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In 2009 a Feasibility Study (FS), financed by the German Development Bank (KfW) as
part of German Financial Cooperation with South Africa, for an Advanced Solid Waste
Management (SWM) System in Rustenburg Local Municipality (RLM) was prepared.1 In
this study various waste treatment options were analysed, and the establishment of a
waste treatment facility for reclamation of recyclables and production of refuse derived
fuel (RDF) at the new Waterval Landfill was recommended. The main purpose of the
treatment facility recommended in the Feasibility Study is the separation of recyclables on
the one hand and the production of refuse derived fuel (RDF) on the other.
As a component of the Advanced Integrated Waste Management Program, financed by
the German Development Bank (KfW) and headed by the South African Department of
Environmental Affairs (DEA), in 2013 KfW has extended the support to RLM to assist the
municipality with the following tasks:
I.

Technical assistance for improving the efficiency of the municipal SWM
services;

II.

Technical assistance for the implementation of the new waste treatment facility
(transaction advisory services).

The Consulting services are implemented by INFRASTRUKTUR & UMWELT, PDNA and
UTHO (AISWM Consultants).
Currently, RLM is constructing the new Waterval sanitary landfill. This landfill was licensed
in 2012 and will replace the existing Townlands landfill as well as some other small
communal landfills. Start of operation of the Waterval sanitary landfill was scheduled for
2014, but due to various delays, operation may commence in 2015.
RLM’s SWM Unit intends to implement a central Materials Recovery Facility (MRF) at the
New Waterval Landfill with grant funding from Anglo American Platinum. A separate FS
has been prepared for this aspect of the project and submitted to Anglo American

1

INFRASTRUKTUR & UMWELT Professor Böhm and Partner, PD Naidoo & Associates (Pty) Ltd: Final Feasibility Study
Report for an Advanced Integrated Solid Waste Management System for Rustenburg Local Municipality, October 2009.
As well as Dilewski, Gernod and Louw, Johann: Advanced Integrated Solid Waste Management System for Rustenburg
Local Municipality: Verification and Update of Results of the Feasibility Study, February 2012.
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Platinum (AAP) in December 2013.2 Discussions with AAP regarding the implementation
of the MRF are ongoing.
With start of operation of the new Waterval Landfill, all existing communal disposal sites in
RLM shall be closed and all waste shall be transported to this landfill. For this purpose,
RLM plans to implement at least three transfer stations. The design of all envisaged
transfer stations includes inter alia a material recovery facility (MRF) and a compost area,
assuming that a MRF can reduce the waste going to the landfill and thus costs and efforts
for waste transport in particular and SWM in RLM in general. Also other activities and
concepts for resource recovery from waste are contemplated and planned by RLM’s SWM
Unit, such as implementation of separation-at-source or establishment of buy-back
centres as well as implementation of the Strumosa Urban Agricultural and Waste
Education Centre (UAWEC), which includes a buy-back centre, composting and
agricultural as well as aqua-cultural activities. Some of the envisaged measures obviously
overlap each other and may need additional consideration. Especially, the financial
implications should be carefully analysed, taking into account all planned facilities for
SWM in RLM (especially the central MRF and subsequent waste treatment facility at
Waterval Landfill).
In any case, it should be noted that RLM’s waste management service currently is at a
turning point from applying end-of-pipe technologies (waste collection and disposal)
towards recovery of waste as a resource.
0.2

Scope of Work

The recommendation to implement a waste treatment facility at Waterval Landfill is an
important component for resource recovery from waste. The document at hand presents
an assessment of various technical options for resource recovery from waste, especially
for processing of waste to energy. The analysis refers to technical options that exist both
internationally and locally and that are proven technologies, with which other cities or
municipalities already have had positive experiences.
Energy recovery from various waste streams is gaining traction worldwide as an
appropriate process, not only to reduce waste requiring disposal, but also to produce
energy. Indeed, incineration of waste has been practised for many years and recently
these technologies have been retrofitted with energy recovery and flue gas treatment, or

2

Golder Associates Africa (Pty) Ltd: Waterval Waste Management Facility – Feasibility Study in Preparation for Tender of
Material Recovery Facility (MRF), December 2013.
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even upgraded, to comply with emissions regulations and produce valuable heat and
power.
0.3

Methodology and Approach

The technical options analysis discussed hereto is presented in three phases:
1. In a first step a basic overview of generally possible technical options is provided.
These are screened for their overall suitability for RLM (Part 1).
2. In a second step a detailed evaluation of the most suitable technical solutions for RLM
is undertaken (Part 2).
3. In a third step the best technical solution is selected and recommended (Part 3).
The overview of general technical options aims to provide a basis for decision making for
the following step by highlighting options that enhance waste utilisation taking into
consideration the consequences for the citizens and the environment in RLM. The aim is
to reduce the technology options to two alternatives. These will be subjected to a detailed
comparative evaluation (part 2). Finally, the best technical option will be selected based
on the evaluation (part 3).
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Screening of Advanced SWM Options

As stated before, the RLM is planning to implement various activities for separate
collection and recovery of recyclables, including
-

Separate collection of recyclables at source (households and businesses)

-

Installation of Material Recovery Facilities (at Waterval landfill site and transfer
stations)

-

Recycling kiosks and buy-back centres

-

Separate collection and composting of garden waste

Many of these initiatives are still in a conceptual stage and the overall recycling concept
still needs some refinement. However, for the purpose of this assessment, it is assumed
that recycling measures indeed will be implemented in line with the national and local
waste management policies.
The focus of this assessment is on the energy recovery from various waste streams,
which cannot be recycled or where material recycling is not economically viable. There is
a broad spectrum of technical solutions for energy recovery from waste; the most
important options are shown in the table below.
Technology
Incineration

Mechanical
Biological
Treatment
(MBT)

Advanced
Thermal
Treatment
(ATT)

Table 1



Grate furnace



Aerobic
Stabilisation



Anaerobic
Digestion



Biological
Drying



Gasification



Pyrolysis



Plasma
Gasifiers



Waste/ Plastic
to Diesel

Purpose of Technology
Volume reduction > 90%
Energy and heat recovery
Fly ash and air pollution need special treatment
Volume reduction up to 50 - 80%
Recycling and energy recovery (refuse derived
fuel and biogas)
Stabilization of residual waste

Volume reduction 70 – 90%
Energy and heat recovery through production
of synthesis gas (syngas)
Recovery of ferrous and non-ferrous metals
from the ashes

Most relevant waste to energy options
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The collection and utilization of Landfill gas is not included in the assessment. This
solution is considered as a fall-back scenario in case advanced treatment prior to disposal
cannot be implemented3.
1.1

Thermal Treatment – Mass Burn Incineration

Waste combustion in a conventional grate-furnace is a common and effective method of
waste treatment. In Europe approximately 90 % of installations treating Municipal solid
waste (MSW) use grates. Other wastes commonly treated in grate incinerators, often in
additions to MSW, include: commercial and industrial non-hazardous wastes, sewage
sludge and certain clinical wastes.
The major advantage of incineration plants is that they significantly reduce the amount of
waste to be landfilled. The incinerator ash, which accounts for approximately 5% to 7% of
the incoming waste, is reasonably inert, thus preventing bio-chemical reactions on the
landfill. This situation considerably reduces the effort and cost for landfill construction. On
the other hand, the residues of the combustion air cleaning have to be disposed of in
hazardous waste landfills.
In 2007 there were at least 595 dedicated waste incinerator plants operating in the EU
with a combined capacity of around 60 million tons of general and hazardous waste, as
well as 240 co-processing facilities with a capacity of around 7.5 million tons. In the
European Union, Council Directive 2000/76/EC of December 20004 is applicable for the
prevention and reduction of negative effects of municipal waste incineration.
Capital costs and operation costs for municipal waste incinerators are very high. In
Germany the costs are in the range of 100 – 200 Mio EUR for investment and 70 –
250 EUR/ ton for specific costs; since a major part of the costs derives from investment
and maintenance, costs in South Africa are unlikely to be much lower. Furthermore, waste
amounts in the project region are too low for efficient operation of a MSW incineration
facility.
In South Africa, incineration is used as a treatment option primarily to deal with health
care risk waste (HCRW). Currently, there is no large scale incinerator for municipal waste

3

The gas capture rate at the landfill usually is below 50%. The preferred approach will be to only dispose stabilized waste,
which generates very little landfill gas.
4
DIRECTIVE 2000/76/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 4 December 2000 on the
incineration of waste.
http://www.central2013.eu/fileadmin/user_upload/Downloads/Document_Centre/OP_Resources/Incineration_Directive_200
0_76.pdf (accessed 12.10.2014)
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in the Country. Furthermore, in South Africa, there is a very vocal lobby opposed to
thermal waste processing.
1.2

Emerging Waste to Energy Technologies – Pyrolysis and Gasification

Alternative technologies for thermal waste treatment have been developed since the
1970s. These technologies attempt to separate the components of the reactions that occur in conventional waste incineration plants by controlling process temperatures and
pressures in specially designed reactors. In addition to the targets of waste incineration
the aims of gasification and pyrolysis processes are to
 convert certain fractions of the waste into process gas (called syngas),
 reduce gas cleaning requirements by reducing flue-gas volumes.
Both pyrolysis and gasification differ from incineration in that they may be used for recovering the chemical value from the waste (rather than its energetic value). The chemical
products derived may in some cases then be used as feedstock for other processes.
However, when applied to wastes, it is more common for the pyrolysis, gasification and a
combustion based process to be combined, often on the same site as part of an integrated process. In this case the installation is, in total, generally recovering the energy
value rather than the chemical value of the waste, as would a normal incinerator. In the
following an overview on the different technologies is provided.
Gasification
Gasification is a process that converts organic or fossil based carbonaceous materials into
carbon monoxide, hydrogen, carbon dioxide and methane. This is achieved by reacting
the material at high temperatures (>700°C), without combustion, with a controlled amount
of oxygen and/or steam. The resulting gas mixture is called syngas (from synthesis gas or
synthetic gas) or producer gas and is itself a fuel.
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Pyrolysis
Pyrolysis is a thermochemical decomposition of organic material in the absence of oxygen, during which pyrolysis gas and a solid coke are formed. The heat values of pyrolysis
gas typically lies between 5 and 15 MJ/ m³ based on municipal waste and between 15 and
30 MJ/ m³ based on RDF. In a broader sense, “pyrolysis” is a generic term including a
number of different technology combinations that constitute, in general, the following
technological steps:
 Smouldering process: Formation of gas from volatile waste particles at temperatures
between 400 and 600°C
 Pyrolysis: Thermal decomposition of the organic molecules of the waste between 500
and 800°C, resulting in formation of gas and a solid fraction
 Gasification: Conversion of the carbon share remaining in the pyrolysis coke at 800 to
1 000°C with the help of a gasification substance (e.g. air or steam) in a process gas
(CO, H2)
 Incineration: Depending on the technology combination, the gas and pyrolysis coke are
combusted in an incineration chamber.
Plasma Gasifiers
Plasma Arc Gasification or Plasma Gasification Process abbreviated PGP is a waste
treatment technology that uses electrical energy and the high temperatures created by an
electric arc gasifier. This arc breaks down waste primarily into elemental gas and solid
waste (slag), in a device called a plasma converter.
The process has been intended to be a net generator of electricity, depending upon the
composition of input wastes, and to reduce the volumes of waste being sent to landfill
sites.
Waste/ Plastic to Diesel
Quite a number of technologies are currently promoted which aim to convert various types
of feedstock including waste to a Diesel-type fuel. These technologies are mainly based
on pyrolysis processes using different types of reactors. Some technologies add chemicals (catalysts) as part of the process. Many of these technologies offer fairly small scale
plant, e.g. production of 500 ℓ Diesel/ hour which means in the range of 1 – 3 t feedstock
per hour. Some of the technologies have already had their development terminated due to
technical and financial problems. There is very little information about the reference plants
which in some cases are in Mexico or Japan.
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Conclusions
Gasification and pyrolysis have been well known processes for a long time, but only for
well-defined feedstock like coal or wood. The experience with respect to the treatment of
municipal waste is still very limited in terms of large scale plants which are successfully
and financially viable operating over several years. On the contrary, there are more
reports available about failures of such plants (e.g. Karlsruhe, Germany) or very high
costs for such plants (mainly in Japan). Yet, there are quite a few technology suppliers
and project developers who are promoting these technologies and claiming that it is a
proven technology. But in most cases the references proposed do not really represent
plants that operate with municipal waste or municipal waste derived fuels.
1.3

Mechanical-biological Waste Treatment

During the past few years, mechanical biological treatment (MBT) of waste prior to disposal became a well-established alternative or complement to waste incineration in Europe.
Mechanical biological treatment (MBT) is a generic term for the integration of a number of
waste management processes such as materials recovery facilities (MRF), refuse derived
fuel (RDF) production, mechanical separation, sorting, composting and pasteurising. The
MBT process is designed to take residual waste and process it so that valuable recyclable
materials can be separated out and the biomass or “compostable” element is separated
out and processed through a composting or an anaerobic digestion system. The principle
steps of MBT are shown in Figure 1.
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Operational sequence of MBT processes

In the mechanical stage, the first step is to sort out recyclables and not-suitable materials
(e. g. large inert pieces). Subsequently, the mixed waste is prepared for biological
treatment by sizing, mixing and, if necessary, moistening. The following biological
treatment aims to achieve efficient biological stabilization, which can be achieved with
many different technologies.
1.3.1.1

Outputs/ Products from MBT

In Figure 2, the aim of the mechanical biological treatment is summarised within the
context of the waste management hierarchy.
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Treatment targets of MBT

The material recovery can be the recycling of secondary materials as well as the use of
compost in agriculture. The energy recovery is possible through the use of refuse derived
fuel at specific facilities or industrial plants like cement kilns. The disposal of the treated
waste aims to achieve environmentally friendly final disposal of municipal waste. In the
following the relevant options for Rustenburg are described briefly.
Pre-treated Residual Waste for Disposal
Through controlled decomposition of organic matter and changes in composition and
structure, MBT substantially reduces the volume of residual waste for disposal. Depending
on the MBT process, a mass loss from 25 – 45 % of the organic matter due to biological
decomposition and water loss can be achieved. Additionally, the compaction rate of the
disposed pre-treated residual waste improves due to homogenization and reduction of
particle size and change in material properties. Generally, the compaction density for untreated waste can be estimated at 0.6 – 1.0 tons/ m³ (depending on waste composition
and landfill equipment). For pre-treated residual waste a higher compaction density up to
1.2 tons/ m³ is achievable depending on the MBT process and compaction technique.
Additionally, daily coverage of pre-treated disposed waste using soil is not necessary,
since the fine fraction has properties similar to soil. All the mentioned factors contribute
considerably to extension of the life span of landfills and the reduction of required airspace
respectively. Generally, the lifespan of landfills can be at least doubled, depending on the
MBT process and landfill operation technique.
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Disposal of pre-treated residual waste leads to reduction of leachate generation due to
higher compaction of the disposed waste and subsequently decreased permeability. Due
to the decomposition and stabilisation of organics, the quality of the leachate improves
considerably, reducing the amount of Total Organic Carbon (TOC), Chemical Oxygen
Demand (COD) and Biological Oxygen Demand (BOD) by up to 90 %.
As MBT aims for efficient decomposition of organic materials prior to disposal, landfill gas
generation is reduced substantially. This reduction depends on the type of biological process and treatment time. When applying the very strict limits that are standard in Germany
and Austria, a reduction of 95 % of the remaining landfill gas potential can be expected,
but also when applying the EU standard the reduction is in the range of 80 %.
Methane gas is recognised to be an important Greenhouse Gas (GHG) and contributes 21
times more than carbon dioxide to global warming. As MBT and the disposal of pretreated waste contribute to reduction of GHG emissions, MBT projects are eligible as
Clean Development Mechanism (CDM) projects and emission reductions can be certified
as CERs (Certified Emission Reductions) and traded.
Compost from MBT
The terms MBT and composting are often used together, as both processes are using
identical techniques. However, the two processes have to be distinguished in terms of
input material and proper utilisation of the output. The main objective of composting
and/ or digestion of organic material is to obtain high-quality compost, fertiliser and soil
conditioner. This requires “pure” organic material as input, such as source separated biowaste. As MBT aims for efficient reduction of the organic material in residual waste, the
input is mixed municipal waste, which is pre-treated prior to disposal. Utilisation of the pretreated waste (i.e. as soil conditioner) may be possible; however, it is subject to certain
restrictions.
Recyclables from MBT
During the mechanical step of the MBT, various types of recyclables can be recovered.
Techniques for reclamation of recyclables can include simple means such as hand sorting, but also more advanced technologies such as eddy current separators or wind sifters.
Refuse Derived Fuel (RDF)
Some MBT options focus on generation of Refuse Derived Fuel (RDF) from mixed waste.
RDF, the high calorific value fraction of mixed waste streams (mainly MSW) segregated
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by means of conventional separation systems, can be used in specifically constructed
plants to obtain thermal energy like steam for industrial purposes or by transforming into
electricity. Alternatively RDF can be co-combusted in designated industrial plants (e.g.
cement kilns) for energy recovery, substituting solid fossil fuels like coal or coke. Along
with a significant reduction in the amount of waste to be landfilled the industrial use of
RDF offers benefits in terms of greenhouse gases and coal mining related impacts. As a
result, RDF related MBT-technology has become an attractive option for modern waste
treatment concepts in Europe.

Fluff material

Figure 3

Soft pellet

Hard pellet

RDF products from municipal waste

Cement kilns could be a possible receiver/recipient for refuse derived fuel, produced
during the waste treatment.
1.3.2

Mechanical Treatment Systems

A straightforward solution for mechanical treatment would be to condition the incoming
waste for the latter biological treatment. Possible treatment steps comprise opening of
bags, separation of large interfering items, shredding and homogenization.
The more common approach is to combine the biological treatment with mechanical processing steps to separate products from the waste prior and/or after the biological
treatment. For separation of recyclables the mechanical treatment can be designed very
similarly to the Material Recovery Facility which is currently planned at the Waterval
landfill.
Another common approach is the front-end separation of a RDF fraction which will be utilised in industrial processes like cement kilns, coal power plants, purpose built combustion
facilities (e.g. to feed the energy to an industrial process) or in mass burn incineration.
After the separation of the recyclables the remaining waste can be wind-sifted to separate
the lighter and high calorific fraction which will be utilized again as RDF.
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Ferrous and non-ferrous metals can be separated using a magnet and an eddy current
separator respectively.
The configuration can comprise a wide range of technologies and a wide range of products. The actual design of the treatment process will depend on the planned outputs of the
MBT. Costs for mechanical treatment mainly depend on
-

Type of technology being used

-

Waste composition and operational efficiency

-

Revenues for marketing of recovered recyclables

In South Africa there is some experience with MRFs; however in several cases overall
costs of the MRFs proved higher than expected, resulting in financial difficulties of plant
operations.
1.3.3

Biological Treatment Systems

Among the many different biological treatment systems three general options are presented below:
 Aerobic Stabilization
 Anaerobic Digestion
 Biological Drying
1.3.3.1 Aerobic Stabilization
The key target of this approach is to stabilise the waste and hence to reduce the amount
of biodegradable municipal waste (BMW) going to landfill. This is based on the requirements of the EU landfill directive and was implemented in different EU member states with
different methods to determine the reduction of the biodegradables content in the waste.
The stabilised waste can then be landfilled. An alternative discussed in some countries in
Europe is production of a compost-like product that can be produced through a postrefinement stage. At this stage other material, like RDF or aggregates can be separated
as well if a market is available and the process is economically viable.
An example for a process flow is shown in the following diagram.
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MBT for stabilisation

For the composting, different types of technologies can be used; in the picture below a
system with gore-cover and forced aeration is shown.

Figure 5

Forced aeration system with semi-permeable membrane (gore-system)

Costs for aerobic stabilization depend on the type of technology being used. Simple
windrow composting is the least cost solution; costs for fully automated in-house systems
are usually several times higher. The latter however, have clear advantages with regard to
space requirements and emission control.
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Although there is no experience with full scale MBT facilities in South Africa, the aerobe
stabilization by itself is similar to composting of garden waste, which is implemented in
many places in the country.
1.3.3.2 Anaerobic Digestion (AD)
Anaerobic digestion is a biochemical process which takes place in a vessel in the absence
of oxygen and results mainly in the formation of a carbon dioxide and methane gas mixture known as "biogas"
Anaerobic digestion is very often referred to as a separate MBT approach. This might be
justifiable from the aspect that renewable energy is produced. If looked at with respect to
legal requirements for waste treatment, AD is just one component of a MBT strategy. The
most common approach where AD is involved is through the stabilisation approach. AD in
such a context would then be used as the first stage of the biological treatment which focuses on the anaerobically easily degradable waste components. The "biogas" produced
during digestion is used to provide internal electrical power generation and heating requirements. Surplus electrical power (and heat) can be sold as renewable energy.
The digestate is usually dewatered and treated aerobically (composted; often referred to
as “maturation”). The purpose of the second stage is to further stabilise the waste, reduce
the mass and odour of the material. Figure 6 illustrates such an approach. The flow
diagram looks very similar to the “stabilisation” approach. There is a significant impact in
terms of process technology involved and the investment costs of such an approach are
higher. On the other hand, revenues from the biogas utilisation via a combined heat and
power plant (CHP) can be generated which might offset the higher investment costs.
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MBT with anaerobic digestion

In South Africa there is experience with AD especially in waste water treatment. The costs
for AD are mainly dependent on the technology being used. However, although the
marketing of Biogas/ electricity may generate revenue, the overall costs for AD are higher
than for aerobic stabilization.
1.3.3.3 Biological Drying
“Biological Drying” is the other fundamentally different MBT approach. The scope of this
approach is to make use of the energy content of the waste by means of the production of
a (high quality) RDF which is used for energy production.
Unlike other aerobic treatment options, the biological drying of waste is not aiming for a
maximum degradation of the organic matter, but for a short-term drying process of around
seven days in order to enhance significantly the sorting capabilities for an efficient separation of RDF and recyclables (e.g. metals). The fraction to be landfilled is reduced to an
amount of 15 – 20 % and consists mainly of non-organic (inert) parts such as sand,
stones and glass. Once the waste is dried, combustibles like plastics, paper, textiles,
wood and fine organic matter can easily be separated by means of air separation because
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of their low density. This density separation works very effectively and as a result, the
amount and the quality of such RDF is highly superior to an RDF arising from wet
separation. Recyclables like ferrous and non-ferrous metals can be separated with high
purities in order to sell them directly to the recycling market.
The waste is shredded and placed in enclosed bio-drying boxes for a pre-determined period. Air is forced through the waste creating optimum conditions for microbial respiration,
and hence drying of the waste. Air passed through the boxes is recirculated, which significantly reduces the volume of exhaust air.
Often associated with the biological drying approach is the production of a high quality
RDF which can be burnt in industrial plants like cement kilns.
1.4

Identification of most suitable Options for Further Evaluation

As shown in the previous chapters, advanced SWM options can be realised through a
broad variety of different technologies.
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Technology

Incineration Grade Furnace
Aerobic
Stabilisation

Mechanical
Biological Anaerobic
Treatment Digestion
(MBT)
Biological Drying

Gasification

Advanced
Thermal
Treatment
(ATT)

Pyrolysis

Plasma Gasifiers

Waste/ Plastic to
Diesel
+ = comparably positive

Table 2
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Economic Aspects

Waste Reduction

-

Proven Technology

+

+

High costs for investment
and operation

> 90 %

Common treatment in
Europe

+

o

+

Costs similar to
composting

up to 50 %

Common treatment in
Europe

o

o

+

Overall costs higher than
aerobic stabilization

up to 50 %

Common treatment in
Europe

o

+

+

Overall costs depending
on marketing of RDF

app. 80 %

Common treatment in
Europe

-

+

-

High costs for investment
and operation

> 90 %

Limited experience with
MSW

-

+

-

High costs for investment
and operation

> 90 %

Limited experience with
MSW

-

+

-

High costs for investment
and operation

> 90 %

Limited experience with
MSW

-

+

-

> 90 %

Limited experience with
MSW

High costs for investment
and operation
- = comparably negative

O = intermediate

Screening of advanced “waste to energy” treatment options

Mass burn incineration is very costly, especially with regard to emission control and has a
low public acceptance in South Africa. It is therefore proposed that this solution is
excluded from further consideration in the next steps of the analysis.
Emerging waste to energy technologies – gasification and pyrolysis – have been well
known processes for a long time, but only for well-defined feedstock like coal or wood.
The experience with respect to the treatment of municipal waste or waste is still very
limited. It can be summarised that gasification, pyrolysis, plasma treatment and waste to
diesel are not long-term proven technologies for municipal waste treatment and therefore
will also be excluded from the next steps of the analysis.
Mechanical-biological waste treatment appears to be the most suitable option. Of the MBT
technologies both the “anaerobic digestion” and the “biological drying” approach appear to
be reasonable options for RLM:
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Anaerobic digestion is a technical option, which achieves high beneficiation of
the waste. AD is a technology with some track record in South Africa (even
though largely in wastewater treatment).



Biological drying allows for maximal utilisation of the energy content of the
waste. Overall costs for biological drying depend on the successful marketing
of the produced RDF. All cement plants in the neighbourhood of RLM have
repeatedly confirmed their continued interest in using RDF in their kilns.

Due to the given circumstances, the Technical Option Analysis will therefore evaluate in
detail the MBT technologies “anaerobic digestion” and “biological drying”.
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Part 2

Evaluation of the Technical Solution Options

2.1

Description of Preferred Options

The only available data on recent and current waste amounts in RLM derive from the
registration of waste deliveries by the private company Platinum Waste Resources (Pty)
Ltd (PWR), contracted for operation of the Townlands landfill. Since no weighbridge is
available, the volume of the trucks is used as a measure of waste amounts. Therefore, the
currently available data gives an indication of waste amounts, and is sufficient for
comparison of options. However, these data are not reliable and adequate for planning of
a waste treatment facility. It is expected that with the opening of the Waterval landfill,
reliable data can be generated from the weighbridge protocols.
For the purpose of the comparison of technical options a simplified waste forecast was
prepared and the average input amount for a 10 year period was used to define the input
amounts for the treatment.

Year
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
Ten year
average
Table 3

HH (general) Waste and Industrial Garden Waste and Foodstuffs
Waste
Tons per year
Tons per year
94,684
34,861
97,594
35,932
100,615
37,044
103,749
38,198
107,002
39,396
110,378
40,639
113,882
41,929
117,520
43,269
121,297
44,659
125,145
46,076
129,030
47,506
113,000

42,000

Simplified waste forecast for RLM

A waste composition analysis has been recently conducted by the AISWM Consultant.
Preliminary results are presented in the diagrams below.
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Waste composition in different settlement areas according to results of waste
sorting analysis in 2014

This waste composition is used for defining the waste streams during treatment. For the
actual design of the treatment facility further investigations will be conducted.
2.1.1

Option 1: MBT with Anaerobic Digestion (AD) to Produce Biogas

Anaerobic digestion is a biochemical process which takes place in a vessel in the absence
of oxygen and results mainly in the formation of a carbon dioxide and methane gas
mixture known as "biogas". This gas can be used to produce electrical power (and heat)
and is generally sold as renewable energy.
Available Anaerobic Digestion Technologies
There is a wide variety of AD technologies available which can be summarised in the
categories given in the following figure (DM = dry mass).
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Process characteristics of different types of AD technologies

In general, continuous and discontinuous processes can be distinguished. The continuous
systems can be either fully mixed systems which are usually equivalent to wet AD
systems, or they are designed as upright or horizontal plug flow reactors. The fully mixed
reactors are regarded the “classical wet digestion” and are still the most common (Figure
9). The digestate is paste-like but feedstuff can be added in a solid or liquid state. The
reactor is mixed by agitators or hydraulically. To be capable of being mixed thoroughly the
material has to be fairly wet.

Figure 9

Wet digestion system

In the dry, continuous AD systems, the material moves through the reactor without being
mixed with fresher or older material to a large extent. The digestate is either in a pourable
stage or also pasty (Figure 10)
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Horizontal, dry digestion system

The discontinuous systems are mainly batch processes. Usually the fermentation units
are designed as batch batteries of a certain number of containers in order to reach a
quasi-continuous process with almost consistent gas production. For the batch systems
the material has to be sufficiently solid to allow it to be handled with a front-end loader.
Due to the way the feedstuff is moved and mixed in the digestion system, a mechanical
preparation process is required. The fully mixed, wet systems usually apply a wet
separation where both the coarse material and the inerts are separated. This preparation
is also necessary to avoid sedimentation of inerts and sand in the digestor.
As the viscosity of the dry digestate is higher in the dry AD systems and the material is
moved differently, the mechanical preparation and separation of contraries is less
demanding than in the wet AD systems. Most of the batch systems claim that one of their
advantages is that there is no mechanical preparation required at all. As the material has
to establish a good structure to enable the percolation of the process through the material,
shredding might even be counterproductive. If the material does not have a good
structure, bulking agents may have to be added.
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From these options the batch AD process was selected for this project. Batch ADprocesses are so far mainly used for source separated organics. There is limited
experience with the treatment of organics from mixed waste but the experiences so far are
positive and no relevant difference to the operation with source separated organics has
been reported. As Batch AD is less complex and hence less expensive compared to other
AD technologies the risks of failure is limited.
Process description
In the following figure the key elements of the anaerobic digestion concept are displayed.
organic fines
< 100 mm

< 20 mm

screen;
20 mm
> 20 mm
Anaerobic
digestion;
3 weeks

Biogas

electricity
and heat

gas engine

mixing unit

windrow

composting;
5 weeks

screening,
8 mm
< 8 mm
soil conditioner
(low grade compost)
Figure 11

lights

> 8 mm

wind-sifter

RDF
(combustion)

heavies

landfill

MBT with anaerobic digestion
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The organic fines from the mechanical treatment will be screened at 20 mm to separate
out the fines fraction which usually shows a relatively low content of degradable organics.
The fraction 20 – 100 mm is then mixed with approximately 10 % material from output of
another fermenter box to seed the fresh material with methane bacteria. The material is
then filled into the digestor boxes using a front end loader.

Figure 12

Discontinuous (batch) type digestion

When filled the doors of the boxes are sealed. To use the self-heating of an aerobic
treatment the boxes are supplied with ambient air. The required mesophilic process
temperature for the anaerobic process is achieved within a few hours.
Fermentation
The actual digestion phase starts with disconnecting the aeration and a simultaneous
inoculation with anaerobic biology through irrigation with pre-heated percolate from other
fermenter boxes. This process water contains the methane bacteria which produce the
biogas. At the beginning of the process the gas formation is fairly low, as is the methane
concentration. This biogas would not be suitable for burning in an engine. It is therefore
mixed with gas from another fermenter tunnel which produces biogas with high methane
content. This mixing of gas from different fermenters ensures an even production and
quality of the biogas. The biogas storage is connected with the biogas utilisation unit
which consists of gas preparation and the gas engine (combined heat and power; CHP).
In the gas preparation the biogas is cooled and thus dewatered and compressed as
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required by the gas engine. In the gas engine the biogas is converted into electricity and
heat.
The anaerobic process requires high moisture content in the substrate. For this purpose
the percolate is irrigated evenly and with a high rate over the substrate using a sprinkler
system. The discharge of the percolate is guaranteed through the floor slope, drainage
channels and hole-grid segments which are installed at the inner walls of the fermenter.
To maintain the optimum mesophilic temperature for the biogas production the percolate
is heated utilizing the excess heat of the CHP unit. Sedimentation of mineral fines in the
percolate fermenter is prevented by the self-filtering function of the substrate and an
additional sand trap for the percolate.
AD Process termination
After three weeks of retention time the gas production will have reached a fairly low rate
and the digestion process is stopped by terminating the percolation and the initiation of
intensive aeration (oxygen supply). An efficient piston blower is used for necessary highpressure aeration. By this means the biogas contained in the pore volume of the substrate
is expelled. The exhaust air is led to the gas storage until a pre-set methane threshold
value is initially achieved. The exhaust air is then flared until the methane concentration is
very low and the air can be send to a bio-filter.
When the material in the fermenter tunnel has been changed to an aerobic process the
digestate is discharged using a wheel loader. During filling and emptying the fermenters
are aerated with a three-fold air exchange rate to maintain safe conditions for the staff.
Aerobic maturation
The digestate is then be mixed with the fines < 20 mm from the initial screening and
further processed in an open-roofed windrow composting system.
Windrow heaps are formed and actively aerated. The fresh organic matter from the fines <
20 mm causes quick self-heating and thus reduces the moisture content of the digestate.
This maturation process takes usually 6 weeks. Afterwards the material consists of
stabilized organic matter. The material is screened at 8 mm. The fines < 8 mm can be
used as low grade compost. The coarse fraction > 8 mm is subjected to a windsifter which
splits the material to a RDF material and an inert material. The inert material is destined
for landfilling whereas the RDF is utilised in another plant.
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Mass balance
When using anaerobic digestion 3.8 Mio m³/a of biogas (equals 3,200 t/a) and 10,600 t/a
RDF might be produced. The following figure presents the mass balance of the entire
municipal waste stream after collection in case of Option 1: Anaerobic Digestion.

Figure 13

Mass balance of the Option 1: Anaerobic Digestion

Layout
The following figure shows an example layout of an anaerobic digestion plant. After
delivery, the material is transported to a screen where the fines < 20 mm are separated.
This material is mixed with the output of the AD tunnels. The screen is connected with a
conveyor belt which transports the fraction 20 – 100 mm close to the AD tunnels. From
there it is picked up with a front-end loader and loaded into the anaerobic digestion
tunnels where it is digested for approx. 4 weeks. Afterwards the material is removed from
the AD tunnels with a front-end loader and loaded onto a conveyor belt and transported
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towards a mixing unit. At the mixing unit the fines < 20 mm are added and mixed in before
it is shipped to the maturation bays.
After maturation the material is transported for compost refining. The fines are separated
and the coarse material is split into RDF and residues. The RDF is compacted or loaded
for transportation to the RDF combustion facility. The residues are disposed of in the
landfill nearby. The fines are then entered into a windrow composting also using
composting bays fitted with a roof.

Figure 14

Example layout of an anaerobic digestion plant

There is space at the site for interim storage, if needed, before the compost is shipped off
the plant for utilisation. For the case that the AD plant operator will be different than the
landfill operator, the layout includes a management building, car parks, etc.
2.1.2

Option 2: MBT with Biological Drying (BD) to Produce RDF

Unlike other aerobic treatment options, the biological drying of waste is not aiming for a
maximum degradation of the organic matter, but for a short-term drying process of around
seven days in order to enhance significantly the sorting capabilities for an efficient
separation of RDF and recyclables (e.g. metals). The fraction to be landfilled is reduced to
an amount of 15 – 25% and consists mainly of non-organic (inert) parts such as sand,
stones and glass. Once the waste is dried, combustibles like plastics, paper, textiles,
wood and fine organic matter can easily be separated by means of air separation as to
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their low density. This density separation works very effectively and as a result, the
amount and the quality of such RDF is highly superior to an RDF arising from wet
separation. Recyclables like ferrous and non-ferrous metals can be separated with high
purities in order to sell them directly to the recycling market.
The most well-known technology suppliers/developers of this approach are “Herhof”
(Germany, now owned by the Greek civil construction company “Helector”) and “Ecodeco
(Italy)” but there are other technologies available which can be used for biological drying.

Figure 15

MBT-Dresden, Germany (100,000 Mg/a)

Figure 16

MBT-Rennerod (left) and Dresden (right), Germany (both 100,000 Mg/a)
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Technical Process
After the waste has been delivered to the facility, it is dumped into a deep bunker with a
storage capacity of several days (8 left). An automated crane system (Figure 18 right) is
used to pass the waste to the biological drying area consisting of several in-vessel drying
units, made of reinforced concrete and equipped with a removable lid on top; to be loaded
and unloaded from the top by the automated crane system. During the filling process, the
filled level of the box is automatically monitored by the crane system. Once the box has
been filled, the crane lifts the lid and closes the box rendering it air tight. Due to the fully
automated operation, no manual activities are required in the bunker and decomposition
hall.

Figure 17

Waste Bunker (left) and crane to transport the waste within the MBT (right)

The biological drying process is a strictly aerobic degradation process with a computer
controlled forced aeration in order to reduce moisture content in a short time by
generating bio-thermal energy. Due to an automatic control system adjusted to the
requirements of the biological conversion process, the easily degradable organic
substances are converted into heat during a brief six to seven day aerobic biodegradation
process. This heat is used to evaporate the humidity and thus to dry the waste. No
external heat is required for the drying process. The following figure shows the bio-drying
box and the ventilation system.
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Schematic drawing of a bio-drying unit

Due to the individual control of each drying box and a homogeneous air supply, it is
possible to guarantee an even and efficient drying process. The relevant data such as
heat quantity, temperature curve, and CO2 discharge are entered into the process control
as is the air permeability of the waste.
In order to control the temperature of the process air it is partly cooled by means of air /
water heat exchangers (one per each section). As a result of the cooling process the
moisture of the process air condenses in the heat exchangers and a so called
“condensate” is generated. The condensate can either be disposed to a local sewer due
to its comparatively low content of organic pollution or can be cleaned and utilised as
irrigation water.
The dried waste then only has a moisture content of less than 15 %. The reduced
moisture contents enables a highly efficient mechanical sorting (quality and quantity wise)
by means of different screening and wind sifting steps in order to separate combustible
parts of the waste such as plastics, wood, textiles and organics (RDF) from inerts such as
sand, stones, glass and ceramics.
Unlike MSW which cannot be stored for a while without producing air and leachate
emission, RDF becomes biologically stable and storable (e. g. by baling) after the
biological drying process. This is important as, in terms of time, the use of RDF is
decoupled from the formation of the waste.
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Mechanical separation
After the drying process, magnets and eddy current separators can separate metals
(ferrous / nonferrous) (see figure below). Compared to a separation of metals out of
untreated waste the quality of these metal fractions are much better and these fractions
can be sold directly to the recycling industry.

Figure 19

Metal separation after Biological Drying

Another aspect is that compared to raw waste, full separation of metals out of MSW leads
to a significant reduction of the content of heavy metals in the RDF. The reduction rate is
around 80 to 90 %. This is why this type of RDF easily meets the requirements set by the
relevant industries for secondary fuels (e.g. cement kiln).
After separation of combustibles and metals, the remaining fraction mainly consists of
inert material such as sand, stones, glass etc. Due to the previous separation of
combustibles and organics, this remaining fraction can easily be landfilled. In addition to
the high mass reduction the emission potential of this fraction is significantly lower
compared to untreated waste.
The exhaust air, arising from the drying and sorting processes contains significant
quantities of dust (from mechanical sorting) as well as steam, CO2 and malodorous
substances (from biological drying). This process air is extracted and partly reused for the
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biological drying process. An Exhaust Air Treatment System consisting of a dust removal
unit followed by a humidifier/ bio-filter system cleans the main air volume.
The plant is optimised in such a way that employees do not have contact with waste
directly. All waste processing parts of the plant are enclosed and process air is extracted
at every point of emission in order to minimize plant internal emission, which could affect
workers. Environmental impacts like sewage water, smell, noise and dust as well as
health risks for the employees are reduced to a minimum.
Mass balance
In this option (Biological Drying) the amount of RDF is substantially higher compared to
the first option. This is achieved through including the dried organics into the RDF.
Consequently no soil conditioner is produced.
Garden/Food
Waste

Municipal Solid Waste
113,000 Mg/a

42,000 t/a

Material Recovery
Facility - MRF

Recyclables

(Not part of the

15,000 Mg/a

MPPP Project)

Water loss,
42,000 Mg/a

Figure 20

Biological Drying

Landfill

Refuse Derived Fuel

32,200 Mg/a

63,000 Mg/a

Recyclables
2,800 Mg/a

Mass balance of Option 2: Biological Drying
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Basic drawings
Figure 21 presents an example layout for Option 2: Biological Drying.
228.2m
174.3m

Office building

Pit
(deep bunker)

Bio-drying
I

Figure 21

Mechanical separation

RDF - loading

Area for:
- Dust filter
- Biofilter

148.7m

Bio-drying
II

Example layout of a biological drying plant

The waste collection vehicles load the waste into the bunker of the BD-plant which is part
of the delivery area of the BD-plant.
In order to enhance the plant’s storage capacity (3-4 days tonnage) and thus its flexibility
against fluctuation of delivered waste, the plant is equipped with a pit (deep bunker).
Moreover, the pit is necessary for the waste handling with automated cranes which are
also unique in this concept.
The two automated cranes pass the waste from the pit to the two biological drying areas,
each equipped with several modular in-vessel drying units. The boxes are loaded
automatically by the cranes. During the filling process, the filled level of the box is
automatically monitored by the crane system. As mentioned previously, once the box has
been filled, the crane lifts the lid and closes the box rendering it air tight. Due to the fully
automated operation, no manual activities are required in the bunker and decomposition
hall.
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When the drying process is over (7-9 days) the boxes will be unloaded by the crane
systems automatically and the dried waste will be passed to intermediate bunkers from
where it will be passed to the mechanical separation area via walking floor conveyors.
The mechanical separation process after the bio-drying comprise multiple automated
steps of screening, crushing and wind sifting in order to separate the lightweights
(combustibles, RDF) such as plastics, wood and fine organics effectively from the heavy
particles (non-combustibles) such as stones, glass, ceramics. By means of magnets and
eddy current separators metals such as ferrous- and non-ferrous metals will be removed
in high quality from both streams; lightweights and heavy fraction.
All mechanical separation processes of this option are designed to be encapsulated to
prevent the facility and the environment from air- and dust-emissions.
In the loading area of the BD-plant the separated RDF is loaded by a compacting unit
either into containers or trucks equipped with a walking floor. The metals as well as the
remaining inert fraction will be loaded into containers for further transport.
2.2

Comparison of the Preferred Options

2.2.1

Financial Impacts

2.2.1.1 Cost Assumptions
As such plants and key equipment of the proposed treatment concepts are not available in
South Africa; cost figures from Europe were used for the machinery and equipment.
For the buildings and other construction works unit costs from South Africa were
determined.
The same applies to operational costs.
No costs for the land required for the plants are included in the calculation. The leasing
fee paid for the entire landfill site to AAP by the RLM is only ZAR 300,000 per year. In
case of different operators for the landfill, MRF and MBT, this fee has to be distributed
between the operators. Thus, the amount per operator is negligible.
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Salaries for Staff
For the calculation of the staff costs figures in Table 4 were used.
Table 4

Salaries for staff

Specification

Professional Requirements

Salary (ZAR/month)

Facility manager

Institute of Waste Management for Southern Africa
(IWMSA) Supervisor’s Course Qualification plus 3
years’ experience

40,000

Administration

Institute of Waste Management for Southern Africa
(IWMSA) Supervisor’s Course Qualification

10,000

Shift Supervisor

Professional education, well skilled, special training

30,000

Maintenance Fitter Professional education, well skilled, special training

15,000

Bunker crane
operator

Professional education, well skilled, special
training

15,000

Grabble crane
operator

Driver’s license, special training

10,000

Compost turner
operator

Driver’s license, special training

10,000

Front-end loader
operator

Driver’s license, special training

10,000

General worker

Semi-skilled, hand sorting

6,670

Interest rate
For the loans to finance the investment an interest rate of 8 % was used and a linear
depreciation applied.
Depreciations
The depreciation period was split into different cost units:


construction and buildings:

20 years



machinery/fixed equipment:

12 years



mobile equipment:

8 years
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2.2.1.2 Capital Costs
The table below shows the capital costs for the two biological treatment options. The costs
are broken down into the costs for “Construction and buildings”; “Machinery” and Mobile
Equipment”.
Table 5

Capital cost for the biological treatment plants with 140,000 t/a input [ZAR]

Biological treatment

Option 1:
Dry anaerobic digestion

Option 2:
Biological drying

Construction and buildings

197,000,000

200,000,000

Machinery

230,000,000

175,000,000

19,000,000

4,000,000

446,000,000

379,000,000

Mobile Equipment
Total capital costs

The costs of the civil works are almost same in both options. The investment requirements
for machinery and mobile equipment in Option 1 are higher than in Option 2. Thus the
investment costs of Option 1 are about 18% higher than the investment costs of Option 2.
Taking the assumptions above into consideration, the annual depreciation costs are about
ZAR 54 million for Option 1 and about ZAR 44 million for Option 2.
2.2.1.3 Operating Costs
For the calculation of the treatment costs per tonne of waste the annual costs for
operating the plant are relevant as well as the costs of the disposal of the residues. In
Option 1, the highest cost factor is maintenance due to the complexity of the civil and
mechanical installations. In option 2, the highest cost position is the disposal of residues
followed by consumption costs (electricity, fuel, etc.). The following table presents a
summary of the operating costs for both options.
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Annual operating costs for the biological treatment plants with 140,000 t/a input
[ZAR/a]

Option 1:
Dry anaerobic
digestion
Maintenance costs

Option 2:
Biological
drying

18,655,000

9,400,000

Salaries

4,120,000

4,040,000

Consumption costs

5,701,000

11,396,000

Taxes, insurance, etc.

8,920,000

7,580,000

Disposal of residues

14,321,000

12,917,000

Total

51,717,000

45,333,000

Thus the annual operating costs of Option 1 are about 14% higher than the costs of
Option 2.
2.2.1.4 Revenues
Both options will generate revenues through the marketing of the products. In Option 1,
soil conditioner, electricity from biogas, RDF and a small amount of recyclables are
produced. The production of heat is not considered here, since the utilisation of it requires
more infrastructure and investments. In Option 2, only RDF and recyclables generate
revenues. The following table compares the annual revenues of each option.
Table 7

Comparison of the revenues of both options
Unit price

Option 1:
Dry anaerobic digestion
Quantity

Soil conditioner
Electricity
RDF
Recyclables
Total

30 ZAR/t

ZAR/a

Option 2:
Biological drying
Quantity

ZAR/a

26,500 t/a

795,000

0 t/a

0

9,000 MWh/a

7,938,000

0 MWh/a

0

420 ZAR/t

10,600 t/a

4,452,000

63,000 t/a

26,460,000

1,000 ZAR/t

1,592 t/a

1,591,500

2,800 t/a

2,800,000

0.88 ZAR/kWh

14,776,500
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For the soil conditioner, a conservative unit price of R 30 per ton is set. However,
marketing even with this price may not be possible, if there is no acceptance by the
population. The unit selling price of electricity is equal to the buying price. The RDF unit
price is determined as 60% of the fossil fuel costs paid by the South African cement
companies in 2012. To be on the safe side, no inflation has been considered for this price.
The unit price of RDF is ex works which means that eventual transport costs are not
considered. One reason is that the exact location of the cement facility buying this RDF is
not known at the moment. Furthermore, some of the interested parties have cement
storage depots close to the new Waterval Landfill site where the MBT plant will be
situated. Therefore, trucks that transport cement from the cement kilns to the depot can
transport the RDF (back) to the cement kilns on a return trip.
For the marketing of ferrous and non-ferrous metals, an average price of R 1000 per ton is
considered.
In total, Option 2 will generate about two times more revenue than Option 1. If the soil
conditioner cannot be marketed, this rate will be even higher.
2.2.1.5 Comparison of Net Costs
The net costs of each option are calculated by deducting of the revenues from the
investment and operating costs. The results are compared in the following table. The
costs and revenue of the planned MRF are not considered here, since the MRF is the
subject of another feasibility study.
Table 8

Comparison of net and specific costs

Current Situation
(direct disposal at
Waterval landfill)

Option 1:
Dry anaerobic
digestion

Option 2:
Biological drying

ZAR/a

ZAR/a

ZAR/a

Investment costs

31,811,290

40,701,000

44,288,000

Operating costs

13,116,365

55,683,000

45,333,000

Total costs

44,927,655

96,384,000

89,621,000

Revenues

0

14,776,500

29,260,000

Net costs

44,927,655

81,607,000

60,361,000

321 ZAR/t

583 ZAR/t

431 ZAR/t

Specific costs
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In the current scenario, the landfill might generate revenue by utilisation of the landfill gas.
However, at the moment no gas utilisation is considered for the Waterval Landfill. Thus
neither costs nor revenues related to this activity is included in the calculation above.
The specific costs of the new Waterval landfill have been calculated at R 321 per ton of
waste. The annual costs above consider an input of 140,000 t/a for biological treatment in
both MBT options.
The net costs of Option 1 are almost twice a high compared to direct disposal at Waterval
landfill, while Option 2 is only 34% more costly than the landfilling of waste.
2.2.2

Funding and Affordability

The Waterval Landfill has been funded with a contribution from the Municipal
Infrastructure Grant (MIG). For the assessed technical solutions, following funding options
have already been investigated:


Municipal Infrastructure Grant (MIG): The MBT project may also qualify for
MIG assistance on the same basis as any other RLM projects; e.g. Waterval
Landfill.



Industrial Development Corporation (IDC): The IDC indicated its interest in
participating in the funding of the MBT project. However, the IDC cannot fund
projects managed by the municipality itself or a Municipal Entity. The IDC can
fund Municipal PPP and private projects. The IDC has various schemes and
funds that may be applicable to the MBT project. The Green Energy Fund is
the most applicable to the MBT project. The IDC is not keen to have a total
exposure of more than 60 % in any project.



Development Bank of Southern Africa (DBSA): DBSA can fund both
municipalities and municipal entities for projects which are consistent with the
DBSA’s sectoral and geographic mandate, i.e. in support of infrastructure
development within South Africa and the SADC region. The cost (interest rate)
of DBSA debt is market driven and not necessarily cheaper than the private
sector. The DBSA conditions attached to any financial assistance may be more
flexible than that of private sector financiers.



National Treasury PPP Unit: During the evaluation of the project proposal for
the KfW Entwicklungsbank in 2011, the Consultant already met the PPP Unit.
The PPP Unit advised that it is keen on having the project registered with the
National Treasury PPP Unit. Furthermore, it was stated that assistance can be
provided to facilitate formal provincial and national approval processes.
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In terms of funding, except for the amount of the required funds, there is no difference
between the two options. After consultation with all stakeholders, implementation as a
Municipal PPP has been identified as the preferred solution. As already presented in the
Needs Analysis Report, the project structure will be as following:

Figure 22

Project structure

A “Unitary Fee” for financing the MBT is required, which will increase the overall costs for
waste management services. The level of the unitary fee is influenced by several factors,
such as external contributions by grant and interest support, results of competitive bidding
for construction and operation of the MBT, revenues for marketing of recyclables and
RDF, waste amounts and deliveries from the private sector. In terms of affordability by the
municipality, the revenue in the financial years 2011/12 and 2012/13 exceeded the
operational expenditure. Additionally, there is still a margin upwards to increase the
revenues. Cost increase shall be compensated by: gate fee for industrial waste, improved
fee collection efficiency, improved efficiency of service delivery and cost reflective tariffs.
Not all service points are currently billed because of incomplete address data. Also,
industry or commerce delivering waste directly to the current landfill does not pay any gate
fee. With the operational start of the new Waterval Landfill, a gate fee for industry will be
introduced. The billing system is currently being updated and will have a positive impact
on revenues.
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No current year budget or medium term budgetary provision has been made in the
operational or the capital budget as yet for the MBT project. Also, no national government
Division of Revenue Act, No. 6 of 2011 (DORA) allocations have been made for the
development of the MBT project.
2.2.3

Risk

Operation of the MBT: If completed, there will be three waste management facilities at
the same location: the landfill, the MRF, and the MBT. Ideally, operation of all facilities
should be under the control of one operator. With different operators for MBT, MRF and
landfill it will be extremely difficult to harmonize the interests of the different groups – thus
posing a risk for the success of the waste management system in RLM.
The RLM Waste Unit currently has no qualified staff for the management of such a
mechanical-biological treatment plant. Furthermore, the Waste Unit has no experience
with the marketing of products from any waste management activity (recyclables,
compost, etc.). The operation of the facility by an experienced operator would minimise
the risk of failure to operate and market the products. However, since the treatment plant
to be implemented will be new for South Africa, any operator is likely to have some
challenges with the operation, at least at the beginning.
Currently, the main operational hitches of the RLM Waste Unit are the lack of preventive
maintenance, improper utilisation of equipment, and staff absenteeism. Of course, these
factors pose a risk for the operation of a high-tech treatment facility. If operated by a
private company, these problems can be avoided or minimised as far as possible. In
contrast to non-profit operation of the Waste Unit, a private company would be highly
motivated to increase the operational efficiency including proper maintenance and
utilisation of equipment and implementation of disciplined working methods.
In particular consideration of the two options, Option 1 with anaerobic digestion is more
sensible compared to Option 2 with biological drying. This means that the risk of failure is
higher for Option 1.
Quantity and quality of input: Currently, industrial waste is disposed of free of charge at
the Townlands landfill. When a “Unitary Fee” is introduced other disposal and recycling
options may become viable to private waste generators and collectors. Increasing costs
may also give rise to illegal dumping that is very costly to clean up and transport. If the
waste treatment plant is not used to full capacity, e.g. because industrial waste is
disposed of elsewhere, unit costs of the treatment may increase. In order to avoid this

P:\1576 KfW RLM Implementation\Bericht\04 - Technical Option Analysis\new headline\RLM AISWM Technical Options_v06_new headline.docx

47

Advanced Solid Waste Management for RLM
Implementation Consultant for MBT Facility

Technical
Options Analysis Report

risk, the treatment plant should allow for stepwise extension (e.g. modular system). At the
beginning, the design capacity should be scaled for “secured” quantities.
Technical risks: In addition to the quantity and quality of the waste, the project has some
other technical risks: Installed technical infrastructure might not be appropriate to generate
the envisaged outputs. Single elements of the MBT or the entire plant might fail to
operate. Through appropriate contractual arrangements, these risks shall be minimised.
Environmental risks: Advantages arising from the energetic recovery of RDF in the
cement process are mirrored by some environmental risks, which have to be considered
as well. For example, high concentrations of heavy metals in the RDF could lead to a
transfer risk of these pollutants into the atmosphere either directly by the exhaust air or
indirectly by elutriation effects related to the cement clinker. Compared to the
environmental risks arising from the current open landfill situation in RLM, this remaining
environmental risk for a future waste management option seems to be nearly
inconsequential. Use of RDF e.g. in a cement kiln requires environmental permitting, thus
assuring the adherence to environmental standards.
Unitary Fee: Because of uncertainties with respect to the correct record of serviced
stands and bills not being sent out, the fee collection rate is at a low level. Without
improvements in fee collection, the RLM may encounter difficulties in paying the unitary
fee.
Comparison of Options
There is no significant difference between the two options with regard to the above
mentioned risks.
2.2.4

BEE and Other Socioeconomic Aspects

It is expected that both technical options will have similar effects on the BEE targets.
Although they are different in terms of technical processes and outputs, their requirements
for operation are comparable.
2.2.5

Delivery Arrangements

With the consideration of different technical options, no change is expected in delivery
arrangements. The RLM and other users will deliver the waste to the same place. Other
services provided by RLM, like waste collection and transport will not be affected.
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Transitional Management Issues

No negative impact is expected during the transition phase. As long as the treatment plant
is not operational, residual waste will be disposed of at the Waterval landfill. There is no
significant difference between the two options with regard to Transitional Management
Issues.
2.2.7

Technical Analysis

Regarding technical aspects, only solutions which are suitable for the quantity and quality
of the expected input material, commercially available, proven, and have a history of
successful implementation in several locales are considered. As the quantity and quality
of the input material is expected to change in the future due to increase in population,
extension of the waste collection service and probably the implementation of source
separation of dry recyclables, both treatment solutions considered are flexible to
accommodate such changes.
The Option 2: Biological Drying is a well-established and proven technology and
commercially available. Option 1 is proven and well established for source separated
organics but has only limited experience with the treatment of mixed waste. Furthermore,
the facilities which have a long operational history have small capacities; usually in a
range of 10,000 t/a. Some large scale facilities were built in recent years, however,
reliable data on long time experience is still missing.
2.2.7.1 Mass Balance
The table below compares the mass balance of the baseline and the two technical
solution options. The material recovery facility is actually in the planning phase. However,
if it will not be realised separately from this MPPP project, it must be included in the
design of the MPPP project. On the one hand, the material recycling offers more revenues
than biogas or RDF utilisation. On the other hand, the biological treatment requires a
preparation of the input anyway.
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Comparison of the mass balances

Total Input

Baseline

Option 1
Anaerobic
Digestion

Option 2
Biological
Drying

t/a

t/a

t/a

155,000

155,000

155,000

15,000

15,000

15,000

-

140,000

140,000

Biogas

-

3,200

-

Soil conditioner

-

26,500

-

RDF

-

10,600

63,000

Recyclables

-

1,600

2,800

Water and mass loss

-

26,500

42,000

140,000

71,600

32,200

Recyclables sorted out by MRF
Input biological treatment

Residuals for landfill

Option 1 reduces the quantity of the waste to be disposed by app. 50%. The reduction
rate of Option 2 is clearly higher (about 77%). If the soil conditioner produced in Option 1
cannot be utilised purposefully, it has to be landfilled as well.
In Option 2 (Biological Drying), the degradation of the organic matter is substantially
lower. This is because the treatment target of this concept is to produce RDF with a high
content of organic matter since this can be classified as renewable material which would
not create additional greenhouse gases when combusted. Therefore the mechanical
treatment of biologically dried organic fines fraction is designed to capture the organic
matter in the RDF fraction. With this approach 63,000 t/a of RDF from the bio dried
material are estimated whereas in Option 1, 10,600 t/a RDF is separated from the
stabilized material after the biological treatment.
2.2.7.2 Pre-treated Residual Waste for Disposal (Option 1 and 2)
In addition to the reduction of the quantity of the residual waste, the compaction rate of the
disposed pre-treated residual waste improves due to homogenization and reduction of
particle size and change in material properties. Generally, the compaction density for
untreated waste can be estimated at 0.6 – 1Mg/m³ (depending on waste composition and
landfill equipment). For pre-treated residual waste a higher compaction density up to 1.2
Mg/m³ is achievable depending on the MBT process and compaction technique.
Additionally, daily covering of pre-treated disposed waste using soil is not necessary,
since the fine fraction has properties similar to soil. All the mentioned factors contribute
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considerably to extension of the life span of landfills and the reduction of required airspace
respectively.
Disposal of pre-treated residual waste leads to reduction of leachate generation due to
higher compaction of the disposed waste and subsequently decreased permeability. Due
to the decomposition and stabilisation of organics, the quality of the leachate improves
considerably, reducing the amount of Total Organic Carbon (TOC), Chemical Oxygen
Demand (COD) and Biological Oxygen Demand (BOD) by up to 90%.
As MBT aims for efficient decomposition of organic prior to disposal, landfill gas
generation is reduced substantially. This reduction depends on the type of biological
process and treatment time. When applying the very strict limits that are standard in
Germany and Austria, a reduction of 95% of the remaining landfill gas potential can be
expected, but also when applying the EU standard the reduction is in the range of 80%.
Methane gas is recognised to be an important greenhouse gas (GHG) and contributes 21
times more than carbon dioxide to global warming. As MBT and the disposal of pretreated waste contribute to reduction of GHG emissions, emission reductions can be
traded in the carbon market.
2.2.7.3 Recyclables from MBT (Option 1 and 2)
A part of the recyclables will be sorted out by the upstream mechanical recovery facility.
After biological treatment of the waste, another part of the recyclables, mainly metals and
glass, will be sorted out. Particularly in Option 2, due to drying of the materials, higher
sorting rates can be achieved.
2.2.7.4 Biogas (Option 1)
Biogas is produced by anaerobic digestion of biodegradable materials in the municipal
waste. Primarily it consists of methane and carbon dioxide. Due to high methane content
(between 50 and 75%), it can be used as a fuel, either for any heating purpose or in a gas
engine to produce electricity and/or heat. The electrical power can be fed into the public
power grid. Some of the heat can be used on site to maintain the temperature of the
digesters. Utilisation of electricity requires investments in new infrastructure; connecting to
the electricity network.
2.2.7.5 Soil Conditioner (Option 1)
The terms “compost-like output” and “soil conditioner”, are not defined in the South African
legislation. Compost or similar products are subject to the Fertiliser, Farm Feeds,
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Agricultural Remedies and Stock Remedies Act 1947 (Act No 36 of 1947) as well as
regulations like R250 published in the Government Gazette on 23 March 2007.
To achieve a landfill diversion of more than 50%, the utilisation of the soil conditioner is a
pre-requisite in Option 1. The land application of mixed waste derived compost is
controversially discussed internationally and the acceptance of such material in South
Africa is not clear. If the soil conditioner will not find a market it might be used for cover at
the landfill or would have to be landfilled. But as the material is bio-stabilized the
environmental impact would be low as the gas formation from this material would be
reduced by approx. 90 %.
2.2.7.6 Refuse Derived Fuel (Option 1 and 2)
RDF, the high calorific value fraction of the mixed waste stream segregated by means of
conventional separation systems, can be used in specifically constructed plants to obtain
thermal energy like steam for industrial purposes or by transforming into electricity.
Alternatively RDF can be co-combusted in designated industrial plants (e.g. cement kilns)
for energy recovery, substituting solid fossil fuels like coal or coke. Along with a significant
reduction of the amount of waste to be landfilled the industrial use of RDF offers benefits
in terms of greenhouse gases and coal mining related impacts.
Due to its composition RDF derived from MSW is of a higher calorific value than unsorted
MSW which leads to higher efficiency in energy recovery. Alongside, in comparison to the
incineration of unsorted waste (mass burning) the energy recovery of RDF is less harmful
due to a significant decrease of the heavy metal content achieved by the precedent
separation of pollutants such as metals, batteries and E-scrap.
In terms of its energy content, RDF, e.g. derived from MBT, can provide an energy
equivalent compared to solid fossil fuels such as wood or different types of coal. However,
the calorific value and the percentage of each type of component varies subject to both
waste composition and applied biological and/or mechanical treatment. Both, physical and
chemical composition of RDF is of major importance with regard to the dedicated
combustion process. Hence, the design of the RDF separation process has to meet the
requirements as set by its final end user.
From an applicant’s point of view the most important aspect of RDF utilisation is the price
advantage, compared to fossil fuels, along with its price calculability over the long term.
Moreover, RDF, depending on the treatment process, contains a certain amount of
renewable organics and thus benefits from an emerging demand for carbon credits.
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As a result, RDF related MBT-technologies are among the most favoured options for
modern waste treatment concepts in Europe. With regard to the situation in South Africa
the practical experience with RDF, so far, is very limited. However, the cement plants in
the North West and Gauteng Districts have repeatedly stated their interest in the utilisation
of the RDF.
In Option 2 about 6 times more RDF is produced than in Option 1.
2.2.7.7 Operational Analysis
Each of the discussed MBT options requires corresponding additional institutional and
managerial setup with qualified personnel having the capability and capacity to fulfil the
responsibilities and tasks connected with the positions. As a matter of fact, more
advanced MBT options with sensitive process control on a high technical level require
personnel with an appropriate level of qualifications and skills to ensure proper
management, supervision, operation, monitoring, repair and maintenance of the process.
The institutional and managerial requirements for both Options are high without significant
differences between the options.
2.2.7.8 Supply Chain Management and Interface Analysis
As stipulated in the Supply Chain Management Policy of the RLM from 2005 (amended in
2011), the procurement of the MBT plant will be done in accordance with this policy of the
municipality.
In terms of procurement of works and supplies, there will be no difference between the
two options. Since the technology to be procured in both options is not locally or nationally
available, the construction and supply contract shall be procured through an international
competitive bidding process. In order to ensure a know-how transfer, a joint venture
agreement with local companies shall be proposed. For instance, most of the civil works
can be provided by local companies.
As already presented in the Needs Analysis Report, the expected interfaces with the
municipality’s other services as well as services of other private operators are as follows:
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Figure 23

Service interfaces

If contracted to a private operator, the operation and maintenance contract of the MBT will
be tendered in line with the above mentioned policy.
The interface between the existing services of the RLM and the new services of waste
treatment will be the delivery area of the material recovery facility. From there, the
responsibility for the management of waste will be transferred to the operator of the MRF.
After sorting of recyclables at the MRF, the waste will be delivered to the MBT. The
separately collected green waste will be delivered directly to the MBT (if not composted).
While the products of the MBT; RDF, electricity, heat, and recyclables will be marketed to
the end users, the residuals will be disposed at the landfill.
Regarding the supply chain management and interfaces, there will be no major difference
between the two options.
2.2.7.9 Environmental Analysis
Only those MBT options which meet the requirements and goals of corresponding international, national, provincial and local standards, laws, policies and strategies relevant for
RLM were taken into consideration.
All MBT concepts are designed to control the environmental impact of the plant itself and
its operation. With respect to air emissions differences between the two options have to
be considered. Option 1 (Anaerobic Digestion) includes fully enclosed treatment during
the first stage of the biological treatment. At the beginning of the biological process the
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risk of emission is highest and reduces over period of treatment. This will happen in an
enclosed environment and can therefore efficiently be cleaned with a bio-filter. The
material from the 1st stage will be maturated in open windrows. There is a critical issue
with the AD process when the material from the anaerobic process is removed from the
fermenter and mixed with organic fines < 20 mm. For this process higher emissions are to
be expected compared to Option 2. Furthermore the maturation of the mixture of AD
residues and organic fines shows higher biological activity and therefore higher emissions.
Option 2 is a fully enclosed process and all air emissions are captured and cleaned.
Therefore this concept implies lowest risk of air emissions and nuisance to the
neighbourhood.
The minimum distance between the Waterval Landfill Site, where the MBT shall be
located, and the current settlements (Waterval East) is about 1,500 m. Thus the air
emissions, particularly bad odours will not be a nuisance for the inhabitants.
With regard to wider environmental aspects both of the MBT concepts will contribute to
mitigate environmental impacts, because the pre-treatment results in decreased amounts
of waste for disposal, reduced organic matter, lower landfill gas emission, less leachate,
and increased life span of the landfill. Furthermore, both options use the energy content of
the waste either for production of biogas (Option 1) or for alternative fuel (both options).
2.2.8

Site Issues

At the Waterval landfill an area for establishing the treatment plant has been reserved. In
general the envisaged location for the MBT would be suitable for both technical options –
either anaerobic digestion (biogas) or biological drying (RDF). The required area for the
treatment facility for biological drying (RDF) is slightly smaller than the required area for
anaerobic digestion (biogas) - ~4,000 m² for anaerobic digestion vs. ~3,500 m² for
biological drying. But the digestate deriving from aerobic digestion needs to be treated
further by dewatering and composting (aerobic stabilisation), for which further space is
needed. The area required is dependent on the technology selected for aerobic
stabilisation, but would be in a range between ~20,000 m² (in-vessel) - ~87,000 m² (open
static windrows). Consequently, the technical option for biological drying is more
favourable due to the small area required.
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By establishing the facility on the plot of the Waterval landfill, questions regarding land
procurement, land use rights, zoning rights, geotechnical issues or heritage legislation
have already been dealt with during the Waterval Landfill Site Licence Application
process.
Environmental Issues
The Waterval Landfill Site License, issued by the Department of Economic Development,
Environment, Conservation and Tourism (DEDECT) of the North West Provincial
Government of South Africa on 03/05/2012, is granted to develop the Waterval Disposal
Facility as G:L:B-. Aside from the typical landfill and associated infrastructure, the license
includes provision for specific additional activities, such as


A temporary storage facility for waste such as batteries, oil, paint, fluorescent
tubes;



A recycling yard and building;



A composting facility;



A MRF;



A landfill gas processing facility.

MBT is not explicitly included in this license, although being very similar to MRF and
Composting. Some facilities (activities) of the proposed technical options and hence their
impacts may already have been covered during the previous application process and in
the current licence, but still needs to be analysed in more detail.
Provisions of the licence to take specific note of the purposes of this project can be
summarised as follows:


The licence states that “after construction of the site or further development
within the site the Responsible Authority is to be informed before disposal may
commence.”



With regard to impact management the licence states that the activities “are to
be free from noise at all levels likely to cause annoyance, harm or disturb the
peace of interested and affected parties.”



The licence requires extensive monitoring e.g. water monitoring, background
monitoring, detection monitoring, investigation monitoring, post closure
monitoring and gas monitoring.
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With regard to leasing and alienation of the site the licence states that approval
needs to be obtained from the department at least 120 days prior to the
proposed transaction.



With regard to transfer of the licence, it is pointed out that an application needs
to be made in terms of Section 52 of NEMA.



“The licence is valid for a period of 15 years and is to be reviewed every five
years from date of issue or at any time before or after that date”.” Based on the
results of the review the licence could be amended, withdrawn or the validity
thereof extended.”

Implication and opportunities for the proposed project are:


MBT plant: The licence makes provision for a recycling yard, composting
facility and a MRF. It needs to be discussed with the Authorities whether their
understanding of an MBT plant is fundamentally different to the aspects listed
in the licence and whether the licence can be amended albeit through a basic
assessment process with limited specialist studies.



The licence includes provisions, including provisions in terms of NEMWA, for
the leasing and alienation of the site, as well as the transfer of the waste
management licence.



There is also provision for the amendment of the licence as well as the
extension of the validity of the licence though this is dependent on whether the
MBT impacts are considered to have been covered by the previous licence
application



The licence makes extensive provision for various monitoring and audits.
These two safeguards, together with others included in the licence, should
provide a degree of security for monitoring any impacts that may arise from an
MBT plant and associated activities. It would be a useful point to discuss with
the Authorities.



The above summary and brief evaluation of the waste licence shows that the
existing waste licence is a valuable asset and presents opportunities that may
enable a less rigorous authorisation process; therefore reducing the cost and
timelines that could otherwise be associated with this project.

The scope of the existing Waste Management licence needs to be considered to evaluate
whether an amendment to the existing licence is at all an option or whether a new
application needs to be made. For environmental assessment it is anticipated, that a basic
assessment process is required.
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In the following, a summary of the initial assessment of environmental aspects of both
technical options is presented, particularly focussing on reutilisation of suitable waste
components and minimisation of water consumption:


With additional manual sorting of organic materials from the mixed waste,
aerobic digestion accomplishes a high rate of reutilization of waste components
as not only are recyclable materials sorted out but also a portion of organic
material.



Considering water consumption, the lowest rate is for biological drying. This is
related to the fact that the process focuses on biological drying of the mixed
waste and not on considerable degradation of the organic fraction, which
requires certain moisture content. Anaerobic degradation requires additional
water supply.



Both technical solution options enable energy recovery. In case of biological
drying, RDF is produced; this can be used as secondary fuel.



Both technical solution options (anaerobic digestion or biological drying) take
place in closed compartments under process-controlled conditions. Therefore,
emission reduction is very efficient. However, if the digestate is to be further
treated (aerobic stabilisation), open and not process-controlled processes
(open static windrows or open aerated windrows – in contrast to in-vessel) only
offer limited possibilities for emission control.



Considering the mass reduction by recycling, biological degradation or
reutilisation of RDF, for biological drying theoretically only 15 % of the original
input has to be disposed of. In case RDF utilisation is not established, about
57 % of the input has to be considered for disposal. In this regard, the lowest
consumption of landfill space is through anaerobic digestion as 40 % of the
original input requires disposal.

Summarising, the initial assessment in respect of environmental aspects biological drying
is more favourable due to reutilisation of recyclable materials, low water consumption,
energy recovery, efficient emission control and considerable mass reduction of waste for
disposal.
Alignment with IDP
According to the “REVIEWED Integrated Development Plan 2013 – 2014 of Rustenburg
Local Municipality”, which was approved in May 2013, “RLM is committed to providing an
equitable, efficient, and effective integrated waste management service within its
jurisdictional area, which is sustainable and is in accordance with the internationally
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accepted waste hierarchy principle. Through this, the municipality will ensure that waste is
minimised, recycled, re-used and treated in accordance with national statutory
requirements and policy, and that appropriate mechanisms and technologies are in place
for the environmentally acceptable and cost-effective collection, transport and disposal of
waste” (RLM IDP 2013 – 2014, page 86). For waste treatment this is further detailed,
stipulating that a waste treatment facility, comprising the two components


Material Recovery Facility (MRF) for reclamation of recyclables



MBT with biological drying to produce refuse derived fuel (RDF)

shall be realised at the entrance of the new Waterval landfill (RLM IDP 2013 – 2014, page
92).
Thus, option 2 is already specified in the IDP; in case of option 1 the specified technical
option needs to be changed.
2.2.9

Legislation and Regulations

Within the South African waste management strategies and policies, recycling and
resource recovery from waste is an important aspect.
In the National Environmental Management Act (Act 107 of 1998) (NEMA) the concept of
the waste hierarchy, specifically waste avoidance, reduction, re-use, recycling, recovery,
treatment safe and disposal of waste as a last resort, was codified in law.
The Polokwane Declaration on Waste Management (2001) called for "zero waste" by
2022
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The National Waste Management Strategy (NWMS, November 2011) is structured around
a framework of eight goals with targets to be met by 2016, to meet the various challenges
of waste management in South Africa. These goals include the promotion of waste
minimisation, reuse, recycling and recovery of waste as well as energy recovery from
waste.
The implementation of the RLM waste treatment plant fully complies with the South
African waste management policies. However, other than in Europe, there is no legal
obligation for municipalities to implement advanced waste treatment in South Africa.
Regulatory Framework for Solid Waste Management in RLM
IWMP and Waste Policy
A requirement of the Waste Act (Act 57 of 2008) for all spheres of government is the
development of an Integrated Waste Management Plan (IWMP) for government to
properly plan and manage waste. Over the period 2004 – 2066, Jarrod Ball and
Associates drafted an Integrated Waste Management Plan for the RLM. In accordance
with the requirements defined for all IWMPs, this includes a situational analysis, an
assessment of waste types and quantities, a description of services provided and/or
available all within the context of institutional, financial, political, legal and physical
condition of the area under consideration. The desired end state (including goals and
targets) and measure to achieve this end-state including implementation plans are
defined.
The IWMP is currently in the process of being reviewed by Boffin & Fundi; the advanced
waste treatment, as well as other measures for recourse recovery from municipal waste,
shall be integrated into the IWMP. However, a final version of the revised IWMP is not yet
available. The RLM is also of the view that the Waste Policy should be updated and
should be excluded from the IWMP and be as a standalone document. The process for
updating the policy is still to be determined by the RLM.
Waste By-laws
On 12th June 2012, in the North West Extraordinary Provincial Gazette (Vol. 255, No.
7005) a local Authority Notice was published entitled “Constitution of the Republic of
South Africa Act (108/1996) and National Environmental Management Waste Act
(59/2008): Rustenburg Local Municipality: Waste Management By-Laws”.
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Currently the By-law is under revision. The final draft of the revised bylaw highlights the
principle of the waste management hierarchy, prioritising recycling, re-processing and
treatment over disposal on landfills.
Waste Tariffs
Revenues for waste management services are mainly generated from fees for households
and businesses. The RLM does not charge disposal fees at any of its disposal sites and
with the new Waterval Landfill due to become operational beginning of 2015, the
introduction of tipping fees is imminent. A draft tariff by-law is in place for the levying of
fees, charges or tariffs on municipal services provided by the Municipality itself or by way
of service delivery agreements.
As shown in the previous chapters, implementation of advanced waste treatment will
increase the disposal costs compared to direct landfilling. Municipalities are requested to
have cost-reflective solid waste tariffs in place by 2015 (MFMA Circular No 70).
The RLM is currently investigating the following possibilities, to ensure the financial
sustainability of the waste treatment
-

Increasing the efficiency of service provision

-

Introducing (cost covering) gate fees for treatment and disposal facilities

-

Improving the fee collection efficiency (billing)

-

Stepwise increase of tariffs

Option 2, due to lower net costs would be advantageous.
2.2.10

Human Resources

Advanced waste treatment comprises a new activity in the RLM. Therefore,
implementation of the treatment plant neither leads to job losses nor does it require any
transfer of personnel. On the contrary, jobs will be created especially for operation of the
treatment plant.
For the existing staff of the RLM waste unit additional tasks have to be addressed. The
extent of these new tasks depends on the selected service delivery option.
If the treatment facility is developed as a MPPP with a private company responsible for
building and operating the plant, tasks of the RLM mainly comprise of tendering and
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monitoring. It can be expected, that with ongoing capacity development of existing staff,
and adding limited number of managerial staff, these additional tasks can addressed
successfully.
Other models, where RLM staff has a bigger role in implementation and operation would
require much higher additional capacities and skills (see Service Delivery Options Report).
2.2.11

Qualitative Factors

Creation of additional employment opportunities as a result of new economic development
is of high importance for the RLM and is given highest priority. Based on the Feasibility
Study for the Materials Recovery Facility (MRF) at Waterval Landfill prepared by Golder
Associates Africa (Pty) Ltd and submitted in December 2013 the MRF creates 145 new
employment opportunities. In the biological treatment 37 additional jobs (Option 1,
anaerobic digestion) and 25 (Option 2, biological drying) respectively will be created.
It is expected that within the value chain of the recycling business additional economic
activity will be stimulated for example for processing of recovered materials. For this
purpose a buffer zone around the Waterval landfill has been defined.
Both technical options, in Europe, are well-established and proven technologies and
commercially available. Currently, these solutions are still new in South Africa and also in
other Africa countries. Developing opportunities for resource recovery in South Africa
could also stimulate the development of local technologies and marketing such solutions
into other African countries. Regarding the level of innovation there is no significant
difference between both options.
In order to protect resources and reduce greenhouse gas emissions there is a global
move for the development of renewable energy sources. In South Africa, as well, there is
pressure to consider new energy sources. Energy from waste, which currently is hardly
exploited, could be one important source. In this regard both options could provide case
examples and initiate countrywide dissemination.
Other than in Europe, in South Africa currently there is very limited use of refuse derived
fuel. Good quality RDF contains a heating value similar to coal. Furthermore, the
energetic utilization of refuse derived fuels has clearly a better CO2 balance than the
incineration of fossil fuels (reduction of greenhouse gas emissions).The use of RDF in the
cement industry is one of the most attractive options. Compared to the use of RDF in
other furnaces, very high temperatures in rotary kilns for cement production offer clear
advantages with regard to emission control. Product specific wastes have limited
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application because the fuel ashes are incorporated into the clinker. The cement industry
has a very energy demand and there are several cement kilns in close proximity to
Rustenburg. In some European countries alternative fuels already make up more than 50
% of the overall fuel consumption in the cement industry.
2.2.12

Early Considerations of Suitability for External Service Delivery

Service delivery options will be analysed in detail in the Service Delivery Options Report,
which has been prepared in parallel.
Regarding the suitability for external service delivery there is no significant difference
between the two options. With regard to the RDF the cement industry in the region is very
interested in the use of the alternative fuel, but also in the operation of the planned
facilities (in corporation with specialist waste management companies).
The financial viability of both options depends on successful marketing of the products
from the treatment. Experience shows that the private sector in South Africa is more
successful in developing national (and international) markets and responding to changing
market demands.
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Selection of the Best Technical Solution Option

The following table provides a summary of the assessment of the two pre-selected
options.
For most of the criteria discussed in part 2 there is no significant difference between the
two options. Differences in the comparison refer to financial impact and technical analysis.
Investment and operation costs for the biological drying (option 1) are lower than the AD.
Provided that, indeed, RDF can be successfully marketed to the cement industry the
overall net costs are app. 25 % lower than anaerobic digestion.
In Europe in recent years, a large number of biogas plants have been built, producing
electricity which is fed into the grid. In Germany in 2013 there was a total number of 9200
biogas plants. However, most of these plants use agricultural products such as corn.
Furthermore, construction of biogas plants in Germany has been boosted by subsidies
from the Renewable Energy Law. Only, a small percentage of the biogas plants are using
waste as a feedstock. In these cases, mostly separately collected organic waste is used.
Therefore, there is only limited experience with dry digestion of mixed municipal waste.
Furthermore, the waste in Rustenburg has a fairly low moisture content and a comparably
small organic fraction. For AD, on the other hand, high moisture and organic content
would be advantageous; these waste characteristics very much favour the production of
waste derived fuel.
The fact that currently 4 cement kilns are operated in fairly close distance to Rustenburg
(and a fifth one being under construction) indicates good chances for successful
marketing of the produced RDF.
As a result of this assessment, a waste treatment plant with biological drying to produce
refuse derived fuel is the recommended technical solution option for Rustenburg.
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Criteria
Financial Impacts

MBT with Anaerobic Digestion
(AD) to produce Biogas

Net costs 80% higher than direct
landfilling

Technical
Options Analysis Report

MBT with Biological Drying
(BD) to produce RDF

+
Net costs 34% higher than direct
landfilling

Except higher costs for option 1 there are no differences. Costs have to be recovered
from tariffs. Grant funding for investment would considerably contribute to lower unit
costs. Cost increase shall be compensated by: gate fee for industrial waste, improved
fee collection efficiency, improved efficiency of service delivery, cost reflective tariffs

Funding and
Affordability

There is no significant difference between the two options. Without improvement in
fee collection efficiency and efficiency of service delivery there may be a financing
risk.

Risk

BEE and Other
Socioeconomic
Aspects
Delivery
Arrangements
Transitional
Management Issues

No significant differences between both options. BEE aspects to be considered in the
procurement process.
No significant differences between both options.
Detailed assessment in the Service Delivery Options report.
No significant differences between both options. As long as the treatment plant is not
operational, residual waste will be disposed at the Waterval landfill.

Technical Analysis

Limited experience with dry digestion for
mixed waste. Overall lower recovery rates
due to low percentage of organics in the
RLM waste

+
Technology proven and well established
in Europe. Higher recovery rates.

No significant differences between both options.
Treatment plant to be built at licensed Waterval landfill site.

Site Issues

Legislation and
Regulations

No significant differences between both options.
Both options fully comply with the South African waste management policies.
However, other than in Europe, in South Africa there is no legal obligation for
municipalities to implement advanced waste treatment.

Human Resources

No significant differences between both options. Both options comprise new activities
in the RLM. Implementation of the treatment plant neither leads to job losses nor does
it require any transfer of personnel. On the contrary, jobs will be created. For the
existing staff of the RLM waste unit additional tasks have to be addressed (depending
on selected service delivery option).

Qualitative Factors

No significant differences between both options. Qualitative factors include
employment creation (app. 180 new jobs for MFR and biological treatment), recovery
of resources (material and energy), reduction of greenhouse gas emission,
development of innovative technologies.

Suitability for
External Service
Delivery

Table 10

No significant differences between both options.
Details provided in the Service Delivery Options Report.

Summary of the assessment of preselected options for waste treatment in RLM
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