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TNO OVERVIEW



LOCATIONS

Brussel
België

Den Haag
Nederland

Oranjestad
Aruba

Qatar
Doha

Singapore

https://www.tno.nl/en/about-tno/international/


TNO UNITS



MILENA OLGA
A PLATFORM TECHNOLOGY FOR ENERGY AND CHEMICALS

Gasification converts biomass or solid waste into a combustible product gas

After cleaning, the product gas can be used for:

Boiler firing to replace fuel oil or natural gas

CHP generation using gas engines or gas turbines -> high electrical efficiency

Via deeper cleaning, separation and catalytic conversion of the product gas a broad range of biofuels 

and bio-chemicals can be produced

BioSNG, BioLNG

Fischer Tropsch liquids

Methanol and higher alcohols

Hydrogen  

BTX, Ethylene

Etc.
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MILENA TECHNOLOGY
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1 ton/h 2014 (India)

  raw producer gas 

flue gas 

air 

biomass 

pyrolysis 

combustion 

carrier gas Enables solids from combustor to enter pyrolysis zone 
Little amount needed, negligible efficiency penalty 

No chemical function intended 

Fast fluidization regime in riser reactor 
Gas produced, char remaining 

Producer gas acts as fluidization medium 

 

Bubbling fluidization regime 
Solids buffer 

Uniform temperature 
Full conversion 

 

settling chamber 

Bed material separation (>99.9%) from gas 
Char separation from gas 

Separation efficiency independent of solids flow 

 

Solids moving down to combustor 
Contains char 

 

Methane-rich gas, 10-15 MJ/Nm3 
Entrained char will be separated downstream and 

recycled 

 

Downcomer acts as gas seal between the two 
reactors 

 

One vessel: cheap, easy to pressurize 
Only little heat loss 

 
Bed material recycle and energy source for pyrolysis 

 

feedstoc
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OLGA TECHNOLOGY
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Dew points & process choices

TDP ± 450 ˚C

Water dew point ± 80 ˚C

Cooler

Particle separation

cyclone or 

Hot Gas Filter

Tar dew point < 10 ˚C
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OLGA 

Water Quench, 

condenser & scrubber 

(inorganics)

2 000 nm3/h plant 

in France, 2006

2000 nm3/h plant 

in Portugal, 2010

2 000 nm3/h plant in 

India



FEEDSTOCK RANGE & IMPLICATION

Biomass; 43,4

Biomass; 23,6

Biomass; 12

Biomass; 15,5

Biomass; 5,5

RDF; 20,6

RDF; 19,7

RDF; 17,1

RDF; 19,6

RDF; 23

Plastic waste; 7

Plastic waste; 11,7

Plastic waste; 7,3

Plastic waste; 26,4

Plastic waste; 47,6

CO

H2

CO2

CH4

Rest

All values are in vol% 



BIOMASS USED IN GREEN GAS PRODUCTION
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MILENA-OLGA-ESME BENCH-SCALE DEVELOPMENT PLATFORM 

FOR BIOMASS-TO-SNG 

  

 

  

MILENA gasifier OLGA tar removal HDS reactor 
Further gas 

cleaning 
Methanation 

reactors 
1 bar 1 bar 6 bar 6 bar 6 bar 

 

 

MILENA

 

Hot Gas Filter

 

OLGA

 

Condensor

 

HDS

 

HCl / H2S sep.

 

Reformer

 

SNG1

 

SNG2

 

6°C

1 bar  

350°C 

6bar

500°C 400°C 580°C 550°C 500°C 

6bar

450°C 

Steam 

generator

850°C 

1bar

200°C 80°C 250°C 250 °C



Smart combination of endothermal
reforming and exothermal methanation

BIOSNG PROCESS
THE ECN CHOICES AND IP

Gasifier
Tar 

removal Up-
grading

Metha-
nation

CO2 
removal

S 
removal

HDS
Pre-

reformer Metha-
nation

Metha-
nation

Gasifier: Fluidized Bed Gasifier operating at temperature below 1000°C
HDS: HydroDeSulphurization (converting organic S molecules into H2S)
BTX: Benzene, Toluene, Xylene (~90%/9%/1% in case of fluidized bed gasification at ~800°C)

BTX is 
converted

Needed to protect 
reformer catalyst

Little organic-S, but too 
much for reformer

Ni catalyst is not 
able to treat BTX

<10 bar to prevent 
removal of methane

Prevents BTX to 
contaminate CO2

CO2 co-product is clean Starting point: 
existing catalyst 
and technology

HDS also takes care of
C2H4 → C2H6



BIOSNG PROCESS WITH BTX REMOVAL

Gasifier
Tar 

removal Up-
grading

Metha-
nation

Hydro-
genation

BTX Metha-
nationMetha-

nation

Gasifier: Fluidized Bed Gasifier operating at temperature below 1000°C
BTX: Benzene, Toluene, Xylene (~90%/9%/1% in case of fluidized bed gasification at ~800°C)

S and CO2
removal

BTX removal also 
removes organic-S

Mainly ethylene to 
ethane, COS to H2S

Activated carbon guard 
bed is possible now

H2S and CO2 removal 
in one unit

No HDS required!
No reformer required!

Starting point: 
existing catalyst 
and technology



Synova

acquires DRT

ECN became 

part of TNO

OLGA 

licensing

WASTE TO ENERGY 

SYNOVA

-20 -15 -10 -5 Now +5

Lab 

OLGA

Pilot 

OLGA

2000 m3/h 

OLGA Fr

2000 m3/h 

OLGA Pt

Lab 

MILENA

Pilot 

MILENA

MILENA 

licensing

4 MWth

MILENA 

OLGA India

MOJI 

Joint venture 

DRT and ECN

Start up of 1.5 

MWe WtE

Start up of 2.8 

MWSNG AMBIGO



THAILAND PROJECT 6 MWTH → 1.5 MWE



RDF USED IN W2E
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BTX SEPARATION (AND ETHYLENE AROMATIZATION)
(BTX = BENZENE, TOLUENE, XYLENES)

First step after (OLGA) tar removal

Simplifies downstream processing and improves business cases

Proof of Concept: >95% separation, B/T/X = typically 90/9/1

Next step: Process optimisation and piloting

BTX scrubber, 

2 Nm3/h

CO-PRODUCTION OF CHEMICALS/MATERIALS

www.biorizon.eu
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FUTURE FOR W2E

 

MILENA
(conversion)

 

OLGA
(tar + dust)

 

Ethylene 
aromatization

 

BTX 
recovery

RDF
Engine 

application

+ Improved engine efficiency

+ CAPEX reduction on no. Engines

+ CAPEX reduction on flue gas cleaning

+ Additional income from BTX

+ BTX as storable energy to balance grid

− Additional CAPEX upfront

− BTX liquid as product / storage



FUTURE OF IMPURITIES
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Waste is a feedstock without a purpose



FUTURE ROLE OF GASIFICATION



Fixed bed reactors for
SNG synthesis

BIOFUELS LABORATORY AT ECN>TNO

MILENA 
Gasifier

OLGA tar 
removal

Steam 
generator

Hot gas 
filter

<6 bar

HDS
Sulfur 

removal
BTX 

scrubber

Reformer WGS

100 bar

CO2 

removal

Dilute 
Ethylene

Aromatization

gas to afterburnerMeOH synthesis

liquid

dissolved gases

MeOH

H2O

HT

H2
FT-L

dissolved gases

gas to afterburnerFT synthesis

Catalytic Synthesis

Fixed bed 
reactor

Fixed bed
reactor

Slurry 
reactor

Fixed bed
reactor

2lpd



CONCLUDING REMARKS

1. MILENA OLGA is commercial available technology (SYNOVA) for Green Gas production

and for Waste to Energy applications

2. Indirect gasification is a versatile technology feedstock wise and outlet wise

3. Single products lead to sub-optimal value chains

4. Gasification offers the oportunity to valorize the molecular capital in the feedstock

5. The future for gasification is in co-producing energy, materials and chemicals

6. Rethinking boundary conditions helps to come to new processes
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