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A Sustainable Energy Production from MSW in Oman 

Abstract: 
The adverse impact of the energy production from fossil fuels is now well recognized 

globally; therefore, the move towards renewable and sustainable energy has become 

an integral part to achieve United Nations Sustainable Development Goals. This article 

presents a comparative study considering a waste to energy plant to produce 

electricity in Oman. A research strategy that includes both qualitative and quantitative 

research methods were adopted to evaluate the MSW generation and emissions, 

electricity consumption and emissions, public participation in waste segregation, and 

to estimate the reduction in emission considering a 5,000 tonnes/day waste to energy 

plant in Oman. The results show that a current emission from fossil fuels to meet the 

electricity requirement of 70,633.37 Million kWh/year is 161.781 Million tonnes 

CO2e/year. Similarly, the emissions from MSW which currently stood at 2.159 million 

tonnes/year is 3,424,247 tonnes CO2e /year. A 5,000 tonne per day waste to energy 

plant will not only produce 2.93 Million kWh daily but will also enable an annual 

reduction of 2455.31 Million Kg CO2e. Such an initiative will help Oman to improve its 

sustainability performance in energy, climate change, waste reduction, and economic 

growth and will pave the road to achieve the relevant SDGs by 2030.    

Keywords: Renewable Energy, Sustainability, Waste management & disposal. 

1. Introduction: 
Energy is an integral part of today's modern life but the way most the energy is 

produced around the world creates several environmental and sustainability issues. 

Environmental sustainability is the core issue that needs to be addressed for 

development to focus on human well-being and yet stay within the limitations of the 
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planet’s capacity. Gulf Cooperation Council (GCC) member countries (Saudi Arabia, 

Oman, United Arab Emirates, Kuwait, and Qatar) are considered as a major consumer 

of the natural resources which results in a larger amount of emissions (Umar and 

Wamuziri, 2016; Umar and Egbu, 2018).  Similarly, the annual solid waste generation 

in the GCC region has exceeded 150 million tonnes. This waste generation is more 

than some of the countries such as Brazil, Indonesia, Russia, and Mexico which are 

known as some of the top waste generating countries (Statista, 2020). GCC countries 

featuring among the world’s top ten per capita waste generators (Zafar, 2018, Umar et 

al., 2020-a).  

This article considers the MSW in Oman to produce electricity. This is not only 

important to produce electricity from the MSW but also to reduce GHG emissions from 

MSW. One of the common methods that is already adopted by many countries is to 

use MSW in a plant to produce energy. This type of plant is commonly known as waste 

to energy plants. The aim of this research is therefore to explore the opportunities to 

use MSW for electricity production in Oman. Such opportunities cannot be understood 

well without knowing the composition of the MSW, public participation, and 

cooperation in activities related to recycling. This research, therefore, incorporates 

both quantitative and qualitative approaches, commonly known as mixed method was 

adopted to accomplish the aims and objectives set for the research.  
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2. Research Methodology: 
Considering the scope of the research and different methods employed in different 

stages of the research, the methodology section is further divided into different 

sections.  

2.1. Method Used for MSW Composition and Public Awareness:  

Both the qualitative and quantitative research strategies were employed to obtain the 

aims and objectives set for this research. Since the quantity and the composition of 

the MSW are important to know energy content and emissions, therefore, the samples 

of MSW were collected from different households. As a rule of thumb, a minimum 

number of samples is 10 if the sample size is 100 kg or larger (Dahlén and Lagerkvist, 

2008). Thus, as a research strategy, to know the composition of the MSW in Oman, a 

total of 238 samples collected from 25 residential houses (175 samples), 4 restaurants 

(28 samples), 3 shopping markets (21 samples), and 2 hotels (14 samples) as shown 

in table 1. The houses were selected in a way so that the reliability could be achieved. 

Thus, the houses with the family member of 2, 3, 4, 5, and 6 were considered for data 

collection. Samples of waste were collected from each house on a 24-hour basis. The 

same approach was adopted to collect the samples from restaurants (4 numbers), 

shopping markets (3 numbers), and hotels (2 numbers). The samples were collected 

on each day of the week. The samples were deposed in the municipality collection 

point after recording the required data. Every morning the samples were collected, 

segregated, and measured. The data collection was completed in two months, from 

27 June 2019 to 26 August 2019. The segregation method adopted was according to 

the criteria followed in the 3R projects implemented by Japan International 

Cooperation Agency (JICA) in Hanoi (Taniguchi and Yoshida, 2011; JICA, 2012; 

Otoma et al., 2013).  
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Type of 
Entity  

Number of 
Sample per 
day (24 hours) 

Number of 
days 
Samples 
were 
Collected 

Number of 
Entitles used for 
Sample 
Collection/intervi
ew 

Total 
Samples 

Residential 
Houses 

1 7 25 (one sample 
from each house 
with family 
members of 2,3,4,5 
and 6) 

175 

Restaurants 1 7 4 28 

Shopping 
Markets 

1 7 3 21 

Hotels 1 7 2 14 

Total: 34 238 

Table 1: MSW Samples Collection Approach 

Additionally, the residents’ willingness and participation in recycling activities were 

captures through an interview conducted at the time of sample collection.  A total of 

34 interviews, 25 from residential houses, 4 from restaurants, 3 from shopping 

markets, and 2 from hotels were conducted. The sample used to know the residents' 

willingness and participation was considered appropriate as there is evidence in the 

existing literature that similar studies were conducted with much smaller samples. For 

instance, Umar (2020-b) while developing an integrated approach to promote 

sustainability in university campuses used a sample to 20 respondents. Although the 

questionnaire used for this purpose was prepared in English, due to the diversity of 

the respondents, the interview process was deemed fit to the respondents. Overall, 

45% of the residents in Oman are expatriates and the majority of them belong to some 

Asian countries (Umar, 2018). The participants in the data collection were therefore 

interviewed in the local language so that there could be no communication barriers.   

2.2. Method Used to Estimate the Emissions from MSW: 

The Intergovernmental Panel on Climate Change (IPCC) 2006 model is used to 

calculate GHG emissions from landfills (IPCC, 2006). Equation 1 is used to calculate 

the CH4 emission from landfills. For the environmental performance of waste to energy 
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approach, different parameters such as emissions per tonnes, reduction in landfills, 

and energy production and social indicators such as employment were considered. 

For instance, equation 2 was used to determine the emissions from crude oil when 

used in electricity production. In the comparison of emissions from both scenarios, 

landfilling and waste to energy approach, the emissions produced from the 

transportation of waste were ignored. The emissions from the transportation of the 

MSW to the disposal point is normally calculated based on the distance between 

collection and disposal points. Briefly, the GHG emission factor which accounts for 

MSW hauling can be 19.1 g CO2e/tonne/km (DEFRA, 2011).       

CH4 = [(MSW(Land Fill)×MCF×DOC×DOCf×F×(16/12)-R)×(1-OX)] …………Equation 1 

Where, 

CH4 = Methane Emission in Gg/year (1 Gg = 109 g; 1 Gg = 1,000 tonne; Gg = giga 

gram) 

MSW(Land Fill) = total amount of MSW in the landfill in wet weight basis (Gg/year) 

MCF = CH4 correction factor – (value used in the calculation = 0.6) 

DOC = the fraction of degradable organic carbon in MSW (Gg C/Gg MSW) – (value 

used in the calculation = 0.2455) 

DOCf = the fraction of DOC that can decompose (fraction) – (value used in the 

calculation = 0.77) 

F = the fraction of CH4 in generated landfill gas – value used in the calculation = 0.5) 

R = the recovered CH4 (Gg/year), 16/12 is the molecular weight ratio CH4/C – value 

used in the calculation = 0) 
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OX = the oxidation factor – value used in the calculation = 0) 

𝐸 = 𝐴 𝑥 𝐵 𝑥 𝐶 𝑥 𝐷 ………………………..Equation 2 (EPA, 2017; Umar and Egbu, 

2018). 

Where,  

E = CO2e emission per barrel (tonnes) 

A = The average heat content of the crude oil (= 5.80 mmbtu per barrel; mmbtu = one 

million British Thermal Units). 

B = The average carbon coefficient of crude oil (=20.31 kg carbon per mmbtu) 

C = The fraction oxidized (= 100%, (IPCC, 2006))  

D = The ratio of the molecular weight of carbon dioxide to the carbon (= 44 kg CO2e 

/12 kg C) 

2.3. Method Used for Estimating Energy from MSW: 

The electricity content and emissions from the MSW is well established in the existing 

literature. Different keywords such as “electricity content in MSW”, “energy production 

from MSW”, “waste to energy plant” and emissions from energy to waste” were used 

in main search engines. The Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) guidelines were adhered to during the review process 

(Moher et al., 2009; Umar, 2020-a, Umar, 2020-c). Different results associated with 

the electricity content and emissions from waste to energy plants were obtained from 

the systematic review. For instance, in the United States, there 68 waste to energy 

power plants that produce about 14 billion kilowatt-hours (kWh) of electricity using 

26.76 tonnes of combustible MSW (EIA, 2019). In other words, the energy or electricity 

content per tonnes of MSW in the United States is approximately 586 kWh. The waste 
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to energy plant installed in Qatar which has a capacity of 2,300 tonnes per day 

produces 50 Mega Volt Amp (MVA) which is equal to 40,000 kWh per day (Keppel 

Seghers, 2020). Likewise, the statistics issued by Waste Management World indicates 

that electricity production from MSW can be up to 875 kWh per tonne of MSW 

processed in a waste to energy plant (WMW, 2015). The calculation presented in this 

paper, considers a value of 586 kWh per MSW used in a waste to energy plant keeping 

in mind that this value is from the United States which uses the same types of waste 

to plant as proposed in this research.       

The total waste which is burned for energy recovery in the United States currently 

stood at 12.70% of the total waste. Apart from producing energy, the burning of waste 

can reduce the volume of waste by 90%. A recent waste to energy plant constructed 

in Ethiopia uses the same approach of burning waste to produce electricity. The 

collected waste is kept for five days to allow the moisture to seep out and then burning 

the waste at 1,000oC to turn it to heat energy to run the steam turbine (Abebe, 2018). 

The latest and modern waste to energy plant can reduce the emissions (CO2e) ranging 

from 100 ~ 350 kg CO2e per tonne of the MSW used (Rogoff and Screve, 2019). An 

average emission reduction value of 225 kg CO2e per tonne of MSW can be used to 

measure such reduction in emission, however, the Environmental Protection Agency 

(EPA) of the United States reveals that the burning of one tonne MSW in a waste to 

energy plant results in 1 tonne of less CO2e when compared to the common practice 

of landfilling (EPA, 2019). The potential reduction in emissions between landfilling and 

waste to energy plants investigated by Wang et al. (2017) in China noted that such 

reduction can be more than 1,000 Kg CO2e per tonne of MSW. The study conducted 

by Obermoser et al. (2009) to establish a reliable CO2e value from waste to energy 
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plant noted that CO2e emission can be in the rage of 30 to 67 kg CO2e per Giga Joule 

which can be translated into 0.175 Kg CO2e per kWh.  

3. Results and Analysis: 
Considering different aspects of the results and analysis, this section is divided into 

different sub-sections. The first subsection describes the results and analysis of the 

MSW composition and the public participation in the MSW segregation.  

3.1. MSW Composition and Public Willingness: 

As noted in section 3, a total of 175 samples were collected from the residential 

houses. These samples were used to determine the MSW generation per capita. The 

results show that the mean weight of the MSW samples was 1.3 + 0.28 kg/ per capita. 

Currently, as of May 2020, the total Oman population stands at 4,613,726, which can 

be translated into total of 5,998 tonnes MSW generation per day in Oman (NCSI, 2020; 

Umar, 2020-b). The whole samples collected from the residential houses, restaurants, 

shopping markets, and hotels were used to determine the MSW composition in Oman. 

This composition is reported in figure 1. Overall, the composition of the MSW 

represents a good percentage of waste that can be combustible and suitable to be 

used in a waste to energy plant to produce electricity.     

During the MSW sample collection process, the inhabitants were asked about their 

cooperation and participation in the waste segregation activities. The willingness of 

the residents was considered important as this may be helpful to transfer only the 

MSW that is suitable to be used in the waste to energy plant. A total of 34, consisting 

of 67.64% male and 32.35% female, face to face interviews were conducted during 

this stage. All the participants appraised the idea of using MSW for electricity 

generation. A large number of the interviewees (70.58%) agreed that they are willing 
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to participate in the segregation of the MSW at their doorsteps. The remaining 

participants did not answer as no but they were somehow not sure how they can do 

such segregation. Overall, the majority of the respondents (79.94%) noted that they 

required some sort of training and tools to do such tasks in their homes.          

 

Figure 1: Composition of MSW in Oman 

3.2. Emissions from MSW: 

To calculate the emissions from MSW using equation 1, DOC for different waste 

materials was obtained from the IPCC and the Atmospheric Brown Clouds Emission 

Inventory Manual (ABC EIM). Based on these two documents, the DOC paper = 0.25, 

DOC food = 0.4, DOC textile = 0.25, and the DOC rubber = 0.39 were considered. The 

average DOC value was calculated based on the above values and waste fraction as 

shown in figure 1. The final DOC value used in the calculation, therefore, stands at 

0.2455. The total MSW waste considered in this calculation was equal to 2,159,219 

tonnes per year or 2159 Gg per year. This MSW produces a total of 163,060 Gg/year 

Food

38%

Paper/ Cardboard
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6%
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17%
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CH4 which is equal to 3,424,247 tonnes/year CO2e equivalent. This can be translated 

into the emissions produced by one tonne of MSW, which can be equal to 1.58 tonne 

per year CO2e per tonne of MSW.  

3.3. Electricity Production and Emissions: 

In terms of electricity production, Oman is using both oil and gas to meet its electricity 

requirement. The current consumption of electricity per capita in Oman is 15,309.4 

KWh per year that can be translated into total energy consumption by multiplying this 

figure with the total population of Oman (15,309.4 x 4,613,726), which gives a total 

consumption of 70,633.37 Million kWh per year. To calculate the emissions from 

electricity production through oil and gas, 70% of the electricity production is 

considered to be from oil, and 30% is considered to be from natural gas. These 

percentages were taken from the study conducted by the Authority of Electricity 

Regulation in Oman (AER, 2008). Similar percentages for electricity production in 

Oman were also reported by British Petroleum PLC and International Energy Agency 

(BP PLC, 2018; IEA, 2011). The EIA guidelines were used to establish the emissions 

both from oil and gas when used for electricity production. As per these guidelines, to 

produce 29.31 Kwh (1 million British thermal units (btu)) from oil, a total of 73.16 kg 

(161.30 pounds) of CO2e is produced. Similarly, if the same amount of electricity is 

produced from gas, then the total emissions will be equal to 53.07 kg (117.0 pounds). 

The emissions from electricity production in Oman considering both oil and gas are 

therefore calculated as under: 

Emissions from oil:  

Electricity produced from oil = total electricity consumption x percentage produced 

from oil = 70,633.37 Million kWh x 70% = 49,443.35 Million kWh per year. 
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Emissions for 29.31 Kwh from oil = 73.16 kg CO2e 

Emission for 49,443.35 Million kWh = 
49,443.35 𝑥 73.16

29.31
 = 1.234x1011 kg = 123.414 Million 

tonnes CO2e per year.  

Emission from gas: 

Electricity produced from oil = total electricity consumption x percentage produced 

from oil = 70,633.37 Million kWh x 30% = 21,190.01 Million kWh per year. 

Emissions for 29.31 Kwh from gas = 53.07 kg CO2e     

Emission for 21,190.01 Million kWh = 
21,190.01  𝑥 53.07

29.31
 = 3.836x1010 kg = 38.367 Million 

tonnes CO2e per year.  

Total Emission from Electricity Production in Oman = 123.414 + 38.367 =161.781 

Million tonnes CO2e per year. 

Overall, the emission from MSW and electricity production in Oman therefore equal to 

161.781 Million tonnes CO2e per year.  

3.4. Energy Production from MSW:  

The composition of MSW presented in figure 1 shows that more than 50% of the MSW 

can be classified as combustible materials suitable for use in waste to energy plants. 

This indicates that a total of 1,079,610 tonnes per year (~3,000 tonnes per day) of 

MSW can be used in waste to energy plants. The United States Energy Information 

Administration statistics indicate that 85% of the MSW can be burned in a waste to 

energy plant to produce electricity. In some cases, the segregations of the waste are 

also not required as some of the latest plants known as the mass-burn waste-to-energy 

plant can process all the waste together. As shown in figure 2, such plants have the 
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capacity to segregates the waste such as metals, and ash. The plant can also 

segregate the food waste and other organic waste that can be used in landfilling or for 

composting. Likewise, Roethel and Breslin (1995) noted that the separated ash can 

also be used as aggregates in construction works, provided that there are no heavy 

metals that cannot be suitable for the use in construction. In this case the ash will need 

to be disposed in a special landfill which can result into excessive cost. The ash 

generated from the combustion process can be 25% of the original weight of the MSW 

(Michael, 2014). The emission of CO2, CO, SO2, NOx, N2O, HCl, NH3 and HF is 

common from waste to energy plant. In addition, ferrous metal, bottom ash, fly ash, 

waste such as air pollution residue and landfill leachate are produced. Similarly, 

particulate matter, such as PM10 and PM2.5, are also released from such plants (Kabir 

and Khan, 2020). While a waste to energy plant may release less emissions compared 

to a coal-fired power plant, public health risk still exists due to the release of smoke, 

dust, noise from the plant, and traffic congestion all of which affects both the mental 

and physical health of local communities (Roberts and Chen, 2006).  

The waste to energy plants can also be classified based on their daily capacity. After 

reviewing the total waste to energy plants manufactured and installed by Deltaway 

Energy, these plants have a capacity from 68 tonnes per day to 4,900 tonnes per day 

(Deltaway Energy, 2020). To ensure a realistic estimate for the waste to energy plant, 

the MSW produced in different governorates were considered. As noted in table 2, 

Muscat governorate, which is also the capital of Oman, is on the top of the waste 

production having a waste production capacity of 1,905 tonnes per day.  If   Muscat, 

North AlBatinah, Al-Dakhiliya, South AlBatinah, South AlSharqiya, North AlShariqiya, 

and Al-Dhahirah governorates which are somehow close to each other (as shown in 

figure 3) are considered then the total production of waste will be equal to 5,000 tonnes 
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per day. Of course, this is 2017 data, and the population of these governorates will 

increase, the MSW production in these governorates will also increase. For instance, 

based on World Bank statistics, Oman's population increased at a rate of 3.4% per 

year (WDI, 2020). Based on this indicator, the 2020 waste production in different 

governorates can be calculated using equation 3.   

MSW(future) = MSW(Current) x (1+i)n …………………equation 3 

Where; 

MSW(future) = the MSW generation in future (for instance in 2020) for Muscat 

governorate 

MSW(Current) = the MSW generation in future (for instance in 2017) for Muscat 

governorate 

i = Annual growth rate (decimal) – in this case, it can be 0.034 

n = Number of years projected into future – in this case, it will be 3 years 

Based on the above parameters and using equation, the Muscat governorate MSW 

production in 2020 will be 757,996 tonnes per year, which was 685,654 tonnes per 

year in 2017. 
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Figure 2: A Typical Waste to Energy Plant 

Governorates 
Waste Production 
Tonne per year(2017) 

Waste Production 
Tonne per day (2017) 

Muscat 685,654 1905 

North AlBatinah 336,791 936 

Al-Dakhiliya 330,185 917 

Dhofar 330,884 919 

South AlBatinah 150,038 417 

South AlSharqiya 98,372 273 

North AlShariqiya 98,372 273 

Al-Dhahirah 106,055 295 

Al-Buraiymi 154,374 429 

Al-Wusta 9,799 27 

Table 2: Waste Generation in Different Governorates of Oman (Be’ah, 2017) 
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Figure 3: Oman Map Showing Different Governorates 

As noted in section 2, one tonne of MSW in the United States has the potential to 

produce 586 kWh, thus 5,000 tonnes daily capacity waste to energy plant will be able 

to produce 2.93 Million kWh daily. This will help to reduce the volume of the waste that 
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directly goes to landfills and produce emissions. Considering different parameter, the 

reduction of emissions through waste to energy plant is calculated below: 

A) CO2e Emissions from 2.93 Million kWh per day when produced by oil 

considering Emissions for 1 Kwh from oil = 2.5 kg CO2e = 2.93 x 2.5 = 7.325 

Million Kg CO2e = 26.37 Million Kg CO2 per year 

 

B) Emission from 2.93 Million kWh per day when produced by waste to energy 

plant considering 0.175 Kg CO2e per kWh (Obermoser et al., 2009).  

= 2.93 x 0.175 = 0.512 Million Kg CO2e per day = 184.59 Million Kg CO2e 

per year.  

 

C) Reduction of waste emissions from landfilling, considering a reduction of 1 

tonne per tonne of MSW. 

Emissions per tonnes of MSW when disposed in landfilling = 1.58 tonne per 

year CO2e per tonne of MSW 

Reduction in emissions per tonnes = 1.58 – 1.0 = 0.58 tonne CO2e per year  

Emissions from 5,000 tonnes per year = 5,000 x 0.58 = 2,900 tonnes CO2e 

per year = 2.9 Million Kg CO2 per year. 

Total reduction in Emissions = A – B + C = 2637 – 184.59 + 2.90 = 2455.31 Million 

Kg CO2e per year.    

Apart from the environmental performance of waste to energy plants, initial cost, 

operational cost, and return on investment are the key factors that the government or 

the investors considered in their decision. The initial cost of a waste to energy plant 

can be established considering its daily waste capacity. The Waste to Energy 
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Research and Technology Council (WTERTC) has established the initial cost of a 

waste to energy plant at a rate of US $200,000 per daily tonne of capacity. As the plant 

considered in the research has a capacity of 5,000 tonnes per day, thus the initial cost 

of the plant can be estimated at US$ 1,000 Million (WTERTC, 2020). While the initial 

cost is established on the most recent trend available on the WTERTC website, it is 

still possible that the actual cost may vary at a rate of +15% considering the 

demographic and other local factors. Therefore, it is suggested that estimated cost 

may vary. A 1,000 tonnes daily capacity of the plant would require a total of 60 

personnel, thus at this rate, a 5,000 tonnes daily capacity plant would be able to 

generate employment for 300 workers. The operating costs of waste to energy plants 

in China are calculated at approximately US $30 per tonnes (Xin-gang et al., 2016). A 

general worker wages in Oman rage from US $ 390 to US $ 520. Thus, total wages of 

the workers per month can, therefore, be estimated at US $136,500 per month [= 300 

x 390+540)/2] or US $ 4,550 per day. Depending on the life span of the plant, the 

operation cost can be up to 85% of the plants' total costs. If the plant has an estimated 

life of 40 years, then the cost of supply and construction can be 14% and the 

management and feasibility cost can be up to 1% of the total costs of the plant (UNEP, 

2019). The research conducted by Carneiro and Gomes (2019) established a levelized 

cost of electricity production from waste to energy plant at US$ 76 per MWh. The 

electricity production cost from waste to energy plant is still higher that the solar and 

fossil fuels which currently stand at $30/MWh $75/MWh respectively (EIA, 2020). The 

profit margin of a waste to energy plant can be up to 25% while the return on 

investment can be up to 18%. Since fossil fuels are quite subsidize, thus practically, 

18% return on investment is not going to happen if the only thing from the plant is to 

sell the energy. The investment in the plant would therefore be only attractive when 
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the government would provide other incentive on investment. The research in other 

countries shows that the payback period of a waste to energy plant is normally 13 

years with an internal rate of return up to 11% (Xin-gang et al., 2016). The research 

conducted by Kaplan et al. (2009) in the United States estimated the average cost of 

electricity production from MSW at a rate of four cents per kWh with average revenue 

of US $25 per tonnes of MSW used in a waste to energy plant.     

The next section provides a discussion and conclusion of the research.   

4. Discussion and Conclusion: 
Considering the discussion and conclusion arising from this research, this section in 

further divided into three sub-sections. Each sub-section covers a specific agenda of 

the discussion and conclusion. All the sub-sections are underlined below.   

4.1. Electricity Production from MSW in Oman: 

The samples of the MSW collected from different entities including residential houses, 

shopping markets, hotels, and restaurants indicate a good volume (~50%) of 

combustible waste that can be used in a waste to energy plant. More than 70% of the 

interviewees confirmed that they are willing to segregate their MSW. The results 

further show that the current MSW generation in Oman stands at 1.3 + 0.28 kg/ per 

capita. This value and the current population of Oman are used to determine the total 

daily MSW generation in Oman. Since landfilling is used to dispose the total waste in 

Oman, the IPCC and ABC EIM guidelines were used to estimate the emissions from 

the total MSW. These calculations indicate the emission of 3,424,247 tonnes CO2e 

/year or 1.58 tonne CO2e per year per tonne of MSW. Currently, Oman is producing 

70% of electricity from oil and 30% from natural gas. The emissions from current 

electricity consumption (~70,633.37 Million kWh per year) is estimated at 161.781 
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Million tonnes CO2e per year. If the emissions from the MSW are also added to this 

emission, then the total emission from electricity consumption and MSW generation in 

Oman will be equal to 165.205 Million tonnes CO2e per year. Considering the current 

energy consumption, MSW generation, and emissions from these variables, waste to 

energy plant that has a capacity of 5,000 tonnes per day is proposed to use the waste 

from Muscat, North AlBatinah, Al-Dakhiliya, South AlBatinah, South AlSharqiya, North 

AlShariqiya, and Al-Dhahirah governorates. Apart from producing 2.93 Million kWh 

daily, this plant will be able to significantly reduce the emissions from the MSW and 

electricity production in Oman. The reduction in emission from this waste to energy 

plant is estimated at 2455.31 Million Kg CO2e per year (Table 3). This plant will be 

able to provide jobs for at least 300 personnel. The literature review suggests that the 

initial costs of such a plant with a capacity of 5,000 tonnes per day can be equal to the 

US $ 1,000 Million. The operating costs can be up to the US $30 per tonnes of waste 

used in the plant.  

Total MSW Generation 5,998 tonnes MSW generation per 

day 

Emissions from MSW 3,424,247 tonnes/year CO2e 

Total Electricity Consumption  70,633.37 Million kWh per year 

Emissions from Electricity Production 161.781 Million tonnes CO2e per 

year 

Capacity of Proposed Waste to Energy Plant 

 

5,000 tonnes daily 

Electricity Production from Waste to Energy 

Plant 

2.93 Million kWh daily 

Saving in CO2e Through Waste to Energy 

Plant 

2.416 Million tonnes CO2e per year 

Table 3: Saving in Emissions Through Waste to Energy Plant 
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4.2. Limitations of the Research: 

Although, a proper research method was adopted in this study to collect the required 

data, there are a few assumptions made in this study, which make the research 

exploratory in nature. To proceed for a waste to energy plant, a larger sample size at 

the feasibility stage will be required to investigate the composition of the MSW. Proper 

risk assessment that should include the recycling capabilities, the cost of energy 

production from other renewable resources and logistic issues will required to be 

conducted. The sample collected in this research show that organic contents (food 

and other green waste) are quite high, which will require the treatment and thus will 

reduce the overall energy production per tonne. The capacity of the plant will also be 

required to establish on the future MSW generation, allowing room for other form of 

recycling. Similarly, the collection of MSW at the plant will results some emissions from 

the vehicles that will transport the waste. Such emissions are required to be 

considered in future studies. Such transportation will also result into additional cost. 

Currently, the progress of Oman towards several UN SDGs is not satisfactory. Such 

an initiative of waste to energy plants will help Oman to improve its performance in a 

number of areas including energy, climate change, waste management, and economic 

growth.    

References: 
Abebe, M.A., 2018. Challenges of Waste to Energy Facility in Reppi (koshe), Addis 

Ababa City. Journal of Pharmacy and Medical Sciences (IRJPMS), 1(4), pp.9-
16. 

AER (Authority of Electricity Regulation), 2008. Study on Renewable Energy 
Resources, Oman. Authority of Electricity Regulation, Muscat, Oman. See: 
https://www.aer.om/pdf/studyreport.pdf (accessed 01/02/2020).  

Be’ah (Oman Holding Company for Environment Services SAOC), 2017. MSW 
generation in different governorates in Oman.  Be’ah (Oman Holding 
Company for Environment Services SAOC, Be’ah, Muscat, Oman. See: 
https://www.beah.om/Knowledge-Center/Data (accessed 30/05/2020).   

https://www.aer.om/pdf/studyreport.pdf
https://www.beah.om/Knowledge-Center/Data


22 
 

BP PLC (British Petroleum Private Limited Company), 2018. BP Statistical Review of 
World Energy, 67th Edition. London, United Kingdom. See: 
https://www.bp.com/content/dam/bp/business-
sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-
review-2018-full-report.pdf (accessed 18/12/2020). 

Carneiro, M.L.N. and Gomes, M.S.P., 2019. Energy, exergy, environmental and 
economic analysis of hybrid waste-to-energy plants. Energy conversion and 
management, 179, pp.397-417. 
https://doi.org/10.1016/j.enconman.2018.10.007.  

Dahlén, L. and Lagerkvist, A., 2008. Methods for household waste composition 
studies. Waste Management, 28(7), pp.1100-1112. 

DEFRA (Department for Environment, Food and Rural Affairs), 2011. Guidelines to 
Defra/DECC's GHG Conversion Factors for Company Reporting: 
Methodology Paper from Emission Factor. Department for Environment, Food 
and Rural Affairs, London, United Kingdom. 

Deltaway Energy, 2020. Projects WTE and Biomass Power Plant Experience. 
Deltaway Energy, San Francisco, California, United States. See: 
https://deltawayenergy.com/projects-list/ (accessed 30/05/2020).  

EIA (Energy Information Administration), 2019. Biomass explained Waste-to-energy 
(Municipal Solid Waste). US, Energy Information Administration. Washington, 
USA. See: https://www.eia.gov/energyexplained/biomass/waste-to-
energy.php (accessed 28/05/2020).  

EIA (Energy Information Administration), 2020. Levelized Cost and Levelized 
Avoided Cost of New Generation Resources in the Annual Energy Outlook 
2020. Energy Information Administration, Washington, USA. See: 
https://www.eia.gov/outlooks/aeo/pdf/electricity_generation.pdf (accessed 
21/12/2020).  

EPA (Environmental Protection Agency), 2017. Greenhouse Gases Equivalencies 
Calculator - Calculations and References. Washington, USA. See: 
https://www.epa.gov/energy/greenhouse-gases-equivalencies-calculator-
calculations-and-references (accessed 04/04/2020). 

EPA (Environmental Protection Agency), 2019. Energy Recovery from the 
Combustion of Municipal Solid Waste (MSW). Environmental Protection 
Agency, Washington, D.C., United States. See: 
https://www.epa.gov/smm/energy-recovery-combustion-municipal-solid-
waste-msw (accessed 31/05/2020).  

IEA (international Energy Agency), 2011. Oman: Balances for 2011. International 
Energy Agency, Paris, France. See: 
https://www.iea.org/statistics/statisticssearch/report?country=OMAN&product
=balances&year=2011 (accessed 19/12/2020).  

IPCC (Intergovernmental Panel on Climate Change), 2006. 2006 IPCC Guidelines 
for National Greenhouse Gas Inventories. IPCC, Japan. See: 
https://www.ipcc-nggip.iges.or.jp/public/2006gl/ (accessed 04/04/2020). 

https://doi.org/10.1016/j.enconman.2018.10.007
https://deltawayenergy.com/projects-list/
https://www.eia.gov/energyexplained/biomass/waste-to-energy.php
https://www.eia.gov/energyexplained/biomass/waste-to-energy.php
https://www.eia.gov/outlooks/aeo/pdf/electricity_generation.pdf
https://www.epa.gov/smm/energy-recovery-combustion-municipal-solid-waste-msw
https://www.epa.gov/smm/energy-recovery-combustion-municipal-solid-waste-msw
https://www.iea.org/statistics/statisticssearch/report?country=OMAN&product=balances&year=2011
https://www.iea.org/statistics/statisticssearch/report?country=OMAN&product=balances&year=2011


23 
 

JICA (Japan International Cooperation Agency), 2012. Laos Pilot Program for 
Narrowing the Development Gap toward ASEAN Integration, Progress Report 
1: Supplement 1 (Vientiane). Vientiane, Lao PDR. See: 
http://open_jicareport.jica.go.jp/pdf/12245338.pdf (accessed 04/04/2020). 

Kabir, Z. and Khan, I., 2020. Environmental impact assessment of waste to energy 
projects in developing countries: General guidelines in the context of 
Bangladesh. Sustainable Energy Technologies and Assessments, 37, 
p.100619. https://doi.org/10.1016/j.seta.2019.100619.  

Kaplan, P.O., Decarolis, J. and Thorneloe, S., 2009. Is it better to burn or bury waste 
for clean electricity generation? Environmental Science & Technology, Vol. 43, 
No. 6. Pp. 1711–1717. https://doi.org/10.1021/es802395e.  

Keppel Seghers, 2020. Waste-to-Energy Plants. Keppel Seghers Engineering, Doha, 
Qatar. See: http://www.keppelseghers.com/en/content.aspx?sid=3028#A4-
DSWMC (accessed 30/05/2020).  

Michael, T. "Environmental and social impacts of waste to energy (WTE) conversion 
plants." Editor(s): Naomi B. Klinghoffer, Marco J. Castaldi, In Waste to Energy 
Conversion Technology, pp. 15-28. Woodhead Publishing, 2014. ISBN 
9780857090119, https://doi.org/10.1533/9780857096364.1.15.  

Moher, D., Liberati, A., Tetzlaff, J., Altman, D.G. and Prisma Group, 2009. Preferred 
reporting items for systematic reviews and meta-analyses: the PRISMA 
statement. PLoS med, 6(7), p.e1000097. 
https://doi.org/10.1371/journal.pmed.1000097.  

NCSI (National Center of Statistics and Information), 2020. Population Clock. 
National Center of Statistics and Information, Muscat, Oman. See: 
https://www.ncsi.gov.om/Pages/NCSI.aspx (accessed 28/05/2020).  

Obermoser, M., Fellner, J. and Rechberger, H., 2009. Determination of reliable CO2 
emission factors for waste-to-energy plants. Waste Management & Research, 
27(9), pp.907-913. https://doi.org/10.1177%2F0734242X09349763.  

Otoma, S., Hoang, H., Hong, H., Miyazaki, I., & Diaz, R. (2013) A survey on 
municipal solid waste and residents’ awareness in Da Nang city, Vietnam. 
Journal of Material Cycles and Waste Management, 15(2), 187-194. 
https://doi.org/10.1007/s10163-012-0109-2. 

Roberts, R.J. and Chen, M., 2006. Waste incineration—how big is the health risk? A 
quantitative method to allow comparison with other health risks. Journal of 
Public Health, 28(3), pp.261-266. https://doi.org/10.1093/pubmed/fdl037.  

Roethel F J and Breslin V T (1995), ‘Municipal solid waste (MSW) combustor ash 
demonstration program The Boathouse ,’ US Environmental Protection 
Agency Report, EPA/600/SR-95/129, August. Washington, D.C., United 
States.  

Rogoff, M.J. and Screve, F., 2019. Waste-to-energy: technologies and project 
implementation. 3rd Edition. ISBN: 9780128160794. Elsevier, Netherland.  

Statista, 2020. Generation of municipal solid waste worldwide in 2017, by select 
country (in million metric tons). Statista, Germany. See: 
https://www.statista.com/statistics/916749/global-generation-of-municipal-
solid-waste-by-country/ (accessed 15/12/2020).  

https://doi.org/10.1016/j.seta.2019.100619
https://doi.org/10.1021/es802395e
http://www.keppelseghers.com/en/content.aspx?sid=3028#A4-DSWMC
http://www.keppelseghers.com/en/content.aspx?sid=3028#A4-DSWMC
https://doi.org/10.1533/9780857096364.1.15
https://doi.org/10.1371/journal.pmed.1000097
https://www.ncsi.gov.om/Pages/NCSI.aspx
https://doi.org/10.1177%2F0734242X09349763
https://doi.org/10.1093/pubmed/fdl037
https://www.statista.com/statistics/916749/global-generation-of-municipal-solid-waste-by-country/
https://www.statista.com/statistics/916749/global-generation-of-municipal-solid-waste-by-country/


24 
 

Taniguchi, Y. and Yoshida, M., 2011, February. Public involvement and mobilization 
for promoting 3R initiative in Hanoi City: Lessons from 3R initiative project in 
Hanoi City 2006-2009. In Proceedings of the 8th Expert Meeting on Solid 
Waste Management in Asia and Pacific Islands (SWAPI) (Vol. 21, p. 23). 

TSDGR (The Sustainable Development Goals Report), 2018. The Sustainable 
Development Goals Report, United Nations, New York, United States. See: 
https://unstats.un.org/sdgs/files/report/2018/TheSustainableDevelopmentGoal
sReport2018-EN.pdf (accessed 25/04/2020). 

Umar, T. and Egbu, C., 2018. Global commitment towards sustainable energy. 
Proceedings of the Institution of Civil Engineers-Engineering Sustainability 
(Vol. 172, No. 6, pp. 315-323). Thomas Telford Ltd. 
https://doi.org/10.1680/jensu.17.00059. 

Umar, T. and Wamuziri, S., 2016. Briefing: Conventional, wind and solar energy 
resources in Oman. Proceedings of the Institution of Civil Engineers-Energy, 
169(4), pp.143-147. https://doi.org/10.1680/jener.16.00011. 

Umar, T., (2020-b). Frameworks for reducing greenhouse gas (GHG) emissions from 
municipal solid waste in Oman. Management of Environmental Quality, Vol. 
31 No. 4, pp. 945-960. https://doi.org/10.1108/MEQ-11-2019-0231. 

Umar, T., 2018. Causes of delay in construction projects in Oman. Middle East 
Journal of Management, 5(2), pp.121-136. 
https://doi.org/10.1504/MEJM.2018.091132. 

Umar, T., 2020-a. Key factors influencing the implementation of three-dimensional 
printing in construction. Proceedings of the Institution of Civil Engineers-
Management, Procurement and Law, pp.1-14. 
https://doi.org/10.1680/jmapl.19.00029.  

Umar, T., 2020-c. An Integrated Sustainability Management Approach for 
Universities. Proceedings of the Institution of Civil Engineers-Engineering 
Sustainability (pp. 1-12). Thomas Telford Ltd. 
https://doi.org/10.1680/jensu.19.00014.  

Umar, T., Egbu, C., Ofori, G., Honnurvali, M.S., Saidani, M., Shibani, A., Opoku, A., 
Gupta, N. and Goh, K., 2020. UAE’s commitment towards UN Sustainable 
Development Goals. In Proceedings of the Institution of Civil Engineers-
Engineering Sustainability (pp. 1-18). Thomas Telford Ltd. 
https://doi.org/10.1680/jensu.19.00036. 

UNEP (United Nations Environment Programme), 2019. Waste to Energy 
Considerations for Informed Decision-Making. United Nations Environment 
Programme, Nairobi, Kenya. See: 
https://www.developmentaid.org/api/frontend/cms/uploadedImages/2019/08/
WTEfull-compressed.pdf (accessed 31/05/2020).  

Wang, Y., Yan, Y., Chen, G., Zuo, J., Yan, B. and Yin, P., 2017. Effectiveness of 
waste-to-energy approaches in China: from the perspective of greenhouse 
gas emission reduction. Journal of Cleaner Production, 163, pp.99-105. 
https://doi.org/10.1016/j.jclepro.2015.09.060.  

https://doi.org/10.1108/MEQ-11-2019-0231
https://doi.org/10.1680/jmapl.19.00029
https://doi.org/10.1680/jensu.19.00014
https://www.developmentaid.org/api/frontend/cms/uploadedImages/2019/08/WTEfull-compressed.pdf
https://www.developmentaid.org/api/frontend/cms/uploadedImages/2019/08/WTEfull-compressed.pdf
https://doi.org/10.1016/j.jclepro.2015.09.060


25 
 

WDI (World Development Indicators), 2020. World Development Indicators (WDI) is 
the World Bank’s premier compilation of cross-country comparable data on 
development. World Bank, Washington, D.C., United States. See: 
http://datatopics.worldbank.org/world-development-indicators/ (accessed 
21/05/2020).  

WMW (Waste Management World), 2015. Waste to Energy: The Carbon 
Perspective. Waste Management World, Vienna, Austria. See: https://waste-
management-world.com/a/waste-to-energy-the-carbon-perspective (accessed 
31/05/2020).  

WTERTC (Waste to Energy Research and Technology Council), 2020. The ABC of 
Sustainable Waste Management (SWM). Waste to Energy Research and 
Technology Council, New York, United States. See: 
http://www.seas.columbia.edu/earth/wtert/faq.html (accessed 31/05/2020).  

Xin-gang, Z., Gui-wu, J., Ang, L. and Yun, L., 2016. Technology, cost, a performance 
of waste-to-energy incineration industry in China. Renewable and Sustainable 
Energy Reviews, 55, pp.115-130. https://doi.org/10.1016/j.rser.2015.10.137.  

Zafar, S., 2018. Waste Management Outlook for the Middle East. In the Palgrave 
Handbook of Sustainability (pp. 159-181). Palgrave Macmillan, Cham, 
Basingstoke, United Kingdom. 

http://datatopics.worldbank.org/world-development-indicators/
https://waste-management-world.com/a/waste-to-energy-the-carbon-perspective
https://waste-management-world.com/a/waste-to-energy-the-carbon-perspective
http://www.seas.columbia.edu/earth/wtert/faq.html
https://doi.org/10.1016/j.rser.2015.10.137

	Blank Page

