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Executive summary

Pyrolysis is a promising technology for treating wastes containing organic material that is otherwise
difficult to valorise. In Ghana, the disposal of end-of-life tyres (ELTs) and plastics from waste electrical
and electronic equipment (WEEE) poses a significant challenge due to the limited availability of recy-
cling and disposal options. ELTs and WEEE often end up in the informal sector, where valuable mate-
rials are often removed through highly polluting and dangerous processes. This paper evaluates the
opportunities and risks of using pyrolysis as a local solution for treating the organic fractions of these
waste streams. Chapter 1 provides a brief overview of pyrolysis, followed by more detailed discussions
of the specific processes, resulting products and relevant environmental considerations regarding ELTs
(Chapter 2) and plastic pyrolysis (Chapter 3). Chapter 4 and 5 discuss the risks and opportunities of
pyrolysis as a waste management option for ELTs and WEEE plastics, with Chapter 4 covering general
considerations and Chapter 5 covering specific setups and scenarios. To assess the current situation in
Ghana regarding ELTs and WEEE plastic pyrolysis, field visits were conducted. The observed setups and
use of the pyrolytic products in the visited facilities, as well as the Ghanaian regulatory framework, are
described and qualitatively assessed in Chapter 6. Chapter 7 summarizes the conclusions regarding the
opportunities and risks of pyrolysis as a waste management option for ELTs and WEEE plastics in Ghana
and contains recommendations for the regulation and control of pyrolysis plants in Ghana to improve
environmental performance.

Although pyrolysis is found to be an environmentally sound and economically viable way to treat end-
of-life tyres and mixed WEEE plastics in state-of-the-art centralised installations and under the right
economic conditions (high oil prices), the investigation of pyrolysis facilities in Ghana reveals polluting
practices. The facilities visited operate with substandard infrastructure, resulting in uncontrolled toxic
emissions and inefficient energy use. Pyrolysis oil is often sold as a diesel substitute without proper
refining or product information, posing additional risks such as fire hazards and engine damage. Fur-
thermore, the energy balance is negatively affected as pyrolysis gas is frequently flared instead of be-
ing stored and used. Overall, pyrolysis in Ghana is a high-risk, low-yield treatment option with nega-
tive environmental performance in its present form.

The following practical, context-sensitive interventions are proposed to address these issues:
1. Support the development of technical guidelines

There is an urgent need to establish national technical guidelines specific to pyrolysis operations in
Ghana. These guidelines should outline safe practices for the collection and pretreatment of feedstock,
reactor operation, emissions control, wastewater management, and the handling and post-treatment
of outputs such as pyrolysis char, oil, and gas. These guidelines should be developed collaboratively by
the EPA and relevant stakeholders and should be easy to understand and applicable. Prioritize formats
such as visual manuals, posters, and translated guides in local languages to encourage adoption and
compliance at the facility level. To improve worker safety, occupational health and safety measures
should be included in the technical guidelines.

2. Pyrolysis should always be considered as subordinate solution for waste tyre management

In line with the waste hierarchy and due to the unfavourable energy balance described above, it should
be avoided wherever possible. Upcycling, recycling, and alternative energy recovery options should be
favoured over energy recovery by pyrolysis. Nevertheless, for volumes that cannot be managed by the
preferred options, state-of-the-art facilities as described in chapter 2 could be used to treat the re-
mainder. As such facilities are not available in Ghana in the short or medium term, this management
pathway should not be considered for WEEE plastics in the short term. The risk of severe environmen-
tal and occupational hazards appears too high.



3. Enforce minimum standards and institutional coordination

Improved coordination between the EPA, District Assemblies, and environmental health departments
is essential to ensure consistent oversight. Joint inspection protocols and shared monitoring checklists
can help to clarify roles, reduce duplication, and ensure practical enforcement at the local level. Peri-
odic training for inspectors and assembly staff will provide them with the technical knowledge needed
to support operators and enforce standards effectively. Furthermore, sufficient resources and capaci-
ties must be available to ensure compliance effectively.

4. Introduce a digital registry and monitoring system for pyrolysis facilities

A centralized, web-based registry should be developed to capture and maintain up-to-date infor-
mation on every waste-to-energy installation, including its location, the operator details, the permit
status, the design capacity, the feedstock type, the inspection history, and any compliance actions.
Ideally, the system should be linked to live monitoring of emissions and webcams observing activities
at the sites. Together with physical inspections, this will enable regulators to quickly identify unregis-
tered or non-compliant sites, schedule routine inspections, track renewal deadlines, and monitor cor-
rective actions in real time.

5. Establish a national knowledge exchange platform

A national pyrolysis industry platform should be set up to encourage communication between govern-
ment agencies, private operators, researchers, and civil society. This platform could facilitate the shar-
ing of regulatory updates, new technologies, market intelligence, and lessons from pilot projects. Reg-
ular workshops and an online resource hub will help to disseminate best practices and build a culture
of compliance, innovation, and collaboration across the sector.

6. Reach out to good practice pyrolysis plants and markets

Pyrolysis oil is attracting increasing intertest internationally as it could serve as a substitute for fossil
fuels in industrial processes. If this substitution becomes more important in the future, pyrolysis oil
from soundly operated plants may be regarded as a commodity suitable for international trade. To
reach this point, and to improve the environmental, health, and safety profile of the sector in Ghana,
industries and governments are encouraged to engage with well-performing pioneers in other coun-
tries and identify ways to develop the Ghanaian sector so that it can become part of a sustainable
and responsible supply chain for secondary hydrocarbon resources.

Keywords
Ghana, pyrolysis, end-of-life tyres, WEEE plastics, environmental assessment



1 Introduction to pyrolysis

Heating up organic matter leads to thermal decomposition, or burning, which takes place in three dis-
tinct steps as the temperature increases.

1. Evaporation and vaporization

There is generally an endothermic reaction, during which water and other substances contained
in the organic matter evaporate and vaporize without undergoing any other chemical alteration.
The temperature tends to lag at 100°C (at normal pressure) until the phase change of most of the
water in the organic matter is complete, after which it continues to rise.

2. Pyrolysis

This stage is also generally endothermic. As the temperature continues to rise above 100°C,
organic compounds are thermally degraded, leading to the release of chemically altered organic
molecules. Some of these are condensable, such as light and heavy oils and tar, while others are
not, such as gas (e.g. methane). The matter left behind has a burnt, black appearance and is
referred to as char. The temperature, at which this phenomenon occurs depends on the specific
compound, but the bulk of pyrolysis for most types of organic matter takes place between 100°C
and 800°C.

3. Oxidation

As the temperature rises above 250°C, volatile molecules and carbon oxidize through reactions
with the oxygen in the air. This stage is strongly exothermic, typically providing the necessary
energy for the first two endothermic stages and making the whole reaction self-sustaining. Carbon
monoxide (CO) and carbon dioxide (CO,) as well as nitrogen oxides (NO, and NOs) are emitted. The
solid residue is known as ash and is most commonly composed of minerals and metals.

The principle of pyrolysis is to avoid oxidation by thermally decomposing organic matter in an oxygen-
free environment with an external source of heat. Pyrolysis is used to produce charcoal, for example,
and in chemical processes such as the production of syngas or biochar. In waste management, pyrolysis
can be used to derive fuels from the organic content of waste, leaving only a small amount of solid
residue that can be further processed or disposed of safely.

1.1 Challenges

Pyrolysis is a highly complex process during which many chemical reactions take place. It can be
dangerous, as temperatures are high enough for the released volatiles to auto-ignite in the presence
of oxygen. Depending on the input material, it can also lead to the production of various hazardous or
otherwise problematic compounds. To avoid negative impacts on human health and the environment,
effective emission control is crucial. Furthermore, pyrolytic products often require further treatment
and refining before they can be safely used as fuel or secondary resources.

1.2 Products

The production ratio of oils, char, and gases from the initial mass of organic matter depends on the
composition of input material as well as the process parameters, such as the temperature range, the
heating rate or the granulate size of the feedstock. By optimizing and strictly controlling these param-
eters, consistent, high-quality products can be obtained from the pyrolysis process, while the produc-
tion of hazardous and problematic compounds can be minimized [1].



1.3 Operation mode

There are two main types of pyrolysis plant. In a continuous pyrolysis plant, the input material is fed
into the process continuously at one end of the plant, while solid residues are discharged continuously
at the other. These plants require less manual labour, can reach higher throughputs and are more
energy efficient. However, they require a homogeneous input of small particle size. In batch-based
pyrolysis plants, the reactor is filled manually with input material before being heated up and the
pyrolysis process begins. Once the process is finished, the reactor is stopped and left to cool down so
that the residues can be removed manually. Then, the next batch can be started. Batch-based pyrolysis
plants can be used to process non-homogeneous inputs, including bulk material.

2 Pyrolysis of end-of-life tyres

2.1 Input material composition

Tyres are designed to be extremely durable in order to withstand the high levels of wear and tear they
experience during their use phase. They are made of vulcanized synthetic rubber reinforced with steel
fibers and fabric. Vulcanization is a chemical process involving the blending of natural or synthetic
rubber with sulphur and other chemicals at a high temperature. This improves the rubber’s physical
properties, such as tensile strength, resistance to swelling and abrasion, and elasticity over a greater
temperature range. By mass, tyre rubber contains approximately 65% of styrene-butadiene rubber,
30% of carbon black, 2-3% of zinc oxide, 1-2% of sulphur, and trace amounts of special oils and addi-
tives[2].

2.2 Processing

At the end of their life, tyres should be collected and channelled into appropriate waste management
processes to avoid environmental pollution. Disposing of end-of-life tyres (ELT) in landfills is costly, as
tyres are bulky and take up a lot of space [3]. In addition, landfilling leads to a loss of resources that
could otherwise be recovered. Recovery options include material recycling, either by separating steel
and rubber for subsequent recycling by processing ELT into refuse-derived fuel for use in a cement kiln
or other suitable industrial processes. Another common waste management option for ELTs is pyroly-
sis, which produces secondary fuels and also offers opportunities for the material recycling of the steel
fraction and the valorisation of other solid process residues. Pyrolysis of ELTs typically occurs in three
main phases, as described below:

2.2.1 Feedstock preparation

Depending on the plant setup and operation mode, pyrolysis of entire ELTs without feedstock prepa-
ration is possible. However, the particle size and composition of the feedstock have a significant impact
on the pyrolytic processes and feedstock preparation greatly improves the quality and consistency of
the recovered secondary fuels and materials [3], [4]. This includes shredding the ELTs and subsequently
separating the steel and fabric from the rubber, which is then processed into a homogeneous granu-
late. The recovered steel can be channelled into recycling directly, without going through the pyrolysis
process first. Using only the rubber granulate as the input material for the pyrolysis process enables
relevant parameters such as feedstock composition and heating rate to be controlled much more
effectively, resulting in consistent, high-quality products.

2.2.2 Pyrolysis process

The input material is fed into the pyrolysis reactor, which is heated to between 400 and 700 °C using
an external heat source. This source can be electric (e.g. induction or microwave) or fuel-based, the
latter of which can be a by-product of the pyrolysis process itself. Typical reactors use a fixed bed,



rotating cone, or fluidized and entrained bed [3]. The desired thermal decomposition reactions! take
place when less than stochiometric quantities? of oxygen are present in the reaction chamber. A very
low oxygen concentration can be achieved by injecting inert gas and/or reducing the pressure in the
reactor. However, these methods require sophisticated and expensive setups. A more common ap-
proach is to simply limit the airflow into the reactor. Once the required temperatures have been
reached, the rubber softens and decomposes into volatile organic compounds and char. Using catalysts
reduces the necessary process temperature and reaction time, saving process energy.

2.2.3 Post-Processing

The volatile organic compounds formed during the pyrolysis process are passed through a condenser,
where oils and incondensable gases can be separated and captured. An important parameter influenc-
ing the pyrolysis output at this step is the volatiles residence time. The solid output of the process is
char, as well as steel that was not removed during the preparation of the feedstock. The mass ratio of
the oils, gases and char produced can vary substantially depending on the feedstock and processing
parameters but is typically around one third each [3]. Slow pyrolysis tends to generate more char,
while fast pyrolysis generates more oils and gases [5]

Waste tyre Prolis Solid fraction Volatile fraction
100 wt.% NPy 40 wt.% + 60 wt.%
C173H16503S1.5N 1.1539 Cs4.5HoS 0.3453 C285H44709N3S
Elemental Elemental
composition (daf) composition (daf)
C=88.20wL% C=94.96 wt.%
H=6.97 wt.% H=1.12wt%
0=2.21 wt% S=3.41wt%

N=0.59 wt.%
S=2.02wt%

Figure 1: The tyre pyrolysis process is as elemental reaction that shows mass fraction. The volatile fraction includes
the condensable fraction, which can be collected as oils, and the gaseous fraction. [1]

2.3 Products

2.3.1 Pyrolysis char

The char is mostly made up of carbon black and inorganic salts and minerals (mostly zinc- and sulphur-
based). If steel is not removed from the input material, it will also end up in the char, but can be sep-
arated and recycled in a post-treatment process. However, the remaining material has little economic
value due to the presence of impurities. These can be removed through acid treatment or other pro-
cesses. In some cases, the carbon black can be reused or transformed into activated carbon. It can also
be used as a low-grade fuel with a calorific value of 28 - 33 MJ/kg [6] (e.g. in a cement kiln), or as a
reducing agent in smelting processes (e.g. in lead smelter).

2.3.2 Pyrolysis oils

Pyrolysis oil has a high calorific value (around 42 MJ/kg) [6]. It consists of a highly complex mixture
containing over 100 different types of hydrocarbon, primarily aromatic compounds® and alkenes, as
well as traces of other elements such as sulphur and fluorine. The oil is highly acidic, with a sulphur

! for example, cracking, dehydration, isomerization, aromatization, dehydrogenation, and condensation
2 The amount of oxygen is lower than the amount required for complete oxidation of the organic material.
3 Benzene, toluene, xylene, styrene, etc.



content around 20 - 40 times higher than standard commercial diesel. Due to the presence of low-
boiling-point compounds, the oil generally has a flash point below 30°C* [1]. The properties of ELT
pyrolysis oil are similar to those of industrial diesel oil. However, to produce high-quality fuel, the oil
must be refined and sulphurised.

2.3.3 Pyrolysis gases

The non-condensable gas formed in the pyrolysis process typically consists of hydrogen and methane,
as well as paraffin and olefin compounds containing one to four carbons. Additionally, carbon monox-
ide, carbon dioxide, and sulphur- and nitrogen-based compounds (H-S, SO, COS, CS., NH:) are present
in low concentrations [1]. Pyrolysis gas has a high calorific value of 19-45 MJ/m3[6] and can be used as
a fuel. Unless the pyrolysis plant uses electricity (e.g. induction or microwaves) as a heat source, the
pyrolysis gas is often used internally to provide the necessary process energy.

2.4 Environmental considerations

P re-processing/ < Waste Tyre feedstock Key:
granulation o000
[ Process
Y a) Tyre pyrolysis S—
:EZ Tyre Chip : p):r‘%zz:s
Syngas recirculation Marketable
* product
Pyrolysis kiln Condensing Ram
system
= |
—3 Ga?I >
K '—-)I Oil |—)| Tank }—-) production
Syngas | Y
combustion : Recovered
1 Char carbon black =

Figure 2: Typical setup of an ELT pyrolysis plant with flare and internal use of syngas to provide process energy [4]

Complex physical and chemical reactions take place during pyrolysis, leading to the formation of a
variety of organic compounds. In the case of ELT pyrolysis, these may include persistent organic pollu-
tants (POPs), such as dioxins and furans; polycyclic aromatic hydrocarbons (PAHs), which have carcino-
genic and mutagenic properties; and nitrogen-based compounds (NO,). These contribute to the for-
mation of acid rain and ozone depletion. Other toxic nitrogen-based pollutants include hydrogen cya-
nide (HCN) or ammonia (NHs), as well as toxic sulphur-based compounds such as hydrogen sulphide
(H,2S) and sulphur dioxide (SO,) [7]. Appropriate emissions control measures are therefore crucial to
avoid releasing hazardous substances into the environment.

2.4.1 Emissions to air

The aim of pyrolysis is to capture the gases and volatile compounds generated during the process for
use as secondary fuels. The hazardous organic compounds listed above are not emitted directly by the
pyrolysis process itself but are transferred to the pyrolytic products instead. However, emissions to
the air occur when some of the pyrolytic products are used/fired internally. This can happen in two
cases (see Figure 2Error! Reference source not found.):
1. A fraction of the produced syngas is burnt directly to provide the necessary process energy.
2. Aflareis used to burn off excess gas for safety and pressure management reasons.
In both cases, adequate emission control systems must be in place in order to prevent the above-

4 The flashpoint for diesel oil is 52°C.



mentioned pollutants from being emitted into the environment. In both cases, emission control sys-
tems should include dry or wet scrubbers to remove sulphur and nitrogen compounds. POPs and PAHs
can also be partially removed by wet scrubbers or high-temperature filtration[8], but complete de-
struction requires very high temperatures,® which could potentially be achieved using a high-temper-
ature afterburner. If syngas containing condensable hydrocarbons is fired (as shown in the figure), fly
ash will be produced that must be removed using electrostatic separators or baghouse filters[9].

2.4.2 Wastewater emissions

Dust removal systems and scrubbers often use water that comes into direct contact with the flue
gases. Therefore, contaminated wastewater is produced, which must be collected and sent for ade-
guate wastewater treatment before it can be released.

2.4.3 Emissions generated during product use

The previously mentioned hazardous compounds are transferred into the pyrolytic products (oil, gas,
and solid residues). Unless these products are refined and treated prior before being used as fuel sub-
stitutes, toxic emissions will be generated during product use. Unrefined pyrolytic products can be
used in industrial processes with suitable air control systems, as these will adequately control the emis-
sions generated. However, if they are used in processes lacking adequate pollution control, hazardous
substances will be released, leading to detrimental effects on human health and the environment.

> A residence time of at least two seconds at 1100°C should be achieved [15]
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3 Pyrolysis of plastics

3.1 Input materials

For plastics to be recycled, they must be sorted by type, with those containing hazardous or otherwise
problematic additives being removed. Mixed and contaminated plastics are often unsuitable for ma-
terial recycling, but they can be valorised through pyrolysis to produce fuels or regenerate monomers,
which can be used to make new polymers. Plastics are made from long chains of organic molecules,
consisting mostly of carbon and hydrogen. The carbon content is usually above 60% [10]. However,
some plastics contain high amounts of other elements; for example, PVC has a chlorine content of
> 50% by weight. Plastics are often mixed with additives to alter their physical characteristics. There
are thousands of chemical compounds that can be used for this purpose. Therefore, mixed plastics can
contain halogens, heavy metals, and other elements in relevant quantities.

3.2 Processing, products, and environmental considerations

The general processes and products are the same as for ELT pyrolysis. To achieve the most consistent
results, the plastics should be shredded and homogenized to ensure a consistent material composition
and even heating. As most plastics are derived from crude oil, most of the input material can be trans-
formed into oil and gas, with only a small amount of char being formed. Unless the plastic contains
high amounts of mineral filler, the solid residues from the pyrolysis of PE, PP and PS plastics can be less
than 5% by weight, while the oil and gas yields vary between 40% and 60%. However, In the case of
PET (20% char, 20% oil and 60% gas) and PVC (35% char, 5% oil and 60% gas) the yields differ due to
the different elemental compositions of these polymers[10].

The presence of halogens, such as chlorine from PVC plastics or bromine from brominated flame re-
tardants (BFRs), which are often found in HIPS or ABS plastics from waste electrical and electronic
equipment (WEEE), is a major challenge. During pyrolysis, PVC decomposes and releases highly corro-
sive hydrogen chloride (HCI) gas [9], which can lead to equipment damage. Furthermore, HCl can lead
to the formation of various chlorinated organic compounds that are persistent in the environment and
highly toxic. Brominated flame retardants break down into brominated compounds such as dibromo-
phenol and other bromophenols, which are harmful to human health and the environment [11]. The
formation of these compounds can be reduced by optimizing and precisely controlling the process
parameters, and by using special additives and catalysts. However, halogens are still transferred into
the pyrolytic products, making them difficult and potentially hazardous to use. The considerations
mentioned previously in section 2.4 apply, and advanced refining steps are necessary to obtain safe
products that can be used as fuel or chemical feedstock for producing new plastics, which increases
the complexity and cost of the process.
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4 Opportunities and Risks

4.1 End-of-life tyre pyrolysis

4.1.1 Opportunities

End of life tyres are a high-volume waste stream in Ghana, with an annual volume well above 100,000
tonnes. The establishment of environmentally sound and locally applicable management practices for
this waste stream is highly relevant for Ghana, especially given that improper management practices
such as open dumping and burning are commonplace, resulting in severe human health and environ-
mental impacts [12]. Treating ELTs in a pyrolysis plant offers the opportunity to recover secondary
materials (iron, carbon black or activated carbon) and secondary fuels. These products can replace
primary resources and fuels, achieving a positive environmental impact. At the same time, the volume
and mass of residual waste that must be disposed of at a cost can be greatly reduced or even elimi-
nated. With capacities of up to 50 tonnes per day for fully automated, continuous plants, pyrolysis
offers a viable, environmentally, and economically sustainable solution for treating this high-volume
waste stream.

4.1.2 Risks

Opportunity costs

During pyrolysis, the rubber in ELTs is transformed into
secondary fuels that are later burnt for energy. There- Most
fore, pyrolysis of ELT rubber is an energy recovery pro-  Preferred
cess, though the material itself (rubber) is lost. Energy
recovery is one step below recycling in the waste hier-

archy (see Figure 3Figure 3). This is because, if the rub-

ber were recycled instead, it could replace primary re-

sources while still being available for energy recovery af- :;f:f;,ed 3

ter a second use phase.

Additionally, if the steel is not removed during feedstock

preparation, it will corrode and degrade during pyrolysis. Figure 3:  Waste hierarchy

Once recovered from the solid residues, the steel can be

recycled but will have degraded in quality. The solid residues, including the steel, can also be used as
reducing agents in smelting processes. This is considered a material valorisation but lies one step below
actual recycling in the waste hierarchy because the steel itself will be lost for further recycling.

Prevention

Re-use

Emissions:

To obtain high-quality products from ELT pyrolysis while avoiding hazardous emissions, an elaborate,
well-controlled setup is required. This includes an effective off-gas treatment (see Section 2.4.1), as
well as complex pre- and post-processing for feedstock preparation and refining of the pyrolytic prod-
ucts. These conditions can be met in large, centralized facilities with the necessary investments. In
smaller, less sophisticated units, which require only a fraction of the investment costs, the process
parameters are often not as well-controlled, leading to the generation of more hazardous and other-
wise undesirable compounds during pyrolysis. At the same time, the post-treatment of emissions and
pyrolytic products is less effective and often lacks proper monitoring. Both during the pyrolysis process
itself and later on when the pyrolytic products are used as fuels, hazardous organic compounds and
heavy metals can be emitted in quantities that far surpass legal thresholds.
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Product risks:

Unrefined pyrolysis oil contains a complex mixture of hydrocarbons. Its physical characteristics (e.g.,
viscosity) differ from the those of traditional diesel, rendering it unsuitable for the use in a car engine
or generator. The flash point of pyrolysis oil is generally low. This means that the oil becomes flamma-
ble when temperatures approach 30°C. In comparison, traditional diesel has a flash point of 52°C and
is only classified as combustible under the same conditions. Therefore, using pyrolysis oil in an engine
or generator built for traditional diesel combustion presents a fire risk. Furthermore, due to the differ-
ences in its physical characteristics and the presence of complex hydrocarbons, unrefined pyrolysis oil
does not perform as well as traditional diesel and can damage engines or generators built for diesel
use [13]. In addition to the higher fire risk, performance issues, and potential damage, burning unre-
fined pyrolysis oil leads to higher and more toxic emissions. This effect increases if the pyrolysis process
is run under non-optimal operating conditions (e.g., non-homogeneous input, lack of proper temper-
ature control, or high oxygen content). To reduce and mask these negative effects, unrefined pyrolysis
oil is usually mixed with traditional diesel. While the diluted oil can be used in a traditional diesel en-
gine or generator, the same amount of toxic emissions will still be produced, and the engines will be
damaged over time.

Economic risks:

Economic risks are also a factor. Pyrolysis requires an external heat source, which is typically fuel-
based. This fuel must be purchased at an additional cost. As an alternative, some of the pyrolytic prod-
ucts can be used to provide the necessary process energy, resulting in a lower overall yield. The com-
plex pre- and post-treatment processes required further increase the process’s operational costs. In
order to turn a profit, the high investment and operational costs must be offset. The business case for
pyrolysis mainly relies on substituting primary fuel with pyrolysis oil and gas, so the economic viability
is strongly influenced by the price of traditional fossil fuels.

4.2 WEEE plastic pyrolysis

WEEE is a fast-growing waste stream, and although WEEE plastic volumes are well below ELT volumes,
managing them is a relevant challenge. Recycling WEEE plastics requires substantial efforts in terms of
sorting and removing plastics containing hazardous additives, such as brominated flame retardants
[14]. Due to their low density, especially when transported in bulk, logistics costs increase the overall
recycling costs, while market prices for recycled plastics are often low. For these reasons, there are
currently very few operators in Ghana collecting and recycling WEEE plastics, which often end up being
dumped and burnt.

4.2.1 Opportunities

Plastics are well-suited for pyrolysis because they can be almost completely transformed into pyrolysis
oil and gas, leaving behind very little char residue. A significant advantage of pyrolysis is that plastics
do not need to be sorted or cleaned before treatment. This allows mixed plastics to be shredded locally
and shipped more efficiently to the pyrolysis plant. The presence of brominated compounds poses a
challenge, but advanced pyrolysis plants can address this issue. Thus, even POP-containing plastics can
technically be valorised under the right conditions. The pyrolysis oil and gas can substitute primary
fuels, and the oil’'s monomers can be used to produce new plastics. Therefore, pyrolysis can be used
not only for fuel production, but also as a material recovery option for mixed and potentially contam-
inated plastic waste.

4.2.2 Risks

Opportunity costs

During pyrolysis, long polymer chains decompose and transform into pyrolysis oil and gas, which can
be used as a secondary fuel. In the case of ELT pyrolysis (see Section 4.1.2), pyrolysis of plastics is an
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energy recovery process. Thus, it has an opportunity cost, as the plastics decompose and cannot be
directly recycled and reused as secondary plastics.

Advanced pyrolysis plants can create the right conditions to maximize the yield of specific monomers
in the pyrolysis oil. These monomers can be extracted and used as precursors for synthetizing new
polymers. This process is called chemical recycling. However, the benefits are much lower than with
actual material recycling of the polymers themselves. This is because the pyrolysis oil can only replace
feedstock, and most of the energy-intensive processes necessary to synthesize new polymers are still
required. During mechanical processing, however, the polymers can be reused, thus avoiding these
energy-intensive processes (see Figure 4). The environmental benefits of chemical recycling are similar
to those of energy recovery processes, as in both cases, refined crude oil (fuels or feedstock for plastic
synthesis) is replaced by pyrolysis oil.

Process emissions:

Due to the various additives present in mixed WEEE plastics, numerous chemical reactions can occur
during pyrolysis. The presence of halogens, such as bromine from brominated flame retardants and
chlorine from PVC?, is especially risky because it can lead to the formation of POP compounds (see
Section 3.2). As with the pyrolysis of ELTs, there is a high risk of toxic emissions being released when
the pyrolytic products are burned, either internally (to provide process energy or during flaring) or
externally (during product use), unless sophisticated, state-of-the-art off-gas treatment and refining
processes for the pyrolytic products are used.

Product risks:

PLASTICS

Chemical Recycling

- i

Fossil Resources

s

Plastic Waste

Figure 4: Chemical recycling of plastics [16]

Unless special processes are implemented to remove halogens and halogenated compounds, these
substances will likely be transferred into the pyrolytic products. Using these products as fuel substi-
tutes will lead to toxic emissions. Additionally, while the oil obtained from plastics differs from ELT
pyrolysis oil in some ways, the risks associated with using it as a substitute for traditional diesel without
further refining are similar (e.g., toxic emissions, performance issues, engine damage).

Economic risks:

The same economic risks apply as for ELT pyrolysis. Additionally, the presence of chlorine from PVC
plastics in the mixed plastic feedstock leads to the formation of HCI, which is highly corrosive and can
result in costly equipment damage.

8Soft PVC from cable insulation is the main source of PVC in WEEE plastics, though PVC is otherwise uncommon
in WEEE. However, WEEE plastics are likely to be treated with other plastic waste, including PVC.
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5 Environmental performance

As described in Chapter 4, pyrolysis of end-of-life tyres and WEEE plastics presents both opportunities
and risks. Whether or not pyrolysis can be considered a suitable waste management option that leads
to environmental benefits over alternative disposal methods depends heavily on how the plant is op-
erated and how the obtained pyrolytic products are used.

5.1 Scenarios for ELT pyrolysis

>

Pyrolysis scenario 1: Optimal conditions

Assumption: ELT pyrolysis is implemented under optimal conditions, leading to the production of
high-quality fuel substitutes with low emission risks.

Emissions from product use are similar in magnitude to those from primary fuel consumption.
Environmental benefits are achieved by substituting primary steel with recycled steel and primary
fuels with refined pyrolysis oil. However, the environmental benefits of substituting primary fuels
are partially offset by the amount of process energy required to run main processes, as well as
the pre- and post-treatment processes.

Pyrolysis scenario 2: Substandard pyrolysis / targeted oil use

Assumption: ELT pyrolysis is performed in a small- to mid-sized, batch-based reactor with mod-
erate emission controls. The input consists of whole ELTs. The resulting pyrolysis oil is desul-
phurised, but not refined further. It is then used as fuel in industrial processes with sophisticated
offgas treatment installations. The solid residues, including the steel, are used as a reducing agent
in a metal smelter.

Toxic emissions above legal thresholds occur during the pyrolysis process. Environmental benefits
are achieved by substituting alternative reducing agents and primary fuels with refined pyrolysis
oil in the smelter. However, the steel cannot be recycled further. Furthermore, the oil and gas
yield is lower due to suboptimal process conditions. While the main process is less energy efficient
than under optimal conditions, the overall process energy need is lower due to the lack of pre-
and post-processing. The total energy balance is assumed to be in the same range as in scenario 1.
Depending on the offgas treatment level in the industry where the oil is used as a fuel, there will
be low to moderate emissions of hazardous substances during product use.

Pyrolysis scenario 3: Substandard pyrolysis /oil dilution

Assumption: ELT pyrolysis is performed in a small- to mid-sized, batch-based reactor with mod-
erate emission controls. The input consists of whole ELTs. The pyrolysis oil is desulphurised, but
otherwise untreated. It is then mixed with diesel and used in diesel engines and generators. The
solid residues are disposed of in a sanitary landfill.

The process performance and environmental benefits of primary fuel substitution match scena-
rio 2. Steel is not recovered. Emissions during product use are substantially higher in this scenario
due to the use of unrefined pyrolysis oil in engines and generators that lack necessary emission
control systems. Additionally, the solid residues contain hazardous organic compounds that will
leach out over time, leading to soil and groundwater pollution.

Alternative 1: Cement kiln

Assumption: ELTs are processed into refuse-derived fuel for use in a cement kiln equipped with
appropriate emission controls and monitoring equipment.

Environmental benefits are achieved by substituting coal with the fuel in the cement kiln. Further-
more, the inorganic fraction contained in the rubber is transferred into the cement, representing
an additional valorisation of the material. Process energy and emissions are limited to feedstock
preparation. There are no additional relevant emissions due to the emissions control system of
the cement kiln.
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Alternative 2: Rubber recycling

Assumption: ELTs are shredded to recover the steel, and the rubber fraction is processed into
granulate, which can be used to make floor mats and other products.

Environmental benefits are achieved by substituting primary steel and primary rubber or plastic
with recycled steel and recycled rubber/plastic. Process energy and emissions are limited to the
recovery and recycling of steel and rubber.

> Alternative 3: Upcycling
Assumption: ELTs are used to make furniture, shoes, and other products.
The environmental benefits depend on the type of product being replaced and the material it
would have been made from. Since upcycling relies primarily on manual labour, there are no rel-
evant process emissions to consider.

»  Alternative 4: Open burning
Assumption: ELTs are burned openly to access the steel
Environmental benefits are achieved through the recycling of steel, though the quality of steel is
lower compared to steel recovered without burning. However, the process leads to very high and
toxic emissions due to the uncontrolled burning of the rubber.

Scenario Description Prf:c?ss Emissions during | Primary r.ess.ource Potential for high Econorrﬂc

emissions product use substitution volumes potential

Scenario 1 Pyrolysis under optimal conditions

Scenario 2

Pyrolysis under sub-optimal conditions,
non-refined oil used in industry

Scenario 3

Pyrolysis under sub-optimal conditions,
non-refined oil used as diesel substitute

Alternative 1 Cement kiln co-incineration

Alternative 2 Rubber recycling

Alternative 3 Upcycling

Alternative 4 open burning

Figure 5: Qualitative assessment of the environmental performance of different ELT treatment options

5.2 Scenarios for WEEE plastics pyrolysis

>

Pyrolysis scenario 1: =Optimal conditions

Assumption: Mixed WEEE plastic pyrolysis under optimal conditions produces high-quality fuel
substitutes with low emissions.

The emissions produced during the use of the product are similar in magnitude to those produced
by the consumption of primary fuels. Environmental benefits are achieved by substituting primary
fuels with refined pyrolysis oil. However, the environmental benefits reached by substituting pri-
mary fuels is partially offset by the relevant amount of process energy required to run the pyrol-
ysis and pyrolysis oil refining processes.

Pyrolysis scenario 2: Substandard pyrolysis / targeted oil use

Assumption: Mixed WEEE plastic pyrolysis is performed in a small- to mid-sized, batch-based re-
actor with moderate emission controls. The resulting pyrolysis oil is not refined further. It is used
as a fuel in industrial processes with sophisticated offgas treatment installations.

POP and other hazardous substances are emitted during the pyrolysis. Environmental benefits are
achieved by substituting primary fuels with pyrolysis oil. Although the main process is less energy
efficient than under optimal conditions, the overall energy needed for the process is lower due to
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the lack of post-processing. The total energy balance is assumed to be in the same range as in
scenario 1. The oil is used in industrial processes. However, some level of POP emissions is likely
to occur because the conditions necessary for the destroying or completely removing these sub-
stances are unlikely to be met.

»  Pyrolysis scenario 3: Substandard pyrolysis /oil dilution
Assumption: Mixed WEEE plastic pyrolysis is performed in a small- to mid-sized, batch-based re-
actor with moderate emission controls. The pyrolysis oil is not refined further. It is mixed with
diesel and then used in diesel engines and generators.
The process performance and environmental benefits of primary fuel substitution match sce-
nario 2. However, this scenario has substantially higher secondary emissions, including of POPs,
due to the use of unrefined pyrolysis oil in engines and generators lacking the necessary emission
control systems.

»  Alternative 1: Cement kiln

Assumption: Mixed WEEE plastics are used as an alternative fuel source to fire the cement kiln,
which reaches the necessary temperatures to completely destroy POP substances. The kiln is
equipped with the appropriate emission control and monitoring equipment.

Environmental benefits are achieved by substituting coal with mixed WEEE plastics as a fuel in the
cement kiln. Furthermore, the inorganic fraction contained in the plastic (e.g., fillers) is trans-
ferred into the cement, which represents an additional valorisation of the material. Due to the
cement kiln’s emissions control system, there are no additional relevant emissions.

» Alternative 2: Plastic recycling

Assumption: Mixed WEEE plastics are sorted by type; the fractions containing hazardous additives
are removed, and the target plastics are recycled to obtain secondary plastics.

Environmental benefits are achieved by substituting primary plastics with recycled plastics. How-
ever, the necessary process energy for recycling slightly reduces the benefits, which still surpass
those of an energy recovery valorisation. Non-target plastics containing hazardous additives are
treated using one of the other described scenarios, which have their own respective environmen-
tal benefits or costs.

»  Alternative 3: Open burning
Assumption: Mixed WEEE plastics end up on an informal dump site, where they are ultimately
burned to reduce the volume.
There are no environmental benefits because there is no valorisation. This process leads to very
high, toxic emissions due to the burning of the plastics containing brominated flame retardants,
heavy metals, and other chemicals.

Process Emissions during | Primary ressource | Potential for high Economic

Scenario Description o L )
emissions product use substitution volumes potential

Scenario 1 Pyrolysis under optimal conditions

Pyrolysis under sub-optimal conditions,

Scenario 2 ) . L
non-refined oil used in industry

Pyrolysis under sub-optimal conditions,

Scenario 3 ) . . .
non-refined oil used as diesel substitute

Alternative 1 Cement kiln co-incineration

Alternative 2  Plastic recycling

Alternative 3 open burning

Figure 6: Qualitative assessment of the environmental performance of different WEEE plastic treatment options
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6 Assessment of pyrolysis plants in Ghana

6.1 ELT pyrolysis plants

6.1.1 Capacities and process flow of installed pyrolysis plants

A total of ten pyrolysis facilities were identified during field investigations in the Greater Accra Region
and the Eastern Region in Ghana. Nine of these facilities were successfully visited and assessed on-site.
Based on interviews with plant operators, it is estimated that 20 pyrolysis plants are currently operat-
ing across Ghana.

Table 1 provides an anonymous overview of the surveyed facilities, including their respective pro-
cessing capacities. This data forms the basis for estimating the overall annual processing capacity of
pyrolysis plants. All of the identified facilities utilise batch processes (see Chapter 1.3 on operation
mode). Of the nine visited facilities, only one was operating at full capacity. Therefore, two scenarios
were used to quantify national pyrolysis capacity: (1) the estimated current annual capacity based on
the utilization rates provided in the interviews; and (2) the estimated installed annual capacity assum-
ing full operation of all identified plants. The following assumptions were used to estimate the capac-
ities:

Estimated used annual capacity Estimated installed annual capacity
— Number of reactors in use — No. of reactors available

— Currently used capacity per reactor — Maximum capacity per reactor

— 3 batches/week — 3 batches/week

— 40 operational weeks per year — 40 operational weeks per year

The calculated capacities of the nine visited facilities are used to extrapolate the overall capacity of the
estimated 20 pyrolysis plants in Ghana.

Table 1:  Estimation of current pyrolysis capacity in Ghana — based on field visits to 9 pyrolysis facilities in 2025

No. of No. of No. of Currently used ca- |Installed Estimated used Estimated in-
company (reactors reactors pacity per reactor |capacity per annual capacity  |stalled annual ca-
in use available [tonnes] reactor [tonnes] |[tonnes] pacity [tonnes]
1 1 2 7 10 840 2,400
2 2 2 12 13 2,880 3,120
3 1 1 10 15 1,200 1,800
4 2 2 5 1,200 1,200
5 4 5 10 2,880 6,000
6 8 8 12 15 11,520 14,400
7 1 2 12 15 1,440 3,600
8 2 2 10 1,680 2,400
9 4 4 8 8 3,840 3,840
Overall sum for 9 pyrolysis facilities 27,480 38,760
Extrapolation to 20 pyrolysis facilities 61,067 86,133
Data provided by pyrolysis companies
Source: Data collected by MRI and GNCPC & own calculations

The following sections briefly describe the typical processes of collecting, storing, pre-treating, and
treating waste tyres at the visited pyrolysis facilities, as well as handling the subsequent pyrolysis out-
puts.
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6.1.1.1 Sourcing and storage of tyres

In Ghana, the primary feedstock for pyrolysis facilities is end-of-life tyres, which are sourced through
a decentralized network of individual vendors, vulcanizers, scrap dealers, and institutions. Tyres are
delivered directly to the facilities by individuals or procured from external suppliers under various
arrangements. The latter includes informal networks, in which scrap dealers deliver tyres at no cost in
exchange for recovered steel, as well as formal agreements with tyre repair shops and small-scale
aggregators, which are based on weight (per tonne) or unit (per tyre). Tyres come in various sizes,
ranging from small passenger vehicle tyres to large commercial truck and earth-moving machines
tyres.

Once at the facility, tyres are stored in designated yard areas, typically in large piles or stacked rows
(see Figure 7). The absence of formal tracking systems hinders efficient inventory management and
makes balancing supply with operational demand difficult.

~ Y

Figure 7: Waste tyres stored at a pyrolysis facility

Source: MRI

6.1.1.2 Cutting/Preparation

At the visited facilities, tyres undergo minimal preprocessing before being fed into the pyrolysis reac-
tors. Smaller tyres are usually cut into three sections: the top, the bottom, and the main round section.
Then, they are packed into larger tyres (see Figure 8). This practice increases reactor loading and en-
hances the efficiency of the pyrolysis process. In contrast, larger truck or heavy-duty tyres are usually
fed whole into the reactor because they are difficult to preprocess manually. Since the reactors can
process truck tyres whole, operation managers do not see the need to cut them into pieces.
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Top and bottom section of cut tyres Cutting machine
Figure 8: Pre-treatment of tyres

Source: MRI

6.1.1.3 Loading the reactor

In all visited facilities, reactor loading is a manual process, with workers handling the feedstock directly
and feeding it into the reactors. The size and number of reactors varies among the plants (see Table
1). All facilities use batch processing, with each batch consisting of 5 to 12 tonnes of tyres, depending
on the plant's specific capacity and operational conditions. Workers carefully monitor the loading pro-
cess to ensure an even distribution of material within the reactor because this impacts the efficiency
and consistency of the pyrolysis reaction. Once loaded, the reactor is sealed to prevent oxygen from
entering.

6.1.1.4 Heating & Pyrolysis

The pyrolysis process is initiated by igniting the external combustion chamber. Firewood or pyrolysis
oil recovered from previous pyrolysis processes is used as the fuel source (see Figure 9). Once the
reactor reaches the desired temperature, the tyres begin to thermally decompose into the afore-men-
tioned products: pyrolysis char, pyrolysis oil, pyrolysis gas, and steel wire. The pyrolysis gas produced
is then used to sustain the heating process. Excess pyrolysis gas is vented to the atmosphere or flared
without further treatment. Each batch lasts between 10 and 15 hours, depending on the reactor's
capacity, the type of feedstock, and the operating temperature.
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Figure 9: Firewood stored and used as external heat source at a pyrolysis plant

Source: MRI

6.1.1.5 Pyrolysis products and residual waste management

The visited facilities produced between 1,500 and 2,600 litres of pyrolysis oil per batch, depending on
the size of the reactor and the composition of the tyres. The facilities sell the oil as fuel for industrial
applications, such as in stone quarries and factories. Some companies also sell to middlemen, and do
not know where the oil is ultimately used. The oil is sold in its raw, unrefined state, without desulphuri-
zation or any further processing. Only one company refines the oil before selling it.

The produced pyrolysis gas is partly used to sustain the combustion process in the reactor, thereby
reducing reliance on external fuel sources, such as wood. Almost all facilities either directly vent excess
gas into the atmosphere without any off-gas treatment or flare it (see Chapter 6.1.1.4), depending on
the design of the facility. In one facility, the pyrolysis gas is redirected into a burning chamber. None
of the visited facilities had dry or wet scrubbers, electrostatic separators, or baghouse filters.

There are few off-takers of the produced pyrolysis char in Ghana. In many plants, the char is stored in
large jumbo polypropylene bags that are often poorly sealed, torn, or damaged. Sometimes, compa-
nies leave carbon black openly exposed and unattended on their premises, leading to spillage and
environmental contamination. Although the material can theoretically be used in various industries,
such as cement production, paint manufacturing, and tile production, local market demand is low.

Steel wire is separated from the tyre beadings during the pyrolysis process. Depending on the batch
size, between 0.4 and 1.5 tonnes of steel wire are recovered per cycle. The wire is primarily sold to
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scrap dealers or steel manufacturing companies for further processing. However, one company uses
the generated steel wire as a reduction agent in its own lead smelter, integrating it directly into its
production process.

The wastewater is either discharged untreated into local drainage systems or stored in open tanks or
ponds. Since the tanks are not sealed or protected from the elements, spillage is to be expected.

Seperation tank used to collect the light pyrolysis oil at Se
the top and the heavier residues

Pyrolysis char stored in jumbo bgs

Steel recovered from pyrolysis of waste tyres

Figure 10: Pyrolysis outputs
Source: MRI

An overview of the whole process is provided in Figure 11.
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Figure 11: Process flow of the visited pyrolysis plants in Ghana

Source: Own compilation

6.1.2 Qualitative assessment

Based on the findings described in the previous chapters, it can be assumed that there are very high
process emissions. There is little to no emission control for the produced pyrolysis gas, which is mostly
released into the atmosphere untreated. Pyrolysis char is also a significant source of emissions. Scat-
tered across many of the premises, it leaches hazardous organic compounds, which pollutes the soil
and groundwater. Several facilities discharged wastewater untreated, posing an additional source of
hazardous emissions.

Figure 12: Pyrolysis reactor during operation

Source: MRI

All of the visited pyrolysis facilities prioritize producing pyrolysis oil, which constitutes approximately
40% of their weight output and is their primary product. With the exception of one facility, none of
the plants conduct any form of post-treatment, such as desulphurization, before selling the pyrolysis
oil. The oil is primarily sold to industrial clients. Consequently, emissions during product use depend
heavily on the emission control technologies available at end-user facilities. Based on typical industry
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practices in Ghana, it can be assumed that oil users lack adequate emission control systems for this
type of fuel. The pyrolysis oil used by the facilities themselves is subject to the afore-mentioned poor
emission control standards. It is likely that not all customers who buy the pyrolysis oil from middleman
are aware of its origin; thus, adequate emission control during its use is highly questionable.

In theory, the produced pyrolysis oil, gas, and char could be used to substitute primary resources. In
practice, however, the visited pyrolysis facilities only sell the oil, and there are very few buyers for the
char. Some facilities have arrangements with the local cement industry to purchase pyrolysis char.
However, there seems to be an oversupply of pyrolysis char, and some arrangements have been ter-
minated in favour of other char suppliers. Pyrolysis gas is only used to a very small extent in the pyrol-
ysis process itself; the excess gas is not stored, and, apart from one plant, it is not used at all. Conse-
qguently, the substitution of primary fuel by pyrolysis oil, gas, and char is relatively low and below its
potential. Conversely, pyrolysis facilities that use firewood as an external heat source utilise additional
primary resources. The steel contained in waste tyres is recovered after the pyrolysis process, which
has a positive environmental impact.

The estimated annual treatment capacity of existing pyrolysis plants could cover most of the waste
tyres produced in Ghana. According to estimates, 61,000 - 86,000 tonnes of the 106,000 tonnes of
waste tyres produced annually could be treated. Although all pyrolysis facilities are small- to medium-
sized batch processes, the large number of around 20 pyrolysis plants allows for high volumes.

Most of the facilities visited in Ghana have been operating for several years, and pyrolysis is the core
business model for all but one of them. This suggests that producing and selling pyrolysis oil from waste
tyres is a viable business under the current conditions of minimal emission control and occupational
health and safety standards. However, the economic potential may differ if future regulations and
their enforcement steer investments toward necessary emission controls, sound off-gas and waste-
water treatment, and product upgrading. Currently, most operators do not account for these costs.
The sector also faces increasing economic pressure due to rising competition for waste tyres. Some
companies source tyres from distant locations, such as Kumasi and Takoradi, and pay vulcanizers in
advance to secure supply, which drives up feedstock prices. To improve the economic potential of
pyrolysis operations, companies could focus on developing viable markets for underused products,
particularly pyrolysis gas and char. They could also maximize the utilization of existing reactor capaci-
ties.

Current pyrolysis practices in Ghana raise serious environmental, occupational health, and safety con-
cerns. During field visits, workers were observed operating without the appropriate personal protec-
tive equipment (PPE). In one facility, workers were required to purchase PPE with their own money.
Additional risks stem from poor site management and insufficient pollution control, as discussed
above. In some cases, workers and their families live on the premises, exposing them to hazardous
emissions and waste materials. Livestock, such as goats, were also present on site, and polluting ma-
terials, such as scattered pyrolysis char, were stored near crop and livestock farming areas. Further-
more, the unprotected storage of used tyres creates standing water, which can become a breeding
ground for disease-carrying insects, such as those that carry malaria.

6.2 WEEE plastic pyrolysis plants

None of the pyrolysis plants visited currently process WEEE plastics. However, some companies have
processed PVC and PET plastics in the past. In most cases, though, the amount of pyrolysis oil produced
from waste plastics was lower than that produced from waste tyres. For this reason, most companies
focus on using waste tyres as feedstock. Currently, only two companies use plastic as regular feedstock,
with one specifically excluding e-waste plastic. Another pyrolysis facility has expressed openness to
processing e-waste plastics in the future.

Technically, it would be possible to channel mixed WEEE plastics into these installations to produce
pyrolysis oil. However, under current conditions and with the above-described existing facilities it
would not be an environmentally viable solution.

24



6.3 Relevant legal requirements

This section summarizes the primary statutory and regulatory obligations governing pyrolysis opera-
tions in Ghana. It is based on written statements provided by the Ministry of Environment, Science
and Technology (MEST), the Energy Commission, the Environmental Protection Authority (EPA), and
the Ghana Standard Authority (GSA).

6.3.1 Ministry of Environment, Science, and Technology

The MEST incorporates pyrolysis into Ghana’s broader climate change, sanitation, and waste manage-
ment policies. The National Climate Change Policy (2013) and the Renewable Energy Master Plan ex-
plicitly endorse waste-to-energy solutions, including pyrolysis, as a means of reducing GHG emissions
and recovering energy from waste. Any land use application for a pyrolysis facility requires Ministry
approval to ensure alignment with national environmental objectives.

6.3.2 Environmental Protection Authority

The EPA is responsible for enforcing two main regulatory frameworks (The Environmental Protection
Act of 2025 (Act 1124 and Environmental Assessment Regulations, 1999, LI 1652) that govern the op-
erations of pyrolysis plants in Ghana. These legal instruments empower EPA to permit and monitor
industrial processes with environmental implications. The Environmental Protection Act of 2025 (Act
1124) and its associated regulations stipulate that no pyrolysis facility may begin operating without
first obtaining an environmental permit. To obtain such a permit, the proponent must submit a de-
tailed environmental impact assessment statement obtained through an environmental impact assess-
ment (EIA). The EIA addresses air emissions (including odour and black carbon control), wastewater,
and the secure handling of solid waste residues. According to the Environmental Assessment Regula-
tions (LI 1652), every permit issued is accompanied by permit conditions. The conditions include a list
of issues identified in the environmental impact assessment report which must be addressed during
the operations of the plant. The EIA identifies potential environmental and social risks associated with
the proposed pyrolysis activities. In response, the EPA imposes specific conditions that must be ad-
hered to throughout the operation of the plant. Once operational, facilities must provide quarterly and
annual compliance reports on emissions and effluent quality and can expect at least one EPA inspec-
tion per year. According to the EPA, common compliance failures include operating without EIA per-
mits, omitting critical pollution control systems, inadequately monitoring air and water quality param-
eters, and poorly managing residues. Failure to meet any of the specified conditions may lead to reg-
ulatory action, including fines, suspension of the environmental permit, or cessation of operations.

Furthermore, the Act 1124 imposes an eco-levy on the importation of tyres. The purpose of the eco-
levy on tyres is to ensure environmentally sound management of waste tyres, and is applied at the
point of importation.

6.3.3 Energy Commission

According to the Energy Commission Act of 1997 (Act 541) and the Renewable Energy Act of 2011 (Act
832), pyrolysis-derived fuels, such as oil and pyrolysis gas, are formally recognized as potential renew-
able energy sources. However, specific technical standards for their quality and safety have yet to be
issued. Pyrolysis plants wishing to generate or sell these fuels must register and obtain a
license under the Renewable Energy Act’s framework for bioenergy processes, in theory. Registered
facilities are entered into the Commission’s national inventory and undergo viability assessments.
These assessments are integrated into Ghana’s energy mix statistics and planning model. To date, the
Commission has not conducted a baseline study to cross-check the number of registered and
operating pyrolysis plants in Ghana.
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6.3.4 Department of Factories Inspectorate (DFI)

The Factories, Offices and Shops Act, 1970 (Act 328) establishes the legal basis for ensuring occupa-
tional health, safety, and welfare in workplaces across Ghana, including industrial operations like py-
rolysis. The Act mandates the creation of the Factory Inspectorate Division led by the Chief Inspector
of Factories. This division is responsible for registering factories, inspecting workplace conditions, and
enforcing compliance with health and safety standards. Pyrolysis facilities, by virtue of their operations
are classified as factories under the Act and are therefore subject to its provisions.

In governing pyrolysis activities, the Inspectorate ensures that operators provide a safe working envi-
ronment, maintain proper machinery safety standards, and implement protective measures against
occupational hazards such as toxic fumes and fire risks. Inspectors are also empowered to conduct
regular inspections, investigate industrial accidents, and demand improvements where violations are
found. While the Act does not specifically mention pyrolysis, it applies to all factories and gives the
Inspectorate broad powers to regulate emerging technologies.

6.3.5 Ghana Standard Authority

Currently, the GSA has not established any national standards governing pyrolysis equipment or prod-
ucts. Instead, the quality and safety of pyrolysis products, such as oil or pyrolysis char, must
be verified against existing standards for their respective product categories. For example, if a pyrolysis
facility produces oil similar to diesel, the sample is tested according to Ghana’s current diesel specifi-
cations rather than a pyrolysis oil standard.

In the absence of Ghanaian benchmarks, the GSA’s National Technical Committees are responsible for
reviewing and recommending suitable international standards that can be adapted locally. Comprising
industry stakeholders, regulators, and technical experts, these committees will also guide the devel-
opment of new national standards and a code of practice for pyrolysis operators. Until these standards
are in place, pyrolysis facilities must adhere to established certification schemes and testing protocols
tied to existing, approved standards. Conformity is assessed through routine laboratory testing and
certification processes aligned with the relevant product category.

Furthermore, the following regulations were identified as including requirements for pyrolysis opera-
tors in Ghana:

=  The Public Health Act of 2012 (Act 851) requires community engagement and public awareness
campaigns on waste management and the benefits of pyrolysis.

= The Local Governance Act of 2016 (Act 936) reinforces the role of metropolitan, municipal,
and district assemblies in overseeing waste collection and disposal practices, including those
in pyrolysis facilities.

However, these requirements are not complied with in almost all of the facilities visited (see Chapters
6.1.1 and 6.1.2). Only a few facilities had valid environmental permits, and only one of those had doc-
umented evidence of routine EPA inspections and basic waste management measures. None of the
nine sites had comprehensive pyrolysis emission control systems or documented operating proce-
dures. Product quality assurance protocols were universally absent, and no facility possessed a license
or permit from the Energy Commission.
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7 Conclusions & Recommendations

The pyrolysis of end-of-life tyres and mixed WEEE plastics is often considered a promising method of
treating large volumes in an environmentally sound and economically viable manner. While feasible in
state-of-the-art centralized installations and under the right economic conditions (as high oil prices),
an investigation of pyrolysis facilities in Ghana revealed polluting practices and risks that must be taken
into account.

e Pyrolysis is a complex process that requires precise control, as well as appropriate off-gas
treatment and refining of the pyrolytic products. As pyrolysis facilities in Ghana mostly have
poor infrastructure and processes, treating ELTs leads to the generation of both primary and
secondary toxic emissions.

e Pyrolysis oil can be used in industrial processes without prior refining, provided that the rele-
vant emissions controls are in place (e.g. in metallurgical processes equipped with off-gas
treatment and flue gas desulphurization). However, it is doubtful that the emission control
systems of many industrial plants in Ghana can meet these requirements. Thus, moderate to
high emissions (e.g. sulphurous emissions) are expected. This issue would become even more
relevant if pyrolysis plants were to use halogen-containing WEEE plastics as fuel feedstock in
the future. The burning conditions and emission control systems would need to be appropriate
for the destruction or removal of POP substances.

e As most facilities sell pyrolysis oil as a diesel substitute without appropriate refining or product
information, additional risks arise, such as fire hazards due to the lower flash point compared
to conventional diesel, as well as engine damage.

e Evenunder optimal conditions, the total energy balance of pyrolysis is worse than that of other
energy recovery processes, such as co-incineration in cement kilns. In the Ghanaian facilities
visited, the energy balance is expected to be even worse, as the potential of pyrolysis gas is
not utilised to its fullest extent. Instead, firewood is used as an additional external energy
source, while excess pyrolysis gas is commonly flared.

e State-of-the-art facilities require significant investment and operating costs. Current business
models rely on low-tech, low-cost pyrolysis processes, with few measures in place to control
emissions or ensure safe and healthy working conditions. Financial gain is almost entirely de-
pendent on the sale of fuel substitutes. Necessary facility upgrades or a decrease in the price
of crude oil result in negative overall economic performance for pyrolysis plants.

Therefore, pyrolysis can be considered a technically viable but ‘high risk, low yield’ solution for treating
ELTs and WEEE plastics. Currently, strict controls regarding offgas treatment requirements and product
use are lacking. Consequently, it is assumed that the overall environmental performance of pyrolysis
plants in Ghana is negative.

In order to transition Ghana’s pyrolysis industry from its current informal and semi-regulated state to
a safer, more efficient and environmentally responsible sector, the following practical, context-sensi-
tive interventions are proposed:

1. Support the development of technical guidelines

There is an urgent need to establish national technical guidelines specific to pyrolysis operations in
Ghana. These guidelines should outline safe practices for the collection and pretreatment of feedstock,
reactor operation, emissions control, wastewater management, and the handling and post-treatment
of outputs such as pyrolysis char, oil, and gas. These guidelines should be developed collaboratively by
the EPA and relevant stakeholders and should be easy to understand and applicable. Prioritize formats
such as visual manuals, posters, and translated guides in local languages to encourage adoption and
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compliance at the facility level. To improve worker safety, occupational health and safety measures
should be included in the technical guidelines.

2. Pyrolysis should always be considered as subordinate solution for waste tyre management

In line with the waste hierarchy and due to the unfavourable energy balance described above, it should
be avoided wherever possible. Upcycling, recycling, and alternative energy recovery options should be
favoured over energy recovery by pyrolysis. Nevertheless, for volumes that cannot be managed by the
preferred options, state-of-the-art facilities as described in chapter 2 could be used to treat the re-
mainder. As such facilities are not available in Ghana in the short or medium term, this management
pathway should not be considered for WEEE plastics in the short term. The risk of severe environmen-
tal and occupational hazards appears too high.

3. Enforce minimum standards and institutional coordination

Improved coordination between the EPA, District Assemblies, and environmental health departments
is essential to ensure consistent oversight. Joint inspection protocols and shared monitoring checklists
can help to clarify roles, reduce duplication, and ensure practical enforcement at the local level. Peri-
odic training for inspectors and assembly staff will provide them with the technical knowledge needed
to support operators and enforce standards effectively. Furthermore, sufficient resources and capaci-
ties must be available to ensure compliance effectively.

4. Introduce a digital registry and monitoring system for pyrolysis facilities

A centralized, web-based registry should be developed to capture and maintain up-to-date infor-
mation on every waste-to-energy installation, including its location, the operator details, the permit
status, the design capacity, the feedstock type, the inspection history, and any compliance actions.
Ideally, the system should be linked to live monitoring of emissions and webcams observing activities
at the sites. Together with physical inspections, this will enable regulators to quickly identify unregis-
tered or non-compliant sites, schedule routine inspections, track renewal deadlines, and monitor cor-
rective actions in real time.

5. Establish a national knowledge exchange platform

A national pyrolysis industry platform should be set up to encourage communication between govern-
ment agencies, private operators, researchers, and civil society. This platform could facilitate the shar-
ing of regulatory updates, new technologies, market intelligence, and lessons from pilot projects. Reg-
ular workshops and an online resource hub will help to disseminate best practices and build a culture
of compliance, innovation, and collaboration across the sector.

6. Reach out to good practice pyrolysis plants and markets

Pyrolysis oil is attracting increasing intertest internationally as it could serve as a substitute for fossil
fuels in industrial processes. If this substitution becomes more important in the future, pyrolysis oil
from soundly operated plants may be regarded as a commodity suitable for international trade. To
reach this point, and to improve the environmental, health, and safety profile of the sector in Ghana,
industries and governments are encouraged to engage with well-performing pioneers in other coun-
tries and identify ways to develop the Ghanaian sector so that it can become part of a sustainable
and responsible supply chain for secondary hydrocarbon resources.
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