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Abstract: Ghana spends over $4000 (US dollars) annually managing municipal solid waste (MSW) with little
improvement in regional sanitation. Energy demand in the country is also on the rise. Therefore, addressing
waste problems via the waste-to-energy valorization approach is necessary for dual benefits. This paper thus
seeks to comprehensively review Ghana's MSW's proximate and ultimate compositions for biological and
thermochemical conversions. Studies between 2011 and 2024 were analyzed. The findings revealed that the
organic fraction of Ghana’s MSW is currently about 10.47Kt per day. The proximate analysis reveals a moisture
content from 13.55 — 61.9 %, volatile matter ranges from 6.24 - 80.25%, and the calorific value ranges from 14.96-
21.46MJ/Kg. The ultimate analysis revealed that the carbon-to-nitrogen ratios range from 24.3-32.2, and the
hydrogen content ranges from 5.53-22.8%. The sulphur and nitrogen contents were below 0.6 and 1.7%
respectively. Approximately 2,534.65 GWh of electricity is estimated from the organic fraction. Ghana’s MSW
is more suited for biochemical conversions.

Keywords: waste valorization; municipal solid waste management; proximate analysis; ultimate
analysis; biomethane potential; waste composition

1. Introduction

In this present era of climate change mitigation, the subject of waste management cannot be
overlooked. Solid waste naturally releases greenhouse gases such as carbon dioxide and methane
through fermentation. However, indiscriminate burning and open dumping exacerbate the present
crises. In developing countries, about 40% of municipal solid waste (MSW) is burned or dumped
openly without appropriate measures [1]. The repercussions affect aquatic and terrestrial habitats
[2,3]. Global waste generation is predicted to reach 27 million tonnes by 2050 [4]. The main driver,
urbanization, will peak in the next 30 years culminating in a per capita generation rate of 1.42kg/day
globally [5,6].

In a country with an evolving economy like Ghana, proper sanitation is certainly a public good
but the resources available to adequately address MSW management problems are limited [7,8].
Waste management notwithstanding, local governments are burdened with other competitive
necessities that require fiscal resources. The effect, therefore, is weak stakeholder participation
underpinning a poor waste management system [9]. A subject, that was in the past regarded as a
local management issue, has gradually assumed a national outlook due to escalating population and
urban influx amidst revenue decline [10-12].

Recently, many emerging economies realizing that proper waste disposal cannot singlehandedly
address the grandiose waste management issue, have embraced resource recovery. Waste-to-energy
projects have been reported in South Africa, Mauritius, Namibia, Ethiopia, and Ghana.
Unfortunately, due to inadequate MSW data, most African countries including Ghana have
underutilized the energy locked up in their waste and have employed only composting and
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landfilling methods hitherto [13]. For instance, though some biogas plants operate in households and
institutions, there are no commercially recognized biogas projects [14]. Nevertheless, Ghana's
Ministry of Energy has laid out a master plan for renewable energy to harness electric power in
municipal biomass via biogas production [15].

Poor waste management and energy scarcity are interconnected [16]. The pair are twin issues
besieging the Ghanaian economy in a vicious cycle. Ghana faces waste management [17] and energy
crises [18]. The proportion of waste not collected outweighs the percentage collected and properly
disposed of [19] leading to floods, water pollution, and the spread of diseases endangering human
and animal life [20]. In the same vein, Ghana imported 38.35% of energy between 2000 and 2020 due
to a 50% increase in Ghana’s energy needs [18]. Meanwhile, about 80% of MSW have the potential to
be recovered and 63.6% can potentially undergo anaerobic digestion for energy production [21]. More
so, studies reveal that Ghana’s crop residues can reduce reliance on wood fuel, LPG, and electricity
[22]. Organics and plastics jointly form 75% with organics being the highest fraction (61%) [23].
Fortunately, food waste is inexhaustible and affordable offering an advantage for large-scale
electricity production [24,25].

Ghana generates over 12.71Kt of MSW, on average [23], underpinning the fact that the necessary
raw materials for waste-to-resource conversions are available. To circumvent the twin predicaments,
it is expedient to evaluate Ghana’s MSW generated and consider the possibility of waste valorization.
The selection of potential feedstocks for resource recovery depends on proximate, ultimate, and
energy composition [26]. This review seeks to evaluate Ghana’s MSW characteristics and assess
proximate and ultimate compositions, and energy potentials for valorization.

2. Methodology

The study centers on MSW from Ghana's various regions, highlighting the waste characteristics,
proximate and ultimate compositions, and calorific values. Ghana’s solid waste is worth the study
for many reasons. First and foremost, MSW is a real challenge for Metropolitan, Municipal, and
District Assemblies [19]. There is inadequate infrastructure to manage the waste generated but rapid
urbanization and indiscriminate dumping habits exacerbate the situation [27]. Secondly, the
country’s electricity largely depends on thermal and hydropower with biomass sources representing
a smaller fraction [28]. The energy demand keeps increasing with population growth [29]
necessitating the waste-to-energy approaches. Finally, addressing Ghana’s MSW helps achieve
sustainable development goals that include SDG 6 (Clean Water and Sanitation), SDG 3 (Good Health
and Well-being), SDG 11 (Sustainable Cities and Communities), and SDG 12 (Responsible production
and Consumption) [30].

To ensure the accuracy of the findings, careful selection criteria were employed. Only research
conducted in Ghana on municipal solid waste, proximate and ultimate analysis, and energy
potentials were considered. Countries outside Ghana were selected only to compare proximate and
ultimate composition and calorific values. The paper considered the MSW generated, management
practices, and MSW characteristics of the regions. The paper then zoomed into proximate, ultimate,
and energy discourse. Studies had to be published between 2011 and 2024 to ensure recency. Studies
that did not provide sufficient data were excluded. 85 published articles were obtained. Articles with
enough data on the proximate, ultimate composition, and calorific contents strictly for MSW in Ghana
were only 7, 6, and 5 respectively.

A comprehensive search strategy was employed. Scopus and Google Scholar were searched
using the following keywords “municipal solid waste” AND “Ghana”, “MSW proximate analysis”
AND “Ghana”, “MSW ultimate analysis” AND “Ghana” “MSW calorific value” AND “Ghana”,
“MSW biomethane potential” AND “Ghana”. The search engine was limited to English papers. Data
was extracted from tables and graphs, and key findings were grouped under common themes. The
findings were summarized and synthesized comprehensively. The waste generated was estimated
by population xper capita waste generation [31]. The estimated organic waste = Total MSWx%
organics. The estimated biogas, biomethane, electricity, and biodiesel potentials were calculated
using conversion factors of 1.29,1.70, 4.13, and 13.69 respectively [32].
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3. Results and Discussion

This section may be divided by subheadings. It should provide a concise and precise description
of the experimental results, their interpretation, as well as the experimental conclusions that can be
drawn.

3.1. MSW Management in Ghana

3.1.1. Population and Waste Generation

Using the 2021 Population and Housing Census growth rates and waste generation rates
[21,31,33,34], Ghana’s MSW was estimated (Table 1). With a population of 27,043,093, Ghana
produced 12.71Kt of waste per capita generation of 0.74kg daily. Each Ghanaian averagely produced
0.318kg of biodegradable and 0.096kg of recyclable waste daily [31]. The population has shot up to
30, 832,019 [35], and the waste produced has consequently increased to approximately 17.78 Kt per
day. The sum of population percentages of Greater Accra (17.7%), Ashanti (17.6%), Central (9.2%),
and Eastern regions (9.5%) exceeds half of the country’s population (Figure 1). The wastes generated
from these regional capitals form 66.5% of total MSW. The coastal and forest zones contribute about
75% of Ghana’s waste whereas the savannah zone contributes about 6% with a per capita waste
generation between 0.21-0.33kg/person/day [31]. Greater Accra, with the highest population,
generates more than 3500 metric tonnes of waste per day with plastic forming one-tenth of the overall
waste produced [36]. Besides the escalating population, economic status has also influenced the MSW
generation rate. Cities with rapid socioeconomic growth produce waste in high quantities in most
emerging nations [37]. Accra and Kumasi produce the highest waste in Ghana. Accra is about 85%
urbanized with a population of 1,681.3 and Kumasi has a population of 443, 981 occupying an area
of 68 km2 [38]. Both are estimated to generate over 4,000 tonnes of waste per day in 2010 [19] and
about 8,117.56 tonnes presently.
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Figure 1. Percentage of regional population [39].

Table 1. Estimated waste generation in the regions in 2021.

Region Population [40] Waste (tonnes/day)  Percentage

of waste (%) Reference
Western 2060585 144241 8.1 [21]
Central 2859821 1916.08 10.8 [31]

Greater Accra 5455692 4037.21 22.7 [31]
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4
Volta 1659040 514.30 2.9 [31]
Eastern 2925653 1784.65 10.0 [33]
Ashanti 5440463 4080.35 23.0 [31]
Western North 880921 616.64 35 [21]
Ahafo 564668 276.69 1.6 [31]
Bono 1208649 592.24 3.3 [31]
Bono East 1203400 589.67 3.3 [31]
Oti 747248 231.65 1.3 [31]
Northern 2310939 762.61 4.3 [34]
Savannah 653266 215.58 1.2 [34]
North East 658946 217.45 1.2 [34]
Upper East 1301226 273.26 1.5 [34]
Upper West 901502 225.38 1.3 [34]
Total 30832019 17776.16 100

3.2. MSW Management in Ghana’s Metropolitan Assemblies

Ghana has six metropolitan Assemblies; Kumasi Metropolitan Assembly (KMA), Cape Coast
Metropolitan Assembly (CCMA), Accra Metropolitan Assembly (AMA), Tema Metropolitan
Assembly (TMA), Tamale Metropolitan Assembly (TaMA), and Sekondi- Takoradi Metropolitan
Assembly (STMA). Accra and Kumasi are Ghana's two most populated cities [39]. The Accra and
Kumasi Metropolitan Assemblies generate about 501.9Kt and 440Kt of waste respectively [19]. Except
for Accra and Tema, less than half of the waste dumped in containers is collected in the metropolitan
assemblies (Figure 2). Due to the inadequate number of skip trucks [27] and bad roads [41], only
27.6% of MSW in Ghana is collected. Furthermore, due to the inadequate number of containers and
bins [27], about 14.4% of waste generated is dumped openly, and about 3.2% is disposed of
indiscriminately. Although Ghana spends over GH ¢34 million (equivalent to USD 4000) managing
waste annually, the improvement is minimal [19].

Waste management is executed primarily by private contractors in collaboration with municipal
assemblies [42]. In the Accra Metropolitan Assembly (AMA), while private companies carry out their
waste services on the household level, the AMA collects waste from commercial centers.

Depending on the level of income of a particular area, the residents are mandated to pay waste
disposal fees set by the AMA authority to the private contractors assigned to their jurisdiction [19].
Periodically, the AMA provides free waste bins to enhance waste collection. The AMA also registers
waste-collecting operators in the informal sector who render services using tricycles commonly
known as “borla taxis”. The informal sector’s contribution to waste services is, without doubt, a
massive input though operators face discrimination. There are about 2000 “borla taxi” operators in
Accra, rendering services in places that are inaccessible to waste-collecting trucks [43]. In the Kumasi
Metropolitan Assembly, nine (9) service operators have been allocated to the ten sub-metros for five
years. The fees are differentiated per residence type. High-income residents pay GH ¢10.00; middle-
income earners pay GH ¢8.00 and low-income residents are charged GHg¢ 5.00. The final destination
of the collected waste is the Oti sanitary landfill. Although the Accra and Kumasi recycling plants
have been recycling about 400 tonnes of waste daily [19], the percentage of MSW recycled so far is
low compared to the quantity generated [44]. Inadequate fiscal resources, implementation of policy,
and skilled personnel are key issues affecting Ghana’s MSW management [45].
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Figure 2. This is a figure. Schemes follow the same formatting.

3.1.3. Waste Typology

MSW emanates from households (55-80%), marketplaces (20-40%), industries, organizations,
and streets [45,46] thereby exhibiting heterogeneity in composition, size, and rate of generation [47]).
Table 2 displays the MSW characteristics of some regional capitals. The waste composition in Ghana
includes organics, plastics, inert materials, papers, textiles, metals, glasses, leather, and rubber
[31,37,48]. Organic waste occupies the highest fraction of municipal solid waste in developing
countries [31] primarily from domestic and agricultural sources. Due to post-harvest losses and
inadequate storage facilities, high organic waste is produced from Ghanaian markets [46]. Globally,
the organic fraction of MSW is approximately 92 % [47]. Restaurants, “chop bars”, hotels, and markets
contribute heavily to municipal solid waste [49]. Most metropolitan and municipal district assemblies
in Ghana record organic waste fractions over 50% presenting the potential for use in composting and
anaerobic digestion [31,33,37]. The organic fraction decreases approaching the northern savannah
zones (Seshie et al., 2020). Some agroecological zones produce a lot of organic waste due to excess
crop residues from farming activities [50]. Plastics are second to organic waste on the ratio scale
forming 10- 14% of total waste [31,33,34,37]. More plastic wastes are generated in the Northern
savannah compared to other zones [31]. The least generated waste is leather which occupies 1-2.1%
of total waste. The population earnings, geographic regions, lifestyle, seasonal changes, and waste
management systems influence the quantity and types of waste generated in a region [51,52].

Plastic waste is Ghana's second most produced waste due to the rampant use of plastic packages
[31]. Polyethylene bags are free for any commodity purchased in shops or retail centers [56]. Ghana’s
non-biodegradable portion forms about 30% of MSW with plastics constituting about 14% [31].
Ghana produces 22,000 tonnes of plastic waste yearly with only 2% being recycled [57]. Accra, the
capital city, generates about 2,000 tonnes yearly. Unfortunately, only 60% is collected. Similarly, of
the 1,200 tons of plastic waste generated in Kumasi, only 65% are collected [30]. The plastics from
households are mainly LDPE, PET, HDPE, PP rigid, PS, and PVC [31].

Figure 3 shows the quantity of Ghana’s waste estimated from the 16 regions using growth rates
from the 2021 Population and Housing Census [40] and organic percentages [31,33,34,37]. The results
show that the Greater Accra region produces the highest organic waste though not a typical agrarian
zone. However, according to [53], the Eastern region produces the highest amount of crop waste
annually since it is an agrarian zone. It can be deduced from other studies that since the organic waste
fraction of Accra’s MSW is about 65% [31], the organic portions emanate from market waste. The high
quantities of organic waste generated from the region can be attributed to the influx of crops that are
transported to Ghana’s capital city frequently by market women. Food waste from households,
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restaurants, and other commercial centers has been reported to contribute highly to Greater Accra’s
organic waste fraction [54].

Figure 4 Shows the regional crop residue per annum as reported by [50]. Ghana has six
agroecological zones [55] that generate about 10,322.7 kilotons (Kt) of crop residues per year [50]. The
most crop residue (5,746.2 Kt), cassava, comes from the semi-deciduous and transitional zones
amounting to 42% of the overall crop residue per year. Studies show that the MSW of the Eastern
region is about 70% [33] traceable to post-harvest loss from farming activities. The Eastern region
produces more than 40% of Ghana’s cassava annually whereas the grain, legume, vegetable, and fruit
residues have mainly come from the Guinea and Sudan savannah zones [50]. Generally, Ghana's food
waste, yard waste, wood, manure, and paper waste constitute 49.45%, 8.9%, 1.3%, 0.29%, and 4.95
respectively of household wastes [31]. The biodegradable portion forms about 63.6 - 64. 9% and more
than 80% hold the potential as energy and compost sources [31,37].
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Figure 4. Regional crop residue quantities [50].
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Table 2. Physical characteristics of MSW in some regional capitals in Ghana.

Municipal Region Organ Paper/ Plast Met Ine Textili Gla Leath Othe Referenc

ity / ic (%) cardboa ic al rt es (%) ss er & es

Metropoli rd (%) (%) (%) (%) (%) rubbe T

S r (%) (%)

Accra Greater 65.8 5.3 104 3.1 28 20 2.8 2.1 4.1 [31]
Accra

Kumasi Ashant 48.4 6.5 176 45 10. 0.1 29 1.6 7.8 [31]
i 7

Cape Central 63.2 4.1 10.6 2.1 10. 1.1 1.9 1.2 5.6 [31]

Coast 2

Takoradi  Wester 60 7.1 115 24 80 29 1.5 1.2 5 [37]
n

Tamale Northe 56 3.2 109 28 45 09 49 1.0 5.6 [31]
m

Wa Upper 47 13 5 3 2 3 29 - - [34]
West

Aburi Eastern 70 6 16 3 5 - - - [33]

3.2. Proximate Analysis of MSW from Ghana

Proximate analysis involves the determination of moisture, ash, volatile matter, and fixed carbon
contents [58]. Table 3 displays the proximate composition of Ghana’s MSW. The analysis reveals that
the Ashanti region’s MSW has a high volatile matter (VM) [46,59,60]. The high VM is a result of the
high market waste that forms the highest fraction of the MSW. Some authors have suggested the
possibility of biogas production. Other characteristically agroecological regions such as Eastern and
Brong Ahafo are also major hotspots for biogas production. Volatile matter is the combustible fraction
of MSW released during thermal treatment. It has a significant influence on thermal decomposition
[61]. Generally, 50-70% volatile matter content is suitable for incineration, gasification, and pyrolysis
[4,62,63]. Ghana’s MSW has a volatile matter ranging from 6.24 - 87.4%.

Fixed carbon is the fraction that remains after the volatile matter has been driven off by heat. It
is neither volatile nor ash [64]. For MSW bioenergy conversions, a fixed carbon content between 10-
25 % is considered suitable [4]. The fixed carbon (FC) of MSW has been reported to range from 6.24
to 87.4 % for the Ashanti and Greater Accra regions [60]. High FC is an indication of high energy
content although it could also imply slow combustion rates [65]. The volatile to fixed carbon (VM/FC)
ratio of MSW from the Greater Accra and Ashanti regions is 1.52 indicating high reactivity. For
optimal reactivity, the VM/FC ratio should range between 0.5-1.5% [66] since the volatile to fixed
carbon (VM/FC) ratio regulates the level of solid fuel reactivity [64].

The moisture content of Ghana’s mixed MSW ranges between 13.55- 80.6 % highlighting their
suitability for biochemical processes whereas the refuse-derived fraction (RDF) ranges from 8.11-
13.27% which is more suited for thermochemical conversions. The moisture content of Ghana’s MSW
also confers an advantage for conversion to compost. MSW with high moisture is not a suitable
substrate for thermochemical conversions [67]. A moisture content between 60-90% is good for
anaerobic digestion [68,69]; 40-60% is appropriate for composting [70,71], 30% moisture substrate can
be incinerated; 20-25% can be incinerated and gasified [66,72,73] and less than 20% is suitable for
pyrolysis [74]. Generally, the moisture content of MSW is high with some variations across the
regions. The disparity in moisture contents is linked to the differences in waste composition, climatic
conditions, and management practices [75].
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Ash refers to the remaining portion after fixed carbon has been burnt off [64]. High ash contents
are undesirable, resulting in low calorific value and less energy output. Ghana’s MSW contains ash
content between 3.69-10.81% [13,76]. This range would not cause sloughing when the MSW is
considered for thermal conversions in the future. Ash contents between 10-25% provide a good
balance between energy content and ash-related concerns ensuring efficient energy conversion [77].

Table 3. Proximate analysis of MSW from some regional capitals in Ghana.

Region Waste FC VM (%) Ash (%) MC (%) Reference
type

Ashanti CR - 57-80.25 10.81 15.5 - 40.89 [13]
Ashanti Mixed  17.59-29.65 45-67.55 3.69 13.55- 21.57 [76]
Ashanti Mixed 80-87.4 - 71.8 - 80.6 [46]
Eastern Mixed - 6.24 - 6.47 36 - 58 [78]
Greater RDF - - - 8.11-13.27 [79]
Accra &

Ashanti

Greater Mixed - - - 55 [80]

Accra
Central Mixed - - 44.1-61.9 [37]

CR= crop waste, RDF=refuse derived fraction, FC= fixed carbon VM=volatile matter; MC= moisture content.

3.2.1. Proximate Composition of MSW- Ghana vs Other Countries

Figure 5 compares the proximate composition of Ghana’s waste to other countries. Ghana’s
MSW has a higher volatile matter content than the MSW of South Africa, where small-scale biomass
gasification initiatives exist [81], but lower than the MSW of the USA where plastics occupy a greater
fraction of the MSW [82]. The moisture content is low relative to these countries except Ethiopia,
Indonesia, and the USA. The Ash content of Ghana’s MSW is less than that of the USA indicating
minimal ash-related concerns in the future. Ghana’s consideration of waste-to-energy technologies
will be worthwhile.
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Figure 5. Ghana’s MSW proximate composition compared with other countries. Ghana [13], Tanzania
[83], Ethiopia [84], Nigeria [85], Indonesia [64], South Africa [86], USA [82].
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3.3. Ultimate Analysis of MSW from Ghana

Assessment of Ghana’s MSW reveals that hydrogen contents fall between 5 and 25%, nitrogen
contents are between 0.60 and 1.70%, and carbon contents fall between 36 and 45%. For thermo-
chemical considerations, MSW carbon content should range between 40-55% [77], hydrogen con-tent
5-7%, sulphur content <1 % [66,72], oxygen content 20-35 [74,87] and nitrogen content 0.5-2% [88].
The sulphur and nitrogen contents of Ghana’s MSW will not cause problems associated with NOx
and SO2 gas emissions should the country consider thermochemical conversions for re-fuse-derived
fractions. Literature stipulates that for anaerobic digestion, a C/N ratio of 20-30 is ideal [89]. The
C/N ratio of Ghana’s MSW is largely between 20-30% which satisfies the basic requirement for
anaerobic digestion.

Table 4. Ultimate analysis of MSW from some regional capitals in Ghana.

Region H (%) N (%) C(%) S(%) O (%) C/N ratio Reference
Ashanti 6.01 1.49 41.90 0.10 50.5 28.12 [13]
Ashanti 5.53 1.70 45.20 0.55 47.02 26.59 [76]
Ashanti 24.8 1.4 43 0.4 - 30.71 [46]
Greater Accra 5.62 1.20 38.66 0.14 26.17 32.22 [90]
Greater Accra 6.1 1.5 36.4 0.1 29.6 24.27 [92]
Greater Accra & 9.33 0.62 63.7 0.11 - 102.7 [79]
Ashanti

3.3.1. Ultimate Analysis of MSW Ghana vs Other Countries

The ultimate composition of Ghana’s MSW is similar to those of other countries mentioned in
the study. For instance, the hydrogen, nitrogen, and sulphur percentages are identical to that of South
Africa where gasification projects have begun on a small scale [81].

Table 5. Ghana’s MSW ultimate composition versus other countries.

Country H (%) N (%) C (%) S (%) O (%) C/N ratio Reference
Ghana 6.01 1.49 419 0.1 50.5 28.1 [13]
South Africa 6 2 45.32 0 - 22.7 [86]
Nigeria 6.98 1.56 50.09 1.23 30.15 30.1 [91]
Tanzania 5.29 2.36 54.8 0.3 34.6 23.2 [83]
Ethiopia 5.40 0.07 43.17 0.007 51.26 616.7 [84]

3.4. Calorific Value / Heating Value of MSW from Ghanaian Cities

Ghana’s MSW is rich in organic matter with a calorific value ranging from 14.96 - 21.46M]/kg
[78] for mixed waste type and 30.24 - 31.59 MJ/Kg [79] for refuse-derived fuels. Studies show that
calorific values range between 8-12M]/kg for a mixed MSW, 12-15M]/kg for refuse-derived fuels
(RDF), and 15-18M]/kg for highly organic MSW [72,74]. Higher organic matter increases calorific
value [88,93]. MSW with a calorific value between 10-18MJ/kg for thermochemical conversions is
considered suitable [74,94]. MSW from most Ghanaian cities is suitable for energy generation
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Table 6. MSW Calorific value of some regional capitals in Ghana.

Region Waste type Calorific Value (MJ/kg) Reference
Ashanti Mixed 15.7 [46]
Ashanti Mixed 14.79 [76]
Ashanti & Greater Accra RDF 30.24 - 31.59 [79]
Greater Accra Mixed 16.84 [95]
Eastern Mixed 14.96 - 21.46 [78]

3.4.1. Calorific Value of Ghana and Other Countries

Ghana’s MSW has a lower calorific value compared to other countries, likely due to high
moisture content [13]. High moisture content reduces the calorific value of fuels usually decreasing
it by 0.2-0.4M]J/kg for every 1% increase in moisture content [72,77]. That notwithstanding, Ghana’s
MSW is still useful for energy conversions since its low heating value (LHV) is between 10-18M]/kg
[46,76], [78] exceeding the minimum of 7M]/Kg needed for waste to combust without adding a
different fuel source [78].

3.5. Bioenergy Potential of MSW in Ghana

In Ghana, most food residue comes from cassava peels and stalks although rice and maize are
consumed in all regions [53]. The country's MSW has considerable biofuel potential due to the high
food waste fraction. Ghana’s biomethane potential is about 2,562.2T] per annum with Eastern and
Brong Ahafo regions contributing more to this quantity [53]. It is evident that even in places where
crop production is relatively low, biogas and biomethane volumes are still substantial. In some
mixed-income areas biomethane volume is estimated to reach 224,021.24m3/ year.

The theoretical biogas, biomethane, electricity, and diesel potentials of Ghana’s organic fraction
of MSW (OFMSW) were estimated using Ghana’s 2021 Population and Housing Census report [35]
and conversion factors derived from a study conducted by [32] on biogas and biomethane potentials
from 2007 to 2021. It is projected that about 6,157.71mm3 of biomethane will be produced forming
about 75.6 % of the overall biogas. This projection is higher in some areas [46]. The four most
populated regions — Central, Eastern, Ashanti, and Greater Accra — produce the highest biomethane
from their MSW. The study predicts that daily, 10.47Kt of organic waste would yield 2,534.65 GWh
of electricity and 769.71ml of diesel.

Table 7. Energy potential of food waste generated in some Ghanaian cities in 2021[32].

City Food waste Biogas Biomethane Electricity Diesel
quantity (Kt) (mm?) (mm?) (GWh) displaced (ml)

Accra 245.32 190 143.83 59.34 17.92

Kumasi 339.35 262.83 198.96 82.09 24.79

Tamale 28.75 22.27 16.86 6.95 2.10

Secondi - 89.94 69.66 52.73 21.76 6.57

Takoradi

Total 703.36 452.83 412.38 170.14 51.38

3.6. Implications to Ghana’s Energy Demands

Ghana's energy demands are enormous and further exacerbated by rapid population growth.
The electricity demand for 5,467,136 households in 2010 was 6329 GWh [53]. The 2021 Population
and Housing Census (PHC) estimates 8,345,414 households [39] in Ghana culminating in an
electricity demand of about 9,661.0 GWh. This implies that the estimated electric power of 2,534.65
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GWh would offset approximately 26.2% of Ghana'’s electricity. Ghana’s LPG demand is currently
about 3,3470.9 TJ. Ghana’s crop residue can offset 20-30% of LPG for some regions notably, the
Eastern, Brong Ahafo, Northern, and Upper West regions [53].

4. Conclusion

Ghana’s MSW proximate, ultimate, and energy compositions were successfully determined. The
findings illuminate significant energy stored which can offset about 26% of electricity problems while
addressing waste management problems. The waste characteristic is predominantly organic with
moisture contents that are more suited for biological conversions, though other parameters suggest
suitability for thermochemical conversions. Should Ghana consider thermochemical conversions in
the future, the moisture content of MSW must be reduced. The nitrogen and sulphur contents will
not pose serious NOx and SO2 emission problems.
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