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Abstract - To reduce environmental degradation and
improve energy security in Ghana, waste-to-energy
(WtE) technologies will play a key role. This paper
assesses the feasibility of municipal solid WtE
technologies in Ghana using Accra as a case study.
Technical feasibility, economic feasibility, and barrier
analysis have been carried out to assess the feasibility
of municipal solid WtE conversion technologies. Data
from the Environmental Protection Agency of Ghana
is used for the techno-economic analysis and a face-to-
face interview is used to assess the barriers to the
deployment of WtE technologies in the country. A
power generation potential (PGP) of 530 kW/tMSW
and an energy recovery potential (ERP) of 41.68
kWh/tMSW is recoverable from the waste in Accra
when biochemical energy conversion is applied and a
PGP of 1320 kW/tMSW and an ERP of 106
kWh/tMSW is recoverable when thermochemical
energy conversion is applied. The economic analysis
showed that the initial investment cost of WtE
technologies is high, however, implementation of this
technology is likely to have a good payback period of
8 years for the thermochemical processes and 4 years
for the biochemical process. Additionally, the net
present value and the sensitivity analysis conducted
shows that WtE technologies are economically
feasible in Ghana. The barrier analysis suggests that
the main hindrance to the deployment of WtE
technologies in Ghana is the high upfront cost.

Keywords: Anaerobic digestion; Gasification; Ghana;
Municipal solid waste; Waste-to-energy technologies;
Pyrolysis.

1. INTRODUCTION

The proliferation of municipal solid waste (MSW)
and its attendant environmental impact has become a
concern over the past decades [1]. High population
growth rates, growing urbanization and industrialization,
rapidly growing waste generation and characterization
patterns, as well as increased standard of living, have
resulted in the mass generation of MSW [2]. It is
reported that nearly three-fourths of MSW is deposited in
landfills or dump sites, and about a quarter of the total is

still not being disposed of properlyl. Developing
countries with Ghana, not an exception are major
integrators of this method of waste management because
these landfills are a cheaper way of disposing wastes [3].
However, in Ghana, waste collection and transport, poor
management and design of landfills still remain a huge
challenge. Landfill wastes are a major source of methane
(CH,) emissions and other gases that affect the
atmosphere to a higher scale, causing groundwater
pollution, landfill fires and serious health problems.

Though MSW management is a major challenge,
there is a great potential when these materials are reused,
recycled, or properly managed [4]. Tapping into MSW to
generate energy seems to be one of the most attractive
options for energy supply in the future [5]. Modern
energy access and economic development is a huge
challenge in sub-Saharan Africa (SSA) [6]. The energy
provided by MSWs has a great prospect especially in
meeting local energy needs especially in SSA countries
like Ghana where universal electrification is yet to be
attained. Therefore, waste-to-energy (WtE) technologies
which are now widespread in the world becomes vital for
addressing sustainable Solid Waste Management (SWM).
Though new treatment technologies have gained maturity
in developed countries [7], these facilities cannot simply
be transposed in developing countries because the
performances of these technologies depend on the
composition of the fuel used.

In order to curb the waste problem effectively,
different ways have been adopted. This has led to the
invention of WtE management techniques to retrieve the
economic value from the waste. In the last three decades,
plethora of studies have examined the societal
perceptions towards a menu of energy technologies. The
first challenge is the conceptualization of social and
public acceptance of these technologies. This is because
of the conception that WtE technologies are too
expensive. The perceived restriction has caused many of
developing countries to sideline strategies that can be
used to harness the energy in these wastes, however,
these new treatment technologies are now being
developed on a smaller-scale to be applied in solving the
problem of waste disposal as well as to tap valuable
energy from the wastes [8].
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MSW management is an essential element towards
developing sustainable cities. It comprises the
segregation of waste, storage, collection process,
relocation of the waste, carry-age, processing of waste,
and disposal to reduce its negative impacts on the
environment. According to Ref. [8], the processes can be
categorized as: biochemical and thermochemical. The
biochemical process involves the use of anaerobic
digestion technologies to generate biogas whereas the
thermochemical processes are related to incineration
technologies, gasification, pyrolysis, as well as landfill
gas utilization technologies along with biorefineries [8].
Today, the various technologies are being discovered for
the evaluation of energy recovery potentials from waste,
and efforts are being made to improve existing
technologies. This notwithstanding, the choice of a
suitable WtE technology is not an easy task since the
production of solid waste is determined by seasons and
socio-economic levels of producers/consumers and thus
should be selected based on the waste quality,
composition assessment, as well as economics.
Consequently, it is important to evaluate the techno-
economic feasibility of WtE technologies at country
level.

In literature, there have been a plethora of studies
investigating the technical and economic potentials of
WLE technologies in different parts of the world
[9,10,19,11-18]. In Ghana, there have also been some
studies on WtE over the years. Here, a snapshot of a few
is taken. Abalo et al. [20] reviewed the gains from solid
waste management in Ghana and suggested that with the
application of appropriate technologies, the wastes
generated in Ghana has the potential to generate
renewable power and increase rural incomes. Ofori [21]
suggested that around 8.7 million households in urban
Ghana can have their monthly electricity consumption
covered by using an estimated 2,975.6 million m3 of
methane (CH4) biogas which can be technically
generated from municipal solid and liquid waste, forestry
residues, animal manure, and crop residues. Wikner [22]
compared the benefits of WtE management systems and
opined that incineration scenario produced maximum
electricity of around 191000MWh/year. Dery et al. [23]
conducted a waste audit in Ghana and suggested that
solid waste compositions include papers, plastics, and
food; thus, suggesting a strong potential for recycling.
Mohammed et al. [24] examined the economic potential
for a 9000 m3 biogas in Ghana and reported that biogas
used for cooking is economically viable with a payback
period of 5 years. Miezah et al. [25] argued that with the
exception of Tamale, the average household waste
generation rate among Ghanaian cities was high at
around 0.72 kg/person/day. Abiti et al. [26] x-rayed the
composition of MSW in Ga East Municipal Assembly
(GEMA), Accra, Ghana and find that 48.8% of the MSW
were organic materials, while the remaining 51.2% were
inorganic materials. Samwine et al. [27] assessed the
challenges and prospects of MSW management as well
as the institutional framework to ensure environmental
sustainability, while Yoada et al. [28] analysed the
domestic waste practices, disposal methods, and the
urban community perceptions on waste and human
health.

From the foregoing literature, it is clear that studies
aimed at evaluating the techno-economics of WtE in
Ghana are limited. This paper addresses this knowledge
gap by introducing one of the earliest case studies to
evaluate the technical and economic implications of WtE
technologies in Ghana, and in extension, sub-Sharan
Africa. It has been observed that economic development
contributes to environmental degradation as changes in
lifestyle practices lead to increased consumption of
goods/services which in turn, generates a large volume of
MSW [29]. In the last few years, Ghana has recorded
congestion in the cities and an increase in MSW due to
the rise in urban population growth [30]. This study,
therefore, seeks to examine the techno-economic
feasibility of various WtE technologies in the market and
assess the challenges of Ghana not adopting these
technologies. To this end, Accra municipality is chosen
as a case study because of the large volume of MSW that
is generated and the poor waste management systems in
the municipality. This study would, therefore, serve as a
reference point for the government and waste
management organizations in the country to reconsider
their decisions on harnessing the energy potential of
MSW and also lead to a clean environment devoid of
health problems at the municipality.

The remainder of this paper is organized thus:
section 2 presents a brief review of literature on WtE
technologies. Section 3 describes the methodology
employed in the study. Section four presents the results
and analysis, while a few conclusions are drawn in
section 5.

2. REVIEW OF WTE TECHNOLOGIES

2.1. Solid WE treatment technologies

These technologies are used in the conversion of
solid WtE like electricity, steam or heat. They are
grouped  into  biochemical  technologies  and
thermochemical technologies [31].

2.1.1 Biochemical technologies

These technologies convert WtE by using
microorganisms to breakdown solid waste. An example
of biochemical technology is anaerobic digestion. This is
a biochemical process in which biogas is produced from
biodegradable or organic material by microorganisms in
the absence of oxygen [31]. The anaerobic digestion
process is yields maximum gas especially if the wastes
are containing a high quantity of organics. Primarily, this
process generates CH,, carbon monoxide (CO), and as
well as a little fraction of other gas gases. Anaerobic
digestion basically involves 3 steps. organic material is
made by sorting the wastes, segregating them and
reducing their sizes in the first step. Secondly, favourable
ambient conditions are provided to facilitate the digestion
process by microorganisms with pH up to 6.7 and
maintain temperature around 55-60°C. These components
are well combined for anout 5-10 days. However, in
colder climate, the slurry is combined at low temperature
for a longer time. Finally, the residual sludge is disposed
of in the third step.
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The microorganisms which have a vital role are
grouped into two: first is the acid-forming microbes and
the second is the CH, forming microbes. The acid
forming group is employed in breaking complex organic
components into simple acids whereas the CH, forming
group is employed to convert simple acids into CHy. The
CH, forming bacterial group is sensitive to different
environmental conditions; temperature is the core
component, control of oxygen and also prevention of
toxic substances into the system. Generation of CH, can
occur in two ways; it may be collected directly from the
landfill sites (i.e. bioreactor landfill or sanitary landfill)
or pre-treated refused in digesters. Digesters are dived
into high-solid and low-solid digesters. The low-solid
digester is well established as compared to high-solid
digester but it requires a high amount of H,O added to
waste. Three by-products are obtained from this process
namely, liquid digestate, fibre digestate and biogas. The
biogas obtained is a mixture of 60% and 40% of CH, and
Carbon Dioxide (CO,) respectively, with traces of
Hydrogen Sulphide (H,S) and Ammonia (NH;) [32]. The
advantages of this technology are that it requires low
capital and operational costs in comparison with the
thermal technologies. Additionally, if the system is well
maintained and controlled, it ensures a minimal level of
environmental pollution. The key disadvantage of this
process is that it generates contaminants that have a high
proportion of metals like mercury.

2.1.2. Thermo-chemical technologies

These technologies convert WtE by the application
of heat and chemicals. Examples are Pyrolysis,
gasification, plasma arc gasification etc [33].

2.1.2.1. Pyrolysis

Pyrolysis involves the heating of MSW in an
environment which is oxygen-deficient [32]. Pyrolysis
thermally decomposes solid waste into solid char and
volatile gases which consist of carbon and inorganic
compounds in the feed. The Waste is heated at
temperatures between 550-1300°F in the absence of
oxygen in order to generate oils and syngas. There are
two kinds of pyrolysis: slow and fast pyrolysis. The slow
Pyrolysis requires that the biomass is heated gradually
(400-800°C) for a relatively long time. The slow
pyrolysis results in the production of more charcoal and
tar and a small amount of gases. The fast pyrolysis yields
more liquid or gases and less charcoal and tar. It involves
the speedy heating of the biomass to an acceptable
temperature of 650°C which is held constant at that
temperature for some few seconds. Pyrolysis generates
fewer air emissions due to the oxygen-deficient
environment needed and allows easy control of air
contamination as the Syngas is purified after production
to take out all contaminant. However, it is a complex
technology to deploy on a large scale and pyrolysis
process also produces hazardous compounds and
pollutants such as CO, hydrogen (H,), and hydrocarbons.

2.1.2.2. Gasification

Gasification is the conversion of carbonaceous
material such as MSW through the addition of heat
(generally above 600C) in a starved-oxygen atmosphere

by a physical and a chemical process [33]. Oxygen levels
are kept low to prevent immediate combustion; instead,
the carbon-based fraction of the solid waste decomposes
into an end product of synthetic gas (syngas gas) made
up of H,, CO,, CO and other contaminants such as slag
and ash. Through an advanced pollution control system,
the contaminants are removed and the syngas obtained is
used as a fuel to power combustion engine or turbine to
generate electricity. The impurities, like tars and
articulates are removed from the end product. The
conventional separation processes for the removal of
particulate and tar are scrubbers, filters, cyclones, and
electrostatic precipitators. The gas produced by this
gasification process has heat content of about 25% to
40% like that of natural gas if ambient air or oxygen-rich
air is used respectively. In the gasification process, MSW
serves as a feedstock for the chemical conversion
process.

Gasification is not an incineration system but a
combustion technology, where efficient energy is
recovered from the system [33]. This technology is more
attractive due to the high production of energy.
Gasification is also an improved pyrolysis system, which
uses less Oxygen (O,) to generate enough heat such that
the system is self-sustained. In a conventional
gasification process, the system consists of solid waste
drying, pyrolysis, oxidation and reduction steps. Large
hydrocarbon molecules of biomass are breakdown into
smaller ones in the oxygen-starved pyrolysis chamber.
This results in a volatile compound of biomass under a
temperature ranging 400-650°C which is being removed
from the char. Gasification technologies are currently of
three types namely, Fluidized bed combustion, High-
temperature  gasification technology which has a
commercial scale value, and the fixed bed. Gasification
process is economical on a smaller-scale and emits fewer
toxic chemicals. However, this technology is relatively
not efficient and the CO released into the atmosphere is
harmful and can cause health discomfort.

2.1.2.3. Plasma Gasification

In Plasma gasification, hot plasma gas is fed into
the reactor to gasify MSW and to melt down the
inorganic materials [33]. The gasifier is then injected
with a carbonaceous substance such as coke and coal.
This carbonaceous substance reacts rapidly with oxygen
to generate heat for the pyrolysis reactions in an oxygen-
deficient atmosphere. The reactor is fed with steam to
speed-up syngas reactions. Heat with extra heat from the
plasma arc torches for the pyrolysis reactions is produced
from the combustion reactions. Plasma which is the
fourth state of matter is produced when an electrical
discharge flows through a gaseous medium. Plasma is
also known as an ionized gas such as the lightning flash
in the atmosphere. This is why Plasma as very feasible in
treating waste. Plasma torches are used when plasma is
needed at atmospheric pressure. The high temperature
ranging from 2000-5000°C (3632-9032°F) of Plasma
gasifiers makes it suitable to treat MSW due to the
heterogeneous nature of MSW which is difficult to be
gasified by other gasifiers. Hence plasma gasifiers are
more efficient in treating MSW as compared to other
gasifiers.
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Plasma arcs or torches with its high energy input
can be adjusted depending on the quantity and quality of
MSW fed into the Plasma gasifier. The high temperature
needs to be maintained for the gasification reactions to
breakdown the chemical bonds of the MSW and
subsequent conversion into syngas. Plasma technologies
though, new, yet has been in use for over 30 years. It has
been deployed by industry predominantly to ensure the
safe decomposition of hazardous waste as well as the
melting of ash from incinerators into a safe, non-
leachable slag. The Plasma Arc Gasification is
characterized by its efficiency and It requires limited land
resources. Its key disadvantage is that the technology is
capital intensive.

In Ghana, both biochemical and thermochemical
WtE technologies are technically feasible. However,
thermochemical processes such as gasification and
plasma arc gasification are more expensive and are used
principally in developed countries, therefore it may not
be economically feasible for implementation in
developing countries such as  Ghana. This
notwithstanding, the Pyrolysis technique has been found
to be more feasible technically and economically in
developing countries. Also, biochemical techniques
(biomethanation or anaerobic digestion, landfill gas
utilization) are more feasible in developing countries and
have found implementation even in Ghana for the past
few years. Therefore, this study would estimate the
general technical energy-producing potential and the
economic  analysis of both biochemical and
thermochemical technologies to assess their feasibility in
Ghana.

3. METHODOLOGY

This section presents the methods used in the
assessment of the techno-economic feasibility of WtE
technologies in Ghana. The various WtE technologies are
analyzed to assess the potential of energy production
from MSW based on different conversion technologies.
Their economic analysis, as well as barrier analysis, are
also carried out.

3.1. Description of the study area

Accra is a city located in the coastal area of Ghana
and has an estimated population of around 3 million
persons [34]. Accra covers a land area of around 894 km?
which is approximately 25% of the Greater Accra Region
total landmass. The city’s population has been growing
on average of 4.2% per annum owing to the increased
rural-urban migration [35]. Ghana's capital city, Accra, is
the city considered for the energy potential estimation
and technical feasibility assessment. This is because the
city has available data for the feasibility analysis.
Moreover, it is the highly populated area in Ghana and
therefore a major producer of MSW. Its population
distribution patterns, livelihoods, as well as its prominent
role within the Ghanaian economy also makes it a good
case study for the country. Figure 1 shows the map of
Accra.
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Figure 1. Map of the study area (Accra) [36]'" a

3.2. Data collection

The energy potential of WtE technologies has been
estimated in this work. A detailed study of solid waste
data collected from the Environmental Protection Agency
of Ghana has been done. There is unavailability of
current waste data in Ghana, thus, the 2010 data on the
composition of waste, method of waste collection,
population and the amount of waste generated is been
used for the analysis. The data were organized, analyzed
and presented in tables, pie charts, bar charts in the form
of average values and percentages.

Table 1. Data collected from Environmental
Protection Agency [37]

Characteristics Accra
Population (thousand) 1904
MSW generated (kg/capita/day) 0.79
MSW generated (tons/year) 1500
MSW collected (tons/day) 950
Percent collected (%) 63
Collection cost (US$/ton) 10.0
Disposal cost (US$/ton) 2.0
Total cost (US$/ton) 12.0

3.3. Technical Analysis

The amount of biogas emission from the waste
generated in Accra is estimated using the US-EPA
Landfill Gas Emissions Model (LandGEM). The
LandGEM software is a first-order decomposition rate
equation used for quantifying emissions generated from
of MSW landfills. The software provides a relatively
simple method to estimating landfill gas emissions. The
software is an automated estimation tool embedded with
Microsoft Excel interface which can be applied to
estimate the emission rates for total landfill gas, carbon
dioxide, methane, non-methane organic compounds, and
individual air pollutants from MSW landfills. The
software comprises of two sets of default parameters: the
Clean Air Act (CAA) and the inventory defaults. The
CAA defaults are developed based on the US federal
regulations for MSW landfills as outlined by the CAA. It
can also be used to determine whether a landfill is subject
to the control requirements of the US federal regulations.
The inventory defaults are based upon the EPA’s
emission factors which can as well be applied in
generating emission estimates for in the absence of site-
specific test data such as in Ghana. For detailed
documentation of the LandGEM software, see Ref. [38].
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Accordingly, the MSWs from the study location
are classified as organic matter for the biochemical
energy potential estimation and inorganic matter for the
thermochemical energy potential estimation. The waste
data is shown to have 0.79 kg/capita/day MSW generated
and contains 950 thousand tons of waste and it consists
of 60% organic matter and 40% inorganic matter [37].
Therefore, the waste contains 570 thousand tons of
organic matter and this has been used in the LandGEM
software to estimate the biogas emissions for the
biochemical energy potential. For the energy potential in
the thermochemical energy conversion, the estimation is
done using the dry municipal waste constituent of 380
thousand tons.

The biochemical energy potential is calculated using
Equation 1 and 2 [39].

BGSxNCVxr

PGF = T (D
ERP = BGEEXNCV (2)
M nas

Where:

PGP is the Power Generation Potential (MW/tMSW);
ERP is the Energy Recovery Potential (kWh/tMSW);
NCV the Net Calorific Value (Kcal/kgMSW)

(In the biochemical potential, NCV lies in the range
0.194-0.242 kW/m® of biogas) [40]

BGS is biogas (m® of CH,/year) and it is calculated from
the LandGEM software using Equation 3.

BGS = ¥, khoMi{e™*%) « (Tmsw/y) ®)

The parameters used in the LandGEM software are:
I]=conversion efficiency of biochemical process; k =
methane generation constant; Ly = methane generation
potential; Mi = mass of waste in i section (Mg); ti = age
of the i increment section; TMSW/y = total production of
MSW per year (tMWS/year).

The thermochemical energy potential is also estimated
using equation 4 and 5 [41]

BP = 1.16x NCV x MSW=x )
PGP = 0,048 = NCVx MSWa<nTh (5)
1000
Where:

PGP is the Power Generation Potential (MW/tMSW);
ERP the Energy Recovery Potential (kWh/tMSW); NCV
the Net Calorific Value (Kcal’lkgMSW);

(For thermochemical potential, NCV also lies between
0.194-0.242 kW/m? of biogas, [40].

MSWx = Municipal solid waste dried quantity (tons/day)
1 Th = Conversion efficiency of thermochemical process
[42]

3.4. Economic analysis

In the economic analysis, the capital cost and
operation cost of both biochemical and thermochemical
WIE technologies are estimated and financial analysis is
carried out to calculate the NPV, the payback period, and
the internal rate of return using the power capacity of
waste in the study area. The annual power generation of

Table 2. Data used in the biochemical and
thermochemical calculation

Parameter Value
Biochemical potential

NCV 0.218
k 0.04
Lo 100
i| 30%
Thermochemical

NCV 0.242
MSWx 380
I 30%

each technology is estimated using the plant efficiency
and the amount of power generated within the year.
These estimates are then used in financial analysis. The
financial model also considers the potential income from
selling the electricity produced and the benefit of landfill
savings. In other to estimate the capital cost of the
various WtE technologies, the data for the unit price of
the technologies were taken from the US industry trade
journal [43], that gave the typical cost range of WtE
technologies in developing countries like Ghana. The
power generation capacity is then used to estimate the
total capital cost. The operation and maintenance (O&M)
costs are estimated using the lifespan of WtE plants as 25
years. The maintenance cost is assumed to be 6% of the
capital cost for biochemical technologies and 11% of the
capital cost for thermochemical technologies. According
to the literature [44], these costs are around 3% and 8%
for biochemical and thermochemical technologies
respectively, but the additional 3% here includes the cost
of emissions monitoring which is a requirement of the
European Union [44], waste management cost, and cost
for contingencies. The operation cost which is the labour
cost is assumed to be the pay of 24 workers.

Table 3. Capital Cost of WtE technologies [43]

Capital cost of Unit cost Unit cost Average
WHE technology  per kW per kW for cost per
for low high range kW (USS$)
range (US$)
(Us$)
Anaerobic 7,000 10,000 8,500
digestion
Pyrolysis 8,000 11,500 9,750
Gasification 7,500 11,000 9,250
Plasma Arc 8,000 11,500 9,750
Gasification

3.5. Net Present Value (NPV)

The NPV is calculated by taking the difference
between the present values of cash inflows to the present
value of cash outflows (Equation 6)

NPV=3T—__, ©)

1 (1++)t

Where (,,, is the net cash inflow during period t, ; the
initial investment cost, r the discount rate, t the number
of time periods, and T the life cycle of plant.

ISSN 2067-5534 © 2019 JSE 116



JOURNAL OF SUSTAINABLE ENERGY VOL. 10, NO. 2, DECEMBER, 2019

3.6. Internal rate of return
This is the discount rate that makes the NPV zero
and it is calculated using Equation 7.

T_Yw o~
g4t ;=0 )

3.7. Levelized cost of Electricity (LCOE)

In calculating the LCOE, Equation 8 is used to
estimate the sum of cost over the lifetime of the plants
over the sum of the power output of the plants over their
lifetimes [45].

71i+0P

L ra+y 3
T ®)

LCor —
T
] [+t

Where OP is the operation cost

3.8. Barrier analysis

In the analysis of the barriers to the adoption of
WLE technologies in Ghana, a survey was conducted
through face-to-face interviews and phone calls with 5
experts in WtE technologies; 2 managers of waste
management institutions; and 13 workers at waste
management institutions. Solid waste management sites
in Accra were visited to assess the barriers or challenges
to the deployment of WtE technologies in the country. In
the interview, respondents were asked various challenges
that have hindered the implementation of WtE
technologies in developing countries. The results were
then analyzed using Microsoft Excel. The questionnaire
used for the barrier analysis is given in Appendix A.

4. RESULTS AND ANALYSIS

In this section, the results of the economic and
technical feasibility analysis of the various WIE
technologies are presented. The results of the barriers to
adopting WtE technologies in Ghana is also presented
and analyzed.

4.1. Average composition of solid waste

Figure 2 illustrates the average solid waste
composition in the study area. The waste in the study
area has a high percentage of organic matter and
inorganic matter that can be used for both biochemical
and thermochemical plants respectively. It can be
observed that organic wastes are the highest with a share
of around 60%, while glass is the lowest with a share of
just around 2%.

4.2. Estimation of the sources of solid waste

The sources of generated waste in the study area is
shown in Figure 3. The solid waste from the figure shows
that a high percentage of the waste that would be used for
the WtE conversion would be collected from the market,
lorry parks and public areas, followed by the solid waste
from households. It can also be seen that
factories/industries produce the least waste materials in
the city. Thus, the current result suggests that there is a
need to establish stringent measures for MSW
management across public areas in Ghana.

= Organic = Paper and Cardboard = Plastics and Rubber

= Inerts or Residues Miscellaneous

Figure 2. Average solid waste composition in Accra
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Figure 3. Estimation of primary sources of solid waste

4.3. Results of technical analysis of WtE technologies

Table 4 depicts the results of the technical analysis
for both biochemical and thermochemical energy
conversions. The results of the technical analysis show
that the power generation potential of the waste using the
thermochemical energy conversion is higher than that of
the biochemical energy conversion. Also, the energy
recovery potential of thermochemical processes is far
higher than the biochemical process. The biochemical
technology gives a power generation potential of around
530 kW/tMSW while that of the thermochemical
capacity is 1320 kW/tMSW. This shows that there is far
more production capacity when the waste in energy is
converted to electricity using thermochemical
technologies.

Table 4. Energy generation potential from MSW in

Accra (t/MSW).
Biochemical potential
Biogas emission 8.03
Power Generation Potential (PGP) (kW per 530.00
tMSW)
ERP (kWh per tMSW) 41.68
Thermochemical potential
PGP (kW per tMSW) 1320.00
ERP (kW per tMSW) 106.00
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4.4. Results of economic analysis of WtE technologies.
Capital and O &M cost

Capital cost of WtE technologies is shown in Table
5. The results show that the initial investment of WtE
technologies are expensive with plasma arc gasification
having the highest initial capital just as confirmed by
literature. Table 6 gives the O&M cost of WIE
technologies. The results of the O&M cost as shown in
Table 6 prove that the O&M cost of plasma arc
gasification is higher than all the other thermochemical
technologies. The thermochemical technologies have
higher maintenance cost far above that of the
biochemical technologies.

Table 5. Capital Cost of WtE Technology

Table 8. LCOEs of WtE technologies

Capital cost Total O&M Generation LCOE

of WLE cost per per annum (US$/kWh)
technology annum (GWh)

(US$)
Anaerobic 328,350 2.32 0.415
digestion
Pyrolysis 1,473,750 3.47 0.425
Gasification 1,401,150 10.41 0.135
Plasma Arc 1,602,450 4.63 0.346

Gasification

Capital cost  Costof low  Costof low  Average
of WtE range range cost
technology
Anaerobic $3.710,000  $5,300,000 4,505,000
digestion
Pyrolysis $10,560,000 $15,180,000 12,870,000
Gasification  $9,900,000  $14,520,000 12,210,000
Plasma Arc $10,560,000 $15,180,000 12,870,000
Gasification

Table 6. O&M cost [25]
Capital cost Labor Maintenance ~ Total O&M
of WtE costper  cost per cost
technology annum annum
Anaerobic $ 58050 $270,300 328,350
digestion
Pyrolysis $58050 $1,415,700 1,473,750
Gasification $58050 $ 1,343,100 1,401,150
Plasma Arc $58050 $ 1,544,400 1,602,450
Gasification
LCOE analysis

The performance parameters of the WtE
technologies and its generation capacities are shown in
Table 7 and their corresponding LCOEs are shown in
Table 8. The LCOE shows that gasification has the least
LCOE followed by the plasma arc gasification methods.
With a transmission and distribution cost of
0.055US$/kWh in Ghana, the total LCOE production by
these WtE technologies would be around 0.19 US$/kWh
for gasification, 0.40 US$/kWh for plasma arc
gasification, 0.47 US$/kWh for anaerobic digestion, and
0.48 US$/kWh for pyrolysis technologies. These shows
that gasification technology has the least LCOE.

Table 7. Generation capacities of WtE technologies

WE Conversion Generation Energy
technology  efficiency  capacity generation
[46] (kW/tMSW)  per annum
(GWh/year)
Anaerobic 0.5 530 2.32
digestion
Pyrolysis 0.3 1320 3.47
Gasification 0.9 1320 10.41
Plasma Arc 0.4 1320 4.63
Gasification

Financial analysis of WtE technologies

Table 9 shows the cost of electricity for financial
analysis. The results of the financial model show that the
NPV for all the considered WtE technologies (anaerobic
digestion, pyrolysis, gasification, and plasma arc
gasification) are greater than zero. Meaning all these
projects are feasible and investors would yield a positive
financial benefit when they invest in the implementation
of these WtE technologies in Ghana. The $9.06 million
NPV of the biochemical technology shows that it would
yield the greatest financial benefits when this technology
is used in the conversion of WtE in Ghana. Moreover, the
biochemical technologies seem to have the least payback
period of a little over 4years after which investors can
start getting enough financial benefit from the plants. All
the thermochemical energy conversion schemes had a
payback period over 8years. Pyrolysis would have a
payback period of 8.73years and gasification and plasma
arc gasification would have 8.69- and 8.03-years payback
periods respectively. However, it is a good time to make
enough benefits from these technologies over the 25years
life cycle of the plants. The internal rate of return was
21.20% for anaerobic digestion, 11.66% for plasma arc
gasification, 10.58% for gasification and 10.52% for the
pyrolysis technology. The higher internal rate of return
for the anaerobic digestion technology shows that it is
more desirable to undertake this technology to generate
electricity.

4.5. Sensitivity analysis for WtE technologies.

Table 11 shows the sensitivity analysis results. The
results of the sensitivity analysis show that with a low
rate of waste products which would lead to low capacity
and therefore a low cost of WtE plants, all the WtE
technologies still yield a positive NPV showing that these
technologies are still feasible and would give enough
financial benefits. More so, the higher cost and the base
cost scenario have their NPV also greater than zero and
proofs the technologies feasibility. The NPV yield higher
values even in the low-cost scenario; depicting that the
project would be still attractive to investors even with a
small-scale plant capacity of the technologies. The IRR
for the low cost, base cost and high-cost scenario for
anaerobic digestion technology gives the highest
percentage showing it has good benefits for
implementation.
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Table 9. Capital cost and electricity cost for waste to
electricity production
Capital cost of WtE Capital cost

Cost of electricity

technology (US$)
Anaerobic digestion 4,505,000 962,800
Pyrolysis 12,870,000 1,474,750
Gasification 12,210,000 1,405,350
WTE isalso not environmentally friend IR
Plasma Arc 12,870,000 1,601,980 _ _
Gasification WiEistoo exvensive RGN

WTE has high initial cost | N RN R
Table 10. Financial analysis parameters

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Initial RR  Payback . esi
Technology ‘nvestment NPV at 5% %) period Figure 4. Barriers to WtE technologies in Ghana
(years)
Anaerobic
digestion 4,505,000  9,064,649.83 21.20 4.68 5. CONCLUSIONS
(US$)
Pyrolysis This paper has assessed the feasibility of municipal
(US$) 12,870,000 7,915,044.75 10.52 8.73 solid WtE technologies for sustainable management in
Ghana by using Accra as a case study. A detailed
Gasification literature review has been done on the various WtE
(USS$) 12,210,000 7,596,925 10.58 8.69 technologies and the feasibility of these technologies in
other countries have also been assessed. Technical
Plasma arc feasibility analysis, economic feasibility analysis and
gasification 12,870,000 8,683,570 11.66 8.03 barrier analysis has been done to assess the feasibility of
(US$) municipal solid waste. It can be concluded that the waste
in Ghana is feasible for both biochemical and
thermochemical processes. A power generation potential
Table 11. Sensitivity analysis of WtE technologies of 530 kW/tMSW and an energy recovery potential of
Technology ~Level ~Amount NPV (US$) IRR 41.68 kWh/tMSW is recoverable from the waste in Accra
Anaerobic Low 3,710,000 9,859,649.83 25.87  when biochemical energy conversion is applied. A power
digestion Base 4,505,000 9.064,649.83 2120 generation potential of 1320 kW/tMSW and an energy
. recovery potential of 106 kWh/tMSW is recoverable
] High 5,300,000 8,269,649.83  17.87 from th}é \p)vaste in Accra when thermochemical energy
Pyrolysis Low 10,560,000 10,225,044.75 13.36  conversion is applied. A yearly generation of 10.41, 4.63,
Base 12,870,000 7,915,044.75 10.52  3.47, and 2.23 GWh of electricity are recoverable from
High 15,180,000 5,605,044.75 843 the waste in Ghana using gasification, plasma arc
Gasification Low 9,900,000 9,906925.00 13.61 &asification,  pyrolysis, ~and  anaerobic  digestion
T T technologies respectively. This shows that gasification
Base 12,210,000 7,596,925.00 1058  paq the highest energy yield. The economic analysis
High 14,520,000 5,286,925.00 8.39 showed that the initial investment cost of WtE
Plasma arc Low 10,560,000 10,993,569.77 14.68 technologies is high, however implementation of this
gasification  Base 12,870,000 8.683.569.77  11.66 technology is likely to have a payback period of a little
High 15180000 6373.569.77 9.45 over 8 years for gasification, plasma arc gasification and

4.6 Results of the barrier analysis of WtE technologies

Figure 4 shows the results of the barriers to WtE
technologies in Ghana. It was discovered from the
analysis that a high percentage of the respondents see
that the reason why WtE technologies have not been
adopted in Ghana is that, WtE technologies are too
expensive followed by the argument that there is
difficulty in the segregation of waste. The initial cost of
WLE technologies followed closely with 80% of the
respondents seeing this as a problem for the non-
feasibility of WtE technologies in the country. Only a
few considered the non-environmental friendliness of
WTE technologies and lastly the ideology that the waste
in Ghana could not generate enough energy for the
country.

pyrolysis and a little over 4years for the biochemical
process.

The total LCOE by these WtE technologies is
around 0.19$/kWh for gasification, 0.40$/kWh for
plasma arc gasification, 0.47$/kWh for anaerobic
digestion and 0.48$/kWh for pyrolysis technologies.
These shows that gasification technology has the least
LCOE cost and therefore more feasible. The internal rate
of return shows that anaerobic digestion would yield
better financial benefits. The barrier analysis shows that
the hindrance to the implementation of WtE technology
is the problem of high initial cost and waste segregation
problem. The paper shows that the deployment of WtE
technologies in Ghana is both technically and
economically feasible. The study is not without
limitations. The main drawback of this study is the
availability of appropriate data for the feasibility
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assessment as well as the limitation of respondents ready
to fill the questionnaire and go through a face-to-face
interview. It is recommended that future work should
look at a detailed techno-economic analysis of each
technology for economic benefit and there should be
further work to analyze the current Ghanaian waste
constituents.
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Appendix A: Interview questions for barrier analysis
Do you agree or disagree to the following barriers as
reasons why waste to energy technologies have not been
harnessed in Ghana?

Activity

Agree Disagree

WHE has high initial cost
WHE is too expensive

WIE is also not environmentally friend

WH1E is not good source of energy for people to
Segregation of waste problem

The waste in Ghana cannot yield much of

energy
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