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INTEGRATION OF SCALE

®:



Joining top-down
and bottom-up approaches

4 g
Y,
/£

Top-down
assessment

- Amount needed, identify
sources of uncertainty/largest
sensitivities/need for bottom-
up analysis, system effects -

Bottom-up analysis

- Technical potential, costing, LCA,
stakeholder involvement, mainstreaming in
existing policies, prioritization of goals -




Modeling BECCS Potentials at Global Scale — An Integrated Modeling Approach

o]

infrastructure, climate. plant grovith,

Geographically explicit data sources (maps):
[Biomass map. potential forest area. land prices. costs,

Scenarios:

[POP. GDP. Energy demand. GHG emissions, ..]

POLES: [projections of
energy demand and
supply, technology

S / development, CO2
[ N emissions, CO2
/ & / abatement policies and
/ S/ carbon values]
/ § /
/ , § § // I\
/o §§ /
/8 & §
& 8 & /

‘/ -price for land

.  price for wood
\\ \ *price for crops
)\

G4M: [geographically
explicit forest biomass
growth, Afforestation,
Deforestation, harvest,
supply curves]

\

BeWhere: [spatial

/]
/
/

GLOBIOM: [Trade
and competition
between regions,

competition

between sectors]

AN

optimization model 1o
determing cost-optimal
location of renewabie
energy systemsj

EPIC: [Agriculture,
crop production,
environmental factors,
biogeochemistry]

Source: IIASA (2014)
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Bottom-up research at [IASA

* Link with IEA and country stakeholders

— Experts workshop, Laxenburg Nov 2011

— Indonesia workshop, Jakarta Sep 2012
= http://www.iea.org/newsroomandevents/workshops/workshop/name,28877,en.html

— Brazil workshop, Sao Paulo Jun 2013 (Prof. Moreira)
— China, Sweden, Japan, US etc. to follow soon

* Bioenergy in socio-economic, political and environmental

country-specific context with option for CCS.
— Incentives and funding
— Co-benefits

« Capacity building: e.g. IIASA at
COP18, 2012 in Doha, Qatar \

« GCP-IIASA workshops 2013/2014 tbc.

« REDD+BECCS Session at IUFRO World Congress 2014

ICBT-WBS Session and presentations...

IIIII



THE SYSTEMS VIEW

®:



Global Future Energy Portfolios, 2000 — 2100

TIMER GET

: HESHARE <> Nuclear Energy

0] @ Renewable Energy (others than Biomass)
. : & Energy from Biomass (incl. CCS)

: \\\\\\\\\\\\\\\\\\\\\\‘ \\§ @ Energy from Biomass (excl. CCS)

- 1 ~~5;;//////////////////Z 4 Tossil Energy (incl. CCS)

m @ Fossil Energy (excl. CCS)

2000 2010 2020 2030 2040 2080 2060 2070 2020 2000 2100

Source: modified after Azar et al., 2010
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Cumulative biomass production (EJ/grid) for bioenergy between 2000
and 2100 at the energy price supplied by MESSAGE based on the
revised IPCC SRES AZ2r scenario (country investment risk excluded).

EJ/grid

[ ]<0.01

[ ]0.01-0.794
I 0.794 - 1.63
I 1.63 - 2.843 B e
I 2.843 - 4.653 jff ar
I 4.653 - 7.357
I 7.357 - 11.702

I 11.702 - 19.639

B 19639 - 54.102

Source: Rokityanskiy et al. 2006
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Source: IIASA, G4M (2008)



Global BE Feedstock Scenarios — Definitions & Objectives

Objectives:
a) to achieve a global perspective using an integrated
modeling approach;

b) to frame the boundaries for lower scale assessments;

and

c) to identify potential trade-offs to be considered in future

research.

Zero Net Deforestation and Degradation
(ZNDD) means no net forest loss
through deforestation and

no net decline in forest quality through
degradation.

BIOM
BIOEN

* 8.
i$Scenario name

Description

BAU

"Business as usual”: Projection of future development
in line with historical trends

BE2010

As BAU but the production of bioenergy fixed at the
level in 2010

BEPIus

Projection of bioenergy demand by 2050 as in the
100 per cent renewable energy vision by the Ecofys
Energy Model

BEPIusRED As BEPIlus but with target "no net deforestation”
, (RED=Reducing Emissons from Deforestation)
Biod'%lgED Stricter biodiversity protection combined with target
flinda : . -
no net deforestation
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Global Deforestation Trends

Cumulative deforestation 2000-2050
caused by land-use change according to
the different scenarios.

—4—BAU

== BiodivRED
BEPIus

=== BEP|usRED

—===BE2010

2000 2010 2020 2030 2040 2050

*BEPIus similar to BAU
*BE2010 on same high level because of unrestricted deforestation
*RED keeps deforestation at present level



Land Use Change — Effect of Adding BE, Biodiv & RED —rel to BAU

Cumulative land-use change and net forest cover change (managed +
unmanaged forest area) caused by additional bioenergy production under the
jodi ' vel of bioenergy production)

300

250 ~

200

150

——Cropland

100
—f— Managed Forest

50

=== Unmanaged Forest

0 Short Rotation Coppice

Area(Mha)

e (5 rassland
-50

=== Other Natural Vegetation
-100

- === Net forest change

-150

-200

-250

2000 2010 2020 2030 2040 2050
*Net gain of total forest area due to restriction of deforestation
*Protection of biodiversity within pristine and other types at the costs of grassland
I and savannah (which is mostly located in the southern hemisphere)
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Regional Effects by Adding BE, Biodiv, RED - Unmanaged Forest rel to BAU

Loss of pristine (unmanaged) forest as a proxy for BE production on Biodiversity

Cumulative loss of area of

unmanaged forest 2000-2050 in
different regions under the BAU
scenario

2000 2010 2020 2030 2040 2050

*most of the loss of unmanaged forest

80

== \idEastNorthAfr

70

== SubSaharanAfr

== PacificOECD

60

== FormerSovietUnion

50 A

== PlannedAsiaChina

=—@—SouthAsia

40

== QOtherPacificAsia

30 A

— LatinAmericaCarib

Canada
—4—USA
=—=EU27

RestOfEurope 0 -

takes place in the tropical areas of South

America, Africa and Asia

20

10 A

Cumulative loss of area of
unmanaged forest 2000-
2050 in different regions
under the BEPlus RED
scenario

2000 2010 2020 2030 2040 2051

the loss of unmanaged forest is not
only considerably smaller but also
more evenly distributed from a global
perspective



GHG Emissions by Scenarios

9000 -
GHG emissions from total land use 2000-

8000 1 2050 under the different scenarios

7000 -

6000 -

© ——BAU

W i

Z °000 —B—BiodivRED
o

Y 4000 - BEPlus

=

e BEP|LUSRED
3000 -

=== BE2010
2000 -+

1000 -

2000 2010 2020 2030 2040 2050

Under the BE2010 scenario, the bioenergy use is small compared to the other
scenarios, and the GHG emissions are the highest, 8,091 Mt CO2/year. The GHG
emissions are lower under the BAU and BEPIus scenarios, where the bioenergy use is
=ore extensive.
Teflowest GHG emissions can be achieved under the RED scenarios



Agricultural Water Demand by Scenarios

1100 -
Water consumption for agriculture 2000-
1050 . 2050 under the different scenarios
1000 - —e—EBAU
é ——BiodivRED
= BEPIus
950 -
== BEP|USRED
i BE2010
900 -
350

2000 2010 2020 2030 2040 2050

All scenarios show increased demand
*Lowest restriction on forest and biodiversity conservation show less water need

e°[ligher restriction implies less land available for eg food production = intensification

TIASA
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BECCS CASE STUDIES - EXAMPLES




BECCS in South Korea

Demand vs Supply

\c’@

Potential Biomass Extraction

4—-—-—.“‘

Major cities

"emand for 2008 (GJ/Year) = .

‘ i R
s, e

~ & Major cities
~ Stock (stem) in m3
“000

00

.
3 = sl > e g
. B
oo o Wi : }/ Ty St
< -y > F ¥ % Biomass extraction (tdm/year)
Y .
U g o -7 []1242-2,500
o ;

- ©° [ 2,500.1 - 5,000

I 5.000.1 - 7,500

I 7.500.1 - 10,000

I 10.000.1 - 12,895.4
@ Major cities

Source: Kraxner et al. 2012



Where to store the carbon? Prospectivity?

ay ¥
g AL . .
WS Scenario settings
0 CHP plants
r,..--“"""jf Geologic Provinces Definition Biomass input
v -] eyeangsang Basin Min Size 5 MW
0 50 100 200 300 400 Medium size 20 MW
B e s KM Max Size 70 MW

a‘w
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Source: Bradshaw & Dance 2004
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* ¥ +
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* * L
* % *  x % PN + o+ + N LR
YT + + ®;
% 5MWCHP +CCS # 20 MW CHP + CCS @ 70 MW CHP + CCS
% 5MWCHP + 20 MW CHP
Suitable area for geological CCS Suitable area for geological CCS @ 70 MW CHP
Plant size Technology 5MW 20MW 70MW 5MW 20MW 70 MW
NO CCS NO CCS NO CCS CCS CCS CCS
Plant # 18 29 8 11 11 3
Biomass used (tdm/year) 117,000 716,300 712,400 71,500 271,700 267,150

Heat produced (Gl/year)

1,190,475 7,288,353 7,248,670 727,513

2,164,548 2,718,251

El. produced (Gl/year)

757,575 4,638,043 4,612,790 462,963

1,759,258 1,729,796

Subst. emissions (tCO./year) 215516 627,050

625,036 131,704

237,847 234,389

CCS Capacity (tCO2/year)

0 0 0

131,704

237,847 234,389

Kraxner, F., Aoki K, Leduc S, Kindermann G, Fuss S, Yang J, et al. BECCS in South Korea — Analyzing the

=
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negative emissions potential of bioenergy as a mitigation tool. Renewable Energy 2012;
http://dx.doi.org/10.1016/j.renene.2012.09.064



In-situ BECCS Potential in Japan

100 MW (5)
O in-situ CCS

50 MW (11)
1 in-situ CCS

SAPPORO*

10 MW (66)
10 in-situ CCS %

SAPPORO*

A
FUKUOKA
>*

C Kk
SENDAI
:H:'_FUKUOKA *
* x i
KX
K ToRVEF LK
% oF NAGOVEEK X £ E ¥
& osx%?ﬁéi
P
¥
* %elﬁek ‘
% TFUKUOKA ™
Rer % 10 MW CHP + CCS

% 10 MW CHP

Suitable area for geological CCS

)

>

Total potential
“in-situ”
BECCS
Effect: 1.5
million tons
CO, per year

Total potential
CO,
substitution
effect: 12-13
million tons
CO, per year
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Biomass Avallability and Energy

Demand for Russia

w2t

£ ‘
PETROPAVLOVSKKAMCATSKI) »

) A

Cities >1 mil poputation
. Cities >200k poputation X
° Cther cihes
Available Stem Biomass (t d.m./ha-yr)
[ oo1-03s
[T o3s-085
I 055100
I o150
| IRERE

1351 - 231 900
231 901 -911 700
811701 - 4 69 400
4669 401 - 10,101 500
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Geological suitability for carbon storage

L Suitable: basins formed in
g Y mid-continental

e & A0 N locations; 2) basins
- EHETPLTER m'if: _ el * Tz o B .

ot N O ) formed near the edge of

W EHARGELS 14 »
"* mw i MY - stable continental plates;
GOROH ‘ "":I:I - [ 3) baSInS behlnd

s . % mountains formed by
1 \ plate collision
s ﬁs @ . j." . % Not suitable: Other
EC % . AR geological formations
e’ | such as shield areas
¢ e s T Mp——— (e.g., Scandinavia) or

anmsmmnum

o o l:mam

=200k popul asgian Basin . .
nnnnnnnn [ Jee—— Nort usa Bsan O tectonical |y active areas
Geologic province Khanka Basini Weath Qidhatsk Group of Basins Upper Buraya Basin
B natar Basin Khalyrka Basin I ioth Sakhain Basin I oo zevn Basin J I
..... o ol ———— Rkt (e.g., Japan) are less
BN inivs Basn [ e N ot Basin ‘Wit Kamchatka Biasin . .
R B e St suitable for geological
Azo-Kuban Basin Lena-Vilyuy Easin P schmidt Basin Yenisey-Khatarga Basi
Blagaveshchensk Basin I veaen Basin I ot Minusa Basin I 7ova-Bureya Basin C O 2 Sto rag e
Cantral Kamchatka Group of Basins Migdle Amur Basin South Okhetsk Basn _ Iyryarika Basin "
B cieSoyan Basin I v Caspian Basin Y Suitun Basin H - HEB
- - ot Geological suitability for CS
D Crisper.Cionets Sasin P voma Basin I  terpeniya Eay Basin [ — T E

depends to a large
extent on local
conditions.



Potential in situ BECCS units:
Combined 20/50/100 MW scenario
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A SOMWY CHE (Me1); With CCS (Me=E) - 32 for 100 MW |antS
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Sutate s s semen con — 8 for 20MW plants
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Forest biomass share: 206 Mtoe (~62% of the RE target by 2020)

552 plants total
«278 CHP plants WITH CCS
«274 CHP plants without CCS

20-20 target with
sustainable (!) forest

biomass only (not.inci
trade!) o

« 100MW CHP + CCS
s 100MW CHP
|:| Suitable area for geological CCS Source: Kraxner et al, 2010



BIOMASS CO-FIRING AS A
KICK-OFF OPPORTUNITY




Indonesia co-firing

« Coal plants installed capacity ~19 GW
Indonesia electricity consumption ~ 140 TWh

Target: to meet 10% / 30% of power consumption
from renewable in co-firing

w
($)]
)

w
o
1

20% / 50% biomass co-fired
~ 20 / ~55 Mm:? forest biomass

{
($)]
1

Share of power produced (%)
[é)]

— — N N
o

o
1

o ($)]
1

o S > I
Emission avoided (Mt)

—_
o

T
()]

10 20 30 40 50
Share of biomass for co-firing (% weight)

o

[e2]
o
o
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Scenarios Co-firing Forest

S1 20% Managed

39 209 Managed and
’ unmanaged

S3 50% Managed

Managed and

S4 50%
unmanaged




Coal plants

Coal power plants (MW)
A 7-300
301 - 1,640 The sizes of the coal plants have been

A 1641-4120 aggregated, as many where at the same location

-

)




-

2

Coal plants and geographical basins

Most of the plants are

Coal power plants (MW)
a0 located close to
301 - 1 640 seqguestration
A 1641-4120 geographical basin, just 6
Geological bassing minor ones are not




50% co-firing / managed forest

Coal power plants (MW) Managed forest (1,000 m3)

- 7-300 1-212
301 -1,640 213 - 457
A 1.641 - 4120 458 - 751
752 -1.214

| 1,215 -1,968




50% co-firing / managed and
unmanaged forest

Coal power plants (MW) Managed and unmanaged forest (1,000 m3)

& 7 -300 1-212
301 - 1,640 213 - 457
A 1.641 -4120 456 - 751
752 -1.214
| 1,215 - 1,968
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First Results on Co-Firing with Biomass

Scenarios Coal Biomass  Saved Substituted Total Emissions  Negative  Total
plants Co-Firing emissions emissions  system captured emissions  System
CO2 CO2 [Mt CO2] [MtCO2] emissions through through emission
emissions emissions [MtCO2] fossil CCS BECCS ballance
[MtCO2] [Mt CO2] [Mt CO2] [Mt CO2] [Mt CO2]
N 294 0 0 0 294 294 0 0
o-Firing
20%
Co-Firi 236 20 38 58 256 236 20 - 20
o-Firing
50%
Co-Firi 148 91 103 154 199 148 51 E]
o-Firing
\ J
|
With BE/CCS

Example for Carbon benefit (50% co-firing + BE/CCS) @ 5 US$/ton:

2.3 Billion US $/ year



Co-benefits and other policy objectives

« Economic development & employment effects

— Construction of infrastructure

— Operation of bioenergy plants, transport, storage and
management/harvesting of biomass feedstock

— Electrification of rural households, decentralized energy
solutions

— Knock-on effects on local economies

« Conservation effects (sustainability/corridors)
« Health effects (clean energy access)

« Versus economy of scale

IIIII



SUMMARY & CONCLUSIONS

®:



* Need both — top-down & bottom-up

* Full scale/systems boundary (economic) assessment

« Competition for land, other products, water -> efficient management
« Sustainabillity criteria

« Geographic/climatic/social differences — low capacities under
present conditions (harvested amount/products) for northern
hemisphere...

« Which technology where?
« Bundling of capture (other CCS units), C-transport, C-storage (Geo)
« Efficiency varies strongly over technology

« Co-Benefits: BECCS, Avoiding Deforestation (Afforestation etc.)
and Food security are necessary for long-term sustainability

« BECCS, REDD+ and Food can be synergistic if efficiently planned.
« Green Economy/Development/Energy access etc.
— Trade, Investment, Technology
« Only a global and integrated land use approach will deliver
« Consider the ramp-up time... start now!
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Contact

Florian Kraxner

Deputy Director
Ecosystem Services and Management Program
International Institute for Applied Systems Analysis, IIASA
Laxenburg, Austria
kraxner@iiasa.ac.at
http://www.iiasa.ac.at




