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RE-CORD: Who we are

MEMBERS

Public

ÅUniv. of Florence 
- CREARðInterdepartmental Center led by 

the Industrial Engine.Dept . 

- Montepaldi ðUniv. Special Farm.

ÅPianvallico
Municipalities of Scarperia & San Piero and 
Borgo San Lorenzo (Florentine Metropolitan 
area ).

Private

ÅSpike Renewables
Engin. company specialized in energy projects .

ÅBioentech
Innovative Start -up on thermochem.conversion .

ÅETA-Florence
Communication, Dissemination, Intern.projects .

VPublic -private no profit research 
center , participated by the Univ.of
Florence 

Vfocused on R&D in Biomass / 
Bioenergy / Bioproducts

VPilot/demo plants, chemical lab
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Main areas of work

ÅFast Pyrolysis(use in CHP and Heat)

ÅIntermediate/Catalytic& Slow Pyrolysis/ Carbonisation

ÅGasification(fixedbed, small scale)

ÅHTL e HTC  - HydrothermalConversion of biomass

ÅLiquid Biofuels(road & aviation) from lipids/VO/UCO

ÅLignocellulosic ethanol chainand coproducts

ÅAlgae: engineeringof cultivationsystem+ downstream  process. 
into biofuelsand bioproducts

ÅBiofuelPolicy

ÅStudies(EC): Sugar Platform,

TemplateFirst-of-its-kindΧ

Patentsrelated to the researchwork of 
RE-CORD/CREAR personnel

Nr of patents 7

Publications

Journal papers 32

Conf.Proceedings(incl.ISI
Indexed)

123

Edited
Intern.Conf.Proceedings

3

Magazines 7

Thesis >70

Studies(EC, Companies) 7

Budget (contributions) from R&D 
activitieson Biomass/ Renewables:

CREAR (2002-2015) Ҕ сΦм aϵ

RE-CORD (2012-2015) Ғ 2.3 aϵ

EU/Intern. Projects 14 (3 coord)

National projects 11 (6 Coord)
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Renewables ,
cogeneration
éand..

INTEGRATION
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Global scenario: Oil Prices at low
endéstrong fluctuations

Åά.ǊŜƴǘέ ό¦Y 
Stock Ex) during
last five years. 

Å18/1/2016: 
28.55 US$/bbl. 
MIN for last 12 
years.

ÅSamefor WTI 
(North America)

VIRAN is the 5th largestOPEC oil producer. Lifting sanctionsto IRAN Ą +100.000 bbl/ d (3.7 
% of their total prod.), and +400.000 bbl/d in 1 month

VThisgeneratedfurther drop in barrel value.

30 Nov2016, Wien (A): 
agreementreachedto 
reduce oil production 
by 1,2 Mbbl/d (at 32,5 
Mbbl/d)

Source: Bloomberg

Ą 50.47US$/bbl on 30.11.2016



EC TARGETS
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IEA BIOENERGY / EC-DG ENERGY

ÅStudy on 

BIOMASS FOR BALANCING THE GRID

ÅTwo main focuses
VPolicy development

VOpportunities for R&D

ÅFinal document expectedend 2016 (draft ready)



Share of bioenergy and other renewable 
sources in final energy consumption in EU 28 
(2013, Mtoe )
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Overview of the energy sources that provide 
renewable electricity in total electricity 
generation in 2014
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Member States ranked on the share of Variable 
renewable energy in total electricity generation 
(in 2014)
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Renewable Power Generation in 
Italy
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Germany: Shifting back to RES from 
Nuclear (Source: GearUp , on BP Stat.Review 2013)

Source:E.VandenHeuvel, 2015
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BIOELECTRICITY IN THE EU, AND 
SHARE OF CHP, 2014 (solid biomass only )
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Renewables / Biomass-based CHP
in the EU
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Example of DH load curve
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BALANCING THE GRID
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ImpactNeed
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BALANCING THE GRID
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Holttinen et al. Design and operation of power systems with large amounts of wind power, Final summary 

report, IEA WIND Task 25, Phase two 2009ï2011. VTT Technology 75, Espoo 2013

Increase in balancing costs vs wind penetration. 

Also the range of imbalance costs paid by wind 

power in the markets are shown for Denmark, Spain 
and the Netherlands



Interconnection
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Expected status of grid interconnection capacity level 2020 
after implementation of Point of Common Interest 

Aspart of the EU Energy Union a target of a minimum of 10 % 
interconnectioncapacitybetween the Member Stateshasbeenset , 
and Europeanwide transmissionplanning by ENTSO-E defines
Projectsof Common Interest (PCI) for implementation to 2020



The Natural Gas Network -
BIOMETHANE
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Small Scale 
Gasification in the 
CHP context
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Main types of Biomass 

Fixed-bed Gasifiers

Updraft

Downdraft

Double Fire Two/Three Stage

Trocknung

Pyrolyse

Oxidation

Reduktion

Oxidation

Brennstoff

Produktgas

Luft

Asche

Luft

Luft

  

Trocknung

Pyrolyse

Oxidation

Reduktion

Oxidation

Brennstoff
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Luft
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Air

Ash

Gas, 

Tar

Biomass

Air

Air

Air

Air

Source: H.Hofbauer, Wien University, 2007



Main types of Fluid-bed Biomass 
Gasifiers

product gas flue gas

biomass

vapor
air

product gas flue gas

biomass

vapor
air

steam

Dual fluidised bed 

gasifier

Circulating fluidised bed 

gasifier
Bubbling fluidised bed 

gasifier

Source: H.Hofbauer, Wien University, 2007



Source: Stassen , Prins , Van Swaaji , 2002

Biomass Gasifiers ïTemperature 
distribution



Installed capacity of gasification
vs type of feedstock
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Gasification vs 
Steam /ORC/Stirling systems
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Source: ScheftelowitzM et al, DBFZ
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Biomass pretreatment

ÅAdequate pretreatment is an often underestimated but
unavoidable requirement to achievereliable operation, 
expecially at small scale
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Biomass gasification steps

ÅPyrolysis : biomass heating (usually up to 700 ° C), producing char and 
releasing volatiles. Tars also produced when volatiles liquefy at low 
temperatures.

ÅOxidation : Char and volatiles burnt with O2 to produce the needed 
gasifying agents (steam & CO2) and CO. Exothermic reaction: heat is 
released for following reduction reactions.

ÅReduction (mainly gasification reactions): Char + tar + hydrocarbons 
gasified with CO2 & steam. 
ÅProducer gas mainly composed by CO, H2, and CH4. 

ÅEndothermic reactions, thus heat from oxidation reactions is used. 

ÅSteam reforming (endothermic ) of char and tar, as well as waterïgas shift reactions 
(exothermic). 

ÅReduction of H2O in steam gasification = the most effective way to increase H2. 

ÅBoudouard reaction (endothermic) to CO. CO2 may also be recirculated with O2 within 
oxyfuel combustion/gasification .
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Underdstanding Biomass 
gasification

ÅFeedstock : normally solid biomass (or solid fuels), of different physical & 
chemical characteristics, even if liquid feedstocks can also be processed.

ÅReactor : it determines how solid is maintained in the reaction chamber, 
and the gas flow direction. CO2 and steam gasification agents.

ÅHeat transfer and heat source : radiation is most relevant heat transfer 
mechanism. Thus, expecially as scale increases, indirect heating is not 
sufficient. Most often direct heating through superheated steam or partial 
combustion (air, O2).

ÅProducer gas/Syngas quality : Gas Cleaning mandatory for using the gas, 
essential to make a difference towards direct combustion

ÅEnd use/application : heating, power, CHP, chemical synthesys
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Underdstanding Biomass 
gasification - reactions
Main Gasification reactions

ÅC+CO2ᵰ2CO  ǧHR1 = 172.5 kJ/mol (Boudouard, Endothermic)

ÅC+H2O ĄH2+CO  ǧHR2 = 131.3kJ/mol (Steam Gasif., Endoth .)

ÅCO+H2OᵰH2+CO2  ǧHR3 = 41.2kJ/ mol (WGS, Exoth., Homog.)

ÅC+H2 ĄCH4 ǧHR4 = 74.5kJ/ mol (Methane production, Exoth.)

ÅCH4+H2OᵰCO+H2  ǧHR5 = 205.8 kJ/ mol (Steam Meth Ref., Endo, Homog.)

VSteam promotes (i) Steam Ref (endoth) of char & tars (ii) WGS ( exoth)

VBoudouard react (taking place at T > 700 ° C) : controlling step at low gasification 
T in CO2 gasification (<1000 ° C)

VIf HR>200 ° C/min Ą no weight loss difference during pyrolysis step. Separating 
Pyro from Gasif maybe not the best solution (Pyro >> fast than Gasif), as it affects 
char reactivity
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Char reactivity and process
efficiency vs product (gas) quality
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ÅT and HR (more than p) in pyrolysis
V Strong influence on char gasif. reactivity

V ŷT ïHR ĄŹprocess thermal efficiency

o If Pyrolysis (P) is part of Gasification 
(G), P Res.Time(Rt) is < than G Rt, as P 
is >> faster than G (irrespective to 
gasifying agent). 

o If P and G are done in 
different/separated reactors, P Rt is 
significantly increased, and char is < 
reactive

Å time char held at high T is not controlled 
and not negligible vs tot Rt (Char ñhistoryò)

ĄKinetic models not reflecting actual 
behaviour at industr . scale (as based 
on isothermal pyrolysis in inert gas, far 
from industrial scale conditions)

ĄAs HR ŷĄ Reactivity ŷ

CHARREACTIVITY

GASIFICATION& GASQUALITY



Actual operation conditions of 
small -scale fixed bed gasifier

ÅVery often the operation of actual small scale industrial gasifiers
is performed far from design conditions
ÅIt may be due to inadequate feedstock (moisture, size, 
compositioné), or gasifier design , or distribution of flows , etc

ÅInsufficient T in key sections of the gasification system

ÅReduced Cold Gas Efficiency , higher tar load in PG

Ą Interesting evaluation carried out by Pittaluga in 2008
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100 % wood chip 100% clean coal 70% wood chips - 30% clean coal



Small scale imbert-type gasifier

Wood chips vs mix with coal

Temperatures

Univ. degli Studi di Genova

Facoltà di Ingegneria

DIMSET-DIPTEM

Prof. Ferruccio Pittaluga



Small scale imbert-type gasifier

Wood chips vs mix with coal

Energy balance

70 % wood chips ï30 % clean-coke

Univ. degli Studi di Genova

Facoltà di Ingegneria

DIMSET-DIPTEM

Prof. Ferruccio Pittaluga

100 % wood chips
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Double stage

Biomassgasificationprocess, 
and apparatus, 
and their applications
EP 1312662 A2  - 2003

Philippe Girard
Laurent Van de Steene
Thomas Koch
Gérard Antonini
AmmarBensakhria

Å Total Tar Combustionand Tar 
Cracking Chamber: (TCC)2

Å HG: Hot Gases
Å EGR: ExhaustGas Recirculation
Å EG: Preheatinggases
Å SL: Liquid Slag

Å PYR:PyrolysisChamber
Å Char(CH) Reduction

Chamber: CRC
Å PG: PyrolysisGas
Å CH: Char
Å AS: Ashes
Å GWC: Gas Washer

Cooler
Å WW: Waste Water
Å ALK: Alkali Vapours
Å PhS: PhaseSeparator 1200-

1500 ° C

700-
1000° C
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Double stage



Duel stage : Operational
experience

Viking gasifier, DTU

CHP application with

17 kWe power

production



Viking - Denmark

ÅTwo stage gasifiers: 

very effective tar 

reduction evenat

small scale



Biomass in 

Char bed 

Pyrolysiszone 

Outer shell 

Ash out 

Feed screew 

òGrateò 

Combustion zone 

Combustion zone 

 

Two-stage gasifiers ïTK Energy

Source: Thomas Kock, 2005



ÅCold pressure barriere calculated to 
with stand maximum explosion
pressure

ÅInsulation materials will not reduce
and reduce strength of outer shell

ÅNo moving parts that can cause
blockages

Details from the FEM analysis

Source: Thomas Kock, 2005

Two-stage gasifiers ïTK Energy

Health & Safety
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Xylowatt
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Pyrolysis
(countercurrent)

Gasification
(cocurrent)

Combustion

Buffer zone

Three stage

THREE-STAGE GASIFIER, FIXED BED, 
WHICH HAS BUFFER ZONE OF GASEOUS FLOW 
BETWEEN PYROLYSIS ZONE AND COMBUSTION ZONE
LamprosElefsiniotis, 2008



IIS Open-Top Twin-Fire

ÅLarge High Temperature reaction zone 
combined with Extensive Gas Cleaning

ÅMix of dry and wet gas cleaning steps



Updraft configurations
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ÅFew other cases of Updraft 
Gasifiers proposed in CHP. 

ÅExtensive cleaning needed. 
Feasibility to be carefully 
considered.

ÅOther Updrafts proposed in 
combination with  with 
External Combustion Systems 
(Stirling, ORCs)



Systems for tar removal or 
conversion ðGas Cleaning

Source: Stassen , Prins , Van Swaaji , 2002



Tar reduction potential for 
different systems

ÅDifferent systemswith 
variable performances.

ÅNeed to select the most
appropriate and cost-effective
solutions for the specific
plant scale and operator 
skills .

Kleinhappl , 2002



Gas Cleaning
requirements
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ÅTars, particulate matters, NH3, 
H2S, HCl and SO2

ÅTar the most relevant

ÅTar tolerance (CHP) limit : 
VḐ500 mg/Nm 3: compressors

VḐ100 mg/Nm 3: IC engines

VḐ5 mg/Nm 3: industrial GTs

ÅIC & mGTĄ small scale CHP

ÅTar & NH 3 formation Ą f (air -
fuel ratio & processT)

ÅŷT & A/ F ratio ŹTar/NH 3 but
ÅCostly materials

ÅLesschemical energy in the 
producer gas



Main gas cleaning methods
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General 
classification

Cold gas cleaning Hot has cleaning

Specific 
Classification

Dry cleaning Wet cleaning Thermal treatment Catalytic treatment

Main critical
issues

Disposal of tars Disposal of tars Slow reaction rates 
(inertness of poly-
aromatic HC). High T 
and Activat.Energy to 
start reactions.

Slow reaction rates 
(inertness of poly-
aromatic HCs). High T 
and Activation Energy 
to start reactions.
Adsorption of 
impurities ( HCl, H2S, 
SOx) on cat.active sites.
Tar conversion to cocke
on cat.surface/active 
sites.
Cat.resistant to hot gas 
clean-up.
Cat.selectivity to gas 
and not coke pathway

Type of 
equipments

Cyclone, rotating particle 
separators (RPS), 
electrostatic precipitators 
(ESP), bag filters, baffle 
filters, ceramic filters, 
fabric/tube filters, sand 
bed filters, absorbers, etc.

Spray towers, packed 
column scrubber (wash 
tower), impingement 
scrubbers, venture 
scrubbers, wet 
electrostatic 
precipitators, wet 
cyclones, etc.

High -temperature
devices such as ceramic 
filter/candle filter

Primary bed in the 
gasifier or in the 
secondary reformer

Source: Asadullah , 2016



Cold gas cleaning
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ÅEngines need gas at Tamb. 

ÅCooling before or after cleaning.

ÅDry vs wet
ÅDry: mainly physical removal without using water Ą no water cleaning system

needed.

ÅWet: cools the gas & collect particles and impurities . H3, HCl, H2S and SO2 
highly soluble in water. Very effective. Necessaryto reach sufficient residence 
time (difficult at large scale). Some tars are however non polar and do not
dissolve in water and constitute a separate condensate. Some impurities can 
escapethe scrubber. Water cleaning system to be installed .

ÅWet scrubbing is normally combined with physical treatments, 
e.g. cyclonesand filters .
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Hot gas cleaning
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ÅThreeemain routes for hot gas cleaning
VFiltration

VTar removal by thermal cracking

VTar removal by catalytic cracking

ÅHot gas filtration
VMostly cyclonesand ceramic candlesto remove particulate & tars

VCritical issues: Pressure build -up ( Ą Coupled Pressure PulseCPP cleaning)

VCeramic candles: good perf.with particulates, poor with tars (which remaines in 
the gsphaseand can pass through the candle filter )



Hot gas cleaning

51

ÅThermal Tar Cracking
VAt high temperature ( order of 1000-1300 ° C) large organic molecules cracked to smaller

and non-condensableones

VHigher Air -Fuel ratio normally necessaryto achieve the necessaryhigh T Ą reduced
heating value of the gas

Source: Asadullah , 2016



Hot gas cleaning
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ÅCatalytic Tar Cracking
VTar are reformed on a catalyst bed. Four main groups: (1) mineral , (2) nickel based, (3) 

noble metal catalysts and (4) iron basedcatalysts
V Magnesite (MgCO3), olivine ( magnesium iron silicate (MgFe)2SiO4), dolomite, nickel -basedcatalysts (as

commercial NiïMgAl 2O4).

VBarrier : poisoning of catalysts (e.g. S for nickel-basedcatalysts)

V Investigation by Corella et al showed that Ni -basedcatalysts in secondarybed can survive
only when tar conc.at gasifier exit is < 2 g/Nm 3, while normally it is 2.25-42 g/Nm 3

Ą

primary bed with dolomite to reduce tar to 2 g/Nm 3.

VRecent work by Asadullah et al on novel metal catalyst (Rh) at rather low T (650-700 ° C), 
and on char-supported iron catalysts

Source: Asadullah , 2016



Conclusions on gas cleaning
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Gas composition Tar content Particle Content Gas Heating Value & 
Cold Gas Efficiency

High T (>1000 °C) 
promotes CO & H 
production
Lower Air -to-Biom
ratio favor CO, H2, 
CH4 and higher HCs 
formation
Catalysts favor the yield 
of combustible gas

Tars can be either removed by 
filtration or inhibited from 
forming (but the high T needed 
are problematic).
(1) mineral, (2) nickel based, (3) 
noble metal catalysts and (4) 
iron based catalysts
New iron-based catalysts on 
activated charcoal, cheap and 
resistant towards deactivation.

Several methods developed.
Dry and wet methods, and 
combinations of these two.
Cold and Hot methods as well. 
Water scrubbing also cools the 
gas.

Addition of steam increases H2 
content (WGS reaction), but 
overall HHV is unchanged.
Catalytic tar reforming also 
contributes to increase gas 
HHV (as it also helps to reduce 
the ER in the gasification 
reactor).
Higher input of gasifying agent 
means reduced CGE. Catalytic 
tar reforming, working at lower 
T, contributes to higher CGE

Expensive materials to 
withstand high T
Low A/B ratio favor Tar 
formation (handling & 
disposal of tars)

Catalysts requires < 2 g/Nm3 
tar content in the gas at inlet 
(double bed necessary).
Catalysts can be deactivated by 
poisoning substances)

Downstream technologies 
normally requires particulate 
levels < 50 mg/Nm3.

Commercial catalysts can be 
deactivated on long-runs.
New catalysts (such as iron-
basedchar-supported ones)

Source: Elliot , 1988

Source: Asadullah , 2016



Final remarks on Small Scale CHP

ÅThe stable and reliable operation of small scale CHP 
gasification system is essential towards economic and 
environmental sustainability of Business Plans

ÅAn often underestimated issue in planning phase
VOffers from Technology providers are sometimes

unclear/incomplete and difficult to compare on this respect

VCustomers are committed to operate the plant properly and 
feed appropriate fuel

ÅRegulating & controlling these issuesat the beginning
aswell asduring the whole plant life is essential
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Third-party Assessment of 
Performances (short & long -term )
ÅThird -party verification is a 

guarantee for

VThe Customer

VThe financing Institution

VTechnology providers

ÅAs well asa market opportunity for 
the technology developers

ÅCTI 13 ï> E0209E590 ï>

UNI 11603: 2015

55


