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ABSTRACT 
 

The economic growth and industrial development of any county requires a drive from energy 

hence the industrial development of any nation is dependent on its energy supply. Demand for 

energy in Zambia has been rising due to robust GDP growth of more than 6 percent per year 

for the past decade in the country. With a rapidly growing population and some signs of 

economic growth, the country is unable to meet its electricity demand. Zambia was faced with 

a deficit of 560 megawatts in its energy supply because of unusually low water levels in the 

Kariba Dam.  

The objectives of the research included the quantification of the available municipal solid waste 

in the major cities which included Lusaka, Ndola, Kitwe and Livingstone and determining its 

contribution to electricity generation, reviewing and surveying of technologies to ascertain a 

suitable type for the country and lastly to determine the theoretical potential and compare to 

the actual potential for generating electricity from municipal solid waste. The method for 

primary data collection involved interviews, questionnaires and survey of previous research. 

Secondary data was acquired from utilisation of formulas for population prediction, Energy 

potential utilising tonnage and calorific value as well as levelised cost of Energy.  

The study revealed that the major cities have the potential to generate electricity from the 

annual municipal solid waste collected. The average energy potentials for Lusaka, Ndola, 

Kitwe and Livingstone were 4.16TWh, 0.73TWh, 0.82TWh and 0.16TWh respectively. The 

percentage deviations from the theoretical potential were ranging from 74 to 86 percent. Project 

evaluation concentrated on gasification, combustion and anaerobic digestion by utilising the 

levelised cost of energy for each technology. Anaerobic digestion was the suitable option for 

the country. The research revealed that the available resource of municipal solid waste can be 

used as an alternative energy source for electricity production. 

Key words: Municipal Solid Waste, Gasification, Incineration, Anaerobic Digestion, Calorific 

Value. 
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CHAPTER 1: INTRODUCTION 

1.1 The energy crisis and municipal solid waste in Zambia. 

The industrial development of any nation is dependent on its electrical power supply. If there 

is any country that is in dire need of industrial development and its economic growth, it is 

Zambia. With a rapidly growing population and some signs of economic growth, the country 

is unable to meet its electricity demand (ZDA, 2014). Zambia is richly endowed with a wide 

range of indigenous energy sources, particularly woodlands and forests, hydropower, coal and 

renewable sources of energy. Of prime importance, biomass energy is the form of energy from 

organic matter such as wood fuel (firewood and charcoal), agricultural wastes, forestry waste, 

industrial/municipal organic wastes, energy crops and products and animal waste.  

 

The energy crisis and environmental degradation are currently two vital issues for global 

sustainable development (USAID, 2005). Rapid industrialization and population explosion in 

Zambia have led to the migration of people from villages to cities, which generate thousands 

of tons of municipal solid waste daily, which is one of the important contributors for 

environmental degradation at national level. Most wastes that are generated, find their way into 

land and water bodies without proper treatment, causing severe water pollution. They also emit 

greenhouse gases like methane and carbon dioxide and add to air pollution. The continuous 

indiscriminate disposal of municipal solid waste is accelerating and is linked to poverty, poor 

governance, urbanization, population growth, poor standards of living, and low level of 

environmental awareness and inadequate management of environmental knowledge (Jonas 

et.al, 2011). According to World Bank (2015) the amount of waste being produced is growing 

faster than the rate of urbanisation in most developing countries of Africa.  

 

Currently, the major cities in the country are facing a challenge to manage the waste under tight 

budgets, highly inadequate and malfunctioning equipment. This is evidenced from the 

collection practices with variable levels of service, poor and unhygienic operating practices in 

the country. According to a report by Doreen Nawa in October 2017 on waste disposal and 

management in Lusaka as a major city, ‘Lusaka city is facing challenges in managing waste 

because of indiscriminate illegal dumping, littering and a public which is seemingly not 

sensitive to the garbage around it or indeed has any awareness of what represents responsible 

waste management’. 
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Any organic waste from urban and rural areas and industries is a resource due to its ability to 

get degraded, resulting in energy generation (Swapan et.al, 2014). The management of MSW 

requires proper infrastructure, maintenance and upgrade for all activities. In this regard, Waste 

to Energy provides a solution towards complying with government regulations, and achieving 

integrated solid waste management. 

 

Zambia was faced with a deficit of 560 megawatts in its energy supply because of unusually 

low water levels in the Kariba Dam, the world’s biggest man-made reservoir (ERB, 2015). Of 

the total installed Electricity Generation Capacity of Zambia of 2,347 MW, hydropower is the 

most important energy source in the country with 2,259 MW (96 percent), followed by diesel 

contributing about 4 percent to the national energy supply (ERB,2015). Demand for energy in 

Zambia has been rising due to robust Gross Domestic Product (GDP) growth of more than 6 

percent per year for the past decade in the country, particularly in the mining, manufacturing 

and agriculture sectors (ZDA, 2014). The Zambia Development Agency (ZDA) record that the 

demand for electricity in the country has been growing at an average of about 3 percent, or 

between 150 and 200 MW, each year. With such increasing levels of deficit in the country, it 

is key to venture into other renewable energy sources for electricity product. 

 

1.1.1 Waste to Energy Technologies for electricity production 

Waste to energy technologies are key in generation of electricity from municipal solid waste. 

Electricity is mainly generated from bio gas as well as the heat energy in utilisation of 

municipal solid waste and in order to do this waste should be sorted out according to the highest 

contributors of methane gas or equally highest contributors in relation to the net caloric value 

(Arcadis et.al, 2009). The compostable nature of waste is very important and needs to be sort 

out at first (ISWA, 2006). The bio degradable waste is then collected and biogas is produced 

by various processes. The heat generated from the combustion of the municipal solid waste is 

utilised to run steam turbines that produce a range of kilowatts of electricity depending on the 

efficiencies of the technology used. Waste-to-Energy (WtE) technology utilizes Municipal 

Solid Waste (MSW) to create electric and heat energy through various complex conversion 

methods (Lazarevic et.al, 2010) 

1.2   Aim. 
To determine the energy potential of municipal solid waste for electricity generation in Zambia.
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1.3   Problem Statement. 
Generation of electricity in Zambia is predominantly from 3 main hydropower stations, 

namely; Kafue Gorge, Kariba North Bank and Victoria Falls. These currently account for 96 

percent of total supply of the country. Due to the below average rainfall during the 2014/2015 

rain season, water inflow into the reservoirs was not adequate to meet the national power 

requirement till the end of 2015. In response, the Zambezi River Authority, after carrying out 

hydrological modelling, reduced the water allocation to ZESCO for hydropower generation 

from 45 billion to 33 billion cubic metres for the period March - December, 2015 in order to 

allow generation to last till the next rain season. This led to a shortfall in power generation of 

approximately 560 MW. Besides that, the deficit during the time caused a lot of economic 

disturbances which had affected both formal and informal businesses. In addition, increasing 

human population and industrial activities like mining and agriculture is another cause of power 

deficit in the country. Therefore, there is need to diversify the energy mix. 

 

In addition, solid waste is not disposed of in a proper way, not collected regularly or utilised 

for electricity generation. Poor collection systems, lack of machinery and availability of trash 

cans is a contributing factor to inconsistence in collection of municipal solid waste. Disposal 

is a challenge as observed from the poorly maintained landfill in the case of Lusaka. Equally 

there is lack conversion technology in the country to utilise the municipal solid waste for 

electricity generation. 

1.4   Research Objectives. 
1. To quantify the available municipal solid waste resource in Zambia major cities which 

will include Lusaka, Ndola, Kitwe and Livingstone and determine its potential 

contribution to electricity generation. 

2. To review the technologies utilised in electricity generation from municipal solid waste 

and recommend a suitable technology for Zambia.  

3. To determine the theoretical potential and compare to the actual potential of generating 

electricity from the collected municipal solid waste in the major cities. 

1.5   Rationale. 

Zambia’s energy production is mainly dependent on hydro power and hence any shortages of 

reservoir water supply caused by inadequate rainfall impacts negatively on the country’s 

energy supply. Besides that, it is inevitable to venture into other renewable energy sources for 
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electricity production like biomass energy in particular from municipal solid waste as observed 

from the increasing demand from both industry and human population. Apart from that, 

municipal solid waste is a renewable source of energy which is readily available hence a good 

alternative source of energy. The utilisation of municipal solid waste as an energy source will 

reduce on the environmental degradation in Zambia. There has also not been much research on 

municipal solid waste as an energy resource for the country to reduce on the power deficit. In 

addition, data obtained from this study will provide the basis of improving the country’s 

electricity supply and boost on reducing the power deficit once implemented hence the need to 

undertake this study.  

1.6   Research Questions. 

1. Is the generation of municipal solid waste in Zambia’s major cities sustainably 

sufficient enough for utilization in electricity generation?  

2. What are the available technologies in existence for electricity generation from 

municipal solid waste? 

3. How efficient are the technologies utilised for electricity generation from municipal 

solid waste and what is the cost of maintenance?  

4. What is the energy potential difference from the actual to the theoretical collected 

municipal solid waste?   
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CHAPTER 2: LITERATURE REVIEW 

2.1 Introduction 

This chapter presents the literature review of the research. Besides that, emphasis is put to the 

country’s energy profile paying particular attention to biomass as an energy source with 

reference to municipal solid waste. The types of biomass energy are equally discussed. The 

research further discusses the activities surrounding MSW in Zambia i.e. policies and 

collection strategies utilised. Waste to energy technologies are equally discussed, specifically 

gasification, incineration and anaerobic digestion as well as levelised cost of electricity during 

project evaluation. 

2.2 Description of the Country and Energy Sector Context  

Zambia is located in the Southern African region with a total land area of 752,618 square 

kilometres and a population of 13.88 million people (MOE, 2015). The population, currently 

growing at approximately 2.9 percent per annum, is mainly concentrated in rural areas at about 

65 per cent, with the remainder living in urban areas (ZDA, 2014). The current urbanization 

rate is 3.2 percent. Of the total rural population, about 67 percent live in extreme poverty. The 

estimated GNI in 2012 was USD 19.1 billion translating to a per capita GNI of USD 1490, still 

placing it in the Least Developed country category (MOE,2015). The country’s total primary 

energy supply is dominated by biomass with a share exceeding 70 percent, followed by hydro 

energy where 99 percent of all the electricity generated is derived. Petroleum accounts for about 

9 percent, coal 2 percent and renewables 1 percent of the total primary energy supply 

(MOE,2015). In terms of renewable energy, the country is endowed with the following 

resources; solar, Small hydro, Biomass, Geothermal, and Wind.  

2.3   Biomass Energy  

Biomass energy is defined as energy originating from agriculture waste, forestry waste, 

industrial/municipal organic waste, energy crops and products and animal waste. Zambia has 

a total biomass resource and economic bioenergy potential of 2.15 million tonnes, and 498MW, 

respectively (MOE,2015). The largest contribution is from agriculture waste that registered 90 

percent of total potential followed by forest waste with 9.3 percent (MOE, 2015). 
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2.3.1   Some common forms of Biomass Energy. 

Wood fuel 

Woodlands and forests are estimated to cover about 50 million hectares or 66 percent of 

Zambia's total land area (MOE, 2015). The main sources of wood fuel are natural woodlands 

and agricultural lands. Given the very low-income levels and the abundance of wood resources, 

it is foreseen that wood fuel (firewood and charcoal) would continue to dominate Zambia’s 

energy consumption. In 2004, it accounted for over 70 percent of total national energy 

consumption (MOE, 2015). Households accounted for about 88 percent of wood fuel 

consumption (MOE, 2015). Cooking and heating are the major household uses of wood fuel. 

According to figures within the Ministry of Energy and Water Development 60.9 percent of 

households used firewood for cooking and 24.3 percent used charcoal while only 13.8 percent 

used electricity. The figures further showed that in rural areas, 87.7 percent use wood for 

cooking, 9.5 percent used charcoal and only 1.5 percent used electricity.  

 

Bio fuels 

Biofuels are fuels from energy crops like sugar cane, sweet sorghum, cassava to produce 

ethanol and jathropha to produce biodiesel. The utilisation of biofuels has now been recognised 

as an effective way of fulfilling the country’s energy requirements considering the disruptions 

in petroleum supply which are being experienced on the international market. It is for this 

reason, that the world is now considering biofuels as an alternative to petroleum to ensure 

security of supply and stabilisation of prices of fuels. 

 

Gel Fuel 

Gel fuel is an energy source that is made from sugar molasses. The desire is to promote the gel 

fuel as an alternative to wood fuel use which has negative impact in the environment (Tonini 

et.al, 2013). 

 

Briquettes 

Briquettes are small fuel bricks made from compressed material, often from agriculture 

residues, saw dust, waste paper, etc. The briquettes will be used for domestic use from cow 

dung, coal and other agricultural residuals (Tonini et.al, 2013). 
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Biogas 

Biogas is an inflammable gas which is 50-70 percent methane. It is obtained when organic 

matter is digested or fermented anaerobically (absence of oxygen) by various groups of 

microorganisms. 

Biogas can be produced from human waste, cattle, goat, sheep, poultry and pig manure, night 

soil, grass leaves, water weed, municipal waste and certain industrial wastes 

2.4   Municipal Solid Waste in Zambia. 

Municipal solid waste generation is an issue of worldwide concern. The generators of 

municipal solid waste in Zambia are broadly classified as residential, industrial, commercial, 

institutional, construction, demolition, municipal and agricultural types (LCC, 2017). 

Municipal solid waste is also generated by human and animal activities that are discarded as 

useless or unwanted waste (Tonini et.al, 2013). Zambia’s economic development, urbanization 

and improving living standard in cities have led to increase in the quantity and complex 

composition of municipal solid waste. Management of municipal solid waste resulting from 

rapid urbanization has become a serious concern for government departments, pollution control 

agencies, regulatory bodies and public in most of the developing countries (KCC, 2018). The 

quantity of MSW generated depends on a number of factors such as food habits, standard of 

living, degree of commercial activities and seasons (Tumuluru, 2015). Data on quantity 

variation and generation are useful in planning for collection, transportation and disposal 

systems.  

 

2.4.1   Department Governing MSW in Zambia. 

The waste management unit in Zambia is a section under the Public Health Department whose 

primary mandate is to regulate the management of waste in the country (KCC, 2018). Each city 

or town is assigned a unit. The unit is generally involved in the Planning, Organizing, 

executing/enforcement and supervising of waste management services and the general 

management of disposal sites (LCC,2017). 

 

2.4.1.1 Activities and functions under taken by the unit. 

As a result of several meetings with the four city councils, the following are the activities and 

functions undertaken by the waste management unit in the four major cities. 
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General Waste 

The waste management unit is engaged in the collection of solid waste from its waste 

management Districts. The Unit also collects revenue from its clients through charging of 

garbage collection which is dependent on the amount of waste generated and the number and 

type of bins. All this revenue is collected by the waste management unit accounts (LCC,2017).                                                                                                                          

Franchise Contractors 

Each City has been divided into waste management Districts and the waste management unit 

is working in collaboration with the private waste management companies who are brought on 

board to collect wastes in conventional areas on behalf of the Council to enhance waste 

collection (NDLCC, 2018). Each of these Franchise companies have been given areas of 

operation. The waste management unit assigns a Health Inspector to each Franchise contractor 

for enforcement in their waste management districts. 

 

Special Waste 

The waste management Unit is also providing a special waste management package which is 

being offered to those companies with waste in bulk that needs disposal or destruction and 

disposal, which includes expired Foods and damaged products (LCC,2017). A notification is 

given to the unit by the clients with special wastes and arrangements are made where an 

Inspector goes on the ground to assess and quantify the waste, after which a quotation is 

prepared by the waste management unit accounts based on the assessment (LCC,2017). Once 

this is done, the quotation is given to the client for them to make the payment before the waste 

is collected. After the payment is made, the Unit sends a truck to collect the waste for 

destruction and final disposal and thereafter, a disposal certificate is issued to the company 

(LCC,2017).  

 

Community Based Enterprises (CBEs) 

As one way of promoting entrepreneurship and community participation in the management of 

waste, the waste management unit is involved in sub-contracting small Community Based 

Enterprises that spearhead waste collection in peri-urban areas. The Unit advertises for 

application as Community Based Enterprises in various wards within the waste management 

district, these applications are based upon meeting the full requirements needed for one to 

operate as a Community based Enterprise and these requirements includes among other things; 

Company Profile, recommendation letter from the area Councillor, Vehicle(s) white book, 

NRC and at least Two adequate vehicles suitable for waste collection (KCC,2018). Once these 



 
9 

 

requirements are met, applicants are short listed and the successful applicants are 

communicated to for them to bring their Vehicles for inspection. An Inspector will thoroughly 

inspect the vehicles and if found fit for waste collection, a recommendation letter is written to 

ZEMA for consideration to acquire a waste transportation licence. 

 

Enforcement 

The waste management unit is equipped with authorized officers who enforce the Law by 

conducting inspection of premises. A specific period is given to allow clients to subscribe for 

waste collection. Those that do not comply are either charged penalties or served with summons 

for legal proceedings. The laws include statutory Instrument no. 100 of 2011 made under Local 

Government Act Cap 281 of the laws of Zambia, The Lusaka City Council (Municipal Solid 

Waste Management) By-Laws, 2004 and statutory instrument no. 12 of 2018. 

  

Complaints/Nuisances 

The waste management unit is also provided with a customer care package. This is open for 

the general Public to submit their complaints concerning mismanagement of solid waste or 

complaints on any other waste related issues. When these complaints are received, they are 

securely noted and recorded in the complaints register awaiting action to be taken, once this is 

done, the unit has a tailor-made program to attend to all complaints received (LCC,2017). 

 

Waste management unit CBE’S operating guidelines 

From middle 1980s to early 1990s financing of municipal waste management services through 

these traditional means was no longer attainable. This was attributed mainly to declining 

national economy which saw a significant decline in government grants to local authorities. 

The situation was made worse by sale of council owned housing stock which was one of the 

major sources of income for local authorities in form of rentals. Consequently, delivery of 

waste management services crumbled. The City Councils in their quest to improve the waste 

management in the City and ensure that waste generators are effectively serviced came up with 

a new municipal solid waste management system. 

According to the Republican Constitution Article 109(1) relating to Local Authorities in 

Zambia and the Local Government Act, Cap 281 of the Laws of Zambia. A City Council is the 

government entity that is mandated to manage and provide solid waste management services 
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in the cities. However, the councils have partnered with the Community Based Enterprises 

(CBEs) who are responsible for the day to day collection of Solid Waste from individual 

households, business premises and other institutions within a particular Peri-urban area. In 

Peri- urban areas, city councils have delegated this function to CBEs. CBEs are licensed 

Community Enterprises whose workers always carry with them identification cards. 

The Waste management unit (WMU) is further responsible for the enforcement of waste 

management regulations in order for all waste generators participate in waste management 

system (KCC,2018). In other words, that everybody uses the containers or tractor-trailer and 

pays for this purpose, a number of waste management Inspectors work in the WMU. 

Primary waste collection means collection of waste from the generation point (household or 

business premises) to the communal collection point/secondary storage. The CBE will 

undertake to collect waste from designated communal waste collection points on the agreed 

day of the week, or at the entrance/gate of the household yard or business entity premises if a 

designated communal waste collection point does not exist in the zone or locality (LCC,2017). 

The recommended receptacles for the waste are empty polyethene bags (25 kg mealie meal or 

flour) for households and 210ltrs empty drum for business entities. 

Communal point; this means that first they park Solid Waste in 15m3 Solid Waste container 

bin which is been collected at a fee. Collection is fee is K285=00 and vat inclusive (LCC,2017). 

Success of the system depends on your payment for waste collection services. However not all 

areas are adequately covered. Waste collection in peri-urban areas still remains a major 

challenge to the council due to number of factors such as low willingness and ability to pay. 

Secondary transportation means transporting waste from the communal waste collection 

points/ secondary storage to the Council approved landfill or dumpsite. CBEs commit to do 

secondary transportation regularly. CBEs shall use own transport, WMU transport or private 

hired transport. 

The following are responsibilities of a CBE 

a) Provide solid waste management services based on the agreed service level standards 

b) Educating the citizens about proper waste handling, waste minimization and safe disposal.     

c) Publish and disseminate full, accurate and timely information about the service level 

standards  
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d) Addressing complaints through the devised complaints mechanism 

 e) Liaise with City Council and other stakeholders to monitor service quality    

 

The role of the service recipients (Community Members) 

a) To pay for the waste collection service either as with other services or as a stand-alone fee 

b) To package the acceptable waste in the agreed receptacles and quantities. 

 c) To be courteous to the service providers. 

 d) To give feedback or report complaints about the quality of service 

The role of the City Council (WMU) 

a) To supervise and monitor the CBEs on their quality of Solid Waste Management service 

delivery e.g. to ensure that Solid waste is disposed in designated places 

• No burning of Solid Waste 

• No using of rubbish pit in yard by residents 

• To ensure that waste is not disposed on the streets, drainages, premises whether 

vacant or not 

• To ensure that people are not throwing Solid Waste in any moving Vehicle 

• To ensure that the areas where the CBEs are operating the environment is clean 

• To ensure that waste is collected in all the households on a daily basis. 

b) To educate the citizens about reuse of waste material by promoting the concept of the three 

i.e. Reduce, Reuse and Recycle.    

c) To make available their secondary transportation system and secondary storage receptacles 

to the Community Based Enterprises.    

d) To address complaints refereed to it through the city council’s complaints redress 

mechanism       

 e) To oversee the evaluation of the citizen’s charter 

f) To enforce the laws governing Solid Waste Management through Public Health 

The Environmental and Social Outcomes  

• Clean and health environment 

• Safe and healthy environment by reducing disease 
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• Protect the environment by sanitary disposal to landfills as seen in Figure 2.1 

City Councils and their cooperating partners have come up with a Citizen Charter which will 

compel each and every CBE to be transparent and accountable in the provision of solid waste 

management service in the peri- urban areas as delegated by the Council (NDLCC,2018). When 

this Citizen Charter is signed, Council will go flat out to sensitise the community on the Citizen 

Charter as it is a document which was appreciated by Council. 

The figure below shows one of the landfills in the major cities for municipal waste disposal. 

 

                                                    Source: Author 

                                  Figure 2.1: Chunga Landfill 

 

The different waste types in the major cities are disposed of in the various landfills an example 

is Figure 2.1. The landfills are located in areas far from settlements, unfortunately one of the 

challenges faced is the scavengers after the disposed waste. The waste has a high potential of 

energy to generate electric power as observed from the high caloric values of different waste 

constituents. The MSW in Zambia constitutes both biodegradable and non-biodegradable 

material with moisture contents ranging from 28 percent to 30 percent (LCC, 2018). The 

constituents include paper, glass, grass clippings, household waste, clothing, bottles, food 

scraps, appliances etc. Landfill management and waste collected is key in utilisation of 

municipal solid waste as an energy source. 

 

2.4.2   Policy summary governing municipal solid waste utilisation. 

The city councils through their mandate, recognizes that day to day operations can impact both 

directly and indirectly on the Environment. The aim is to protect and improve the Environment 

through good management and practices. The city councils work to integrate Environmental 
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considerations into our core business decisions and adopt greener alternatives wherever 

possible throughout operation. 

The city councils in line with the principles and core values are committed to the ideals and 

practices of Environmental responsibility through measures designed to; 

• Maintain an understanding of the Environmental impacts of businesses and work to 

reduce these impacts while complying with Environmental regulations. 

• Promote Good Environmental practice and awareness. 

• Promote the continued development of best practices and expertise in Environmental 

disciplines in order to provide knowledge and capacity building related to 

Environmental sustainability. 

• Promote practices consistent with Environmental protection at all levels of operation. 

• Minimize the impact of Environmental Hazards through the process of continual 

improvement in Environmental performance. 

• Take into account the principles of Sustainable Development in conducting 

administrative, commercial and social activities. 

•  Participate in local initiatives to improve the quality of the Environment 

• Implement this Policy through a comprehensive plan with measurable goals and with 

monitoring and analysis of performance against the plan. 

 

The government of Zambia has recognized the potential in municipal solid waste and through 

the city council’s initiatives, measures are in place to encourage foreign investment in the 

energy resource. 

2.5   Waste to Energy Technologies 

Electricity is mainly generated from bio gas and in order to do this waste should be sorted out 

according to the highest contributors of methane gas. The compostable nature of waste is very 

important and needs to be sort out at first (ISWA, 2006). The biodegradable waste is then 

collected and biogas is produced by various processes. Apart from that, the heat generated from 

the combustion of the municipal solid waste is utilised to run steam turbines that produce a 

range of kilowatts of electricity depending on the efficiencies of the technology used. Waste-

to-Energy (WTE) technology utilizes Municipal Solid Waste (MSW) to create electric and heat 

energy through various complex conversion methods (Lazarevic et.al, 2010). WTE technology 

provides an alternative source of renewable energy in a world with limited or challenged fossil 
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reserves. MSW is considered a source of renewable energy because it contains a large amount 

of biological and renewable materials. The most common conversion method of MSW to 

energy is combustion (Lazarevic et.al, 2010). Biological treatment method involves anaerobic 

digestion. Anaerobic digestion is a waste-to-fuel application; waste can be converted into 

purified biogas which can then be used to power gas engines or turbines to create heat or 

electricity (EPA, 2011). The biogas can also be purified and compressed to be used as vehicle 

fuel (Lazarevic et.al, 2010). Thermal treatment methods that yield energy in the form of heat 

and electricity include combustion, gasification, and pyrolysis (Zaman, 2009).  

2.5.1 Gasification Technology 

Within MSW gasification, two processes must take place in order to produce a useable fuel 

gas. First, through pyrolysis the volatile components of the fuel are released at temperatures 

below 600°C (Uchendu, 2008). Figure 2.2 shows the process of gasification. As a side benefit 

from this process, char is produced which consists mainly of fixed carbon and ash. Second, the 

carbon remaining after pyrolysis is either reacted with steam or hydrogen or combusted with 

air or pure oxygen at temperatures between 760 and 1,650° C under high pressure (Uchendu, 

2008). Gasification with air results in a nitrogen-rich, low-Btu fuel gas (Tickson et.al, 2015). 

Gasification with pure oxygen results in a higher quality mixture of carbon monoxide and 

hydrogen and virtually no nitrogen. Gasification with steam is generally called ‘reforming’ and 

results in a hydrogen- and CO2-rich ‘synthetic’ gas (syngas) (Uchendu, 2008). Cleaned from 

contaminants, the syngas can be combusted in a boiler, producing steam for power generation 

(Tickson et.al, 2015).  

 

 

Source: (Silvia et.al, 2017). 

Figure 2.2: Illustration of the process of MSW Gasification. 
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Types of Gasifiers  

Gasifiers can be classified based on the density factor, which is a ratio of the solid matter (the 

dense phase). Gasifier can burn to the total volume available. Gasifiers can be dense phase 

reactors or lean phase reactors (Henriksen et.al, 2006) 

 

Dense Phase Reactors 

In dense phase reactors, the feedstock fills most of the space in the reactor. They are common, 

available in different designs depending upon the operating conditions, and are of three types: 

downdraft, updraft, and cross-draft (Henriksen et.al, 2006). 

 

Downdraft or co-current gasifiers 

The downdraft (also known as co-current) gasifier is the most common type of gasifier. In 

downdraft gasifiers, the pyrolysis zone is above the combustion zone and the reduction zone is 

below the combustion zone (Lazarevic et.al, 2010). Fuel is fed from the top. The flow of air 

and gas is downwards (hence the name) through the combustion and reduction zones as shown 

in Figure 2.3. The term co-current is used because air moves in the same direction as that of 

fuel, downwards. A downdraft gasifier is so designed that tar, which is produced in the 

pyrolysis zone, travels through the combustion zone, where it is broken down or burnt 

(Bernstad et.al,2012). As a result, the mixture of gases in the exit stream is relatively clean. 

The position of the combustion zone is thus a critical element in the downdraft gasifier, its 

main advantage being that it produces gas with low tar content, which is suitable for gas engines 

(Henriksen et.al, 2006). 

 

      Source: (Silvia et.al, 2017). 

Figure 2.3: Downdraft Gasifier 
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Updraft or counter-current gasifier 

In updraft gasifiers (also known as counter-current), air enters from below the grate and flows 

upwards, whereas the fuel flows downwards (Jensen et.al, 2010). An updraft gasifier has 

distinctly defined zones for partial combustion, reduction, pyrolysis, and drying (Thrane et.al, 

2008). The gas produced in the reduction zone leaves the gasifier reactor together with the 

products of pyrolysis from the pyrolysis zone and steam from the drying zone (Henriksen et.al, 

2006). The resulting combustible producer gas is rich in hydrocarbons (tars) and, therefore, has 

a higher calorific value, which makes updraft gasifiers more suitable where heat is needed as 

shown in Figure 2.4, for example in industrial furnaces (Lazarevic et.al, 2010). The producer 

gas needs to be thoroughly cleaned if it is to be used for generating electricity. 

 

 

Source: (Silvia et.al, 2017). 

Figure 2.4: Updraft Gasifier 

 

Cross-draft gasifier 

In a cross-draft gasifier, air enters from one side of the gasifier reactor and leaves from the 

other as shown in Figure 2.5. Cross-draft gasifiers have a few distinct advantages such as 

compact construction and low cleaning requirements (Christensen et.al, 2010). Also, cross-

draft gasifiers do not need a grate; the ash falls to the bottom and does not come in the way of 

normal operation (Bernstad et.al,2012). 
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Source: (Silvia et.al, 2017). 

Figure 2.5: Cross-draft Gasifier 

 

Lean Phase Reactors 

Lean phase gasifiers lack separate zones for different reactions. All reactions – drying, 

combustion, pyrolysis, and reduction – occur in one large reactor chamber. Lean phase reactors 

are mostly of two types, fluidized bed gasifiers and entrained-flow gasifiers (Edwards 

et.al,2012). 

 

Fluidized bed gasifiers 

In fluidized bed gasifiers, the biomass is brought into an inert bed of fluidized material (e.g. 

sand, char, etc.). The fuel is fed into the fluidized system either above-bed or directly into the 

bed, depending upon the size and density of the fuel and how it is affected by the bed velocities 

(Lazarevic et.al, 2010). In Figure 2.6, during normal operation, the bed media is maintained at 

a temperature between 550 °C and 1000 °C. When the fuel is introduced under such 

temperature conditions, its drying and pyrolyzing reactions proceed rapidly, driving off all 

gaseous portions of the fuel at relatively low temperatures (Yaman et.al, 2015). The remaining 

char is oxidized within the bed to provide the heat source for the drying and devolatilizing 

reactions to continue. Fluidized bed gasifiers are better than dense phase reactors in that they 

produce more heat in short time due to the abrasion phenomenon between inert bed material 

and biomass, giving a uniformly high (800–1000 ºC) bed temperature (Christensen et.al, 2010). 

A fluidized bed gasifier works as a hot bed of sand particles agitated constantly by air. Air is 

distributed through nozzles located at the bottom of the bed (Jensen et.al, 2010). 
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Source: (Tickson et.al, 2015). 

Figure 2.6: Fluidized Bed Gasifier 

 

Entrained-flow gasifiers 

In entrained-flow gasifiers, fuel and air are introduced from the top of the reactor, and fuel is 

carried by the air in the reactor as shown in Figure 2.7. The operating temperatures are 1200–

1600 °C and the pressure 

is 20–80 bar (Jensen et.al, 2010). Entrained-flow gasifiers can be used for any type of fuel so 

long as it is dry (low moisture) and has low ash content. Due to the short residence time (0.5–

4.0 seconds), high temperatures are required for such gasifiers (Hamelin et.al, 2011). The 

advantage of entrained-flow gasifiers is that the gas contains very little tar. 

 

 

Source: (Tickson et.al, 2015). 

Figure 2.7: Entrained-flow Gasifier 
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Benefits of Gasification Technology 

According to Yaman et.al, 2015, the following are the advantages of utilising gasification 

technology for electricity generation. 

Mature technology: Biomass gasifier technology is a mature technology and gasifiers are 

available in several designs and capacities to suit different requirements. 

Small and modular: The technology is suitable and economical for small, decentralized 

applications, typically with capacities smaller than a megawatt. 

Flexible operation: A gasifier-based power system, unlike those based on other renewable 

sources such as the sun and wind, can generate electricity when required and also wherever 

required. Whereas large thermal power plants and solar and wind-based units are very location 

specific, biomass gasifier-based systems can be set up at almost any place where biomass 

feedstock is available. 

Economically viable: For small-scale systems, the cost of power generation by biomass 

gasification technology is far more reasonable than that of conventional diesel-based power 

generation. 

Socio-economically beneficial: Biomass gasifier-based systems generate employment for local 

people. 

Mitigate climate change: Biomass is a CO2 neutral fuel and, therefore, unlike fossil fuels such 

as diesel does not contribute to net CO2 emissions, which makes biomass-based power 

generation systems an attractive option in mitigating the adverse effects of climate change. 

 

Power applications 

Producer gas can be used for generating motive power to run either dual-fuel engines (which 

run on a mixture of gas and diesel, with gas replacement of up to 85 percent of diesel) or 

engines that run on producer gas alone (100 percent diesel replacement) (EPA, 2011). In 

general, the fuel-to electricity efficiency of gasification is much higher than that of direct 

combustion. The conversion efficiency of gasification is 35–45 percent whereas that of 

combustion is only 10–20 percent (Yaman et.al, 2015). Generated electricity can be fed into 

the grid or can be used for farm operations, irrigation, chilling or cold storage, and other 

commercial and industrial applications. 
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2.5.2   Incineration Technology 

Incineration is a technology that is used to produce electricity and heat as shown in Figure 2.8. 

An important factor to decide if the waste should be incinerated or digested is the amount of 

water in the waste that affects its energy content (Zaman, 2009). If the waste is too wet, the 

energy that should be added for incineration will be more that the energy that is produced by 

incineration (Zaman, 2009). In this case, the waste has negative energy value. Therefore, the 

dry wastes are generally passed to incineration, while the wet wastes go to anaerobic digestion 

(Zaman, 2009). The wastes are incinerated and make a flue gas with more than 800 ºC 

temperature. The energy is used to produce high pressure steam, which pass through two 

turbines and produces electricity (Uchendu, 2008). The rest of the energy (from the low-

pressure steam) can be used to heat up warm water that takes the energy to the city by pipelines 

for heating the houses and also warm water of the households (Uchendu, 2008). 

 

 

 

                                           Source: (Mohammad, 2009). 

Figure 2.8: Incineration technology for electricity generation. 

 

Overview of Incineration Technology 

The actual plant design and configuration of incineration plant will differ considerably between 

technology providers. However, an Incinerator with energy recovery will comprise the 

following key elements:  

❖ waste reception and handling. 

❖ combustion chamber. 
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❖ energy recovery plant. 

❖ bottom ash handling and air pollution control residue handling. 

 

Waste reception and handling. 

The incineration of MSW can be focused on either combustion of the raw residual waste (the 

waste left over after recycling, reuse and composting have taken place) of pre-treated feed, for 

example a Refuse Derived Fuel (RDF) (Pathak et.al, 2010). Plant configuration will change 

according to the feedstock (Lund et.al, 2009). Typically, the application of incineration is to 

process untreated residual MSW. The waste is normal delivered via a waste collection vehicle 

and tipped into a bunker where it is mixed. The mixing is required to blend the waste to ensure 

that the energy input (calorific value of the waste feed) to the combustion chamber is as 

consistent as possible (Ramos et.al, 2011). Typically, where raw MSW is processed into an RDF, 

the increase in the energy content of the RDF is achieved due to the drying other waste (removal 

of water) and the removal of recyclables (glass, metals) and inert materials (stones etc.), which do 

not contribute to the energy content of the waste (Pathak et.al, 2010). Therefore, the remaining 

waste going into the RDF mainly comprises wastes with significant energy content, plastics, dried 

biodegradable materials, textiles etc.  

 

Combustion systems 

There is a variety of systems that can be utilised for combustion of MSW. The common systems 

include grate, fluidised and rotary system (Pathak et.al, 2010). Each of these systems play a 

significant role in MSW conversion to energy for electricity production. 

Grate Technology 

The grate technology comprises of two type which are the moving grate and the fixed grate 

(Pathak et.al, 2010). 

 

Moving grate 

This system is the commonly used for high through-put MSW processing. The waste is slowly 

propelled through the combustion chamber (furnace) by a mechanically actuated grate. Waste 

continuously enters one end of the furnace and ash is continuously discharged at the other. The 

plant is configured to enable complete combustion as the waste moves through the furnace. 

Process conditions are controlled to optimise the waste combustion, to ensure complete 

combustion of the feed (Thomsen et.al, 2012). The end of the grate normally passes the hot ash 

to a quench to rapidly cool the remaining non-combustibles (Pathak et.al, 2010). There are 
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three main sub categories of moving grate combustion systems for MSW and these are as 

follows.  

The Roller grate 

This consists of adjacent drum or rollers stepped in a formation, with the drums rotating in the 

direction of the waste movement (Bilitewski et.al, 2010). 

 

The Stepped Inclined grate 

This system uses bars, rockets or vibrations to move the waste down each of the grates 

(typically three) (Thomsen et.al, 2012). 

 

Inclined Counter-rotating grate 

Grate bars rotate backwards to agitate the waste and prevent it tumbling down the forward 

inclined grate until burn out is complete (Ramos et.al, 2011). 

 

Fixed grate  

These are typically a series of steps (normally three) with the waste being moved by a series of 

rams. The first step is a drying stage and initial combustion phase, the second is where the 

remaining combustion takes place and the third grate is for final carbon burn-out (Lund et.al, 

2009).  

 

Fluidised Bed 

The combustion of municipal MSW using fluidised bed (FB) technique involves pre-sorting of 

MSW material to remove heavy and inert objects, such as metals, prior to processing in the 

furnace (Kunsinger et.al, 2003). The waste is then mechanically processed to reduce the 

particle size. Overall, the waste requires more preparation than if a moving grate was used. The 

combustion is normally a single stage process and consists of a lined chamber with a granular 

bubbling bed of an inert material such as coarse sand/silica or similar bed medium. The bed is 

fluidised by air (which may be diluted with recycled flue gas) being blown vertically through 

the material at a high flow rate (Ramos et.al, 2011). Wastes are mobilised by the action of this 

fluidised bed of particles. There are two main sub-categories fluidised bed combustors as 

discussed below. 
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Bubbling FB 

The airflow is sufficient to mobilise the bed and provide sufficient contact with the waste. The 

airflow is not high enough to allow large amounts of solids to be carried out of the combustion 

chamber (Ramos et.al, 2011).  

 

Circulating FB  

The airflow for this type of unit is higher and therefore particles are carried out of the 

combustion chamber by the flue gas (Bilitewski et.al, 2010). The solids are removed and 

returned to the bed.   

 

Rotary Kiln 

Rotary kilns have wide applications and can work as a complete rotation vessel or partial 

rotational type. Incineration in a rotary kiln is normally a two-stage process consisting of a kiln 

and separate secondary combustion chamber (Pathak et.al, 2010). The kiln is a primary 

combustion chamber and is inclined downwards from the feed entry point. The rotation moves 

the waste through the kiln with a tumbling action which exposes the waste to heat and oxygen 

(Bilitewski et.al, 2010). There is also a proprietary system which oscillates a rotating kiln for 

smaller scale incineration of MSW with energy recovery. 

 

Energy Recovery 

The standard approach for the recovery of energy from MSW incineration is to utilise the 

combustion heat through a boiler to generate steam. Of the total available energy in the waste 

up to 80 percent can be retrieved in the boiler to produce steam (Thomsen et.al, 2012). The 

steam can be used for the generation of power via a steam turbine and/or used for heating. An 

energy recovery plant that produces both heat and power is commonly referred to as a 

Combined Heat and Power (CHP) Plant and this is the most efficient option for utilising 

recovered energy from waste via a steam boiler (Bilitewski et.al, 2010). 

 

Bottom ash handling  

The main residual material from the incineration of MSW is referred to as bottom ash or 

incineration bottom ash (Fruergaard et.al, 2010). This is the residual material in the combustion 

chamber and consists of the non-combustible constituents of the waste feed (WTERT, 2008). 

The bottom ash typically represents around 20-30 percent of the original waste feed by weight, 
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and only about 10 percent by volume (Pathak et.al, 2010). The bottom ash is continually 

discharged from the combustion chamber and is then cooled. The amount of ash will depend 

on the level of waste pre-treatment prior to entering the Incinerator and will also contain metals 

that can be recovered for recycling.  

Benefits of Incineration Technology 

According to Pathak et.al, (2010), the following are the advantages of utilising incineration 

technology. 

Better Waste Management: The first major advantage of incineration is waste management.  

The approach certainly makes waste management easier and more efficient. Incineration can  

burn up to 90 percent of the total waste generated in a chosen area. At times, the waste  

incinerated is more than 90 percent. Landfills only facilitate organic decomposition which 

 does not do much and artificial or nonorganic waste keeps accumulating. 

 

Less Dependence on Landfills: Incineration reduces the need for landfills. Since up to 90-95 

percent of the landfills is vacated after the waste in incinerated, it can be an ongoing cycle.  

The world does not have to look for new zones for landfills. This is particularly helpful in 

most urban parts of a country where the waste generated is overwhelming and there is usually 

significant scarcity of land. 

 

Savings on Transportation of Waste: Incineration plants can be in the proximity of cities or  

districts so the waste wouldn’t have to be driven for hundreds of miles. The cost of transport  

is significant. The money could be spent on welfare of the people and development of the city 

district or county. 

 

Energy as a By-product: Incineration plants generate energy from waste. Energy generation 

as of 2009, there were approximately 2,200 waste-to-energy power plants in operation around 

the planet. These facilities burn garbage at a high temperature to boil water and power steam  

generators, which then produces electricity that can be distributed on the power grid.  

This energy can be used to generate electricity or heat. It can be used to power the needs of 

people living nearby. On average, one such facility can burn up to 300 million tons of garbage 

per year, converting it into power that reduces the load on coal-fired power plants. 
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Uncontaminated Groundwater: Incineration doesnt add any toxic elements to groundwater. 

Leachate is this contaminated mixture that can penetrate ground aquifers and pollute with un- 

safe quantities of salts, heavy metals and volatile organic compounds, toxic chemicals found  

in household trash. 

 

Lower carbon footprint: Incineration process for electricity has a lower carbon footprint in  

comparison to processes like coal burning for electricity production. 

Far more efficient use of space: After the incineration process is complete, the total mass of th

e remaining garbage can be reduced by up to 85 percent, while its volume may shrink by as m

uch as 95 percent.  

2.5.3 Anaerobic Digestion for Biogas Production 

Anaerobic digestion (AD) is the decomposition of organic matter through microorganisms in 

the absence of free oxygen (Silvia et.al, 2017). Anaerobic Digestion occurs naturally under 

oxygen deprived conditions such as some lake sediments and can be used under controlled 

conditions to produce biogas (Uchendu, 2008). For that purpose, a gas-tight reactor called 

anaerobic digester, is used to provide favourable conditions for microorganisms to turn organic 

matter, the input feedstock, into biogas and a solid-liquid residue called digestate (Tickson 

et.al,2008). The digestate can be used as organic fertiliser when the feedstock is source 

separated and non-contaminated organic waste (UNEP, 2011). Biogas is a mixture of different 

gases which can be converted into thermal and/or electrical energy (Pathak et.al, 2010). The 

flammable gas methane (CH4) is the main energy carrier in biogas and its content ranges 

between 50 – 75 percent depending on feedstock and operational conditions (Tickson 

et.al,2008). Due to its lower methane content the heating value of biogas is about two thirds 

that of natural gas (5.5 to 7.5 kWh/m3) (Tickson et.al,2008). 

 

According to Thomas Fruergaard (2010), a large number of different anaerobic digester designs 

exist worldwide with varying levels of complexity. The following guide in classification. 

 

Mode of feeding: Batch or continuous feeding. 

 

Temperature range: Psychrophilic (< 25°C), mesophilic (35-48°C) and thermophilic (> 50°C) 

conditions, where only the latter two are considered economically viable. Thermophilic 
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conditions are recommended when risk of pathogens is prevalent. Alternatively, a 

pasteurisation at 70°C for 1 hour or a thermophilic composting can be used to inactivate 

pathogens for mesophilic systems. 

 

Reactor type: Continuously stirred tank reactors are common for liquid feedstock such as 

catering waste or wastewater or industrial sludge from food processing while plug-flow and 

batch digesters are used for solid feedstock. Although solid feedstock can be dewatered to be 

used in continuously stirred tank reactors. 

 

Number of stages: One to multi-stage digestion is possible. 

 

Biogas can be directly used to produce heat or converted to heat and electricity using a 

combined heat and power plant, the latter usually after desulphurization and drying. Another 

option is to upgrade biogas to bio methane with approximately 98 percent methane content, 

which can be used as a substitute for natural gas.  

 

Anaerobic Digestion using small-scale digesters has a long tradition in developing countries to 

use the energetic content of organic residues in rural contexts. Primary feedstock input is from 

agriculture, especially animal manure, which is relatively easy to operate and can be well 

applied at small scales. At the municipal scale, AD is receiving increasing attention as a 

possible option for energy recovery from waste in the urban context. However, the operation 

of biogas plants from heterogeneous MSW is a big challenge in terms of operational, safety 

and financial requirements (Pathak et.al, 2010). As a consequence, there are very few 

successful examples of biogas from MSW in developing countries. A major challenge to 

successful AD operation as shown in Figure 2.9 is being able to guarantee a consistently well 

separated organic waste fraction. In many countries organic waste is often mixed with 

inorganic matter such as plastics, metals and other contaminants which often hampers the 

success of AD at larger scales (Uchendu, 2008). As opposed to other WtE plants it can be stated 

that small scale biogas plants are an option and can be well applied in developing countries. 
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                                          Source: (Tickson et.al,2008). 

Figure 2.9: Stages involved in production of biogas using anaerobic digestion. 

 

 

The municipal solid waste prior to utilisation in gas turbines has to undergo the process for 

biogas production in figure 2.9. Anaerobic digestion technology has proven to be a good waste 

treatment method at the same time a sustainable means of generating energy utilised as 

electricity. 

Benefits of Anaerobic Digestion Technology 

According to Uchendu, 2008, the following are some of the benefits of anaerobic digestion 

technology. 

❖ Renewable biogas is produced from a variety of widely available organic feedstocks, 

displacing fossil fuel derived energy.  

❖ Large amounts of organic waste are diverted from landfills. Landfills create an 

anaerobic environment similar to that found in our digesters. This causes biogas to leak 

out over time causing emissions of greenhouse gases. Fewer than 25 percent of landfills 

capture biogas to generate energy.  
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❖ Around-the-clock availability of biogas means that fewer back-up power plants are 

needed than with intermittent renewable energy sources.  

❖ The process creates high-quality compost and fertilizer products that recycle nutrients 

and organic matter back into the local environment. Compost and organic fertilizers can 

be used for agriculture, landscaping and public works projects with the benefits of 

erosion control, water absorption, soil nutrient infusion, and reduction of petroleum-

based fertilizer use.  

❖ Distributed-scale facilities can be built close to waste generators, reducing the need for 

waste transportation and reducing grid-loss over transmission lines. 

2.5.4 Investment cost of a typical Waste to Energy Plant. 

The capital investments for the construction and implementation of these technologies, and the 

costs needed to operate them for the entire lifetime of a chosen project can influence decisions 

when it comes to deciding the best WtE option. As of today, incineration of MSW still presents 

the most desirable economic conditions on the market, and is therefore the preferred option in 

most markets (Nordi, 2015). 

However, energy generation from waste remains a costly option, in comparison with other 

established power generation sources. Average capital costs for power generation from MSW 

remain much higher than for other sources. When it comes to the economics of various WtE 

technologies, the capital investment is generally high, but the costs differ according to the 

technology used and its size (Fennell et.al, 2013). Gasification technologies are usually more 

expensive than the usual grate combustion technologies. A gasification plant in the USA with 

a capacity of 750 tonnes per year would need roughly an investment cost of US$550 per annual 

capacity tonne (DOE, 2016). Investment costs for the same technology and similar plant size 

can also vary significantly, due to location, site implementations and land availability. For 

example, a comparison between two grate combustion WtE facilities located in different cities 

in China showed a significant difference in capital investment (DOE,2016). Accordingly, the 

WtE plant in the city of Foshan, with a capacity of 462,000 tonnes per year had an investment 

cost of US$120 per annual capacity tonne, while the plant in Shanghai, with the capacity of 

495,000 tonnes per year, had an investment cost of US$282 per annual capacity tonne 

(DOE,2016). WtE technologies tend to have a lower investment cost in developing countries 

such as China even if they use Western technologies with CFB. 
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It is very difficult to generalise investment costs for each technology because there are regional 

differences in government incentives and market dynamics, and the amount of revenue gained 

depends on very localised conditions such as electricity prices, access to district heating 

network and recovery markets for recyclables (i.e. metals, paper, glass, plastic) (Nordi, 2015). 

In addition, investment costs of individual projects will vary depending on a range of factors 

including financing type, project developer, conditions in financial markets, maturity of 

technology, and risk and political factors. 

 

2.5.5 Safety of Waste to Energy Plants 

WtE technologies, in particular incineration, produce pollution and carry potential health safety 

risks. There is extensive literature comprising numerous studies that investigated several 

aspects of the linkage between the discharged pollutants from waste incinerators and health 

conditions such as cancer (Nordi, 2015). Waste incinerators have been highly scrutinised by 

the public health agencies, NGO activists and the general public, which influenced the 

legislators to impose stricter limits on emissions. Older MSW incinerators posed higher health 

risks and some epidemiological studies found a positive correlation between groups of 

congenital anomalies of the population living in the vicinity of a waste combustion plant 

(Tickson et.al,2008). However, many studies have inconclusive results or their assessment 

methods are contested or do not simply convince that incinerators cause public health impacts.  

Government regulators assure the general public that MSW incinerators do not endanger public 

health safety because it is being warranted, they adhere to the prescribed safety standards 

(DOE, 2016). Even so, concerns still exist and they refer to the undiscovered potential effects 

of the combustion by-products and how they interact with the living organisms, especially 

because the pollutants bio-accumulate and can cause long-term effects and over a wider 

geographical region (DOE,2016). It is argued in this context that the Precautionary Principle 

found in national and international law, which stipulates that precautionary measures should 

be taken if there are uncertainties about an activity producing environmental and public health 

risks, should be applied as the safeness of the activity should be firstly demonstrated by the 

proponents, and the burden of proof should not fall onto the opponents (DOE, 2016). 

  

The following air emissions are associated with incineration facilities: metals (mercury, lead 

and cadmium), organics (dioxins and furans), acid gases (sulphur dioxide and hydrogen 

chloride), particulates (dust and grit), nitrogen oxides and carbon monoxide (Nordi, 2015). 
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People can be exposed to these toxic emissions in a number of ways: inhalation of contaminated 

air, direct skin contact with the contaminated soil or dust, and ingestion of foods that were 

grown in an environment polluted with these substances. The ash resulted from waste 

combustion processing contains varying levels of toxic chemicals and is usually disposed of in 

landfills (Arcadis et.al, 2009). 

Research shows that the metals and organic compounds from the landfilled ash can leach and 

potentially contaminate the soil and the ground water. Nonetheless, the incinerator bottom ash 

can be further processed and utilised as aggregate replacement in base road construction, bulk 

fill, concrete block manufacture or concrete grouting. 

The safety levels of an incineration plant can be jeopardised if the concentration of these toxic 

chemicals is above the established limits, the environmental controls are not properly 

implemented, the height of the emissions stack is not appropriate, if it is located too close to 

urban/residential area and in unfavourable weather conditions (Fruergaard et.al, 2010). While 

it has been argued that siting a WtE plant close to the source of waste (urban areas) is desirable 

as it reduces waste transportation costs, but also is able to provide additional important benefits 

such as district heating if the infrastructure is in place; studies have shown that locating WtE 

plants close to urban areas is not actually very safe since the discharged pollutants will 

predominantly fall in the surrounding area of the plant (Arcadis et.al, 2009). Accordingly, 

isolated areas or industrial sites seem to be safer options for minimising contamination. 

Criticisms of waste combustion also relate to the actual effectiveness of modern emissions 

abatement procedures and the inconsistency of monitoring plant operation to the highest 

standards (Arcadis et.al, 2009). Modern plants are equipped with air emissions control 

technologies that can effectively remove the substances of concern. The technologies available 

to control emissions range from fabric filters, electrostatic precipitators to scrubbers. The best 

air pollution control system includes dry scrubbing that neutralises acids followed by a 

baghouse that filters emissions of metals and organic compounds (Nordi, 2015). These 

technologies are useful as long as the combustion plants are properly operated and emissions 

controlled, and in many modern facilities computer control systems are utilised to achieve this. 

The cost implications of using the newest technologies that improve safeness are not negligible. 

This is a significant adoption barrier faced by the industry in the developing countries, along 

with the lack of trained personnel to successfully handle such a complex and daunting process 

(DOE, 2016). 
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Advanced thermal technologies are considered to be much safer in terms of emissions control 

and toxicity of dry residue (RTS, 2005). Gasification processes do not produce ash and the 

substances contained in the residue are environmentally benign, while the resulting syngas is a 

useful fuel that substitutes fossil fuels and reduces greenhouse gas emissions (Fruergaard et.al, 

2010). 

2.5.6 Typical African country (Ethiopia) undertaking Waste to Energy 

approach. 
The 50 MW WtE incineration plant under construction in Addis Ababa is touted not only as a 

much-needed solution to the city’s growing waste problem, but also as the first of many to be 

developed in the country (DOE,2016). The US$120 million project is expected to come online 

in early 2020, and will process 350,000 tonnes of waste a year. The power station will be 

Ethiopia’s first baseload plant, providing 24-hour electricity for at least 330 days of the year, 

and will also be the first WtE facility in Sub-Saharan Africa (DOE,2016). The Ethiopian 

Government has identified WtE as an important part of its strategy to reduce the country’s 

emissions, and feasibility studies on WtE adoption have been undertaken in other cities, with 

developers looking to expand adoption to locations in Dire Dawa, Adama, and Mekelle. 

However, the development of the project, and successful operation, face a number of 

challenges. Analysis shows the low calorific value of the incoming waste stream will lower the 

power output of the plant by as much as 44 percent (DOE,2016). There is also a lack of local 

technical expertise required to operate the plant. While the plant is partly funded by the World 

Bank, low energy prices and the absence of supplementary income streams and incentives (e.g. 

tipping fees and carbon credits) mean the plant will struggle to recoup its costs over its 

operational lifetime. The waste management system in Addis Ababa is also underdeveloped. 

Food and paper waste are rarely separated at source. The vast majority of MSW generated in 

Addis Ababa is collected informally. There are private companies that collect waste in the city 

for a fee of about ETB 10 (US$ 0.47) per month, but very few citizens can afford this 

(DOE,2016). These issues contribute to making WtE incineration not particularly viable in the 

city. The hope is that the plant’s operation would lead to the development of a viable waste 

management system in Addis Ababa. The Ethiopian Electric Power Corporation (EEPCo), who 

will run the plant, is collaborating with the city’s administration to ensure that waste collection 

for the plant is streamlined (WB, 2015). While the plant will employ 100 skilled personnel, it 

is estimated that thousands of jobs will be created with the newly created waste collection 
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system. It would be of interest to monitor the development of the project and the plant’s 

operation, especially in the first 5 years, to evaluate the project’s success (DOE, 2016). 

2.6 The importance of Levelised cost of Energy in Technology selection. 

The Levelised Cost of Electricity Generation is the discounted lifetime cost of ownership and 

use of a generation asset, converted into an equivalent unit of cost of generation in Particular 

country currency per MWh (Nordi, 2015). The Levelised Cost of a particular generation 

technology is the ratio of the total costs of a generic plant (including both capital and operating 

costs), to the total amount of electricity expected to be generated over the plant’s lifetime. Both 

are expressed in Net Present Value terms (Daniel et.al, 2012). This means that future costs and 

outputs are discounted, when compared to costs and outputs today. This is sometimes called a 

life-cycle cost, which emphasises the “cradle to grave” aspect of the definition (Nordi, 2015). 

The levelised cost estimates do not consider revenue streams available to generators (e.g. from 

sale of electricity or revenues from other sources), with the exception of heat revenues for CHP 

plant which are included so that the estimates reflect the cost of electricity generation only 

(Fennell et.al, 2013). As the definition of levelised costs relates only to those costs accruing to 

the owner/operator of the generation asset as shown in Figure 2.10, it does not cover wider 

costs that may in part fall to others, such as the full cost of system balancing and network 

investment, or air quality impacts. 

 

                                     Source: (Mirko, 2011) 

Figure 2.10: An illustration of levelised cost of energy 
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The LCOE of renewable energy technologies varies by technology, country and project based on 

the renewable energy resource, capital and operating costs, and the efficiency / performance of 

the technology (Brunone et.al, 2008). When evaluating different capacity expansion options to 

meet a specific, well characterized need identified by a power producer or regulatory body, 

LCOE can provide a screening tool that simultaneously considers fixed and variable costs in a 

single metric (Fennell et.al, 2013). However, even in this narrow application, care must be taken 

not to over-sell the usefulness and importance of a metric that doesn’t consider a host of other 

important economic and technical evaluation factors (Nordi, 2015). 

 

Key points from Literature Survey 

As observed from the above literature survey, the interaction between waste management 

solutions and energy production technologies can vary significantly, depending on multiple 

factors. Different countries across the world choose to adopt different strategies, depending 

on social, economic and environmental criteria and constraints. These decisions can have an 

impact on energy security, energy equity and environmental sustainability when looking at 

the future of the energy sector. If waste-to-energy (WtE) technologies are developed and 

implemented, while following sustainability principles, then a correct waste treatment 

strategy and an environment-friendly energy production can be achieved at the same time, 

solving challenges in both the waste management and energy sectors. 
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CHAPTER 3: MATERIALS AND METHOD 

3.1 Introduction 

This chapter presents a description of the research scope and data collection sites, data 

collected, types of data, the research design, data analysis as well as evaluation of waste to 

energy technologies. A description of the methods used to come up with results is provided. 

The sampling procedure is equally described as well as the approach in determining theoretical 

energy potentials. 

3.2 Research Scope, Data Type and Data Collection sites 

The research concentrated on municipal solid waste generated in major cities, number of people 

in major cities, projected population increase and waste generated, hence determination of 

current and future energy potential from municipal solid waste which can be utilised for 

electricity generation. The data type collected included annual tonnages of municipal solid 

waste which was collected from the landfills as shown in Appendix C after a week of operation 

observations while field survey and questionnaire dissemination assisted in household 

information towards approach to municipal solid waste handling and disposal. Due to bulk of 

municipal solid waste generated and high demand of electricity, the chosen sites for data 

collection were only the major cities in the country which are Lusaka, Ndola, Kitwe and 

Livingstone as shown in Figure 3.1.  

 

 

                                                          Source: (Adapted from Google Earth) 

Figure 3.1: Data collection sites 
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3.3   Data Collection 

Data sources during collection involved two different types and these were primary data and 

secondary data. Both primary and secondary data were collected at different times. Primary data 

was collected in phases while secondary data was collected from literature relating to the study 

from various sources. 

 

3.3.1 Primary Data 

Data under this segment was collected by a series of procedures. The data included landfill 

tonnages of municipal waste generated in each major city. To achieve this, meetings with 

cleansing managers were conducted for each council in the major city under consideration. 

After meetings were achieved, landfill visits followed. At landfill, the different monthly 

tonnages were collected and observation of landfill activity was in existence. Landfill 

machinery and waste management was one of the key observations. The machinery was 

inspected to check performance efficiency. The procedure of recording tonnages of waste 

collected was conducted for a week at the landfill (Chunga, Buchi, Kaloko and Livingstone) 

for each major city so as to correlate the values attained from landfill foreman and the actual 

values. Actual population figures were also collected from central statistics office for each city 

as they are key parameters in determination of daily tonnage of municipal solid waste per 

household in each major city. 

3.3.2 Secondary Data 

This kind of data was obtained by literature survey procedure. A variety of text books, journals, 

magazines, newspapers and internet were utilised. Each valid key data set was filed in 

accordance to research sub heading for easy accessibility. Internet journal were filed in folders 

with titles of particular research sub heading or objective. 

3.4 Research Design 

This research involved a quantitative as well as a qualitative approach in regards to data 

collection. The defined study area was addressed by random sampling method. Each city was 

divided into sub data collection sites and samples were chosen at random. 

 

3.4.1 Random sampling and sub site selection 

Simple random sampling (SRS) is a method of selection of a sample comprising of n number 

of sampling units out of the population having N number of sampling units such that every 
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sampling unit has an equal chance of being chosen. The samples can be drawn in two possible 

ways. To start with, the sampling units are chosen without replacement in the sense that the 

units once chosen are not placed back in the population. The sampling units are also chosen 

with replacement in the sense that the chosen units are placed back in the population. 

1. Simple random sampling without replacement (SRSWOR). 

SRSWOR is a method of selection of n units out of the N units one by one such that at any 

stage of selection, anyone of the remaining units have same chance of being selected, i.e. 1/ N. 

 

2. Simple random sampling with replacement (SRSWR). 

SRSWR is a method of selection of n units out of the N units one by one such that at each stage 

of selection each unit has equal chance of being selected, i.e., 1/ N. 

 

Procedure of selection of a random sample. 

The procedure of selection of a random sample follows the following steps: 

1. Identify the N units in the population with the numbers 1 to N. 

2. Choose any random number arbitrarily in the random number table and start reading 

numbers. 

3. Choose the sampling unit whose serial number corresponds to the random number drawn 

from the table of random numbers. 

 

The above method was utilised to choose areas for dissemination of questionnaires in each 

major city. A sample questionnaire is shown in Appendix D. The total sample was 40 

households, with each major city having 10 households. The chosen areas using random 

sampling were distributed from residential semi residential to peri urban area. Residential and 

semi residential areas were each assigned 3 different households while peri urban areas had 4 

and this was attributed to the high density of locals in the areas. The areas considered in Lusaka 

were Olympia, Kabwata and Kanyama. The areas considered in Kitwe where Riverside, 

Nkhana east and Chimwemwe. The areas considered in Ndola were Northrise, Masala and 

Chipulukusu. The areas considered in Livingstone were highland, Elaine Brittel and Libuyu. 
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3.5   Data Analysis 

The primary data collected was analysed by use of Engineering Energy theorem principles as 

well as Microsoft excel to develop charts showing of different energy potentials for major cities 

for a specified period of time. 

3.5.1 Waste-Energy theorem principle 

This principle was utilised in determination of energy potential from the annual tonnage of 

municipal solid waste collected in each major city. The waste to energy theorem formula is 

given by 

Energy (GWh) = (Annual Tonnage of MSW*Calorific Value*0.00028MWh/MJ)/1000.   Eq.3.1                    

The energy potential determined was categorised into two categories were one category had 

values in regards to gasification and anaerobic digestion while the other had energy potential 

values in regards to incineration. The category with gasification technology utilised lower 

heating values (15.6MJ/kg) and moisture content values (28-30 percent) while the incineration 

energy potential values utilised higher heating values (17.5MJ/kg). 

Lower Heating Value 

The lower heating value also known as the net caloric value is the amount of heat released by 

combusting a specified quantity (initially at 25 
◦
C) and returning the temperature of the 

combustion products to 150 
◦
C, which assumes the latent heat of vaporization of water in the 

reaction products is not covered. 

 

Higher Heating Value 

The higher heating value also known as the gross caloric value is the amount of heat released 

by a specific quantity initially at 25 
◦
C once it is combusted and products have returned a 

temperature of 25 
◦
C, which takes into account the latent heat of vaporization of water in the 

combustion products 

 

Annual tonnage of waste is the collected waste in each major city for a period of one year with 

units of tonnes (converted to kg in calculations). Calorific value is the energy content of MSW 

measure in MJ/kg. The value 0.00028 is a conversion factor utilised to change mega Joules to 

mega watthours.  
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In addition, a theoretical energy potential of municipal solid waste was determined from the 

population figures. This was achieved by an engineering method of per capita generation of 

municipal solid waste which was further converted to energy potential. The theoretical annual 

tonnage was determined by 

Annual tonnage (tonnes)= (per capita generation*365*given population)/1000 

 

Per capita generation is the rate of waste generation per individual in a given population with 

units of kg/day. The figure 365 is the total number of days in a year. 

 

The determined theoretical energy potential was later compared with the actual determined 

energy potential in excel chats.  

3.6   Evaluation of Technologies 

This involved a critical analysis of three waste to energy technologies namely gasification, 

anaerobic digestion and incineration. The evaluated technologies were correlated to the 

Zambian scenario and one was ascertained to suit the countries condition. The technique 

utilised in evaluating the technologies was levelised cost of energy. 

 

3.6.1   Levelised Cost of Energy 

The main components of the levelised cost calculation are: 

1. The development cost of a project which includes achieving planning permission and 

compliance with regulatory requirements. 

2. The capital cost of bringing a plant to operation. 

3. On-going fixed and variable costs of operating a renewable generator and keeping it 

available for generation. 

4. Fuel costs or gate fees and related technical assumptions such as fuel efficiency. 

5. Availability: defined as the maximum potential time that a generation plant is available 

to produce electricity annually. The factor will vary depending on how the plant is 

operated and the amount of downtime required for maintenance. For example, the 

expected availability of a gasification plant is 99 percent, allowing for maintenance 

downtime and parts replacement. 

6. Load factor: defined as the ratio of average annual output to its total potential output if 

a plant was to operate at full capacity over its lifetime. 

7. Pre-development, construction and operational time periods.  
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Mathematical description of levelised cost is given by either of the following formulas.  

 

                  Eq.3.2 

Or, 

 

 

                             Eq.3.3 

 

The LCOE is a robust approach that helps with technology selection and decision support for 

electricity projects and expanding electricity portfolios. However, the LCOE metric’s 

limitations must be highlighted, understood, and taken into account when using it, so that 

accurate analysis and due diligence are performed when making decisions that have widespread 

economic, social, and environmental impacts in the long run. 

 

Sensitivity of LCOE to assumptions 

LCOE of renewable energy can be highly sensitive to input assumptions. Different assumptions  
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 can change LCOE by 50 percent or more. Some of the key assumptions are: 

❖ Capacity factor (performance) 

❖ Weighted Cost of capital (WACC) 

❖ Capital cost 

❖ Important to select assumptions in a consistent manner across technologies. 

 

Levelised cost of energy (LCOE) has been used by planners, analysts, policymakers, advocates 

and others to assess the economic competitiveness of technology options in the electric power 

sector (Nordi, 2015).  In this research it was utilised by following each step in the assessment 

process and a suitable technology was selected for Zambia. 
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CHAPTER 4: RESULTS ANALYSIS AND DISCUSSION 

4.1 Introduction 

This chapter presents results obtained, analysis as well as discussion in line with the specific 

objectives of the study. Furthermore, the importance and application of the obtained results as 

well as the beneficiaries are explained in the chapter.  

4.2 Energy Potential in major cities 

Assessments were made from the four major cities of which annual tonnages as shown in 

Appendix A were utilised in the energy theorem approach and results were obtained showing 

different energy potentials as shown in appendix B. The graphical representation of the energy 

potential was categorised into two of which one was as a result of consideration of the lower 

heating value while the other considered the higher heating value. The graphs with lower 

heating value are a representation of Anaerobic Digestion technology as well as Gasification 

technology while those for higher heating value represent the Incineration technology. 

4.2.1 Lusaka waste to energy potential  

The city was assessed for a period of five years with regards to its annual tonnages of MSW of 

which an increase in the amounts as years progressed was the trend as observed from Figure 

4.1 below.  

 

Source: Author 

Figure 4.1. Lusaka City Energy Potential (LHV) 
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The graph shows the difference between the actual and theoretical energy potential. As 

observed from the graph, 2013 exhibited the lowest potential of 322 GWh with a percentage 

difference of 80.21 percent between the actual and theoretical while 2017 had the highest 

potential of 485 GWh with a percentage difference of 74.75 percent between the actual and 

theoretical. The high margin in percentage difference shows that if collection of municipal solid 

waste can be optimized high energy can be obtained from the waste and this can impart 

positively on the high demand from both industry and domestic use. The energy potential 

increases as the year’s progress and this is attributed to the increase in amounts of the municipal 

solid waste collected which is also coherent to the increase in population and this is also shown 

in Figure 4.2.  

 

 

Source: Author 

Figure 4.2: Lusaka City Energy Potential (HHV) 

 

The difference between the actual and theoretical energy potential is exhibited in the high 

heating value graph. As observed in Figure 4.2, 2013 exhibited the lowest potential of 361.6 

GWh with a percentage difference of 80.19 percent between the actual and theoretical while 

2017 had the highest potential of 544.3 GWh with a percentage difference of 74.85 percent 
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between the actual and theoretical. The current equipment on the ground utilised for waste 

collection lacks frequent maintenance hence frequent breakdowns. Overcoming this challenge 

entails high amounts collected which in turn increase the chances of acquiring much energy 

from the waste which can be utilised as an alternative source to feed the grid in case of any 

deficits. 

 

4.2.2 Kitwe waste to energy potential 

Kitwe city was one of the cities accessed on the Copperbelt province. The period under 

consideration was five years with regards to annual municipal solid waste tonnages collected 

as shown on Figure 4.3 below. 

 

Source: Author 

Figure 4.3: Kitwe City Energy Potential (LHV) 

 

As observed from the graph, there is a difference in the energy that can be acquired from the 

actual and theoretical municipal solid waste collected. The graph show that as years progress 

the annual tonnages increase and as a case of Kitwe 2013 recorded the lowest energy of 69 

GWh with a percentage difference of 85.59 percent from the theoretical energy while 2017 had 

the highest energy of 96.5 GWh with a percentage difference of 82.36 percent from the 

theoretical energy. The actual amounts collected can be optimized if collection efficiency by 
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city councils is improved which can reduce the high difference in actual and theoretical as 

observed above. With improved collection efficiencies, high energy can be obtained from the 

collected municipal solid waste hence a best remedial approach in dealing with waste challenge 

and high energy demand challenge. Municipal solid waste if utilised an energy source imparts 

a positive impact on the carbon footprint as it is a renewable resource with less carbon 

emissions if compared to the conversional energy sources. 

 

Figure 4.4 below clearly shows the increasing energy potential with time. It also brings out the 

difference in the potential values between the actual and theoretical energy. 

 

 

Source: Author 

Figure 4.4: Kitwe City Energy Potential (HHV) 

As observed, 2013 has the lowest energy potential of 77.4 GWh with a percentage difference 

of 85.6 percent between the actual and theoretical while 2017 exhibits the highest potential of 

107.8 GWh with a percentage difference of 82.43 percent between the actual and the theoretical 

energy potential. Utilising annual tonnages of municipal solid waste collected imparts 

positively on the energy mix with an added advantage of being an environmentally friendly 

option. 
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4.2.3 Ndola waste to energy potential 

Ndola was the other city considered on the Copperbelt province. The annual tonnages estimated 

for energy potential came from a period of five years with a pattern of increment in the trend 

attributed to increased population growth and industrial development. The figures below show 

the actual energy potentials that can be obtained from the annual tonnages of municipal solid 

waste collected. 

As observed from Figure 4.5 below, Ndola city has the ability to produce energy from its 

municipal solid waste collected. 

 

Source: Author 

Figure 4.5: Ndola City Energy Potential (LHV) 

 

The year 2013 has the least energy potential of 57.4 GWh with a percentage difference of 85.78 

percent between the actual and theoretical while 2017 has the highest energy potential of 97.4 

GWh with a percentage difference of 77.74 percent between the actual and theoretical. The 

high percentage difference is an indication of less collection and if measures can be in place to 

exploit the potential of municipal solid waste for energy production, beneficial results can be 

in existence. For instance, high employment opportunities will be in existence were city 

councils engage the public in the activity of waste characterisation. Besides that, many CBE’s 
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would be in existence if City councils would put in measures of frequent and high collection 

of the municipal solid waste. 

 

As observed from Figure 4.6, the lowest energy potential was recorded in 2013 with a potential 

of 63.4 GWh and a percentage difference of 86 percent between the actual and theoretical while 

2017 had the highest energy potential of 108.3 GWh with a percentage difference of 77.92 

percent between the actual and theoretical energy potentials. 

 

 

  Source: Author 

Figure 4.6: Ndola City Energy Potential (HHV) 

 

Reducing the high percentage margin between the actual and theoretical entails waste integrity 

on the environment. If this is in effect, indiscriminate waste disposal will be reduced for the 

waste will be a raw material in energy generation processes. 

4.2.4 Livingstone waste to energy potential 

In the southern part of Zambia, Livingstone was the only major city assessed from the annual 

tonnages of municipal solid waste collected for a period of five years. The city equally 
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exhibited waste to energy potential from its annual tonnages with an increment in the potential 

as the years progressed. Amongst the cities considered in Zambia, Livingstone exhibited the 

least waste to energy potential and this was mainly attributed to the population size in the city. 

This was so due to the fact that municipal solid waste is dependent on the population size ability 

to generate the waste. Figure 4.7 below show the actual energy potential values that can be 

obtained from the municipal solid waste in Livingstone. 

 

Source: Author 

Figure 4.7: Livingstone Energy Potential (LHV) 

 

The graph clearly shows the increasing in energy potential as the year’s progress. It also brings 

out the difference in the potential values between the actual and theoretical energy. As 

observed, 2013 has the lowest energy potential of 12.85 GWh with a percentage difference of 

89.5 percent between the actual and theoretical while 2017 exhibits the highest potential of 

20.7 GWh with a percentage difference of 85 percent between the actual and the theoretical 

energy potential. With a motive of utilising municipal solid waste as an energy resource, 

characterisation should be improved so as to separate the important constituents with high 

caloric values in the municipal solid waste.  
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The difference between the actual and theoretical energy potential is exhibited in the high 

heating value graph. As observed from Figure 4.8, 2013 exhibited the lowest potential of 14.4 

GWh with a percentage difference of 89.47 percent between the actual and theoretical while 

2017 had the highest potential of 23.2 GWh with a percentage difference of 85 percent between 

the actual and theoretical energy potential. 

 

 

Source: Author 

Figure 4.8: Livingstone Energy Potential (HHV) 

Municipal solid waste utilisation for energy resource in Zambia is a possible venture that will 

bring about a vast number of positive impacts in the country. besides employment opportunities 

and improved energy mix status, environmental benefits will be in existence such as reduced 

water borne diseases experienced during the rainy season as one of the causes is indiscriminate 

disposal of municipal solid waste. 

The average energy potentials for Lusaka, Ndola, Kitwe and Livingstone were 4.16TWh, 

0.73TWh, 0.82TWh 0.16TWh respectively. The current energy figures are high enough for 

utilisation as an alternative energy source for the country so as to boost on the energy mix. 
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Prior sorting of the MSW is key in WtE technologies and currently public participation is at 75 

percent as shown in appendix E. Consideration should be given to technology efficiency as 

shown in figure F in attaining electricity values from the WtE technologies. 

4.3 Technology Survey and Ascertaining  

The research focused mainly on three technologies and these were anaerobic digestion, 

gasification and incineration of which the first two were attributed to lower heating value 

potential and the latter high heating value. Technology survey shows that incineration and 

gasification require high maintenance cost as compared to anaerobic digestion. The relative 

cost required to establish an anaerobic digestion plant is less as compared to gasification and 

incineration as shown in Appendix F. Besides that, most available waste to energy plants 

around the world utilise anaerobic digestion technology which have exhibited a high life span 

coupled with high efficiency and cost effectiveness in comparison to the other two 

technologies. Equally, the complexity of machinery utilised in anaerobic digestion is on the 

lower side as compared to the other two technologies as shown in Appendix F. The levelised 

cost of energy for anaerobic digestion is 18 euros per megawatt, while gasification and 

incineration are 81 and 155 euros per megawatt respectively (ARUP, 2016). Financial 

economics are of prime importance in the choice of technology and levelised cost of energy 

plays a key role in technology selection. One of the largest plants in China utilising municipal 

solid waste as an energy resource uses the anaerobic digestion technology for energy 

generation.  

 

4.3.1 LCOE calculations  

The three technologies were assessed and levelised cost of energy values were obtained. 

Reference is made to appendix F for LCOE inputs. 

 

Gasification  

LCOE inputs: 

Investment cost = $195, 000, 000 

Operation and maintenance cost (fixed) = 20 percent investment cost 

Operations and maintenance cost (variable) = 8 percent investment cost 

Lifespan = 30 years 

Plant capacity = 100MW (2,400MWh/day) 
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Annual run time = 8760hours  

Plant efficiency = 80 percent  

LCOE = Inv Cost + O & M (fixed) + O & M (variable)/ (Total expected energy production 

per year by efficiency by Lifespan) 

LCOE = ($195,000,000 + $39,000,000 + $15,600,000)/ (2400MWh/d * 365d/yr * 0.8 * 30yr)  

LCOE = ($249, 600, 000/21, 024, 000MWh) 

LCOE = $11.872/MWh  

LCOE = $0.01187/kWh 

Anaerobic Digestion 

LCOE inputs: 

Investment cost = $138, 000, 000 

Operation and maintenance cost (fixed) = 10 percent investment cost 

Operations and maintenance cost (variable) = 5 percent investment cost 

Lifespan = 30 years 

Plant capacity = 100MW (2,400MWh/day) 

Annual run time = 8760hours  

Plant efficiency = 80 percent  

LCOE = Inv Cost + O & M (fixed) + O & M (variable)/ (Total expected energy production 

per year by efficiency by Lifespan) 

LCOE = ($138,000,000 + $13,800,000 + $ 6,900,000)/ (2400MWh/d * 365d/yr * 0.8 * 30yr)  

LCOE = ($158, 700, 000/21, 024, 000MWh) 

LCOE = $7.55/MWh  

LCOE = $0.00755/kWh 

Incineration  

LCOE inputs: 

Investment cost = $250, 000, 000 

Operation and maintenance cost (fixed) = 15 percent investment cost 

Operations and maintenance cost (variable) = 12 percent investment cost 

Lifespan = 30 years 
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Plant capacity = 100MW (2,400MWh/day) 

Annual run time = 8760hours  

Plant efficiency = 80 percent  

LCOE = Inv Cost + O & M (fixed) + O & M (variable)/ (Total expected energy production 

per year by efficiency by Lifespan) 

LCOE = ($250,000,000 + $37,500,000 + $30,000,000)/ (2400MWh/d * 365d/yr * 0.8 * 30yr)  

LCOE = ($317, 500, 000/21, 024, 000MWh) 

LCOE = $15.102/MWh  

LCOE = $0.01510/kWh 

The financial aspect is key in technology ascertaining hence Anaerobic digestion would be a 

suitable option for Zambia as observed from LCOE values from different countries in the 

world. 

Data Analysis Summary  

The Energy potential from annual tonnages of the major cities are sufficient enough for WtE 

plant establishment. Technology efficiency plays a key role in technology selection and 

obtaining the actual plant output from the determined energy from different cities, the 

efficiencies must be considered. The efficiencies for Anaerobic Digestion, Incineration and 

Gasification are 80 percent, 85 percent and 80 percent respectively. The levelised cost of 

energy technique exhibits that Anaerobic digestion is the suitable technology for Zambia as 

observed from the $7.55/MWh value while incineration and gasification stand at 

$15.102/MWh and $11.872/MWh respectively. The annual average energy potentials from the 

collected waste for Lusaka, Ndola, Kitwe and Livingstone are 4.16TWh (170.8GW), 0.73TWh 

(29.98GW), 0.82TWh (33.67GW) and 0.16TWh (6.57GW) respectively and as observed from 

the obtained values  a 100MW plant can be established in Lusaka while 50MW plants can be 

established in the other three cities. 
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CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS 

This chapter concludes the findings of the study on the determination of the potential for 

generation of electricity from municipal solid waste in Zambia. The recommendations are also 

outlined. 

5.1 Conclusions 

The conclusion from the assessment of the municipal solid waste tonnages from different major 

cities in the country were as follows: 

1. The municipal solid waste was quantified for a period of five years and the research 

shows that Lusaka city had the highest amount of MSW with an actual value of 

479,987.395 tonnes and a theoretical value of 2,051,192.508 tonnes while Livingstone 

had the least amount of MSW with an actual value of 18,267.164 tonnes and a 

theoretical value of 118,963.538 tonnes. The annual tonnages utilised the energy 

theorem approach to acquire the expected potential from the collected waste and results 

showed that the annual tonnages of MSW have potential to be utilised as an energy 

resource. The average energy potentials for Lusaka, Ndola, Kitwe and Livingstone were 

4.16TWh, 0.73TWh, 0.82TWh 0.16TWh respectively. A prominent energy value 

obtained from the waste was 544.3GWh as the actual and 2164.3 GWh as the theoretical 

with a percentage difference 74.85 percent between the actual and theoretical and this 

for the year 2017. It was determined that waste generation is coherent to the population 

size and industrial activities in the city, hence the higher the population the more the 

waste generated.  

 

2. The study reviewed three waste to energy technologies and these were Gasification, 

Anaerobic digestion and Incineration. Gasification and Anaerobic digestion were 

associated with lower heating values while Incineration was associated with higher 

heating values. The study shows that from the three technologies, anaerobic digestion 

is the suitable technology for the country and this was attributed to cost of 

establishment, maintenance cost as well as complexity of machinery. LCOE studies 

from different regions of the world also exhibited that anaerobic digestion is the best 

option for a developing country like Zambia. 
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3. The study exhibited the difference in energy potential from the actual and theoretical 

MSW collected. The study shows that less MSW is collected as observed from the high 

percentage differences between the actual and theoretical ranging from 75 to 90 percent, 

hence if measures will be in place to cover the difference high energy can be obtained 

from the MSW hence a plus to the countries approach on energy mix.  

5.2 Recommendations 

The utilization of MSW as an energy resource in the country will only be achieved if the 

following are put into consideration as a country. 

1. The city councils should establish centres to provide workshops to locals on importance 

of waste management and its utilisation in energy generation. 

2. The government through higher learning institutions should encourage further research 

in MSW as an energy resource for the country. 

3. The city councils through CBE’s should increase on the frequency off collection. 

4. The government should put in measures to encourage foreign investment in the waste 

to energy venture as most developed countries have running plants generating energy 

from MSW. 

5. MSW separation by either household level or established centres by city councils 

should be in existence as these will make the process of utilising the MSW as an energy 

resource easy. 

6. The government through city councils should recognise sites to establish plants 

generating electricity from municipal solid waste in each major city. The generated 

energy can either be fed to the grid according the required standards or equally 

supplying utilising a separate grid line.  
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APPENDICES 

APPENDIX A: Annual Quantities of MSW in major cities 

 

Table A.1: MSW actual annual quantities in kilograms 

CITY YEAR 

2013 2014 2015 2016 2017 

LUSAKA 74,334,059 102,694,659 8,710,838 101,364,824 111,883,015 

KITWE 15,851,332 17,654,331 18,724,465 20,115,674 22,156,032 

NDOLA 13,025,032 13,895,232 17,206,342 17,508,656 22,243,272 

LIVINGSTONE 2,965,344 3,054,661 3,562,321 3,919,502 4,765,336 

 

Table A.2: MSW theoretical annual quantities in kilograms 

CITY YEAR 

2013 2014 2015 2016 2017 

LUSAKA 375,210,692 391,400,815 416,410,615 425,261,500 442,908,885 

KITWE 110,443,890 114,183,862 118,045,927 122,031,910 126,142,722 

NDOLA 92,920,605 94,815,685 96,748,842 98,718,447 100,723,575 

LIVINGSTONE 28,133,105 29,042,320 29,958,652 30,885,752 31,829,460 
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APPENDIX B: Energy Potential values in major cities 

 

Table B.1: Actual Energy Potential in GWh from Lower Heating Value 

CITY YEAR 

2013 2014 2015 2016 2017 

LUSAKA 322 445.6 389.5 434.8 485 

KITWE 69 77.4 81.5 87.9 96.5 

NDOLA 57.4 61.8 75 76.5 97.4 

LIVINGSTONE 12.85 13 15.5 17 20.7 

 

 

Table B.2: Theoretical Energy Potential in GWh from Lower Heating Value 

CITY YEAR 

2013 2014 2015 2016 2017 

LUSAKA 1627.4 1697 1806.7 1844 1920.5 

KITWE 479 495 512 523.4 547 

NDOLA 403.5 412 420.4 428 437.6 

LIVINGSTONE 122.4 126 129.9 130.4 138 

 

NB: 80 percent technology efficiency consideration gives the actual Energy value from LHV 
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Table B.3: Actual Energy Potential in GWh from Higher Heating Value  

CITY YEAR 

2013 2014 2015 2016 2017 

LUSAKA 361.6 499.6 436.4 493 544.5 

KITWE 77.4 85.9 91.4 97.9 107.8 

NDOLA 63.4 67.6 83.7 85.2 108.3 

LIVINGSTONE 14.4 14.9 17.3 19.1 23.2 

 

 

Table B.4: Theoretical Energy Potential in GWh from Higher Heating Value  

CITY YEAR 

2013 2014 2015 2016 2017 

LUSAKA 1825.4 1904.2 2025.8 2063.9 2164.4 

KITWE 537.3 555.5 574.3 593.7 613.7 

NDOLA 453 461.3 470.4 480.3 490.5 

LIVINGSTONE 136.8 141.3 145.7 150.3 154.9 

 

NB: 85 percent technology efficiency consideration gives actual energy value from HHV 
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APPENDIX C: Site Images 

 

 

Source: Author 

 

Figure C.1: Chunga Landfill (Lusaka) 

 

 

Source: Author 

Figure C.2: Buchi Landfill (Kitwe) 
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Source: Author 

Figure C.3: Kaloko Landfill (Ndola) 

 

 

 

    Source: Author 

Figure C.4: Livingstone Landfill (Livingstone) 
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APPENDIX D: Sample Questionnaire  
 

Questionnaire on MSW handling and disposal for electricity generation 

 

Disclaimer: The data gathered through this interview schedule would be used exclusively for 

the purpose of academic research only.  

 

Section A: General details of Respondent 

1. Sex    

          

Male            Female   

2. Age group 

                    

             25-35                       36-45        46+ 

3. Area of Residence 

 

 

Section B: Household MSW generation, management and possible benefits 

1) How many people live in your house? 

                 

1-5                   6-10  10+ 

2) Do you understand MSW management? 

    

 YES    NO 

3) Do you have MSW collecting services in your area? 

 

      YES              NO 

4) Do the collect frequently (weekly)? 

    
 YES             NO 

5) If you were told that the MSW you generate can be used to generate electricity and to 

achieve this your participation in MSW sorting at household level would be key, would 

you participate? 

              
YES  NO 
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APPENDIX E: Survey Response 

 

Table E.1: Public response to MSW generation and utilisation for electricity production 

% FROM TOTAL SAMPLE 

LUSAKA L/STONE KITWE NDOLA 

AWARE OF MSW 

MANAGEMENT 

22.22 16.67 16.67 19.44 

WILLINGNESS TO 

PARTICIPATE IN MSW 

SEPERATION AT SOURCE 

13.89 19.44 16.67 22.22 

AWARE OF POTENTIAL IN 

MSW 

8.33 5.56 13.89 8.33 

                    

 

APPENDIX F: WtE Plant specifications, Investment and maintenance cost 
 

Table F.1: Levelised cost of energy inputs for WtE technologies   

WASTE TO 

ENERGY 

TECHNOLOGY 

GASIFICATION ANAEROBIC  

DIGESTION 

INCINERATION 

INVESTMENT  

COST (million USD) 

195 138 250 

MAINTENANCE  

COST (fixed)  
(% Inv Cost) 

20 10 15 

MAINTENANCE  

COST (variable) 
(% Inv Cost) 

8 5 12 

LIFESPAN 
(Years) 

 

30 30 30 

CAPACITY 
(MW) 

 

100 100 100 

EFFICIENCY 
% 

 

80 80 85 

                                                        Source: (Nordi, 2015) 

 

 

 


