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Executive Summary

PetroSA is South Africabd6s National OiLRefi@ympany (
Mossel Bay. The curmperation of this facility is severely restricted due to a lack of affordable feedstock,
especially natural gas. Should operations at this site be discontinued, it will have a severe impact on s
economic aspects in the Southern Cape, includingdyoadem

At the same time, the country has a plethora of alternative feedstock options in the form of various wastes
could be converted to sustainable advanced liquid fuels. Introducing biogenic feedstock into PetroSA proce
could go some wayamg alleviating the critical shortage of natural gas. PetroSA is able to absorb biogeni
waste feedstock in its processes in many ways, however with sustainable aviation fuel (SAF) a growing
premium mark#tis studyfocuses on supply chains of tieirmediate feedstock (ethanol) that would

allow PetroSA to produce SAF viademtified alcohalojet (AtJ) process in its oligomerization plant

which is also referred to as the Conversion of Olefins to Distillate (COR)splewthow a technigall

feasible supplyathanolvould look liked how much would it bysjentifying suitable types and quantities

of waste biomass (and gasksasyould be used as raw feedstock for its praukictiocationnversion

processes and transport options, and estimate the costs along each step of the chain to determine the full ¢
theethanob uppl i ed at the gate of Petr oSAOGsSThroughbutner y
this analysis, we workthenassumption that@@D plant would process up tmil@diitresof ethanol into
SAFannuallyThe figure below provides an overview of the candidate ethanol suppheicivaisisgdhitesd

in this préeasibility.
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Figuree1 Schematic representation of raw material candidates, intermediate conversion and utilization options at Petro¢
refinery
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An assessmentrafv feedstkavailability is a fundamental aspect of the feasibility and sus&#ability of
productiomvasive alien plafifsPsare recognised as being a substantial candidate resource for the production
ofadvanced fuel Souttfricaandthey aralso tk preferredecondjeneratioathanofeedstockf those

considered this prdeasibilitipecause itssage would meet multiple ecological and social.dbjegtives
dateestimate of the spatial distribution of biomass from invasive aliamjdsioised as part of this pre
feasibilitfound tha7.1 million tonnes ofalignbiomass (aver a third aflalien biomags theWestern
andeasterrCapethetwo preinces most likely to represent catchment areas for raw feedsiomuiciiSAF

at PetroSAs easily accessible on slopes of up to 20%. An aéditioiabn tonnes faidy accessible on

slopes between 20 and 35%. Considering aoterstii@imandor lignocellulosic feedstock to produce enough

et hanol to meet Pe t300miloNirespermmnoris ia thesregiog of t.5miliarc i ty o
tonneper annunhe identified easily accessible biomass in these two previocid simply enough raw
feedstock for the required ethanol supply, even if any further spread of IAPs wadtfidi\haosisgned.
impo®nt to note thiat/asive alien plant biomass is strictlyemewable resoyrandthe biomass stock will

need to be apportioned for harvesting over the project lifetime.

In addition to IAPs, we estimate that indugtislesihd sugar processingpmmuctsnolassesouldalso
individuallgupply more than enough ethanol to meet potentiafrdem@ettoSA, indicatintjicsent
technical potentidlthis intermediary feedstock for SAF préandtather uses)

Despite many of thaterials considessdrawieedstocln this study being perceived as Wéstdoes not

mean there are ns&inability risks associated witbdlheition and usagsuétainability riskssessment
againstthe sustainability principles of the Rourdtsstainableidnaterials, the gold standard of
sustainability schemesimenergy and biomakgiidentifies molasses and bagasse as high sustainability risk
especially due potentially high GHG impd&Bs as mediunsustainability risk feedstock, on account of
possible ecological impacts and improper labour practices employed duriogezedidipandgarden

waste and industriabaeBses as low ri¥kis means that an ethanol supply chain based on the high or medium
sustainability risks feedstocks would require a commesiansamlity risk assessmetdtmanagement

plan taddress them, before even attempting further development steps.

The technoeconomic assessments of alternative ethanol producimgrecataiicesd from the simulations

of models developed in ASPEN plus V11, and coméngateeithg costing appines in plant design, for

use in a discounted cash flow analysis. The etimamaogelling price B8P) that will provideaaceptable

return on a private investment in a manufacturing facility was selected as the preferred metric for asses
comparative economic performancesEB® f or t he di fferent et hanol S
factory gat eselsufiidency fomall ethgnol scerenios, thereby reducing the risks associated with
external sources of process energy, the economic results showed that ethanol production costs ranged
R7.95/litre up to R37/litre, depending on the costaif $epdyoand conversion technology. The economic
performance of the ethanol production system that egagldgs ettianol production was enhanced by the
absence of feedstock cost, while the disproportionately large demand for electrictgnoraated an e
disincentive in the energysaé#fitient scenarkirst generati@thanol based on molasses provided a cost
effective alternative, with few modifications required to sugarcane harvesting and processing. A more adve
approach incorporatingrages in energy efficiencies to sugarcane mills and collectianilisEdinder
harvesting residues, provided@kiapproach to ethanol production from lignocellulosemindildirst

andsecond generatisnenario. IAPs conversion to eth@nthe hydrolysesmentation approach was
preferred to gasificafemmentation, due to the estimated high cost of the M&SBTdieseveral of the

ethanol scenarios could be reduced through tiee buyf s ubst ant i al bleaakecdtricityt s o f
to these facilities.
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The results of the tecBoonomic assessmienta suiset of ethanol production patiwegscombined with

the ceme of gravity study innleévorloptimisation analysis, to derivapfireximate total annuaiscofs
procuring ethanol for conversion to SAF by, RdileSAot exceeding the capacity of individual feedstock
facilities and minimizing transportidustsgpecific ethanol supply chains analysed furfivst gemeration
ethanol from molassesmentatiorsecond generati@thanol from lignocellulose viahydeolyses
fermentation route aidd generati@thanol from industriaba$f fermentatiom an energy sslffficient
configuratiom/e considered single feedstock scenarioshevilemsand of 3@fllioritresper annurwas

fullymet by ethanol produced from each raw feedgithekliyndand different combinations thereof.

The table bel@rovidethe breakdown of cumulative annudbcesish of the ethanol supply chalysexh

in the network optimisation study. It shows the supply chains differ substantially on theiLmaeriogst drivers.
feedstock acquisition costs in the lignocellulosic freessimple byaming up with subsidised clearing
programmes wregrating clearing operations in the ethanol business case as opposeceiterelging on
commercial clearing operatioight affect the relative economic attractiveness of the ethanol supply options
under consideratiampbrting electricity to meetprocess energy needshamte releasing syngas for
expanding the ethanol output in the indugtigasoéinarimight have the same effect

Table B Annual ethanol costs for single feedstock scenarios

Lignocellulosic Industrial Off5as Molasses
Feedstock cost R 2,098,408,813 R - R 1,450,075,485
Primary transport cost R 295,099,733 R - R -
Secondary transport cost R 158,540,031 R 461,781,256 R 400,338,653
Processing cost R 3,217,718,304 R  4,022,147,880 R  1,014,475,076
Total cost R 5,769,766,880 R  4,483,929,136 R  2,864,889,214

The network optimisatioalysis indicates different optimal solutions depending on the objectives of the ethanc
sourcing strategy. If the goal wasffiosincy alone, then sourcing all ethanol from molasses would be the
obvious choice since it carries the lowest cumulagiveost of about R2.86 billion, compared with R4.48
billiorforindustrial effasethanol, whilignocellulosegthanchppears athe most expensiygtion at about

R5.77 billion, or about twice as much as the thatesteption. The supply dfz@ied on molasses does

not incur primary transport cost and has the lowest processing cost, leading to the lowest overall cost com|
to ethanol supply based on lignocellulosic feedstock and igdsistrial off

If the ethanol sourcing strategy weeet@ number of objectives, including job creation and iagtdving dr
resilience, then it would need to include at least some ethanol producedrfeoralyaRBsygests that a
combination of 1 #8d%sed facility (in Ceres), 2 mothases faldies in KZN ané Industrial efas based
facilities would be able to achieve multiple objectives at an additionaRtdsitlmirapeuyear.
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1 Introductionand study objective

South Africads n anasbeen @ératimion less tbam pO&orofycapBReiyt far anSx¥tended
period of time, due to limited availability of natural gas, the main feedstoclaiits/phecess of 2020

its Mossel Bay gadiquids (GtL) refinags ot able tonaintai@venminimum commercial operatiatis
disastrousonsequencésr local employment, and export earnings derived from few niche ptvd&&s only P
wes able to produce.

At the same time, tdmntnhasa plethora of alternative feedstock aptibadorm whrious wastdisat

could be converted to sustainable advanced ligutiddeting biogenic feedstock into PetroSA processes
coul go some way towards alleviating the critical shortage of natural gas. PetroSA ibiagenio absorb
wastdeedstock in its processes in many ways, and all are potentially interesting and warrant exploring, how
withsustainable aviation f$#\F beinga growing and premium market it makes sense to focus on this
opportunity first.

The main objective of the $suthyizo prove the préeasibility o wastebased sustainable value chain

for the commercially viable production of SAF by thenisbfetroleumGasand Oil Corporation

of South Africa (PetroSA} will show how a technically feasible and commercially viable supply of feedstock
would look like by identifying suitable types and quantities of waste biomass (and gasses),-their locations,
treatment processes and transport options, andlestwstealong each step of the chain to determine the
full cost of the intermediate feedstock suppl i€
processing into SAF.

The main outcome of the study waldéErmine the most suitable feedstock supply chains in terms of
availability and price for the production of SAF by PetroSMas#eBay refineryThis will allow PetroSA
to:

1 Independently assess bids fromespreviders offering technologyfeeti&ock in usable form;

1 Complete the cost build up for the SAF that could be produced from the identified biogenic feedsto
and assess its commercial viability relative to prevalent market conditions;

1 align itoperations with a number of governmentdégelcpment objectives, including improving
draught resilience, generate employment opportunitidgbisthet@Mnd broaden the scope of the
green economy

The project is a key initial step in thepdemiof a waste biorzessed value chain for SAF in South Africa,
with a lonterm view to addressing a number of environmental and economic challenges in South Africa a
beyongdincluding

1 Improving waste management through the collection anaditiiraass waste;

1 Reducing environmental hazards such as fire risk, groundwater toxicity and pressure on ender
biodiversity;

1 Alternative feedstock supply to the national oil company;
1 Decarbonisation of the aviation sector;

1 Provision of economic oppibi¢s in a new green supply chain with significant upstream opportunities
for SMEs; and others.

12
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Thisprefeasibilityeport represents the maiput of the study and is structured as follows: Geftties 2
the scope of the {ieasibility among@MF production routesabald in principlebe pursued by PetroSA.
Sectiord describes the feedstock, laetion 4 presents the teebhanomic assessment ointieemediary
product that PetroSA would further process into SAF, whiler&tisrtiesults of theptimisation of
supplylogistics. Sectiorti€s these different components of the analysisrmitei® cost build up for the
intermediate prodtectprovide an estimate of its likelyspppked to the gate of the MBagetefinery.
Section 7 discusses these results and provides recommendations for next steps.

2 Sudy scope

Based on discussions with PetroSA, it was establishgatiti@plebiogenic feedstodulobe introduced
i nto Petr oSAbobayinamumbenocéways: i n Mos s el B

9 as biemethane (generated via anaerobic digestion of biomass wastes) to be used as fuel gas and!
liquefied into HING (liquefied natural gas) and/or mixed with natural gas in the GtL process;

1 biosyngas (produced flmomass by an external gasifier) to be introduced upstream of the FT reactor;

T ethanol (produced by fermenting sugeacbhoe,monoxidehwaste gasses or lignocellulosic waste)
through its oligomerization unit viadhe s@omversiod of OlefmstDi st i Iproeesse 6 or & (

T biocrude (produced from pyrolysis) to be introduced in the downstream refinery.

The biogenic feedstocks mentioned above are actually intermediates compatibli®oatds e tandA
be produced from a variety oha@rials following different intermediate conversion technologies. The complete

ibbdaosed product i onFiger&lzeioms 0 are presented in
wké LYGSNNLYGSNY: t SiNP
FTSSRau O2yYWSN FSSRau dzt Aal

CcdzS ¢

[ ATy 2 OA

g aiSks

Figure2 Schematic representation of raw material candidates, intermediate conversion and utilization options at PetroS/
refinery

The above processes can result in a number gfifithldig) including a variety of biofuelsarehbaals.
Becausef the planned restructuring of PetroSA and the focus of this prijcposfeasHility focuss
onsupply chainef the intermediate feedstock (ethathal) would allow PetroSA to produce SAF via the

13



%
724

;)

s > gef

ASTNMcertified alcohdloqjet (AtJ) process itsoligomerizatioplant(also referred to as the Conversion
of Olefins to Distillate (COD) plavitichcouldbe restartediespiteéhe potentiainothballingf the Mossel
Bay refinery.
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¢
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The prdeasibility study thus analyses availability offd¢eelstagk (biogenic andhbiogenic), the costs
associated with collecting it, processing it into a usabtBatedeedstock (ethanol) and delivering it to the
gate of Pet r o BA6Teroughet, weassuiyie aitn  PMeot srsoeBulldopsocesSG@M p | an
million of ethanol to SARnually

A more detailed breakdowaradidatérst generation (1G), second generation (2G) and third generation (3G)
ethanol supply chasshown iRigures.

wkg  LyAsl . REKSYA Ly
FSSRa( oNBRR2sy O2y OSSN 7

{ dz3 | N 2 tizh >

CNI 0o 2y pmmd c&nyvsy oIl

I'E RINE € [ WRSy $i

EE >
B —

Figur@8 Candidatethanc u ppl y chains for PetroSAds oligomerizati or

1The ethanalill have to be denatured before transporting to PetroSA, this is not a requirement for either compatibility wi
the COB plant or the tankers used for transportation, but to avoid taxation attracted by ethanol that can be used for hur
consumption andalillicit use in this regard.
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BOX IT'he case for Sustainable Aviats Fu

As thegldoal communiaglvances in its implementation BatiseAgreemeaartdthe sharedmbition tiimit climate
changesect@ deemetharder to abatencluding aviation, thaewsgtiallynotthe focus of decarbonisatifomts

are starting to see emission reduction regdatielh agoluntarinitiativet reducésimpact otheclimateEver

more countries are regulating emissions from deiatiEstitrougltarbon tax and emission trading sclaen
well as mandatory blending rates-frartowm alternatives toveotiongbssibased aviatidaelswhile emission
from inteational aviation eegulated through @erbon Offsetting and Reduction Scheme for Internation
(CORSIA)nder thauspicesf thdnternational Civil Aviation Organisation.

Sustainable Aviation Fuelsvadely regarded askey mitigation optiorafdation emissiol®AFmanufacture
today aresedby airlines akopin fuel blesdcompletely interchangeable and compatitbeweititional aviati
fuel, whictioes not require adaptation of the aircraft/engine fuel system or the fuetwistkilautibn beised
fas i s0 on c-poweredlnifcrhfty f |l yi ng turbine

ASTM Internatiorffdrmerly known as American Society for Testing and, ihaetarialmational standar
organization that develops and publishes voluntary consensus techrimahstéchelesidge of materials, prog
systems, and servigeduding aviation fuels, has certified 8 SAF production processasd@ftusegimes 4
dropin blends ofvarying levels (from 18B%b).To date, over 3000commercidlights have usadblend of SA
and conventional jet A1, and 13 airports around the world are refuelling SAF onValhibe) whee fodl Bl
constitutes1% of jet fuel used worldwide, a number of SAS eBnender construction around thenitbr
many more in the development pipeline.

For more informati@m SAF please refer ®GAO Global Framework for Aviation Alternativg
(https://www.icao.int/environreotakction/ GEAAF/Pages/default.aspx

3 Biomass feedstock assessment

3.1 Overview of feedstockandidates

The overview of candidatesfeeks and the conversion procémsd® production @n intemediate
feedstocfethanoompatible withe t r adigerizationits shown iRigure. It is important to note, that

all the Araw feedstockso considered in this stud
of the ethanol plaft estimate the tecleconomic ability ofheirutiligtionas feedstockand fudbr the

production ethanglan assessmentloéirspatial and temporal availdbiligguired survey advailability

datafor each candidate feedstock revealed that:

- Mosinformation regarding sugarcane production is collected at the level of the individual sugar mills. Acc
to information for individual growers is patchy and there is no central database favesidetatar&Ve
turned tthe South African Environment Observation Sla&lkdqr a comprehensive dataset on sugar
production at field leyedm whicthey have alreadgrive estimates of sugar juice and bagasse
availabiliand more recently &mount of-fireld residue production potértigket al., 2016)

- The research conducted by SAEON for the Bioenergy Atlas of South Africa also pointed to invasive ¢
plants (IAPs) as the single biggest potential feedstock for productiotoefcatvandedls. However,
as infestation of IAPs expands very rapidly, the existing estimates that rely on the 2008 National Invasive
Plans Survey (NIAPS) are considered too outdated by now. Therefore, the Council of Scientific and Indu
Reseech (CSIRyas commissioned as part of tHisagibilityo develop a moretaplate estimate of
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IAPs in the Western and Eastern Cape that could potentially be used to manufacture SAF by PetroSA
MosseBayrefinery.

- Estimates afarden waste was obtained bpdpartment of Environmental Affairs and Development
PlanningDEA&DPfrom théi | nt egr at ed Pol | ut anPWIg)wkich Wausnt e i n
receives dafeom facilities that have a registered activithedptohal Waste Information regulations.

- Point sources of suitable industrial wasteagastaaless steel afatroallogmelter plants, and the
locations of these are kredwrin South Afrieal’he amount of waste ga#ada at each soutwas
been estimatég WWF fropublicly availaldarbon monoxidmission reports of each smelter.

- Theestimate gfotential productiomvobdy crofdspecificalipiscanthug)s avai | abl e fr om
research into tipetential f@ustainablbiofuefeedstoclkroduction in s@aharan Africadowever,
miscanthus and other woody crops are not tirenthroduced commercially in Sbigh and
considering the vasounts of lignocellulosic waste in the form of cldakesiglgants andarden
waste that are readily availabeuld make little serfsem an environmental point of view atdeast
turn tacultivation of dedicated crops befomegewissite streams have lzdeast partiallydigected.

For this reaspwhile acknowledging woody crops as a potentiatcfmujuterm opportunity to ensure
continuous supply of lignocellulosic feedgtaakuftiion of advanced liquid fuglsréhexcluded from
this study.

The following sections elaborate motledlingpproacto provide more-tagateestimates feugar cane
based feetlicksandlAPs and the data collected for aohfimined availability of garden wasihel astdial
waste gasses.&de datasetzave beensedin thesupply chain optimisatinalysi$o conduct a centre of
gravity study and transport cottitig added the costs of processing the feedstock&,r2G and 3G
ethanol for conversiom 8AF by PetroBAits MossBhy refinery.

3.2 Sugaricane

Acknowl edging that the ailing South African sugae
sector is assessing different opportunities tq itickidiifigpAF; as evidenced in the recerégged South

African Sugar Cane Value Chain Master Planq@62(proach to achieve this sdtaghdiversification is

to consider the utilisation of sugar intermediates such as juice or malaledsfifggeseeration (1G)

ethanol production.

3.2.1 Sugailuiceor molassesased ethanol

Farming and processing of sugarcane in Sougreddmcantly occumkwauluNatalwith some farming

and milling occurring in Mpumakamnghown Figurel There are 14 Sugar mills in operation in South Africa
operated by six mijlcompanies. Data regarding sugarcane production is collected by the South African Sug
Association (SASA).

2Bassonetal. (2008out h Af r i c a 0 -peeseift status and futuré auyosk, in: mfdcorsXt: mryovation in

Ferroalloy Industry.

3 WWEF (2019) Taking off: Understanding the sustainable aviation biofuel {Sztkatih iAfsich. WWF South

Africa, Cape Town, available on

https://wwfafrica.awsassets.panda.org/downloads/sustainable biofuel potential_ssaf summaryreport finalized v7_2
pagepdf?26941/takioffunderstandibesustainablaviatiofbiofuepotentiah-subsaharasmfrica

4 Available onlinehditps://sasa.org.zatvamtent/uploads/ROP1/SASugaiMastePlanl. pdf
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Figuret Distribution of Sugarcane and sugar mills in South Africa

The South African Cane Growers Association (SACGA) estimates that if the sugar that is typically export
world markets below production costs is diverted for ethanol preailbtonjti&300of ethanol can be
produced per annum, without haptanta single extra hectare (thus avoiding the dusetdaadge

emissions associated with land convdrsiog)t t hi s woul d meet the et hanc
plant more than twice over.

Ethanol productioraisopossible through mssing aholasses, @byproduct dhe sugar productilonits
guest to maximise revenuesgjarsnittan either

1 Optimise its sugar juseéragonto remove as much as possible crystal sugar, then the remaining liquid
is called @olasses (alsadled black strapyhich can be further processed into.ethanol

1 Use one of the intermediate streams in juice processingataieddfor the same amount of
sugar canesing this stream for ethanol prodongtaors reduction ing amount of ciglssugar
output, but agher ethanol output.
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Production of 1G ethanol may be augmented by the available supply of lignocelluloses (2G), achieved prir
through upgrades to the existing sugarcane mills and collection of harvesting residug#iggdgently no
economic gain, incadled 1G2G scenarios.

In thisprefeasibility, the tecksemnomic analysis of ethanol from sugar foaneed on thenfolasses
optionas th@ne that would provtoebest economic outcome for the su@ttranibl. facibsareassumed
to be cdocated with sugar maligjtheircapaciés in line wikmown quantities of cane delivetteehtdls.
Therefore, a separate study on cane flows was not required.

3.2.2 Sugar candasedignocellulosiavastes and residues

Whileavailability sfigar juice or molasisegellunderstogthis is less the casebfagasse and other residues
that could hesed fofuel to meet the process energy needs of thelathtaoiod used asaw feedstock in
2rdgeneration conversion proceSaesONlerivel an estimatef thoséy usinghe @tasetdisted iTablel.

Tablel Datasets used to derive sugalzseal biomass availability for ethanol production

Dataset Description Reference

NGI Topo data for South Africa Adatabase of topography information for
Africa including roads

South African National Landcover 2018 | A land cover dataset for 72 land cover cl https://www.environment.gov.za/projects
for South Afrieacluding classes for mmes/egis_landcover_datasets
Cultivated Commercial Sugarcane Pivot
Irrigated and Cul®ca€ommercial Sugarcs
NonPivot (all other)

South African Sugarcane Association Mil| Locations of the 14 Mills that currently op| https://sasa.org.za/factdfigures/
locations in South Africa

South African Sugarcane Association Tons of sugarcane produced by each mil

Production information 2011 to 2018
Bagasse production Statistics An estimate of the bagasse yiel&dtgm Devnarain, 2003 PRODUCTION OF
African sugar cane ACTIVATED
CARBON FROM SOUTH
AFRICAN SUGARRNE
BAGASSE, M8issertatiodKZN.
Sugarcane trash yield information A dataset showing the sugarcane tséslt t¢ Romero, Eduardo & SCANDALIARIS, J.
component for sugarcane cultivars Digonzelli, Patricia & ALONSO, L. & NEN

& GIARDINA, J. & CASEN, S. & Tonatto
& Fernandez de Ullivarri, Juan. (2007).

Sugarcane potential trash estimation: Va|
andcane yield effect. Proc. Int. Soc. Sugs
Cane Technol. 26.

By combining tm$ormatiQisSAEONerive@d mean, upper limit, lower limit and standard deviatoesor the
under cultivatiohlG and production volum&s derivan estimate dfy bagasse, they uaetbnversion

ratio of 32%rvolume afretbagasse produced annuatiy) whictne recoverable volume of dry bagasse was
estimated at 16% of the total cane processed at each of the bidlifgdhiéiemtional landcowmation

5 A complete overview of the methodological steps and full set of results will be available in Hlahane K., Mfopa C. & Wil
H.T. (2021): The potential of Sugar cane as a Bioenergy Feedstock in South AfricatiatdoBiBentrgyfrica [in
press]. SAEON
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on field locatigras well as the NGI roads data it was possible to calculate a supply catchment area for each
the sugar mills.

Minimum and maxinpnoduction of bagasse at each snithimariseid Table2. It is imponthto notehat

these figuredo not include an estimation of the current exploitation of bagasse within eachealitile mills

much of theappasse producedSaiuth African sugar mills is fougmtocess heat by the thédlmselvesnost

often in very old and inefficient boilers. These figures presented here must therefore be interpreted as the |
threshold giotentidbagasse availability for other qagplikely to become gradually availahlgaasnills

invest in more efficient boilers, whiap less bagasse

Table2 Range of bagasse production per sugar mill

Mill Minimum estimatgaroduction of ~ Maximum estimated production of di
dry bagassgin tonnes/annum) bagasse (in tonnes/annum)

Komati 278 783 409 157
Malelane 207 799 306 683
Pongola 145 222 236 848
Eston 176 814 257 466
Noodsberg 136 730 243 250
Union Cenp 94 069 192 492
Darnall 74 655 251015
Gledhow 135434 243 955
Maidstone 102 378 343 067
Sezela 194 029 381 662
Umzimkulu 128 519 234 469
Amatikulu 144 612 297 507
Felixton 148 941 409 979
Umfolozi 126 965 212 388
TOTAL 2 094 949 4019 937

In terms ofi-fieldsugarcaneesidue productighe aea under cultivation and the production volume for each
mill was used to calculate an average prddogtioneach of the mill catchment areas. Field area (ha) was
then used in conjunction with thisoeddéurre mestiméed stalk production volume for each of tHedields.

this, lhe yield of brown leaves per ton of stalks is estimated at 10% of the volume of stalks produced and the
of mulch material is estimated at 20% of the sTdikegieldiew of-field residugsoduction &immarised

inTable3. The iffield yield estimates are based on an average t/ha production value rdéfistadigtics

and as such it is likely that the aefietdd walues will be different based on farming practices, rainfall and soil
fertility.

Table3 Aggregated estimates-field residues

Stalk yield (8 23475 344
Infield residueBrown leavegdjt 2 347 534
Infield residueMulch (8 4 695 069
TOTALt/a) 7042603

Togethehagasse andireld residues could amount to a very sulBstddtiallliontonnes of lignocellulosic
waste annually. Ifvedls converted to ethahobuld resultapproximately4i 1.8millioritres oéthanol

19



AR
UNIDO g

s gef

Again tiis important to note thestet figuredo not consider the existing exploitations of feedstock. Additionally,
the idfield estimates for mulch and brown leaf residue production are premised on a change in farming pract
Currentlthe majority of sugarcar@uthAfrica is burnt priohservest in order to ensurentistigarcane

trash is accidentally transported to the mill. Changing the harvest practices will require a paradigm shift an
have associated changes in terms of harvest and transportgiareltestsocial iogtlons in teeof job

losses if the changes involve more widely utilised machine harvesting

3.3 Invasive alien plants

Invasive alien plants are recognised as being a substantial candidate resource for $fdHor&tudtion of

Africa. ApproximatelY) T&e species and close to 8 000 shrubby, succulent and herbaceous species are
recorded as having been introduced into South Africa. Of these, 161 are regarded as invasive. The ma
(approx. 68%) of these invasive alien plants ateeemahd havmeen the focus of control efforts. The
introduction of invasive alien glARs)n South Africa has led to the conversion ofrgppecegsetation to
singlespecies stands of trees. This conversion threatens biodiversity, water secukity uteegiriachatt

and the ecological functioning of natural systems. Invasive alien trees also intensify the impact of fires and fl
increase soil erosion, and have increasingly negative impacts on ecosystem services. The regulations o
National Emenmental Management: Biodiversity Act (NEM:BA, 2014) lists invasive alien species which reqt
a range of control measures including removal, permits and appropriate management. While the progress
investmeraresignificant, there are notable nmogpedtunities for value adding. The CSIR have been tasked

to provide ampto-date estimate of the spatial distribution of biomass from invasive alien plants, in order to asse
availability for the produdneryioMosddff. sustai nabl e &

3.3.1 Approach

Based on existing data, spatial atalydieensed to estimate the distribution and amounts of invasive alien
tree biomasstime Western and Eastern Gegolese two provinces are the most likely to fall in the economically
feasible feedstock catchmenbéfeetroSance the cost of transpaakisn into accolvthile awaiting the

new national invasive alien plants survey (NIAP®stweatashcontribution that indigenous species make

to the total mapped biomass and thetklm@mn estimate for invasive alien plastanalysis issexisting

datasets of the CSIR remote sensing a@eovedroumsomassAGB)nap at 100 m resolufsaeAppendix

A for a detailed description of the approach used to compile theNeG&aldpjdver data (2018) and
estimates of the biomass of indigenous vegetation types, in order to derivecedegtatiatignad map of
invasive alien ptebiomass in South Afficastimat availability tAPsthe following stepere followed

1. Det er mi ne t h the Westarh and Babternaframe the Nationah landcdatdase
(2018)and excludendigenous forestss well asirbanareas agriculture andanaged forestry
plantationgfandoneplantations are included)

2. Overlay Anatural areaso with Afire ecotypes
tofireecoy pe o .

3. Overl ay the natingrtafire edoy @ @ saboweigtodnd Hiah@asaptoc o r d
generate map of A@Abiomass oftyrmpaetour al areas cl

6 This report provides a-teghl overview of the approach and results produced by the CSIR. A more detailed technical
report with links to all datasets and descriptions of all modelling tools used is available on request.
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4. Using the accessory data of estimated #Abi

0 ma

areas classedardingto freecoy ped6 t o remove the biomass con
vegetation and generate a map of fideduced i n\

Deduced invasive alien plant biomasaréfadlated asiomass of natural areas classmmding
to fire ectype and age (t/lsaptracted yomass of pristine areas classed according to/fiee eco
and age (t/ha)

This will provide a conservative estimate of invasive alien plant biomass since the assumption is
indigenous vegetata each ecotype is at its maximum biomass for its age and the total above ground
biomass is adjusted by this amount. In areas where there are young invasive trees (having less biorn
than the natural ecotype vegetation) or where invasive treks witierimdigenous forests, the
deduced invasive biomass will likely be an underestimate.

Overlay the map of slope (DEM) andvdlassh t he fAdeduced invasive &
areaso amapfiiedreaddruacteed i nvastcVasakdeancpbadinbi 6 m

Accessibility is dependent on terrain and slope: forestry machinery is typically limited to slopes of ur
35% (Warkotsch, Brink & Zietsman 1990), although specialized machinery for slopes greater than

exists. Currenthost forestry plantations are under 20% slope. Therefore, 35% was chosen as the uppe
limit of accessibility to determine available biomass for harvesting and supply (NB 35% = 19° slope).

3.3.2 Results

Tabled provides an overviewheéstimateduantity @flien biomass in the Western, Geggoed according

to slope classeshileFiguré showstsspatial distribution. There is a total of 42 954 392 oven(ddi)tonnes
of deduced invasive biomabeiWestern Cape, of which 24 400 506 oven dry tonnesd¢aécg®sible

on slopes up 36%.

Tabled Western Cape deduced invasive plant biomass

Western CapBeduced IAP biomass Western CapBeduced IAP
by slope classes biomass (odt)

0-10% 7658424

10-20% 6982664

20-35% 9759418

Total<35% slope 24400506

Total deduced invasive alien biomass in the province 42954392
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In the Eastern Cperéhis a total of 59 633 346 oven dry(mitEdeduced invasive biomass, as shown in
Table 5, but 09 537 03&dt(66.3%) of the deduced invasive biomagsaritites considereaccessible
(<35% slopdjigures shows the spatial distribution of the alien biomass in the Eastern Cape.

Tables Western Cape deduced invasive plant biomass

Eastern Capgeduced IAP biomass Eastern Cafgeduced IAP
by slope atses biomass (odt)

0-10% 10201768

10-20% 12330788

20-35% 17004480

Total <35% slope 39537036

Total deduced invasive alien biomass in the province 59633346
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Togethethe Western aldstern Cape have more thamilli6rdry tonnes of alien invasive bioBwss.
comparison, the most recent National Invasive Alien Plants Survey, now over tndetatiéhelthtas
amount of IAP biomass in these two provinces ataibmutadmes. The difference suggests a significant
spread of infestation over the past decader#dncces the need to find a productive use for this biomass.

Over a third thfe estimated alien biomass in the two provinces most likely tatcpneserareas for raw
feedstock for conversion into ethanol as intermediary and further procesaingemtas&AEasily

accessiblen slopes of up to 20%l13flioonnes). An additiogahrter is fairly accessible on slopes between

20 and 35%6.7milliortonnes). Considerthgannuatequirement for lignocellulosic feedstock to produce
enough ethanol to meet miRoditressandiérégson qfi i 5 neilliiotionned demar
the identified easily accessible bionthgse two provinces alone could supply enough raw fetdstock for
required ethanol supply, eaayfifirthespread of IAPs was fully contained.

Tables Total deduced IAP biomass in the Western and Eastern Cape provinces

Province Total deduced invasive Easily accessible Fairly accessible
plant biomass estimate (up t020% slope (20 t035% slopé
2018millionodt)
Western Cape 43 14.6 9.7
Eastern Cape 60 22.5 17.0
TOTAL 103 37.1 26.7

As the composition of the lignocellulose will affect the ethanol yield of the various ethanol conversion pathy
and henc8AF output,species decomposition is needed. A detailed species mapping would require extensive
ground truthing and is beyond the scopefetaipiléy. For this study, we rely on the average species break
down that was identified in the mostMé&E& study (2010), that folamd jmvasions are dominated by
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certain tree genefidie most prominent species was foundcézibgvlichcover an estimated condensed

area of more than 0.4 million ha, with the nextensiste alien trees beinglifpttiscovering 0.25 million

ha and then Pinesvering 0.12 millionMBAPSKotze et al 2010). Other invasive alien tree species include
Hackea, Poplar, Prosopis etc. For the purpose of this project, the % composition can be assumed to be as ¢
inFigurer below: 52% Aca@2% Eucalyptus and 16% Pinus

Compostion of woody invasive plant invasions in South
Africa

m Acacia w Eucalyptus Fine

Figurer Species composition of woody invasive plareastii@der investigation

3.3.3 Discussion

Since invasive plants need to be removed permanently in terms of relevant legislation, after clearing there s
be no remergence or recruitment. In other words, invasive plants are not a renewable wesoarea and a gi
should only be harvested once, and then treated togpematmger-seeding of invasive plants by-follow

up treatments to comply with legislation and the imperative to eradicate listed invasive plants (NEM:BA). Hov
unharvested indival trees will continue to grow and the additional biomass from 2018 and into the future nee
to be accounted for over the project lifetime (i.e. over 20 years of project lifetime). The mean annual incre
(MAI) refers to the incremental growtssadftferestry plantations and rangesZtnd/l2za/annum. For

invasive trees we estimate the average MikbigBnum which is equivalent to approximately 5 odt/ha. Note
that these values apply to dense forests and therefore can only bexsgjpheasiorte Furthermore, since

the invasive trees should rgrion® or remerge after clearing (to comply with legislation) the future growth will
need to be accounted for instieps that follow a clearing and extraction plan to ensurestingpljuture
estimates are maintained. The modelled biomass extraction rate will be impacted by the locality, removal rat
size selection criteria, as these will reduce the extent and density of available biomass in a particular area. In
words, afteahvesting it is only the remaining biomass that grows so the future gromvhidpares

are harvestesthen and where, as well as in which sequence.

An accurate assessment of the biomass available for extraction from a particulezdooatian estindte

of the area and the density at which the plants occur. The area covered by invasive biomass can be conver
condensed hectares if the density is known. At a national scale, the cover or density of invasions is approx.
This carbe converted to condertssdaresi.e.10 ha at 16% density is the same as 1.6 ha at 100%. After
adjusting plant invasions to 100% cover or condensed ha, the annual increment of 5 odt/ha can be applied tc

7This assessment of biomasklwoeatly benefit from the updated NIAPS in order to accurately identify the invasive plant component
of biomass; this product is anticipated to be completed by the end of March 2021 (Andrew Wannenburg, pers commun).
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invasions to account for future grovwghstasidard equations to calculate compound growth or interest. An
alternative approach is to assume that biomass >80 odt/ha is likely to constitute dense invasions or approa
100% cover and to apply 5 odt/ha compound growth to these areasdamnoatigptue individual tree

growth, whilst not including recruitmenearetgence of invasive plantpfoaiting plants and germination

of seeds in cleared areas and beyond).

There will also be unexpected loss of biomass in the futures.dinefitgofore vegetation types, the
probability of fire generally increases with veld age, so theréyyinahteesal should be factored in to
harvesting plans. Furthermore, plant invasions often increase the risk anidimesisenetdre, biomass
supply and harvesting should put in place management plans to reduce and mé&nage these risks

In additigrother factors maguceheavailable amountA®s for SAF producsoich as clearing operations
and areabiomasalready atatedo other industries. Althaugh national level both clearingendrent
utilisation of alien biomass is minuscule relative to itsopcaelatial level, the combined impact might be
more pronounced.

To conclude, this desktop assessifindaduced invasive plant biomass provides an indication of amount and
location of the main woody invasive alien gi@nestern and Eastern Cape proVineg&/estern and

Eastern Cape provinebschrepresent the most intuitive catchment areas for IAP biomass for conversion into
SAF at Pet r oS Ray®gethear ioid avermiilorionnes dfllbinass that needs to be cleared,

of which abaaithirds estimated to &éasily accessilale slopes up to 2886 about a quarrly accessible

on slopes between383 This means that if an effectiyeé?Clearing plan was implemented, just the easily
accessible IAPs in these two provincetheoudticaliyeet all th&1 15 miliontonnesannuabiomass
requirements produce enough ethernml f e e d P e tatits &guheathatpibcepsingcapacity

And while the availahilitya praincial levéd sufficienthe actuavailabilityillon a local level willourse

be reduced by access and logistics; namely the distance to road and the costs of extracting and deliverin
biomass to the upgrading and conversion, facdittesnpeting usksinvasive alien plant biomass is strictly

a norenewable resogyrthe biomass stock will need to be apportioned for harvesting over the ,project lifetime
taking into account any other secondary industt&Bsiamgaw matefalture bankable feasibility studies

will need to carry out more detailed and riefimesk mssessments, including gratindg of biomass

amounts and species identificatiomell as competing demand for this resource

Finally, it is worth noting thatmdarge amowf biomass for conversion into ethandhfprocessing

into SAF W inevitablyepreent a signifidalogistical challenge. While tradegidgitsare addised in

Section Shere it is worth raising the is$iaiofy to daboratavitha large number of clearing operatidns
landownetsaccess theleared IARPRading to potentially high transaction costs, which are not included in this
prefeasibility.

3.4 Woody crops

Beside existing available lignocellulosic feedstock in the form of ajjewbigniadspendentigody

biomass can alsogreduced in the form of woody ¥dE.has conducted an assessment into the potential

of woody crops as part of its wider research into the sustainable biofuel potential form a variety of energy c
Ofthese, miscanthus is the woody crop most widely used for energy production and is also well suited tc
prevalent agazwological conditions in South Africa.

8 The National Veld and Forest Firgktaent Act, Act 101 of 1@@8ninistered by DASRhe most relevant piece

of legislation that can be referred to support this as it sets out responsibilities and mandates of goveenment and the pri\
sector on fire prevention and fire managesateni:/landworksnpc.cortviient/uploads/2018/@5ukdeto-
IFM_Complete_Display.pdf
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Miscanthuis a perennial crop with yield potential for cellulose fibre productidre Beaontl season
onwardstgrows to a height ofi23% rmands productive for over 15 years (up to 25 years), which compensates
for the relative high cost of planting mateeiaér@iofeedstocks for segemeration technology chains
produce rafively high energy yields with modest usechéamgeals and low tillage intensities. Miscanthus
can be grown on a wide range of soils from sandy toaslayeficélen peat soilslowever, does not

tolerate prolonged dry periods or petiostagviant watésbiophysical requirements are similar to those for
maize.

Giant miscanthiiscanthus x giganteausybrid dfliscanthus sinenaredMiscanthus sacchaiflasuan
important nenvasive species with similar ecological requirangenpsoductivity compared to
MiscanthusinensisTheresearch commissioned by WWF South Africa identified @O dstddafes of
suitable and very suitable land for cultivgtaont ofiscanthusthout impacting on food production, water
availabtly, or highly biodiverse areas (WWEF, I20id8&)lerately suitable areas are included, the potential
cultivation areas expand by an additional 1.7 million hectares. The rEaygste8dihgviis the areas in
South Africa that are suitable for cultivation of this woody crop.

|

Figure8 Potential miscanthus cultivation areas

If the sustainable miscanthus potential for production duBAExpiasted, it could provide approximately
6.6billion litres of fuel per annum. Interestingly, the future potential for miscanthus production in South Afri
estimated to grow slightly, as opposed to most other re¢ggahsirarsétirica, whiere expected to decline.

While acknowleddiimigsignificant potenticause of the lack geeence witgrowingniscanthus South

Africa, and the major ecological gains of using invasias feedasscks for 2G ethanol prodwetido

not further considiis woody crop in thisfpasibilityShould the ethanol market in South Africa grow
significantly beydtedcurrent prospects however, miscanthus and other wooalg trepeonsidered as
viable feedstodks the longé&ermdevelopment of gector

3.5 Garden waste

Gardenvaste is another ungiilised resource in South Africa, taking up valuable landfill space instead of being
utilised as a highly sustainable, easily exploitable source of lignocellulose, considering it is already deliver
significant quantities tglsitocations by municipal waste managementAparidesm the high landfilling

cost, landfilling is also recognised as an unsustainable waste management practise, since it can lea
uncontrolled release of GHGs (iketoQhe atmosphere andtieition of underground water bodies due to
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the leaching of garden waste contaminants. Employing garden waste as a feed for ethanol production is the
anticipated to lead to favourable environmental batbomesms of wasi@nagemeand cihate impact

While municipalities in South Africa are meant to keep waste inventories, their availability is patchy and the ¢
is inconsistent, making comparisons and tallying difficult. For municipalities in the immediate vicinity of Mosse
induding Mossel Bay itself, the overview of garden waste, where data is availablel ablgve fantieel in

latest available full year

Tabler Garden waste availability in municipalities closest to PetroSA refinery

Municipality Year Waste classification Weight (tons/a
George 2019 GW20 organic waste 3 306.6
Mossel Bay 2019 GW2001 organic wastgarden waste 73275
Knysna 2019 GW2001organic waste (garden wa 210.9

TOTAL 16418.8
From the available data it appears that up to approxdf@ateinrids of garden waste could be available in
the i mmediate vicinity of PetroSA6s refinery in

to differentiate between dractof organic waste, and the figure reported here is for total organic waste, of whict
garden waste is a dentifiable fractidievertheless, these figures are broadly in linepjitoximaately

19300 tonneper yeaof garden wastieat is collected in the gréaseden RoufRistrict Municipaliag

identified by tleganic waste characterisation study undertaken by the Disatity Nadffici

Based on the above, we make the conservative assumptiohGhad seetnes (at2139 dry tams)

per annuroould be availalle feedstock for a potential ethanol plant in MdSseklm®ring a typical size

ethanol plant would require some 300 000 tonnes of feedstock per annum, the available garden waste repre
app oxi mately 5% of such a plantés feedstock dema

3.6 Industrial waste gasses

South Africaés significant base of heavy indust
utilisation of G@arbon monoxidieh industrial -gtises as &l for third generation (3G) ethanol production.

The primary sources of these gases arduioaeel operations of iron and steel aaltbfsmelters where

carbon (coke) is used to reduce (purify) the mineral ore producingé@uetC® by goisonous gas,

and it is flared in typical smelter operations to produielCi® a greenhouse §hs conversion of the

industrial off gas to ethanol is achieved under the action of specially engineered microbes.

The quantities of-gdsses avalle at some smelter sites were found from publiclyC&yeitsibkon
reportsAn example of such repetheCDM project design refooitiernic Ferrochrq@PM EB, 2011
the cases where direct CO emission data could not be fquoduatietalquantities at eachcgither
with off gas yield data available in litevaene used to estimate thgasfpotentiahn average waste gas
composition based on the typical composition of a South African ferto@logdisteiting, 2020as
used to estimate the ethanol production at each site using Aspiseelatdédindghewastegassources
identified have the potential toqerdd® million litres of etheunath is more than enough toRe&eiSA's
requirements of 300 million litres ethanol per year.

9The data presented here is basedlotetfrated Pollutantl Wastiformation Syst¢iRWIS).

10pPersonal communicationtiadtistrict Waste Managerbéneictor or the Garden Route District Municipality.
11Swedish Stirling (2020), Product Information. Availabléntipknéetedishstirling.com/wp
content/uploads/Swedish_Stirling PWRBLBKWO@eb version.pdf
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The geographic distribution of potential production sites for ethanol frogesghssisahaffvnFHigure

0.

TableB Overview of industrial wgatesources and ethanol production potential

Off gas productio

Ethanol production

(ML/yr)
Company Name City/Town Industry T Self
Nn#h  tons/yr external sufficient
energy plant

Richards Bay Minerals Richards Bay Smelter (Titania Sl 17 268 147 058 29 20
Tronox, Namakwa Sanc Saldanha Bay Smelter (Titania Sl 11 898 101 326 20 14
South32, Metalloys Meyerton Smelter (FIn) 41 585 354 149 69 48
Afarak, Mogalle Alloys Krugersdorp  Smelter (F€hrome) 10396 88 537 17 12
ArceloMittal Works (SS Vanderbijlpark Smelter (FEhrome) 47 565 405 072 79 54
ArceloMittal Works (SS Newcastle Smelte(FeChrome) 20385 173 602 34 23
AssMang Carto Ridge Carto Ridge  Chrome 6 453 54954 11 7
Samancce/DCR Brits Smelter (FEhrome) 25400 216 313 42 30
SamancorFerrometals Chrome
(FMT) Witbank 22 400 216 005 42 30
SamancerMFC Middleberg Smelter (FIn) 28 600 250 899 49 34
SamancofTCS Mooinooi Smelter (SS) 21 600 183 951 36 25
SamancoiTAS Steelpoort Smelter (SS) 25558 217 654 42 29
Glencore Xstrata Alloys Boshoek Smelter (SS) 19 926 169 696 33 23
Glencor&Xstrata Alloys Smelter (SS)
(Lion Smelter) Steelpoort 29 456 250 856 49 34
Glencore Xstrata Alloys Lydenburg Smelter (SS) 23790 202 602 39 27
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Figure Potential sites for productiothanel from industriabe#

3.7 Sustainabilityiskassessment

Despite something being classified as a Awasteo,

environmental or social risk. Agviglhassessment of sustainability risks associated with the different candidate

feedstocks has therefoeen undertaken to flag possible areas of concern. In addition, the potential of feedstocl
to be classified as having a low risk of causing indirect Land Use Change (iLUC) was considered, since
minimises additional emissions not accountbd éurierit lifg/cle accounting practices.

This sustainability risk assessiobmws closely the work undertaken Bpuhdtable on Sustainable
Biomaterials (RSRinder the Waste to wing project, which condueteasibititg for productioBAF at
Sasol 6s St Asuhe dad sthnaardiokriergyysustainabibity well as the certification scheme
preferred by the aviation sector, the RSB principiesdviereassess sustainability risks associated with
feed#ocks that are being considerdeletroSA, with significant overlaps between the two facilities.

Thescope of the sustainability risk assegstimaited to the productidghedfiomass feedstankd itpre
treatment, as showRigue 10

12https://rsb.org/
13BoleRentel, T et al (2019): Optimising waste biomass supply for production of sustainable aviation fuel in South Afric:

Waste to wing WP1 summary report, available on
https://dtnac4dfluyw8.cloudfront.net/downloads/w2w_wpl summary report final_21082019.pdf

29


https://rsb.org/
https://dtnac4dfluyw8.cloudfront.net/downloads/w2w_wp1_summary_report_final_21082019.pdf

Figue 10Scope of the sustainability risk assessment

Feedstock specific Generic sustainability risks Sustainability risks not evaluated in this workpiece
sustainability risks

FIRST
TRANSPORT TRANSPORT
POINT OF COLLECTOR = riiiae: s 1| TRANSPORT SRIHEVLLE REFINERY DISTRIBUTER TN
CRIGIN ﬂr-D ﬁ ion sil DD ﬁ At € Processing into DD a Distribution of DD ﬁ .
Collectionsite | —mmm - vo— - CA— Airline
O O for biomass O O 2l S biofuel O O biofuel O O

_______________________________________________________

The biomass types included in the assessment were:

Molasses

Sugarcane bagasse

Garden waste in major uckatres
Cleared invasive alien species
Woody crops (miscanthus)

= =4 =4 =4 =4

The sustainability risk austaimabilgyiteda)tharesusnmarieedid uct ed

Figurell.

Figurell The sustainability principles of the Roundtable on Sustainable Biomaterials

Principle 2
Principle 1 Planning, Principle 3 Principle 4 Principle 5 Principle 6
Legality Monitoring Greenhouse Human & Labour Rural and Social Local Food
& Continuous Gas Emissions Rights Development Security
Improvement
Principle 11
Principle 7 Principle 8 Principle 9 Principle 10 Use of Technalogy, Principle 12
Conservation Soil Water Air Quality Inputs & Land Rights
Management
of Waste

The summary of key results for each biomass feedstock analysed ar@& giveSdagtkeavinT he table also
identifies whether the biomass would qualify

a low impact on indirect land use change.
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Sustainability risks

Low iLUC

Overall risk

Molasses

Molasses are ajpduct or lgroducdf the sugar production proce
The Amolasses considenedthis study are a former, wigems they

reduce the sugar output of thd thidl sugar market \@agght one, th
could potentially leaditect land use change threxgansion of the
sugar cane plantatibowever, considering the glaleal glut, this is

highly unlikely outcomideast in the sHonnedium term.

On the other hand, as-prodluct, molasses bear a proportion of t
impacts of sugar cane production, especially witHoegkrat¢o
impactaind GHG emissionkelatter aren average highthe South
African context where irrigistipowered with edaminated grid
electricity and where fields are routinely burnt prior to Mhigestin
mightnake it challenging for the SAF manufactured frombastas
ethanol to achieve the minimum GHG savings required for sust
certification

No

Medium

Sugarcane bagasse

There is currently virtually no available sugarcane bagasse in S
as all available volumes are being utilededtfmity egeneration at
the sugar mills and for animal feed production (mixed with molg

The displacement of sugarcane bagasse from above uses is e
increase fossil fuel and other biomass demand, thus likely lead
increased GHG emissions and indirect land use change.

The above risks could be significantly mitigated in treufdttive sh
sugarcane industry increase boiler efficiencies and introduce gt
harvesting methods.

No

Garden waste

Although not reliable, available data on garden waste volumes
only 40% of garden waste is currently useddngpdsting or bioga
production), while the majority of it, 60%, is landfilled.

Due to it being mostly landfilled, garden waste can qualify as a
with low indirect land use change. This status magHevgevier the
future in light of natiavedte diversion plans aimed to save landfi
and the commercialisation of organic waste.

Yes

Low

Invasive alien plants
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Eradication operations may damage biodiversity and surroundi
ecosystems through the release of chemidallogichl agents

contained in herbicides and other chemical control products, ar
eradication over the boundaries of a farm (incentivised by dem;
feedstock).

Inadequate actions taken to control and eradicate invasive spe
leadto the risk of regeneration and propagation.

The widespread use of subcontractor for eradication on agricul Yes Medium
bears the risk of poor labour rights.

Changes to land use can resutiéhnegative carbon fluaftetAPs
have beeeradicated the dled land is turned toventional
commercial agriculturerettwill be a loss of caskitim negative iaqts
for the climat€onverselif the cleared landéstored to indigenous
forest, there will bsaaing of carbon if the biomass is used for pr
of SAF.

Woody cropsniscanthus

The perennial gragiscanthus x gigantsesms tpresent a significg
potential as energy cadfhough this is only theoreticHiere igetno
experience with its cultivatialth Africdheoretical cultivation
potential indicates that it wowlebbadapted to prevalentagro
ecological oditions in certain areas of the country, which would
significant yields based oHediagriculture only.

As a perennial crop, it does not require annual tillage, which co
accumulation of soil carbon, in addition to the carborteddoutinela
nonharvested part of the crop. All this contributes to a favourab|
balance for the fuel that is manufactured from this crop.

Whilausually cultivated astexile hybrid, fertile varieties are being No Medium
developed to reduce establishmenteaxditsy tooncerns about
potential invasion outside productiamifielésperimental
demonstration of low invasiveness in the target region ahead o
commercial production, along wiimgpodtction stewardship progr
would be required tommse risk of unplanned invasion of natural

Largescale commercial cultivation woptdreeto social risks
associated with exploitation of agricultural workers.

If miscanthus plantaticenssed land use nga from indigenous fore
or other high carbon stodommercial plantation, that would sign
reduce or even negate@H¢benefits of the fuel.

The conclusion frima sustainability @sisessmeid thagjarden waste alPthat are eradicated following
suitable ecological and social proaoetie obvious feedstocks to start with, as they are both available in
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significant quantities in specific locations and pose the lowest sustainaiuiiity riskspfimotiirect land use
changeWe did natonduct a specific risk assessment for industrial waste gasses, as we do not foresee an
substantive issués.

4 Comparativéechneeconomicanalysis oflternativeethanol
productionroutes

In order to continue with production at Mossel Bay, the use of retteavaibledsideen identified as a viable
intermediate product that could be employed upgradedlde Ipigiducts (i.e. jet fuels and speciality
products), hytilisinghe refiing equipment currently available at the Mossel Bay plant. This renewable ethanol
is generated from biomass either via fermentation edidrivethagars or the fermentation of syngas
produced after biomass gasification. Alternatively, ethanol produced frongdsesisividl adfio be
considered. Recognising therefore the abundance of biomass resources in Soutfeadiixbtytkis pre
investigates the economic performances of processes employing the feedstocks of invasive alien plants (I.
sugarcane, garden waste and industrial off gases in the sustainable production of ethanol.

Figure3 shows that thmefeasibilitpssesss ethanol production via integrated procesyegdoblysis of
biomass prior to a sugar fermentation) gesification of biomass primsyngasermentation step and

anoffgas fermentation process. These technologies may be broadly élgssifiettian {1G), such as the
sugar juice/molasses conversion to etitgariefation (2G), such as lignocelluloses from sugarcane, IAP or
gardenwaste conversion to ethanol, combinadd12! generation (325), where both sugarcane
juicémolasseand sugarcane bagasse are tedi@ethanol at the same site dgdrieration (3G), in our

case the conversion of industiggsotd ethanol.

4.1 Approach

During the technoeconomic assessment study, the following basic steps were applied:

1. To feedhe jefuel production process at PetroSA a suitable ethanol procradgpecidied as
300 million litr@dL/yper year.

2. From this, the reqdifeedstock for thiemnative ethanol production scenarios that can supply the 300
MLy of ethanohas determined, as well as the number ofgialetdo deliver the target ethanol

supply

a. For industrialffgas the quantity of available feedstock is determined by the number of
industrial sites that producdftgaswith sufficient @0ntent for conversion to ethanol.

b. For sugarcadmsed ethanol, the amount of feedstock available is considered in terms of the
material flows in a typisstlyd sugarcane mill, witmofasses and lignocelluloses
considered as potential feedstocks.

c. Based on the review of industrial technologies for ethanol production from IAP and garde
wastes, a suitable scale of industigakping equal to 300 000 tons (dry weight) per year of
lignocelluloses was identified (equivalen6@® 4@8nes per year of chipped material at a
moisture content of 30%). A number of industrial conversion technologies for lignocellulose
converge #his scale, and each processing facility will be designed accordingly.

“See RSBOs sustainabil ity bangaséedatdclferiSAF pmducti@pavdilable gaf r i ¢
https://rsb.orghepntent/uploads/2020/10/SugarepodPatkGapanalysis compresgeti.
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d. All of the ethanol production scenarios/technologies depend on a number of different producti
sites, for which the cost of supply of feedstock, cost of conversion to dtbatiamu cos
transport to PetroSA in Mossel Bay, are to be combined to firmb#tepiigast

3. Ethanol production processing models for the variousvssredarekoped and simulated in the
ASPEN (Advanced System for Process Engineering)) piis®s¢ simulator (Aspen Technology
Inc., Cambridge, MA, USA).

4. Classic chemical engineering plant design and economics assessmwentintegfnatisd with the
ASPEN plus simulation results and the economics of the different conversion technologies.

5. The minimuathanaoselling pricESIP that will provide an acceptable return on a private investment
in a manufacturing facility was selected as the preferred metric for assessing comparative econol
performance&sTheVIESR for the different ethgmmductioe c enar i os wer e cal cul |
gate, 0 with subsequent fuel transportnacosts
final stepheassessed conversion technolgiesrankad terms aheMESPof ethanol

4.2 Assimptions

Energy balanc&soperating time

Sugar mill scenariosasgumed to lemergy seHfustaining, whiégasfermentation is configured either with

buyin of external electrifiymaximum etharfM.E.) outpar asenergy seHfustaining (S.3$). the latter

caseall of the process energy demands (steam and electricity) are obtained from thairigedsidciesby u

from the ethanol production process, and/or bypassing a portion of the available feedstock to energy st
sections of the pldhis important to ntitat in the maximum ethanol sceusingsgrid electricity to meet

process energy damd will substantially impact the GHG footprint of the product (ethanol).

In the sugarcane 1G an€GGechnology option, the energy balance of the 1:2Gasttidit®| production

from cane sugars was based on an assumed capacity of the existmeptamiipeder islands at sugar

mills in South Africa, fed by bagasse and trash. The boiler pressure is set at 45 bars for a maximum genel
capacity of 0.5 tonne of steam per tonne cane, while the sugar mills operates at 0.4 tonne steam per tonne
Therefore, the excess steam generating capacity is then directed to the steam needs of the ethanol produ
The steam is expanded to 4 bars for electricity generation, and the demand of the sugar mill of 40kW per 1
cane is firstly subtractedtlame@xcess electricity is used for the electricity demands for ethanol production. The
excess steam demands of ethanol production that is above this installed generation capacity-s provided by
pressure utility boiler, fed by sugarcane restieesada of the PG, the loyressure utility boiler is also

fed with the fermentation residue. Additional generating capacity is provided by gas engines, fed by bi
provided by the digestion of the beer stillage.

In the 2G IAP and garden wasteoktiraduction case via hydrdgreientation, the steam demands of
ethanol production from IAPs via hydrolysis fermentation is generated by feeding the solid residue ¢
fermentation to low pressure utility boilers. Onsite electrical generadipgoségiedtiby gas engines, fed by

biogas provided by the digestion of the beer stillage. For the 2G IAP and garden waste conversion to ethan
gasification for syngas production prior to fermentation, and HyabdeB@enifation situati@anstis

generated by a heat recovery steam generator installed on the stacks of furnaces that combusts the s
syngas/offas. The electricity demands for ethanol production are generated by diverting a portion of syngas
gas towards a gas engineitiéna fuel for energy production is provided by the digestion of an effluent stream
that results from purging 10% of the recycle stream between the distillation column and gas fermenter.

15TheacceptabldirR is assumed to be 20%.
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Lastly, to ensure consisteniethefirevious approaaken by tHgiorefinery Research Group at Stellenbosch
Universityyithin the group the operating time of 6480 h/ y (Diederichs et al, 2016; Farzad et al., 2017; Mande
et al., 2017a; Mandegari et al., 2017b) for all sugarciasehssameen specified, considering that sugarcane

mills do not operate for the full year. For the other feedstocks of IAPs, garden waste and industrial off gase:
operational time of 8000 h/y has been assumed.

Feedstock acquisition cost

For the festbcks of sugarcane juice, sugarcane bagasse and mdlassesnumbers sourced from
Stellenbosch Universjiygvious work have been employed as inputs in the determiMESR aff tihe
differene¢thanol prodiart scenario$he values emm@dyand their associated sources are preséalde in
10and are based on several rigorous assessments of sugarcane miby Seefentedch Wasityn
previous projects.

TablelOSugar cankased feedstock costs

Feedstock Cost Source Source yeal Costin 2019 (US$/k
(US$/kg)

Sugarcane residues 0.011 Petersen et.p2014 2012 0.016

Molasses 0.13 Wamucii, S., 202 2020 0.130

The costs afquisition tAPsincludes eradication (harvestrgaction from clearing site and chipjging

to transport to the ethanol production ptaagimate the asdigin cost for this feedstock we combined a
number ajuotes we received from public (Working for water) and private cleariag spemataoised in
Tablell

Tablel1IAP feedstock acquisitiost estimates frprivatequotes®

Quote Component of the cost ZARtonne
1 Collection, delivery to 5krpgiit and chipping 903

2 Collection and delivery to 5km 208

3 Eradication, extraction and chipping 1089

4 Eradication aedtraction 1000

Total cost: eradicatiol extractionh collectiond chippingA delivery

Lower 3+2 129
Upper 1+4 1903
1600

Average rounded (1G5 US$/ton)

Based on the quotes receikeéstimatglower endostofalien invasive plaetadicatioandchipping at
the clearing siteasR1089/tonne. Adding in the transportatioiiR2iED/tonne delivethechipped biomass
to roadsidérom which it can be transported to the ethangikeldedtthe lower estinfat feedstock
acquisitionostof RL29%onne On the other hand, riiest expensive cleadagtwasquotedit R1000/ton
to which we addedllection, chipping and delogsts oR961/tonne. Thus, the upperofifeedstock

16 Company details hidden for trade competitiveness protection.
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acquisition costdyfor collection at the roadsilfled t®R1961/tonn€or the purpose of this analgsise
an average total cost of R1630/tonne

The feedstocks of industrial off gases and garden waste have been assumed to be available for free since
are currently recognised as waste streams responsible for unfavourable environmental outcomes via G
emission and landfill disposal, respedtigadi§osSsel Bay landfills an annual amount of garden waste equal to
16kilotorme(wet mass), with only 90 Uabl@ifor conversion to ethanol. This impiem#idiilotome

(dry mass) of the garden waste could be available annually for ethanol production in Mossel Bay. To ensu
processes remain reasonably comparable, additional IAP biomass teehegalieadvaste stream such

that a 300ilktomey feed rate (dry basis) specified for the migadiéhPRvaste feedstock scenario was
maintained in Mossel Bay.

4.3 Results

Based on the mass and energy balance data extracted from ASPEN ping avekampiogconomic
relations, a discount cash flow table was developed and thdvisSHoiatkd different ethanol production
configurations determined and shoalnieh?

Tablel2Summary of CAPEX and OPEX of different ethanol production processes

Ethanol Process @ Feedstock Mass Ethanol CAPEX OPEX Net
scenario Energy (ktonvy) (MLYy) (Million excluding electricity
Supply Rand) feedstock  (MW)
costs
(Million
Rand)
. Self
Sugarmill 1G .. Molasses 165 81.76 585 90 -
Sustaining
Self
Sugarmill 16 Sustaining M012SSes 165 1830 435 )
147.62
2G Self Sugarcane 491
Sustaining Residues
2G- .
Hydrolysis gﬁgtamm !;.‘(’:r‘f“’lzn,fs 304 98.04 1770 570 5.7
fermentation g alienp
2G Self . 304 52.27 3225 330 0.4
I Sustaining Invasive
Gasification Max alien plants
Fermentation ' P 304 99.58 2850 480 -18.9
Ethanol
Max.
3GOftgas Ethanol Industrial 336 59.90 825 210 8.9
fermentation = Self N offgas 336 38.18 930 345 03
Sustaining

*Theinvasive alien piaun the 2G scenarios can be substituted upvith faelen waste wittsignificantly impacting
the MESP.

The results presentetiiblel 2show that the highest volume 147 Ml/year is the achieved by using both molasses
and residues in the integratedG Gcenario at thegarmill, which is about 80% higher than using only
molasses in the 1G scenario.

171t has recently come to our attention that other studies assessing the viability of using alien biomasaf® pellet production
considerably lower feedstock acquisition costs. Those figures were supposedly derived from clearing operitinabethound the Por
region. We have not been able to independently verify those, but lower feedstock acquisition costs wouldttwaveeignificant imp
relative economic attractiveness-basae ethanol.
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When observing the 2G scenarios, the highest production is obtained when -faemgasiiication
processing route is optimised for maximum ethanol productidevingdalnaatt 100 Ml/year, which was

2% higher than the hydrdigamsentation roubeit which the importaveat that thegter output comes from

an energy sdfifficient process, whereas the former needs substantial endrgfagtibeyidd from the
gasificatiefermentation scenasieduced to 52 Ml/year when operating in an ersirffigisalf mode. It is

similarly observed for the 3@asffermentation scenario that the production drops from 60 to 38 Ml/year when
operating ima&nergyselfsufficient manner. Thus;ssélicient operation reguird5 wt. % of the-gdses

be used for onsite electricity production.

It may be said that energysaé#itiency is implicit in the hydfelyesntation case, whegasification
fermentation offers the options of either producing maximum ethanotsaffio&nyg seif hydrolysis
fermentation, only the carbohydrates in the biomass fractions are converted to ethanol, leaving a solid |
residue that is useddteam generation. Thetrg@ment and the fermentation steps also generate residual
soluble sugars stmea that can be converted to electricity. On the other hand, gasification converts the entir
biomass into a fermentable syngas. Thus, thegimntibe ferment the entire syngas stream for a maximum
ethanol production mode, or the option of diverting a portion of the syngas towards steam and electricity gene
in order to satisfy the processing needs. Evidently then, the use of eyatggsdoegmnenergy needs will

lower its availability for ethanol production.

Figurel2shows thminimum ethanol selling gViEER3 of ethandbr he production pathways whereby the
ethanol facility ¢éelocated witthe source of thieedstockin our cassugar mills and industriadjasff

production sitessugar mill producing ethanol jusifrmiasses through the 1G process of fermusmation

the lowst ME® ex factory gatdR8.27/1, since itdthe lowst CAPEX and OPEX expenditus&santd 90
millionSouth African Rand#\R, respectively. Duehtgher OPEX and CAPEX of tigG1€enario, the

MESP increaséo R9.47/l. Theffgas fermentation scenario® NEESPs dR9.901 andR13.50/for the

maximum ethanol production arslifiglient routes, respectively. Therefore, even though gases are available
at a cost d®0kg, its low ethanol yield and large requirilentscity for gas processing, do not allow for
cheaper specific production costs.

16
.é 14
1
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g
=2 10
=5
3T °
2e
=
g 4
£ 2
=

0

1G 1G-2G ME 58
Sugarmill Off-gas

Figurel2Minimum selling prices of ethanol fomsiigad offas scenarios

Figurel3 and Figurel4 showhow the MESP changes for the 2G production pathwdgedatoeie
transportation coatso need to be taken into acémurthe 2G hydrolyfsisnentation codtsgureld, the
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MESPs randeoma zerevalue feedstock cosRad.83/1 t&R18.55/1 at feedstock valueR#2500/tOn the
other hand, the MESPs of the 2G gasfiicatemation cogtigurel4 range froRL3.71- R21.34for the
maximum ethanadguction mode, dRieB.77 - R38.31Aor the seHufficiecy modeagain depending on the
cost of the delivered feedstock.

Where in this range t he act uadywilfédlddpendstonthetiranspgrat e
costs that will be calculated in Seetiohadded to the average feedstock cost preSattetiliand the
processing costs (which equal the MESP at zero value feendtaphkrelZndrFigurel 4
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Figurel3Minimum selling prices of ethanol igd@sisfermentation procéssdifferent feedstock acquisition costs
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Figurel4Minimum selling prices of ethanol for 2G ga$gfinsintation procésdifferent feedstadquisition costs

Based on the resigenerated from the work above as well as technical information obtainegsiom literature
salient differences betweenahdidatethanol producti@echnologiesan be identifiaghictare presented
inTablel3
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Tablel3Salient differences between the different ethanol production technologies

Ethanol production technologies

Parameters 1 Gethanol production 2G ethanol production (IAPs, 2G ethanol production (IAPs 3G ethanol production
arden waste, sugarcane arden waste) (gasification industrial off gases
(hydrolysisfermentation) g . g . g ) (9 ( 9 )
residues) (hydrolysis fermentation)
fermentation)
Best economic performance b 2rdpest economic performan
Econanic on the MSP of ethanol in an er Third favourable Least favourable based on the MSP in an ene
selfsufficient scenario selfsufficient scenario

Technologically mature

. ; Technologically mature configur  New advanced technologie = New advanced technologie
configuration

Maturity

Requires specialised and genet Requires specialisgldstridium Requires specialisadstridium

modifie@accharomyces cerevis ljungdahkindClostridium ljungdahkindClostridium
Pichia stipitesicrobe carboxidivoranscrobg carboxidivanamicrobg

Fermentative Utilises wethown yeast microk
organism Saccharomyces Cerevisiae

Typically requires a higher cost

Typically less costly hydrolysis treatment step prior tothe  Tynically involves a kit Free available off gases ar
CAPEX fermentation processes comp: _ _ yp yi fication st 9 utilised leading to lower ove
to lignocelluloses hydrolysis and fermentation gasincation step. costs
processes
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4.4 Important considerations

Although the present study highlights a comprehensive comparative study of the economic performance
different ethanol production scenarios while also employing different biomass resources, some cru
considerations may be noted as follows;

1 Economiparameters: The models developed have been based on several underlying assumptions such
the operating time, production capacity, plant lifetime etc. These assumptions are important, as they detet
the economic performance of the proposed plaadtg.lOmever, to limit issues, validated assumptions,
based on our historical knowledge, industry data and our expertise in the area have been employ
Additionally, the assumptions included were universally imposed on all scenarios congidered such tha
results of the study rernaimparable

1 Feedstock composition: The garden waste feedstock, unlike the IAP feedstock does not have a represent
composition, more so as its composition is not only unclear but also continuously changes, with locatior
season. Recognising the significattilitardf the garden feedstock, attempts were made to present a
pseudomodel composition based on the reported garden waste constituents of twigs, fruits and possible
waste. It was assumed that these constituents contributed equally to tedemuidETtkvd3ue to the
absence of a validated garden waste composition, we anticipate some difficulties in the economic outcc
of the garden waste conversion to ethanol scenarios reported earlier above. Regardless of this limitatior
consideratiarf the garden waste as a possible feedstock for ethanol production was retained in the stu
since it reinforced some salient information regarding the dependence of the economic performance
polysaccharide content. The effethe economic performaricatroducing a low polysaccharide
containing feedstatk ahigh polysaccharide coffitert, was also clearly highlighted in the study. It must
be emphasized that future work should present the experimentally determined compositidn of locally sol
garden waste as a feedstock for ethanol production to limit issues associated with compositional uncertai

1 The MESPs of gasificdttomentation and-gdf wereshown to improve through an assumption that
renewabl e, i lis avsliable to dhdse faalities. Such rierewablg electricity can typically be
boughinatacostBlL . 20/ kWh and may then be used for vari
bui Nnd situations are typi ca ltdmoreteddstoclabeihgeavailablee d b
for conversion. The energyus#i€iency approach applied in this report provides a robust method of
economic comparisons of feedstock conversion methods, giving a realistic view on the inherent efficiency
reliabity of technologies, while also avoiding complications with external energy sources used for biofu
production, an area that has caused much difficulties for the ethanol industry in the past.

4.5 Discussion

The analysis presentéd this sectiohighliglst the dominance of feedstock cost, feedstock nature and
technological configurations in the determination of economic performances of ethanol prachection pathways
key insightderived from the teclenonomic analysighe selected ethanol productionwaet are:

9 The economic performance of the ethanol production system thagasrgeoyvialble feedstock for
ethanol production was enhanced by the absence of feedstock cost, while the disproportionately large det
for electricity cremtedisinentive in the energy-sefficient scenario.

1 Sugarcane ethanol based on juice/molasses (1G) provalettvecsiternative, with few modifications
required to sugarcane harvesting and processing. A more advanced approaciethanslgarcane
incorporating upgrades in energy efficiencies to sugarcane mills and colladiisedfhamdesting
residues, provided adost approach to ethanol production from lignocelluloses in the 1G2G scenario.
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1 IAPs conversion to ethanol via the hyflotysigtation approach was preferred to gasification
fermentation, due to the anticipated high cost of the latter. Most of the process scenarios could be impri
further through external energy sources such as renewable electricity. Many eitéisewihdestrial
suitable offas is available for processing, are located more than 1000km from Mossel Bay, indicating tt
transport costs may determine which of the ethanol production options will deliver the lowest cost to Petr

Because of the relagitelv potential ethanol demand by PetroSA (300 mildomtitngmonhya sukset

of thecandidate ethanol supply chains per feedstock were further analysed in Section 5:-tfasdd> molasses
optionthe 2G IAP (and garden whssd hydrolysesrhentation roudad the 3Gffgas selfufficient

scenario. While the latter is not the cheapest option tthaodufrem gfisses, it has been chosen for
consistency reasdadl further analysed options are eneigyffeddnt) and becatisis is also how the
deepesgreenhousgas GHG savings would be achieved for the intermediary SAF feedstock.

5 Network optimisation

The final stage in thefpesibility analysis is to determine the best loctiie@ndusirial facilitibsit wilbe

convertintipe feedstocksalyseth Sectiofinto ethanaliththe processitgchnologiemalysed in Section

4, and estimate ttasts of transporting the raw feedstocks to the ethanol plant (where applicable) and from the
the ethanol to PetroBlie following ssbctions deal with these steps

5.1 Networkoverview

The critical elementasfipply chain optimisation analysia) eainga consolidated single database of
available raw feedstdzkerforrimga Centre of Gravity (COG) stuttyefonost geographically distributed
feedstock (in this case IAPs) anddrjdaucosting model that simulates the optimal spend including sourcing,
production, and transportation up the final delivery point.

Due to the vast reach of this projelsepatkntiallarge numberfekdstock souraasd processing locations

across the country, it is necessary to establish a clear netwdfigaveldsiaws the overall network from

the feedstock soupm@ntsat the beginning of the process, the primary transport leg that transports the raw
materials to the processing faghiéye applicablde lignocellulosic feeds{@aRsand garden waghave

a primartransportatidag as theare processed into ethafisite from the source sites. The molasses and
industrial effases do not have a primmangportideg as the ethanol production takesfitaesame site

where thdeedstocloriginatesOnce the feedstocks have been prodgssseithanol at the respective
production sitethe ethanol will be transported via a secondary transport leg to the iRditoSaelpteyt

for use in the productidpAdt
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Figurel5Genericetworloverview

The primary transportdetAPsindicated by line 1, has a high level of complexity due to the vast amount of
collection sites foisthiomass source. Meeting the ethanol demand with lignocedtalcissc réepdres
transporting approximately 1.7 millionhansested IAPs (also referredvetafeedstogier annun.he

collection sites are located acroge¢esiern and Eastern Capgerequire andepth analysis to determine

the optimal lagans for the individual (ethanol) processing facilities. This is discussed in more detail in the CC
study irsectiord.4.1of the report.

The secondary leg ofribvork, shown in lines 3, 4 an#&igurels transports ethanol from the ethanol
production facilities to the endinsgkis case PetroBécausathe nolasses and industriagjaffessupply
chainghe locations of fetd&s and ethanol production are thglsaseesupply chaordy incur secondary
transportost.To meet the PetroSA requirement of 300 million litres of athanol mergaly 6,818 tanker
loads will bequiredThis equates to an estimated 22 loads per day to PetroSA.

5.2 Approach

Centre of Gravity

The Centre of Gravity (COG) study was only contidetedHiwr is the case as the production sites for off
gas andugarcanbased ethanol are predeterrbingek lociain of the industrial facilities that emigtee off
and sugar mills, respectividig COG study, using a combinatigoragr&mming and Excel, set out to
determine the best locations for thelgitzants that would L&es (and a small amount of gardenagaste)
feedstock such that the transport costs would be minimised.

Working backward from the minimum required ethanol output of 300 million litres p#reyassamedjiven
98million liss output per faci{dg specified by the teetramomic analysis in Sedti@nit was calculated

that4 processing facilities would be requmed me e t Pet r oS A% This ihpliesahatdall f o r
lignocellulosic supply points would need to be grdopeciustersTo determine the clusters, as well as
centrs of gravifythe following stepsre followed

18The surplus ethanol output is assumed to betketchtarkets.
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1. Calculate the distance between each source point and PetroSA to rank sources based on proximit

end user.

2. Assigmgarden waste frdhossel Bay landfill and closest lignocellulosic points to facility 1 until capacity
was reached.

3. Remainingoints were run through a clustering model &addititemal clusters (for facilidgs 2
4. The centre of gravity was calculated for each cluster
5. A check was done on the feedstock quantity of each cluster

a. If overcapacity, points farthest froow@®@@oved to a surplus pool.

b. If under capacity, closest points from surplus pool to cluster were reassigned to the respecti
cluster.

6. The centre of gravity was then rerun for each cluster, optimising to minimize the number of trips requ
for each traport leg and the transport cost.

7. Each centre of gravity location was then checké#dt agasnfound to be in a remote, inaccessible
area, it was relocated to the closest town with least cost increase incurred from the optimal.

Network Optimisation

The aim of the network optimisation model is to minimise the total cost of meeting the minimum ethe
requirement. The total cost is cal@gaaesimple suntlod following components:

1. Feedstock cost: This applies to the lignocellulosic and nuidéades dedy. It is calculated by
multiplying the total tons of feeg&topkocessing robyethe feedstock cost per ton.

2. Primary transport cost: This refers to the inbound cost of transporting the raw material from its poir
origin (approximated the point of collection) to the processing facility. This cost applies to the
lignocellulosic feedstock ®hlg.cost is calculated as:

06dnBl QO 0 ®& @O Q& QX L ¢
Where CpK refers to the costigeekie (in ZAR). The cost is multiplied by 2 to indicate return trips.

The number of trggspends othe state in which the raw material is trangpantedasehe
lignocellulosic feedstailk be transported as wet, chipped biomassmbkie gfrimary tripis
therefore

"0QQQI BH BEX & (60QN N@®E | Qb @QO@ QN OO QO ©
4. Processing co$he intent is to build etharsauction facilities as indicated b@@st@ly for the
lignocellulosic feedstock. Other ethanol facilities can potentially be set up at existing sugar mills ¢
industrial effas sites. Each facility for the respective feedstocks incurstdjfter@et ¢cdechne
economic studgectio.3. The processing coatebased on the minimum ethanol selling price

(MESPat zerdeedstock costs is the price set by production facilities to cover the capital cost of the
facility, operational costs and the return on investment.

5. Secondary transport :cbis refers to the cost of outbound transport of the ethanol from the ethanol
facilities tthe end user, Petro SA. This cost applies to all processingrsieicatmgated as:

06a0QAI QNOQI 6 di GO QRE Q0N U ¢
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Where CpK refers to the cost per kilometre (in ZAR). The cost is mulifgliedt®yeturn trips.
Thenumber of secondary trips is calculated as

O@EhHE QNG ORI QTG DO GO'QO O
The network optimisation model is driven by two factors which affect the tneatitd codtfatiéties used,
and the quantity of ethanol produced at each facility. Selection of the facility is based on the processing cost

distance between the feedstock sources and the facility and the distance between the facéity and the end
The distances will in turn affect the transport costs, on both the applicable primary and secondary legs.

The quantityf ethanol produced at each fadlligetermine the number of trips required to transport all the
ethanol from each facilityg@hd user, as well as the quantity of feedstock to be transported via the primary leg
from the feedstock sources to the facility for prfdbssimgmary transport cost is the major cost component,

the optimal location will tend to be closeptodbenf the feedstock; conversely, if the secondary transport cost

is the major cost component, the optimal location will tend to be closer tdrtbeeaftdrisising the next

closest and ceadfective facilityassumes thelt facilitieeratet full capacity achieviihe lowest possible

cost per litre of ethanol produced.

Additional Considerations

1 For the lignocellulosic feedstock solution, garden waste is allocated to the facility in Mossel Bay fi
Thereafter, the shortfall disteek to make the required amount of ethanol is supplemented by IAPs.

1 Since there is more lignocellulosic feedstock available than required to meet the minimum requireme
all scenarios, the closest feedstock source points to each facility antilatimgatiy is met.

1 Seasonality is not considered. While there is enough supply of ethanol from molasses to meet f
minimum requiremeppicallythey areonly produced 10 out of 12 months in a year when sugar
production takes place.efhanolnducewill need to consider some storage method to provide buffer
stock for the 2 months for which there will be netsiapptyight affect the final cost of the ethanol.

1 While sugar mills are situated close to Durban and Richards Bay harbaumsethtéreno service
lines to Mossel Bay to fulfil this requirement. These shipping lines would also be very expensive
establish and is considered not to be feasible within the scope of this project. Therefore, only rc
transport is considered.

1 Theuse ofdedicated flestassumedue to the extensive nature of the operations. Detailed costing
provided from Imperial Tanker Services to optimize the secondary transport cost further.

Inputdataand assumptions

A vast amount of data points wasetktjuperform the analysis. These data requirements are listed for each
individual feedstock and range from geocodes to the costs of various feedstock items as well as proces
requirement$hecomplete list of assumptions and inputadaitaldeniAppendix :Qetwork optimisation
assumptions

Ethanol supplycenarios

To determine the optimal combinations of feedstocks, several scenarios were tested. These include:

1. Each individual feedstock option supplying the full demand:
a. Ethanol from lignocellulosic only
b. Ethanol from industriada$fonly
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c. Ethanol from molasses only

2. Combinations of two feedstock options at a time:
a. Ethanol from lignocellulosic and indugjaal off
b. Ethanol from industriaa$fand molasses
c. Ethanol frotignocellulosic and molasses

3. Combination of all feedstock options

For the combination scenarios, the optimisation begins with assigning all demand to the cheapest feedstock
(this is evaluated in the individual feedstock scenarios). Thedrgafier tbaenost expensive facility of the

first feedstockreplaced withe cheapest facifagilitiesf the second feedstock. This continues until all ethanol
production is assigned to the saodrthirfeedstock option.

Carbon emissions

The ttal cost antlansportarbon emissions are calculated for each scenario iteration to evaluate how the option
compare in terms of costtemsportarbon emissiods full GHG LCA of the ethanol to be used for SAF
production wasyond the scope of pefeasibility.

Carbon emissions for transport are calculated using the consumption rate of fuel, as well as the total dist
travelled. The total transport distance is calculated by summing the total distance travelled for each route c
primaryrad secondary legs, taking into account return trips:

YE OGQI 0 BE @R IWQTUYE OAIAQND QI 6 OGO Q

The carbon emissions from the traanrgloen calculated using a consumption rate of 1 litre oRkurel per 2.
travelled and 2.68kg of carbon emitted per litre of fuel consumed:

O M CEEQI | TY¥EODAI 0 dE ARQ IR O® cd® Q00
5.3 Vehicle choice

Tipper trucks allow for easy loading and unloadiagaisitelse universally used for all feedstocks requiring

a primary | eg. Ot her options could be trucks wi
would be to use containers to transport the biomass, however, the capitebeiqeendituracks with the
functionality to tip a container make this option inefficient. Alternatively, container trucks without the ti
functionality could be used but it would require for the material to be offloaded by hand. This would affec
offloading time immensely. A truck with an effective tipping mechanism could lead to offloading times beinc
than 30 minutes. Therefore, tipper trucks are assumed to be the most suitable mode of transport for this |
transport given the type aéniaég and quantity to be transported.

For the secondary transport of ethanol from molasses, ocean export was initially considered. This option v
utilise port pairs: Durbdossel Bay and Richardsi BAgssel Bay. However, on enquiry, the simeping |

advised that they do not service these port pairs. Establishing a service for these port pairs wogld entail establ
port storagesavell apading and offloading facilities. Estimating the cost of these is beyond the scope of thi
prefeasibility study, therefore, sea freight could not be considered. Tanker trucks are assumed to be the r
suitable vehicles for this leg of transporhgitygretof materials and quantity to be transported, as well as
existing networks for major routes. Tankers are specially designed to transport flammable materials and d
require additional storage points, as ethanol can be transported ag dirsgitpdoitlee end user.
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5.4 Results

The results section presentsutteme of the lignocellulosic feedstock CoG study first, followed by the overall
networkwerview and finally full ethanol supply costs.

5.4.1 Centre ofgravity

The Centre of Gravity studyorwa of the initial analysis carried out for the lignocellulosis [shitbuuayn
Sectior8.3.21APsnfestations are widely distributed, which resutislargeveumber of possible collection

sites By contragiarden waste is assumed to already be available centrally at the Mossel Bagdahdfill site.
onspatial data underhfngures andFigures, individualollectiosites for IAPs can be seé&iiginrel 6 The

various collection sites were organised into clusters in order to determine the optimal location for proce:s
facilities to minimise transportation costs. Out of the 5 clusters analysed, 4 with lowest primary transport cos
would supply enouglaw f eedst ock to meet PetroSAbG6s ethanol
facilities producing ethanol from lignocellulosic feedstocks should be based in Mossel Bay, Queenstown, (
and Mthatha, as can also be sé&@guinl 7.
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Figurel6Supply point clusterdifprocellulosic Figurel7Centres of graviidy lignocellulosic processing
facilities

Adding up primary and secondary transport costs for these centres of gravity revealed the cheapest lignocell
ethanotlelivered to PetroSA in Mosseldnalg be produced in Cdodlowed upueenstown, then Mossel
Bay, then Mthatha.

5.4.2 Overallnetworkview

As discussedthanol will be produced from various feedstock options, at facilities located across the countt
Figurel7 above shows the location of the processing facilities for ligbasetlubtsandror ethanol

production from molasses, the potential processing fastitiesedrtae cdocated withkisting sugar mills

which are showrFigured. Potential sites for the production of ethanol from indastia alffo spread

across various industries in different part of Squdls Alfiloven Figured. Ethanatanbe produced on site

and then transported along the secondary transportation leg to PetroSA.

Plotting lathe processing facilities identified for lignocetiollasses and industriabadffeedstocks
provids a complete overview of all potential ethanol production isitpeesEhigith Figurel8 belay,
together withe location of Petrarelation to all potential ethanol production sites.
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