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The Role of BMG in Germany´s Energy Supply


Energy Supply from RES


Drivers:Drivers:


• CO2 / Climate Change


• Ressources


• Economy
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• Employment


• Politics







Technical Energy Potential of Biomass in Deutschland
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Reststoffe
690 PJ/a


Rohstoffe
875 PJ/a


Reststoffe
53 Mio. Mg/a


Rohstoffe
49 Mio. Mg/a


Quelle: Faulstich et al; Abfalltage Baden-Württemberg,Stuttgart, 26. - 27. September 2006 Potenzial = 10,8 % PE Bedarf
40 % des Potenzials genutzt in 2006


Biomass Conversion Processes
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conversion







BMG - Germany, Policy


EEG Erneuerbare Energien Gesetz


RES act 2000 / 2004 / 01.01.2009


 bonus for electricity from renewables bonus for electricity from renewables


for biomass (according to BiomasseVO)


bonus base: 8,03 – 10,99 ct/kWh = fct(power)


• new technology bonus: +2ct/kWh / degr. 1%/a


= BMG / FC / CHP / elec. eff > 45%


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


5 | Thomas Kolb | ITC-TAB | 21.04.2008


• NawaRo bonus: +2.5 to 6ct/kWh = fct(fuel, power)


• CHP bonus: +3ct/kWh


 bonus guaranteed for 20 years


degression reduced from 1.5%/a to 1%/a


basic bonus for electricity from renewables, EEG


+1ct/kWh 
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Lit: Thomé-Kozmiensky 2008, S. 325







Legistation Biofuel, Germany
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tax on biofuel


quota on biofuel blending


EU goal 2010:  5,75 %


BtL fuel and EtOH from cellulose


 tax-free until 2015


Beitrag der erneuerbaren Energien in Deutschland zur 
Energieversorgung 2000 - 2006
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0,4


0
Anteil EE am gesamten


Primärenergieverbrauch
Anteil EE am gesamten
Bruttostromverbrauch


Anteil EE am gesamten
Endenergieverbrauch für


Wärme


Anteil EE am
Kraftstoffverbrauch des


Straßenverkehrs


Anteile EE am gesamten
Endenergieverbrauch


(Strom, Wärme, Kraftstoffe)


EE - Erneuerbare Energien;  
* ab dem Jahr 2003 neue Daten aus dem Energiestatistikgesetz (EnStatG) berücksichtigt
Quellen: BMU Publikation "Erneuerbare Energien in Zahlen – nationale und internationale Entw icklung - "; Stand: Juni 2007 
Angaben vorläufig







Beitrag der erneuerbaren Energien zur Wärmebereitstellung 
in Deutschland 1997 - 2006
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Biomasse gesamt: 94 %*
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0


10.000


1997 1998 1999 2000 2001 2002 2003 2004 2005 2006


* feste, f lüssige, gasförmige Biomasse, biogener Anteil des Abfalls, Deponie- und Klärgas
Quellen: BMU Publikation "Erneuerbare Energien in Zahlen – nationale und internationale Entw icklung - "; Stand: Juni 2007 
Angaben vorläufig


EE 89,3 TWh / 6,0% gesamt


BMG - Germany, Policy


EEG / RES act – 2000 / 2004 / 01.01.2009 
bonus for electricity from renewables


goal 2004: 12.5% electricity from RES by 2010g y y


new: 27% in 2020
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Lit: EEG-Eine Erfolgsgeschichte /  BMU 2007







BMG - Germany, Policy


EEG / RES act – 2000 / 2004 / 01.01.2009 
bonus for electricity from renewables


Cost for Electricity ProductionCost for Electricity Production
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Lit: EEG-Eine Erfolgsgeschichte /  BMU 2007


BM-Fermentation
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Lit.: Daten und Fakten zu nachwachsenden Rohstoffen, FNR 2007







small combustion systems


• Scheitholz-Feuerung


• Pellet-Feuerung


insges. 14 Mio. Anlagen


• starker Anstieg derstarker Anstieg der 
Brennstoffpreise 


• hohe Feinstaub-Emissionen 
wie Kraftverkehr (Verbrennung)


Kaminöfen mit Filter ausrüsten
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Quelle: Jahrbuch Erneuerbare Energien 2007; Stiftung Energieforschung BaWü


Combustion Systems for Biomass, CHP 
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grate furnace fluidized bed







BM-Combustion
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Lit.: Daten und Fakten zu 
nachwachsenden Rohstoffen, FNR 2007


Co-Combustion of Biomass in Power Plant


großtechnische Erprobung in


Staub- und Wirbelschichtfeuerung


Einsatzstoffe: überwiegend:


Klärschlamm Deutschland


Holz Osteuropa


Halmgut Skandinavien


● bis zu 10 % Biomasse


● i.d.R. alte Kessel
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● geringe Feuerraumbelastung


● moderate Dampfparameter


Quelle: VGB PowerTech 3/2006, W. Schöngrundner et al.
VGB PowerTech 11/2006, P. Savat 







Cost of wood-chips, pellets, gasoil, NG / FRG
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Lit.:  www.carmen-ev.de


The Role of BMG in Germany´s Energy Supply


BMG processes in Germany


> 100MW  fuel, chemicals, (HP by-product)


• Choren SHELL• Choren SHELL


• bioliq LURGI/Air Liquide & FZK


• ???? UHDE


• ???? LINDE


10 – 100 MW  heat, power, SNG


• ARTFUEL Cutec


AER ZSW / DVGW
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• AER ZSW / DVGW


< 1 MW  heat, power


• small companies


communities, local utilities







BMG - CHOREN, β-Plant
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Lit.: CHOREN


- fuel: wood / 65.000 t ds/a


- thermal load: 45 MWth


- FT-fuel: 18,000 m³/a


- pressure: 6 bar


- invest: ca. 100 Mio. €


BMG - FZK  bioliq, Process Chain
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BMG - FZK bioliq


Transportation 
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Biomass harvesting


regionale Pyrolyse- Anlagen
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Zentraler
Centralized Syngas- and 


Synfuel Production
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Diesel 36


BMG - Artfuel, CUTEC
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Lit.: CUTEC


- fuel: dry bm 60 - 100 kg/h


- thermal load: 400 kWth


- temperature 900°C


- pressure: atmospheric


- FT-synthesis







Cost of Production for Biofuel
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Lit.: Daten und Fakten zu nachwachsenden Rohstoffen, FNR 2007


Diesel prize
D 36 €/GJ


USA 16 €/GJ


DVGW-Forschungsstelle am Engler-Bunte-Institut der 
Universität Karlsruhe (TH), Gastechnologie


„Technology platform bio energy and methane“


Biomass pyrolysis


biogas plant gasification


LNG-plant







DVGW-Forschungsstelle am Engler-Bunte-Institut der 
Universität Karlsruhe (TH), Gastechnologie
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FEE Fördergesellschaft Erneuerbare Energien


(Heart) Breaking News


Overview BMG for CHP on the German Market (Mechanically feeded)
State-of-the-Art: March 2008
© FEE e.V. Completeness not claimed.


Developer / Manufacturer / Seller Systems, put into operation Installed Load
2005 2006 2007


Bernd Joos and licencees 2 4 2
bioenergy systems GmbH (1) 3
Biomass Energiesysteme GmbH & Co. KG 1 3
Bisea GmbH 1
DreBe GmbH (1) 3 (1) 3


about 420
about 300


[kWel]
about 250
about 500


about 1,900


( ) ( )
Kuntschar Energieerzeugung GmbH & Co. KG n.a. 2 7
Mothermik GmbH 7 7 (2) 7
Reg-Energy GmbH / Scultura Engineering & 1
Consulting GmbH 
Total 9 (1) 17 (4) 27


about 500


about 9,500


about 1,125
about 4,500


prepared by: Eberhard Oettel, Dipl.-Ing. Dieter Bräkow / Fördergesellschaft Erneuerbare Energien e.V.


FEE Fördergesellschaft Erneuerbare Energien


(Heart) Breaking News


 To reduce obstacles to technical challenges has been a barrier since years
 Costs for polygeneration 
 Rising prices for wood, plant oil (RME), steel, cobre…g p , p ( ), ,
 Ever more expensive credits and growing insecurity of banks
 Health, security and environmental aspects
 Lasting insecurity of permission procedures almost all over Europe
 Reliable criteria for the evaluation of BMG for all interested parties
 New defaults during long-term operation (material)
 High carbon content in the ash (> 5 %), high amount of ash
 Cheap, robust, slow-running engines still missing  
 Slip of carbonmonoxid and benzene in the exhaust gas of the engine
 Crowing competition for feedstock, efficiency and profit with combustion, enzymatic Crowing competition for feedstock, efficiency and profit with combustion, enzymatic 


conversion, liquifaction, pyrolysis...
 First real scarcity of biomass forces for plants with low through-put
 Growing pressure of internal and external market to supply plants which are not 


sufficiently proved in long-term operation
 Public knowledge and perception


prepared by: Eberhard Oettel, Dipl.-Ing. Dieter Bräkow / Fördergesellschaft Erneuerbare Energien e.V.







BMG - Germany, Policy


EEG Erneuerbare Energien Gesetz
 bonus for electricity from renewables


BMU: for 2006


• 12 % of electricity demand from RES


• 100 Mt of CO2 reduction


• 230,000 employees


• 23 G€ turn-over (9 G€ from biomass)


• 3.4 G€ saved due to risk reduction 
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 goals for 2010 already achieved in 2007


new goal for 2020: 27 % of electricity demand from RES


new release of EEG in 01.01.2009


BMG - Germany


what do we need to foster BMG? 


 proof of BMG technology proof of BMG technology


 R&D for biomass related process optimization


 reliable process cost evaluation


 reliable fuel supply evaluation


 stable economic situation ( ll d f t )
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 stable economic situation (over all and manufacturer)


 economic climate for investment
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Gasification in theGasification in the 


Canadian forest sector


Tom Browne
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Biomass Gasification for Vehicles
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Source: 
Per Larsson 
museum
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Biomass Gasification for Vehicles
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Canada


• 30M+ people, about 2 per km2


• Most people within 50 km of the US borderMost people within 50 km of the US border
• Natural resources are provincial area


– Each province sets its own rules
– Most of the forests are crown land (owned 


and controlled by the provinces)


• Power generation also varies widely


5© FPInnovations


• Power generation also varies widely
– From 95% hydro to mainly coal and gas


• Competing federal and provincial GHG 
policies; some regs but no subsidies


Canada


• Low population density, various regulatory 
regimes


• Lots of biomass, but very widely dispersed
– Biomass is not close to anything or anybody


– Biomass, like all biomass, is bulky and ~40% water


• Implications:
– Make best use of all biomass components near the 
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p
biomass


– Reduce biomass to valuable, dense product to 
minimize shipping
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The Canadian Forest Sector


• North American market is well integrated:
– 75%+ of Canadian production is exported to the US


C d i h 2 d l b f US d– Canada is the 2nd largest buyer of US recovered 
paper


• Canadian dollar up from $US 0.63 to $0.90 in 5 
years (peaked close to $1.10)


• Reduced demand for newsprint, pulp, lumber


A i it l t k ff h l t ill
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• Aging capital stock, new offshore low-cost mills


• The industry needs to identify new products
– But capital is in very short supply


The biorefinery:


• An integrated set of processes


• Multiple products, a single site
– Novel, value-added products


– Commodity grades


– Fuels, chemicals, others


• Raw material:
– Renewable biomass-based
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– Renewable, biomass-based


– Forestry or agricultural residues


– Dedicated plantation crops


– Urban residues
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The forest biorefinery:


• A biorefinery supplied by 


wood:
– Solid wood, panels


– Pulp, paper


– Heat, power


– Transportation fuels


Chemicals


9© FPInnovations


– Chemicals


• Maximise the value from each 
component of the feedstock


Basic material flows


Sawmill
Wood,
panels


Forest Pulping
Chips Pulp,


paper
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Cogen
Residues
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Pulp mill material flows


Steam
Bark,


sludge


Pulp, 
Paper


Chips


Cellulose


Steam, 
liquor


Pulp mill
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Lignin, 
hemicellulose


Recovery


liquor


Potential pathways to new products


Synthesis
products


Bark,
sludge


Residues Gasification,
pyrolysis


NovelSludge, (Bio) chemical


Pulp
mill


Pulp, 
Paper


Chips Conventional
processes


Lignin
Novel 


products
Chemical
processes


products
g ,


effluent
( )
processes


Cellulose
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Hemi-
cellulose Ethanol,


others
Fermentation
processes


Polymers
Chemical
processes
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Main pathways to fuels and chemicals


• Lignin


• Hemicellulose• Hemicellulose


• Thermo-chemical processes


13© FPInnovations


Uses of lignin


• Thermal value: $200 per tonne of lignin


• Resins: $400+ per tonne• Resins: $400+ per tonne
– Panels, solid wood (possible today)


– Polyurethanes, etc. (medium term) 


• Other higher-value uses are coming
– Longer term


14© FPInnovations


g
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Uses for hemicellulose


• Ethanol, lactic acid:
– Medium term


– Fuel, plastic precursor


• Xylose, Xylitol (now)


• Polymer precursors
– In development
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Thermochemical processes in P&P


• District heating is not an option in Canada
– Few 24/7 heat sinks, apart from pulp mills


– No economic sense in moving biomass to Toronto or 
Montreal


– Many CHP plants use condensing turbines


• Low quality fuel will be the norm
– Bark, branches, sludges


16© FPInnovations


– White wood is too valuable


• Gasifiers near pulp mills, running on low-quality, 
mixed feeds
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Black liquor gasification


• Recovery boiler is meant to recover 
chemicals for cookingchemicals for cooking
– Recovery is critical to economics


– Heat is a nice side benefit


• Any interruption means a production loss
– BLG will have to match recovery boiler 


17© FPInnovations


availability


• Trenton an exception, for a number of 
reasons


Uses of syngas


• Burn to displace Bunker C or natural gas


• Synthesize hydrocarbon products• Synthesize hydrocarbon products
– Start with methanol


• Then to value-added chemicals, fuels, etc


– Synthetic Diesel


• Canadian leaders in this field: Enerkem, 


18© FPInnovations


Nexterra
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Current uses of fossil fuels 


• Heat
– In oil gas or package boilersIn oil, gas or package boilers


– As a support fuel for wet bark


– Flash driers for market pulp 


– Lumber kilns


• Process use


19© FPInnovations


– Lime kilns


Heat applications


• Heat is straightforward; Nexterra has 
technology which is economictechnology which is economic
– One installation at a lumber mill, others in 


preparation


• Lime kiln is more challenging
– Adiabatic flame temperature is critical


20© FPInnovations


– Lime is recirculated, so contaminants can 
build up and poison the lime


– 6 European gasifiers built in the 1980’s
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Gasifiers Fuelling Lime Kilns in Europe


Location Year 
Started


Type Supplier Thermal 
Capacity


Fuel 
Source


Fuel 
Pretreatment


Biomass 
feed


Oy Wilh. 1983 CFB Foster 35 MW Bark, Pre-dryer, 133 t/dOy Wilh. 
Schauman, 
Finland


1983 CFB Foster 
Wheeler


35 MW Bark, 
sawdust


Pre dryer, 
hammermill, 
dryer


133 t/d


Norrsundet, 
Sweden


1985 CFB Foster 
Wheeler


25 MW Bark Pre-dryer, 
hammermill, 
dryer


100 t/d


ASSI Karlsborg, 
Sweden


1986 CFB Foster 
Wheeler


27MW Slash? Pre-dryer, 
hammermill, 
dryer


100 t/d


Portucel Rodao, 
P l


1986 CFB Foster 
Wh l


15MW Bark, 
d


Pre-dryer, 
h ill


52 t/d
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Portugal Wheeler sawdust hammermill, 
dryer


Södra Cell, 
Värö, Sweden


1987 CFB Götaverken 35 MW Bark, 
sawdust, 
slash


Screen, 
hammermill, 
dryer


Up to


175 t/d


Pöls, Austria 1987 CFB Lurgi 27 MW Bark Hammermill, 
dryer


Up to 


158 t/d


European Experience


• All gasifiers are CFB design


All d bi t l th 20% i t• All dry biomass to less than 20% moisture


• Several drying options used


• Hammermills to reduce biomass size
– For drying and for fluidization and rapid 


reaction in the gasifier


22© FPInnovations


reaction in the gasifier.
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European Experience


• Lime quality was not compromised


• Gasification plant is reliable and reactive to kiln• Gasification plant is reliable and reactive to kiln 
operational needs


• Fuel consumption in line with expectations


• 85%+ replacement of total kiln oil needs


• Some reports of ash carryover into lime cycle


23© FPInnovations


• Long time to start up and shut down


• Södra Cell Väro is still running, 20 years experience


Södra Cell Väro


• Air-blown CFB gasifier 
built by Gotaverken, 
now Metsonow Metso


• This is the only one still 
running


• Metso claims trouble-
free operation, 95% 


b tit ti t


24© FPInnovations


substitution rate
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Södra Cell Väro


25© FPInnovationsImage: Metso


Södra Cell Väro


• Metso claims payback periods as short as 2 
years in EU context:
– Fuel oil at $19 50/GJ bark at $4/GJFuel oil at $19.50/GJ, bark at $4/GJ


– Carbon credits at $20 per t of CO2 = $1.50/GJ


• Given Canadian prices, payback is probably 
3+ years
– All figures based only on bark vs. gas costs


– Added maintenance, manpower excluded


26© FPInnovations


Added maintenance, manpower excluded
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BtL plants


• Enerkem is making progress in this area


• We are watching Choren Güssing and• We are watching Choren, Güssing and 
the other EU approaches with interest
– Stora Enso and Neste Oil


– UPM-Kymmene and Carbona


– Weyerhaeuser and Chevron


27© FPInnovations


– Etc…


Pathways for the forest sector


• Short term (0-2 years):
– Extract and burn lignin, replace fossil fuel
– Extract hemicellulose for chemical processesExtract hemicellulose for chemical processes
– Gasification for heat applications (replace fossils)
– District heating
– Fixed pyrolysis units for bio-oils


• Medium term (2-5 years):
– Extract lignin for chemical processes


M h f l d


28© FPInnovations


– Methane from sludge
– Mobile pyrolysis units in the forest


• Long term (5+ years):
– Gasification for motor fuels, synthetic chemicals
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Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


A Case for Thermal Gasification


with focus on Austria


Dr. Reinhard Rauch


I tit t f Ch i l E i iInstitute for Chemical Engineering


Vienna, University of Technology


Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Content


• overview about the energy consumption in Austria (focus 
on energy enduse)


• district heating in Austriadistrict heating in Austria


• study on development of propulsions systems till 2050


• where is the place of gasification which biomasses can be 
used 


• actual costs for transportation fuels, electricity and heat


• hurdles for biomass gasification in general


2


• the role of IEA Task33 and conclusions
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Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Data about Austria


Population 8 mill.


Population density 99 persons / km²


Total area 8,387,000 haTotal area 8,387,000 ha


Utilised agricultural area 3,352,000 ha


Wooded area 3,249,000 ha


Other 1,786,000 ha


Arable land 1,380,000 ha


3


Fallow land 106,000 ha


Permanent crops 70,000 ha


Permanent grassland 1,896,000 ha


Average data from 2000-2004, source EUROSTAT


Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Why gasification and 
polygeneration


coal
2%


electricity
19%


Energy Usage 2004 Austria


wind, photovoltaic, 
Hydro, … Biofuels ???


oil
45%


renewables
11%


district heat
5%


4


gas
18%


Low energy buildings,
Solar heating, …


CHP based on gasification up to 5-10 MWel, 
polygeneration to produce transportation fuels, electricity and heat
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Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


District heating


About 5% of the energy end-use is district heat in 
Austria


Mainly small scale plants from 50kW-1MW


Only Vienna has a large system, which is fired by 
MSW, CHP (gas turbines) and biomass


There is a big interest to add small scale gasifiers 
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g g
to existing district heating systems for base load


Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Development of propulsion 
systems
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0


2010 2015 2020 2025 2030 2035 2040 2045 2050


Fuel cell Elctric drive H2-Motor-Hybrid CNG-Hybrid Diesel-Hybrid


Gasoline-Hybrid H2-Motor CNG-Motor Diesel-Motor Gasoline-Motor


M. Kloess, Final Report ALTANKRA 
Project-number 812613 Austrian Advanced Automotive Technology
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Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Development of propulsion 
systems


6000000


7000000


Scenario D: high crude oil price, policiy „active“
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0


2010 2015 2020 2025 2030 2035 2040 2045 2050


Fuel Cell Electric Drive H2-Motor-Hybrid CNG-Hybrid Diesel-Hybrid


Gasoline-Hybrid H2-Motor CNG-Motor Diesel -Motor Gasoline-Motor


M. Kloess, Final Report ALTANKRA 
Project-number 812613 Austrian Advanced Automotive Technology


Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Place of Gasification in Energy


CHP 
(gas engine, gas turbine, 


fuel cell)


Hydrogen


Ethanol


Biomass


Biomass
Gasification


Synthetic Natural
Gas (SNG)


FT-Fuels
(FT-Diesel)


Ethanol
Mixed alcohols


Product gas
H CO


Oxosynthesis
for aldehydes


Isosynthesis for
I b t
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Methanol / DME


H2 + CO
CO2, CH4


Isobutane


Ammonia


others


As fuel mainly wood chips from forestry and waste wood is discussed
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Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Prices in Austria


Gasoline: ~1.2 €/l mineral oil tax: 34.7 c€


Diesel 1 3 €/l mineral oil ta 44 7 c€Diesel: ~1.3 €/l mineral oil tax: 44.7 c€


Electricity: 15-18 c€/kWh for endconsumer


District heat: 3-5 c€/kWh for endconsumer
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Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Wholesale Prices


10
Only energy without grid, taxes, etc.
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Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Prices in Austria
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Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Concept of polygeneration


80 % of the investment costs are always in operation


biomass gasification gas cleaning


CHPStorable product


Flexible switch between both 
products within 10 minutes


like SNG, LPG, FT 
liquids, alcohols, DME, 


Like gas engine or gas 
turbine to produce 
l t i it d h t


12


Research necessary:
- synthesis reaction which is load flexible
- demonstration of concept
- heat usage concepts


chemicals electricity and heat
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Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Efficiencies in Case of 
Polygeneration


80


100
Synfuel Electricity District heat


CHP-plants Fischer-Tropsch Bio-SNG


40


60


Fuel 
orientation


Fuel 
orientation


%
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0


20


Gas engine BIGCC FT FT POLY BioSNG BioSNG POLY


Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Hurdles for biomass gasification


 Investment and operating costs are much higher 
than biomass CHP’s based on other technologies 


Biomass Gasification is still in the demonstrationBiomass Gasification is still in the demonstration 
phase


Technology is not mature, there are still some 
risks for commercialisation (we are still at the 
beginning of the learning curve)


R t ti i t th b t th 100’ b d
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Reputation is not the best, there are 100’s bad 
examples, where the gasifiers did not work or the 
owner got bankrupt
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Institute of Chemical 
Engineering


Working group: Zero Emission 
Energy Technology 


Role of IEA Bioenergy Task 33


Austria is since 1978 member of IEA Bioenergy and 
participates at the moment in seven tasks


 IEA Bioenergy Task 33 is a network for information IEA Bioenergy Task 33 is a network for information 
exchange on technical and non technical issues


 IEA Bioenergy Task 33 is not a lobbying 
organisation


 IEA Bioenergy Task 33 is a excellent basis for 
cooperation (research and demonstration projects)
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Homepage gives good overview about biomass 
gasification and is used (feedback from Austrian 
Industry)
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IEA Task 33
Task Meeting, Fall 2008


Montreal, Canada 
October  15-17, 2008


BMG applications in a Swedish perspective


Lars Waldheim
TPS Termiska Processer AB


Nyköping Sweden


2011-02-23 - 1


Nyköping, Sweden
lars.waldheim@tps.se


The Wish List
1. A case for biomass gasification and national and regional drivers 


to develop  biomass gasification applications
2. Preference for type of commercial gasification applications, i.e., 


for polygeneration, fuels, and power as well as integration with 
fossil fuel and/or other renewable energy operations 


3. Sustainable supply of biomass for conceptual commercial3. Sustainable supply of biomass for conceptual commercial 
biomass gasification plants and estimated cost of feedstock and 
scale-of-operations


4. Acceptable cost for biomass derived products and co-products
5. Hurdles to technology commercialization: technical and non-


technical
6. Recommendations for further RD&D, policy incentives, and 


national and international strategic co-operations
7. How can Task 33 help in promoting commercializing biomass 


ifi ti


2011-02-23 - 2


gasification
8. Concluding remarks
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BIOMASS GASIFICATION  SWEDEN 2007


ETC, R&D
Chemrec, 3 MW demo
Black liquor gasification
Piteå


Pilot or demo


R&D


Commercial


Mid-Sweden University
Indirect double bed test unit
Härnösand


F-W 20 MW CFB gasifier
Norrsundet/lime kiln


KTH, gasification and F-T studies
Tar/iron catalysis HTAG
Stockholm


Bioneer 6 MW
Fixed bed updraft gasifier
Vilhelmina


CTH system studies
2 MW indirect gasifier 
CFB coupling F-T R&D


Umeå Universitet, R&D
ash sintering, tar reduction, 
indirect gasification process dev.


The Norrsundet mill is due 
to close at the end of 2008


2011-02-23 - 3


TPS, R&D and FB gasifier
Nyköping


BIOFLOW PCFBG
VVBGC demo
Värnamo


Metso (Götaverken)
35 MW CFB gasifier
Varö lime kiln


E.ON Sweden
SNG or IGCC Study for
 50 MW unit


CFB coupling F T R&D
Göteborg Energi SNG 
study 200 MW
Gothenburg


Ancient History
1960´s Nuclear reactor program


1974 Oil crisis


1979 Referendum recommending phase out1979 Referendum recommending phase-out 


of nuclear power from 1996 to 2010


1981 The last of the 12 reactors in operation


1986 Chernobyl   


1992 Environmental taxes, CO2, NOx, SOx


2011-02-23 - 4


1995 Sweden becomes a member of the EC


1996 Deregulation of electrical system, 
nordic  grid interconnection
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Recent History
2002  Shift taxes to energy, emissions etc. from labour


Tax exemptions for RE transport fuels until 2008
2003 Biofuels for transport directive


Increase in WtE plants being built and planned


RE tifi t t di t t 10 TWh 17% i 2010RE certificate trading target 10 TWh, 17% in 2010


2004- Shut-down of Barsebäck 1 and 2 nuclear plants


2005 Further phase-out of nuclear energy after 2010


2005 EU-ETS trading implemented
First NG power plants being contracted


2006 RE Certificate system extended to 2030


High level stakeholder commission on the substitution of the


2011-02-23 - 5


High level stakeholder commission on the substitution of the 


oil consumption to 2020


2006- Reinforcing budget for biofuel demonstration


2008


Formulated Policy
• Secure energy supply in an economic way


• Reduce GHG emissions 4% by 2012


• Use of environmental taxation


• Follow EU policies
– ETS: Base case 26 Mtonne CO2 , ~ 50% of total emission


– 2004-2007 23 Mtonne
– 2008-12 20 Mtonne in proposed allocation plan 


• no emission rights for free even for existing plants
• the utility sector gets zero emission rights


2011-02-23 - 6


• the industry gets a high percentage of their emissions rights


• Energy Savings Plan


Statistics and information www. energimyndigheten.se
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Total Primary Energy


2011-02-23 - 7


BIoenergy Indicators


Services etc.


Transports
Housing


Transports


Industry


District heat


2011-02-23 - 8


Power
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How Much Fuels and for What ?


200


250


TWh


Miscellaneous


Transports (incl. Power)


Residential heating


CHP power


District heating


200


250


TWh
Others


Wastes, demoiotion wood, peat , imports etc.


Fuels from agricultural land


Black liqour


Ind. residues for ext. use


Svebio 2007: S. term 248 L. term 394 TWh


100


150


Forest ind. internal use


100


150


Ind. residues for int. use


Forest fuels and residues
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0


50


2005 2020 2050


0


50


2005 2020 2050


Source: High Level Commission on Fossil Fuel 2006


Study of Forest Fuel Cost vs. Quantity 


140


160


180


SEK/TWh Energy crops
Coppice 12-20 €/MWh
Mischantus, triticale 20-30 €/MWh
Source: RENEW project
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BMG Applications
• Fuel gas for direct substitution of fossil fuels


– Co-firing and Low demand furnaces
• Lime kilns


– High demand furnaces
• Metallurgical furnaces• Metallurgical furnaces


• CHP power generation
– Stand-alone
– Co-firing


2011-02-23 - 11


• Chemical energy carriers e.g. biofuels, SNG


• Synergies


Indirect co-firing


• Fuel: Bark,  wood wastes 


• Fuel capacity: 30 MW 


• Commissioning: 1987


CFB  Gasifier for lime kiln at Värö pulp mill


• Commissioning: 1987


• Three built 1987-1989


• Two operating. Norrsundet 


mill will be closed in 2008,


Other technologies or 
local waste fuels used


2011-02-23 - 12


oca aste ue s used
 direct firing with wood pow
 biogas from sewage plant
 tall oil pitch
 etc.


Cost and flexibility
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HTAG Gasification Project


HTAG 


High Temperature Air


2011-02-23 - 13


High Temperature Air 
Gasification (Air Preheat )


KTH (RIT), Stockholm


Targeting metallurgical 
furnaces


Million RE certificates i.e. TWH


RE Power and Certificate Trading


Biomass


Wind


New hydro


2011-02-23 - 14
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Total revenue 500-700 SEK/MWh ~ 55-77 €/MWh


Power revenues


Total revenue


Nordel pool price
Monthly, annual averages


C f


2011-02-23 - 15


100 SEK= 11€


Certificates


Conventional CHP 1980-1990


Ai


Power 25-32%
Power/heat ~0.3-0.55
Total efficiency 85-90%


Re-heat
(optional)


Ash


Heat


Pre-treatment Boiler
Flue gas 
cleaning Flue gasSolid fuel


Air


2011-02-23 - 16


HeatSteam turbine
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State-of–the art CHP in Sweden 2008
Power 25-34%
Power/heat ~0.3-0.46
Total efficiency 110 %


2011-02-23 - 17


Pressurised combined cycle


• Supplier:      Bioflow           
(Foster-Wheeler, 
Sydkraft )


• Fuel 18 MW


VÄRNAMO, SWEDEN


• Fuel           18 MW


• Power 6 MW


• Heat 9 MW 


• 18 bar pressure


• Typhoon GT


• Mothballed in 2000


2011-02-23 - 18


• Mothballed in 2000.                
> 8000 gasifier and                 
3 600 hours of GT op.
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Gasification CHP


AirFlue gasSolid fuel


Power 40-45 %
Power/heat ~0.9-1.1
Total efficiency 85 %


Heat Clean gas


Pre-treatment Drying Gasification Gas cooling Gas cleaning


Heat recovery Gas turbine


Steam turbine


Ash


Air


2011-02-23 - 19


Heat


Air


Typical load curve for district heating


1000


1200


Heat load MW


Oil


Biomass CHP is today typically 
intermediate load not baseload.
Fossil fuel is no longer used as 
base fuel only used as peak


400


600


800


Biomass 


Heat pumps


Oil


Biomass Heating


base fuel, only used as peak 
load and for redundancy
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Waste incinerator


Industrial waste heat
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Indicators
Elforsk standard model for COE, State of the art technology. 6% interest, 20 years, 
CHP 4 500 full load eq. hr/year, Cond. 6 500 hr/year


50


00
SEK/kWhe Capital related Fuel


O&M Heat credit


Power production cost


CHP
10 MW


CHP
30 MW


CHP
80 MW


BIG-GT
30-50 MW


BIG-ICE
10-20 MW


BIG-GT
30-50 MW


00


50


00


27 % power
110 % total
38 kkr/kWe


30 % power
110 % total
28 kkr/kWe


34 % power
110 % total
21 kkr/kWe


50 % power
90 % total
25 kkr/kWe


40 % power
90 % total
35 kkr/kWe


50 % power
50 % total
25 kkr/kWe


1990


1990
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00


50


Co-firing: Mälarenergi, Västerås


• Location: MälarEnergi, Västerås


• Capacity: 2*100 MWth, 


• Fuel: Assorted wastes, dem. wood etc.


• Data: Start of construction 2009Data: Start of construction 2009, 


subject to permits etc.


• Application: 
Co-firing of clean gas into 
existing 600 MW PF boiler using peat and 
coal. Project includes major renovation  of 
boiler and extension of flue gas cleaning to 


WID i


2011-02-23 - 22


met WID requirements


Cost much lower than for conventional
WtE, while efficiency to power is higher
But low co-firing potential in Sweden-


Stand-alone advanced WtE gasifiers?
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Transport Fuel Usage in EU 25 (Mtoe)


Gasoline and diesel  Biofuels
2000 278 0.7
2004 291 2 1 (i t 0 2)


The transport sector climate issue


2004 291 2.1  (import 0.2)


2005 297  Target 2%, reported 1.4%            4.1


2010 324     (Target 5.75%) 19
2020               353    (“Binding” target 10%)     35
2030 365    (Vision 25%)  91


Al EU l di ti F l li t d GHG i i


2011-02-23 - 23


Also: EU proposal directive: Fuel suppliers to reduce GHG emissions 
by 1%/year from 2011, as certified by LCA 
RE fuels have <35% GHG substitution and 
60%  2015 verified by LCA


Sources Directive on Biofuels for Transport, 2003/30/EC, Proposal Directive to Reduce the GHG Emissions from Transport Fuels COM(2007)18


Biofuels Platform- Vision report, USA White house 2006-07-23


BTL Scenario to Meet EU Targets


80


90


100


Plants/year, 
Mtoe/year


300


350
Accumulated no. of 


plants


New plants


Mtoe/a


Ack plants


30


40


50


60


70


100


150


200


250
                        Assumptions: 
Average mature plant size 200 MW = 0.16 Mtoe pa
2nd. Generation fuels  is 1/3  of target 2020
2nd. Generation fuels  is 2/3 of vision for 2030  
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Biofuel Indicators


Total


FY 2009-2011 budget 90 million € extra for demonstrations for biofuels


Biofuels


EtOH


FAME


Gas


Diesel


2011-02-23 - 25


Växjö Värnamo Biomass Gasification Center


• Public non-profit project-based company


2011-02-23 - 26


• Large-scale test platform for synthesis gas


• Biomass gasification centre on an European scale


• Ind. consortium to engage in a PPP to co-finance and exploit results


• Program cost etsimated to 40 M€
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Plan: 100 MW output plant


Status: On-going Studies


Contractors: M+W Zander FE GmbH 
CTU - Conzepte Technik Umwelt 


Repotec 


T t D i i 2008


Biomass to SNG: GOBIGAS


Target: Decision summer 2008
in operation 2012


R&D: Indirect gasification, Chalmers
Tar reforming, KTH


P
ip


Industry


Heat
Rya CC CHP
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peline


Vehicles
Rya CC CHP


Fuel
handling


Gasi-
fication


Gas 
cleaning


Metan-
isation


CO2-
wash


Pressure
boosting


Dryer


Black liquor applications


2011-02-23 - 28
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Black Liquor Potential


2011-02-23 - 29


Black liquor  Synergies


Why not a gasifier ?


2011-02-23 - 30
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Other Synergies


• Refinery
– RE hydrogen supply 


via gasification


• Conventional ethanol
– CHP necessary to 


meet new LCA criteria


• Combinates
– Linking indirect 


gasifiers to CFB
boilers


– Polygeneration


– Integrated CHP 
gasification of by-
products and wastes 


• e.g. bran, corn stovers 
(bagasse) etc.


• 2nd. Generation 
ethanol


2011-02-23 - 31


Polygeneration


• Biorefineries


ethanol
– Lignine residues  for 


integrated CHP 
gasifier


Transport fuel price build-up


1200


1400


1600


€/m3
Sum taxes


VAT


CO2 tax


Energy tax


Commodity, distribution, margins etc.


400


600
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Mature Technology Cost
Bio-DME as diesel subsitute 


2,00


2,50


€/ litre Diesel eqv.


Consumer pump price today


Total prod cost €/litre DE


Consumer eqv. price €/liter DE


T ti b id


Assumed capacity factor 91 % (8 000 h/ year) 


H2 21-25 vs 15-18 SEK/kg


SNG 12-15 vs 10 biogas SEK/1000 m3


1,00


1,50


Tax exemption, subsidy or 
other compensation 


VAT


Energy tax


Distribution and 
other costs


May 2008
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0,00


0,50


0 100 200 300 400 500 600


Fuel Input MW thermal


Biofuel Production Cost Build-up


1,60


1,80


2,00


Pump price in Sweden May 2008


€/liter Euro-Super 95 eqv.


Biomethanol as a petrol additive or substitute


0,60


0,80


1,00


1,20


1,40


VAT


Diesel energy tax


Di t ib ti t
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0,00


0,20


0,40


0,60


1


Distribution etc.


Fixed op.cost


variable op. cost


Fuel costs


Capital related costs
300MW fuel input
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Biofuel Production Cost Build-up


1 40


1,60


1,80


2,00


€/liter Diesel eqv.


Pump price in Sweden May 2008


0,60


0,80


1,00


1,20


1,40


VAT


Diesel energy tax


Distribution etc.
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0,00


0,20


0,40


1


Fixed op.cost


variable op. cost


Fuel costs


Capital related costs
300MW fuel input


Hurdles
• Cost intensive development


• Management of technical economical and commerical risk 


• How to achieve the learning curve• How to achieve the learning curve 


• Lack of contracting industry in Sweden


• Replacing biomass with biomass gives low margins


• Fuel projections (but already some competition for fuel)


2011-02-23 - 36


• Plan for upgrading of nuclear plants plus added 
capacity of RE fuels can result in surplus power


• Future prospects of papper and pulp industry in Scandinavia
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Task 33
BIOENERGY AGREEMENT OBJECTIVES


1 To promote deployment 
2 To encourage development and maintenance of R&D networks and 


effective dissemination
3 To increase the involvement of industry
4 To increase membership with emphasis on countries with significant p p g


usage or RD&D activties
5 To increase interactions with other global or multilateral   programs
6 To colaborate with Renewable Energy Working Party


TASK 33 OBJECTIVES AND WORK SCOPE
Promote commercialization of BMG Obj. 1, 2, 3
Enable members to develop strategies for biomass Obj. 1,2
gasification based on the state of the art


2011-02-23 - 37


gasification based on the state-of-the art 
Select and conduct subtask studies
Survey the current global RD&D programs and projects Prepare and 
update Country Reports. Obj. 2,3, (4)
Review and update RD&D needs and identify the global  opportunities.
Conduct workshops on selected topics Obj. 1,2,3 (5)


Task 33
Mainly a forum for exchange of  high quality information and discussions at 
expert level, incl. site visits. It gives the NTL the best and most updated 
overview possible of the BMG area.


• Country reports


Assist in addressing identified R&D and other needs through studies andAssist in addressing identified R&D and other needs through studies and 
workshops to recommend and initiate actions outside Task


• Tar protocol
• Synthesis gas analysis


Arrange workshops to access information across task interfaces with e.g. 
industry etc.


• Workshops on engines, gas turbines, gas cleaning etc.
(M b d l t d b t fil B il I di ?)


2011-02-23 - 38


• (Maybe do selected non-member country profiles e.g. Brazil, India?)


Dissemination by open meetings, conference workshops and use of web page


WARNING: Activities should be linked to budget, the competence of the 
group and the actual hours NTL:s can dedicate to task activities
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Conclusions
Once the move  from fossil fuels to biomass is made on a 
massive scale, i.e. like in Swden after introducing the taxes
then the biggest fraction of the benefit ”GHG reduction” 
is realised. 


Introducing new biomass technologies then competes on 
the marginal improved use of the resource basis or improved 
economy which is a smaller margin ti thrive from..


It is difficult for biomass to compete with biomass and 
competing technologies are not static


2011-02-23 - 39


competing technologies are not static.


Biofuels is still an area of predominatly fossil fuels 
and is hence probably more interesting fro BMG 








23.02.2011


1


A CASE FOR BIOMASS GASIFICATION in NL?


Bram van der Drift


www.ecn.nl


SOME FACTS ABOUT THE NETHERLANDS


2 a case for BMG in NL – 17 October 2008 - Montreal
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• small country, many people (17 million people, 500 
persons/km2)


SOME FACTS ABOUT THE NETHERLANDS (1)


p )


• flat and fertile


3 a case for BMG in NL – 17 October 2008 - Montreal


• natural gas is popular: 


- large reserves (another 25 years)


SOME FACTS ABOUT THE NETHERLANDS (2)


g ( y )


- good gas infrastructure (135 000 km, 400 m mesh)


- 50% (=1500 PJ/y) of primary energy consumption


- international grid connections 


4 a case for BMG in NL – 17 October 2008 - Montreal
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• relatively energy intensive industry:


(petro) chemical industry


SOME FACTS ABOUT THE NETHERLANDS (3)


- (petro) chemical industry


- 35% of prim. energy consumption
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• major oil processing industry


• oil import equals about 7 times national consumption


SOME FACTS ABOUT THE NETHERLANDS (4)


p q p


oil 
import


il


own use of 
oil


yellow: crude oil
orange: oil products
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oil 
export


www.energie.nl, energy flows 
(PJ/y) Netherlands 2006
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• a lot of CHP (natural gas fired): 


- 35% of the power production by CHP


SOME FACTS ABOUT THE NETHERLANDS (5)


35% of the power production by CHP


- 7 GWe installed capacity of CHP
 


CBS data 2002  
gas 


engine  
(<1 MWe) 


gas 
engine  


(>1 MWe) 


steam 
turbine 


gas 
turbine 


CC 


number of units - 3300 300 18 67 48 
natural gas consumption PJ/year 44 13 15 83 225 
average size MWe  0.4 1 7 13 89 
electrical efficiency % 32% 33% 12% 22% 38% 
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y
heat efficiency % 48% 49% 70% 59% 35% 
operation hours/year 3300 3500 3600 6000 5600 
 
consumption of 380 PJ NG (12% of total prim energy consumption) 
production of 125 PJe 
production of 165 PJth  
56 MWe capacity-average (~200 MW natural gas input) 
1.8 MWe number-average (~5 MW natural gas input) 
 


• trade economy, harbours, rivers to Germany, …


• a lot of agriculture and greenhouses (much export)


SOME FACTS ABOUT THE NETHERLANDS (6)


a lot of agriculture and greenhouses (much export)
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• (almost) no district heating 


• only little nuclear power


SOME FACTS ABOUT THE NETHERLANDS (7)


y p


• wind energy growing fast


• natural gas power as flexible power production


• coal power:


- 25% of power production


- 250 MWe coal-fired IGCC (Buggenum)
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• high ambitions for renewable energy (20% by 2020) and 
GHG emission reduction (30% by 2020)


• huge CO2 storage capacity


A CASE FOR BIOMASS


• ambitious renewable energy targetsambitious renewable energy targets


• large (petro) chemical industry needs carbon


• harbours, infrastructure


• agriculture
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meaning:


• a case for biomass in NL
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POWER PRODUCTION


• much CHPmuch CHP
• increasing wind power capacity
• energy efficiency


leads to: 
• less need for base load power
• increasing need for flexible power
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• increasing need for flexible power


meaning:
• gas


RENEWABLE ENERGY


• ambitious targetsambitious targets
• high natural gas consumption
• large existing (petro) chemical industry 
• existing CHP
• energy security of supply


meaning:
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meaning:
• biomass gasification: green gas
• biomass gasification: syngas
• biomass gasification: CHP
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NON TECHNICAL


• crowded countrycrowded country


• tedious permitting


• ambitious energy targets 


• concentrated industrial areas


• harbours, infrastructure
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meaning:


• preference for dozens large-scale over many hundreds 
small-scale


OPPORTUNITIES
Roland Berger Strategy Consultants, How to seize the opportunities in 
the Dutch energy industry, 2008
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import-conversion-
export (and own use)


harbours, infra, agro, 
(petro) chemistry


gas storage and supply


gas fields, experience, 
geographic position


supply off-shore 
oil/gas equipment


companies, gas fields
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LOGICAL PATHWAYS (TRANSITION)


• natural gas bioSNG (same infrastructure)natural gas  bioSNG (same infrastructure)


• coal gasification (plus CCS)  biomass gasification for 
syngas (same technology basis)


• syngas for (petro) chemical industry  BtL (same 
technology basis)


• biomass gasification for CHP  biomass gasification 
f bi SNG ( li i ti li )
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for bioSNG (scaling issues, timeline)


• bioSNG for transport  bioSNG for anything (economic 
issues)


• CNG because of PM  bioCNG


A CASE FOR BIOMASS GASIFICATION!


• bioSNG / bioCNG (Green Gas)bioSNG / bioCNG (Green Gas)


• syngas for (petro) chemical industry (and metallurgical 
industry)


• CHP?
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HURDLES


• money learning curve time “valley of death”money, learning curve, time, valley of death , …


• engineers / manpower


• image of biomass (not considered “clean”)


• permits


• boundary conditions (do not generalize)
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y ( g )


• pitfall: do not start with “RDF” (good business case in 
theory)





