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A rich and evolving history

ECN

shore wind farms

80% of EU off —

60% world wide solar modules

~500 employees

ECN technology
can be found in
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Where we are
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~275
employees

™ Mallinckrodt

~290
employees

\
NG
~370
employees

| Z ECN

~500
employees
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Contents of today

e Biomass & Energy Efficiency
— Program, focus areas & approach

e Challenges related to biomass utilization

e Technological options
— Biomass gasification & refinery
— Gas phase processes

e Your input to ECN

\



)
-
=
=
am
]
>
o0
r
b
=
£3
=]
)
A
<
=
2
=a

1
b o T B




A\
o
Z

Biomass & Energy Efficiency :
six focus areas

Bi Heat
lomass Management

Upgrading

Biomass Gas Processing
Treatment &

Combustion &
Gasification biobased B circular Conversion
economy economy

Liquid Separation &
Conversion



A process approach to
improving energy efficiency
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Focus on heat: ~ 80% of energy consumption is heat

Heat pumps, transformers and storage

v I
v v

Pl: Separation Enhanced Membranes and
Reactions sorbents

Pre-combustion carbon
capture

» Systems analysis and process design <



Markets
Clients & Partners
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e Gas Processing, Syngas Tuning, Refinery, Steel production
e End users, component manufacturers, system integrators
e Public Private Partnerships
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http://www.google.com/url?url=http://www.wisse-worldcom.nl/nl/voor-de-pers/&rct=j&frm=1&q=&esrc=s&sa=U&ei=JA9KVJHVDtPraOmCgZgK&ved=0CBYQ9QEwAA&sig2=mSiBdH_0g8zaNtXcNH_WPg&usg=AFQjCNFlog7472Bfw5mNGsqPfk42beyNXg
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Innovation cycle

Application opportunities

Recognition

/

Implementation

\

Development [ELEEIENN  Exploration

Technology transfer to

) Market consultation
market parties

Joint activities for and with
universities and industries
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Timber storage in Sweden after “Gudrun” storm, 2005, 1 month fuel for SSAB blast furnace
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Various sources of biomass

Biomass = all organic material of non-
fossil origin meant for energy or
chemicals/materials production

energy crops

aquatic biomass
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Biomass vs. fossil feedstock

e Both very diverse!

e Differences in:
— Oxygen content
— Water content
— Ash — dust — minerals

e Two routes to go from biomass to products

— Biorefinery
— Gasification




From fresh seaweed to
chemicals via biorefinery




Organosolv based biorefinery

Solvent
recycling
_ Organosolv Lignin Solvent
Biomass ’ separation separation /
Cellulose Lignin Hemi-cellulose
Bio-based Lignin based Bio-based
Chemicals Bio- Chemicals

or Fuels Polymers or Fuels
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Early markets

Increased functionality Cost reduction
e 15wt% lignin in PU e Phenol-formaldehyde resins
e Higher resistance: perfect for e Same performance
electrical insulation e 100 €/ton cheaper

16
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In three steps
from biomass to products
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Thermal Gas
gasification cleaning
Solid become Removal of tars, Make and purify
synthesis gas particles, sulphur, ... valuable component
like methane, methanol
or AONC
Milena Olga Separation Enhanced
Reactions



MILENA technology

raw
syngas
—» flue gas

gasification .—

combustion

fuel

THERMAX

Sustainable solutions
Energy & Environment

T air

19 steam or COz or ... DAHLMAN <> www.milenatechnology.com


http://www.thermaxindia.com/Home.aspx
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MILENA technology

raw

e Two coupled fluidized bed reactors

syngas
e Gasification (pyrolysis) in a fast fluidization
reactor (~7 m/s) at 700-1000°C
—» flue gas
e Combustion in a bubbling fluidization
gasification —— reactor (~1 m/s)

combustion e ~ 40 kg bed material recycle / kg biomass

feed, this results in 50-70°C temperature
difference between reactors

fuel

T air

20 steamor COs or ...



OLGA Technology

e Tar and particulate removal

DAHLMAN <i»

21 www.olgatechnology.com

raw gas

collector

tar

tar free gas

absorber

regeneration

tar

>



Further gas Methanation
MILENA gasifier OLGA tar removal HDS reactor cleaning reactors

22 70% conversion efficiency from wood to bioSNG
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Products with a higher value

Low gasification temperature (800°C)
e BTX production (90/9/1 wt%)
e First step after tar removal, to simplify down stream methanation

High gasification temperature (>1000°C)
e Complete conversion to syngas
i.e. CO/CO,/ H,
e Perfect feedstock for organic liquids
e But thermodynamic limitations




Thermodynamic limitations

e Conversions hindered chemical equilibria
— Large recycle streams

Recycle

— Complex separator
— Low conversions ,L

— Mediocre single pass yields Separator
— Poor energy efficiency .

— High costs v

[
-

)

e Solution: in-situ removal of one of the products

-

Produei

Ammonia — Methanation — Water-Gas Shift — Reverse Water-Gas Shift —
24 Methanol — Steam Reforming — Condensation - Dehydrogenation
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Separation promoted
Water-Gas Shift
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e Applications in carbon capture and hydrogen production

—
CO + H,0 ©| CO, +U—|‘2_ AH = -41 Ki/mo
¥

In situ removal of ONE reaction product

50

e Normal Reaction Conditions
— Two stage conversion of CO
- 12% —> 3% — 0.5%
— 350-400°C — 180-250°C
— 20-30 bar

40 |

30 f

20

Gas volume fraction composition (%)

0 200 400 GO0 BOO 100C
Temperature ("C)



Membranes and sorbents

T <150°C

Advanced
sorbents

Advanced
membranes

26

HySep®
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The Intensification Step

e Combines the Water-Gas-Shift reaction with sorbent material to
simultaneously produce H, at high temperature whilst also capturing CO,

—Carbonate Formation =

HZ
co, 3 —> H,
— —>
7

Water-Gas Shift: + < CO,+H,

< )
co, €—

< Decarbonisation <

28
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SEWGS advantages

e (Cost-effective sorbent
e Synthetic clay industrially produced
e Robust material

® Low energy consumption for CO, removal

¢ Efficient removal of H,S

e Low steam consumption

e Both high purity CO, and high capture rate, low loss of H,

e Typically 30 - 50% more energy efficient than amine scrubbing
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Sorbent “stress test”

e Stability of the CO, sorbent ALKASORB

— Combined adsorbing and catalytic activity of material for more than 5000 cycles
— No deterioration was observed

Agleal (S yrs)
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Near future ambition

e At ECN laboratory
e 100 kg of sorbents

¢ |n the steel industry
e 100X capacity increase



Dense metal membranes
for hydrogen production




Methane steam reforming Z ECN
at pre-pilot scale

Hydrogen membrane reactor

e Hydrogen production : 2 Nm3/h
e Methane conversion increase > 30%
e 1000 hour long term testing at 7 bar

e Ambition
— Continued testing at high pressure to increase
methane conversion to >90%

HYSEP

Hydrogen Separation Modules




Pre-Pilot membrane testing

e Hysep module 1308
e Membrane area = 0.4 m?
e 13 membranes, 26 seals, L =70 cm

Designed parameter

H, production [Nm3-hl]  4-6

H, max. recovery [%] 30
H, purity [%] >95
T [°C] 450
Pteeq [bar] 21

HYSEP

Hydrogen Separation Modules




From 32% to 99.95% H2 purity

H, [mol%)]
100.00 -
99.98 e
CO, ~ 6 mol%
99967 °\ CO ~ 2mol%
o—e o H,O0 ~ 50 mol%
99.94- T~ H, ~32 mol%
CH, ~10 mol%

HYSE p® 950 1000 1050 1100
Hydregen selbration ModJles

time [h]



Recovery of valuable components
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Valuable components

e Valorizing gases in the steel industry
— CO, H,

® Monomer recovery
— Various

® Propane in the Rotterdam area
— In action!

e Hydrogen recovery from PSA reject
— For hydrogen lean locations

e Many many others

Your input is appreciated! O

e Upcoming workshop in collaboration with ISPT

;._
i1
3
-
7




www.milenatechnology.com
www.olgatechnology.com

www.hysep.com
www.hybsi.com

Jaap Vente, vente@ecn.nl, +31 88 515 8615




