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Executive summary
The Waste to Wing project (W2W) aims to prove the feasibility of an inclusive, waste-based Sustainable
Aviation Fuel (SAF) value chain in South Africa with the view to replicating elements of the project in
other African countries. Work package 1 of the project aims to determine the availability and cost of
sufficient quantities of waste biomass to feed an industrial scale processing plant for the production of
SAF. For the purposes of this study, it was assumed that the biomass would be converted to SAF at
Sasol’s plant in Secunda, considering this Gasification and Fisher-Tropsch (GFT) plant has the potential
to produce some of the cheapest SAF in the world. However, the individual components of this study
have a wider applicability for possible beneficiation options across the waste streams identified.
Biomass availability
Much work on estimating the availability of these feedstocks has already been done to date. For the
purpose of the W2W project, existing information was refined and upgraded with further literature
review and in person engagement with sector experts. This ultimately led to two scenarios for biomass
availability:


W2W low: a very conservative availability of biomass,



W2W high: a more optimistic estimate of higher availability of biomass.

These estimates were contrasted with potential demand by Sasol (0.5 – 5 million tonnes of dry
biomass per annum). The figure below shows that even under very conservative assumptions of
biomass availability, there is at least twice as much waste biomass available as the maximum
potential demand from Sasol, which has the potential to be the biggest single user of lignocellulosic
biomass in South Africa.
Figure E.1: Summary of waste biomass availability, and SASOL’s potential requirements

Legend: AGR-Agricultural Residues, FOR-Forestry Residues, IAP- Invasive Alien Plants, MOW-Municipal Organic
Waste, SAW-Sawmill Residues

Sustainability risks
Despite something being classified as a “waste”, it does not mean that its utilisation for energy
purposes poses no environmental or social risk. A high-level assessment of sustainability risks
associated with the different candidate feedstocks has therefore been undertaken to flag possible
areas of concern. In addition, the potential of feedstocks to be classified as having a low risk of causing
indirect Land Use Change (iLUC) was considered, since this minimises additional emissions not
accounted for in the current life-cycle accounting practices. The key sustainability risks of different
types of biomass wastes are summarised in Table E.1 below:
Table E.1: Sustainability risks associated with various biomass wastes
Biomass waste
category

Sustainability risks

Corn stover

At current prevalent levels of corn yield, risk for soil health
and competition with animal feed production.
In areas of higher agricultural productivity, the level of
sustainability risk could decrease, but this should be
assessed on a local basis.

Sugarcane
bagasse

Forestry
residues

Garden waste

Invasive alien
plants

All available volumes currently utilised for electricity cogeneration at sugar mills and for animal feed production;
displacement from these uses would likely increase fossil
fuel and other biomass demand and consequently lead to
increased GHG emissions and indirect land use change.
Unregulated removal can affect soil health and long-term
productivity of plantation. Risk of reducing communities
access to firewood and consequently increase fossil fuel
demand (or other biomass demand). Labour rights at
forest harvesting level.

Low iLUC

Overall
risk

No

High

No

High

Yes
(if no
impact
on soil
heath)

Medium

Currently mostly landfilled, so diversion from landfill to
energy application would have a number of benefits
(extended landfill lifetime, reduced methane emissions).

Yes

Low

Risk to biodiversity due to chemical and biological agents
contained in herbicides and other chemical control
products. Risk of regeneration and propagation due to
inadequate eradication action. Risk of poor labour rights
due to extensive sub-contracting.

Yes

Medium

The conclusion from both assessments was that garden waste at major metros (especially in
Johannesburg) and saw dust waste are the obvious feedstocks to start with, as they are both available

in significant quantities in specific locations and pose the lowest sustainability risks, including risk of
indirect land use change.
Pre-treatment and densification
To improve its compatibility with existing processing capacity and increase its bulk density to reduce
the transportation costs, biomass in its raw form needs to be pre-treated and densified. This requires
capital and operating costs which inevitably increases the cost of the biomass as feedstock. A technoeconomic assessment was carried out to determine which pre-treatment and densification
technology is the most economical to increase the density and co-gasification suitability for the
different candidate feedstocks.
The assessed pre-treatment and densification technologies and their relative pros and cons are
summarised in Table E.2 below:
Table E.2: Technology options review - relative pros and cons
Option

Pros

Chips

Low capital; and
Low running cost of implementation.

Hard white
Pellets

Remains dry;
High density;
Well established.

Black pellets
and fuel rods

Hard;
Remains moisture free;
Withstands gasification high density.

Torrefied
pellets

Chemical behaviour similar to coal;
low oxygen content;
high energy density.

Cons
Susceptible to gaining moisture;
Low density;
Only woody materials can produce chips
with particle sizes above 10mm, as required
for the gasification process.
Requires a small amount of binding agents;
High capital and running costs
Much higher capital costs for black pellets
compared to white pellets due to pretreatment.
“Fuel rod” technology is relatively new.
Pellets have low structural integrity;
Very significant capital costs due to
torrefaction.

The techno-economic assessment of the above technologies showed that:






For woody biomass such as IAPs and primary forestry residues:
o

Chips cost about 15% of pelleting cost, on average;

o

Chips have lowest density, thus increases transportation cost; and

o

Fuel rods, though the newest technology, has the lowest processed biomass price.

For soft biomass such as maize agriculture residues and garden waste:
o

Size reduction is only a pre-treatment for further densification;

o

The white pellets are the cheaper option; and

o

Torrefied pellets and fuel rods have not been tested/reported.

For saw mill wastes (sawdust):
o

Black pellets are only 8% more expensive than white pellets; and

o

This represents an opportunity to introduce advanced pellet production in South Africa.

It is worth noting that because the cost of the pre-treated and densified product is highly sensitive to
the capital cost, a moderate decrease in the latter can have a significant impact on the price of pellets
or fuel rods used for the production of SAF.
Transport costing
Logistics make up a large portion of the total spend in any value chain. To minimise the cost of SAF
production, it is of utmost importance to find the optimal route and method of transporting the
biomass. In order to determine the optimal supply chain, the following steps were undertaken:
1.

A centre of gravity study was performed in order to determine ideal placement of
consolidation and densification points/hubs throughout South Africa, depending on the
distribution of the raw biomass resources considered.

2.

Different modes, vehicle types and commercial arrangements of transport were considered
for the analysis.

3.

Development of the supply curves by adding up all the costs associated with extraction,
primary transport and secondary transport of biomass resources.

The centre of gravity study ultimately identified forty-nine (49) viable towns which could serve as
consolidation hubs for biomass densification and all the transport costings were performed around
these towns. Transportation costs were divided between primary transport (from raw biomass
extraction site to densification plant) and secondary transport (from densification plant to SAF
processing plant). Based on a number of considerations, the walking floor vehicle was selected as the
best choice for primary transport since it has a superior volume capacity and has a proven track record
for moving bulk commodities in the similar conditions of South African agricultural markets. The most
suitable commercial arrangement for these vehicles and routes is the “fixed and variable costing
model,” whereby a fixed cost per vehicle is paid monthly for the financing, maintenance and labour
portions of the total cost of a vehicle and a low variable rate is paid per kilometer travelled. For
secondary transportation from the densification centres to Sasol’s Secunda plant, the super-link
tautliner vehicle was selected as the optimal road transport vehicle due to its high levels of availability
within the South African market, as well as the speed and costs associated with loading and
offloading of these vehicles. In this case the “lane rate costing model,” whereby a monthly adjustable
fixed rate per trip is paid based on providing the agreed service at the agreed trip rate, has emerged
as the most suitable commercial arrangement. It is worth noting that for secondary transportation
both road and rail were considered simultaneously where possible, however, only 6 towns, namely
Ermelo, Germiston, Olifantsfontein (Pretoria), Vanderbijlpark, Mayfair and Vryheid showed rail rates
that were cheaper on a per ton level than road transport.

Full upstream supply chain cost
In order to establish total cost associated with the entire value chain, the costs associated with
extraction, primary transport, sieving, densification and secondary transport were added up. The
possible combinations of biomass availability estimates, pre-treatment steps and methods and their
financing ultimately led to 20 scenarios for which supply curves were developed.
The scenario analysis shows that regardless of the densification process employed, sieving the biomass
prior to densification offers important cost savings, as would organising the shredding of agricultural
residues (where applicable) by Small and Medium Enterprises (SMEs) trained by the likes of the W2W
project and conducting this as a full time enterprise. In terms of relative cost-competitiveness, fuel
rods appear to be the cheapest option up to the maximum available supply of about 5.2 mio tonnes
per annum, as shown in Figure E.2. All the densified biomass products assessed are estimated to see
only a moderate increase in cost per unit delivered to the gate of Secunda, which is somewhat
counterintuitive considering the ever wider radius of biomass collection, but can be explained with
the optimisation of the sourcing routes produced by the centre of gravity study.
Figure E.2: Combined view of lowest cost scenarios per densification method considered

Conclusions
The analysis undertaken in WP1 of W2W suggests that general availability of the raw material is not a
constraint and for the foreseeable future there is not likely to be a shortage of this resource, at least on
a national level (this might not be the case on a local level).
High transportation costs are often cited as a key challenge in introducing significant amounts of
biomass into the energy mix. However, a well-executed sourcing strategy based on a centre of gravity
study such as the one carried out for Waste to wing, and correct choice of vehicle and commercial

model would minimise transport costs and in fact ensure they are the smaller component of the total
cost of feedstock delivered to the processing facility; in this case Secunda.
By adding the cost of densification and primary and secondary transport, we were able to construct
full supply curves for in excess of 5 mio tonnes of biomass for co-gasification at Secunda. These show
that on average biomass would be 3-4 times more expensive than coal as feedstock at Secunda.
However, the premium on the feedstock could be partly offset by the premium paid by airlines for
SAF, and partly against Sasol’s carbon tax liability.
WP1 also developed some specific recommendations for further WPs 2, 3 and 4.
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1 Introduction
1.1 Overview of the Waste to wing project
The Waste to wing project (W2W) aims to prove the feasibility of an inclusive, waste-based sustainable
aviation fuel (SAF) value chain in South Africa with the view to replicating elements of the project in
other African countries. More specifically, the project will:


Prove the feasibility of using certain biomass wastes as feedstock for the production of an
advanced low carbon aviation fuel;



Enable 25 micro, small and medium enterprises (MSMEs) to be meaningfully involved in the
upstream part of the value chain;



Adhere to global sustainability standards that have been chosen by the aviation industry for
the development of a biofuel sector that promotes food security, biodiversity, and water, land
and labour rights.

Ultimately, the project will address the need for a reduction in GHGs emitted by aviation, while better
capacitating MSMEs to seize green economy opportunities.
The project is implemented by a consortium consisting of the Fetola Foundation (consortium lead),
WWF South Africa (WWF-SA) and SkyNRG, primarily funded by the Switch Africa Green programme of
the European Union, with the Nedbank Green Trust providing minority funding. Figure 1 below
provides an overview of the planned project activities grouped into 5 Work Packages (WPs).
Figure 1 Waste to wing project activities

1.2 Overview of Work package 1
WP 1 of the project aims to lay the groundwork for the development of a local supply chain of waste
biomass for the production of SAF. It will do this by:


Providing a comprehensive overview of available biomass waste streams in South Africa
(agricultural and plantation forestry residues, garden waste and invasive alien species) that are
potentially available for the production of biojet fuel;



Optimise the feedstock sourcing route in terms of minimum cost of logistics and GHG
emissions;



Identifying commercial opportunities for MSMEs along the optimised supply routes to harvest,
collect, pre-treat and transport this waste feedstock to a central processing facility.

To achieve the above, the main activities of WP1 were:
1.1 Desktop review of scientific and grey literature documenting the availability of biomass waste
streams in South Africa
1.2 Determine the required quantity and quality of waste feedstock and related sustainability risks
1.3 Determine most suitable transport options and conduct supply chain optimisation
1.4 Validate findings with stakeholders
WWF-SA was the lead on WP1, however as it does not hold all the expertise necessary for the
execution of the proposed activities in-house, the following external service providers were contracted
for specific technical input:


Compilation of waste biomass availability data – South African Environment Observation
Network (SAEON)



Advisory on process engineering aspects of biomass processing – Centre for Process
Engineering at Stellenbosch University (SUN)



Advisory on sustainability risks of using waste biomass as feedstock for the production of
aviation fuel – Roundtable on Sustainable Biomaterials (RSB)



Logistics and supply chain optimisation – Imperial Managed Solutions (IMS)

The consortium and the technical service providers undertook activities 1.1 – 1.3 in the second half of
2018 and presented preliminary results at a validation workshop with key stakeholders in January
20191.
This report presents the findings of the desktop study undertaken in WP1 to determine the availability
and cost of sufficient quantities of waste biomass to feed an industrial scale processing plant for the
production of SAF. For the purposes of this study, it was assumed that the biomass would be
1

A separate workshop report is available upon request.

converted to SAF at Sasol’s plant in Secunda, considering this gasification and FT plant has the
potential to produce some of the cheapest SAF in the world. However, the raw resource mapping of
activity 1.1 and the sustainability risk assessment of activity 1.2 are equally relevant for any SAF
conversion route using biomass waste as feedstock, and indeed any possible beneficiation of these
wastes, for energy applications or other purposes. The pre-treatment and densification options also
assessed in activity 1.2 are relevant for any potential SAF producer using the gasification and FT route.
Likewise, the best locations for biomass densification centres and primary transport identified in
activity 1.3 are also relevant for any bioenergy applications in the north-eastern part of the country.
Finally, the secondary transport costing is relevant for any processing plant located in the Secunda
area. The results of WP1 thus have broader applicability than just for the specific case of Sasol and can
be used to inform planning for other SAF production facilities in South Africa, and even other
bioenergy applications.
The report is structured as follows: Section 2 provides an overview of the waste biomass streams that
could be used as feedstock for the production of SAF in South Africa, Section 3 provides a high-level
sustainability risk assessment for those feedstocks. Section 4 provides an overview of possible pretreatment and densification technologies that would be needed to reduce the bulkiness and thus
transport cost of the biomass feedstock and achieve compatibility with existing gasification capacity
at Sasol. Section 5 identifies the best transport options for both primary transport (from biomass
extraction site to densification centres) and secondary transport (from densification centres to central
processing facility). Section 6 aggregates all cost data (biomass extraction, pre-treatment and
densification and transport) into supply curves that show the cost of biomass at the gate of the
processing plant for the quantities required. Section 7 extracts relevant information for other W2W
WPs and makes recommendations for next steps.

2 Waste biomass availability
The Waste to wing project focused on a number of specific wastes and residues that can be
considered candidate feedstocks for the production of SAF in South Africa. These are:


Garden waste



Most prevalent agricultural residues (i.e. maize stover and sugar cane bagasse)



Forestry residues; primary (offcuts and stumps at plantations) and secondary (sawdust from
wood processing)



Invasive Alien Plants

Much work on estimating the availability of these feedstocks has already been done to date. The most
prominent information sources on biomass availability and distribution already available are:


BioEnergy Atlas (2016): Assessment of biomass availability at planning zone level of detail
(7km x 7km) [1]



Terrestrial Carbon Sinks Atlas (2017): Aboveground and belowground carbon, with woody
fraction, at 1 km resolution [2]



Working for Water Data [3]



WWF data2



Land Cover Data (2011): 30m resolution [4]

For the purpose of Waste to wing, the information contained in the above sources was refined and
upgraded with further literature reviews and in person communication with experts from specific
sectors (i.e. forestry).
The methodology of the availability assessment can then be summarised as follows:
1.

Use extent of biomass distribution from BioEnergy Atlas;

2.

Update and refine extents using Land Cover data;

3.

Update quantification using Carbon Sinks data where applicable;

4.

Include point source data (sawmill residue, municipal organic waste and garden waste) where
applicable;

5.

Confirm against earlier estimates.

As most estimates are available in ranges, two scenarios were evaluated:


W2W low: a very conservative availability of biomass,



W2W high: a more optimistic estimate of higher availability of biomass.

Table 1 provides a high-level summary of the estimated biomass availability for the two scenarios in
million tonnes of carbon per annum.
Table 1 Biomass availability in million tons carbon/annum
Biomass stream

Acronym

Conservative estimate

Higher availability

(W2W low)

(W2W high)

Agricultural Residues (Maize)

AGR

2.6 mt/a

3 mt/a

Forestry Residues

FOR

0.5 mt/a

0.8 mt/a

Sawmill Waste

SAW

0.2 mt/a

0.24 mt/a

Invasive Alien Plants

IAP

2 mt/a

6 mt/a

Municipal Organic waste

MOW

0.075 mt/a

0.15 mt/a

5.4 mt/a

10.19 mt/a

(Garden waste from JHB)
TOTAL

2

Internal WWF Data

To provide context, we recalculate these figures into dry biomass3 and contrast them with potential
demand by Sasol (0.5 – 5 mio tonnes of dry biomass per annum4). Figure 2 shows that even under very
conservative assumptions of biomass availability, there is at least twice as much waste biomass
available as the maximum potential demand from Sasol, which has the potential to be the biggest
single user of lignocellulosic biomass in South Africa.
Figure 2 Summary of availability, and SASOL’s requirement

Legend: AGR-Agricultural Residues, FOR-Forestry, IAP-Alien Invasive Plants, MOW-Municipal Organic Waste, SAWSawmill Residues

The following sections provide a more detailed overview of availability per type of biomass.
Agricultural residues
‘Corn stover’ (maize leaves and stalks), as it is known in the USA, is a well-described feedstock for
lignocellulosic bioethanol production. In South Africa, common practice in commercial farming
operations involve baling the residues as hay, or the residues are typically directly used as livestock
feed, or modified to reduce toxicity and improve digestibility [5].
Maize is South Africa’s premier grain crop, and residues from maize farming are substantial. Annual
grain production amounts to 10.9 million tonnes [6] and represents approximately 122 mio t/annum of

3

Where 1 ton of carbon is equivalent to approximately 2 tons dry lignocellulosic biomass, and 2.4 tons wet biomass at a moisture content
of 20%.
4
Personal communication with Sasol.

total biomass at a moisture content of about 75%. It is highly unlikely, though, that a large proportion
of the available biomass can be converted to energy, due to the following factors:


Some crop residue needs to remain on fields for a mitigation of soil and wind erosion,
maintenance of soil carbon, and retention of nutrients such as nitrogen, phosphorus and
potassium. Estimates of this requirement vary and depend on grain yield, soil types, rainfall
intensities, and so on, but it is a large fraction of available residue given South African yield
ranges.



There is a significant (but unknown) quantity of baled hay or ensilage – used for livestock feed
– that needs to be accounted for.



Not all available residue will be exploitable on an economic basis – low density of availability
and logistics costs may eliminate significant quantities.

To maintain soil nutrients at an adequate level, it is unlikely that there will be any realistically
exploitable residue at yields less than about 5 t/ha of grain. If residue is removed at lower yields,
farmers run the risk of increased erosion and nutrient removal. Added to this is the relatively poorly
understood fraction of residue that is used productively as animal feed. Applying this criterion in
South African conditions results in very few maize-growing areas where sustainably exploitable
residue can be found – given that the average yield in local conditions is in the order of 3.82 t/ha. These
areas are identified in Figure 3 and the residue potentially available in those areas adds up to 4 - 6 mio
tonnes/annum between the two scenarios, with the lower estimate expected to be available 67% of
the time, and the higher estimate expected to be available 50% of the time.
Figure 3 Availability and distribution of maize residues

For a more detailed assessment of maize residue availability in South Africa, please see APPENDIX A:
Estimates of maize residues.

The other agricultural residue that is produced in substantial amounts in South Africa is sugarcane
bagasse. Presently, all of it is currently used as fuel for boilers in the sugar industry itself with very low
efficiency, leaving none available for alternative uses. However, should the sugar mills improve the
efficiency of their boilers, or sugar cane harvesting move away from the current slash and burn
practices towards green harvesting methods employed in many other sugar cane growing regions (i.e.
Brazil), sugarcane bagasse could become an important source of lignocellulosic waste in South Africa
as well.
Forestry Residues
Forestry residues as referred to in this study, mainly relate to “primary” residues such as offcuts and
trimmings left on the ground in forestry plantations. The estimates presented here are based on CSIR
research commissioned by SAEON to determine sustainable extraction rates and Mean Annual
Increment (MAI) per species and forestry region, and it adds up to 0.9 mio tonnes per year for the
more conservative scenario (W2W low) that assumes a low extraction rate of 7% per year and 1.6 mio
tonnes per year for the more optimistic scenario (W2W high) assuming an extraction rate of 15% per
year. The distribution of the forestry residue availability is depicted in Figure 4.
Figure 4 Availability and distribution of forestry residues

Sawmill residues
Sawmill residues; sometimes also referred to as “secondary” forestry residues, generated in South
Africa are currently used for low efficiency energy generation to meet the energy needs of the forestry
industry itself. If efficiency can be improved from 33% to 50% through capital investment in new

technology, additional sawdust residues will become available, from the current 0.4 mio t/annum, to
some 0.5 mio t/annum.
An important advantage of saw mill residues compared to the biomass waste discussed so far is that
it is available in significant quantities at specific locations (next to saw mills), as indicated in Figure 5.
Figure 5 Availability of sawmill residues

Invasive Alien Plants
The estimates reported here are based on CSIR research commissioned by SAEON to determine
suitable species and regions, and the Mean Annual Increment (MAI) per species and forestry region [1].
This was combined with ARC research on species distribution in South Africa, and re-assessed for
Waste-to-Wing using aboveground woody biomass estimates from the Carbon Sinks Atlas [2].
As a result, we have produced a dataset that is based on the original estimates for the BioEnergy Atlas
in respect of mean annual increments and species distribution, but refined to 100m resolution in
respect of biomass distribution.
Species suitable for use as bioenergy feedstocks include eucalyptus, pine, wattle, acacia, willow, and
prosopis. Many other invasive species are present in smaller concentrations and were not considered.
Invasive Alien Plants (IAP), together with traditional indigenous fuelwood, represent the largest woody
biomass resource usable as energy in the country, bearing in mind that the estimates of potential are
based on eradication over a period of 20 years.
For the purpose of Waste to wing, the suitable woody species were aggregated in the two scenarios.
The conservative scenario assumes a low mean annual increment in IAPs expansion of 5% on average
and results in an annual availability of 4 mio tonnes based on a 20 year eradication schedule.

This might be prevalent in dry years. The optimistic scenario assumes a high mean annual increment
in IAPs expansion of 15% on average and results in an annual availability of 12 mio tonnes based on the
same 20 year eradication target. This may be prevalent in wetter years.
Figure 6 Availability of invasive alien plants

Organic Waste
Of the 6.4 mio tonnes available annually in the form of serviced an unserviced waste, 3.2 mio tonnes
are in the form of serviced solid waste. For the purpose of this study only the 0.3 mio tonnes per year of
garden waste available at the PickItUp depot in Johannesburg was deemed readily available as
feedstock for SAF. Additional sources of municipal organic waste can be considered in future,
especially in locations where densification takes place. Non-garden organic waste may be less suitable
for pelleting, requiring drying prior to processing.

Figure 7 Availability of municipal organic (garden) waste

3 Feedstock sustainability risks
The scope of the sustainability risk assessment conducted by the Roundtable on Sustainable
Biomaterials (RSB) was to document the sustainability, traceability and data requirements per supply
chain step and to assess the generic sustainability risks relevant to each biomass feedstock identified
in the work package up to pre-treatment stage, as shown in Figure 8.
Figure 8 Scope of the sustainability risk assessment

The biomass types included in the assessment were:


Agricultural residues: corn stover (maize residues) and sugarcane bagasse



Forestry residues



Garden waste in major urban centres



Cleared invasive alien species

The aim of this assessment is to guide the project to frame appropriate sustainability questions and
interventions during further work packages, and to ultimately ensure that the supply chains that will
be developed in this project meet the required RSB sustainability criteria5 (see Figure 9 and Figure 10).
Figure 9 Sustainability, traceability and data requirements used to identify risks

Figure 10 The sustainability principles of the Roundtable on Sustainable Biomaterials

5

See the suite of RSB Standards on https://rsb.org/the-rsb-standard/working-with-the-rsb-standard/

The summary of key results for each biomass feedstock analysed are presented in Table 2 below. The
table also identifies whether the biomass would qualify as a ‘low iLUC’ feedstock, namely a feedstock
whose utilization has a low impact on indirect land use change.6
Table 2 Summary of sustainability risks for the assessed feedstock candidates
Sustainability risks

Low iLUC

Overall risk

Corn stover
Displacement of corn stover has serious implications for soil heath
and may enter in direct competition with animal feed production,
thus leading to indirect land use change.
The national corn stover yield average is approximately 4
tons/ha/year, which is significantly lower than the required yield of 6
tons/ha/year needed to maintain soil quality*.
Current maize farming practices in South Africa are already
intensive, with extensive tillage and water use, causing high erosion.
Labour rights on farms, given the use of low/semi-skilled labour.
Maize farms in South Africa have received criticism around labour
practices and human rights issues on farms.

No

High

No

High

*NB: If higher yields are achieved in areas with potential for higher
agricultural productivity, which results in a sustainably exploitable
residue surplus, as indicated by SAEON in Section 2, the level of
sustainability risk could decrease to Medium. It is also
recommended that, if corn stover is to be considered for supply
chain development, a corn stover protocol is developed in South
Africa in collaboration with the RSB and relevant industry
stakeholders.
Sugarcane bagasse
There is currently virtually no available sugarcane bagasse in South
Africa, as all available volumes are being utilised for electricity cogeneration at the sugar mills and for animal feed production (mixed
with molasses).
The displacement of sugarcane bagasse from above uses is
expected to increase fossil fuel and other biomass demand, thus
likely lead to increased GHG emissions and indirect land use
change.
The above risks could be significantly mitigated in the future should
the sugarcane industry increase boiler efficiencies and introduce
green harvesting methods.

6

A more detailed report on sustainability risks associated with these feedstocks, detailing the assessment methodology and a gap analysis
of whether any of these risks are covered by South African legislation has been produced by the RSB for Waste to wing and is available
upon request.

Forestry residues
If the forest is not FSC-certified7, there could be a serious risk of
overall unsustainable forestry management practices.
Although there is a surplus of forestry residues, unregulated removal
can affect soil health and long-term productivity of plantation.
The wide geographical spread of residues may make it
uneconomical to collect and transport, and affect the GHG emission
efficiency of the final product.
In many places, communities are allowed to use residues for
firewood, hence displacement can increase fossil fuel demand (or
other biomass demand).

Yes
(if proven
that residues
harvested do
not impact
soil heath)

Medium

Labour rights at forest harvesting level.
Garden waste
Although not reliable, available data on garden waste volumes
show that only 40% of garden waste is currently used (i.e. for
composting or biogas production), while the majority of it, 60%, is
landfilled.
There is general stakeholder consensus that there are sufficient
volumes of garden waste for biofuel production.

Yes

Low

Yes

Medium

Due to it being mostly landfilled, garden waste can qualify as a
feedstock with low indirect land use change. This status may
however change in the future in light of national waste diversion
plans aimed to save landfill space, and the commercialisation of
organic waste.
Invasive alien plants
Eradication operations may damage biodiversity and surrounding
ecosystems through the release of chemical and biological agents
contained in herbicides and other chemical control products, and
through eradication over the boundaries of a farm (incentivised by
demand for this feedstock).
Inadequate actions taken to control and eradicate invasive species
could lead to the risk of regeneration and propagation.
The widespread use of subcontractor for eradication on agricultural
farms bears the risk of poor labour rights.
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FSC stands for the Forest Stewardship Council and is an international sustainability certification for managed forests and wood products.
Visit https://africa.fsc.org/en-cd for more info.

4 Pre-treatment and densification
Biomass for bioenergy tends to be bulky in volume in its raw forms which imposes high transportation
costs. Furthermore, harvested/collected biomass has incorrect size distribution for co-gasification with
coal, as is the intended application. Thus, the biomass requires pre-treatment in order to improve its
compatibility with coal-gasification and increase its bulk density in order to reduce the transportation
costs. However, pre-treating biomass requires capital and operating costs which inevitably increases
the cost of biomass delivered. Thus, the aim of this section is to quantify the desired outcome of pretreatment and densification options, which is the density of the pre-treated biomass in relation to its
native density of about 100-150 kg/m3, and the costs associated with densifying it.

4.1 Review of technological options for biomass pre-treatment
The options considered for densifying biomass and improving its suitability for gasification are listed
and described as follows:
A.

Chipping and sieving, shredding

The size of wood pieces, collected as forestry residues or as removed IAPs, are reduced with a cutting
mechanism to chips with a size range of roughly 1mm to 50mm, depending on the operation of the
chipper[1]. Chipping can be conducted in knife or drum chippers. Knife chippers are the more
expensive chippers required for narrow size distributions for high value applications and requires a
feed with uniform quality. For the chipping of crude non-uniform materials such as forestry wastes
and IAP off-cuts for bioenergy purposes, drum chippers are more suitable, but produces chips with a
wide size distribution. Through conversation with experts in forestry operations and literature
consulted [1,2], 40% of the chips produced through drum chipping would not meet minimum 10mm
size specifications for application in a gasifier, and will be rejected in a sieving process. These rejected
fines will then proceed to one of the pelletisation processes, as described below.
For shredding of agricultural biomass species like corn stalks, it was indicated by chipping service
suppliers and machine suppliers that operation of drum chippers can be adjusted to shred such
materials for further processing.
B.

Production of hard white pellets

A plant producing pellets [3–5] is fed with fine wood chips or shredded agricultural waste that are
initially dried either directly with combustion gases or indirectly with steam generated from a boiler,
to a moisture content of about 15%. The chipped biomass is then cooled and grinded to a powder in a
hammer mill and conditioned before it enters the pelleting mill. In order to produce a white pellet
that is durable enough for gasification, the biomass powder is mixed with starch binder at about 1-2%
[5]. In the pellet mill, the powder is compacted through a ring dye to desired pellet size.

C.

Production of black pellets

Black pellets are produced by combining the Valmet Biotrac Process [6] with a conventional pelleting
process. The wood chips are dried to a moisture content of about 15% and then enters a pretreatment reactor where it is subjected to high pressure super-heated steam at about 200oC for 5-10
mins [7]. Under such conditions, the lignocellulose matrix of the biomass material is disordered, so
that the adhesive properties of lignin are activated.
At the end of the reaction, the pre-treatment reactor residue is flashed in order to remove the
condensate that built-up during the reaction, and the resulting flash-steam is used to dry the
incoming biomass feed [4]. The pre-treated biomass is then ground in a hammer mill and enters the
pelleting mill to form the black pellets. The activated lignin acts as a natural binding agent that
improves the mechanical and thermal durability of the pellet.
D.

Production of fuel rods

In order to create fuel rods through the Sappi-developed process, wood chips are firstly treated with
saturated steam in a pre-treatment reactor that operates at 130oC for about 30 minutes, in order to
activate the adhesive properties of the lignin compounds in the lignocellulosic structure in biomass
[8]. Following pre-treatment, the treated wood chips are dried to a moisture level of about 15% and
then go through an extruder which form the extradite, known as “fuel rods”.
E.

Production of torrefied pellets

For the torrefaction process, biomass is firstly dried with heat generated in the process to a moisture
level of about 5-10%. Thereafter, it enters the torrefaction reactor at a temperature of about 300C,
where a portion of the biomass is degraded into gaseous substances like hydrogen, carbon monoxide,
carbon dioxide, light hydrocarbons and steam. The gaseous substances are separated from the
remaining biomass, known as torrefied char, in a cyclone. The gas is then returned to the shell of the
torrefaction reactor, if it is a rotary kiln reactor, where it is burnt to provide the energy for the
torrefaction reaction and for drying the biomass feed [9–11].
The torrefied char then enters the pellet plant where it is initially ground into a powder. The torrefied
powder then enters the pellet mill and be compressed into the pelleted product [4].

4.2 Preliminary review of stated technologies
A review of each technology is given in Table 3 below, listing the pros and cons of each technology for
densifying biomass.

Table 3 Technology reviews - relative pros and cons
Option

Pros

Cons

Chips

Low capital and running cost of
implementation.

Susceptible to gaining moisture, and the
chips have a low density. Only woody
materials can produce chips with particle
sizes above 10mm, as required for the
gasification process.

Hard white
pellets

Remains dry, high density; well
established.

Requires a small amount of binding agents;
High capital and running costs

Black pellets
and fuel rods

Hard, remains moisture free;
withstands gasification high density.

Capital costs for black pellets are much
higher than white pellets due to pretreatment. “Fuel rod” technology is relatively
new.

Torrefied
pellets

Chemical behaviour tends to that of
coal; low oxygen content; high
energy density.

Pellets have low structural integrity; very
significant capital costs due to torrefaction.

4.3 Application of technology to various biomass types
Table 4 describes the applicability of the technologies identified to each biomass type. When
described as a “Finished product”, it implies that the product is in a form that is usable in the Sasol
gasification process, and thus transported to Secunda with no further processing. On the contrary,
“Pre-treated intermediate” implies that the product requires further processing before being suitable
for Sasol’s gasification applications.
Table 4 Suitability of technology for biomass types
Technology
option

Biomass Type
Forestry
residues

Chips/Shreds

IAP

Provides finished product as
large chips after sieving, and
fine rejects are a pre-treated
intermediate

Garden wastes

Maize residues

Saw mill
wastes

Pre-treated
intermediate

Pre-treated
intermediate

Not
applicable,
feedstock is in
powder form

Hard white
pellets

Finished
Product

Finished
Product

Finished
Product

Finished
Product

Finished
Product

Black pellets

Finished
Product

Finished
Product

Finished
Product

Finished
Product

Finished
Product

Fuel rods

Finished
Product

Finished
Product

Commercial equipment currently only designed to
operate with woodchips.

Torrefied
pellets

Finished
Product

Finished
Product

Commercial equipment currently only designed to
operate with woodchips.

4.4 Primary characterisation of biomass and implications
A summary of the primary characteristics of biomass is given in Table 5, followed by a description of
the implications expected on the technological performances. The information was collected from
various industrial sources as well as literature.
Table 5 Primary biomass characteristics
Biomass

Moisture

Other

IAP/Forestry residues

50%

High silicates

Garden Waste

30%

High silicates

Maize residue

30%

N/A

Sawdust

30%

Powder form

The implications of the biomass characterisations listed in Table 5 on the various technologies are as
follows:
1.

High moisture content of IAP/forestry indicates that more energy is needed for the drying of
the biomass material prior to advanced densification methods. Some of the moisture in these
biomasses may be removed during storage after harvesting, although no provision was made
for this in the selected supply chains.

2.

High silicate content in IAP and forestry residues implies that the processing equipment will
erode rapidly. The reduction of silicates prior to the pelleting plant is recommended to
improve longevity of process equipment, specifically the dyes for the making of hard white
pellets, black pellets or torrefied pellets. Also, silicate reduction for the extruder’s longevity in
the making of fuel rods are required.

3.

High silicate contents for garden wastes, implies that the removal silicates prior to the
processing into densified products are necessary. Thus, the cleaned garden waste will have an
increased moisture content of about 50%, since the biomass will undergo a washing step to
remove silicates.

4.5 Evaluation of densification processes
4.5.1 Methodology
The densification technologies will be evaluated in both technical and economic terms for biomass
types that they are applicable for. From a technical perspective, the technology is evaluated in terms
of (i) the density of the densified product, which is needed to calculate the transport costs, and (ii) the
conversion yield, which is the percentage of the incoming feed converted into the densified product.
The density was determined through surveying literature, while the conversion was calculated as the
difference between the incoming feed and the portion of the biomass needed for combustion to fulfil
the thermal energy demands of the process.

From an economic perspective, the densification

technologies were evaluated in term of the minimum selling price (MSP) of the product at the exit
factory gate of the densification plant. It is assumed that the densification plant does not pay for
transport or any of the pre-treatment for feedstock at its incoming gate, since all costs are covered by
the ultimate recipient at Sasol Secunda.
The minimum selling price (MSP) is determined through a discounted cash flow approach, which
takes into account capital costs, operating costs depreciation and tax over a 20 year economic period
(the raw biomass is assumed to be available free of charge). Mathematically, the discounted cash flow
can be described as follows:

i.

Net income per annum = Selling price * Annual production – Total operating annual
expenses – Depreciation per annum

ii.

Taxation per annum = Net income * Tax rate

iii.

Net cash flow per annum = Net income per annum + Depreciation per annum - Taxation
per annum

iv.

Discounted net cash flow per annum (i) = Net cash flow per annum / (1+Internal Rate of
Return)^respective project year (i)

v.

Net present value = sum of Discounted net cash flow per annum (I = 1 to 20) – Initial
capital costs

vi.
Where:

MSP = Selling price (for NPV = 0)
- Internal rated of return = 9.6 % real (The capital pool ratio is 60:40 debt: equity).
- Depreciation calculated for zero Salvage Value end of financial evaluation period.
- Taxation as company tax at 28% per annum.

Thus, for each technology (besides chipping and shredding) a preliminary quote for the installed
capital costs for supplying equipment and installing the densification plant at its design scale was
obtained from technology supplies. In addition, the technology suppliers also provided estimates for
operating maintenance and costs. Otherwise, operating costs were calculated through engineering
heuristics, given in various sources of literature. Also, the costs of any reagents, such as starch binders,

were calculated at its calculated flow requirement and the respective bulk market value found by
surveying local suppliers.
For chipping and shredding, cost estimations were determined by surveying literature [12,13] and
enquiring from various experts in the forestry industry [2,14]. This is because chipping operations are
not done as a standard process, and are rather considered as forestry operations.

4.5.2 Results evaluation
Figure 11 to Figure 15 depict the results of the technical and economic assessment of the densification
technologies considered for each biomass type. In the figures, the minimum selling price (with units
of R/tonne) determined through the discounted cash flow statement are plotted on the left axis. The
product densities (with units of tonne/m3) and conversion (dimensionless) are plotted on the right axis,
as the measurements occupy the same scale.
For the woody biomass types (Figure 11 and Figure 12), the price of chips of from forestry residues is
about 260 R/tonne while that of IAP is about 164 R/tonne. The difference occurs as the cost for the
wood chips from forestry residues is an overall cost of solution for an optimised method of collecting
and chipping forestry wastes, while that of IAP is only for chipping. Regarding the conversion of
feedstock to product via chipping, the conversion is ideally 100%, since no thermal energy is needed
in the process. However, during the sieving, 40% of the chips are rejected as fine material that is not
suitable for gasification at Sasol, and therefore, the large chips transported directly to Sasol carry an
additional price of 28 R/tonne for the sieving operations.
Figure 11 Technical and economic outcomes - IAP
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Figure 12 Technical and economic outcomes – forestry
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Figure 13 Technical and economic outcomes – sawdust
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Figure 14 Technical and economic outcomes – maize residues
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Figure 15 Technical and economic outcomes – garden waste
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For processing the fine chips of woody biomass to advanced densified product like hard white pellets,
black pellets, fuel rods and torrefied pellets, the minimum selling prices would be 1304, 1564, 1131 and
2741 R/tonne, respectively, if an annual production time of 7000 hours is considered. Increasing the
annual production time to 8000 hours to allow a greater quantity of product to pay off the capital,
reduces the selling prices by 6.5% on average, although this might not be practical to implement. The
torrefied pellets carry the highest price due to the combined capital requirements of the torrefaction

reactor and pelleting plant and low conversion rate. The fuel rods, on the other hand, carries the
lowest selling price, while also being the least technologically matured option.
The conversion rate of the torrefied pellet process is about 15 percentage points less than of the
processes for hard white pellets, black pellets and fuel rods, which on average is about 85%. This
implies that the torrefaction process is most energy use intensive, or the process is generating heat in
excess of the process requirements, due to the extent of volatilisation in the torrefaction process.
Process heat requirements for the other processes are very similar, and are required primarily for
dehydrating the biomass.
The minimum selling price of large wood chips is only about 15% of the hard white pellets, black
pellets and fuel rods on average, and is therefore, the cheapest option in terms of densification
processes. However, the density of the pellet products are about a factor of 2.7 times greater than that
of wood chips, which implies that the transport of wood chips would be much more than pellets.
Otherwise, it was shown in literature that densities of pellet products varies between 0.6 and 0.75
tonne/m3, irrespective of the feedstock type, since the density is primarily a function of the operation
of the pellet mill, and the size of the die. Thus, form Figure 11 to Figure 15, a uniform density of 0.675
tonne/m3 is assumed applied for all types of pellets.
The minimum selling prices of densified sawdust products, namely hard white pellets and black
pellets, are about 8% lower than the equivalent products from wood chips (compare Figure 13 against
Figure 11). This is due to sawdust having lower moisture, having low silicate content, and being in
powder form. Thus, no cleaning cost is required, and less thermal and electrical energy is needed for
drying and grinding, respectively. Similar price reductions of 9% can be seen when comparing prices
of these densified products when originating from maize residues as opposed to them originating
from woody biomass (Figure 14). However, the lowest densified product selling price is for hard white
pellets sawdust and maize at 1200 and 1184 R/tonne, respectively, which compare against a price of
1131 R/tonne for fuel rods produced from woody biomass.

The total price for maize could be

exacerbated if the shredding is done through a private contract with the farmer at 387 R/tonne, rather
than by a project connected enterprise, done at 109 R/tonne.
The minimum selling price of densified garden waste (Figure 15) is similar to that of woody biomass,
due to the silicates in the garden wastes. The washing of the silicates increases the moisture
increasing drying costs. Also, the conversation is compromised as more biomass is required for
dehydration energy.
For an economic evaluation based on slightly more optimistic costing parameters, please see
Appendix B.

5 Transport costing
One of the key considerations when proving the feasibility of utilising certain biomass wastes as
feedstock to produce an advanced low carbon fuel is the cost associated with the transportation of
the feedstock. It is a known fact that logistics make up a large portion of the total spend in any value
chain. For this reason, it is of utmost importance to find the optimal method of transporting the
biomass from its source location first to a plant where it will be densified and brought to spec for
further processing, and then to the facility where it will be turned into fuel. This section aims to show
what such a supply chain would entail and what the total costs attributed to the value chain will be
for the case of Sasol’s Secunda facility.

5.1 Overview of the upstream value chain
In order to determine the optimal upstream value chain for the production of SAF at Secunda, the
process of moving biomass from point of origin to Secunda must first be understood. A high level
depiction of this is presented in Figure 16.:
Figure 16 High level overview of biomass value chain
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Extraction takes place at source - this will occur at any of the locations identified in Section 2. Biomass
feedstock cannot be transported from source to Secunda in a cost-effective manner in the raw format
it is extracted in. For this reason it must be consolidated, sieved and/or densified, as explained in
Section 4. From the densification centre it can be shipped at a higher density, thus reducing transport
spend (a higher density of biomass relates to a lower transport cost per cubic metre shipped).
As already indicated, this study considers two scenarios; Scenario 1 being a conservative estimate of
the amount of biomass available and Scenario 2 a more optimistic one. The costs and densities
associated with each biomass type considered are outlined in detail in this document. This section will
focus on analysing the optimal value chain including extraction cost, densification costs and transport
costs.
In order to determine the optimal supply chain of biomass feedstock to Sasol’s Secunda plant, the
following steps were undertaken:
1.

A centre of gravity study was performed in order to determine ideal placement of
consolidation and densification points/hubs throughout South Africa, depending on the
distribution of the raw biomass resources considered.

2.

Different modes, vehicle types and commercial arrangements of transport were considered to
determine the best fit-for-purpose vehicle to be utilised for primary transport (from raw
biomass extraction site to densification plant) and secondary transport (from densification
plant to SAF processing plant).

3.

Development of the supply curves by adding up the all the costs associated with extraction,
primary transport and secondary transport.

5.2 Centre of gravity study
The centre of gravity method is an approach that seeks to compute geographic coordinates for a
potential single new facility that will minimize transport costs from the biomass source location to this
new facility (for densification). The main inputs considered are the volume of goods shipped and the
transport costs. Because this study presents biomass availability in two scenarios, the centre of gravity
study was also performed twice in order to determine the optimal points per scenario.
Due to the fact that consolidation, sieving and densification could take place at each prospective
centre of gravity point, an assumption was made that these points had to be within existing towns to
ensure infrastructure, access to labour and lower initial capital investment. One hundred and fifty-two
(152) towns were identified across South Africa to be considered as viable centre of gravity points.
These were the most densely populated towns in South Africa and the assumption was made that the
existing infrastructure of these towns would allow for the transportation of goods on relatively good
road conditions. Added to the list of 152 towns was Sabie and Coega - these two towns already have
existing densification centres that could be reinstated at a lower cost.
Seasonality of biomass has an influence on the volumes available for transport. For example, if 90% of
the volume available in a specific area is available during the first quarter of the year, it would not be
financially viable to transport the remaining 10% during the rest of the year. It is generally cheaper to
move a large amount of volume over a shorter period of time. Thus, the volumes available to the study
were amended in specific areas to remove the amounts of biomass that would not be financially
viable to move over a long period of time. Once the final volumes were calculated, the 5km grid
point’s biomass volumes were consolidated into the nearest town out of the 152 which is represented
in Figure 17.

Figure 17 Locations of towns considered for densification centres

These towns were then grouped based on their geographical proximity to each other where the
distance is less than 50km (a distance that can easily be travelled multiple times per day). Once the
towns were grouped, the centre of gravity point between all the towns within a specific group was
determined mathematically which gave a total result of forty-nine (49) viable towns which could serve
as consolidation hubs for biomass . All the primary and secondary transport costings were performed
around these 49 towns, listed in Table 6.
Table 6 Locations of optimally distributed densification centres
1

Barberton

10

Germiston (Johannesburg)

19

Kroonstad

2

Bethlehem

11

Harrismith

20

Lady Frere

3

Bloemfontein

12

Heidelberg

21

Ladybrand

4

Bothaville

13

Heilbron

22

Middelburg

5

Butterworth

14

Hendrina

23

Newcastle

6

Coega

15

Herbertsdale

24

Odendaalsrus

7

Driefontein

16

King Williams Town

25

Olifantsfontein (Pretoria)

8

Ermelo

17

Knysna

26

Pietermaritzburg

9

Fort Beaufort

18

Kokstad

27

Port Alfred

28

Port Shepstone

36

Tzaneen

44

Mayfair (Johannesburg)

29

Reitz

37

Ulundi

45

Paarl

30

Sabie

38

Vanderbijlpark

46

Phuthaditjaba

31

Secunda

39

Viljoenskroon

47

Richards Bay

32

Senekal

40

White River

48

Volksrust

33

Stanger

41

Botshabelo

49

Vryheid

34

Stellenbosch

42

Henneman

35

Theunissen

43

Hermanus

5.3 Mode of transport considerations
Once the centre of gravity points were determined, the specific modes of transport for both primary
and secondary movements could be decided. Selecting the optimal vehicle type for movement of
goods is of utmost importance when a supply chain is designed. Utilising the wrong assets on
transport lanes could lead to unnecessary costs being incurred, high levels of maintenance leading to
“time off road” and prolonged lead times. The transport requirement of biomass considered in this
study was split into primary and secondary transport, with different considerations applying to each.
For primary transport the criteria for selection of the optimal vehicle type included the following:
1.

All biomass loaded from source points would be loaded in a bulk format (i.e. not in any form
of packaging such as bags or pallets) and as such the vehicle needs to be fit for purpose.

2.

The biomass at source points would have low density and high volume and for this reason a
vehicle type allowing for the largest amount of volume to be moved was critical.

3.

Loading would primarily take place in rural areas with poor road quality assumed - the vehicle
type selected would have to have a proven track record in similar conditions.

4.

Vehicle offloading times would be critical; offloading of bulk commodities is generally
automated to achieve minimum standing times of vehicles.

The following three vehicle types were considered:


Back-end tipper vehicle (44m³ loading capacity)



Side tipper vehicle (50m³ loading capacity)



Walking floor vehicle (65m³ loading capacity)

These vehicles would be superior to any other bulk carriers since the offloading times associated with
these vehicles are typically between 30 minutes and an hour thus allowing a vehicle to perform more
than one trip per day which ultimately outperforms any other means of transport limited to achieving
single trips per day. The walking floor vehicle was selected as the optimal vehicle type since it has a
superior volume capacity and has a proven track record for moving bulk commodities in the
agricultural markets of South Africa operating in similar conditions.
For secondary transportation from the densification centres to Sasol’s Secunda plant, the following
criteria was considered:

1.

The availability of a rail siding in the specific town.

2.

Availability of vehicles in the South African market (this was considered due to the large
volumes that would need to be transported).

3.

Once densified the biomass would reach maximum allowable weight movements on both
road and rail.

4.

Biomass could be moved either in bulk or in one-ton bags. If moved in one ton bags the cost
associated to the bags has to form part of the overall solution.

5.

The material handling equipment that would be required at loading and offloading points
had to be easily accessible and low-cost.

In the event of a rail siding being available to transport biomass in a specific town, the costs were
compared to that of road transport and the cheapest option was selected. In the case of road
transport, the following options were considered:


Super-link tautliner vehicles (34ton capacity – bagged loading)



Container link vehicles (34ton capacity – bulk loading)

These vehicles enable the maximum allowable weight to be moved on South African roads as
stipulated by legislation and are considered superior to all other vehicle types over longer distances.
The super-link tautliner vehicle was selected as the optimal road transport vehicle due to its high
levels of availability within the South African market, as well as the speed and costs associated to
loading and offloading of these vehicles.

5.4 Commercial considerations
Once the vehicle types are decided upon, the next consideration in terms of optimising supply chain
costs includes the commercial model utilised for transport. There are several commercial transport
agreement options available which include but are not limited to:
i.

Fixed and variable costing – paying a fixed cost per vehicle monthly including the financing,
maintenance and labour portions of the total cost of a vehicle. Once the fixed cost is paid, a
low variable cost per kilometer as and when the vehicle is used covering fuel and tyres only is
paid. This commercial model is usually utilized when vehicles are relatively specialized (not
readily available in the market) and when vehicles are utilized over short distances.

ii.

Open Market Costing – finding ad hoc capacity in the market which inevitably leads to a
variety of rates paid depending on seasonality and vehicle availability. This type of commercial
model is typically utilized when large variability in supply and demand patterns exists, or
when the supply patterns fall outside of a typical FMCG (fast moving consumer goods) peak
period where market related transport prices spike.

iii.

Lane Rate Costing – a contractual fixed rate per trip based on providing the agreed service at
the agreed trip rate. These rates are predetermined and adjusted monthly due to fuel price
changes. This model is typically utilized over mid- to long distance transport (>300km one
way) where return loads are not available, and supply and demand patterns are stable.

R/t, R/m³, R/km costing – usually the same as a lane rate model just broken down further with

iv.

specific minimum conditions in place. These rates are typically negotiated when vehicle fill
rates are relatively low and inconsistent to ensure minimum costs are in place for less than
truckload loads.
For the primary transport of biomass feedstock, a walking floor vehicle was selected as the ideal
vehicle type. Based on the short distances (<50km one way) and the general low availability of these
vehicles in the South African market, the optimal commercial model to transport biomass has been
identified as the Fixed and Variable model. In order to achieve optimal efficiencies these vehicles have
to complete more than one trip per day. By doing so, the fixed cost on a walking floor vehicle per trip
is halved making it the most cost-effective method of primary biomass transport. When costing these
vehicles, the following was considered:


Total kilometres travelled from source to densification centre.



Truck maintenance based on annual kilometres travelled.



Truck dead/standing time due to traffic/refuelling etc.



Biomass feedstock loading, and offloading times assumed at three hours and one hour
respectively.



Average speed of the truck given the roads traversed and payload transported.



The vehicle was assumed to only be operational for 6 days a week, with a single driver
scheduling.



Seasonal availability of biomass.



Feed rate at the densification centre (i.e. the amount of biomass feedstock moved into the
densification centre would not exceed the densification centre’s input capacity on a weekly
basis.

The fixed cost used for the purposes of this study was R104,000.00 per month with a variable rate of
R13.90 per km. This was the median rate of 5 quotations that were performed with various
transporters.
The most suitable commercial model for secondary transport of biomass feedstock was identified as a

lane rate model. This is because there are no return trips are likely and it would generally not be
possible to achieve more than one load per vehicle per day. The supply of vehicles should be
consistent (driven by the output of the densification facilities) and the fleet size in scope for the
project would not be commercially viable if owned by a single party. As such a network of subcontracted vehicles is deemed as the most suitable commercial arrangement. If secondary transport
takes place via rail, the ideal commercial model would be a rate per tonne model as is standard across
the South African rail industry.
Both road and rail were considered simultaneously for the secondary transportation and the cheapest
option per centre of gravity town was selected as the optimal mode of transport. Rail could only be
considered if a town had rail siding available therefore, only 30 out of the 49 centre of gravity towns
could consider rail as an option at all. Of the 30 towns with rail sidings, only 6 towns showed rail rates
that were cheaper on a per ton level than road transport. These towns were Ermelo, Germiston,

Olifantsfontein, Vanderbijlpark, Mayfair (Johannesburg) and Vryheid. The cheapest transport rates
associated to each town can be seen in APPENDIX C: Secondary transport costs per densification
centerof this document.

5.5 CO2 emissions from transport
Reviewing the carbon footprint of an entire supply chain gives a true reflection of the overall
environmental impact of business activities and an understanding where the biggest impacts are. On
average supply chains (logistics) emissions are four times that of a company’s direct operations.
Greening a supply chain can achieve reputational and efficiency gains, savings to the bottom line and
ultimately increase revenue. Therefore, in the long-term, understanding the CO2 emissions impact of a
supply chain will become increasingly important.
The CO2 emissions were calculated for both the conservative and higher biomass availability scenarios
across the primary and secondary transport using the densification centres split per town. The number
of primary transport vehicles required per town for the densification centres per scenario (amount of
dry mass product transported) was calculated. The CO2 emissions were then calculated by considering
the distance travelled to each town and the number of vehicles required to fulfil each scenario (the
amount of dry mass product transported) as well as the CO2 emission profile of the chosen vehicle.
The CO2 emissions for the secondary transport were calculated by considering the number of vehicles
required to move the product from each town to Secunda for each scenario (the amount of dry mass
product transported), the distance travelled from each town to Secunda and the CO2 emission profile
of the chosen secondary transport vehicle. The primary and secondary CO 2 emissions were then
added together to get the total CO2 emission for each scenario.
The total CO2 emissions, in tonnes of CO2, attributed to transport when considering the optimal
solution for conservative biomass availability can be seen in Table 7 and Table 8 for the first 1.2 mio
tonnes of feedstock. A breakdown of emissions between primary and secondary transport is available
in Appendix D. These emissions will form integral part of the GHG life cycle analysis of any SAF that
might be produced in Secunda.
Table 7 Total biomass transport emissions for conservative biomass availability
Total transport CO2 emissions (tonnes CO2) for biomass
delivered to Secunda via:
Tonnes Dry
Mass

Tzaneen

Ermelo

Drie
fontein

Middel
burg

White River

Barber
ton

560 000

9 296

6 291

2 390

-

-

-

640 000

9 296

6 291

4 780

-

-

-

720 000

9 296

6 291

9 560

-

-

-

800 000

9 296

6 291

9 560

1 629

-

-

880 000

9 296

6 291

9 560

3 259

-

-

960 000

9 296

6 291

9 560

3 259

3 072

-

1 040 000

9 296

6 291

9 560

3 259

5 318

-

1 120 000

9 296

6 291

9 560

3 259

7 565

-

1 200 000

9 296.

6 291

9 560

3 259

7 565

2 537

Table 8 Total biomass transport emissions for higher biomass availability
Total transport CO2 emissions (tonnes CO2) for biomass
delivered to Secunda via:
Tonnes
Dry Mass

Tzaneen

Mayfair
(JHB)

Ermelo

Volksrust

Middel
burg

Harri
smith

Drie
fontein

540 000

5476.75

354.05

5350.15

0.00

0.00

0.00

0.00

600 000

5476.75

354.05

5350.15

0.00

1382.27

0.00

0.00

660 000

5476.75

354.05

5350.15

2703.31

0.00

0.00

0.00

720 000

5476.75

354.05

5350.15

2703.31

1382.27

0.00

0.00

780 000

5476.75

354.05

5350.15

2703.31

2764.55

0.00

0.00

840 000

5476.75

354.05

6241.84

2703.31

2764.55

0.00

0.00

900 000

5476.75

354.05

6241.84

2703.31

2764.55

1968.91

0.00

960 000

5476.75

354.05

5350.15

2703.31

1382.27

0.00

7043.93

1 020 000

5476.75

354.05

5350.15

2703.31

2764.55

0.00

7043.93

1 080 000

5476.75

354.05

6241.84

2703.31

2764.55

0.00

7043.93

1 140 000

5476.75

354.05

6241.84

2703.31

2764.55

1968.91

7043.93

1 200 000

5476.75

354.05

5350.15

2703.31

1382.27

0.00

14087.87

6 Biomass supply curves
6.1 Scenario analysis
In order to cost the entire value chain, the costs associated with extraction, primary transport, sieving,
densification and secondary transport had to be considered. For this study the assumption was made
that a specific method of densification would be selected and applied throughout i.e. one would not
consider white pellets in one area and black pellets in another for example. As indicated in Section
4.5.2, different densification technologies are the best fit for different types of biomass, however, if such
mixed product regimes were to be considered across all feedstocks, at the volumes targeted (upwards
of 4.5 mio tonnes/a), it would take the complexity of the modelling scenarios to unmanageable levels.
This simplification has to be acknowledged as a shortcoming in the cost modelling, which also means
there may be some room for cost reduction compared to the figures presented here.

A conservative and a higher availability scenario for biomass availability have been tested. The costing
also had to take into consideration whether shredding of agricultural waste would be done privately
or as part of the project. The option of densifying all biomass versus sieving to remove larger parts first
with densification only taking place on the remainder was also costed separately.
Finally, shredding the surplus agricultural resides that might be available for energy purposes by an
enterprise whose core business is shredding, such as one of the SMEs trained by the Waste to wing
project (termed as “project shredding”), or for the case where the farmer arranges shredding privately
(“private shredding”) was also costed separately.
The possible combinations of biomass availability estimates, pre-treatment steps and methods and
their financing ultimately led to 20 unique scenarios for costing. Colour coding the different scenario
components helps identify the common and different components of the feedstock production
process across the large number of scenarios. In the presentation of results, the scenarios were
grouped based on biomass availability and densification method.
Table 9 Overview of scenarios for costing
Scenario
number

Scenario components

Biomass

Densification method

availability

8

Raw biomass

Shredding of agri

included

residues

1

Conservative

Black pellets

All

Project

2

Conservative

Black pellets

All

Private

3

Conservative

Black pellets

Sieved only

Project

4

Conservative

Black pellets

Sieved only

Private

5

Conservative

White pellets

All

Project

6

Conservative

White pellets

All

Private

7

Conservative

White pellets

Sieved only

Project

8

Conservative

White pellets

Sieved only

Private

9

Conservative

Fuel rods

All

n.a.8

10

Conservative

Fuel rods

Sieved only

n.a.

11

Higher

Black pellets

All

Project

12

Higher

Black pellets

All

Private

13

Higher

Black pellets

Sieved only

Project

14

Higher

Black pellets

Sieved only

Private

15

Higher

White pellets

All

Project

16

Higher

White pellets

All

Private

17

Higher

White pellets

Sieved only

Project

Fuel rods technology cannot be used on soft wet biomass such as agricultural residues, so in this case shredding is not a differentiating
factor.

18

Higher

White pellets

Sieved only

Private

19

Higher

Fuel rods

All

n.a.

20

Higher

Fuel rods

Sieved only

n.a.

6.2 Methodology
For the purposes of this study it was assumed that a densification centre would run at full capacity, or
not at all. The costings were completed in multiples of densification centres for each centre of gravity
point up to the point where the remaining volume of biomass could not sustain another densification
centre running at full capacity. The optimal solution was identified through step-wise optimisation,
meaning that each increment in the biomass supply was selected as the lowest cost combination of
densification centres within and across each consolidated town (for multiples of densification
centres)9. The model solved the total equation (across extraction, primary transport, densification and
secondary transport) for the total cost of minimum biomass requirements as stipulated by Sasol (at
0.5 mio t/a), and then solved it again in multiples of densification centres up to 5M tonnes, thereby
creating cost-supply curves for each of the 24 scenarios.

6.3 Results
6.3.1 Conservative biomass availability combined with black pellets densification
The total output of a black pellet densification centre here is assumed to be 50 000 tonnes per
annum. The minimum amount of densification centres required to achieve Sasol’s minimum viable
volume is thus 11 black pellet densification centres (550 000t) and the maximum was in excess of 100.
The towns best placed as locations for the densification centres remained consistent across scenarios
in this group, with Tzaneen, Ermelo, Barberton, White River, Ulundi, Port Shepstone and Fort Beaufort
making up the bulk (>75%) of the volume considered.
If Sasol was to meet their biomass demand with black pellets, the cheapest ones would be those
produced with sieving and where any agricultural residues included in the feedstock mix would be
shredded by an SME associated with the Waste to wing project, although the shredding arrangement
of the agri residues in the mix does not appear to make a significant difference in the total cost of
black pellets, if the biomass is first sieved. Sieving plays a bigger role, with the difference between the
most expensive black pellets (produced without sieving and based on private shredding) and the
cheapest ones (produced with sieving and through project shredding) being considerable at 22.9% on
average, as shown in Figure 18. It is also interesting to note that with higher volumes, the cost per
tonne of black pellets produced with sieving increases much slower than the cost of product
produced without sieving.
9

For example: At 520k tons the cheapest combination might include 4 densification centres at Sabie, whilst at 590k tons it might only
consider 2 densification centres at Sabie and another 3 somewhere else. Thus each step is optimised individually, not simply taking the
options that appear cheapest first and then just adding on more expensive options up to the required maximum supply.

Figure 18 Cost per tonne of feedstock for scenarios considering conservative biomass availability and
black pellets densification

Meeting the minimum biomass requirements of Sasol with black pellets produced with sieving and
through project shredding and delivered to the gate of Secunda would cost approximately R
1 000 000 000. Somewhat surprisingly, the cumulative costs increase almost linearly with increased
volumes. At 5.5 mio tonnes they add up to some R 11 000 000 000 in total biomass costs (Figure 19).
Figure 19 Cumulative costs of scenarios considering conservative biomass availability and black pellets
densification

6.3.2 Conservative biomass availability combined with white pellets densification
The total output of a white pellet densification centre here is assumed to be 80 000 tonnes per
annum. The minimum amount of densification centres required to achieve Sasol’s minimum viable
volume is 7 white pellet densification centres (560 000t) and the maximum considered was 63
centres (5 040 000t). The towns based placed to host white pellet densification centres remained
consistent across scenarios in this group, with Tzaneen, Barberton, White River and Ulundi able to
supply approximately 80% of the total volume considered. If Sasol was to meet their biomass demand
with hard white pellets, the most expensive ones would be those produced without sieving, at a cost
approximately 20% higher than for those that could be produced with sieving, which is similar to the
case of black pellets. There was little difference between project and private shredding when either no
sieving or sieving was considered, as shown in Figure 20.
Meeting the minimum biomass requirements of Sasol with hard white pellets produced with sieving
and regardless of the shredding arrangement would cost approximately R 1 000 000 000 delivered to
the gate of Secunda, a similar total cost to black pellets. Also similarly, the cumulative costs increase
almost linearly with increased volumes, however the maximum identified output of 5.5 mio t/a could
be met at just over R 10 000 000 000, so noticeably cheaper than supplying the same volume with
black pellets (Figure 19).
Figure 20 Cost per tonne of feedstock for scenarios considering conservative biomass availability and
white pellet densification

Figure 21 Cumulative costs of scenarios considering conservative biomass availability and white pellet
densification

6.3.3 Conservative biomass availability combined with fuel rods densification
The total output of a fuel rod densification centre here is assumed to be 60 000 tonnes per annum.
The minimum number of such densification centres required to achieve Sasol’s minimum viable
volume is thus 9 (540 000t) and the maximum considered was 84 centres (5 040 000t). The towns
best placed to host fuel rod densification centres remained consistent across scenarios in this group,
with Ermelo, Barberton, White River, Driefontein and Ulundi making up the bulk (approximately 80%)
of the volume considered. These towns remained consistent whether looking at the sieving option or
the no sieving option. If Sasol was to meet their biomass demand with fuel rods, the cheapest ones
would be those produced with sieving, approximately 20% cheaper than those that could be
produced without sieving (Figure 22).
Meeting the minimum biomass requirements of Sasol with fuel rods with prior sieving of the biomass
would also cost approximately R 1 000 000 000 delivered to the gate of Secunda, a similar total cost
to black pellets and white pellets. Also similarly, the cumulative costs increase almost linearly with
increased volumes, however the maximum possible identified supply of 5 mio t/a could be met at just
over R 9 000 000 000, a figure similar to that of white pellets at the same volume, but cheaper
compared to black pellets (Figure 23).

Figure 22 Cost per tonne of feedstock for scenarios considering conservative biomass availability and
fuel rod densification

Figure 23 Cumulative costs of scenarios considering conservative biomass availability and fuel rod
densification

6.3.4 Comparison across scenarios and sensitivity analysis
The scenario analysis thus far shows that sieving the biomass prior to densification offers important
cost savings, as would organising the shredding of agricultural residues (where applicable) by SMEs
trained by the likes of the Waste to wing project and conducting this as a full time enterprise.
In terms of relative cost-competitiveness, fuel rods appear to be the cheapest option up to the
maximum available supply of about 5.2 mio tonnes per annum. All the densified biomass products
assessed are estimated to see only a moderate increase in cost per unit delivered to the gate of

Secunda, which is somewhat counterintuitive considering the ever wider radius of biomass collection,
but can be explained with the optimisation of the sourcing rotes produced by the centre of gravity
study.
Figure 24 Combined view of lowest cost densification options for conservative biomass availability

Table 10 illustrates the optimum mix of each town given the number of densification centres for the
first 1.2 mio tonnes of densified biomass, as well as their combined dry mass output to be delivered to
Sasol, for the scenarios based on conservative biomass availability10.
Table 10 Optimum mix of densification centres for the case of conservative biomass availability
Number of densification centres split per town

10

Tonnes dry
bio mass

Total
densification
centres

Tzaneen

Ermelo

Driefontein

Middelburg

White
River

Barberton

560 000

7

3

2

2

0

0

0

640 000

8

3

2

3

0

0

0

720 000

9

3

2

4

0

0

0

800 000

10

3

2

4

1

0

0

880 000

11

3

2

4

2

0

0

960 000

12

3

2

4

2

1

0

1 040 000

13

3

2

4

2

2

0

1 120 000

14

3

2

4

2

3

0

1 200 000

15

3

2

4

2

3

1

A location split for up to 5 mio t/a can be prepared my IMS upon request.

Because the technology employed to produce fuel rods is new and relatively untested and the fact
that the price differential between fuel rods and white pellets is minimal, another scenario was tested
assuming more optimistic financial parameters for the lowest cost white pellet scenario (see
Appendix B) with sieving and assuming project shredding. With the involvement of a development
finance institution such as the Industrial Development Corporation and an accelerated depreciation
model, white pellets could be provided at a significantly lower cost compared to a situation where
conventional commercial finance was employed, as can be seen in Figure 25 up to the volume of 3.6
mio tonnes/a11.
Figure 25 Sensitivity analysis with optimistic finance parameters for white pellets densification

6.3.5 Higher biomass availability combined with black pellets densification
The optimal towns where biomass should be densified remained consistent, with Tzaneen, Mayfair,
Ermelo, Barberton and Volksrus and Middelburg making up approximately 80% of the total volume
considered. If Sasol was to meet their biomass demand with black pellets in the higher biomass
availability scenario, the most expensive ones would be those produced without sieving and with
private shredding. These pellets are on average 2% higher than those that could be produced without
sieving and through project shredding. Sieving the biomass resulted in significantly cheaper black
pellets and the cheapest option was when the feedstock mix would be shredded by an SME
associated with the Waste to wing project (similar to conservative biomass availability scenario).
However, it only deferred by 2.7% on average when compared to private shredding. Similar to the
conservative biomass availability, the difference between the most expensive black pellets (produced

11

The supply curves could reasonably be extended to 5 mio t/a.

without sieving and based on private shredding) and the cheapest ones (produced with sieving and
through project shredding) is considerable at 20% on average, as shown in Figure 26.
Figure 26 Cost per tonne of feedstock for scenarios considering higher biomass availability and black
pellets densification

The costs of meeting the minimum biomass requirements of Sasol with black pellets for the cheapest
option (black pellets produced with sieving and through project shredding) in the higher biomass
availability scenario is similar to that of the conservative biomass availability scenario at R
1 000 000 000, as shown in Figure 27. Also similarly, the cumulative costs increase almost linearly with
increased volumes, however the black pellets produced with sieving and through private shredding
are slightly cheaper (approximately R 10 200 000 000) for higher biomass availability than for
conservative biomass availability at higher volumes (5.5 mio tonnes).

Figure 27 Cumulative costs of scenarios considering higher biomass availability and black pellets
densification

6.3.6 Higher biomass availability combined with white pellets densification
The towns best placed as locations for the densification centres also remained consistent across
scenarios in this group, with Tzaneen, Mayfair, Ermelo, Barberton and Volksrust making up
approximately 70% of the total volume considered. If Sasol was to meet their biomass demand with
hard white pellets in the higher biomass availability scenario, the cheapest option would be pellets
produced with sieving and with project shredding. However, these pellets only deferred by 1% on
average, when compared to those produced with sieving and with private shredding. The most
expensive pellets would be those produced without sieving and with private shredding. These pellets
would be on average 2% higher than those produced without sieving and with project shredding
(Figure 28). The difference between the most expensive pellets (produced without sieving and
through private shredding) and the cheapest ones (produced with sieving and through project
shredding process) was 13% on average. Interestingly this difference is much less than the 20 %
difference between the most expensive and cheapest options in the conservative biomass availability
scenario.
Meeting the minimum biomass requirements of Sasol with hard white pellets produced with sieving
and regardless of the shredding arrangement would cost approximately R 1 000 000 000 delivered to
the gate of Secunda, as seen in Figure 29. This is a similar total cost to black pellets in both the high
and conservative biomass availability scenarios, as well as white pellets in the conservative biomass
availability. It appears that the increase in the biomass availability reduces the costs of the biomass.

The cumulative biomass cost at 5.25 mio tonnes in the higher biomass availability scenario (Figure 29),
is approximately R 1 000 000 000 cheaper than the cost at 5.25 mio tonnes in the conservative
biomass availability scenario (Figure 21). A similar observation was made for the case of black pellets
(Section 6.3.5).
Figure 28 Cost per tonne of feedstock for scenarios considering higher biomass availability and hard
white pellet densification

Figure 29 Cumulative costs of scenarios considering higher biomass availability and hard white pellet
densification

6.3.7 Higher biomass availability combined with fuel rods densification
The towns best placed as locations for the densification centres remained consistent across scenarios
in this group, with Tzaneen, Ermelo, Middelburg, Barberton and Volksrust making up approximately
80% of the total volume considered. If Sasol was to meet their biomass demand with fuel rods in the
higher biomass availability scenario, the most expensive ones would be those produced without
sieving. These pellets cost approximately 25% more than those that could be produced with sieving
(Figure 30), compared to 20% when conservative biomass availability is considered (Section 6.3.3).
Similar to the conservative biomass availability scenario, there is little difference between project and
private shredding when considering fuel rod densification.
Meeting the minimum biomass requirements of Sasol with fuel rods produced with sieving and
regardless of the shredding arrangement would cost approximately R 1 000 000 000 delivered to the
gate of Secunda, as seen in Figure 31. This is similar to the cost of both black and white pellets for both
the conservative and high biomass availability scenarios.
However, for fuel rods it was seen that the biomass availability did not influence the cumulative price
significantly unlike the case of black and white pellets.

Figure 30 Cost per tonne of feedstock for scenarios considering higher biomass availability and fuel
rod densification

Figure 31 Cumulative costs of scenarios considering higher biomass availability and fuel rod
densification

6.3.8 Comparison across scenarios and sensitivity analysis
The scenario analysis for the higher biomass availability scenario shows that sieving the biomass prior
to densification offers important cost savings, as would organising the shredding of agricultural
residues (where applicable) by SMEs trained by the likes of the Waste to wing project and conducting
this as a full time enterprise. This is similar to the conservative biomass availability scenario. In terms of
relative cost-competitiveness, fuel rods appear to be the cheapest option up to the maximum
available supply of about 3.6 mio tonnes per annum (Figure 32). Black pellets produced with sieving
and through project shredding are the most expensive and cost over 20 % more than the fuel rods
produced with sieving and through project shredding. As stated in the conservative biomass
comparison (Section 6.3.4), all the densified biomass products assessed are estimated to see only a
moderate increase in cost per unit delivered to Secunda gate.
Table 11 illustrates the optimum mix of each town given the number of densification centres for the
first 1.2 mio tonnes of densified biomass, as well as their combined dry mass output to be delivered to
Sasol, for the scenarios based on conservative biomass availability12.
Figure 32 Combined view of lowest cost densification options for higher biomass availability scenario

12

A location split for up to 5 mio t/a can be prepared my IMS upon request.

Table 11 Optimum mix of densification centres for the case of higher biomass availability
Number of densification centres split per town
Tonnes dry
bio mass

Total
densificatio
n centres

Tzaneen

Mayfair
(JHB)

Ermelo

Volksrust

Middelburg

Harrism
ith

Driefont
ein

540 000

9

2

1

6

0

0

0

0

600 000

10

2

1

6

0

1

0

0

660 000

11

2

1

6

2

0

0

0

720 000

12

2

1

6

2

1

0

0

780 000

13

2

1

6

2

2

0

0

840 000

14

2

1

7

2

2

0

0

900 000

15

2

1

7

2

2

1

0

960 000

16

2

1

6

2

1

0

4

1 020 000

17

2

1

6

2

2

0

4

1 080 000

18

2

1

7

2

2

0

4

1 140 000

19

2

1

7

2

2

0

4

1 200 000

20

2

1

6

2

1

1

8

*Of the above towns, only Ermelo and Mayfair (JHB) would utilise the rail sidings to transport the bulk volume to Secunda. Ermelo
contributes 420 000 tonnes output to Secunda per annum, whereas Mayfair (JHB) contributes 60 000 tonnes per annum.

Comparing the two biomass availability scenarios, it was also found that higher biomass availability
significantly reduced the biomass costs except when fuel rods are considered. In this case, the costs
are similar.

6 Conclusions and recommendations
WP1 of the W2W project aimed to prove the desk-top feasibility of a large-scale supply of biomass to
Sasol’s Secunda facility to be converted into SAF via the gasification and Fisher-Tropsch route. The
desk-top analysis started with a compilation of candidate waste feedstocks, which depending on
more or less conservative assumptions of availability for specific categories of waste, identified
between 2 – 4 times as much dry biomass waste as Sasol could potentially absorb into its process. This
clearly shows that general availability of the raw material is not a constraint and for the foreseeable
future there is not likely to be a shortage of this resource, at least on a national level (this might not be
the case on a local level).
However, it is important to note that just because something is classified as a waste (or residue), it
does not mean there are no sustainability risks associated with it use, or removal. A high-level
sustainability risk assessment was conducted to flag possible areas of concern with regard to
environmental and social issues caused by removal of these wastes and their application for energy
purposes. The conclusion from both assessments was that garden waste at major metros (especially in

Johannesburg) and saw dust waste are the obvious feedstocks to start with, as they are both available
in significant quantities in specific locations and pose the lowest sustainability risks, including risk of
indirect land use change.
To displace a limited amount of coal in Sasol’s process, the biomass needs to possess certain thermoschemical characteristics, which is not the case for raw biomass. We therefore undertook a technoeconomic analysis of various pre-treatment and densification technologies that would bring the raw
biomass in line with Sasol’s specifications for co-gasification. The conclusion was that for woody
biomass such as IAPs and primary forestry residues, fuel rods, though the newest technology, has the
lowest processed biomass price. For soft biomass such as agricultural residues, garden waste and saw
dust, white pellets are the cheapest option. Because the cost of the pre-treated and densified product
is highly sensitive to the cost of capital, a moderate decrease in the latter can have a significant
impact on the price of pellets or fuel rods used for the production of SAF.
High transportation costs are often cited as a key challenge in introducing significant amounts of
biomass into the energy mix. However, a well-executed sourcing strategy based on a centre of gravity
study such as the one carried out for Waste to wing, and correct choice of vehicle and commercial
model would minimise transport costs and in fact ensure they are the smaller component of the total
cost of feedstock delivered to the processing facility; in this case Secunda. As transport emissions can
be substantial, CO2 emissions from both primary and secondary transport have been calculated, to be
eventually added to emissions from extraction, pre-treatment and densification and processing for the
calculation of the full life cycle emissions of any SAF to be produced in Secunda, which is necessary to
determine the emissions savings of SAF compared to conventional jet fuel.
By adding the cost of densification and primary and secondary transport, we were able to construct
full supply curves for in excess of 5 mio tonnes of biomass for co-gasification at Secunda. These show
that on average biomass would be 3-4 times more expensive than coal as feedstock at Secunda.
However, the premium on the feedstock could be partly offset by the premium paid by airlines for
SAF, and partly against Sasol’s carbon tax liability.
Specific recommendations for further work packages in Waste to wing that emerged from WP1 are:
For WP2:
-

Ideally, focus on garden waste and saw dust as feedstocks for initial SAF quantities. In terms of
geographical focus, this means exploring waste SMEs active around the PickItUp depots in
Johannesburg and the saw mills in Mpumalanga. Invasive alien plants offer the greatest long-term
opportunity in terms of resource availability; however their challenging extraction will require
partnering with existing clearing efforts such as the Working for water programme.

-

The capital costs required to establish a densification plant excludes SMEs from this step of the
value chain, however harvesting/clearing, collecting, chipping and transporting biomass to a
densification centre are all activities that fall within the scope of possible SME activities.

For WP3:
-

More can be done to better understand the suitability of the wide resource base for the GFT
production route. While Sasol has done a number of co-gasification tests, these did not include
IAPs, which represent the biggest long-term opportunity.

For WP4:
-

It will be worthwhile engaging with the Industrial Development Corporation or other finance
providers offering concessional finance and enhance their understanding of the role of waste
biomass in South Africa’s transition to a low carbon transport economy with a view to lower the
cost of pre-treatment and densification, seeing that it is highly sensitive to the cost of capital, and
thus increase the attractiveness of biomass as feedstock for the production of SAF.
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APPENDIX A: Estimates of maize residues
Introduction
‘Corn Stover’ (maize leaves and stalks), as it is known in the USA, is a well-described feedstock for
lignocellulosic bioethanol production. In South Africa, common practice in commercial farming
operations involve baling the residues as hay, or the residues are typically directly used as livestock
feed, or modified to reduce toxicity and improve digestibility [1]
Maize is South Africa’s premier grain crop, and residues from maize farming are substantial. Annual
grain production amounts to 10.924 Tg/annum [2] and represents approximately 122 Tg/annum of
total biomass at a moisture content of about 75%. Expressed as thermal energy based on dry matter,
this represents a significant amount: the energy content of residues is approximately 15 MJ/kg
(WP0A_02). For the dry residue, the amount of energy available is 127 TWh/annum – roughly 7.5% of
our current consumption (WP0A_00).
Table A.1: Conversion of maize residues to thermal energy
Element or Aspect

Units of Measure

Amount of Maize Residue (@ full moisture content)

Tg/ annum

Moisture Content

%

Dry Residue

Tg/annum

Energy Content (Dry Matter)

MJ/kg
MJ/annum

Value

Reference

122

WP03_00

75
30.5
15

[3, 4]
Calculated
[5]

4.575 E+11

Calculated

TWh/annum

127

Calculated

Requirement for Soil Maintenance

%

49%

[6]

Estimated as Livestock Feed and Waste

%

35%

Estimate

Exploitable Percentage

%

15%

[7]

Estimated Exploitable Energy (Thermal)

TWh/annum

19

Calculated

Annual Energy Consumption

TWh/annum

1700

WP0A_00

Displacement of Annual Consumption

%

1%

Calculated

Annual Thermal Energy Value

It is highly unlikely, though, that a large proportion of the available biomass can be converted to
energy, due to the following factors:
1.

Some crop residue needs to remain on fields for a number of reasons: mitigation of soil and
wind erosion, maintenance of carbon in the soil, and retention of nutrients such as Nitrogen,
Phosphorus and Potassium. Estimates of this requirement varies and depends on grain yield,
soil types, rainfall intensities, and so on, but it is a large fraction of available residue given
South African yield ranges [6]. See detailed discussion below.

2.

There is a significant (but unknown) quantity of baled hay or ensilage – used for livestock feed
– that needs to be accounted for.

3.

Not all available residue will be exploitable on an economic basis – low density of availability
and logistics costs may eliminate significant quantities. This will be evaluated as part of our
feasibility assessment.

Based on the analysis in Table A.1, we can conclude that the maximum unconstrained potential is not
likely to be higher than 20 TWh/annum – still a sizable proportion (up to 1%) of the total energy needs
of the country if fully converted. Other estimates [8] put the figure slightly higher (15% exploitable
residue).
We have prepared an estimate of the spatial distribution of maize residues for the intensively farmed
areas of South Africa – Gauteng, North West, Mpumalanga, and Free State. This area represents
approximately 50% of the maize production in the country, and maize cultivation forms a major part
of the agricultural crops in many parts of this area. Feasibility studies conducted here should be
indicative of real potential.
Exploitable Maize Residue
By combining crop field types allocated to maize [9] with data on maize potential and Net Primary
Productivity [10], it is possible to calculate an exploitable residue for all of the intensively farmed areas.
This distribution can then be used to determine feasibility that takes account of logistics, in addition
to factors of economy of scale and conversion process choices.

Fig A.1: Exploitable maize residue as a function of grain yield (USA conditions) [6]

Using data from Figure A.1 (based on US conditions) it is unlikely that there will be any realistically
exploitable residue at yields less than about 5 t/ha of grain. If residue is removed at lower yields,
farmers run the risk of increased erosion and nutrient removal. Added to this is the relatively poorly
understood fraction of residue that is used productively as animal feed. Applying this criterion in
South African conditions results in very few maize-growing areas where sustainably exploitable
residue can be found – given that the average yield in local conditions is in the order of 3.82 t/ha.
Figure A.2 shows a sample distribution of potential based on 10% of average residue yield. As
expected, potential is concentrated in areas where we find high yields – Mpumalanga Highveld, North
West, and Northern-Western Free State. This distribution alters substantially if one considers a yieldbased availability, as derived from Figure A.1. In the example distribution shown in Figure A.3, we have
assumed that 5 tons/ha of residue should remain in place for soil preservation reasons (this is lower
than suggested practice for the USA). Once a yield-based residue is considered as a basis for
exploitation, only the very high yield areas of Mpumalanga Highveld and the Eastern Free State
appear to be attractive.

Fig A.2: Exploitable potential as a 10% fraction of maize residues – main maize-growing areas of
central South Africa.

Source: Based on [2] and Author’s Analysis.
Fig A.3: Yield-Based Potential for Residue, leaving 3 t/ha/annum of dry residue as soil conditioner,
erosion mitigation, and nutrient source.

We need to judge this conservative estimate against the published figures of 15% of maize residue [7]
– which does not take account of yield effects or soil preservation requirements.
The key question is then what is the proportion of sustainably harvestable residue in South African
conditions, given requirements of soil preservation, animal feed, and nutrient retention?
W2W Updates
We have recalculated the BioEnergy Atlas result for inclusion into the Waste to Wing biomass
assessment, and results present a yield-based curve as in Figure A.4. The main difference between the
BioEnergy result and the Waste to Wing biomass estimate is in the scenarios considered:
1.

Average/ median yields (which over time equates to about 10m tons/annum of grain, 30m
tons/annum of residues) - this is achievable 50% of the time; and

2.

Minimum yields (over time equating to about 4m tons/annum of grain, or about 12m
tons/annum of residues - will be achieved 68% of the time.

In average years, the highest grain yield in the country - achieved in only a few locations - approaches
18 t/ha. In bad years (probability that the yield will be achieved is 68%) this maximum is as low as 8
t/ha grain.
Figure A.4: Calculated residue yields as a fraction of grain yield

As can be seen in Figure A.4, the fraction of residue that can be used as a function of grain yield rises
rapidly after about 5 t/ha, but none is available at lower yields. The function then tends towards a
linear relationship that rises slowly with increasing yield.
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APPENDIX B: Economic evaluation of white pellet densification
processes with optimistic costing parameters
In order to assess the reduction of the selling price of densified pellets that are obtainable under
optimistic assumptions of economic conditions, the discounted cash flow statement was re-evaluated
for the production of hard white pellets, with the following changes in the costing parameters:
i.

IRR = 7.2%, considering a co-investment of the Industrial Development Corporation (IDC),
so that the capital pool is represented with the ratio:
IDC : Debt : Equity = 35:35:30

ii.

An accelerated depreciation model is considered where there a zero salvage is obtained
after 5 years.

The effect of optimised costing assumptions the production of hard white pellets are presented in
Figure A.5. It is observed that the price of pellets reduced by 15% from a price range between 1200 and
1300 R/tonne to a price range between 1000-1100 R/tonne.
Figure A.5: Effect of optimised costing parameters on selling price of hard white pellets
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APPENDIX C: Secondary transport costs per densification center
Table A.2: Tautliner vehicle rates

Sieved/Densified

From Towns

Rate / Ton

Densified

Barberton

R231.56

Densified

Bethlehem

R226.06

Densified

Bloemfontein

R297.56

Densified

Bothaville

R308.56

Densified

Butterworth

R480.71

Densified

Coega

R475.76

Densified

Driefontein

R224.97

Densified

Ermelo

R496.55

Densified

Fort Beaufort

R467.24

Densified

Germiston (Johannesburg)

R548.38

Densified

Harrismith

R242.85

Densified

Heidelberg

R227.24

Densified

Heilbron

R271.35

Densified

Hendrina

R188.38

Densified

Herbertsdale

R557.15

Densified

King Williams Town

R449.91

Densified

Knysna

R542.59

Densified

Kokstad

R509.74

Densified

Kroonstad

R298.94

Densified

Lady Frere

R438.35

Densified

Ladybrand

R309.38

Densified

Middelburg

R184.00

Densified

Newcastle

R214.12

Densified

Odendaalsrus

R301.97

Densified

Olifantsfontein (Pretoria)

R525.38

Densified

Pietermaritzburg

R341.59

Densified

Port Alfred

R525.26

Densified

Port Shepstone

R381.50

Densified

Reitz

R223.32

Densified

Port St Johns

R434.82

Densified

Sabie

R250.53

Densified

Secunda

R73.53

Densified

Senekal

R294.00

Densified

Stanger

R405.53

Densified

Stellenbosch

R641.62

Densified

Theunissen

R299.76

Densified

Tzaneen

R271.44

Densified

Ulundi

R344.00

Densified

Vanderbijlpark

R550.33

Densified

Viljoenskroon

R243.94

Densified

White River

R230.47

Densified

Botshabelo

R292.88

Densified

Henneman

R297.29

Densified

Hermanus

R652.94

Densified

Mayfair (Johannesburg)

R405.26

Densified

Paarl

R641.62

Densified

Phuthaditjaba

R254.38

Densified

Richards Bay

R352.65

Densified

Volksrust

R214.15

Densified

Vryheid

R555.94

Sieved

Barberton

R432.20

Sieved

Bethlehem

R421.94

Sieved

Bloemfontein

R555.39

Sieved

Bothaville

R575.92

Sieved

Butterworth

R897.23

Sieved

Coega

R888.01

Sieved

Driefontein

R419.91

Sieved

Ermelo

R332.13

Sieved

Fort Beaufort

R872.09

Sieved

Germiston (Johannesburg)

R451.58

Sieved

Harrismith

R453.28

Sieved

Heidelberg

R424.13

Sieved

Heilbron

R506.48

Sieved

Hendrina

R351.61

Sieved

Herbertsdale

R1 039.91

Sieved

King Williams Town

R839.76

Sieved

Knysna

R1 012.74

Sieved

Kokstad

R951.42

Sieved

Kroonstad

R557.97

Sieved

Lady Frere

R818.18

Sieved

Ladybrand

R577.46

Sieved

Middelburg

R343.43

Sieved

Newcastle

R399.65

Sieved

Odendaalsrus

R563.63

Sieved

Olifantsfontein (Pretoria)

R451.58

Sieved

Pietermaritzburg

R637.57

Sieved

Port Alfred

R980.40

Sieved

Port Shepstone

R712.07

Sieved

Reitz

R416.83

Sieved

Port St Johns

R811.59

Sieved

Sabie

R467.61

Sieved

Secunda

R137.24

Sieved

Senekal

R548.75

Sieved

Stanger

R756.92

Sieved

Stellenbosch

R1 197.57

Sieved

Theunissen

R559.51

Sieved

Tzaneen

R506.64

Sieved

Ulundi

R642.07

Sieved

Vanderbijlpark

R521.52

Sieved

Viljoenskroon

R455.31

Sieved

White River

R430.17

Sieved

Botshabelo

R546.66

Sieved

Henneman

R554.90

Sieved

Hermanus

R1 218.71

Sieved

Mayfair (Johannesburg)

R451.58

Sieved

Paarl

R1 197.57

Sieved

Phuthaditjaba

R474.80

Sieved

Richards Bay

R658.21

Sieved

Volksrust

R399.70

Sieved

Vryheid

R620.50

Table A.3: Rail rates

From Towns

Siding Number

To Town

Rand/Ton

Barberton

800716

Secunda

R405.09

Bethlehem

540137

Secunda

R396.11

Bloemfontein

500127

Secunda

R529.79

Bothaville

540889

Secunda

R398.10

Butterworth

closed

Secunda

N/A

Coega

300233

Secunda

R1 229.16

Driefontein

closed

Secunda

N/A

Ermelo

651907

Secunda

R117.76

Fort Beaufort

400491

Secunda

R1 147.35

Germiston (Johannesburg)

751936

Secunda

R148.69

Harrismith

542342

Secunda

R493.88

Heidelberg

102539

Secunda

R1 613.26

Heilbron

542261

Secunda

R279.38

Hendrina

No siding

Secunda

N/A

Herbertsdale

No siding

Secunda

N/A

King Williams Town

closed

Secunda

N/A

Knysna

No siding

Secunda

N/A

Kokstad

closed

Secunda

N/A

Kroonstad

542679

Secunda

R337.25

Lady Frere

No siding

Secunda

N/A

Ladybrand

closed

Secunda

N/A

Middelburg

849065

Secunda

R252.44

Newcastle

601128

Secunda

R278.38

Odendaalsrus

543195

Secunda

R420.05

Olifantsfontein (Pretoria)

701874

Secunda

R167.31

Pietermaritzburg

600601

Secunda

R354.92

Port Alfred

closed

Secunda

N/A

Port Shepstone

602256

Secunda

R460.68

Reitz

closed

Secunda

N/A

Port St Johns

No siding

Secunda

N/A

Sabie

closed

Secunda

N/A

Secunda

749613

Secunda

N/A

Senekal

543667

Secunda

R438.01

Stanger

601446

Secunda

R623.57

Stellenbosch

144223

Secunda

R1 644.18

Theunissen

545694

Secunda

R433.02

Tzaneen

800864

Secunda

R638.54

Ulundi

603333

Secunda

R417.06

Vanderbijlpark

700134

Secunda

R208.55

Viljoenskroon

544256

Secunda

R383.14

White River

No siding

Secunda

N/A

Secunda

N/A

Botshabelo
Henneman

541494

Secunda

R376.15

Hermanus

No siding

Secunda

N/A

Mayfair (Johannesburg)

701114

Secunda

R161.66

Paarl

100331

Secunda

R1 615.25

Phuthaditjaba

No siding

Secunda

N/A

Richards Bay

645567

Secunda

R517.82

Volksrust

closed

Secunda

N/A

Vryheid

603112

Secunda

R315.30

The rates in green indicate where rail is the cheaper option for secondary transport compared to the
Tautliner road vehicles.

APPENDIX D: Breakdown of CO2 emissions from transport.
Table A.4: Primary transport CO2 emissions for conservative biomass availability
CO2 Emissions (tonnes CO2) between biomass extraction site and a densification centre in:
Tonnes Dry Mass

Tzaneen

Ermelo

Driefontein

Middelburg

White River

Barberton

560 000

255.90

1 931.62

1 036.24

-

-

-

640 000

255.90

1 931.62

2 072.49

-

-

-

720 000

255.90

1 931.62

4 144.97

-

-

-

800 000

255.90

1 931.62

4 144.97

844.46

-

-

880 000

255.90

1 931.62

4 144.97

1 688.92

-

-

960 000

255.90

1 931.62

4 144.97

1 688.92

825.60

-

1 040 000

255.90

1 931.62

4 144.97

1 688.92

825.60

-

1 120 000

255.90

1 931.62

4 144.97

1 688.92

825.60

-

1 200 000

255.90

1 931.62

4 144.97

1 688.92

825.60

644.26

Table A.5: Secondary transport CO2 emissions for conservative biomass availability
CO2 emissions (tonnes CO2) between densification centre site and Secunda
Tonnes Dry Mass

Tzaneen

Ermelo

Driefontein

Middelburg

White River

Barberton

560 000

9 040.20

4 360.00

1 353.89

-

-

-

640 000

9 040.20

4 360.00

2 707.78

-

-

-

720 000

9 040.20

4 360.00

5 415.56

-

-

-

800 000

9 040.20

4 360.00

5 415.56

785.20

-

-

880 000

9 040.20

4 360.00

5 415.56

1 570.40

-

-

960 000

9 040.20

4 360.00

5 415.56

1 570.40

2 246.47

-

1 040 000

9 040.20

4 360.00

5 415.56

1 570.40

4 492.94

-

1 120 000

9 040.20

4 360.00

5 415.56

1 570.40

6 739.41

-

1 200 000

9 040.20

4 360.00

5 415.56

1 570.40

6 739.41

1 892.94

Table A.6: Primary transport CO2 emissions for higher biomass availability
CO2 emissions (tonnes CO2) between biomass extraction site and a densification centre in:

Tonnes Dry Mass

Tzaneen

Mayfair (JHB)

Ermelo

Volksrust

Middelburg

Harrismith

Driefontein

540 000

224.71

272.05

4696.15

0.00

0.00

0.00

0.00

600 000

224.71

272.05

4696.15

0.00

699.87

0.00

0.00

660 000

224.71

272.05

4696.15

975.41

0.00

0.00

0.00

720 000

224.71

272.05

4696.15

975.41

699.87

0.00

0.00

780 000

224.71

272.05

4696.15

975.41

1399.74

0.00

0.00

840 000

224.71

272.05

5478.84

975.41

1399.74

0.00

0.00

900 000

224.71

272.05

5478.84

975.41

1399.74

543.80

0.00

960 000

224.71

272.05

4696.15

975.41

699.87

0.00

2773.11

1 020 000

224.71

272.05

4696.15

975.41

1399.74

0.00

2773.11

1 080 000

224.71

272.05

5478.84

975.41

1399.74

0.00

2773.11

1 140 000

224.71

272.05

5478.84

975.41

1399.74

543.80

2773.11

1 200 000

224.71

272.05

4696.15

975.41

699.87

0.00

5546.22

Table A.7: Secondary transport CO2 emissions for higher availability of biomass
CO2 emissions (tonnes CO2) between densification centre site and Secunda
Tonnes Dry Mass

Tzaneen

Mayfair (JHB)

Ermelo

Volksrust

Middelburg

Harrismith

Driefontein

540 000

5252.04

82.00

654.00

0.00

0.00

0.00

0.00

600 000

5252.04

82.00

654.00

0.00

682.40

0.00

0.00

660 000

5252.04

82.00

654.00

1727.91

0.00

0.00

0.00

720 000

5252.04

82.00

654.00

1727.91

682.40

0.00

0.00

780 000

5252.04

82.00

654.00

1727.91

1364.80

0.00

0.00

840 000

5252.04

82.00

763.00

1727.91

1364.80

0.00

0.00

900 000

5252.04

82.00

763.00

1727.91

1364.80

1425.11

0.00

960 000

5252.04

82.00

654.00

1727.91

682.40

0.00

4270.83

1 020 000

5252.04

82.00

654.00

1727.91

1364.80

0.00

4270.83

1 080 000

5252.04

82.00

763.00

1727.91

1364.80

0.00

4270.83

1 140 000

5252.04

82.00

763.00

1727.91

1364.80

1425.11

4270.83

1 200 000

5252.04

82.00

654.00

1727.91

682.40

0.00

8541.65

