Opportunities for Bioenergy and biomass
supply in South Africa
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Bioenergy Life cycle -
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Can be carbon neutral....
Depends on:
Lifetime of products (carbon

cycling)

* Energy inputs in the bioenergy life
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Bioenergy Sustainability assessment \ f

Bioenergy Life cycle

Assessment with social, economic and G e e RN
environment criteria integrated to guide Enpiymen GG msiors i sy ey sty and bt
Smallholder integration Wate_r use and quality Financing

Food security Biodiversity

sustainable development

Transportation

Impacts assessed across the whole product
life cycle- from raw materials, manufacturing, = .
distribution and end-use (Life Cycle sy Tl ) >N [ Disiuiion
Assessment, LCA ISO 14040 and 14044) -




Complexity of many
Bioenergy pathways

Methanol  Ethanol  SYnthetic  Synthetic oo o o0
gasoline diesel
Bioenergy

Several biomass resources, carriers
technology processing and
energy carriers

Bioenergy provides energy
Services:

- heating and cooling,
- mechanical/transport
- electricity

Technology selection to suit
resource and energy service

Technology readiness, maturity : :
and cost E—




Complex, competing value chains
Range of biomass resources to meet energy demands of various
sectors

Industry Agriculture Forestry

— Energy & short Forest harvesting & Landfill gas. Other
mr:tidues rotation crops. Crop supply chain, Forest & biogas, MSW incineration
residues. Animal wastes ag oforest residues & other themnal processes

Biomass

resources

mammng  Matching biomass supply & demands Eﬁ:ﬂ I:‘Ltt:run“mf dﬂ‘r';*}“i'r.f

for bioenergy, biofuels and materials agricultural production

A4 v
Centralised electricity Liquid & gaseous biofuels Heating/electricity & Bio-refining, biomaterials,
Bioenergy & /or heat generation for transport cooking fuels used on site biochemicals, charcoal

utilization Energy supply Transport Building/industry Industry




Multiple biomass resources
from dedicated energy crops to residues and wastes
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The solid or liquid biomass feedstock can be converted using numerous technologies to provide more
convenient energy carriers in the form of solid fuels (e.g. wood chips, pellets, briquettes), liquid fuels

(e.g. methanol, ethanol, biodiesel, bio-oil), gaseous fuels (synthesis gas, biogas, hydrogen) or direct
heat (Figure 5).




Dedicated bioenergy crops: \

AEZ methodology is a standardized framework for alternative uses of

agro-resources (land, water, technology) for producing food and energy, D)L

Global Agro-Ecological Zones

while preserving environmental quality GAEZ V3,0 Global Agro-<SIBGIEAZENES

T St SO
The production potentials of land and water limitations provides insight
into current yields and production gaps and their causes.

Model Documentation

News and updates

Forest, Cropland, Grazing Land, Environment excluded
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Dedicated bioenergy crops:

Agro-ecological suitability of rain-fed ethanol feedstock crops on REMAIN land

Avoiding food-fuel conflicts, protecting
conservation areas and ensuring agr-
ecological suitability reveals a limited
potential for dedicated bioenergy crops in
South Africa

SA total land area
1222 587 km?

Total REMAIN land
493 264 km? (40% of total)

Prime and good REMAIN land
for production of energy crops
37 349 km? (3% of total)

Net primary production |
NPPL L v el s ]

£
J

(b) rain-fed maize

(a) rain-fed sugar cane

B -85 Very high
© I sl 70 High
[ S1>55: Medium
oy [ 51-40: Moderate
@) [ si=25:Warginal
I sl=10: Very marginal
[ Si= 0: Not suitable
[ Nt suitable
[ Not assessed

Agro-ecological suitability of rain-fed ethanol feedstock crops on REMAIN land
Source: WWF and RSB: Assessing sustainable biofuel potential in Sub-Saharan Africc



Biomass for bioenergy in South Africa

Biomass supply for bioenergy is limited due to

arable land, rainfall and food security o

constraints.

* Best biomass feedstock is urban organic waste
and lignocellulose waste (comprising a mix of
harvested invasive alien plants and some -
residues from agricultural and forestry).

* Socio-economic concerns with energy crops,
especially if also used for food and feed

Annual avallability /annum)

M All woody biomass
W Sugar cane

Source: Bioenergy Atlas
https://www.saeon.ac.za/wp-content/uploads/2021/02/Bio-Energy-Atlas.pdf

Natal

W Invasive alien plants Swest sorghum B Groundnuts B All unserviced

Western Cape  Morth-West  Mpumalanga  Limpopo KwaZulu Gauteng Free State  Eastern Cape

domestic waste

B Maize B Al organic waste Sunflower

W Soyheans
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https://www.saeon.ac.za/wp-content/uploads/2021/02/Bio-Energy-Atlas.pdf
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Estimation of biomass resources in South Africa

THE STATUS OF BIOLOGICAL
INVASIONS AND THEIR MANAGEMENT
IN SOUTH AFRICA

Amount of invasive alien plant biomass?

** ldentify IAP tree species:
Aerial mapping NIAPS 2010
Kotze et al. 2010

http://bgis.sanbi.org/EDRR/NIAPS.asp

10 ha of 40%-=
4 ha condensed

s Estimate IAP biomass:

Tree cover, Tree density (condensed area),
Tree height, Biomass

Biomass data 2010,2018,2019- CSIR_AGB
Above Ground Biomass based on cal-val of ALOS-PULSAR
Data used for Carbon sinks Altas

https://www.dffe.qov.za/sites/default/files/reports/nationalterristerialcarbonsink assessment2020.pdf

Google Earth


http://bgis.sanbi.org/EDRR/NIAPS.asp
https://www.dffe.gov.za/sites/default/files/reports/nationalterristerialcarbonsink_assessment2020.pdf

Available biomass for bioenergy:

Competing uses of woody biomass resources?
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Biomass stock(Tg oven dry)

Forestry industry: 12Tqg, IAPs: 167 Tg, Bush encroachment: 58 Tg

Techno-economics: Suitability of the biomass for products(s), conversion
technology and value-adding opportunity will determine the optimal use of
biomass

Material products Energy products

Timber Wood-plastic Fibre- Wood Wood Biochar Mulch Game feed
i ent

aaaaaa d Wood Torrefied Wood Torrefied Firewood Compressed Lump Charcoal Bio-oil and
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SHlelallge VD IO mass for electricity

Bioenergy can provide grid flexibility- maintains Sustainable bioenergy can be used to generate
balance between generation and load under 3-6% of South Africa’s future Electricity mix
uncertainty ie peaking, dispatchable and baseload (CSIR study, Bioenergy Atlas)

power. Avoids the need for other similar power

options in the future National Electricity mix (ie coal,

gas and nuclear) and provides grid stability

Renewables need flexible backup, not baseload

Estimated power demand over a week in 2012 and 2020, Germany I nteg rated reso u rce p I a n fo r E |€Ct rlClty, I R P'z
e o Business-as-Usual o Re-Optimised
Electricity supplied Electricity supplied
—— in TWh per year in TWh per year
v n May 474 TWh
500 472 TWh\ 500
A \ 450 450 366 TWh [ solarP
Chdd N b A Sl e : v s
: | VY Ve \ “ d s 350 350 [ wind
@& i | | | .| [ 300 300 I Other |
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[ ] other
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(
150 150 M Gas(c
J B Hydro
Mon Tue Wed Thu Fri  Sat  Sun Mon Tue Wed Thu Fri  Sat  Sun 100 100 B Nuclea
50 50
Conventional Renewables - Coal
0 0
I Pumped Storage Solar 2016 2020 2025 2030 2035 2040 2016 2020 2025 2030 2035 2040
I Coal and gas I Wind
I Nuclear Biomass 7% 18% > 19% Renewables 7% 40% > 1%
I Hydr (18 TWh/yr) (64 TWh/yr) (91 TWh/yr) (18 TWh/yr) (146 TWh/yr) (332 TWh/yr)

Energy Transition  cnergytransitionors (&) 217 Mt/yr > 250 Mt/yr coz2 217 Mt/yr > 100 Mt/yr




SIleLgllgelVMIbiomass for regional electricity

Regional biomass gasification power stations
100-200 KWe feasible, as determined by NPV
up to +USS$2.7million, (compared to diesel
generators with —US$2.3 million)

Conditions:

* Invasive Alien Plant biomass feedstock
price is R400 (USS$28.57) per green
tonne. Requires sharing of cost for
biomass supply.

* Electricity market price of R1.60/kWh
(USS0.11/kWh)

* Internal rate of return of 16% for the
bioenergy entrepreneur

Including water and carbon benefits
substantially increases feasibility

Volvo 212
Scania 400
Volvo 560

SJG250

SJG500

SJG1000

KWwe

239
450
630

198

396

792

Biomass cost:
DEA:NREM
contribution

US$/green
tonne
0
0
0

38.86

28.59

@se

Electricity

|

Biomass cost:

bioenergy
entrepreneur
contribution

US%/green
tonne

IRR

16.0

16.0

16.0

o

Biochar i

NPV (sale of
electricity NPV/unit
and biochar)
uss$ US$MWhe
-1 038 209 1840
1319788 12.40
2101 344 14.10
409917 875
718 359 767
1 346 623 7.19

NPV
(electricity and
biochar sales
and water and
carbon
externaliies)

uss

-1131 838
-1477 697
-2330 015

751905
1401 839

2713 583

. serices
Lo Ecosystem Services w s
4 'Ru“g c Volume 27, Part B, October 2017, Pages 224-231 Vo

Reducing landscape restoration costs:
Feasibility of generating electricity from
invasive alien plant biomass on the
Agulhas Plain, South Africa

William Stafford  ® & &, James Blignaut & 4
Show more

https://doi.org/10.1016/j.ecoser.2017.04.008 Get rights and content

Agulhas plains:
Southern most tip of Africa, 270 000ha and approx. 40 000 peo



SHeIhEIfslYMBiomass for Sustainable Aviation Fuel (SAF)

« South Africa can produce 3.2 billion litres of SAF (bio-jet) pa. Introducing green hydrogen into the
SAF manufacturing process extends 4.5 billion litres pa. SAF can replace domestic use of 1.2
billion litres pa conventional jet-fuel, while also providing 2—-3.3 billion litres pa for export.

« Sugarcane A-molasses is quickest and cheapest route to SAF 1G alcohol-to-jet with 300 million litres pa
« Invasive alien plants (IAPs) is largest biomass resource and 2G F-T 1.8-3 billion litres pa

« Plant oils from tobacco seed (Solaris) and HEFA could produce 1.1 billion litres of SAF pa.

Feedstock  Potential availability Reference

k\a’) 5,2 million tonnes of seed per annum Fischer et al., 2019
Solaris
11
:iIri: 165 000 t ill Dogbe et al., 2020
Jt:’ onnes per sugar mill per annum ogbe et al.,
A-molasses
3,34 million tonnes per annum Own research based on off-gas producers’ reports
Industrial off-ga:
il ‘lo_. =i 4
B 215 million oven-dry tonnes on less-than-35% slopes Stafford et al. (2021) (available on request) Sy ABLUEPRINT FOR THE PRODUCTION OF
Cleared IAP WWF NS | SUSTAINABLE AVIATION FUEL IN SOUTH AFRICA

ea s - % ;
—— — “ . J coma: .. 5 v ' =
B 170 000 tonnes per annum at two municipal depots (Johannesburg and Eden) Integrated Pollutant and Waste Information System (IPWIS) ; ! L) d ki ﬁ o a ¢ 2 z
Garden waste AR 3 R e e &

https://wwfafrica.awsassets.panda.org/downloads/fuel for the future.pdf?39122/fuel-for-the-future



https://wwfafrica.awsassets.panda.org/downloads/fuel_for_the_future.pdf?39122/fuel-for-the-future

Bioenergy for Sustainable development.....

« Assess whole bioenergy life cycle assessed for impacts (LCA)

« Bioenergy opportunities to consider environmental impacts,
economic viability and social protection. Sustainability
certification of products (ie RSB)

* Reduce project and socio-economic risks through supply chain
management- aggregating supply and securing biomass
supply and long-term off-take agreements

« Multi-stakeholder engagement and community participation to
balance local market opportunities and needs with
International market opportunities
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Thank you

Prof. William Stafford

Principal researcher| Sustainability, Economics and Waste | CSIR
Associate professor | Process Engineering| Stellenbosch University

Email: wstafford@csir.co.za

Web: WWW.CSiFcO.za

»CSIR
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mailto:wstafford@csir.co.za
http://www.csir.co.za/
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