Chapter 7
POTENTIAL TECHNOLOGIES
- LONG TERM

7 Potential Technologies – Long-Term
7.1 Introduction
This Chapter focuses on long-term, more expensive and advanced solutions, such as incineration with energy recovery, mechanical heat treatment (MHT) and other advanced thermal treatment (ATT) technologies such as gasification and pyrolysis (including plasma processes). To date, there is little to no experience with these technologies in
South Africa. Several municipalities have considered the option of introducing ATT technologies in their respective
cities. The feasibility studies that are currently available are mostly based on European examples.
Besides the cost factor, from a market view, even potential, ATT technologies are not very favourable. There is no
high demand for heat energy in South Africa and coal is still a relatively cheap source of energy. Using waste as
fuel, poses challenges due to the naturally less homogenous composition compared to conventional gas, coal and
oil. However, in major metropolitan areas, these technologies may become applicable in the future as a major bulk
waste treatment and landfill diversion solution.
It is important to note that ATT technologies do not accept mixed municipal waste as feedstock; rather they require an intensive pre-processing step to prepare an RDF input feedstock of sufficient quality.

7.2 Incineration with Energy Recovery
7.2.1 Scale factors
Incineration with energy recovery is a robust technology that can be used to treat, and generate power from a mixed
municipal waste feedstock. This can include untreated (raw MSW) and treated (RDF) materials. Incineration facilities
have been widely developed globally, with high concentrations of facilities in Europe and China. However, there are
only a few facilities developed in other BRICS (Brazil, Russia, India, China, South Africa) countries.
Typically, incineration combustion temperatures are in excess of 850⁰C. The waste is converted into carbon dioxide
(CO2) and water and contains a wide variety of trace gases and ash residues. Any non-combustible material (e.g.
metals and glass) remain as solids. This material is known as bottom ash and contains a small amount of residual
carbon. Fly ash is also generated, and typically needs to be treated as hazardous waste.
The capacities of an incineration plant may vary drastically starting at small scale plant handling circa 10,000 tonnes
per annum up to large scale facilities capable of handling well over 1 million tonnes per annum with multiple process lines. For example, the Amsterdam Energy Recovery Facility can handle 1.4 million tonnes per annum of mixed
domestic and commercial wastes and RDF.
There are two main incineration technologies available on the market; they differ mainly in terms of combustion
chamber design; fluidised bed and moving grate. Co-combustion technologies exist to treat waste derived products
alongside traditional fuels like coal.
All technology configurations require a relatively homogenous feedstock and will not be able to burn bulky items.
Fluidised bed systems require pre-treatment of waste to satisfy the need for greater homogeneity of feedstock, and
are reported to have marginally higher capital costs53. However, these systems are designed to treat materials with
higher calorific values, and therefore recover more energy. Key characteristics of incineration with energy recovery
are presented in Table 29.
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There is little data available to compare the technologies like-for-like

Knowledge Product 4: Financial Implications of Advanced Waste Treatment

55

Table 29: Key Characteristics of Incineration with energy recovery

Characteristic
Typical capacity
Indicative capital cost
Human resource requirement

Description
60 k – 600 k tonnes per annum
c. 1,400 m – 1,900 m ZAR for a 100 ktpa facility.
Engineers, chemists, environmental managers,
skilled workers, mechanics and drivers

Table 29 illustraes that incineration with energy recovery is typically implemented at a relatively large scale. Co-combustion may become feasible at lower scale but economies of scale are evident. The technology is capital-intensive
and needs limited but highly specialised staff and skilled operators.

7.2.2 Cost benchmarks
Incineration with energy recovery technologies are designed to handle a large variety of waste streams. When considering land acquisition and construction of facility buildings for incineration with energy recovery installations,
plans should account for the future development and future modifications for the facility. There should be sufficient
space for adding new equipment that will enable the facility to respond to the market demand for materials and
fuels.
Costs are split between the waste treatment/energy recovery part of the facility, and the gas clean-up equipment
at the back end. Combustion of waste materials produces dioxins and greenhouse gases (GHG) which need to be
removed from flue gases before emission to the atmosphere. The cost of this clean-up process is a necessary requirement to ensure that all environmental emissions regulations are adhered to.
Investment costs also depend on the capacity of the installation. A rule of thumb for economies of scale is: double
the capacity of the plant and multiply the capital cost by 1.6 to 1.8. Estimated costs for incineration with energy
recovery in RSA versus industrialised countries are presented in Figure 18.

Figure 18: Full cost breakdown for incineration with energy recovery

As illustrated in Figure 18, incineration with energy recovery is a capital-intensive technology. The full cost is estimated at approximately 1,200 ZAR/tonne, but costs could be higher. The cost of managing the flue gas treatment
(FGT) process and residues, coupled with the costs associated with the options for managing bottom ash/slag and
fly ash residues is significant; roughly a quarter of the material input requires disposal to landfill.
The efficiency, in terms of the percentage of time in operation, has a great impact on the business case. Outages are
very expensive due to the loss of revenue from the sale of energy during these periods. Similarly, re-starting operations can be costly due to requirement for injection of fuel to catalyse the combustion process. Preventive maintenance is of decisive importance. An attempt to save on maintenance in one year may well result in postponement
of increasingly greater problems to subsequent years and may ultimately lead to unplanned outages.
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7.2.3 Revenues and gate fees
The main characteristics of Incineration with energy recovery and the factors that influence the revenues from this
technology are presented in Table 30.
Table 30: Factors influencing revenue for incineration with energy recovery

Technology Heading
Incineration with
energy recovery

Outline Description
MSW or RDF is thermally treated by
combustion for a minimum of two
seconds above 850⁰C in a natural oxygen
environment. The steam created by this
process is used to generate energy (heat
and/or power) in a steam circuit. Flue gases
are treated to remove harmful pollutants
from output emissions. Incinerator bottom
ash (IBA) can be treated to create a stable
construction material or deposited to
landfill.

Factors Influencing Revenue
· Electricity revenue
·

Any government incentives for low
carbon energy/other energy recovery
incentives

·

Distance to outlets of bottom ash/fly
ash if not recovered

·

Revenue from metals

·

Opportunity and value to utilise waste
heat from process

·

Revenue from fly ash if utilised in
cement industry

Table 30 illustrates the factors influencing revenue, most important of these are the electricity revenue. However,
even with maximised revenues from all sources, including sales of metals, revenues from fly ash utilisation, an incineration facility will regularly need to charge a relatively high gate fee. If the gate fee is too low, this may indicate
that the technology is not respecting high standard environmental compliance and is saving on compliance costs.
Internationally, a large number of facilities are operational, particularly across Europe and China. Many facilities
treat unsorted MSW after removal of bulky/unsuitable items. The majority of systems in operation are moving
grate/mass burn incinerators. In some countries, fluidised bed technologies have a significant market share. Cocombustion facilities can use a variety of furnace configurations depending on the industry for which the waste is
being treated.
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Case Study 13: Waste to Energy plant in Sedibeng and West Rand Municipal Areas,
2014
Based on the information presented in the case study has been extracted from the Waste to Energy Feasibility
Study Report in Sedibeng and West Rand Municipal Areas54; no operational case studies are available in South
Africa.
The waste treatment activities: Four main categories of WtE technologies are assessed in the study, the recommended technology following the assessment being conventional combustion technology. This involves the
oxidation of carbon-based material into ash, CO2, water and energy in the form of heat. The technology includes
two process lines operating in parallel.
Input capacity: The facility is a medium capacity WtE plant of 200,000 tonne per annum, receiving mixed municipal waste feedstock.
Output of the technology: The energy output would feed into the municipal grid to offset the Eskom coal-derived
electricity. Potential energy generation for the WtE facility, power only, would be 14 MW (sufficient for supplying
5,500 homes); if heat only 41.0 MW; if CHP, heat – 12.9 MW and power – 21.9 MW, (sufficient for supplying 5,100
homes).
Diversion from landfill: The volume reduction of waste to be landfilled through this process is approximately 73%.
The bottom ash potentially used in construction is 23%. Additional to this, is the limited amount of air pollution
control residues (e.g. filter dusts) to be landfilled.
Project Lifetime: 25 years.
Investment costs: Include, transaction costs, civil works, equipment, facility, contractor costs and site specific
costs. In this study these are estimated based on feasibility studies of existing WtE plants in Europe.
Costs include the provision of an IBA reprocessing facility, engineering, procurement and construction costs and
lifecycle replacement costs.
The total capital cost of the facility is estimated in the range of 1.7 – 2.8 billion ZAR. Investment cost expressed in
ZAR per tonne is estimated in the range of 8,500 – 14,200 ZAR. The upper cost is based on a PPP arrangement,
assuming higher costs of financing amongst other variables.
Operational costs: Include staffing and process related costs, labour, consumables, services and maintenance
costs as well as residue disposal. These costs are estimated based on similar facilities in Europe and elsewhere.
Costs not factored in are the major lifecycle replacement costs.
Annual operation costs are estimated to be in the range of 700 – 850 ZAR per tonne of treated feedstock, while
the total operational cost would be c. 140 – 170 million ZAR.
Based on this information being provided, the full specific cost would be in the range of 1,100 to 1,250 ZAR/t. The
is roughly in line with the benchmark information presented earlier. It is important to note that all these cost estimations rely on examples from overseas and the first lessons learned for South Africa will come from the pilot
incineration plants.
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Utho Capital (Pty) Ltd., `Technical Application Advisory Report. Feasibility Study of Waste-to-Energy Projects in Sedibeng and West Rand Municipal Areas`,
9 July 2014
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Case Study 14: Sidor MSW incinerator in Leudelange, Luxembourg
The MSW incinerator is property of Sidor intercommunal syndicate and is administered by EEW Energy from
Waste Leudelange. It is the only incinerator in Luxembourg, commissioned in 2010 and it processes approximately 70% of the municipal waste in the country.
Input capacity and quality: 125 ktpa input capacity, municipal waste and assimilated. Recyclables and hazardous
waste not accepted.
Gate fees: 96 EUR/tonne (1,250 ZAR/tonne equivalent) for municipal waste, 128/EUR tonne (1,700 ZAR/tonne
equivalent) for voluminous waste and 178 EUR/tonne (2,300 ZAR/tonne equivalent) for household waste.
Human resources: The installation functions continuously, 24/24h and 7/7 days with 50 employees.
Investment and operation costs: Investment costs for the incinerator were 99 million EUR (1.3 billion ZAR
equivalent) and operation costs amount to 12 million EUR per annum (155 million ZAR/annum equivalent). Operation costs for the treatment of waste are approximately 100 EUR/tonne (1,300 ZAR/tonne equivalent).
Equipment: The equipment of the incinerator includes: hoppers, combustion chamber with grates, ash collection pit, flue gas treatment and evacuation installation (dioxins and furans adsorbed on lignite coke, bag filters
for fine particles, catalyst for nitrogen oxides removal). Combustion heat is used to produce steam that is then
used for the production of electrical and thermal energy.
Remarks: Luxembourg is a high income, densely populated country where land is scarce and expensive. This
environment is very favourable for an incinerator. The costs of the technology are reflected in the gate fees. This
choice of technology is suitable for the specific context and gate fees are charged.

7.3 Mechanical Heat Treatment
7.3.1 Scale factors
Mechanical heat treatment (MHT) includes technologies that use thermal treatment in conjunction with the mechanical processing of waste. The purpose of these processes is to separate waste streams from mixed collection
into separate components that can be further processed or used. Thermal treatment also sanitises waste by destroying bacteria and reducing water content. The key characteristics of this technology are presented in Table 31.
Table 31: Key characteristics of MHT

Characteristic
Typical capacity

Description
50 k – 500 k tonnes per annum

Indicative capital cost
Human resource requirement

c. 180 m – 550 m ZAR for a 100 ktpa MHT facility
Medium to high, includes engineers, chemists, an environmental manager,
skilled workers, mechanics and drivers

Table 31 indicates that this technology is applicable in a similar scale as an MBT would be, it is able to handle the
same mixed waste stream, and capital cost-wise is comparable to a complex MBT. The human resources requirement as with other of the potential technologies – long-term options is mostly highly skilled staff.

7.3.2 Cost benchmarks
The specific full cost of MHT facilities depend on the type of heat treatment used. There are essentially two types of
MHT: autoclaving (i.e. batch process – steam processing in a vessel under pressure) and continuous heat treatment
(i.e. continuous process waste is dried in a vessel using externally applied heat).
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Specific equipment includes the ‘pre-processing’ waste equipment (i.e. screening equipment, shredders, loaders
and waste homogenising equipment), waste heat processing equipment (i.e. autoclave, rotary kiln or other) and
separation equipment for the materials removed from the heat treatment equipment (i.e. trommels and screens,
manual separation conveyors, magnetic separation, eddy current air classifiers, ballistic separators and optical separators)55.

Figure 19: Full cost breakdown for MHT

The cost of the technology is estimated at 650-700 ZAR per tonne as shown in Figure 19. Important cost items
include the maintenance, replacement and fuel costs, disposal costs for reject material, cost of outlets for fibre
fraction, teatment of contaminants and screening costs.

7.3.3 Revenues and gate fees
A brief description of the MHT technology is presented in Table 32, which contains also the main factors that
influence the revenues of this technology.
Table 32: Factors influencing Revenue - MHT

Technology Heading
Mechanical heat
treatment (MHT)

Outline Description
MHT facilities combine mechanical and thermal
treatment techniques, often with the prime
aim of extracting either relatively high quality
recyclables and/or fuel fractions (RDF) from
the waste. In addition, and depending on the
technology employed, they may: reduce the
volume of waste; derive an organic fibre for use
as a raw material/substitute fuel.

Factors Influencing Revenue
· Market value of recyclate
·

Distance to market/outlet for
fibre, recyclables, fuel and rejects

·

Lack of a market for the organic
fibre as raw material or substitute
fuel

MHT technology is not necessarily more costly than some of the other technologies discussed in Chapter 6, suitable
for the medium-term. However, the existence of a demand for the outputs of MHT (other than the recyclables)
is unclear and, internationally, the market has not moved towards implementing the technology as a mainstream
option. When considering the implementation of MHT, thorough market research should be conducted for the
potential outputs. Combustion of waste-derived fuel or biomass may need special technology and environmental
permits. A Market research would also provide information regarding the potential outlet for fibre from organic
waste, which is a new product to the market.
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7.4 Advanced Thermal Treatment
7.4.1 Scale factors
Advanced thermal treatment technologies include gasification, plasma gasification and pyrolysis plants. These technologies may become viable options in the long-term, but currently suffer from a lack of an international operating
track record. They also come with high implementation and operation costs, price and technical barriers to feeding
the electricity produced into the grid. The key characteristics of ATT technologies are presented in Table 33.
Table 33: Key characteristics of ATT

Characteristic
Typical capacity

Description
10k – 250k tonnes per annum for gasification plants
10k – 500k tonnes per annum for plasma gasification

Indicative capital cost
Human resource requirement
Land take

8k – 150k tonnes per annum for pyrolysis
c. 620 – 860 million ZAR for a 60 ktpa gasification facility, the same for
pyrolysis. Too few examples to provide capex range for plasma gasification
High skilled – includes engineers, chemists, environmental managers,
skilled workers, mechanics and drivers
Similar space requirement to incineration process of equivalent scale,
and more than RDF production because the energy conversion unit
must be attached to the plant

7.4.2 Cost benchmarks
As with all other energy generation facilities, ATT technologies are designed in accordance with the specific properties of the input feedstock. ATT facilities require a highly homogeneous feedstock, and therefore require pre-treatment facilities to produce a suitable RDF. Land acquisition and facility buildings for ATT installations should take
in to account the future development/modifications of the facility. They should have sufficient space to add new
equipment to enable a swift response to market demands for materials and fuels.
The percentage of time in operation versus shut-off time due to repairs has a similar impact as in the case of incineration with energy recovery. Preventive maintenance is of utmost importance for the business case and economic
viability of the facility, as unplanned outages imply a loss in income due to lack of supplied energy and the necessity
for fuel injections in start-up operations.
Similar economies of scale apply as in the case of incineration to ATT: double the capacity of the plant, i.e. the
tonnes handled, and multiply the capital cost by a factor of 1.6 to 1.8 to arrive to the investment cost of the facility.
Thus, the investment cost per tonne decreases as the size of the facility increases.

Figure 20: Full cost breakdown for ATT
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unless there is a substantial gate fee being paid for each tonne of waste handled.
Internationally, there are a small number of pyrolysis and gasification plants that have been operating successfully
for an extended period of time treating municipal waste. The more successful examples appear to operate on subfractions of residual municipal waste or for special waste streams such as tyres.

7.5 Concluding Remarks
As may be noted from the discussion on capital-intensive technologies, they are relatively expensive when compared to landfilling, costing approximately 800 ZAR per tonne (versus 400 ZAR/tonne for landfilling in Cape Town,
as shown in Chapter 3 and 4). These are often favoured as collection systems do not need to change much. They
remain mixed, and the technologies are able to generate energy (after intensive pre-processing to convert them into
proper quality RDF input feedstock).
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