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Presentator
Presentatienotities
- ECN is the largest, independent, market oriented and innovative Dutch energy research institute  

- ECN investigates and develops technologies and products for a safe, efficient and environment-friendly energy supply 

- ECN bridges the gap between research and real application

- A sustainable development is the guiding principle for all ECN activities
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ECN’s business units

Energy Saving

Energy in the Fnergy Efficiency

Buill Environment T IO

Renewable Energy

Clean Fossil

Ty
Hydrogen &
Clean Fossil Fuels

Engineering & Services
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Why syngas from biomass

* Syngas is a key intermediate product

* Syngas is needed: ~800GW,, installed (mainly fossil)
* Transition from fossil fuels to renewable biomass

* CO, reductions by “green” syngas

* Biomass: only source of renewable syngas/carbon

* Enabling net negative CO, emissions (with CCS)

Gasification 1s key (solid —» gas)

Energy research Centre of the Netherlands www.ecn.nl
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As you saw in the previous slide, syngas is a key intermediate product for a range of different chemicals, products, fuels and other energy carriers. Syngas is a standard product that can be converted in practically all energy carriers and chemicals we use nowadays. Current syngas production is almost completely based on coal, natural gas, petcoke, refinery residues and waste. 

A good way to decrease the CO2 emissions from this production is to make a shift from using renewable biomass in stead of fossil fuels. Biomass is the only renewable source of syngas, because biomass is the only source of renewable or green carbon. In combination with Carbon Capture and Sequestration biomass for syngas production is one few technologies that can have net negative CO2 emissions. Or in other words: by means of syngas production from biomass more CO2 is taken from the atmosphere that there’s put in. 



The key technology for the production of syngas from biomass is gasification. This technology converts a solid material such as woody biomass into a gas. 
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What 1s Gasification?

combustion:
0)

fuel + air (A >1) - flue gas + heat 2%
pyrolysis:

_ 75%
fuel + heat —> volatiles + char

+

gasification: o 09\6 gas
fuel + air (:~0.3) > gas (volatiles) eticie”
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In order to get you in the right spirit, I will explain very briefly what gasification is. Gasification is basically a combination of two reactions. First fuel is combusted with air or O2 into a flue gas. This produces heat. Secondly, fuel is pyrolysed into volatiles and a solid material or char. These two reaction combined are called gasification. About 25% of the fuel is combusted and 75% is pyrolysed. In total the potential cold gas efficiency of this process is about 80%. 
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E-gas

Conoco CRIEPI
Phillips MILENA

Indirect
gasifier

2-stage

i
Gasification Separation Silvagas /

Siemens (co-prod) Gussing

Entrained : Various
Flow Further Fluid bed BEB/CFB

conversion Gasification

Gasification gasifiers

Lurgi’s KBR
9 Transport
MPG

Moving bed gasifier

Gasification

General

. Sasol / Lurgi BGL
Electric

(dry-ash) (slagging)
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One can distinguish two major products of gasification: a syngas, which is mainly CO and H2 and a product gas, which is mainly CO, H2, tars and other hydrocarbons. 



There are various technologies that are used for syngas and product gas production. Here are named the most important. Each of the different gasification technologies have various suppliers. The green colors show which suppliers have developed gasification technology mainly for biomass and the black circles are for coal –related technologies. 
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Sustainable Biomass
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This pile of wood I would like to convert into syngas. This makes you realize what material I’m talking about and what the challenges are. In the next slide I will go into the characteristics of this type of 2nd generation biomass. 
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Choice of gasifier for biomass

* Biomass is reactive: contains O, (CH; ,0,¢)-
» No need for high T, large particles possible

* Biomass contains 80% volatiles
» Volatiles released by heating to low temperature
» No need for high T’s, no O, or air needed

* Remaining 20% is solid, combustible material
» Could be a source of heat

* Biomass is difficult to grind
» NoO severe size reduction
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Biomass is reactive, its molecules are relatively unstable and are easy to break up. 

The volatiles that are contained in the biomass are released just by heating, you don’t need to do more then just heat the biomass to make 80% gas of it. Because the temperature at which the volatiles are released is relatively low, one also does not need external O2 to reach high temperatures. 

The good thing about the remaining 20% solid material is that is a combustible material. You could use it to produce heat. 

Last characteristic of biomass is that it relatively difficult to grind due to its fibrous structure. It takes typically 10% of the energy content of the biomass to grind it a size of 100 micrometers. 



One can make full use of all these characteristics by using indirect or allothermal gasification. In the next sheet I will explain how principle of the gasification technology works and how we translated it into technology. 
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Indirect Gasification: principle

* Large reactive particles: fluid bed

* 80% volatiles by heating: only use heat in 1 reactor
* L ow temperature: no O, plant, fluid bed

combustion:

air(.>1) - fluegas + heat
1\

\

Pyrolysis -Combustor
pyrolysis: \ heat
fuel + heat > volatiles + T !

fuel Alr
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Indirect Gasification: Milena [ > lowN

product gas

No O, plant, N, free gas

1 reactor
Cold Gas Efficiency: 80% (LHV, incl. tar)

Full carbon conversion —P flue gas

Uses biomass chips

Tars: 40 g/Nm?3 (mostly naphthalene, 50%

pyrolysis _—
unknowns) in riser
* T riser. ~850°C, combustor: ~920°C,
e P:~1.1 bara BFEB
_ _ combustor
* Control parameters: sand circulation;
~40kg/kg biomass biomass

combustion air

carrier gas (steam, COy)
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Let me briefly explain how the Milena technology works. Biomass is inserted in the red zone which is called the “riser”. On its way up biomass is pyrolysed which means that the volatiles are driven out the solid biomass. The char that is formed falls back through the funnel en and is burned in the bubbling fluidized bed reactor. This combustion provides the heat of the pyrolysis in the riser. Heat is transferred by circulating hot sand. This sand is heated up in de combustion zone, goes into the riser and give of its heat to the biomass. At the top of the riser it falls back through the funnel in the BFB bed. Only for biomass the amount of char, which is 20% gives enough energy to relase the 80% volatiles in the biomass. The temperature is mostly a results of this equilibrium. 

http://www.milenatechnology.com/
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MILENA product gas characteristics (1)
LHV% Vol% (wet)

C2H4 C2H6 H20
C2H2 C6H6 N2
15% 1% % 31%

CO2
CH4 18%
29%
C7H8
0%
cario 2H2 CH4 H2
+ TarS ! H2 0% C6H6 C2H4C 290

25% 1% 3% 0% 8%

LHV (wet) = 9688 kJ/Nm?3

LHV (dry) = 14278 kJ/Nm?3

* Optimization to less hydrocarbons is possible!
Less CH,, less tars
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Water is also formed in Milena as a reaction product. Of course also because the biomass contains moisture.
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25kW lab scale gasifier 800kW iIot scale gasifier
e 5 Kkg/hr of biomass e ~150 kg/hr of biomass
e ~1500 hours of operation * Recently started up Photos by Jasper Lensselink
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Plans at Dutch waste incinerator plant (HVC)

50MW,, 10MW,, Potential for
Milena SNG  Milena CHP S"tgssti:]ee}m
Plant in 2015 Plant in 2012 g

N / -
s e I.lr". oL A : A - =y
i b XL Ry = YRR, —
Ky fRl Ahae Y s PR =
Energy research Centre of the Netherlands www.ecn.nl



ol

LA

=z

c

\\\\D

Milena for syngas production systems

» Convert HC's without

* High T preferred
g P soot formation

« Part tar removal . 0) I
) » Handle low amounts 1 100 A) SyngaS Ilne
* HC’s conversion of tar
* Dust removal « Catalytic or O,
* S removal CO Transport
4 Reformer Fuels
H2 \
Chemicals
Milena Tar removal CO
H2 Electricity
CH,
Gas C,H,
cleaning C,H, SNG
* Full tar removal, « S removal C2H6
* Low T possible « Cl removal C6H6
. C,H
Olga * some HC’s 8 _
* Dust removal removal 2: Syngas + HC'’s line
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Milena could be used for 2 lines of “syngas” production. The top line is the line in which all hydrocarbons are converted into CO and H2 and is called the “pure syngas line”. In the bottom line the hydrocarbons are not converted but remain in the gas. This is called the “syngas and hydrocarbons” line. The demand for the tar removal or reduction is different for each line. 



1. In the top line the tar removal is preferred at high temperatures because the reformer that is placed downstream also operates at high temperature. Also should it remove most, but not necessarily all tars. It should preferably remove dust and sulphur. 



2. The tar removal in the bottom line needs to remove more tars, because of the gas cleaning step afterwards. Gas cleaning is generally at lower temperatures, so tars could condensate. Also should it preferably remove dust. The gas cleaning can remove components such as sulphur and chloride. Typically, components that can harm catalysts further downstream. Within this line, ECN currently focuses on the production of Synthetic Natural Gas from biomass. This has a on of the highest overall biomass-to-product efficiencies. 



The product of the top line, syngas, can be used for all applications in the yellow boxes. For example new molecules can be made from the CO and H2 in a catalytic process. The bottom line produces half syngas, half other hydrocarbons. The line for the production of SNG has a highest efficiency. Besides SNG, one could also think about using a FT-unit where the CO and H2 is converted into a wax and the other hydrocarbons in for example SNG or electricity. Perhaps a selective separation of components would also be possible. Especially for components with a high value such as ……. The bottom line is suited for SNG and co-production. 
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gas, tar  (recycled)

System 1: tar removal (TREC) andchar granues

v y

Specifications: vlv
* Good contact tar/char /\

e Sufficiently long: > 1's
e T~900°C i k
* Robust J L —
* | ow P-drop [ lowtar gas

v Vv
Reactor: ‘e
* Moving granular bed filter «v legenda
* Char deposition mainlyontop  \ / |- » char/ash particle

— Gas flow
v

granules with char
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A mixture of product gas, tar and char enters the reactor from the top. The char is catalytically active and is expected to help breaking down the tars. Granules move downwards. The tars, the char and the bed material have a very good contact with each other in the reactor. 
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Experimental results Milena + TREC
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You see here some temperature profiles over the TREC reactor at various points during a test that lasted for 100 hours. The red line shows the pressure drop over the reactor; as you can see there’s a small increase at the end. The pink line represents the outlet temperature of the gas. As you can see this temperature is about 800C which is an excellent entry temperature for a reformer. 



Next to the graph you can see a picture of our lab scale TREC facilities. This one has been combined with our 5kg/hr biomass lab scale Milena gasifier that you saw earlier. 
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Experimental results Milena + TREC

* Tars from 4 to 1-2 g/Nm3

* Tar dew point down to 80°C

* Almost complete reduction of C,H,

* C,H, reduced

* ~80% reduction of thiophenes

* CH, and C;H, remain almost unchanged

* Filter efficiency ~99%

* Particle concentration reduced to <100 mg/Nm?3

* Dust formation due to olivine “milling” in transport

Energy research Centre of the Netherlands www.ecn.nl
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Further test TREC, scale-up, different design?

Would Olga be an alternative? Why is it better than Olga?



Improvement of tar reduction possibly by using “mineral” instead of sand or perhaps the addition of steam. 

mineral improves reduction of all hydrocarbons

granular bed material and size greatly influence downstream particle concentration



Acetylene C2H2

Ethylene C2H2
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Development of both syngas systems

* Develop technology for biomass-to-syngas line
based on Milena

* Investigate co-production SNG and FT / E

* Seek strategic partners for processes in both lines
* Combine syngas applications with Milena demo’s
* Bring syngas technologies to the market.
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We plant to further develop technology for the production of syngas by using Milena gasification. Important ingredients in this development are improvement of the TREC technology and to perform tests with a reformer after TREC. This reformer must be close to existing technology that can handle small amounts of tar.

We also would like to further develop systems for co-production that can make use of our existing knowledge on the gas cleaning and upgrading for the production of SNG. In order to support and complement our knowledge, we actively seek partner for processes in both lines, especially on the reforming and gas cleaning part. 

We’re also actively looking into finding partners to help us develop processes on which we lack knowledge 

After lab and pilot tests at ECN we could test the syngas system for longer periods of time and at a larger scales at the demo plants that are planned to be operational in 2012 and 2015. 

Of course ECN would also like to team up with industry to bring biomass-to-syngas technologies to the market. 
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Conclusions

* Biomass properties suit Milena indirect gasification
* Syngas from biomass is important for CO, reduction
* Milena technology is being scaled up in 2 demo’s

* Milena gasification could be suited for 100% syngas
production and co-production

* High temperature tar removal has been tested on a
lab-scale

* ECN is actively looking for partners for its Milena-to
syngas line

Energy research Centre of the Netherlands www.ecn.nl
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MORE INFORMATION

Ruben Smit

e: r.smit@ecn.nl PO Box 1

t:  +31 224 56 4634 NL 1755 ZG Petten
wW. www.ecn.nl the Netherlands

publications: www.ecn.nl/publications

composition database: www.phyllis.nl

tar dew point calculator: www.thersites.nl

IEA bioenergy/gasification: www.ieatask33.org
Milena indirect gasifier: www.milenatechnology.com
OLGA: www.olgatechnology.com

SNG: www.hioSNG.com and www.bioCNG.com
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