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GHG abatement

Global GHG abatement cost curve beyond business-as-usual — 2030
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Biomass: a renewable carbon-neutral fuel?
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Project boundaries?

Environmental impacts: Life cycle- cradle to grave

>
Environmental impacts: Life cycle- cradle to gate

CSIR techno-economics (cradle to gate)

Eskom techno-economics (cradle to grave)
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Bioenergy system
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Useful energy:
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Project scope and Milestones ) .

« South Africa and its physical nelghbourSK_‘__;,J
« Woody Biomass (>20% lignin) availability

* Feasibility of biomass supply (wood and upgraded
woodfuel with cost +/- carbon benefits)

 Impacts (social and environmental) and Risks
 Markets and regulations

**Milestone 1- Biomass availability Milestone 5- Impacts and Risks
Milestone 2- Logistics Milestone 6-Regulations
Milestone 3- Markets
Milestone 4- Fuel costs 01 July 2011 to 30 March 2012

GSIR
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Biomass fuel supply study: value chains

10% co-firing needs 13 Tg dry biomass @19.5 MJ/kg
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Woody biomass distribution by resource

Legend
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Viable Biomass resources

Avoid competition with existing uses: forestry industry and
livelinoods
Forestry residues and wastes (8%),
Forest/woodland(20-60%
IAPs and bush encroachment (80%)
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Forestry- plantations

% ROUNDWOOD SOLD BY SPECIES
(based on oven-dried values)

%% ROUNDWOOD SOLD BY PRODUCT

34.2 % Pine 20 % SAWLOGS 93.6 % Pine
(1.868 Tg)
. . 57.7 % Eucalypt 6.4 % Eugalypt
Click to add title
8.2 % Wattle ‘ | .
PLANTATION FOREST -~ \
RESOURCE 30 % 20% 10:12% 20 %
1274 870 ha sawn chips  bark ( sawdust J off-
11.222Tg (estimated B cuts
‘ 9 (eima=d) Double-click to add an dbjec ~
w 80 — 90 % UTILISAELE STEMWOOD
g inclusive of bark {5.507_]3}
& " 21.2 % Pine
= 71 % PULPWOQOD
= (6.800 Tg) €9.1 % Eucalypt
[
o | 9.7 % Wattle
PLANTATION RESIDUE 78 % 12 %
exclyding leaves pulp bark
(1.714 Tg)
(based on species specific Q
allgmetry)
3.4 % MINING TIMBER 100 % Eucalypt
small branches (0.321 Tg)
78 % mining 12 %
. timber bark 9.9 % Pine
020% 7 8- N 2.8 % POLES 89.5 % Eucalypt
: \ 0.267 T
unavailabl ;gtﬂerl{:ﬁaw . ( ﬁ' r.g-:'l e
Ui 78 % 12 %
~ ~ poles bark
1.9 % FIREWOOD
0 {0.188 Tg)
Only 10-13 % of blomass forest
,? 0.7 % OTHER
resource actually available (0.064 Tg)




Woodlands and forests

Moodland and forest - Biomass flows

Biomass Flow

Reglon (Tglyr)
MNamibia 3.0 Woodland and forest
Biomass flows

Botswana 6.4

W Namibia M Botswana
Lesotho 0.9 O Lesotho @ Swaziland
swaziland 0.9 W Zimbabwe O Mozambique

: W South Afica @ Western Cape
Zimbabwe 17.3 B Eastern Cape @ Morthern Cape
R W KwaZulu Natal B Mpumalanga

Mozambigue 7f4.2 B Limpopo B Gauteng
South Africa 24.8 OMorth West B Free State
Western Cape n'a
Eastern Cape 3.9
Morthem Cape 0.8
KwaZulu Natal 4.7
Mpurm alanga 2.8
Limpopo 4.6
Gauteng 0.3 0 =
MNorth West 1.0 20-60 A) avallable?
Free State 1.8
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Invasive Alien Plants

Chick to add title

Invasive Alien Plants- Biemass Stocks (Ta)

Poplar, willow
Province Acacia Eucalyptus Pine N — Total
Eastemn Cape 28.7 9.4 5.9 3.8 47.3 Sto Cks >f| OW S
Free State 0.8 7.2 1.1 3.6 12,6
Gauteng 1.9 .7 0.4 0.9 10,5
KwaZulu-MNatal 15.1 16.5 2.7 0.7 35.0
Limpopo 1.1 3.7 0.8 0.7 6.4
Mpumalanga 6.4 18.1 28 3.6 30.9
Northem Cape - - - 2.9 2.9
Morth West 0.4 3.1 0.1 0.3 4.1
Western Cape 6.6 28 8.5 0.4 18.3
Total 60.6 63.0 21.9 17 168.1

Total invasive alien plants - Biomass stocks

W Eastern Cape
W Free State

O Gauteng

B KwaZulu-Matal
W Limpopo

O Mpumalanga
M Morthern Cape
@ Morth West

B Western Cape

B é

Up to 80% available..
access and
accesbility
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Bush encroachment

Bush encroachment - Biomass stocks

Region 5?::: E’;}
Mamibia 14.8
Botswana 80.1
Lesotho 0.1
Swaziland 0.0
Zimbabwe 94.9
Mozambique 43.9
South Africa 169.0
Western Cape 0.0
Eastern Cape 26.0
Northem Cape 1.5
KwaZulu Matal 13.6
Mpumalanga 16.6
Limpopo 76.1
Gauteng 1.8
North West 29.7
Free State 3.7

WWW.csir.co.za

* Stocks to Flows

Bush encroachment
Biomass stocks

B Namibia E Botswana

O Lesotho H Swaziland

B Zimbabwe O Mozambique
B South Africa @ Westemn Cape
B Eastem Cape O Morthemn Cape
B KwaZulu Matal B Mpumalanga
B Limpopo E Gauteng

O MNorth West E Free State

Up to 80% available?
(20% tree cover of
savannah)
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Sustainable Biomass resources

>> Annual available woody biomass resources of 31 Tg in Southern
Africa and total annual viable woody biomass resources 23 Tg In
Southern Africa- sufficient to meet Eskom's co-firing demand

>>However, significant supply from neighbouring countries required:-
the viable amounts from South Africa are only 7 Tg, which is only
sufficient for 6% co-firing

>>|AP and bush encroachment non-renewable and available only
for 20 years...

1.30 0.400.400.30
—

7.50 i

M Forestry sawmill waste €

Sustainable woodland harvesting 0

M |AP corrected amount (assuming @ 20 | 201320152017 2012 2021 2023 2025 2027 2029 2051 2033 2035 2037 2039 2041 2043 2045 2047 2049 2051 2053 2055 2057 2059 2061
year period)

W Bush encroachment Total corrected

5.10 amount (assuming a 20 year period) &

L5.90
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Water-absorption test: torrefied pellets

Straw Wood
Industrial
ACB Wood DIN+

l EBES 4

[
European BioEnergy Services 0:00
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Industrial
ACB Wood DIN+

3:30

) EBES 46 ]

Ewvropean BioEnergy Services 4 00 mln

CSIR
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Impacts: carbon footprint

>> Fuel upgrading has a significant carbon footprint and
reduces the overall carbon reductions from the 10% co-
firing

>> Dry wood-chips have the lowest GWP when transported
over short distances (<400 km) whilst torrefied chips and
torrefied pellets have the lowest GWP when transportation

distances are greater than 400km. However additional
processing needed on the Eskom side of the gate....

>> Coal mining and upgrading causes much less (< 30%)
GWP than any of the biomass fuel supply options, but this
only considers the supply up to the Eskom gate. :

WWW.csir.co.za
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Impacts:

Overall carbon footprint compared to coal

70 68 71 48 73 79 63 78 78 6.6 8.8

100

E 80 .

£ Fuel upgrading has a
o 60 . . pn

: significant carbon
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Reduces the overall carbon
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Dry wood-chips have, ke lowest GWP when transported over short

distances (<400 km), but additional processing needed on the
Eskom side of the gate....

Torrefied chips and torrefied pellets have the lowest GWP w, .
transportation distances are greater than 400km. R
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Impacts:

Water footprint from biomass

« New plantations

Stream-flows decrease
between 20 and 200
m3/ha

o For IAP clearing:

Stream-flows increase
between 20 and 200
m3/ha
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Summary and future questions...

« 23 Tgin Southern Africa available, but only 7Tg from South
Africa, sufficient for 6% co-firing

* Invasive alien plant- water and land productivity benefits...but
non-renewable: sustainable for fixed time (ie 20 years). ditto Bush
encroachment

« Torrefied pellets or chips ‘best’ option, except short distance
Torrefied chips/pellets store better, an low moisture, higher energy
density, better handling and storage, and co-milling (grindability)
However..risks of early commercial technology

« Transport is the greatest overall cost component. Optimisation......

« Alternative options- distributed dedicated power generation
(ie biomass gasifiers) to feed in to grid/ mini-grid. B

CHP and heat/cooling options GIR
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