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1 . The Role of Biofuels for Germanys “Energiewende”

e Situation of Europe’s gas supply
e Gaps to fill by means of Biofuel

2. State-of-the-art of Biofuels and Second Generation Fuels

* Methanation of Biomass

* Other synthetic Energy Carriers
* Key Technologies for Second Generation Fuels
3. Hydrogen and Second Generation Fuels in Bavaria

* Gasification Research (Biomass Heatpipe Reformer)
* Bavarian Hydrogen Center (BHC)

* Hydrogen and Methanation projects at the
Chair of Energy Process Engineering

4. Research Needs and Opportunities

* Qutline for a Joint Research program
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1 . The Role of Biofuels for Germanys
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Energiewende

“‘Energiewende”

|
' * Situation of Europe’s gas supply
‘I J * Gaps to fill by means of Biofuel
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Upcoming Role of Biofuels in the Energy sector

Biofuels. ..
* ...have to substitute fossile fuels in order to improve security-of-supply

Folie 4
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Situation of Europe’s
gas supply

* Reserves-to-production ration is
8 years for Europe and 10 years
for the USA (status 2012)

* Europe will depend completely
on Russian natural gas supplies

Folie D
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Situation of Europe’s
gas supply

* Reserves-to-production ration is
8 years for Europe and 10 years
for the USA (status 2012)

* Europe will depend completely
on Russian natural gas supplies
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Situation of Europe’s
gas supply

Possible Solution

* Substitution of natural gas with

Biomass
* Methanation makes Biomass
transportable
* Biomass may be used
in urban areas with high

efficiency due to favorable
conditions for CHP and 4 K o
without fine dust 5 =5 7
emissions o ] ‘ -
L~ h (.-_J’
Eﬂsﬂ =P ] —
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Situation of Europe’s
gas supply

Possible Solution

* Substitution of natural gas with
Biomass

* Methanation makes Biomass
transportable

* Biomass may be used
in urban areas with high
efficiency due to favorable
conditions for CHP and
without fine dust
emissions

Folie 8
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Upcoming Role of Biofuels in the Energy sector
Biofuels...

* ...have to substitute fossil fuels in order to improve security-of-supply
* ... shall back-up increasing shares of wind and photovoltaics (PV) with highest flexibility

Foie 9
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IN GermanY- . * Increasing the share of wind and PV requires affordable and
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Upcoming Role of Biofuels in the Energy sector

Role of Biofuels Biofuels...

* ...have to substitute fossil fuels in order to improve security-of-supply

* ... shall back-up increasing shares of wind and photovoltaics (PV) with highest flexibility
* ... have to use existing infrastructures
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and storage capacities

Natural gas grid
2170 GWh

(4] p - ; /..
'y Reference: pumped storage
 [)- pump g

hydro power stations
1 Mio. electrical vehicles ~ in Germany
10 GWh 40 GWh
g J
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Liquid fuel
2500 GWh

Quelle: M.Specht, Kraft-Wérme-Kopplung mit
Biomasse, Augsburg, 10.03.2010
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2 . State-of-the-art of

Biofuels and Second Generation Fuels

e Methanation of Biomass

e Other synthetic Energy Carriers
o Key Technologies for Second Generation Fuels

Folie 12
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Examples for
Second Generation Fuels: Substitute Natural Gas
(SNG)

! Step: * Production of synthetic ,natural gas" from
Wn%l P biomass ("Methanation")
gasification 0
asification
CH,0, + H,0 J >CO+ 3H,+ co,H,0, et o
(Biomass)
CO CH,
<+ 3 0 hydrogenatio.rz + HO
CO,, ...
hydrogen heat
2. Step:
Methanation

Foie 13
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Examples for
Second Generation Fuels:
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* Polygeneration® is
particularly interesting...

Technologies

Co, \’ + 4H20

cO D+ 3H, )

syngas

co Pt 2210

2c0 (Pt 41, O
snygas
%

Carbazol

B

=~ CH, O +2H,0  +heat
~ CH, O + H,0  + heat
Substitute Natural Gas (SNG)
T = =
Biomass-to-Liquid (BtL) + heat
> D/methylether (DME) +2H,0
»Synthetic fuels*
~energy carriers”

further examples: hydrogen, alcohols, ammonia...

www.evt.cbi.uni-erlangen.de
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Key Technologies for
Second Generation Fuels:

. Gasification 2. Gas cleaning 3. Synthesis

* Syngas production * Syngas cleaning * Synthesis Second
* Hydrogen production Generation

Fuel
Raw gas N
; \ ’a | ‘
g \) * Particle removal Catalytig |
« Desulphurization synthesis
with defined

* Tar scrubbing

» Conditioning pressure and
stochiometry and temperature /
excess steam /]

Biomass

Folie
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3. Hydrogen and Second Generation Fuels
In Bavaria

e (asification Research (Biomass Heatpipe Reformer)
e Bavarian Hydrogen Center (BHC)

e Hydrogen and Methanation projects at the
Chair of Energy Process Engineering

Foie 16
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Process chain for Second Generation Fuels

Reaction equation for the methanation of
Bavarian Projects biomass: (CH 1,3700,6 1)

1. Option: oxygen
with autothermal ol
Oxygen gaSIflcatlon CH1,37OO,61 + 0,3525 02 —_— > 0,3425 CH4 + 0,6575 C02
Wlth allothermal CH1,37OO,61 + 0,3525 Hzo —> 0,51875 CH4 + 0,48125 C02
steam gasification .
2. Option: steam

Thermal
gasification
(Reforming)

\
co,

Gas cleaning Synthesis Sequestration

Foie 17
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Agnion
Heatpipe-Reformer,

G aS iﬁ Cati 0 n Pfaffenhofen, D

. Biomass HKW
Technologies Gissing AT
Steam Sasolburg factury

Quelle: www.sasol.com

gasification

—

* Entrained flow,
* Dual Fluidized Bed gasification

fixed bed-,
* Applied for biomass only fluidized bed
* Small- and medium-scale plants gasification

* Large-scale plants

SNG-Anlage, CPI Xinjiang Energy Co.
Ltd, Yili City Xingjiang, China,

8 x 500 MW Siemens SFG-500 coal
gasifier, comissioning 2014

e 18 Oxygen gasification
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500 kW agnion
Heatpipe-Reformer pilot
fuel ®
steag i S
L o
syngas S
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flue
gas~
| fluidized bed S
iy gasification ®
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combustion el | .
L) combustion
5l chamber
Karl, J., Biomass heat pipe reformer—design and performance of an indirectly heated
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coie 19 steam gasifier Biomass Conversion and Biorefinery: Volume 4, Issue 1 (2014), P 1-14
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Performance of the 500 kW agnion
Heatpipe-Reformer pilot
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Karl, J., Biomass heat pipe reformer—design and performance of an indirectly heated a gn IoNe -

foie 20 steam gasifier Biomass Conversion and Biorefinery: Volume 4, Issue 1 (2014), P 1-14
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Performance of the 500 kW agnion
Heatpipe-Reformer pilot

by-the-way- .
approx. 200 k€ Bavarian

seed funding created
70 jobs
« 20 M€ tax income

Karl, J., Biomass heat pipe reformer—design and performance of an indirectly heated

coie 21 steam gasifier Biomass Conversion and Biorefinery: Volume 4, Issue 1 (2014), P 1-14
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Process chain for Second Generation Fuels

Bavarian Projects biomass: (CH, ,3700,61)

with autothermal
oxygen gasification

with allothermal
steam gasification

* Reaction equation for the methanation of

(Factor 2,9!)

... 2,25 CO, per CH,

CH1,37OO,61 + 0,3525 02 —_—> 0,3425 CH4 + 0,6575 C02

CH1,37OO,61 + 0,3525 Hzo —_—> 0,51875 CH4 + 0,48125 C02

... 0,92 CO, per CH,

Thermal
gasification
(Reforming)

Folie 22
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Gas cleaning Synthesis Sequestration

www.evt.chi.uni-erlangen.de



H Regional Leaders Summit, RLS Energy Network, Western Cape (ZA), 12 March 2014

FRIEDRICH-ALEXANDER
UNIVERSITAT _
ERLANGEN-NURNBERG

CHNISCHE FAKULTAY

EU Project

2. B
CO,freeSNG 2.0 T L
Objectives P & R

‘.
|
.

oot ‘

i e - AT
N BT A MR W W i

* Substitute Natural Gas from Lignite (catalyst
screenings, raw gas cleaning, process
integration)

* Basic design 50 MW Heatpipe-Reformer

* with integrated sequestration of CO,

“

=,

' _
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rm

) WRd
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' BMWN AUNAE ¥

o —
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Hot Gas Cleaning
and Methanation

Allothermal
Fluidized Bed
Gasifier

Gas Mixing Panel

Folie 23
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Process chain for Second Generation Fuels

Bavarian Projects biomass: (CH, ,3700,61)

* Reaction equation for the methanation of

with autothermal
oxygen gasification

with allothermal
steam gasification

CH1,37OO,61 + 0,3525 02 —_—> 0,3425 CH4 + 0,6575 C02

CH1,37OO,61 + 0,3525 Hzo —_—> 0,51875 CH4 + 0,48125 C02

Thermal Hvd
gasification Gas cleaning y drogfen
(Reforming) production

Foiie 24

Department Chemie- und Bioingenieurwesen (CBI) e Lehrstuhl fir Energieverfahrenstechnik e Prof. Dr.-Ing. Jiirgen Karl www.evt.cbi.uni-erlangen.de



FRIEDRICH-ALEXANDER
UNIVERSITAT _
ERLANGEN-NURNBERG

H Regional Leaders Summit, RLS Energy Network, Western Cape (ZA), 12 March 2014

|
II; il
Jeinn
m

|

Bavarian Hydrogen Center

* BHC focuses on the efficient production, storage and
utilization of renewable hydrogen

* so-called “liquid hydrogen

carriers” (liquid organic hydrogen
carrier — LOHC , i.e. Carbazol)

Pr i 0
store large amounts of hydrogen oduction from Efficient
storage

renewable

without losses at ambient conditions.
sources

Bavarian
33 1§ 8 Hydrogen
Center

Folie 25
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Bavarian Hydrogen Center

* BHC focuses on the efficient production, storage and
utilization of renewable hydrogen

* so-called “liquid hydrogen - / m
carriers” (liquid organic hydrogen b |

carrier - LOHC , i.e. Carbazol)
store large amounts of hydrogen

‘ Strom
without losses at ambient conditions. Sr— l
* a functional storage facility = |y |
will be revealed as part of el ;
a demonstration system centienms fr LWL~ |

Carbazol

Bavarian
\:3/;§ 8 Hydrogen
Center

Folie 26
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Bavarian Hydrogen Center
Work package

* Heatpipe-Reformer 2.0 @ EVT with : y
s - ,Production of Hydrogen

in-situ hydrogen separation

Bavarian Projects hiomass H, CO, CO,, H,0 etc.

hydrogen permeable
membrane (z.B.
PdAg)

porous filter tube

s
Folie 27
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CHNISCHE FAKULTAY

4. Research Needs and Opportunities

o Qutline for a Joint Research program

Folie 28
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Research needs for Biofuels in the Energy sector
(example: methanation)

* there are many technologies and route options still to be developed
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—ga\. Do we need another joint
" research program?

If there's a gap between academic research and public policies...
pportunities , _ : :
* ... do academics fail to comply with public needs?

* ... do policy makers fail to comply with scientific insights realizations?

— Purpose of this section: bridging the gap between academic research and public policies
and drafting of a joint research program for the partner regions

What is needed to gap bridges? —> Communication

Foiie 30
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‘We have to faciliate
the dating process...’

Opportunities |
™ .‘,\

Policy makers favorite type of
communication

Scientists favorite type of
communication

What is needed to gap bridges? —> Communication

Fole 31

Department Chemie- und Bioingenieurwesen (CBI) e Lehrstuhl fir Energieverfahrenstechnik e Prof. Dr.-Ing. Jiirgen Karl www.evt.cbi.uni-erlangen.de



H Regional Leaders Summit, RLS Energy Network, Western Cape (ZA), 12 March 2014

Opportunities

Scientists
communication 2 . O
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TECHNISCHE FAKULTAY

Policy makers favorite type of
communication

What is needed to gap bridges? —~> Communication

Folie 32
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Proposal for a Joint Research Program:

Scientist
* each partner region should finance 1-2 h /(Cg,mfmscatlon 30
PhD student for three years Qo =

* each PhD student shall stay 36 month at
his own university and 2 x 3 months at

an University of a partner region

* all students/instructors should meet once
a year in order to communicate...

Expected outcome:

* Scientific exchange and gain of knowledge

* Lasting personal links between scientists and regions
* Sustainable ond ongoing communication

* New concepts and arguments for policy makers ...

What is needed to gap bridges? —> Communication

Folie 33 O

Department Chemie- und Bioingenieurwesen (CBI) e Lehrstuhl fir Energieverfahrenstechnik e Prof. Dr.-Ing. Jiirgen Karl www.evt.cbi.uni-erlangen.de



