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Partners in HYVOLUTION

South Africa

Aim:

Blue print for a bioprocess
for decentral hydrogen
production from biomass

22 partners

13 countries

Jan 2006 — Dec 2010

14 M€ budget; 574 M TWD

10 M€ EC grant: 410 M TWD
www.hyvolution.nl
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Objectives in workpackages

-Critical parameters in biomass procurement
-Pretreatment technologies for biomass
-Equipment for pretreatment

%

Biomass Thermophilic Photo- Gas
> fermentation upgrad
Pretreatment Fermentables Organic acids Cleaning and
and logistics o 1o quality assessment
Hz, CO, Hy and CO, |—,
organic acids l
WP 6 Societal integration | Socoeconomics = | Dissemination |
WP 7 Training | Externaltraining | | Internal training |
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Objectives in workpackages

WP 5 System integration |  Simulation | | Exergy analyses |

“Pa %
Thlnmphlie

= e =Y
Pretreatment Fermentables Organic acids Cleaning and
) t ww
organic acids
-Maximum conversion of biomass to hydrogen
-Reactors for thermophilic and photo-heterotrophic hydrogen production
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Objectives in workpackages

WP 5 System integration |  Simulation | | Exergy analyses |
WP 1 Wwp 2 WP 3
Biomass Thermophilic Photo-
> fermentation fermentation
Pretreatment Fermentables Organic acids
and logistics 10 1o
Hz-&“& H; and CO,

-Assessment of optimal gas cleaning
-Devices for monitoring and control
-Equipment for gas upgrading

I I; tvolution




Objectives in workpackages

WP 5 System integration |  Simulation | | Exergy analyses |

S NN

-Minimum energy demand and maximum product output

Fi 7 _— *
WP 1 WP 2 WP 3 WP 4
Biomass Thermophilic Photo- Gas
> fermentation fermentation upgrading
Pretreatment Fermentables Organic acids Cleaning and
and logistics o 1o quality assessment
Hz, €O, Hy and CO;
_\Kuﬂm
WP 6 Societal integration | Socoeconomics = | Dissemination |
WP 7 Training | Extemaltraining | | Intemal raining |

I I; tvo[ution,




Objectives in workpackages

WP 5 System integration |  Simulation | | Exergy analyses |
WP 3
Thlmphlie Photo-
. fermentation fermentation

Fermentables Organic acids
to o

m
t CO; Hz and CO,
\\ == | =7
-Public awareness and societal acceptance
-ldentification of market opportunities and future stakeholders

[ - -
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The core of HYVOLUTION

e
i

CeHia05 +6 HhO —>6CO, + 12%H

CsH,05+ 2H,0 —> 2CO,+ 2CH,COOH + 4H,
(hyper)thermophilic bacteria

CH,COOH + 2H,0 — 2CO, + 4H,
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Primary by-products from agriculture

Crop Category Crop Main Primary by-
product products
Leafy SICINE

Million ton dry matter

= Sugar Crops Sugar beet 18.1 7.3 -
c
- Potato 12.9 8.8 -
E Wheat 975 : s26  Total production:
5 Starch Crops Barley 48.2 - 408 322 Mton
3, Maize 438 : 745 Total by-products:
E § Other cereals 25.7 - 18.3 328 Mton
=k Rice 2.3 - 1.7
=) Grapes 12.7 - 10.9 )
(;% Apples 1.7 - 2.0 Potential Hzi
A Other Food Crops  Other fruits 3.6 - 15.1 13 Mton annuallv
8 Vegetables 54 7.3 -
Oil seeds 9.4 - 40.3
(%]
§' Sugar Crops Sweet sorghum 19.5 4.9 7.8
2
0 Lignocellulosic Miscanthus 21.6 5.6 -
L crops
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Total cost and suitability of biomass

2 Total cost and technical suitability
c
o Low TSI ! High TSI
= Reed C
5 10 L RO LAY G O Miscanthus
c
3 < . 0
® 5 ° ° ’ Wheat grain
R Sugar beet 1 L ‘ Potato steam
o S g t épeels
S = | (high starch)
g > . Cakrrot press | Potato steam peels _ ggqar
= cake (low starch) "
5 | juice
2 6 Brewers grain @- Wheat
9 Low Cost wet ] NITSGIMIE Low Cost
o Low: TSI High TSI
2 5
O
3 0,7 08 0,9 1,0 1,1 o 5th
O TSI o 2 t/h
Z (yield, mobilization, fermentability, co-products) o:1th
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Biomass selection

 Selected biomass for HYVOLUTION:

Sugar beet Potato steam peels Wheat bran Barley straw
sucrose starch starch and lignocellulose
lignocellulose
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Biomass pretreatment

Experimental parameters:
-acid/ alkaline
-temperature(s)

-duration

-enzymes

High solids, conical screw reactor

I I; [volution
oy ;




Fermentability test: production of acids
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Wheat bran hydrolysate

Sugar beet juice 'sugar] (g/L) Barley straw hydrolysate
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WP 2 THERMOPHILIC FERMENTATION

AlIM

« Maximum efficiency in conversion of biomass feedstocks
to H, through cost-effective, stable, optimized

thermophilic fermentation

I:)H2

Cco,

T *_Yield
Sugar type & Productivity
[Sugar] FTAT

Nutrients g@ 10 Molasse g/L
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C. saccharolyticus on molasses

100 | ! 4

~NH#

, in off-gas
S

N
|

orgO '

N
|

% H,

time (days) time (days)

® acetate © lactate @ ethanol A sucrose & OD580 € H, ¢ co,

Qu, =0.032g L h!
Y, =28

H
Sui)strate conversion efficiency = 70%
C-balance = 0.83
Sucrose consumption = 94%
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tor development
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Continuous H, fermentation using thick juice

HRT (h)
Sucrose (g/L)

W
(@)

N
o

Productivity (mmol/L.h)

10

Yield (mol H,/mol hexose)
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Fluidized bed bioreactor from WITS at FBR
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Physiology of C. saccharolyticus

\ prgi 'gIUcose
Transcriptomics B o y
. iy
Proteomics B~ . fructose %_ni:f}.—:,
Metabolic model SR Shbge s
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Outdoor continuous photofermentation

Aachen Ankara

Internal cooling

METU Technogrow -RWTH



Energy demand for gas upgrading

Pr—— CO;

H,/CO,
—

absorbent

absorbent

Absorption

loaded

Pump

Desorption

q
weep+CO,
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40% | -

—4—Membrane contactor Experiment (MEA)
=+ Membrane Contactor (K2CO3 + Piperazine)
—i—\/SA without drying
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—_—
S
1
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Gas analysis

» Use of electrochemical H,-sensors
(measuring range: 0-5%; ~ € 500 / sensor );

* Inclusion of state-of-the-art sensors (CO,, CH,, O,, H,S) in
separate channels

» Development and construction of dilution device

Air

Waste

Sample i
Sample chamber Pump
v = 1/30 . .

H,-Sensor

e 2 &
Hydrogen sensor Automated dilution device




Integration options

R Nt

Heat integration

Feedstock

Gas

-

upgrading

Biomass Thermophilic Photo
pretreatment (  fermenter fermenter y
L \J‘k »
- , ”/
| \

External recirculation Internal recirculation
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Heat integration
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WP 6 SOCIETAL INTEGRATION
One of the AIMS

* |dentification of environmental impacts
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Methodology

Eco-indicator 99

Dramage to
mineral and
nssil resources
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LCA of molasses as feedstock

Environmental impact
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Blue print fora 2 MW HYVOLUTION plant

STAND ALONE HYDROGEN PLANT WIEDEMANN POLSKA @
PRETREATMENT OF STARCH—CONTAINING RAW MATERIAL (SCRM) T —
THERMOPHILIC FERMENTA TION
- I T

weapgn E‘Ii,+ |i+ H__._,ﬂ'

— e R

TF—1 INOCULATION INSTALLATION TF—12 THF LIGUID PUME TF—23 KOH INECTION STATION
TF—2 BACTERIA CULTURE PLUP TE—13 THE LIGQUID COOLER TE—24 DOSING KOH PUME
TF—5 MIXING TANK TE—14 SECIMENTA TION/DEGASSING TANK  TF—25 BHOSPHATES INECTION 5TATION
TF—6 DILUTED JLFCE PLIMP TF—15 BIOMASS SUSPENSION PLIP TF—26 DOSING PHOSPHATES PUMP
TF—7 DILUTED JUCE HEATER IF—18 FILTER () LEVEL TRANSDUCER PRESSURE CONTROL
TF—8 ACID INJECTION STATION TF—17 THF LIGUID PLMP (T} TEMPERATURE TRANSDUCER FLOW CONTROL
TF—5 THERMOPHILIC FERMENTATION REACTOR  TF—18 WATER MEATER Pl PRESSURE TRAMSDUCER FLOW RATIO CONTROL
TF—10 LIGUID TAMK AFTER THF TF—19 WASTE SIOMASS TANK @ FLOW TRANSDUCER INVERTER
TF—11 CIRCULATION FUMP 720 DOSING ACID PUMP (L) LEVEL CONTROL o] ANALIZER pH

21 FILTRATE TANK (05) TEMPERATURE CONTROL ANALIZER OXYGEN

[F=22 FILTRATE PUME Scheme Thermophilic Fermentation; PO-HP—=SA—CT—TF

.




Current state of the art and outlook

Scenario’s

Base case | Longterm case: >2030 | Current HYVOLUTION data

Thermophilic fermentation ~ Glucose Biomass Thick juice?  Molasses 2
Substrate (g glucose /L) 13 40 7.5 10
Yield (% of maximum) 67 85 88 60
Productivity (mmol H,/L.h) 5.4 953 29 17
Stripping CO, - ~N, N,




Current state of the art and outlook

Scenario’s

Thermophilic fermentation

Base case

Glucose

Longterm case: >2030

Biomass

Current HYVOLUTION data

Thick juice

Molasses 2

Substrate (g glucose /L) 13 40 7.5 10
Yield (% of maximum) 67 85 88 60
Productivity (mmol H,/L.h) 5.4 953 29 17
Stripping CO, - ~N, N,
Photofermentation Acetate DFE DFE3 DFE*
Substrate (mM acetate) 40 120 +40 +40
Yield (% of maximum) 50 85 67 91
Productivity (mmol H,/L.h) 0.33 3.3 1.5 1.1

. CFTB; 2. CSTR; 3:Hup mutant; “: Wild type
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Future hydrogen production costs

Cost breakdown into process steps.
Long term case

Base case >2030
Cost (€/kg) Cost(€/kg)
Raw material (PSP) 1.19 0.70
Pretreatment 1.74 1.23
Thermophilic fermentation 6.07 1.47
Photofermentation 8.78 1.37
Gas up-grading 2.15 1.37
Total production cost 19.93 6.14
Critical parameters from cost-point of view:
-thermophilic fermentation productivity and hydrogen removal
-photofermentation productivity and bioreactor design
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Thank you for your attention

Join us in greening the HyWay!
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