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Report on the
Status of 2nd Gen Biofuels


Report commissioned by IEA Bioenergy Task 39


Objective: 


describe status of commercialisation
of main 2nd gen biofuel technologies
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Scope of Projects


Facilities for the production of 
liquid or gaseous biofuels for transportation
from lignocellulosic biomass
applying either


-biochemical or
-thermochemical or
-hybrid conversion technologies


representing either
-pilot or
-demonstration or
-commercial facilities


being either
-planned or 
-under construction or
-operational
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Data collected


Minimum Data
• Project owner
• Location of the production


facility
• Type of technology
• Raw material
• Product
• Output capacity
• Type of facility
• Status and
• Contact information


Additional Data
• Raw material details
• Input capacity
• Investment sum
• Funding
• Technology brief
• Flow sheet
• Picture of facility
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Method of 
Data Collection


• List all projects we know of


• Contact project owners


• Collate info in database


• Provide overview in internet


• Obtain more responses from project owners
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List of Projects


• Listings provided by
– Task 39 members
– Task 33 members


• Total of 170 projects listed in Nov 2008
• 49 related documents gathered from the web
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Contact Project Owners


December 2008: 
73 companies contacted
individually for detailed data in 
standardised format


+ hundreds of individual e-mail
contacts
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Database and Internet


IT department has
• Constructed/programmed a database
• Developed output as interactive web-based map
• Installed a web-page for the map


Dissemination: 
– ETP Biofuels Conference, biofuels digest, 
– e-mail to Task 39 int and nat AT


more responses from companies


http://biofuels.abc-energy.at/demoplants/
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Achieved:


54 lignocellulosic projects displayed


+ 11 „other innovative technologies“


no response: ~ 30 companies


database ~2/3 complete
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Display of Data


Output 1: 
Interactive Map
online since 2 March 2009


Output 2: 
Report
under elaboration
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Output 1: 
Interactive Map


3 steps


1. Select filter
2. Choose project
3. View details


Iogen Corporation


Ottawa, Ontario, Canada


biochemical conversion of lignocellulosics into
ethanol


demonstration facility, operational, start-up 2004


more information


2


Details   


Project Owner Iogen Corporation  
Location Ottawa, Ontario, Canada  


Technology Biochemical conversion  


Raw Material lignocellulosics, wheat, barley and oat straw  


Input 30 t/d  


Product Ethanol  


Output 1600 t/a; 2 Ml/a  


Facility Type demo  
Status operational  


Start-up 2004  


Technology Brief Iogen technology makes it economically feasible to convert 
biomass into cellulosic ethanol using a combination of thermal, 
chemical and biochemical techniques. The yield of cellulosic 
ethanol is more than 340 litres per tonne of fibre. The lignin in the 
plant fibre is used to drive the process by generating steam and 
electricity, thus eliminating the need for fossil CO2 sources such 
as coal or natural gas. 


Pretreatment: Iogen developed an efficient pretreatment method to 
increase the surface area and "accessibility" of the plant fibre to 
enzymes.  We achieve this through our modified steam explosion 
process. This improves ethanol yields, increases pretreatment 
efficiency, and reduces overall cost. 


Enzyme Production: Iogen has new, highly potent and efficient 
cellulase enzyme systems tailored to the specific pretreated 
feedstock. Iogen already has a worldwide business making 
enzymes for the pulp and paper, textiles and animal feed 
industries. 


Enzymatic Hydrolysis: Iogen developed reactor systems that 
feature high productivity and high conversion of cellulose to 
glucose. This is accomplished through separate hydrolysis and 
fermentation using a multi-stage hydrolysis process. 


Ethanol Fermentation: Iogen uses advanced microorganisms and 
fermentation systems that convert both C6 and C5 sugars into 
ethanol. The "beer" produced by fermentation is then distilled 
using conventional technology to produce cellulosic ethanol for fuel 
grade applications. 


Process Integration: Large-scale process designs include energy 
efficient heat integration, water recycling, and co-product 
production that make the overall process efficient and economical.  
Iogen has successfully validated these improvements within its 
demonstration scale cellulosic ethanol facility. 


 


Contact Person Mandy Chepeka  


e-mail info@iogen.ca  
web www.iogen.ca    
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http://biofuels.abc-energy.at/demoplants/  
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Output 2:
Report


Report Content


1. Introduction / Background
2. Technology Options
3. List of Facilities
4. Detailed Descriptions
5. Conclusions
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Report:
Technology Options


B
io


m
as


s


B
io


-E
th


an
ol







Report:
List of Facilities


Thermochemical Facilities


Company Country Product Output [t/a] Total investment [EUR] Type Status Start-up Year


Chemrec AB Sweden DME; 1.800 28.500.000 pilot planned 2010


CHOREN Fuel Freiberg GmbH & Co. KG Germany FT-liquids; 14.000 100.000.000 commercial under construction 2009


CHOREN Industries GmbH Germany FT-liquids; 200.000 commercial planned 2015


Cutec Germany FT-liquids; pilot operational 1990


ECN Netherlands SNG; 346 pilot under construction 2011


ECN Netherlands SNG; 28.800 demo planned 2015


Enerkem Canada ethanol; 375 pilot operational 2003


Enerkem Canada ethanol; 4.000 demo under commissioning 2009


Enerkem Canada ethanol; 30.000 44.961.141 commercial announced 2015


Flambeau River Biofuels LLC United States FT-liquids; 51.000 149.666.991 pilot planned 2012


Forschungszentrum Karlsruhe GmbH Germany diesel; gasoline type fuel; 608 pilot under construction 2011


GTI Gas Technology Institute United States FT-liquids; 26 pilot under construction 2009


NSE Biofuels Oy, Neste Oil and Stora Enso JV Finland FT-liquids; 656 demo under construction 2009


NSE Biofuels Oy, Neste Oil and Stora Enso JV Finland FT-liquids; 100.000 demo planned 2015


Range Fuels, Inc. United States ethanol; methanol; 300.000 commercial under construction 2010


Research Triangle Institute United States FT-liquids; mixed alcohols; 22 2.245.005 pilot planned 2015


Southern Research Institute United States FT-liquids; mixed alcohols; 880 29.933.398 pilot operational 2008


Tembec Chemical Group Canada ethanol; 13.000 demo operational 2008


Vienna University of Technology Austria FT-liquids; 4 pilot operational 2005


Vienna University of Technology Austria SNG; 576 demo under commissioning 2008
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Report:
Detailed Descriptions
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Report:
Conclusions


Diagram based on data from those companies that have replied; 
worldwide capacities might be ~50% higher


cumulative capacities of facilities
by region and technology
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Report:
Conclusions


Diagram based on data from those companies that have replied; 
worldwide capacities might be ~50% higher


cumulative capacities of facilities
by region and technology
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Report:
Conclusions


Lignocellulosics
worldwide:
~1.4 mio t/a 
planned (2015+)


2006 production
in EU27:
1.2 mio t EtOH
5.0 mio t BD 


cumulative capacities of facilities
by region and technology
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Diagram based on data from those companies that have replied; 
worldwide capacities might be ~50% higher







Dina Bacovsky
dina.bacovsky@bioenergy2020.eu


http://biofuels.abc-energy.at/demoplants/  







Core element for the 
development:
• Varieties
• Yield
• Availability
• Properties
• Production systems
• Cost reduction
• Greenhouse gas 
emissions
• Fertilizer  


• Cost reduction
• Densification 
(pelleting, 
briquetting, 
torrifaction …) 
• Just in time 
delivery
• Quality 


Standardization


Distribution systems
Biofuels use
• in existing engines
• In 2020 engine 
technologies
• In 2050
Costs 
Emissions
Durability and 
maintenance


!!!
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!!!
!!!


!!!
!!


R&D Needs








1 ECN – 2009


TWO WORLDS MEET


small/upscaling large
renewable fossil
new/R&D existing
institute/idealist multi billion$ companies


gasification cleaning synthesis application


atmospheric pressurized
efficiency reliability







2 ECN – 2009


OLGA
tar removal


� complete tar removal
� complete dust removal
� no methane reduction
� tar recycle to gasifier
� no water condensation
� fits many types of gasifiers


� the bridge from biomass-
specific to “conventional”
gas cleaning!?
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3 ECN – 2009


OLGA
tar removal


2 m3/h 200 m3/h 2 000 m3/h 25 000 m3/h 


www.dahlman.nl
www.renewableenergy.nl







4 ECN – 2009


TWO WORLDS MEET


gasification cleaning synthesis application


will this remain
biomass-dedicated
or shift to coal/NG-


based?


will Uhde, Lurgi, 
HT, BASF, … shift 


to the left?


will this remain or
change to non-
conventional?
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Fuel production from biomass-derived syngas
within the bioliq®-process


IEA Bioenergy Agreement: 2007-2009
Task 33: Thermal Gasification of Biomass


First Semi-annual Task Meeting 2009
May 13-15, 2009, Karlsruhe, Germany


Ulrich Arnold, Manfred Döring, Nicolaus Dahmen, Eckhard Dinjus
Forschungszentrum Karlsruhe GmbH


ITC-CPV
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A   Biofuels: An overview
A1   “Non-methanolic pathways“
A2    Production of biofuels via methanol (MeOH)


B   The bioliq®-process


C   Fuel-production within the bioliq®-process
C1   Methanol (MeOH) and higher alcohols
C2   Dimethylether (DME)
C3   Methanol-To-Olefins (MTO)
C4   Dimethylether-To-Olefins (DTO)
C5   Methanol-To-Gasoline (MTG)
C6   Methanol-To-Synfuels (MTS)
C7   Fischer-Tropsch processes


Content
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Dimethylether Methanol Ethanol


ETBE


Pure vegetable oil


Biodiesel


Methane


HomologationDehydration
OlefinsGasolineDiesel


Methanol-To-Olefins (MTO)


Methanol-To-Gasoline (MTG)


Methanol-To-Synfuel (MTS)


Hydrogen


MTBE


Reforming


Isobutylene


Conversion-of-Olefins-to-Distillate


Isobutylene


Transesterification of rapeseed oil with methanol


Squeezing or extraction


Fischer-Tropsch-Synthesis (FT-Synthesis)


HydroThermal Upgrading (HTU) + HydroDeOxygenation (HDO)


Hydrogen


Fermentation of sugars and starch


Degradation of (ligno)cellulose + fermentation


Anaerobic digestion


Hydrothermal gasification


Fermentation


Water gas shift reaction


Methanization


ABE-Fermentation
Butanol


Pyrolysis


Gasification


Syngas


Pyrolyzate


Biomass


Wastes


etc.


CO, H2, CO2, H2S, COS, NH3 etc.


Direct synthesis Low temperature synthesis Direct synthesisCOD


© Dr. Ulrich Arnold


Direct gasificationUnregistered PLTA Biofuels: An Overview
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Syngas Dimethylether


Ethanol + Higher Alcohols


Methane


Hydrogen


n CO + (2n+1) H2


Olefins


FT wax


α-Olefins


CnH(2n+2) + n H2O
Fischer-Tropsch process (FT):


High-Temperature process (HT-FT)


Low-Temperature process (LT-FT)


Modified FT processes


Direct synthesis: 3 CO + 3 H2 CH3OCH3 + CO2


Direct synthesis: n CO + 2n H2 CnH(2n+1)OH + (n-1) H2O


Methanization: CO + 3 H2 CH4 + H2O


Water gas shift reaction: CO + H2O H2 + CO2


Diesel
COD


Gasoline


Gasoline


Diesel


Hydrocracking


Diesel
COD


Unregistered PLT


A1 Production of biofuels via syngas:
“Non-methanolic pathways“
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A2 Production of biofuels via methanol (MeOH):


Processes and some involved companies


Syngas MeOH


EtOH + Higher Alcohols
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A2 Production of biofuels via methanol (MeOH):


Processes and some involved companies


Syngas MeOH DME
(TOTAL)


EtOH + Higher Alcohols
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A2 Production of biofuels via methanol (MeOH):


Processes and some involved companies


Syngas MeOH DME Olefins
(TOTAL)


MTO (UOP) 


EtOH + Higher Alcohols
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A2 Production of biofuels via methanol (MeOH):


Processes and some involved companies


Syngas MeOH DME Olefins Fuel
(TOTAL)


MTO (UOP) 


MTS (Lurgi, Südchemie)


MTG (ExxonMobil, Haldor Topsøe)EtOH + Higher Alcohols
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A2 Production of biofuels via methanol (MeOH):


Processes and some involved companies


Syngas MeOH DME Olefins Fuel
(TOTAL)


MTO (UOP) 


MTS (Lurgi, Südchemie)


MTG (ExxonMobil, Haldor Topsøe)


Fischer-Tropsch


Sasol


Shell
BASF


EtOH + Higher Alcohols
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A2 Production of chemicals from methanol


Direct formation from syngas is also desirable


   
      Oxidation by O2; Ag- or Cu-based catalysts 
               


Formaldehyde 


                
     Reaction with CO; Catalyst: Sodium methoxide 
               


Formic Acid 


                
     Reaction with NH3; Catalyst: Al2O3 
               


Methylamine 


                
     Carbonylation; Rh-based catalysts 
               


Acetic Acid 


 


            Methanol 
            


 


     Homologation with syngas; CuCo- or MoS2-based catalysts 
               


Ethanol 


                
     Reaction with isobutylene 
               


Methyl-tert.-butylether


                
     Dehydration; Catalysts: Al2O3/Zeolites/Heteropolyacids 
               


Dimethylether 


                
   


 


  MTO, MTP; Catalysts: Silicoaluminophosphates or zeolites 
                


Ethylene/Propylene 


       Current activities at FZK 
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Step bioliq® I bioliq® II bioliq® III bioliq® IV 
Process Fast Pyrolysis Syngas Generation Syngas Conditioning and 


Synthesis of MeOH/DME 
Fuel Production 


Technology Twin Screw Reactor Entrained Flow 
Gasification 


Gas Cleaning: Rectisol 
Low Pressure Methanol Synthesis 
and/or Direct DME Synthesis 


MTS or MTG* 


Main product bioliqSyncrude® Syngas Methanol and/or DME Gasoline and/or Diesel 


Status Completed Advanced Planning 
Stage 


Involved FZK, Lurgi FZK, Lurgi 


Planning Stage Planning Stage 


*Methanol-To-Synfuel, Methanol-To-Gasoline 
 


B The bioliq®-process: Current status


Sponsored by:


In cooperation with:
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B The bioliq®-process: Timetable
 


 2005 2006 2007 2008 2009 2010 2011 2012 2013 


Application                                     


Design                                     


Installation                                     


Step 1 


Starting                                     


Application                                     


Design                                     


Installation                                     


Step 2 


Starting                                     


Application                                     


Design                                     


Installation                                     


Step 3 


Starting                                     


Application                                     


Design                                     


Installation                                     


Step 4 


Starting                                     
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B The bioliq®-process: Technologies and scale 
 


bioliq® III 
Syngas Conditioning and 
Synthesis of MeOH/DME 


Step Start 
Conditions 


bioliq® I 
Biomass 
Pyrolysis 


bioliq® II 
Syngas 
Generation 


bioliq® IIIa 
Syngas 
Conditioning 


bioliq® IIIb 
Synthesis of 
MeOH/DME 


bioliq® IV 
Fuel Production 


Technology – Fast Pyrolysis Entrained Flow 
Gasification 


Rectisol 
+ Sweet CO-Shift 


Low Pressure 
Process 


MTGa MTSb 


Dimensioning – 2 MW 5 MWc Max. 1000 Nm³/h 5 MW 5 MW 5 MW 


Volume Flow 
 


2.44-7.69 
m3/tLCAD


d,e 
0.59-0.68 
m3/tLCAD 


Max. 1000 Nm³/h 
Syngas 


Max. 1000 Nm³/h 
Syngas 


268 l/h 
Methanol 


Max. 100 l/h 
Gasoline 


Max. 100 l/h 
Fuel 


Mass Flow 
 


∼ 500 kg/h 
Biomass 


∼ 333 kg/h 
bioliqSyncrude® 


∼ 490 kg/h Raw gas ∼ 212 kg/h 
Methanol 


∼ 76-82 kg/h 
Gasoline 


∼ 86 kg/h 
Fuel 


Percentage 
Energy Content 


∼ 100% ∼ 88% ∼ 70% ∼ 60% ∼ 45% ∼ 45% 


aMTG = Methanol-To-Gasoline; bMTS = Methanol-To-Synfuel; cSecurity aspects and scale-up options; dE. Henrich, N. Dahmen, E. 
Dinjus, Biofuels, Bioprod. Bioref. 2009, 3, 28-41; eLCAD = Ligno-cellulose (air-dry) 
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C Fuel-production within the bioliq®-process:
Activities at Karlsruhe Research Center


Syngas MeOH DME Olefins Fuel


EtOH + Higher Alcohols
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Syngas MeOH DME Olefins Fuel


One-step synthesis of DME 


EtOH + Higher Alcohols


C Fuel-production within the bioliq®-process:
Activities at Karlsruhe Research Center







Dr. Ulrich Arnold (ITC-CPV) 29.04.2009


KIT – The cooperation of Forschungszentrum Karlsruhe GmbH and Universität Karlsruhe (TH)


C Fuel-production within the bioliq®-process:
Activities at Karlsruhe Research Center


Syngas MeOH DME Olefins Fuel


One-step synthesis of DME 


EtOH + Higher Alcohols


Dimethylether-To-Olefins (DTO)
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C Fuel-production within the bioliq®-process:
Activities at Karlsruhe Research Center


Syngas MeOH DME Olefins Fuel


One-step synthesis of DME 


EtOH + Higher Alcohols


Dimethylether-To-Olefins (DTO)


Dimethylether-To-Gasoline (DTG)


● Synthesis of ethanol and higher alcohols from syngas:
n CO + 2n H2 → CnH(2n+1)OH + (n-1) H2O


● Synthesis of ethanol and higher alcohols from methanol + syngas:
CH3OH + n CO + 2n H2 → C(n+1)H(2n+3)OH + n H2O
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C1 Fuel-production within the bioliq®-process:
Production of Methanol (MeOH)


Methanol synthesis


CO + 2 H2 CH3OH ΔH = −91 kJ/mol


Side reactions


CO2 + H2 CO + H2O ΔH = +41 kJ/mol
CO2 + 3 H2 CH3OH + H2O ΔH = −49 kJ/mol


Scale and conditions


● ~ 200 l/h MeOH
● 50 -100 bar
● 250 °C
● Cu-ZnO-Al2O3 catalyst


reactor


separator


heat exchanger


cooler


fresh
gas


purge
gas


recycle
gas


crude
methanol


fresh gas compressor


recycle com-
pressor
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C2 Fuel-production within the bioliq®-process:
Production of Dimethylether (DME)


DME synthesis


2 CO + 4 H2 2 CH3OH ΔH = −182 kJ/mol
2 CH3OH        CH3OCH3 + H2O ΔH = −24 kJ/mol
________________________________________________________________________


2 CO + 4 H2 CH3OCH3 + H2O ΔH = −206 kJ/mol


● If the water gas shift reaction is supported by the catalyst:


CO + H2O        CO2 + H2 ΔH = −41 kJ/mol
________________________________________________________________________


3 CO + 3 H2 CH3OCH3 + CO2 ΔH = −247 kJ/mol


● Favorable in the case of CO-rich gases


Three major markets ● Power generation
Fuel for gas turbines in medium sized power plants
(Mitsubishi, Hitachi, GE) 


● Domestic LPG Substitute
DME can be blended in up to 20% in LPG


● Automotive Fuel
“Diesel LPG“ with high cetane number
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C2 Fuel-production within the bioliq®-process:
Dimethylether as a LPG substitute


Properties of DME compared to liquid gases 


 DME Propane Butane 


Boiling Point (°C) −24.9 −42.1 −0.5 


Vapour Pressure at 20 °C (bar) 5.1 8.4 2.1 


Specific Density at 20 °C (kg/m3) 1.59 1.52 2.01 


Lower Heating Value (MJ/kg) 28.43 46.36 45.74 


Auto Ignition at 1 atm (°C) 235-350 470 365 


Expl.-Flamm. Limit in Air (Vol%) 3.4-17 2.1-9.4 1.9-8.4 


Cetane number 55 to 60 5 10 
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Preliminary work at ITC-CPV:


● Development of a one-step synthesis combining
methanol formation from syngas and methanol
dehydration


● Optimization of (poisoning-resistant) catalysts and 
reaction parameters


● Optimization of conversions and selectivities


● Development of a continuously operating process
set-up and investigations under long-term
operating conditions


● Study of reaction mechanisms and kinetics


● Installation of a laboratory plant


C2 Fuel-production within the bioliq®-process:
Production of Dimethylether (DME)
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C2 Fuel-production within the bioliq®-process:
One-step synthesis of dimethylether (DME) from syngas
in a laboratory plant


Fixed bed reactor:
● Diameter: 16 mm 
● Length: 300 mm
● Volume: 60.3 ml
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C2 Fuel-production within the bioliq®-process:
One-step synthesis of dimethylether (DME) from syngas


Syngas τ [s] T [°C] CCO [%] SDME [%] SCO2 [%] SMeOH [%]
40,1 200 16,0 67,4 31,1 1,6
36,3 250 68,9 67,4 31,3 1,3
72,5 200 35,3 67,3 31,1 1,5
80,2 250 73,3 66,6 32,2 1,2
40,1 200 9,2 67,3 31,9 0,8
36,3 250 49,1 66,5 32,8 0,8
72,5 200 20,8 67,3 31,9 0,8
80,2 250 57,3 66,4 32,9 0,7
40,1 200 5,4 66,8 32,5 0,6
36,3 250 34,2 66,0 33,3 0,6
72,5 200 14,9 67,0 32,5 0,6
80,2 250 41,9 65,9 33,5 0,6


H2/CO = 2


H2/CO = 1


H2/CO = 0.67


Reaction conditions: ● Pressure: 51 bar 
● Temperature: 200 - 250 °C
● Space velocity: 20 - 150 Nml/(min·gCat)
● Dilution: 70% Ar
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● High H2-content promotes CO-conversion


● High DME-selectivity also at H2/CO-ratios ≤ 1 


● Large influence of temperature and contact time on CO-
conversion


● Main byproduct: CO2 ⇒ Water-gas-shift-reaction is catalyzed


● Low MeOH-concentrations ⇒ Fast dehydration


● Byproducts: Propylene, butylene, methane on a very low level


C2 Fuel-production within the bioliq®-process:
One-step synthesis of dimethylether (DME) from syngas
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C3 Production of olefins via Methanol-To-Olefin
(MTO) processes


2 CH3OH   → CH3OCH3 + H2O ΔH = −24 kJ/mol
CH3OCH3 → (CH2)2 + H2O ΔH = −19 kJ/mol


● Further suppliers of MTO technologies: Lurgi, Japan DME Ltd. etc.


● The olefins can be converted in a following
Conversion of Olefins to Distillate (COD) step to high quality fuels


UOP/Norsk-Hydro: UOP/HYDRO MTO Process
Catalyst: Silicoaluminophosphat SAPO-34


UOP/HYDRO MTO Process: Propylene/Ethylene Ratios 


Products (Wt. Ratios) High Ethylene Mode High Propylene Mode 


Ethylene 0.57 0.43 


Propylene 0.43 0.57 


Butenes & Heavier 0.19 0.28 


C3=/C2= 0.77 1.33 
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Preliminary work at ITC-CPV:


● Preparation and modification of SAPO catalysts to improve MTO activity


● Development of a selective Dimethylether-To-Olefin (DTO) process


Selectivities: ~30% propylene, ~10% ethylene, + higher hydrocarbons


C4 Production of olefins via MTO and
DTO processes (Dimethylether-To-Olefin)


● Pressure: 1 bar 
Reaction conditions: ● Temperature: 450 °C


● Space velocity: 80 Nml/(min·gCat)
● Dilution: 80% Ar
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Simplified chemistry of the MTG-process:


2 CH3OH → CH3OCH3 + H2O


n CH3OCH3 + n CH3OH → “(CH2)3n“ + 2n H2O


n CH3OCH3 → “(CH2)2n“ + n H2O


● Catalyst: Zeolitic ZSM 5-type
● Further suppliers: E.g. Haldor Topsøe A/S (TIGAS Process)
● Development of a Dimethylether-To-Gasoline (DTG) process at FZK


ExxonMobil MTG process: Products from 1000 t of methanol 


Product Amount (t) 


Gasoline 387 


Liquefied Petroleum Gas (LPG) 46 


Fuel gas 7 


Water 560 


C5 Production of fuels via Methanol-To-Gasoline
(MTG) processes
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2007 DKRW Advanced Fuels
+ ExxonMobil Research and Engineering Company (EMRE)
Medicine Bow, WY, USA
Coal to Liquids (CTL) project based on Exxon Mobil Technology: 15000 bpd


2006 JAM (Shanxi Jincheng Anthracite Coal Mining Co. Ltd.) + Uhde
(Uhde license from EMRE)
Jincheng, Shanxi Province, China
CTL: 100000 t/a of gasoline from the year 2008


1985 Mobil + New Zealand Government
Montunui, New Zealand
MTG: 14500 bpd


1982 Mobil + Uhde
UK Wesseling, Germany
Refinery of Union Rheinische Braunkohlenkraftstoff AG: 25 t/d


C5 Production of fuels via Methanol-To-Gasoline
(MTG) processes







Dr. Ulrich Arnold (ITC-CPV) 29.04.2009


KIT – The cooperation of Forschungszentrum Karlsruhe GmbH and Universität Karlsruhe (TH)


C6 Production of fuels via Lurgi‘s
Methanol-To-Synfuels (MtSynfuels) process


Methanol
15000 t/d


Olefin-
production


Olefin-
Oligomerization


Olefin separation
MD hydrogenation


Diesel
5438 t/d


LPG
579 t/d


Gasoline
685 t/d


hydrocarbon recycle


hydrocarbon recycle


H2 55 t/d from
CH3OH-synthesiswater-


recycle


Source: W. Liebner, M. Wagner, Erdöl, Erdgas, Kohle 2004, 10, 323–326.
W. Balthasar, W. Hilsebein, Nitrogen & Methanol 2003, 261, 41-49.
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Lurgi‘s MtSynfuels process:


● Similar to the Mobil Olefin to Gasoline/Distillate (MOGD) process


● Gasoline (RON 80)/Diesel(Cetane ~55) of approximately 1:4


● With respect to product spectrum: More comparable to FT than to MTG


● But: Higher product flexibility compared to FT process


C6 Production of fuels via Lurgi‘s
Methanol-To-Synfuels (MtSynfuels) process
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n CO + (2n+1) H2 → CnH(2n+2) + n H2O ΔH = −165 kJ/mol


1993 Shell: Bintulu, Malaysia
Middle Distillate Synthesis (MDS) 
Process
Capacity of ca. 500000 t/a


1955- Sasol: South Africa
Total capacity of 5.4 Mio t/a


1944 Germany, 9 plants with a total 
capacity of 600000 t/a


1925 Discovery by
Franz Fischer & Hans Tropsch


Potential Fischer-Tropsch licensors 


Licensor Commercial 
References 


Reactor system Catalyst 


SASOL yes fixed bed/slurry phase 
fluidized bed 


iron/cobalt 


SHELL yes fixed bed cobalt 
CONOCO PHILLIPS no slurry phase cobalt 
RENTECH no slurry phase iron 
SYNTROLEUM no fixed bed cobalt 
BP no fixed bed cobalt 
STATOIL no slurry phase cobalt 
EXXON MOBIL no slurry phase cobalt 
ENI no slurry phase cobalt 


C7 Production of fuels via Fischer-Tropsch
processes


Catalysts: Iron and cobalt catalyst systems
Iron catalysts: Cobalt catalysts:
● Cheaper than cobalt catalysts ● H2:CO ratio of 2:1
● More flexible and robust ● Longer lifetime than iron catalysts
● Syngas H2:CO ratios of 0.7:1 up to 2:1 ● Higher selectivity than iron catalysts
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C7 Selective production of α-olefins in modified
Fischer-Tropsch processes


Control of product distribution, essentially by


● Choice of catalyst
e.g. Fe-, Fe+Co-, FeCo-Spinel-, CoMn-Spinel- or Cu-doped Co-catalysts


● Choice of reaction conditions
Temperature, pressure, syngas composition, feeding of α-olefins into the reaction zone etc.


● Choice of process and reactor type
e.g. Combination of Fischer-Tropsch process with distillation process (BASF DE 10 2005 056 784)


BASF: ● Product containing at least 50 wt.% of olefins
● Particularly α-olefins
● High Selectivity to C4-C14=
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C om parison  of F ischer-T ropsch w ith  M T G  


C om pound 
LT -FT  


C o C ata lyst 220 °C  


H T -FT  


Fe  C ata lyst 340  °C  
M TG  


M ethane 5  8  0 .7  


E thylene  0  4  –  


E thane 1  3  0 .4  


P ropylene  2  11  0 .2  


P ropane 1  2  4 .3  


B u tylenes 2  9  1 .1  


B u tane  1  1  10 .9  


C 5+ G aso line  19  36  82 .3  


G aso il/D is tilla te  22  16  –  


H eavy O il/W ax 46  5  –  


O xygenates 1  5  0 .1  


Σ  100  100  100  


 


C7 Why the methanol pathway instead of a 
Fischer-Tropsch process?


● High flexibility: Production of various fuels and chemicals is possible


● High selectivity: No elaborate product separation technologies


● Processes are tunable to a large extent (catalysts, conditions, reactors etc.)


● Large optimization potential based on established technologies


Source:


● http://nzic.org.nz/ChemProcesses/energy
● Fischer-Tropsch Technology,


(Ed.s: A. Steynberg, M. Dry), Elsevier, 
Amsterdam, 2004. 
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B The bioliq®-process: Technologies and scale 
 


bioliq® III 
Syngas Conditioning and Synthesis of MeOH/DME 


Step Start Conditions bioliq® I 
Biomass Pyrolysis 


bioliq® II 
Syngas Generation


bioliq® IIIa 
Syngas Conditioning 


bioliq® IIIb 
Synthesis of 
MeOH/DME 


bioliq® IV 
Fuel Production 


Technology – Fast Pyrolysis Entrained Flow 
Gasification 


H2S-Rectisol CO-Shift CO2-Rectisol Low Pressure 
Process 


MTGa MTSb 


Dimensioning – 2 MW 5 MWc Max. 1000 Nm³/h 
Syngas 


Max. 1000 Nm³/h 
Syngas 


Max. 1000 Nm³/h 
Syngas 


2/5 MW 2/5 MW 
 


2/5 MW 
 


Mass Flow 
 


500 kg/h 
Biomass 


333 kg/h 
bioliqSyncrude® 


490 kg/h 
Raw gas 


  212 kg/h 
Syngas 


212 kg/h 
(6.625 kmol) 
Methanol 


76-82 kg/h 
Gasoline 


86 kg/h 
Fuel 


Volume Flow 
 


2.44-7.69 m3/tLCAD
d,e 0.59-0.68 m3/tLCAD Max. 1000 Nm³/h 


Syngas 
Max. 1000 Nm³/h 
Syngas 


Max. 1000 Nm³/h 
Syngas 


Max. 1000 Nm³/h 
Syngas 


268 l/h 
Methanol 


Max. 100 l/h 
Gasoline 


Max. 100 l/h 
Gasoline 


Percentage 
Energy Content 


100% 
(2.2 GJ/m3) 


88% 
(22 GJ/m3) 


   72% 61% 45% ∼ 45% 


Conditions LCAD = Air-dry 
Lignocellulose 


1200 °C 
≥ 60 bar 
+ O2 
τ = 2-3 s 


79.522 kmol/h 
38 bar, 45 °C 
H2: 24.53 kmol/h 
CO: 28.28 kmol/h 
CO2: 14.88 kmol/h 
N2: 11.51 kmol/h 
∼ 1800 Nm3/h 
 
80 or 40 bar 
H2: 27 Vol.% 
CO: 50 Vol.% 
CO2: 14 Vol.% 
N2: 6 Vol.% 
 
 


Alternative: 
Absorption 
Purisol 
Selexol 
Sepasolv 
Fluor-Solvent 
 
Amine-, 
Alkalicarbonate-, 
Base-, 
NH3-Cleaning 
 
Sulfinol 
Amisol 
Sulfosolvan 
 
Adsorption 


Sweet CO-Shift 
HTS: 
Fe2O3-Cr2O3 
300-510 °C 
 
and/or 
 
LTS: 
Cu-ZnO-Al2O3 
180-270 °C 
 
Sour CO-Shift 
RGS: 
CoO-MoO3-Al2O3 
200-500 °C 
Sulfur-Activation 


Alternative: 
 
Dry Gas Cleaning 
80 bar, 350 °C 
CO/H2 ≈ 1:1 
 
Development at 
FZK 


50-100 bar, 
250 °C 
Cu-ZnO-Al2O3 
Catalyst 


Mobil process 
Fixed Bed 
DME-reactor 
300-320 °C 
Conversion reactor: 
400-420 °C 
 
Methanol: 1000 t 
Gasoline: 387 t 
LPG: 46 t 
Fuel gas: 7 t 
Water: 560 t 
 
ZSM-5 catalyst 


Lurgi process 
MTOf 
MTPg 
CODh 
 
 
 
Methanol: 1000 t 
Diesel: 362 t 
Gasoline: 46 t 
Light oil: 39 t 
Water: 568 t 


aMTG = Methanol-To-Gasoline; bMTS = Methanol-To-Synfuel; cSecurity aspects and Scale-up options; dE. Henrich, N. Dahmen, E. Dinjus, Biofuels, Bioprod. Bioref. 2009, 3, 28-41; eLCAD = Ligno-
cellulose (air-dry); fMTO = Methanol-To-Olefins; gMTP = Methanol-To-Propylene; hCOD = Conversion-of-Olefins-to-Distillate 
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Syngas Cleaning and 
Conversion Workshop
IEA Task 33 Meeting, 
IEA Bioenergy


Richard L. Bain, Calvin 
Feik, Kim Magrini


May 14, 2009


Syngas Cleanup at NREL







National Renewable Energy Laboratory                            Innovation for Our Energy Future


USDOE Sponsored Gas Cleanup Projects


Organization Study/Development Emphasis


NREL ‐ PNNL Fundamental studies ‐ Ni, Ru fluid bed catalysts
Pilot scale gasification/cleanup verification


Gas Technology Inst. (GTI) Thermally inpregnated catalysts
        Ni ‐ olivine
        Ni ‐ silicate
        Ni ‐ glass‐ceramic


Research Triangle Inst (RTI) Circulating Fluid Bed
        Tungsten carbide
        Tunstated zirconia


Emery Energy Dolomite precious metal


GTI Monlithic Catalyst, sulfur sorbent/filter, CO2 removal
Collaboration with Carbona‐UPM


Iowa State University Wet oil scrubbing
Sulfur ‐ Conoco Phillips sulfur sorbent (Szorb TM GenIV)
Wet ammonia scrubbing


Southern Research Inst (SRI) Pall catalytic filter







• Conceptual design of a 2000 tonnes/day commercial plant


• NREL pilot plant based on this process


• Basis for connecting R&D targets to cost targets


• Vetted with rigorous peer review


Gasification
Syngas
Cleanup


Mixed 
Alcohol 
Synthesis


Heat 
Power


Syngas 
Conditioning


Feed 
Processing 
& Handling


Ethanol &
Advanced
Biofuels


Phillips, S., Aden, A., Jechura, J., Dayton, D., Eggeman, T. (2007). Thermochemical Ethanol
via Indirect Gasification and Mixed Alcohol Synthesis of Lignocellulosic Biomass. NREL 
Technical Report, TP-510-41168. 


Require Catalysts


Rationale: Thermochemical Biomass to Fuels







Approach:
State of Technology (2008 Results and Targets*)


4
*A. Dutta and A. Aden, NREL







Approach


Evaluation with raw syngas is key to determining catalyst 
and sorbent performance


Lab developed and emerging industrial catalysts rapidly 
screened with decision point after initial screening


Improvements incorporated into SOT







Approach


6


Fundamental                        Reaction                     Process
Science                         Chemistry                Chemistry







Fluidizable catalyst 
based on commercial 
composition, attrition 
resistant support


Fractional factorial 
design


Confirm optimum Ni/Mg 
ratio, support effects


Comprehensive 
performance screening: 
ethylene steam 
reforming


Catalyst wt% NiO wt% MgO wt% K2O Support Ni/Mg


Cat. 32a 6.1 2.4 3.9 Al2O3
1 2


Cat. 34a 3 Al2O3


Cat. 34b 6 Al2O3


Cat. 34c 9 Al2O3


Cat. 34d 3 5.5 0.08 Al2O3 0.5


Cat. 34e 6 1.8 0.17 Al2O3 3.3


Cat. 34f 6 3.6 0.17 Al2O3 1.7


Cat. 34g 3 1.8 0.08 Al2O3 1.7


Cat. 34h 3 3.6 0.08 Al2O3 0.8


Cat. 34i 3 5.5 0.08 Al2O3 0.5


Cat. 34j 6 1.8 0.16 Al2O3 3.3


Cat. 34k 6 3.6 0.16 Al2O3 1.7


Cat. 34l 6 5.5 0.16 Al2O3 1.1


Cat. 34m 9 1.8 0.24 Al2O3 5


Cat. 34n 9 3.6 0.24 Al2O3 2.5


Cat. 34o 9 5.5 0.24 Al2O3 1.6


Cat. 35a 3 3 0.09 Al2O3
2 1


Cat. 35b 3 3 0.08 Zr-Al2O3
3 1


Cat. 35c 1.5 1.5 0.04 Zr-Ceria3 1


Cat. 35d 3 3 0.08 1


1 Alumina provided by CoorsTek
2 Alumina provided by Sasol
3 Modified aluminas provided by CoorsTek


Catalyst Composition Design Parent and Jablonski, NREL
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850°C


Performance enhanced by
Ni/Mg content (2.5)


C2H4 Steam Reforming


S/C = 3.6


Differential Screening Results
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Maximum CH4
Conversion


Pilot scale tests


% Reducibility
TPR


Cycle Number


NiAl2O4


NiAl2O4 + Ni0
Area


XRD


Comparing Activity with Catalyst Morphology


With TOS methane
conversion tracks:


• nickel aluminate
formation


• decreased
nickel reducibility


M. Yung, NREL







EXAFS Catalyst Analysis


• NREL catalyst Ni, Mg, K 
on alumina


• Used in pilot scale 
consecutive reforming and 
regeneration cycles


• Activity not completely 
regained


• Nickel sulfate formation 
likely responsible


• Change regeneration 
process


Y. Chen


Steam Regenerated
Catalyst


Sulfur Deactivated
Catalyst


Reference
Ni Catalyst


Nickel sulfides & sulfur


Organic sulfur
Nickel sulfate


EXAFS = Extended X-Ray Absorption Fine Structure
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Benzene
2” System


For batch catalyst evaluation 
experiments complete deactivation 
is permitted to estimate reforming 
and deactivation kinetic 
parameters


Raw
Syngas


Reformed
Syngas


Batch Reformer


Bain et al., 2005. Industrial and 
Engineering Chemistry Research.  44(21), 
7945-7956.


Current reaction model 
uses sequential batch 
reforming and offline 
regeneration.


An industrial process 
(FCC) would combine 
reforming and 
regeneration in a 
continuous recirculating 
reactor to minimize impact 
of H2S on catalyst 
performance.  


C
at


al
ys


t
C


irc
ul


at
io


n


Regenerated
Catalyst
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Dirty
Syngas
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Pilot Scale Implications







Average concentrations (mg/Nm3-dry basis)  
of pine-derived tars in raw and reformed gas. 


 
 


 
 


                                             
 


Species m/z Tar Concentrations (mg/Nm3 – dry basis) 


Raw gas Reformed 
gas 


Reduction 
 % a 


Benzene 78 11170 7880 29.4 


Toluene 92 3650 230 93.7 


Phenol 94 2200 60 97.3 


Cresol 108 180 – 100 


Naphthalene 128 2980 1090 63.4 


Phenanthrene 178 1240 230 81.4 


“other tar” 80-176 6300 240 96.2 
“heavy tar” 180-


400 6270 120 98.1 


Total (>m/z 
78)  22830 1960 91.4 


Methane (vol%)  11.7 7.3 37.6 


The equilibrium (deactivated) catalyst 


was effective in converting most tars 


other than benzene and naphthalene
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Hydrogen:Carbon Monoxide Ratio
High Temperature Shift Reaction using Syngas


[Pine, 850oC, Equilibrium Tar Reforming Catalyst]


GHSV = 20,000 hr-1
H2S = 200 ppmv
H2O:H2 = 4.8
H2O:CO = 20.4
CO = 12.2 vol%
H2 = 50.9 vol%
CO2 = 26.0 vol%
CH4 = 7.3 vol %


High temperature 


shift 


CO conversion 


similar to literature 


values achieved at 


450°C







• Supports: Natural
Al2O3 (γ, α, fluidizable, spinel) 
– Olivines (Mg, Fe)2SiO4
– FeO – wustite
– Ilmenite (Fe/Mg/TiO2)


Synthetic
– Fe-Mn nodules, FeO
– Olivines
– Ilmenite
– Inverse opal CeO2/ZrO2,
– Monoliths
– Engineered M-glasses 


• Promoters: Mn, Mg, Ce, Sn, W, Ca


• Active Metals:
– Rh >> Ir >>Ru~Ni >Pt >Fe (all on Al2O3)


• 100’S of tests performed to date


Emerging Reforming Catalysts
M. Gerber
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3


5


Reduction


C2H4 Steam Reforming (SR)


C2H4 SR with 20 ppm H2S


Steam Regeneration


C2H4 Steam Reforming


Reduction


Reaction Sequence (850ºC)Initial Screening
Ethylene Steam Reforming
GHSV 114,000 h-1


Differential Screening
Ethylene Steam Reforming
GHSV 213,000 h-1


Validation Study 
Model Syngas


Scale up for 
pilot plant: raw 
syngas


Rapid Catalyst Screening Approach


Accelerated deactivation tests
10x increase in GHSV than pilot tests







Syngas 
Component


Actual 
Syngas


Model
Syngas


CO 29  28 


H2
27 28 


CO2
22 22.5


CH4
16 16.9 


C2H4
4 4.5


C2 to C4
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Model syngas based on
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9% Ni/4% Mg/alumina


Validation with Model Syngas
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Pilot Scale Catalyst Characterization
M. Yung







11 cycles of reaction/regeneration lab 
experiments


→ Stable, regenerable catalyst


Reaction cycle #


A
vg


. C
H


4
co


nv
er


si
on


Oxidized Ni catalyst


Reduction Ni catalyst


30 min reaction cycles followed by regeneration, 
850°C,100mg catalyst, 15%CH4, 0.3mL/min 
water, 200 sccm total


Lab Scale Catalyst Cycling
M. Yung







• S  tolerance varies with 
catalyst composition in model 
syngas


• Higher temperature increases 
S tolerance


• Rh more tolerant than Rh-Mn 
on alumina


• Ni-Ru/Al2O3 and Ni-Sn/Al2O3more S tolerant than Ni and 
more easily regenerated


1 atm, 700°C
GHSV=113,600hr-1  


10:1 dilution with α-Al2O3
Model syngas 


50 ppmv
H2S
Added


Adding Sulfur Tolerance
M. Gerber







Catalyst Development: Path Forward


Initial Screening
Ethylene Steam Reforming
GHSV 114,000 h-1


Differential Screening
Ethylene Steam Reforming
GHSV 213,000 h-1


Validation Study 
Model Syngas


Validation study 
Raw Syngas
GHSV 5000 h-1


Combinatorial Catalyst 
Discovery


In- and ex situ 
characterization


Computational
Catalytic Modeling


Rational Materials 
Design







Alcohol 
Synthesis


Biomass


Flue Gas


Dryer


Scrubber


Sludge
(Waste)


CO2
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Acid Gas Cleanup


Air
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Solids
(Waste)


Steam


State of Technology (Benchmark Process)


Alcohol Separation


Methanol & Water


Ethanol


Mixed
Alcohols


Steam
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Water to recycle


Compressor


Existing Unit Ops
New Unit Ops
Simulated Recycle


Methanol Recycle


Synthesis Off-gas Recycle







Reforming – NREL32b
Various Feedstock, Process, and Regeneration Conditions


Initial methane conversion for catalyst formulation NREL32b
Activity recovered with steam or steam/air regeneration
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Reforming NREL56 Validation with Raw Syngas
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• 15 hours of methane reforming at or 
above 2008 target of 50% 
conversion


• Over 15 hours of reforming at or 
above the benzene (90%) and tar 
(95%) conversion target


• Initial activity declines with 
regeneration, but trends are 
consistent


• Hardwood feedstock
• 900 ºC
• S/B : 1 
• 20 h TOS
• 10 reforming – regeneration cycles
• 3 catalyst samples every cycle


Cumulative Time on Stream
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Gasification and syngas 
upgrading projects at ETC


Karlsruhe 14 May 2009


Rikard Gebart and Olov Öhrman, ETC


IEA 33 Workshop: Raw Gas Clean-up, Gas Conditioning, 
and Synthesis Gas Conversion







Energy Technology Centre


ETC, Sweden







Energy Technology Centre


ETC Bioenergy lab


• Independent research institute
• 15 scientists, engineers and support staff
• Research projects with coupling to IEA 33:


– Black liquor gasification (Pilot)
– BioDME from black liquor (Pilot)
– Methanol and DME from syngas (Lab)
– Pressurised entrained flow biomass 


gasification (Pilot)
– Cyclone gasification for CHP (Pilot)
– AETHER – thermoacoustic coupling in 


combustion (Lab)
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Black liquor – a by-product 
from pulping


• Pulp wood is ”digested” in 
an aqeous solution with 
cooking chemicals


• The cellulose fibres are 
separated from the 
solution


• The remaining by-product 
is called ”black liquor”


• Heating value ~10 MJ/kg
(Oil: ~42 MJ/kg)


• Total heating value in 
Sweden: 40 TWh/y


• Traditionally combusted in 
”recovery boilers” that 
recovers heat and
chemicals







Energy Technology Centre


Phase I
Starting date 1 January 2004
Duration 36 months


Phase II
Starting date 1 January 2007
Duration 42 months


Contact: rikard@etcpitea.se


Total budget 9.5 M€
Research 5.2 M€


Total budget 9.3 M€
Research 4.5 M€


The Black Liquor Gasification 
Programme - Overview


Funding
BLG


Phase II


Research consortium BLG:
ETC, Luleå University of Technology, Umeå University, 
Innventia (STFI), Chalmers University of Technology
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Black liquor gasification demo plant (DP-1)


• Connected to the Smurfit-Kappa Kraftliner mill in Piteå
• Built by Chemrec in the ETC Bioenergy Laboratory
• 3 MW fuel power (app. 1 ton dry BL/h)
• Accumulated run time app. 9100h 


DP-1


ETC Bioenergy
Lab







European Project BioDME
7th Framework Programme
January 23, 2009


Production of DME from Biomass 
and utilisation as fuel for transport 


and for industrial use


Starting date:1 September 2008
Duration 48 months
Contact: per.salomonsson@volvo.com


Total budget 28.4 M€
EU funding: 8.2 M€
Energimyndigheten: 9.6 M€


EUROPEAN PROJECT
Grant agreement No: TREN/FP7EN/218923







European Project BioDME
7th Framework Programme
January 23, 2009


Vehicle 
production


3G vehicle 
development


Vehicle 
field test


Bio syngas from 
black liquor


BioDME – Project overview
Demonstration of an environmentally optimised bio-fuel for 
road transport covering the full chain from production of fuel 
from biomass to the utilisation in vehicles 


DME pilot 
production


Distribution and 
filling


Vehicle 
procurement


FIE
refinement


Fuel 
properties


DME pilot plant 
development Industrial use







European Project BioDME
7th Framework Programme
January 23, 2009


BioDME Consortium Partners


- DME plant engineering,
construction and operation


- Laboratory support to
plant operation


- DME distribution


- DME fuel specification
- Fuel odorant and
lubricant development


- DME fuel injection system
development


- DME production technology
provider


BioDME Project Coordinator
-Engine development
-Vehicle manufacturing
-Field test responsible







European Project BioDME
7th Framework Programme
January 23, 2009


DME plant in Piteå (Chemrec/Topsøe)


Down-stream from Chemrec’s existing development plant for black 
liquor gasification, Chemrec and Haldor Topsøe will construct a DME 
plant using novel synthesis technology from Haldor Topsøe







European Project BioDME
7th Framework Programme
January 23, 2009


CONRAD
MeOH synthesis


Gases
First single-pass MeOH synthesis
featuring high space-time yield


Feed
preparation


MP steam


Synthesis gas
from gasifier


MeOH
synthesis


Flexible distillation producing methanol o
DME according to day-to-day needs


DME
synthesis


Raw MeOH


Water


DME


MeOH Gases


CW


CW


Steam


Steam


CW


Steam


Deep desulphurisation 
of
raw synthesis gas


3rd generation DME process







European Project BioDME
7th Framework Programme
January 23, 2009


Illustration of the BioDME pilot
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PhD project: MeOH and DME 
from syngas


• Synthesis gas composition
• MeOH synthesis from flask cylinders (pure 


gas)
• Sampling from DP-1


– Removal of benzene and higher 
hydrocarbons


– Removal of sulfur compounds
– MeOH/DME synthesis
– Zeolite membrane module
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Funding by:


Research consortium: LTU and ETC
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Example of syngas components
Reactor Syngas


CO2 (%) 33.9±0.3 33.6±0.2


CO (%) 28.7±0.2 28.5±0.2


H2 (%) 34.3±0.2 34.8±0.1


CH4 (%) 1.36±0.07 1.44±0.07


H2S (%) 1.65±0.04 1.71±0.02


COS (ppm) 468±22 122±5
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Packed bed reactors: 0.1, 6.6 and 0.1 
dm3,
up to 100 bar and 500°C
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Activated carbon ZnO Catalyst
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Particle Size Distribution before 
cleaning


Manuscript
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Particle composition (plate 5, 
LPI)


C O


K Na Si


Ca S Cl


Manuscript
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Plate 2 (0.064 µm)


Na = 37.6 ± 10.2


Si = 19.8 ± 1.8


S = 10.4 ± 4.3


Cl = 14.1 ± 3.0


K = 4.1 ± 3.3


Ca = 14.1 ± 3.0


Na = 26.2 ± 11.0


Si = 28.9 ± 20.4


S = 13.4 ± 8.6


Cl = 12.5 ± 6.4


K = 3.2 ± 1.5


Ca = 15.4 ± 5.5


Sub-micron particles
Plate 6 (0.412 µm)


Manuscript







Energy Technology Centre


Na = 5.6 Si = 1.8 


S = 19.2 Cl = 0.7


K = 0.1 Ca = 0.2
Fe = 64.1 Ni = 5.6 


Cu = 1.5 Zn = 1.1


Large particles
Plate 10 (2.5 µm) Plate 13 (10.7 µm)


Manuscript
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Trace element 
concentration


20


Element Unit 1 2 3 Average 1-3 ppb
(weight basis)


2008-11-13, 08:05-16:002008-11-14, 08:55-16:002008-11-18, 08:40-16:05


CN mg/Nm3 0.81 0.47 0.16 0.48 424
F μg/Nm3 4.05 2.37 0.80 2.4 2
Cl μg/Nm3 747 6.4 1637 797 705
Br μg/Nm3 - - - -
I μg/Nm3 - - - -
Fe μg/Nm3 1.156 0.888 0.735 0.926 0.8
K μg/Nm3 1.527 0.938 1.187 1.217 1
Li μg/Nm3 0.005 0.001 0.005 0.004 0.003
Na μg/Nm3 6.024 3.177 9.294 6.165 5
Ni μg/Nm3 0.019 0.007 0.013 0.013 0.001
N 
(as NH4)


mg/Nm3 0.062 0.049 0.054 0.055 48


Manuscript







Energy Technology Centre


Trace elements
Gas component Max allowable concentration*DP-1


(weight basis)


H2S + COS+CS2 <1ppmv 10 000 ppm
NH3+HCN <1ppmv 0.4 ppm
HCl+HBr+HF <10 ppbv 700 ppb
Alkaline metals <10 ppbv 6 ppb


Solids (soot, dust, ash)Essentially nil ?


Tar Below dewpoint Under investigation
Phenols etc <1 ppmv Under investigation


21


*Higman and van der Burgt, Gasification (2008), GPP.
(Valid for FT synthesis)


Manuscript
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Cyclone gasification


• Combined heat and power
• Cyclone configuration


– coarse particle separation 
– reduction of alkali load in syngas


• Two-step gas cleaning
– Scrubber with organic solvent
– Wet electrostatic precipitator


• Power generation with converted diesel 
generator


Research consortium: ETC, MEVA and Envibat
Funding: Vinnova and the Swedish Energy Agency








Research I Technology I Catalysts


Syngas Conditioning and Conversion


John Bøgild Hansen







Catalyst plant in Frederikssund, DK Catalyst plant in Houston, Texas


Haldor Topsøe group – Key figures 2008
Turnover: DKK 5.0 billion
($ 920 MM)


Result: DKK 533 MM
($ 97  MM)


2052 employees


Head quarter in Lyngby, DK







Business areas
Fertilizer industry


The refining industry


The environmental and power sector


The heavy chemical and petrochemical industries







Technologies


Ammonia


Hydrogen


Synthesis gas


Methanol


Formaldehyde


DME


SNG


TIGAS







Is Biogas Suitable for Synthesis?


No!
Is conditioning possible?


Yes! (but it is challenging)







Topsoe and Renewables
Gas cleaning in Gasification 
– Tar Reforming


– Ammonia Decomposition


– Sulphur Management
Hot gas cleaning


COS hydrolysis, Fine desulfursitaion


WSA


– Shift


Chemicals from biomass
– Example Acetic Acid from Ethanol


On board Ether production from Methanol or Ethanol


Biogas to H2 Syntheses: SNG, MeOH, DME, Gasoline


Solid Oxide Fuel Cells  & Electrolysis and Synthesis







Gasification


CO
H2


CO2


Biomass
Natural gas
Coal


Hydrogen
Methanol


DME
Gasoline
SNG
Power


Syngas







Methanation reactions


CO + 3H2 =  CH4 + H2O + 206 kJ/mol


CO2 + 4H2 =  CH4 + 2H2O    + 165 kJ/mol


3
2


22 =
+
−


=
COCO
COHM







Overview of building blocks


Air


SNGGasifier


Air
separation


unit


Air
separation


unit
Steam


Sour shiftSour shift Acid gas
removal
Acid gas
removal


WSATMWSATM


O2


Sulphuric acid


CO2


Syngas


Steam


TREMPTMTREMPTM


Steam


Steam


CO2/H2S


Coal, 
petcoke or 
biomass







TREMP™ technology


BFW
preheater


HP
boiler


Feed
preheater


Super
heated
steam


HP
boiler


Super-
heater


HP
boiler


Feed H2/CO ratio = 3


R2R1
Recycle
compressor


Process condensate


BFW


R3


Steam drum


Natural gas product







TREMP and heat recovery


One of the features of the TREMP technology is that
84% of the waste heat has been recovered as high
pressure superheated steam for export. Only 0.5% of
the waste heat ends up in cooling water.







Data from test unit. Temperature profiles


R101 (MCR-2X)


100   Z. cm


R103 (MCR-4)


O/C = 1
H/C = 6
P = 27 bar


R102 (MCR-2X)
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Semi-commercial reactor







Methanol Synthesis reactions


CO2 + 3 H2 =  CH3OH + H2O  + 41 kJ/mol


CO + H2O =  CO2 + H2 + 50 kJ/mol


2
2


22 =
+
−


=
COCO
COHM







CO + 2H2 Gas Ideal for MeOH Synthesis


Once-through production is possible


Very high reaction rates (special reactor is needed)


Direct production of fuel methanol


Very good catalyst stability


Today
Small amounts of CO2 are needed and optimal







Once-through Conversion of CO and
CO2 at 9.6 Mpa, 30% CO, 2% CO2







Condensing Methanol Synthesis
Once-through


1st MeOH
Reactor


2nd MeOH
Reactor
Condensing


Raw ProductSynthesis Gas







MK in Normal and Dry Syngas
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MeOH/DME Synthesis


– ∆H (kJ/mol)


2H2 + CO =  CH3OH              90.7


2CH3OH =  CH3OCH3 + H2O  23.6


CO + H2O =  CO2 + H2 41.1


– Low H2/CO


3H2 + 3CO = CH3OCH3 + CO2
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DME: A clean diesel fuel for the future
Is presently being produced from coal (China,..)


Future: From bio-waste (non-food!)


Economical without subsidies!


Green DME
Produced via waste from paper mill


Volvo DME bus
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The BioDME project







Demonstration of the entire value chain


Black Liquor DME Filling Stations Trucks







Existing
DP-1


Planned
DME Pilot


The Mill
Tentative Site


for DP-2


Pilot site: Piteå in Sweden







Overall Process Layout







Methanol
Synthesis


Gasoline


C3-C4


Water


MTG
Methanol To Gasoline


MeOH↔DME Gasoline
Synthesis


Separation 


Day Tank
(Raw Methanol) 


Off-gas


Synthesis Gas


MeOH/DME 
Synthesis


TIGAS
Topsøe Integrated Gasoline Synthesis


• Simple process layout • No methanol condensation / re-evaporation


• Low recycle rates • Moderate pressure







TIGAS  Demonstration  Plant
1T/d 7000+ Runhours Houston,TX







The Module Barrier Shortcut


SHIFT
MeOH DME


0


1


2


H2O


M


H2O


M = 1


CO2
REM


// Gasoline SEP


WASH


Gasoline SEP


CO2


CO2 


H2O


MeOH
/DME


R/M ≈ 3-6


R/M ≈ 3-5 R/M ≈ 7-9


M = 2


C
oa
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SHIFT CO2
REM
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Gasoline


C3-C4


Water


Gasoline
Synthesis


Separation 


Off-gas


MeOH/DME 
Synthesis


Synthesis Gas


CO2 Removal


CO2 


LOW  RECYCLE RATE
( R/M < 1 )


REDUCED STEAM 
CONSUMPTION
(LESS  MODULE 
ADJUSTMENT)


”DRY” FEED
(low PH2O )


LESS PROCESS
CONDENSATE


IMPROVED 
CONVERSION


CoalCoal Gas to Gas to GasolineGasoline







FluctuatingFluctuating power power pricesprices


–– VaryingVarying electricityelectricity demanddemand


–– FluctuatingFluctuating productionproduction from from windwind//wavewave/solar/solar


–– IncreasingIncreasing contributionscontributions from from wastewaste and and renewablesrenewables


ObjectivesObjectives


–– IncreaseIncrease operationaloperational flexibilityflexibility at at lowlow additionaladditional investmentinvestment


–– ImproveImprove energyenergy system system flexibilityflexibility


–– MaximizeMaximize productproduct valuevalue at at anyany timetime


Gasoline/Power Co-Generation







Separation 
Light Ends


Gasoline


Water


Synthesis
Gas


Separation Separation Gasoline
Reactor


Oxygenate
Reactor


Combustion


SE
P


CO2/DME


H2/CO/CO2/DME


MeOH/H2/CO


O2


CO2 H2/CO/CH4/C2H6/N2


CO2/N2


TIGASCCSR 


Hi-P


~90%







Briefly on Topsoe Fuel Cell
Development, marketing and sales of SOFC 


Founded in 2004 


Subsidiary of Haldor Topsøe A/S (wholly owned)


SOFC research & development since 1989


Full time employees: 115







Topsoe Fuel Cell’s SOFC Technology –
Cells


Planar cells


Anode supported
– Lower operating 


temperature


– Faster start-up


Square, 18 by 18 
cm


Thin (~350 micron)


Flexible, strong







Up-scaled Cell Manufacture in New Facility
Ceramic processing – Cost efficient – Industrial up-
scaleable







4 July 2008


Start up: Q4, 
2008
5 MW annually 
~ 250.000 cells


New TOFC Manufacturing Facility


Cell manufacture


Stack assembly







Fuel Cell Products 
Wärtsilä/TOFC Status and future plans 


WFC20 α-prototype
20 kWe, NG
ηe > 42 %
2006


WFC20, WFC50
20 – 50 kWe, 
NG, methanol, bio gas
ηe > 45 %


2007 - 2008


WFC250
250 kWe, 
NG, methanol, bio gas
ηe ~50 %







New SOFC Test and Demo Facilities


10 kW test and demo facility
with NG pre-reformer


5 kW test unit 
with MeOH reformer


Power Core units H. C. Ørsted Power Plant
Copenhagen







The Role of The Role of SulphurSulphur







Correlation of Impact of Sulfur
on SOFC


Pl = k * (θs – θmin)  - R2 = 0.989


Zha et al.: J. Electrochem. Soc.
Vol 154, B201 (2007) 


J.B. Hansen, Electrochemical Solid State Letters
Vol 11, No 10  B178 – B180 (2008) 







Coal based SOFC/GT Power Plant







Coal based SOFC/GT Power Plant
with methanated Coal gas







System Efficiencies for 
SOFC/GT Power Plants 


Case Raw 
gas 


SNG 
case 


SOFC stacks,  MW 291 297 


Gas Turbine, net MW 83 61 


Gas Expander, MW 23 19 


Steam turbines, MW 5 37 


Total, MW 403 413 


Net efficiency, % LHV 62.9 65.0 


Relative efficiciency 100.0 103.1 
 


 







A threat or opportunity for gasification
SOEC


0.7 V 1.5 V


850 °C       EMF ca. 1.1 V







SOEC more efficient than present 
Electrolysers


Thermodynamic data for H2O electrolysis
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Thermodynamics for CO2 electrolysis is similar to H2O electrolysis








Syngas Conditioning by Lurgi
Rectisol


for
IEA Task Meeting


May 2009


Matthias Kasper, Lurgi GmbH, Frankfurt, Germany
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Gas Treating


RectisolRectisol


Amine
Wash
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Recovery
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2. Generation Biofuels: 
Bioliq: „The thermo / chemical route“


Fast
Pyrolysis


Fast
Pyrolysis


Biomass


Chemicals /
SynfuelsHigh


Temp.
Gasifi-
cation


High
Temp.
Gasifi-
cation


Gas
Cleaning


Gas
Cleaning


MethanolMethanol


Synfuels
Fischer
Tropsch
Fischer
Tropsch


Refinery Residues


Decentralized Bio Syncrude
Production


Preferably from agricultural 
by products / energy plants Centralized Synfuels Production


Preferred location in existing 
Refineries


Bioliq-Process: Joint Development by FZK *) / Lurgi and sponsored by FNR*)
R


*) FZK: Forschungszentrum Karlsruhe
**) FNR: Fachagentur für Nachwachsende Rohstoffe


Storage & Transport


H2S CO2


-SNG; 
-DME; 
-Hydrogen
-Green Power
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Gas treating adjusts stoichiometrics
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Gas treating adjusts stoichiometrics


NH3


Gasification


MeOHSNG FT H2Power


CO
Shift


CO2


Adjust CO and H2


Adjust CO2
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Lurgi Rectisol characteristics


Fact overview
Applications
Gas cleaning comparison


Sweet Shift & Sour Shift
Process & Equipment


Summary
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Fact Sheet


The Rectisol syngas purification technology has an outstanding 
position in the world


Especially in the case of gasification
Also feed gas generated from coal, oil, or petcoke gasification.
Worldwide, nearly 90 % of the synthesis
Invented already in 1949 by Lurgi and Linde
~ 85 Rectisol units from Lurgi


Level of acid gas removal
Removal of all sulfur components
including H2S, COS, mercaptans, etc.
down to 0.08 ppmv (80 ppb) can be guaranteed.
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Fact Sheet


Trace component removal
A very important strength of the Rectisol process is the complete 
removal of trace contaminants
such as COS, HCN, NH3, mercaptans, mercury, Fe and Ni carbonyls, 
and BTX.


As the COS is removed together with the H2S, there is no need for a 
COS hydrolysis reactor upstream of a Rectisol unit.


Solvent
Utilizes deep cooled methanol as solvent
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Fact Sheet


The Rectisol gas purification technology is a purely physical absorption process is 
carried out at low temperatures and high pressures. The absorption medium used 
is a liquid organic polar solvent, methanol. Mass transfer from the gas into the 
methanol solvent is driven by the concentration gradient of the respective 
component between the gas and the surface of the solvent, the last being dictated 
by the absorption equilibrium of the solvent with regard to this component. This 
means that all gas components detrimental to the downstream process stages, 
typically hydrogen sulfide, COS, mercaptans, hydrogen cyanide, ammonia and 
other harmful compounds as well as carbon dioxide are almost completely removed 
from gases with a small rate of circulating solvent and thus, low energy 
requirements. Extremely high purities - e.g. a total sulfur content of less than 0.1 
ppmv- can be reached, making the product gas suitable for being fed to most 
syntheses without further purification steps.
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Fact Sheet


The compounds absorbed are removed from the solvent by flashing (desorption) 
and additional thermal regeneration, so that the solvent is ready for new absorption. 
The Rectisol technology provides an option to recover the major part of the carbon 
dioxide contained in the feed gas as a pure CO2 product stream. Recovery of the 
full amount of CO2 (e.g. for sequestration) is also possible with a slightly modified 
process set-up.


Acid gas containing the sulfur components is routed to battery limit, usually for 
processing in a Claus Sulfur recovery unit.


Typically, the raw gas entering the Rectisol plant is saturated with water vapor 
corresponding to the inlet pressure and temperature. This water is absorbed by the 
solvent. To keep the water content of the solvent at a low level, a distillation unit is 
provided which separates the water from the solvent, producing a small off-water 
stream.
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Applications 2000-2008


Fertilizer plants: 1) 4 China


Methanol plants: 5 China


1) Via ammonia and CO2 2) Via methanol 3) Via  Lurgi MegaMethanol and MTP®


Hydrogen and/or power: 3 China, Canada, Germany


DME production: 2) 1 China


Steel reduction gas: 1 India


Coal-to-Propylene: 3) 2 China


Petcoke to hydrogen & methanol: 1 USA


Petcoke to SNG: 1 USA
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2000‘s


Syngas to MeOH
China, 2008


Syngas to MeOH
China, 2008
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Syngas from gasification with Rectisol


Feed Stock


Syn Gas


Gasification


Sulfur
Removal


CO2
Removal


Sulfur
Recovery


H2S
CO2


CO2
CO2


Compressor


Rectisol
20 ppm CO2, < 0.1 ppm H2S + COS


CO2
Drying


Acid Gas
Enrichment


Trace
Removal


COS Hydrolysis
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Five In One


1. Trace contaminant removal COS, CS2, NH3, HCN ...


2. Desulfurization to synthesis feed quality  
total S < 0.1 ppmv


3. Bulk CO2 removal 100 % CO2 can be removed


4. CO2 recovery CO2 can be purified
total S < 5 ppmv
No water!


5. Acid Gas Enrichment Claus-suited acid gas
even with low S, high CO2 in feed
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Gas cleaning comparison


Rectisol 0.1 ppm H2S + COS
20 - 50 ppm CO2


Purisol 1 - 50 ppm H2S; less COS removal 
Selexol 50 - 200 ppm CO2


MDEA 3 - 50 ppm H2S; no COS removal
20 - 100 ppm CO2
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Gas cleaning comparison


Rectisol High solubilities of trace components


Purisol Less solubility of COS
Selexol Higher selective (CO2 vs S) than Rectisol


MDEA No COS removal
Contaminants and CO are harmful to the amine
Less selective (CO2 vs S) than physical solvents


aMDEA® Activated for CO2 removal
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CO2 Removal
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Quench mode with Sour Shift
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One Step vs Two Step


One Step Rectisol
Removes acid gas components from shifted gas
Sour Gas Shift is applied
Gas can be treated in one absorber column


Two Step Rectisol
Removes acid gas components from unshifted gas
Shift conversion between sulfur and CO2 removal
Sweet Gas Shift
Higher risk of fouling
Higher CAPEX
Lower OPEX
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Solubilities in Methanol
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Generic Rectisol process (quench mode)


S absorptionS absorption
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CO2 MP flashCO2 MP flash
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Process guarantees


Raw Gas Capacity


Syn Gas Purity Total Sulfur 80 ppbv, max. 
CO2 ~ 2 – 3 vol%


CO2 Off Gas


Acid Gas
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Summary


Rectisol is still unique


Total sulfur removal


Trace contaminant handling


Suitable preparation of all products


Six decades of history and experience


Designed and operated with various
upstream and downstream technologies








Gas Cleaning R&D at VTT


Esa Kurkela


IEA Bioenergy Agreement - Task 33
WS on Raw Gas Clean-up, Gas Conditioning and 


Synthesis Gas Conversion
Karlsruhe 14.5.2009
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Large-scale industrial gasification activities in Finland
- needs for gas cleaning R&D


• Waste-to-energy plants based on air-blown fluidised-bed 
gasification


• Gas filtration with chlorine and heavy metal removal


• Simplified IGCC based on pressurised fluidised-bed gasification 
and hot filtration


• Developed already in 1990’s, recent R&D  on 
filtration and ammonia decomposition


• BTL development, demonstration & commercialisation based on 
steam-oxygen gasification: a) NSE Biofuels (Neste oil & Stora
Enso) with FW, b) UPM and Andritz/Carbona, and c) Vapo


• Catalytic reforming, filtration, wet cleaning, shift 
conversion, analytical methods for clean gas
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LahtiStreams IP (Advanced Integrated Waste Management and WtE Demonstration)


( Lahti Energia/FI, VTT/FI, L&T/FI, Dong Energy/DK, FZK/D; total budget 23.5 M€) )
- Demonstration of complete advanced waste management chain including: 


> waste processing
> material recovery
> SRD/RDF production
> advanced high efficiency WtE plant
> further treatment of ashes


-R&D of       - waste processing and material recovery
- improved hot gas cleaning
- advanced ash treatment
- new gasification based high efficiency WtE technologies


http://www.lahtistreams.com/
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RFD


Gasifier Gas cooling


Gas 
cleaning


Gas boiler


High 
pressure 
steam


Electricity, 
process steam


Flue gas 
cleaning


Bag 
house, 
Ca(OH)2+ 
activated 
carbon


Steam 
turbine


Natural gas/ oil
auxiliary fuel


Demonstration by Lahti Energia Oy (Lahti, Kymijärvi)
- SRF fuelled gasification based WtE plant (CHP) 
- 2 x 80 MWth gasification & gas cleaning trains
- 160 MWth gas fired boiler







VTT TECHNICAL RESEARCH CENTRE OF FINLAND


0,0


10,0


20,0


30,0


40,0


50,0


60,0


70,0


80,0


90,0


100,0


Na K Cl Al Ca Hg Sn Sb As Cd Pb V Mn Co Ni Cu Zn Mo Cr Si Mg


%
 o


f o
ut


pu
t


Bottom ash Cyclone dust Filter dust Gas


Fuel: SRF (RDF); Ceramic fabric filter (3M FB-900); Cyclone  
temperature 700-750oC;  filter temperature 395oC)


0,0


10,0


20,0


30,0


40,0


50,0


60,0


70,0


80,0


90,0


100,0


Na K Cl Al Ca Hg Sn Sb As Cd Pb V Mn Co Ni Cu Zn Mo Cr Si Mg


%
 o


f o
ut


pu
t


Bottom ash Cyclone dust Filter dust Gas


Fuel: SRF (RDF); Ceramic fabric filter (3M FB-900); Cyclone  
temperature 700-750oC;  filter temperature 395oC)


VTT data from late 1990’s







VTT TECHNICAL RESEARCH CENTRE OF FINLAND


From: Metso Power
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Advanced Biomass Gasification for High Efficiency Power
BiGPower


October 2005 – December 2008
Overall Budget for the project: 2 943 k€


EC contribution 1 700 k€ through FP6


Catalytic Gas Cleaning and filtration
• MEL Chemicals, United Kingdom
• NortaUAB, Lithuania
• Madison Filter Ltd, United Kingdom


R&D organisations supporting industrial development
• VTT - Technical Research Centre of Finland
• TUV - Technical University of Vienna, Austria
• CERTH - Centre of Research & Technology Hellas,Greece
• TKK - Helsinki University of Technology, Finland


Gasification systems
• Condens Oy, Finland
• Carbona Oy, Finland
• Repotec GmbH, Austria
• Biomasse Kraftwerk


Güssing, Austria
• (Kokemäki & Skive sites)


Power production equipment
• GE Jenbacher, Austria
• CFC Solutions GmbH, Germany







VTT TECHNICAL RESEARCH CENTRE OF FINLAND


Pressurised gasification for Biomass – IGCC
BiGPower WP4


Concept studies
• Gas turbine survey by Carbona
• Process modelling by CERTH
• Optimised concepts and
case studies for demonstration


Advanced gas cleaning
• Increased filtration temperature
• New ceramic filter media
• Testing of catalytic filters
• Selectice oxidation of ammonia
• Catalytic tar reforming and
ammonia decomposition
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BIGPOWER  WP4:  Advanced Pressurised Gasification
Conclusions from experimental studies


• Ceramic fibre filters are very promising alternatives to rigid ceramic candle 
filters – filtration at 400 - 600 oC was efficient and reliable


• Total filtration, alkali metals < 0.05 ppm-m
• Over 600 hours without any problems


• Filtration temperature could not be increased to above 600 oC without 
increasing filter pressure drop


• Supporting lab and bench-scale research was started in BiGPower and will be 
continued by VTT in a national fundamental R&D project UCGFunda


• Studies on selective oxidation of ammonia did not lead to new technical 
break through – good performance only at atmospheric pressure


• Two-stage catalytic reforming based on VTT’s modified Zr-catalyst and 
commercial nickel catalyst was effective for tars but high temperature was 
needed for ammonia conversion
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BIGPOWER  WP4 -Task 4.4
Main results: tar conversion in two-stage reformer
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BIGPOWER  WP4 -Task 4.4
Main results: NH3 and HCN conversion in two-stage reformer
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Production of Biomass-Derived Synthesis Gas
Initial step - two main approaches


Gasifier


1200 ºC +


Biomass Raw synthesis gas


to cooling, clean-up
and conditioning


Gasifier


e.g. 900 ºC


Biomass Raw synthesis gas


to cooling, clean-up
and conditioning


Reformer
1200 ºC +
(thermal)


or
e.g. 900 ºC
(catalytic)


Main technical challenge: 
prehandling, feeding of biomass


Main technical challenge: 
reforming of gas


Typically: oxygen-blown
entrained-flow gasifier


Typically: fluidised-bed
gasifier, either oxygen-
blown or indirectly
heated (twin bed)
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Synthesis Gas from Biomass
VTT’s UCG-project (1.1.2004 - 31.5.2007)


• VTT,TKK, Foster Wheeler, Neste Oil, Andritz, Vapo, PVO, 
UPM, StoraEnso, M-real, Botnia


• pressurised gasification followed by catalytic reforming
• 500 kW Process Development Unit at VTT
• studies for 150 – 400 MW plants integrated to pulp and paper industry
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VTT PROCESSES
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General Layout of Processes for Biosyngas Production and Conversion
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H2/PSA H2 production based on separation by Pressure Swing Absorption
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VTT PROCESSES


Gasification: heat 
source? pressure?


Cleaning: wet or 
dry? commercial 
or novel?


Conditioning: CO2
removal? clean or 
dirty CO-shift?


Product 
spectrum?


Abbreviations: CC Combined-Cycle energy production
FCCC Fuel-Cell Combined-Cycle energy production
FT Fischer-Tropsch liquid fuels
SNG Synthetic Natural Gas (CH4)
CH3OH Methanol
DME Di-Methyl Ether
H2/trad Traditional process for H2 production from syngas
H2/PSA H2 production based on separation by Pressure Swing Absorption


Results published in VTT Research Notes 2434 (McKeough & Kurkela, 2008)
and in several conference papers (McKeough et.al)
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Typical Investment Breakdown for Biosyngas Plant


Pretreatment
Oxygen plant
Gasification
Reforming
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Final gas 
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VTT PROCESS DEVELOPMENT UNIT
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Tests results from VTT’s UCG-project (2007)
• O2/H2O-blown CFB gasification


• Reforming with two-stage monolith reformer


Data from UCG tests runs carried out in 2007 within Tekes-funded UCG project
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VTT 500 kW UCG PROCESS DEVELOPMENT UNIT







Stora Enso / Neste Oil Joint 
Venture for F-T BTL Diesel Fuel
• 50/50 Joint Venture “NSE Biofuels Oy” to first develop 


technology and later produce next generation 
renewable diesel crude from wood / forest residues


• Currently building a 12MW demonstration plant in 
Stora Enso’s Varkaus mill, to be in use spring 2009


• Investment decision for a commercial scale plant when 
the parties have enough experience from the 
demonstration plant


• Strong development consortium
– Joint Venture partners:
– Testing & research partner:
– Gasification supplier:


From Neste Oil and Stora Enso







1. Commissioning as air blown lime
kiln gasifier


2.  Testing period as O2/H2O gasifier,
gas cleaning, FT tests


3.  Return to lime kiln gasifier


Lime
kiln


5 MW
Gas cleaning


and FT


Biomass
SiloKuivur


i
Dryer 12 MW


Gasifier


NSE Biofuels Demo 1 
plant in Varkaus, Finland


From Neste Oil and Stora Enso







8.12.200822


from: Neste Oil and Stora Enso
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UCGFUNDA 2008 - 2010


Biomass gasification for synthesis applications
- fundamental studies supporting industrial development projects


• VTT, TKK and Åbo Akademi, total budget 1.5 M€
• Financing by Tekes Biorefine, VTT and private companies


(Carbona, Foster Wheeler, Metso Power, Neste Oil, Stora Enso, UPM & Vapo)


• Biomass characterisation for pressurised steam/oxygen-blown 
gasification: ash behaviour and reactivity


• Filter blinding and catalyst deactivation studies
• Tar reactions in non-catalytic and catalytic processes
• System studies on BTL-applications and hydrogen production
• Development of measuring methods for tars and other gas 


contaminants
• IEA groups: ”Biomass thermal gasification” and ”Biomass Hydrogen”
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'Rapid' on-line tar
analysis


Analysis time 15-20 min
Calibrated compounds:


– Benzene
– Toluene
– Naphthalene
– Phenanthrene
– Anthracene
– Fluoranthene
– Pyrene


Gas phase samples on-line
The results have been in good 
agreement with the results 
from off-line analysis off the 
corresponding samples.
Especially useful in transient 
conditions where the gas 
composition changes quickly. 
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Dry HTHP Syngas Cleaning 
- Status and Results -


Hans Leibold
Forschungszentrum Karlsruhe GmbH


ITC-TAB, KIT Campus Nord


IEA Task 33 Thermal Gasification of Biomass
Workshop


13./14.05.2009
FZK Karlsruhe, Germany


1 Institute for Technical Chemistry
Thermal Treatment Division
Hans Leibold
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Outline


• Motivation


• Why HT gas cleaning/conditioning


• Contaminants/target levels


• Concept dry HTHP Syngas cleaning


• Results lab-scale/bench-scale
– HT Sorption
– HT Filtration
– NT Tar conversion


• REGA HT syngas cleaning


• Integration


• Outlook
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Why a Dry HTHP Syngas Cleaning?


Temperature range


• Synthesis
– Fischer-Tropsch synthesis 220 - 350 °C


– Methanol synthesis 220 - 230 °C


– Methanation 230 - 700 °C


• Heat
– Steam 600 - 800 °C


• Power
– IGCC 300 - 500 °C


– MCFC 600 - 650 °C


– SOFC 800 - 1000 °C
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RECTISOL Syngas cleaning


ZnO


Guard Bed


Desulfurization


Syngas


Cooling


Section


Raw
Syngas


Steam


BFW


Particle


Scrubbing


Processed


Water


to Water


Treatment


Raw


Water


Rectisol


Desulfurization


Process


Refrigeration


Section


Cleaned


Syngas


Sulfur


Recovery


Sulfur


Tail Gas


Acid Gas


Cooling Precleaning Desulfurization


ZnO


Guard Bed


Desulfurization


Ammonia


Halide


Scrubbing







KIT – die Kooperation von
Forschungszentrum Karlsruhe GmbH
und Universität Karlsruhe (TH)


5 Institute for Technical Chemistry
Thermal Treatment Division
Hans Leibold


Rectisol - State-of-the-art syngas cleaning/conditioning


Cryogenic scrubbing process with Methanol (min. -70 °C)
+ Target levels for chemical synthesis are achieved


+ Syngas contaminants and CO2 below < 100 ppb(V)


+ Recovery of Sulfur from H2S, COS


- Complex systems engineering (⇒ V > 100 000 Nm³/h)
- High energy demand for refrigeration and syngas compression


- Waste water 


- Intricate heat displacement


- Invest and operational costs


HTHP Gas cleaning/- conditioning above T, P synthesis
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Syngas trace contaminants and target levels


n.s. = not specified Zuberbühler 2004, 1 Köppel 2007
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Sticky particulates, fly ash
sorption products (alkali, chlorides, sulfides)
organics (coke, tar)


Sorption HT Syngas cleaning
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alkali , heavy metals
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filtration
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Dry HT syngas cleaning 


Synthesis
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Basis for HTHP syngas cleaning bioliq
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HTHP Syngas cleaning


Objectives:
• Gas cleaning 500 °C mineral sorbents, NT catalyst
• Gas cleaning 800 °C HT filtration, mineral HT sorbents
• System integration Entrained flow sorption + ceramic filter


catalytic filter membranes
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HT sorbents and reaction products


NaHCO3, Na2CO3 · 2 H2O + HCl + H2S CO2 + H2O + NaCl + Na2S


CaCO3 + HCl + H2S CO2 + H2O + CaCl2 + CaS


• Solid reaction products at process temperature
Equilibrium on product side


• Low cost (natural) sorbents


g/cm³°CSpeciesg/cm³°CSpecies


CaS
CaCl2


CaO
CaCO3


845


772


2572


825


2.591.861180Na2S
2.152.17801NaCl
3.342.271132Na2O
2.712.53851Na2CO3


2.11-2.17(65)Trona
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•Trona (NaHCO3, Na2CO3 · 2 H2O)


•Syngas pressure 1 bar
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Sorption equilibria for Cl, S species
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Sorption equilibria for Cl, S species


•Precipitate chalk (CaCO3)


•Syngas pressure 1 bar
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TIRC


Evaluation of Sorptions Materials for HCl und H2S


Syngas composition


Lab-scale sorption reactor


H   2O / HCl


MFC


MFC


MFC


MFC


MFC


MFC


Stack


S


S


TIRC


Sorption
layer I


T    600°C


CO


H2


CO2


N2


CH4


H2S


S


T    1000°C


Sorption
layer II


15 %H2O


3 %CH4


10 %CO2


30 %H2


35 %CO


Sorption reactor


Parameters:
Diameter: 100 mm
Height: 1500 mm
Material: fused quartz glass
Layer: 50 - 150 mm
Flow rate: 0.3 – 0.5 Nm³/h
Temperature: 300 - 1000 °C
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HT Filter with Coupled Pressure Pulse recleaning


BlowerRecleaning valve
open


Hydraulic switch
Safety filter


Filter element


Filtration Recleaning


closed


• Adaptation of the recleaning 
intensity to the dust properties


• Loading pressure is controlled 
by the filter permeability only


• No interference of the dust load
• Fail-safe system integrated
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LT Catalysis of tar (Naphthalene)


Catalytic reactor


Parameters:
Diameter:  50 mm
Height:      1000 mm
Material:    scale free stainless steel
Flow rate:  0.5 Nm³/h


Tar model: Naphthalene 6000 mg/m³


balanceN2


15H2O


10CO2


Vol. %Gas
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LT Tar conversion (Naphthalene)


Performance of extruded Pt-based 
catalysts


• Pellet size
• Preactivation (H2)
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Entrained flow gasifier REGA with HT syngas cleaning


Syngas


Syngas
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HT Syngas cleaning REGA


Ceramic candle 
filter


500 - 800 °C


Syngas
from


60 kW  
entrained flow 


gasifier
REGA


Syngas


Fixed bed
absorber I


500 °C


Fixed bed
absorber II


350 °C


Catalyst


500 °C


• Candle filter 3 elements 500 mm,
CPP recleaning with N2


• Absorber I Trona H 220 mm, tRes 1 s
• Absorber II ZnO   H 170 mm, tRes 0.9 s
• Catalyst Pt-catalyst, pellets


5 m³/h


H2, CO, CO2, 
H2O, CH4, O2, 


Ctotal, HCl, H2S


HCl, H2S HCl, H2S


H2, CO, CO2, 
H2O, CH4, O2, 


Ctotal


CO, CO2, CH4, H2O IR-spectroscopy
H2 Calorimetry
O2 Paramagnetism
Ctotal Flame ionisation
HCl, H2S IM-spectroscopy, IC
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Syngas cleaning bioliq with highly integrated FZK process
1 MWtherm, 20/80 bar, 500 – 800 °C


Pressure-controlled  processes sorption und catalysis
Lab-scale, up to 80 bar, 300 - 800 °C


Pilot process at 60 kWtherm entrained flow gasifier REGA
Pilot-scale, 1 bar, 300 – 800 °C


Unit operations filtration, sorption von S, Cl, alkali and heavy
metals, catalysis of organics, NH3, HCN
Lab-scale, 1 bar, 300 – 800 °C


Syngas cleaning bioliq with enhanced ULTRA CLEAN Polishing 
Process, (Siemens/GTI) 
1 MWtherm, 20/80 bar, 350 – 500 °C
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HTHP syngas cleaning


Raw
syngas
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Catalytic
ceramic filter


Guard bed


Entrained
flow


gasifier
Sorbents
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Slurry
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ThyssenKrupp Group
ID102


Steel


Steelmaking
Industry
Auto
Processing 


Elevator Services


Materials Services 
International
Materials Services
North America
Industrial Services
Special Products


Technologies


Uhde


Stainless


Central/Eastern/
Northern Europe
Southern Europe/
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Escalators/
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Accessibility
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Steel Services


Workforce: ~199,000
Sales: €53.4 bn







Uhde: Facts and figures
ID103


Business year 2007/2008 (Uhde group)


4,900


2,600


World


Europe
Germany 2,100


History


1921 Friedrich Uhde engineering firm, Dortmund
1952 Friedrich Uhde GmbH becomes a subsidiary of Hoechst AG 
1996 Acquisition of Uhde GmbH by Fried. Krupp AG Hoesch-Krupp 
1997 Uhde and Krupp Koppers merge to form Krupp Uhde GmbH
1999 Krupp and Thyssen merge to form ThyssenKrupp AG 
2002 Name changes back to Uhde GmbH


Order intake €2,611.2 m
Net sales €1,540.4 m *
Equity capital €535.1 m *


Workforce 
Uhde group (total) approx. 4,900
- of which Uhde GmbH approx. 1,650


Engineering approx. 6.6 million 
capacity engineering hours/year


Workforce worldwide including all 
subsidiaries and associates


* acc. to IFRS







Coke oven gas treating


Gasification
syngas treating


Steam reformer
syngas treating


Uhde Engineering
Business Segments / Product Divisions 


Ammonia & Urea


Hydrogen & Nitrates


Electrolysis


Gas Technologies


Coke Plant Technologies


Organic Chemicals & Polymers 


Refining Technology 


Global Contracting / Biofuels







Steam Reformer Syngas Treating 
Applied Technologies


Syngas features: sulphur free, H2/CO ratio ~ 2


CO shift 


– Increase of hydrogen content in syngas


– High temperature and low temperature shift catalysts


CO2 removal


– Removal of carbon dioxide as feedstock for UREA production


– Production of pure hydrogen as feedstock for downstream ammonia 
synthesis


– Chemical solvents 


• aMDEA process, licensed by BASF


• Benfield process, licensed by UOP







Steam Reformer Syngas Treating 
Reference


SAFCO IV Fertiliser Plant
Saudi Arabia


– 3,300 mtpd NH3 plant
– 3,250 mtpd Urea plant


CO2 Removal
– Syngas feed 


620,000 Nm³/h
– 25 vol% CO2 in feed


aMDEA process







Specific Design Features 
CO2 Removal Unit


CO2 Overhead Pipe 







Gasification Syngas Treating
Applied Technologies


Syngas features: sulphuric, H2/CO ratio ~ 0.5


CO shift – partial or complete


– Increase of hydrogen content in syngas


– Raw gas shift – sulphur containing syngas


– Clean gas shift – desulphurised syngas 
(upstream gas treating, sulphur removal)







Gasification Syngas Treating
Applied Technologies


Conversion / removal of sulphuric compounds


– COS hydrolysis


H2S removal


– Chemical and physical solvents 


– MDEA – Uhde process design for selective H2S removal 


– Genosorb – Uhde process, DMPEG solvent by Clariant


Desulphurisation – Sulphur removal







Gasification Syngas Treating
Reference


Puertollano 
IGCC Power Plant
– 320 MWel


H2S Removal Unit
– Syngas feed 


180,000 Nm³/h
– 1.2 vol% H2S in feed


MDEA process
– selective H2S removal







Gasification Syngas Treating
Applied Technologies


Removal of carbon dioxide as product of CO shift process


Chemical and physical solvents depending on syngas composition, 
product specification and operation conditions


Proprietary and licensed technology


– Genosorb – Uhde process, physical solvent DMPG


– aMDEA – licensor BASF


– Rectisol – licensors Linde / Lurgi


CO2 - Removal







Coke Oven Gas Treating
Applied Technologies


Coke Oven Gas from coke making process
Only slightly pressurised, H2/CO ~ 5,


Impurities: tar, benzene, naphthalene, ammonia, sulphuric compounds
~10 g/Nm³ H2S,  ~0.5 g/Nm³ HCN, ~10 g/Nm³ NH3


Proprietary technology for removal of these impurities
Cyclasulf, Vaccasulf, CombiClaus, MonoClaus


Elimination of poisonous components or prevention of emission in using 
as fuelgas
Production of saleable goods







Coke Oven Gas Treating
Reference


Maanshan Iron & 
Steel Company 
Ltd, China


Coke Oven Gas 
Treatment by the
Vacasulf Process


Solvent:
Potassium
Solution


132,000 Nm³/h
1.1 bar a


H2S: 
In:    0.48 vol%
Out: 160 ppmv







Biomass Gasification Syngas Treating 
Gasification Uhde Technologies


Up to now:
No specific gas treating systems for “real biomass derived syngas”
– To be tailor made to the upstream gasification system and biomass 


feedstock
– Potentials for biomass derived syngas treating based on current 


process portfolio


Options for biomass gasification supplied by Uhde
HTW gasification (fluidised bed gasification)
– Up to 100% biomass feedstocks like peat


poplar, softwoods, peat, coconut residuals partially tested


Prenflo (entrained flow gasifier)
– Co-gasification of biomass like olive residuals (up to 30%)
– dry, grindable and pneumatically transportable, free of fibres







Syngas Treating Technology
by Uhde 


Thank you








Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Latest developments in FT synthesis and methanation 
at the Güssing biomass CHP plant, 


Dr. Reinhard Rauch


Institute for Chemical Engineering


Vienna, University of Technology


IEA Bioenergy Task33 meeting in Karlsruhe, 14th May 2009
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Engineering


Working group: Zero Emission 
Energy Technology 


Content


• Status Methanation


• Status FT synthesis
– Steam reforming
– FT catalysts
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Test plants – Renewable Synthetic Natural Gas (SNG),                      
Renewable Liquid Fuels


BioSNGBioSNG--lab scale productionlab scale production FTFT–– liquid fuelsliquid fuels


Biomass gasificationBiomass gasification
BioSNGBioSNG demonstrationdemonstration


Biomass CHP Güssing
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electricity


heat


CHP-PLANT GÜSSING


To synthesis gas applications
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Gas Composition (after gas Gas Composition (after gas 
cleaning)cleaning)


Main Main ComponentsComponents
H2 % 35-45
CO % 22-25


CO2 % 20-25
CH4 % ~10


~7mgS/Nm³Thiophens


500-1000ppmNH3


~30mgS/Nm³Mercaptans


PossiblePossible poisonspoisons


< 20mg/Nm³Dust


~3ppmHCl


~200mgS/Nm³H2S


H2:CO = from 1.5:1 to 2:1


MinorMinor ComponentsComponents


20-30mg/m3TARS
~2g/m3C10H8


~0,5g/m3C7H8


~8g/m3C6H6


1-3%N2


< 0,1%O2


~0,4%C2H2


~0.5%C2H6


2-3%C2H4
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Institute of Chemical 
Process 
Fundamentals
Academy of Sciences 
of the Czech Republic


Synthetic Natural Gas (SNG) from 
biosyngas
Consortium of EU DG TREN project BioSNG


Starting date: May 2006
Duration: 36+6 months
Coordinator: IE-Leipzig


http://www.ie-leipzig.de/Energetik/Bio-SNG/Index.htm



http://www.ie-leipzig.de/Energetik/Bio-SNG/Index.htm
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SNG from biosyngas
R&D on methanation and gas cleaning in Güssing, A


1 MWSNG PDU consists of several sections:
gas pretreatment and gas cleaning
methanation
upgrading to natural gas quality (mainly H2/CO2


separation)
CNG filling station


Demonstration Unit


Gasification


Wood
Gas


Cleaning


Fluegas
Treatment


Gas Engine


Ash


Gas
Treatment Methanation SNG


Purification


Power


SNG Fueling 
Station


Bio-SNG Fuel


H2 Recycle Streams


Fluegas


CO2 + H2S / Heavy HC


Energy, 
Liquid 
& Solid
Waste


CO2 Product (to substitute N2)


Energy,
Water
& other
Materials


Commercial biomass CHP


BioSNG
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Status & Outlook
Pilot and Demonstration Unit


• Mechanical completion: July 2008
• First methanation tests in December 2008
• Chemistry is very similar to lab scale Cosyma


• Commissioning is ongoing
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Renewable liquid fuels


Fischer-Tropsch Syntheses
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Gas composition
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Thermodynamic equilibrium at 
850°C


Raw product gas 
after gasifier


Thermodynamic 
equilibrium


H2 40,0 57,0 vol% dry


CO 22,0 27,4 vol% dry


CO2 23,0 14,6 vol% dry


CH4 10,0 0,0 vol% dry


C2H4 2,5 0,0 vol% dry


C2H6 0,5 0,0 vol% dry


C3H6 0,5 0,0 vol% dry


N2 1,5 1,0 vol% dry


H20 40,0 24,9 vol%


H2:CO = 2.1:1
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Schema of FT synthesis
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Catalyst performance recovery by 
H2S removal (lab scale)
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Steam reformer integrated into FT 
unit at the biomass CHP Güssing


Heat exchanger for steam generation


1st reforming reactor


2nd reforming reactor


Heat exchanger for cooling
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Results of the catalyst testing


3 different types of catalysts were used:
• Methane-reformer
• Aromatic-reformer
• Naptha-reformer
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Results of the catalyst testing


Gascomposition after the steam reformer for each catalyst at 900°C


Catalyst CH4 N2 CO2 CO H2 H2/CO
None 10,6 1,0 24,0 23,4 37,5 1,6
Methanereformer 7,4 1,1 23,4 26,7 40,7 1,5
Aromaticreformer 5,8 1,0 16,9 27,5 48,8 1,8
Naphtareformer 6,4 1,1 16,0 30,5 45,9 1,5


Catalyst C2H4 C2H6 C3H6 C3H8
None 3,1 0,2 0,2 0,0
Methanereformer 0,6 0,1 0,0 0,0
Aromaticreformer 0,0 0,0 0,0 0,0
Naphtareformer 0,1 0,0 0,0 0,0
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Long term testing 
(aromatics reformer)


Gascomposition after the aromatics reformer - main components
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Long term testing 
(Naphthareformer)


Gascomposition after the steam reformer - main components
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FT-Reactor and catalysts


A Slurry-Reactor is used. A slurry reactor is a 3-phase 
reactor, where the solid catalyst is suspended in the liquid 
product and the gas keeps the catalyst in suspension. 
The main advantages are:


• Simple and cheap construction
• Excellent heat transfer
• No hot spots and no temperature profile along the 


reactor
• Easy to scale up
• Integration of isomerisation and hydrotreating


possible


The following catalysts were used till now:
• Haber Bosch catalyst (mainly for start up)
• Research catalyst (based on cobalt ruthenium, produced from 


University of Strasbourg)
• Commercial cobalt catalyst
• Commercial iron catalyst
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Current Status and Outlook


• Biomass CHP Güssing is in operation for about 7000 
hours per year and gives excellent frame conditions 
for research


• BioSNG demo plant is in commissioning and first 
results are very positive


• For steam reforming of product gas first results are 
available


• Lab scale FT synthesis works well, upscale can be 
done
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Information


http://www.ficfb.at


Visits under
+43 3322 9010 850
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Modelling
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Carbo-V®-Gasification aiming for


high feedstock flexibility (for all dry and carbon-
containing materials)


high efficiences


gasification power range up to 200 MW 


high syngas quality


tar free gas


Development Goals of Carbo-V®







Bio-coke


Gas
(with tar)


Biomass


Low temperature


gasifier


Syngas


Steam


Gas-scrubber


Waste water


Slag


Carbo- V®-


gasifier


Gas
(tar-free)


Oxygen


Recuperator


Deduster


Ash, dust


Gas-


conditioning


Carbo-V® -Process, simplified







Washing lye


CO2 Washer


Ultrapurification


CO-shift or Hydrogen optional


Regeneration
Washing lye


Gas scrubber


Waste water


Heat exchanger


Deduster


CO shift


Clean syngas


Coal / ash


to Carbo-V® reactor


Raw gas from
Carbo-V®


process


Gas cleaning process, simplified







Biomass


Storage


Drying Low 


temperature


gasifier


High 


Temperature


and 


endotermical


gasifier


Rawgas


cooling


Dedusting


Scrubber


Quality check


Multi stage raw gas cleaning - block diagram


first unit of  


gascleaning


second and 


third unit of 


gascleaning







Composed of


- CO-shift


- CO2-Washing


Synthesis Tank storageGasconditioning


Composed of


- ultrapurification


- Fischer-Tropsch-Synthesis


- Hydrocracking


- Destillationfourth unit of 


gascleaning


fifth unit of 


gascleaning


Multi stage raw gas cleaning - block diagram







Raw gas after gascooling


> 100 g/m³ < 10 mg/m³


dedusting


cyclone filter


Targets for several units


Residual dust recycled


to Carbo-V-reactor


second unit of gascleaning - dedusting







scrubber


1        2         3


Cl, S, H2O


activated


coal


S        < 2 mg/m³


Cl       < 1 mg/m³


Alkali ~ 0


S                   > 30 mg/m³
.


Cl                  > 10 mg/m³
.


Alkali            > 30 mg/m³
.


Heavy          > 5 mg/m³
metal           .


Others > 15 mg/m³
(Si, Al, P, dust)              .


third unit of gascleaning - scrubber


Targets for several units


Flare







CO-Shift CO2 -Washing


CO2, residual S


S      <  100 ppb


Cl     <    20 ppb


fourth unit of gascleaning – CO2-washing


S        < 2 mg/m³


Cl       < 1 mg/m³


Alkali ~ 0


Targets for several units







Halogen


Elimination


Sulfur


Elimination


Elimination of


oxygen traces


fifth unit of gascleaning - ultrapurification


S      <  100 ppb


Cl     <    20 ppb


S      <    50 ppb


Cl     <    10 ppb


Summary: in detail eleven steps in five units to produce


a clean syngas


Targets for several units







Beta vs. SIGMA


Comparision gas cleaning - overview


Multi lineOne lineGasification


Synthesis levelIntermediate levelPressure gas cleaning


~250,000 Nm³/h~ 15,000 Nm³/h, dryRaw gas volume


640 MWth45 MWthCapacity


SIGMABeta







Selexol circulation 
(semi lean Selexol)


CO2


Scrubber 3 Guard beds,
Trace impurity removal


Part of shifted gas to PSA
(H2 production for synthesis)


Flash regeneration of
Selexol (pressure 
swing), CO2 removal


Gas scrubber
column cascade,
removing HCl, H2S,
water condensation


Residual water


evaporation / concentrate disposal (NaCl, Na2SO4)


Heat exchanger


Deduster


CO shift
Clean syngas
to synthesis


Coal / ash
to Carbo-V® reactor


Raw gas from 
Carbo-V®


Process
~15,000 Nm³/h


raw gas, dry


Beta plant gas conditioning process 1/2 


Water circulations, 
chemicals (NaOH, H2O2)


CO2


Bypass gas


Gas compression 1,
intermediate pressure


Gas compression 2,
synthesis pressure
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loaded
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Beta plant gas conditioning process 2/2 


Specifics of Beta plant gas conditioning process:


1. Relatively high consumption of chemicals for water wash stages 


(NaOH, regulation of relatively high pH- value, H2O2) � high OPEX


2. Relatively high amount of concentrate incl. consumed chemicals to dispose 
(concentrate with NaCl, NaSO4) � high OPEX


3. 2 gas compressors (relatively high CAPEX). 
Intermediate pressure level for gas conditioning. High pressure level for synthesis. 


Intermediate pressure level for gas conditioning � higher pressure level would be 


more favorable for pressure swing regeneration of solvent (CO2 absorption at high 


pressure, CO2 desorption / solvent flash regeneration at low pressure level)


4. Selexol scrubber column: organic solvent (like Selexol) coabsorbs (in lesser 
quantities) valuable gas compounds (H2, CO) too � recycle flash to minimize 


H2, CO loss � CAPEX and OPEX for recycle gas compressor







� Solvent circulation 
(semi lean solvent)


CO2


Scrubber
Guard beds,
Trace impurity removal


Part of shifted gas to PSA
(H2 production for synthesis)


Flash regeneration
of solvent, 
CO2 , H2S removalGas scrubber


column cascade,
removing HCl,
water condensation


Residual water
evaporation / concentrate disposal (only NaCl)


Heat exchanger


Deduster


CO shift
(sour shift!)


Clean syngas
to synthesis


Coal / ash
to Carbo-V® reactor


Raw gas from 
Carbo-V®


Process
~250,000 Nm³/h
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Water circulations, 
chemicals (only NaOH)


CO2, H2S flash gas


Bypass gas


Gas compression 1
(directly to synthesis 
pressure level!)


R
e


c
y
c
le


 f
la


s
h


 c
o
m


p
re


s
s
o


r


loaded
solvent


Heating


steam


Cooling water


CO2, H2S rich gas


� Hot regeneration of
solvent, complete 
CO2 , H2S removal


� Solvent circulation 
(lean solvent)


Gas to CO2 -
H2S 
separation & 
S recovery / 
disposal unit


Remark: differences to beta plant process
in red color!
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Sigma plant gas conditioning process, comparison with Beta plant:


1. Relatively lower consumption of chemicals for water wash stages,


only and lower NaOH consumption for regulation of (lower) pH – values and HCl removal. 


2. Relatively lower amount of concentrate incl. consumed chemicals to dispose 
(concentrate with NaCl).


3. Only 1 gas compressors (relatively lower CAPEX). 
High pressure level for gas conditioning and for synthesis. 


���� High pressure level is more favorable for pressure swing cycle of the solvents (CO2


absorption at high pressure, CO2 desorption / solvent flash regeneration at low pressure 
level)


4. Besides pressure swing solvent regeneration there is a hot regeneration resp. inert 


gas (N2) stripping regeneration for the generation of lean solvent (solvent without H2S) 


needed ���� CAPEX, OPEX.


5. Unselective CO2 – H2S removal (AGR – acid gas removal) with physical organic or aqueous 
amine solutions ���� following CO2 – H2S separation and S recovery unit needed ���� CAPEX.
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Considered solvents for unselective AGR (acid gas removal), in limbo!:


CAPEX / OPEX to be supplied by sigma scouting phase supervisor else!


[1 – 3: Organic solvents (physical solvents),
4 – 6: Aqueous amine solutions (chemical solvents)]


1. Rectisol®


2. Genosorb®


3. Selexol®


4. aMDEA


5. ADIP-X


6. Remark: alternatively other solvents / supplier possible, par example aMDEA / sMDEA.


Further remark: organic solvents imply greater coabsorption of valuables (H2, CO) then aqueous solutions ���� greater  amount of recycle gas for 


loss compensation needed, but organic solvents imply lesser residual CO2 / H2S in the clean synthesis gas to the guard beds too.







Beta plant gas conditioning process,
Sigma plant gas conditioning process


Summary: Block diagrams (simplified):


Dust removal
Water wash 
columns


Gas compressor 1


CO Shift


Part of shifted gas to PSA, H2 to synthesis


Gas compressor 2


Guard beds


Beta plant:


From gasification Syngas to synthesis(HCl, H2S removal)


CO2 removal
(Selexol)


NaOH, H2O2


Concentrate with NaCl, Na2SO4


PSA


H2 to synthesis


CO2


Dust removal
Water wash 
columns


Gas compressor


CO Shift
(sour shift)


Part of shifted gas to PSA, H2 to synthesis


Guard beds


Sigma plant:


From gasification (only HCl removal)


AGR (acid 
gas removal)


NaOH


Concentrate with NaCl


PSA


H2 to synthesis


CO2, H2S Syngas to synthesis


S recovery


CO2


(p. e. SulFerox, 
LO-CAT, etc.)


S


Bypass gas


Bypass gas


Remark: AGR (acid gas removal): choice of solvent in limbo else!


alternatively!
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BASF Business fields


� Gas scrubbing process (aMDEA®)


� Purification catalysts and absorbents
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History of aMDEA ® gas treatment


Before 1971 Use of several gas treatment systems 
like MEA, DEA and Benfield


1971 1st application in BASF’s ammonia plant No. 3 
(1200 MTPD) 


1971 – 1982 9 BASF synthesis gas plants 
(Oxo syngas as well as ammonia syngas ) 


1982 Start of aMDEA® process licensing 
outside of BASF


Status 12/2008 > 250 reference plants (15 BASF owned plants) 
and  > 30 under design/construction
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Prin(simples) of an Acid Gas Removal Unit


Absorber
High Pressure


Low Temperature


Regenerator
Ambient Pressure
High Temperature


Feed Gas


Treated Gas Acid Off Gas


Acid gases, such as H2S and CO2, 
are chemically or physically absorbed
by the solvent in the absorber, 
preferably at low temperatures and 
high pressure


The loaded solvent (rich solvent) 
moves to the regenerator


Acid gases will be desorbed from the
solvent in the regenerator at elevated
temperatures and ambient pressure


The regenerated solvent (lean
solvent) is returned to the absorber


Gas stream H2S / CO2               Solvent


Acid Gas Removal Unit (AGRU)
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�Morphysorb ® (with Uhde)


�Omnisulf ® (with Lurgi)


��PuraTreat™ R / A1


��sMDEA


���ADEG ® (Diethyleneglycol)


���aMDEA ®


TECHNOLOGIES


FLUE GASAMMONIASYNGASREFINERIES   
LPG


NATURAL GAS
LNG


INDUSTRIES


�DIPA (Diisopropanolamine)


��MDEA (N-Methyldiethanolamine)


��DEA (Diethanolamine)


�����MEA (Monoethanolamine)


SOLVENTS


Solvents & Technologies


�


1 PuraTreat A technology is marketed through Toyo Eng. Co.  
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Various Syngas Composition


393830barpressure
<100<100<100mg/Nm3HCN
<100<100<100mg/Nm3NH3


SaturatedsaturatedsaturatedH2O
780100200ppmv%COS


1.97%0.18%0.23%mol%H2S
0.73%10.48%9.86%mol%N2
0.10%0.00%0.00%mol%CH4
1.11%0.07%mol%Ar


15.94%2.64%2.58%mol%CO2
32.60%19.67%28.12%mol%H2
47.48%66.94%59.19%mol%CO


CBAGasifier


Variuos gasfier technologies and different feedstock sources lead to a wide variety of crude syngas specifiations
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spec variesspec variesspec varies< 10 ppmv ??--SCO2-off-gas


> 30vol%> 30vol%> 30vol%> 30vol%> 30vol%SS-off- gas


variesvariesvariesvariesvariesHg


High purityHigh purity ------NH3


High purity--------HCN


--


< 1-0.1 
ppmv


methanol


< 50-500 
ppmv


< 0.1 ppmv


NH3


Chemicals/Liquids


--
depends on max. H2 


conc. in gas turbines + 
process ecconomics


--CO2


< 0.1 ppmv< 5-30 ppmv< 5-30 
ppmvS


process gas


FT-
synthesisincl. CCSexcl. CCS


IGCC


� Different applications required adapted outlet specifications


Outlet Specification Requirements
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-+-Split in H2S and COS rich off 
gas


mercaptans


COS


++-


++(0)Organic 
sulfur 
removal


+


high


+


-


Physical 
solvent


--acid off gas at elevated 
pressure


mediumlowH2 and CO losses via 
co-absorption


0


+


Hybrids


-equilibrium


+kinetics
selectivity 
based on


Chemical 
solvent


Various Solvent Properties
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Cooled Shifted Syngas Clean Syngas


CO2-off-gas


H2S (25% Minimum)
e.g. to Sulfuric Acid Plant


H2S + CO2   Acid Gas


Potential Process Setup


aMDEA
(AGRU 1)


sMDEA
(AGRU 2)
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Today more than 260260 reference plants 
worldwide (incl. 1515 BASF owned plants)


Thereof 2828 operating Syngas Plants and 
77 under design or construction


Cooperation with 
PuraTreat A technology
PuraTreat A (physical absorption process) specifically 
designed for coal gasification market


Experiences in Syngas Applications
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BASF Puristar ® Purification catalysts
Why synthesis Gas Polishing ?
- Application fields -


TO PROTECT
� Highly active methanol production catalysts
� Efficient hydroformylation catalysts (oxo alcohol production)
� Highly efficient shift catalysts in ammonia plants
� Highly efficient Gas-to-Liquids (GTL) production catalysts


... AGAINST
� Oxygen, Acetylene, Ethylene, Sulfur (H2S, COS,R-SH), Arsine (AsH3), Chlorides (HCl), 


Phosphorous (PH3), Mercury and others


... especially,if the synthesis gas is derived from gasification of solids


(e.g. from iomass, carbon-containing slurries, solid or liquid organic waste streams
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BASF Puristar ® R0-23 & R3-15
Why synthesis Gas Polishing ?
- For Example Methanol Production -


Impurity Effect... ... on Methanol production


Oxygen organic acid formation *


Ethylene Organic acid formation *


Sulfur Copper sulfidation Methanol catalyst deactivation


Acetylene Organic acid formation *


Metals Metal deposition Methanol catalyst deactivation


* Acid formation on Methanol catalyst has two consequences


� Mechanical degradation of the MeOH catalyst


� Accumulation of corrosive acids in MeOH product
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BASF Puristar ® R0-23  
Catalyst Specification
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BASF Puristar ® R3-15  
Catalyst Specification
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BASF Puristar ® R0-23 & R3-15
Process Design Basis
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BASF Puristar ® R0-23 & R3-15
Process Conditions & Performance
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BASF Puristar ® R0-23 & R3-15
How do they work ?





