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‘Bloenergy ' through BE -Basic’s eyes

BE-Basic Foundation supports with 45 M€ (60 M$) per year, BBE
iInnovation through industrial and environmental biotechnology worldwide
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=0 partners & affiliates

BE-Basic Foundation supports with 45 M€ (60 M$) per year, BBE
iInnovation through industrial and environmental biotechnology worldwide
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Appetite for bioenergy

Healthy appetite for bioenergy ?
2. Broader diet ?

3. Industry metabolism

4. Can biomass be sustainable resource ...

5. ... for whom ?
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BE : full economic bio- MASS -utilisation

“CO 2”

4generation
L 4

agro-emissions
(run-offs, N ,0)

P
TUDelft nutrients



Generalised challenge — use oxygemn

I R R NN

biomass
lignin 70 7 23
cellulosics 40 7 53 HOH

Cellulose \ oH Ol
| T Q Glucose

OH

CHA0H CHo0H CH,OH
dn | \ |

CH cH cH

l I Il

CH cH

OH OH CH
-
1= e lcool coumaryliqu lcool coniféryiiqut lcool sinapylicu
7 |y
B ; ) P ]
¥ sy = -LW"J'."'-'HN o — i
T l 1 A e
O R o o S A pured W ;
S eentr,
] P o T
Hemicellulose R e < 1
i o (i 2
_ _ ) S W ey
Iemicslulas & (¥l anas < ) T s } -:L-:iv_c_ 1A

- \ — "u_,r" - w‘r'-h:-" “m_t_?n_gj:.,, " _—;::_’_ ;'r :
( ; r{\_/ RN Bt e

& g 1 f:“_\_?':flﬂn_.-ﬁ) Xylose LA
TUDelft

— oH = n

Plantation image from: biofuel.webgarden.com



ass yield matters: products are sold per tonne

energy density
increases

substitutes

drop-outs ? AN @ sugars, lactic

iomass @ O

ethanol
CHZOO.S

natural gas

C crude fuels (energy dense) &
oil polymers (PE,PP, PS, PVC)

drop-ins

H

y mass composition biobased and fossil
TUDelft feedstocks and products




price dynamics

11/22/2013 C=17.40 -11 0=17.51 H=17.53 L=17.33 Mov Avg 3 lines

sugar $400...440/ton
ethanol $550...670/ton
lignin $80...100/ton
power 10 ... 20 ct /kWh
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Cost contribution of feedstocks

600 1 feedstocks products ——
. methane $1600/ton
T hydrogen (1430) biomass ethylene
y|eId
$660/ton crude oil ¢ @ jetfuel/diesel $1200/ton
. p-xylene
palmitic acid *
B butanol
AHcomb / M propylene
10° J/kg B ethanol ~ | $800/ton
lignin @ [ 04 / 1,4 BDO
‘ ammonia @ B TR acid 400/ton
| glycerol € ] I adipic/acrylic terepht§I
$400/ton sugars @ +-6 > g Syngas
| biomass ' lactic,acetic [
$50..130%/ton : succinic acid et arbonate (cyclic)
1'1\ e $402/ton
formic acid
W citric acid
$6/ton
0 | CO2 ’ - co2,

bioconstruction

4 i . ~ X
TUDelft only established market: APEX ENDEX Woodpellets ~ $130*/ton



biorenewables’ scenarios

(I) Bioenergy Only: sugars to ethanol (100%) , power (heat)

(II) Chem'’s : sugars to organic acids (25%) + ethanol (75%),
lignin to power (+ less excess heat), CO2

(III) Chem'’s & Materials : sugars to organic acids (25%) + ethanol (75%), .
lignin to power (+ less excess heat), CO2 to bioconstruction CO,in
1743 1743 mat’s
chem’s
A
900 910

sugars ethanol
150
_____ . . ower
pos. and -- lignin P
neg. economic value heat .
3 tons of raw biomass at gate I
(2/3 cellulosics + 1/3 lignin) CO, I

3
TUDelft biomass biorefined to
sugars and lignin
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orefinery structure - biomass to integral value

‘switch’
harvest / pretreatment /
logistics hydrolysis >—

> food/feed

conversion

to fuels fuel
/
v BEgRGhE chemicals/
nutrients/water to chemicals .
materials
\

\ %

conversion to \4 renewable
power/heat power/heat

< \4

* tune portfolio value renewable energy/fuels/chemicals
e counter-acting scale effects of logistics (5-10% for bagasse,
30% for palm oil biomass) and conversion costs

* energy/heat, water, and nutrient integration B

&
TUDelft need for cross-industry sector collab’s (JVs, trade, co-op’s,...)



prst case: wood pellets to renew. energy & chemicals

‘switch’

split EtOH-to-EC

Wood Pellets to Ethanol and Advanced Building Blocks b - AN
i Az A A 3

151 biomass 602 i B
> 696 kton/yr ethanol

in kton/year
wood pellets 4000 pretreat/hydrolyse sugars =3 3010 fermentation /distill ethanol 13392 >
J ethanol 696
1080 coz2 1392 870 kton/yr CO2
(MW) 210

lignine
distil

- l/ ethyleneoxide prod
> E0 ‘bﬁﬂa 46 MW EO prod

10,4 Mwe mill CO2 (to ALqQOMERY} 522 ethylcarbonate prod 3 1044 kion/yr ethylcarbonate

fuel {PJfyear) 28 T_A
iopower 249 = 239 MW biopower
steam eqplosign MW 38
h 4 h 4 = 394 MW bicheat

bioheat 445

s LOCALION: POrt of Rotterdam. Ethanol and ethylcarbonate.
Investment 1.4 bn EUR, Rol > 25%, payback time < 3 yrs

No subsidy, yet 80+% of RE (relative to cofiring-only, depending
on scenario) but with different energy mix. 3 .
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Economy & Sustainability trade with RE
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obal drivers for a BBE ?

® more people with more wealth
* less nett GHG emission (global warming)

and/or climate adaptation
* politics (security of oil/gas supply)
® innovation, rural income and economic development
® increasing (and decreasing) prices of resources

® in time*, limited fossil reserves

® add sustainability to food chain

® add value to food chain and prevent hunger

Pick your personal selection !




1. Healthy appetite for bioenergy ? .... but balanced

2. Broader diet to add value and sustainability

3. Industry metabolism requires integrated ‘digestion’
4. Biomass can be sustainable resource ...

5. ...for whom ? - when integrated in broader BBE picture
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Foundation

Contact us

B(E)-Basic Foundation

T +31 15 - 2782363

E info@be-basic.org | Brazil@be-basic.org
W www.be-basic.org

or

L.A.M.vanderWielen@tudelft.nl
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IS ...

River erosion Settlement

~ § 4

7 Leaking earth dams Dike breach
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ogrout & bioconcrete: from soft soil to rock sol

In-situ concrete by carbonate fixation
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