined to develop sustainable solutions for waste-to-
energy conversion. The city has a land area of about 122 square kilometers and is characterized 
by its proximity to the sea (13 km along the central coast). 

2.2. Waste Quantification and Characterization 

A comprehensive analysis of waste composition in Cape Coast has revealed valuable insights 
into the types and proportions of waste generated in the area. The study conducted by UN-
Habitat [30], indicates that the waste composition in Cape Coast comprises various categories, 
including organic waste, plastic waste, paper waste, glass waste, and metal waste [31-33]. The 
survey highlights that organic waste is the most significant portion of the total waste stream 
followed by plastic and paper waste. The study also notes the presence of substantial amounts of 
glass and metal waste in Cape Coast. From these findings, the total MSW generated and the MSW 
generation rate were 166 t/day and 0.73 kg/capita/day, respectively. The household generation 
was 0.44 kg/capita/day while the MSW collected and the city recovery rate were 63% and 1 %, 
respectively. It provides a better understanding of waste management in the region, which can 
serve as a basis for developing effective waste management strategies and policies [30]. 

2.3. Estimation of Food Waste from Cape Coast City as Feedstock for 
Anaerobic Digestion 

 To address the lack of historical data on MSW generation in Cape Coast, a mathematical method 
was used to estimate the amount of waste produced. It takes into account the waste generated per 
day and the waste fraction that can be recovered. Through the use of these factors, the study was 
able to calculate the MSW generated in Cape Coast over some time. The total amount of MSW 
generated in Cape Coast was estimated using the formula (Eq. 1) adapted from reference [34]:

365 1
1000

CC
M CC

q p ( t ) CW ( t ) .....( )−

× × ×
=

where WM-CC (t)  is the annual MSW generated in Cape Coast at the specific time in tons; C is the 
recoverable fraction of the MSW considered in the present study to be 0.63 [30]; q is the average 
waste generation rate in Cape Coast (0.73)[30]. PCC (t)  is the population of Cape Coast at the 
specific time t which growth is given by Eq. 2 [34-35].

1 2t
CC bP ( t ) P ( r ) ............( )= +

where Pb is the base population of Cape Coast in 2021 and t is the time and the growth rate r is 
assumed to be 2 % [25]. 
The separation of the organic waste portion of the MSW in Cape Coast at the specific time in tons 
(WF-CC (t)) was determined using Eq. 3 [34-35].

0 2 3F CC M CCW ( t ) W ( t ) . .............( )− −= ×

Where 0.2 is a foctor that corresponds to the proportion of organic waste [30].
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2.4. Estimation of Biomethane Potential from Organic Fraction of MSW

The methane production potential that may be generated during anaerobic decomposition was 
obtained by applying the modified Buswell Equation (Eq. 4). Anaerobic digestion processes 
can harness the energy potential of various organic waste materials rich in lipids, proteins, and 
carbohydrates [36]. 
Typically, anaerobic digestion is carried out in the absence of oxygen to convert food waste into 
valuable byproducts such as biogas and digestate. 
The opportunity of transforming bioresources into renewable energy is significant and 
environmentally friendly and safe. When organic waste is used as a feedstock, biogas produced 
through anaerobic digestion typically contains 25-55% CO2 and 40-75% CH4, along with other 
trace gaseous components such as nitrogen (N2), hydrogen sulfide (H2S), oxygen (O2), hydrogen 
(H2), ammonia (NH3), and water vapour (H2O). However, CO2 and water vapour are considered 
contaminants as they do not contribute to thermal power generation and reduce the calorific 
value of biogas [37]. Therefore, to obtain high-grade methane, it is essential to purify the biogas 
and upgrade its quality using appropriate technologies such water absorption, and pressure swing 
adsorption [38]. The biogas yield is estimated theoretically using the Buswell-Boyle equation (Eq. 
4) [34, 39].

2 2 2 3
3 3 3 4

4 2 4 2 8 4 4 2 8 4 8p q y d
q y z p q y z p q y zC H O N p H O CO CH zNH ....( )     + − − + → − − + + + − + +          

The constants p, q, y, and z represent the number of carbon (C), hydrogen(H), oxygen (O), and 
nitrogen (N) atoms, respectively. 
These constants can be determined mathematically using Eq. 5 [34].

1 2 1 5
14 01

elemental
mr

mass mr

U .Mole ratio with N .....( )
M N .

= × =

Where Uelemental is the elemental composition obtained from the ultimate analysis of the organic 
matter (C: 46.7; N: 2.1; H: 8.0; O: 38.9) [34,40],  Mmass is the molar mass of the respective elements 
(C: 12.01; N: 14.01; H: 1.01 and O: 16.00) [37], and Nmr is the nitrogen mole ratio. 
The values of the constants are determined from the mole ratio of the elements given as C: 25.94; 
N: 1; H: 52.84; O: 16.22.
The methane potential (BCH4) in cubic meters per ton (m3/ton) at standard temperature and 
pressure (0 °C at 1 atm), the theoretical CO2 produced from the process and its percentage 
composition in the biogas are estimated using the approach proposed by Seglah et al. [34] and by 
Ayodele et al. [37], (Table 1). The actual biogas yields obtained are notably lower than the total 
biogas potential Bt as indicated in table 1. 
This discrepancy arises from a failure of the digester to decompose approximately 10% of the 
feedstock, as reported by Ayodele et al. [37]. 
Furthermore, a certain proportion of the organic waste matter (approximately 5-10%) is utilised 
for cell tissue production by the organisms that influence microbial degradation. Prior to the 
reforming process, raw biogas must be cleaned and upgraded. The chemical composition of the 
purified biogas are CH4 (93- 96%), CO2 (4-7%), and H2S (<20 ppm) [41]. Given that, CO2 is the 
only impurity in purified biogas, the volume of CH4 (m3/ton) from the purified biogas can be 
calculated, CH4 (purified) based on reference [12], (Table 1).
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     Table 1. The methane potential (BCH4) and the theoretical CO2 calculations [34, 37].

Where, µ is the fraction of organic matter consumed for cell tissue synthesis (85%) [43] and %δ 
is the proportion of biogas that can be upgraded (75.7%) [34, 43-44].

2.5. Estimation of Hydrogen Generation from Steam Methane Reforming

Main reactions that concerning the steam reforming are shown by Eq. 6 to Eq.8 [45]: 
Steam reforming reaction

4 2 23 206 2 6CH H O CO H ( . kJ / mol ) ....( )+ ↔ + +

Water-gas shift reaction
2 2 2 41 7CO H O CO H ( kJ / mol ) ....( )+ ↔ + −

Overall reaction
4 2 2 22 4 247 9 8CH H O CO H ( . kJ / mol ) ....( )+ ↔ + +

From the overall reaction, 1 kg of CH4 steam reformed produced 0.5 kg of H2 gas. That means 
almost (0.5 × ρCH4) kg of H2 gas was obtained from 1 m3 of CH4 [37], where ρCH4 is the density of 
methane. It is found that the system efficiency affected the amount of H2 gas produced which can 
be expressed as shown in Eq. 9 [43,45].

2 4 40 5 9H CH systemA . VCH ( purified ) .......( )ρ η= × × ×

Where, ηsystem = ηR× ηB, with ηB and ηR are the efficiencies of the boiler and reformer, respectively 
which values are given as 80% [43].

2.6. CO2 Utilization through Methanation for Power-to-Gas 

CO2 is the primary driver of the greenhouse effect due to its high concentration and long retention 
time in the atmosphere compared to other greenhouse gases [46-47]. Carbon capture and 
utilization contribute to the circular carbon economy where emissions are reduced, reused and 
recycled [48].  One promising utilization of waste CO2 is to react it with hydrogen in the presence 
of a catalyst to produce methane. This process is termed Power-to-Gas technology, where the 
power grid is linked with the gas grid by converting excess power into a grid-compatible gas via 
a two-stage process: H2 production by water electrolysis and H2 reaction with an external CO2 to 
produce methane (methanation). In this study, two scenarios are considered: methanation using 
hydrogen from electrolysis and hydrogen from steam methane reforming. Figure 2 presents the 
process flow diagrams of methanation where H2 is generated from renewable electricity (Figure 
2A)  and from steam methane reforming (Figure 2B). The high-yield methane produced can be 
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injected into the existing natural gas grid, or used in other applications such as vehicle fuel.

Figure 2. Process flow diagram of methanation with: A-H2 from renewable electricity and B- H2 from Steam 
Methane Reforming.

The methane is produced using Sabatier methanation reaction as given by Eq.10 [49-50]:

2 2 4 24 2 165 298 10H CO CH H O kJ / mol ( at K ) ......( )+ → + −

In Figure 2A, the CO2 utilization is achieved using hydrogen derived from renewable electricity, 
termed Power-to-X. The methanation reaction produces more methane increasing the overall 
biomethane production in the entire system. In scenario 2, (Figure 2B), the hydrogen is derived 
from steam methane reforming of biomethane produced. This process is initiated in the demand 
for hydrogen. However, hydrogen can be used for the methanation process when the demand 
for methane is high, or there is no demand for hydrogen for end use application. This cycle is 
repeated to reduce CO2 emissions and increase the overall biomethane production. It has been 
stated that the H2:CO2 ratio influences the methanation efficiency improving methane yield. The 
H2:CO2 ratio that conducted to the maximum CO2 conversion, and to a best methane yield was 
of 4:1 [51-52].

2.7.  Environmental Analysis

The environmental assessment performed in this study is based on the Global Warming Potential 
of notable gases in the system, such as CO2 and CH4. The increasing climate change is due to 
increasing greenhouse gas emissions, mainly CO2 and CH4 [53-54]. To abate this effect, it has been 
necessary to use renewable energy sources, which are low-carbon. Biomethane and hydrogen 
have been described as potential energy carriers to reduce the overall emissions from the energy 
sector [55-56]. Eq. 11 estimates the equivalent (CO2)e  produced from the process [37, 57].

2 2 4 2 11x( CO ) a( CO ) b( CH ) c( CO ) d( SO ) e( NO ) f ( PM ) .......( )= + + + + +

Where a=1, b= 25, c=1.9, d=80, e=50 and f=67, are respectively, the emission coefficients 
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corresponding to the global warming potential of each pollutant [58-59], 
According to the findings of Ayodele et al. [37], the CO2 released during combustion is considered 
carbon neutral and does not contribute to global warming. Table 2 provides the emission factors 
for each pollutant.

        Table 2. Emission factor of some pollutants [37, 58-59].
Pollutants (i)  CO  SOX NOX CH4 PM  (CO2)e

GWP(i) kgCO2 per kg pollutant 1.9 80 50 25 67
Emission factor α (lb per scf) 84 0.6 32 7.6 2.3

Emission factor (lb per MMBtu) (×10-4)
 β =α/1020 823.5 313.7 5.882 22.55 74.51 

Emission factor  (kg per MJ)  (×10-8)
γ=(β × 0.4556)/1055 3556.3 1354.7 25.401 9.7382 321.77

Biogas combustion emissions with respect 
to carbon dioxide equivalent (kgCO2) 

(×10-5)
(CO2)e = Q×γ× GWP (i ) 

255.1 4091 47.94 9.191 813.8 5217

In the present study, the biogas has been upgraded to contain 75.7% methane [12, 34,41], and the 
emissions of CO2 during steam methane reforming was taken into account in the scenario 2. As 
a result,  Eq.11 is modified to Eq. 12.

2 2 12( CO )e a( CO ) .......( )=

The fuel low heating value (LHV) of each pollutant as a function of the percentage methane 
content in the biogas (x) is expressed by Eq.13 [37]:

4 13iQ LHV( CH ) %x ..........( )= ×

Lower heating value of methane (LHVCH4) is taken to be 49.934 MJ per kg [37]. The theoretical 
estimation of biomethane and hydrogen potential provides valuable insights for future 
projections. The linear progression based on population growth is an essential parameter in the 
approach of this study. It considers how waste generation in Cape Coast is largely dependent on 
the population growth, hence on future projections.

3. RESULTS 

3.1. Evaluation of Food Waste Potential 

In order to determine the potential for producing biomethane and green hydrogen from the food 
waste portion of MSW in Cape Coast, Ghana, the first step was to determine the overall amount 
of MSW generated. This was accomplished by calculating waste generation per person, collection 
efficiency, and the population in 2021. Figure 3 shows the correlation between the organic MSW 
generated, the food waste, and the population in Cape Coast over a period from 2021-2050. 
This result were used for further analysis. Several factors such as waste composition and waste 
management practices were considered. Almost 6,376.30 tons of food waste accounting for 20% 
of the total MSW (31,881 tons) were generated in 2021, (Figure 3). The estimated biogas potential 
from food waste is 4.9 Mm3. The findings in this present study are similar to that of Cudjoe et 
al. [60], where the biogas generation potential is increasing with the population in the studied 
cities (Accra and Kumasi). The analysis provides a comprehensive overview of the potential for 
producing biomethane and hydrogen from food waste. An examination of waste generation 
trends over the 29 years revealed important insights. A detailed evaluation was conducted to 
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determine the potential for food waste which dominates the organic MSW generated in Cape 
Coast over a period from 2021-2050, as shown in Figure 3. 

Figure 3. Food waste generated in function of the population growth in Cape Coast from 2021 to 2050.

The result shows that waste generation increased annually, largely due to population growth in 
the region annually of 3.1% [61]. Considering Cape Coast as a tourist hub, could impact waste 
generation potential beyond the projected values. Recovering the food waste fraction of MSW is 
essential for anaerobic digestion. Therefore, it is crucial to adopt sustainable waste management 
approaches to limit the ecological consequences of the increasing waste production.
On the left y- axis, the population is represented (empty small circles in blue), while on the right 
y-axis are the total municipal waste and the food waste fraction generated. The linear graphs 
show how population affects waste generation in Cape coast.

3.2. Biomethane and Hydrogen Production Potential 

Figure 4A presents the projected potential for biomethane and hydrogen in Cape Coast from 
2021 to 2050. 

Figure 4. Biomethane and hydrogen potential in Cape Coast from 2021 to 2050.
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Figures 4B and 4C show the correlation between biomethane, hydrogen and food waste, 
respectively. The biogas composition, calculated using equations from Table 1, contains 58.39 
% CH4 and 41.61 % CO2. After purification, the biogas is upgraded to 75.6 % CH4 before steam 
reforming for hydrogen production. 
The amount of the food waste, the actual biogas, the biomethane, and the green hydrogen for 
2021 were 6,376.30 tons, 4,939,014.92 m3, 3,728,956.26 m3 and 783,975.76 kg, respectively. 
By purifying the raw biogas and removing some carbon dioxide, the methane concentration 
increases from 2.88 Mm3 to 3.7 Mm3 produced from food waste. Cape Coast has a high potential 
for biomethane, producing 3.7 Mm3 per year in 2021. Hydrogen generation potential obtained 
from food wastes in the present study is consistent with that of Seglah et al. [34], obtained 
in Accra, Kumasi, Sekondi-Takoradi and Tamale, respectively. Ayodele et al. [37] obtained 
similar findings in Southern Nigeria. With the new development in the natural gas pipeline, 
this hydrogen generation potential, when harnessed would be capable of complementing the 
existing natural gas resources in Ghana and meet the local methane demand in Cape Coast.  In 
2020, 20.4% of gas supplied to the country was imported from Nigeria through the West African 
Gas Pipeline. The rest (79.6%) was sourced from within the country through the Atuabo plant. 
Gas production reached 95.2 trillion British thermal units (tBtu), most of which was used for 
generating electricity [62]. According to calculations, 3.7 million m3 of biomethane equals 0.132 
tBtu of natural gas. This means that as of 2020, biomethane could replace 0.11% of the fossil-fuel 
natural gas used in the country. Promoting renewable energy policies is important to encourage 
the growth of biomethane production [63]. By doing so, it is estimated that by 2050, there would 
be a potential of 5.34 tBtu of biomethane produced, which can be accelerated with favourable 
policies. This estimated potential could replace 4.5% of natural gas by 2050.
Hydrogen produced from steam reforming of biomethane is a renewable gas due to its low carbon 
footprint and contribution to a circular economy. Repsol conclusively demonstrated this fact 
through their successful industrial test that employed biomethane to create renewable hydrogen 
to make eco-friendly fuels such as gasoline, diesel, and aviation kerosene [64]. 51 thousand m3 
(500 MWh) of biomethane were used to produce 10 tons of hydrogen at the Cartagena Industrial 
Complex in Spain [64]. Repsol’s findings confirm this research, which estimated that there is a 
potential of 783 tons of renewable hydrogen that can be produced through steam reforming of 
biomethane in 2021. However, unstructured waste management in the municipalities could yield 
in uncollected food waste that’s needed for anaerobic digestion and impact the biomethane and 
hydrogen generation potential.

3.3. Natural Gas Displacement 

Biomethane offers a potential solution to the achievement of net zero emission due to its several 
advantages including CO2 emission reduction, ideal for decentralization of energy production 
in small-scale units for injection into the distribution systems, and meets natural gas quality for 
injection into the natural gas grid [65]. Figure 5 shows the equivalent biomethane production 
and the natural gas supply in Ghana from 2009 to 2022.
Over the last few years, gas production is increasing in Ghana. Production has increased from 
2.0 tBtu in 2014 to 117.87 tBtu in 2022, which accounts for an annual growth rate of 66.5%, as 
shown in Figure 5.  Ghana has also been importing gas from Nigeria through the West African 
Gas Pipeline to supplement domestic production. The total amount of gas imported has been 
increasing gradually, although slower [66]. To reduce Ghana’s dependence on imports, it would 
be essential to develop local production. The biomethane potential for Cape Coast is equivalent 
to 0.134 tBtu natural gas as of 2022, which displaces 0.7% of the gas imported. This shows that 
a higher displacement is achievable with increasing methane yield influenced by food waste 
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generation and anaerobic digestion.  Ghana’s decarbonization strategy includes introducing 
low-carbon technologies, such as carbon capture utilization and storage, as well as compressed 
natural gas for road transport by 2070 [67].

Figure 5. Natural gas supply (2009-2022) and equivalent biomethane potential.

However, no specific analysis or projections were made for biomethane as a complementary 
solution for the decarbonization of the gas sector. It, therefore, raises a concern about the potential 
limitations in exploring alternative solutions that could be highly efficient and environmentally 
beneficial. The biomethane market is growing globally, as countries are encouraging the inclusion 
of biomethane in their energy mix, and making their targets more achievable through incentives 
and subsidies [68]. Addressing the challenges in the production of biomethane will be essential 
in harnessing its full potential sustainable energy source to advance the national economy.

3.4. Environmental Assessment

Figure 6 presents the estimated total emissions in CO2 equivalent from 2021 to 2050. The 
biomethane and hydrogen production from food waste releases some CO2 [69]. The estimated 
emissions from biogas combustion in CO2 equivalent is 81.5 tons. 

Figure 6. CO2 emissions saving.
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Considering scenario 1, the CO2 produced from the process is saved and utilized to increase 
biomethane production. In scenario 1, the CO2 produced from the biogas upgrading is reacted 
with renewable electricity-generated hydrogen (green hydrogen) to produce more methane [70]. 
The loops  of the system was closed to reduce the CO2 emissions. The (CO2)eq. emissions per kg 
of biogas during biogas combustion and steam reforming process are found to be 0.052 Kg and 
2.750 Kg, respectively [37]. Hydrogen production from steam methane reforming releases CO2 
that can be later reutilized for the methanation process in reacting with hydrogen produced.
The CO2 equivalent emission of 4.39 ktons obtained in 2021 could reduce 0.12% from 6.34 
Mtons CO2 released from 120 tBtu natural gas consumed in 2020 [71]. This increases to a 
2.8% reduction by 2050 from the same volume of natural gas. Comparing the CO2 reduction 
potential from the two processes, it can be concluded that scenario 2 offers higher CO2 emission 
savings than scenario 1. Hydrogen production from biomethane compared to natural gas as a 
feedstock has been investigated to be the preferred option to decarbonization as it can lead to 
negative emissions [72]. Hence, complementing carbon capture to steam methane reforming 
of biomethane will reinforce resource optimization and emissions reduction of the scenarios, 
and conforming with bioenergy with carbon capture and storage [73-75]. Organic waste-derived 
Renewable Natural Gas (RNG) alone cannot replace fossil fuels enough to meet long-term climate 
objectives. Nonetheless, RNG can still help decrease methane emissions and substitute fossil fuels 
in economically challenged areas [76].

4. CONCLUSION

The biomethane and hydrogen generation potential from the food waste from the Cape Coast 
Municipality has been evaluated. The findings estimate that 31,881 tons of food waste could 
be generated in 2021 and a projected of 258,670 tons by 2050. This projects the biomethane 
and hydrogen production potential to 151.28 Mm3 and 31,800 tons, respectively by 2050. The 
biomethane potential could contribute to replacing 4.5% of natural gas consumption in Ghana 
by 2050. The projected potential of 31,800 tons of renewable hydrogen by 2050 could contribute 
to advancing a hydrogen economy in Ghana by complimenting green hydrogen from electrolysis. 
Furthermore, these resources stand poised to support Ghana’s emergence as a notable hydrogen 
exporter, with the nation’s prospects bolstered by the development of the natural gas pipeline along 
Cape Coast. The study suggests two strategic methods to take advantage of renewable energy 
sources: integrating biomethane into the natural gas grid and preparing pipelines for hydrogen 
export. The innovative scenarios explored in this study could increase methane yield by utilising 
CO2 emissions while reducing carbon emissions at about 2.8% reduction in CO2 emissions from 
natural gas consumption by 2050. In order to make cities more environmentally friendly and 
reduce methane emissions from landfills, sustainable waste management is crucial. However, 
estimating the potential for biomethane and hydrogen generation in urban areas is difficult, 
especially regarding food waste generation. Municipalities’ lack of waste segregation systems 
creates a challenge for efficient food waste collection for anaerobic processing, so, it is essential 
to promote and implement effective waste management systems in Cape Coast, which includes 
prioritizing waste segregation at the source. The advancements in renewable energy production 
can potentially revolutionize the energy sector and significantly reduce carbon emissions. Further 
studies could be conducted on the economic feasibility and carbon credits generation from CO2 
emissions savings. This study provides valuable information to policymakers, researchers, and 
investors in Ghana’s gas and energy sectors for the development of policies and strategies to 
promote the integration of biomethane and green hydrogen into the natural gas grid. Additionally, 
the study can serve as a basis for further research on bioenergy and hydrogen production from 
MSW in other cities in Ghana and African countries.
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