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ABSTRACT: The purpose of this paper is to evaluate efforts contributing to achieve European and German aims for  strengthening the strategic security of fuel supply by internal fuel production, among others, by thermal gasification of biomass and residues, to give an overview on technological paths followed and plants being built in Germany and to elaborate recommendations on surmounting hurdles and accelerating research and technological demonstration.  

Based on data and long experiences gained by industrial expertise, activities of the national task group of FEE “Gasification of Biomass”, co-operation in the EU-research network ThermoNet / GasNet and conferences on that topic jointly organised with DGMK all major current activities have been collected and will be presented as the German state-of-the-art. Innovative solutions and first networks between research, technology enterprises and the automobile industry will be presented. Relevance and fast progress of different research, pilot and commercial plants for entrained flow  gasification as one of the most promising technologies will be elaborated. 

Apart from rape-methyl esterification, natural oil seed pressing and ethanol fermentation, gasification of biomass seems  to be a first choice technology for the production of biofuel which may jointly with natural gas serve as bridges to the hydrogen age.
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1
INTRODUCTION

FEE Fördergesellschaft Erneuerbare Energien e.V. has managed since 1994 a German national task group on „Gasification of Biomass“ and on behalf of the Federal Ministry of Consumer Protection, Food and Agriculture since 2001 on “Biogenuous Gases – Fuel Cells”. Jointly with Lurgi, FEE represents  the German gasification branch in both, the production of syngas for bio- and new fuels as well as the combined generation of heat (cold) and power in the EU-Gasification Network (GasNet). Together with PyNe, the Pyrolysis Network, GasNet forms the EU-research network ThermoNet. In November 2003 FEE was involved into an “International Network for Research on Renewable Energy” by the German Federal Ministry for Education and Research, being responsible for gasification gas from biomass and residues. Since early 1994 every tow years,  FEE has organised national conferences on the up-to-date state-of-the-art of gasification in Germany. The last two were conducted under management of the DGMK Deutsche Wissenschaftliche Gesellschaft für Erdöl, Erdgas und Kohle (German Scientific Society for Natural Oil, Gas and Coal) in close co-operation with the BFH Federal Research Agency on Wood Economy and Forestry and Fraunhofer-UMSICHT at Velen and with stronger emphasis on residues jointly with the Technical University Mining Academy at the German traditional since the mediaval mining town Freiberg which has been converted at present to the “silicon and gasification hill” of Germany.

As the Federal Republic of Germany to the disadvantage of its progressive gasification industry and scientific community, so far, has not signed the biomass agreement of the International Energy Agency, FEE holds contacts to the IEA Task Thermal Gasification and elaborated in close relations to enterprises and institutes  the Report on Germany  in the  “State-of-the-art of gasification of biomass in countries participating in the GasNet and IEA activities”. [1] 

These working groups, networks, partners, conferences and reports are source and a framework of information, co-operation, joint  projects, market analysises and lobbying for research institutes, innovative companies and experts in all related fields of activity.

2     
STRATEGIC IMPORTANCE OF HOME-MADE 

       
BIOFUELS

The European Union meets the challenge becoming increasingly dependent on external primary energy sources. Based on current forecasts, dependence will reach as much as 70 % by 2030. [2] An amount that Germany reaches almost today. 

At present, the mobility in Europe is facilitated almost completely by fossil fuels produced from natural oil and gas. European and at an even higher level German road, sea and air  traffic  are dependent on imported  oil and gas, kerosene, diesel and petrol, most of them coming from conflictive areas. Since the end of 2003, almost all of them have been  under the direct or indirect control of the economic competitor and excessive global consumer, the United States of America. In the year 2002, the Green Paper: “Towards a European strategy of energy supply” concluded. “As long as the EU fails to develop means to reduce the influence of the international markets, this situation will remain the Achilles` heel of the European economy.”  [2]

2.1
EUROPEAN AIMS

One of  the key objectives of EU energy policy is a divers, secure, environmentally friendly  and cost effective energy supply. This requires an appropriate political, socio-economic, business and technology climate, both, in the Community and in Germany. 

In this context, one of the most important questions risen is whether an ambitious program to promote biofuels and other substitute fuels, including hydrogen, might be geared to as much as 20 % by the year 2020. [3] 

2.2   MAJOR DRIVERS AND HURDLES


Since the  1st World Conference “Biomass for Energy and Industry”  in the year 2000 in Sevilla, Spain, a higher priority was given to the syngas generation instead of combined heat and power. Major drivers in the European Union were 

· the emphasis given by the European Union in the 6th Framework program for research and development on fuel cells and their fuels, as hydrogen, other gaseous and liquid fuels, as well as the measure taken, as formation of the High ranking Group and the  first steps for the International platform on fuel cell and hydrogen technology,

· the guideline for the promotion of the application of biofuel and other renewable fuels in transport,

· new aims in the agrarian policy. 

In Germany, the signals were more contradictory. Biofuels were granted complete tax exemption. A major push is the necessity to renew one third of the power plants in the next 20 years ( about 40 GW installed electrical power. Furthermore, by the beginning of next year landfilling of organic waste will be prohibited. On the other  hand reigns still insecurity for investment. The amending of the Act on Granting Priority for Renewable Energy has been ongoing since April 2002. Budgets restraints led to cutting the budget for R & D on bioenergy by one third. Moreover, innovative small and medium size enterprises have growing difficulties to get access to  financing , because of Basel II ratings.     

3
 PRINCIPAL TRENDS

This changed situation caused an enormous upswing of market demand on  gasification to produce syngas for sun fuel or synthetic fuel as well as for a hydrogen rich producer gas. 

The first ever strategic partnerships between global players (automobile industry, mineral oil companies) and innovative small and medium sized enterprises (SME) were formed. 

The technology of first choice is the entrained flow gasification. 

The interest rises in co-gasification of biomass and residues, especially sewage sludge and municipal solid waste, and the mono-gasification of waste. 

However, the combined heat, cold and power-generation is characterised by contradictory  developments, progress in process stability is counter-balanced by an increasing number of failures for technical and non-technical reasons and an growth of newcomers and home-mechanics. 

This ambiguous  situation led to growing insecurity of public authorities and negligence of their  necessary support. 

Only recently, related to efforts to minimise carbondioxid emissions in coal  combustion the interest in the integration of gasification into the conversion process has risen. 

4      PROGRESS

4.1   INDUSTRIAL  SCALE

The most advanced  project on  biofuels reaching almost industrial scale is located in Freiberg / Saxony. It employs the so-called CARBO-V( Process  developed by CHORen Industries GmbH (4(.

The Carbo-V( Process (Picture 1) is characterised by a combination of  two oxygen blown gasification steps, a low temperature, 400-500°C, and a high temperature gasification reactor which operates between 1400°/ 1500°C and into which gas stream, favourably for the ‘cold gas efficiency factor’ claimed over 82% , bio-coke produced in the low temperature gasification step is separately injected for ‘chemical quench’, i.e. secondary gasification, which then leaves a combined  syngas product of around 800°C for downstream treatment and use. The product syngas is tar-free. 

Direct use of the gas was proven in motor tests (Zeppelin / Caterpillar) in 2001 which lasted over 500 hrs. In 2003, 11m3  of methanol were produced and since mid 2003 the 1MW pilot unit is able to produce FT-products in special campaigns. 

The diesel fraction is already used in fleet tests arranged jointly between DaimlerChrysler, Volkswagen and CHORen. A full 50 MW semi-industrial facility is currently in construction and already commissioned in parts. 

Plans for much larger plants up to 6000 m3/d ‚SunFuel’ have been recently discussed.

Picture 1: Carbo-V® Technology Schematic
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The SVZ Sekundärrohstoff-Verwertungszentrum Schwarze Pumpe GmbH, Spreetal/Saxony, already produces methanol at industrial scale partially from biomass in an integrated plant complex (5(.

Used and contaminated wood mixed with other industrial organic waste, sewage sludge and coal is gasified in pressurised moving fixed bed reactors of the Lurgi type. For flexibility, the Lurgi gasifiers include the dry ash and slagging version (5 reactors total); they operate in combination with a gasifier of the high temperature entrained flow type used typically for the gasification of organic waste liquids, e.g. tar. In 2003, some 300.000 t of solid waste, including biomass, and 50.000 t of liquid waste have been converted into         380 Mm3 STD  syngas which allowed for the production of  80.000 t of methanol and 360.000 MWh power as well as steam for export. The SVZ Technology Complex is a good example for the production of biofuel at already existing industrial scale.

At Herten/Northrhine-Westfalia, a 1 MWth pilot unit operates using a solid heat carrier for the gasification of the biomass. The process named D.M.2 is rather aiming for a H2 enriched syngas which is reported typically around 50 vol% and by enhancement can reach over      70 vol% from green biomass. Licensing has started and up to 10 MWth  commercial units are in planning stage (6(.

The process (Picture 2) can be best described that it employs a pyrolysis step and a reforming/gasification step, one above the other, in counter-current flow with the heat carrier, i.e. sand, sintered corundum etc.. The heat carrier enters the gasification/reforming reactor at around 1000°C; reaction takes place around 950°C and steam is added for gasification and for reason that large hydro-carbon molecules, e.g. tarry matter, will be cracked. The biomass feed enters right above the pyrolysis reactor, the carbon formed in pyrolysis and reforming stays with the used heat carrier and will be combusted to reheat the carrier. 

Picture 2: 
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4.2 R & D  SCALE  

Numerous public and private organisations in Germany are investigating into the use of biomass via gasification and later turn into biofuel.  For mentioning, the Fraunhofer-UMSICHT Institute, Oberhausen/ Northrhine-Westfalia operates a small scale CFB test unit for its investigations and offers its services for enterprises (7(. 

The CUTEC-Institute GmbH, Clausthal-Zellerfeld/ Lower Saxony, has a laboratory scale complete BTL plant (“ArtFuel”) in construction for studying, also using the CFB principle followed by FT-synthesis (8( . 

The AER Absorption Enhanced Reforming of biomass to generate a  hydrogen rich producer gas, of the ZSW Center for Solar Energy and Hydrogen Research Baden-Württemberg, a non-profit Foundation, and the Institute of Process Engineering and Power Plant Technology of University of Stuttgart jointly with their international partners recently announced achievement  of 75 vol % of hydrogen in tests(ENK5-CT-2001-00545) (9(. 

At the Institute for Thermal Power plants, Technical University of Munich, the consortium of at all nine European partners tested successfully during a 72-hours- duration test the first prototype of a biomass heatpipe reformer for small standardized biomass-CHP-plants (BioHPR-project No. NNE5-2000-00181) (10(.  
The Institute for Energy-Technology, University of Siegen , [11] performs tests in a laboratory unit to study separation of the pyrolysis-gasification step and provision of heat via carbon combustion in a separate FB combustor. In the IPV( Process, the ash works as for the heat carrier.

The Gesellschaft for Nachhaltige Stoffnutzung mbH, GNS, Halle/Saxona-Anhalt, in collaboration with Fachhochschule Merseburg [12] looks into development of significant improvements in the performance of the known co-current fixed bed principle in application for biomass feedstock. A laboratory scale pilot plant is in operation.

Picture 3:
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The process uses catalytic effects to improve performance. In phase 1, the catalytic-partial allothermic effects resulted in an increase of the gas yield and feed throughput, a strong rise of gas output and cold gas efficiency and a decrease of the air requirements. Phase 2 will aim for a significant enlargement of the calorific value of the producer gas, especially in the amount of hydrogen.

At an early stage of development but with high potential, the Forschungszentrum Karlsruhe FZK pursues a concept which may help to resolve the problem of high cost and intermediate storage of agricultural waste, e.g. straw, and the challenging production of biofuel thereof via gasification and synthesis [13]. The concept at first comprises employment of small units for fast pyrolysis at 500°C of the agricultural waste. The units are to be evenly located in rural areas up to 50 MWth  in size which equals a throughput of approx. 12 t/h of dry-ash free straw, hay, wood etc.. The fast pyrolysis units use a twin screw reactor with heat carrier in circulation.  From feedstock, approx. 10 t/h of a slurry (semi-product) is produced which includes the condensed pyrolysis oil mixed with the fine grain coke simultaneously produced. Secondly, about 20 to 40 of these small units will feed one central large gasification and synthesis complex. Gasification of the slurry has been demonstrated in simulated tests in the GSP reactor of Future Energy GmbH, Freiberg / Saxony.

At the Engler-Bunte-Institute, Technical University of Karlsruhe/Baden-Württemberg, especially conditio-ning and purification for use of the syngas in synthesis is investigated [14]. Purposely designed test rigs exist.   

5
CONCLUSIONS

Coherent and long-term European and national strategies for gasification of biomass and waste as  major pillars of a strategy of bioenergy for mobility, security, rural and industrial regional developments are needed. 

The elaboration of a federal energy research program is a task of high priority for being able to reach the high objectives fixed for securing a much higher  supply of biofuels in the short and medium future.

Given favourable conditions, recent progress in Germany proved that gasification might deploy its paramount advantages and versatility for methanol and syngas for sun and synthetic fuel  production, combined heat and power generation, for win-win-applications to get rid of residues otherwise doing harm to environment and utilising it as a secondary energetic barrier, for large scale industrial applications as well as small scale decentralised units, for regional economic development and at the same time for exports.   
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