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IFRF Mission

Mission set by original statutes:
the attainment of knowledge and experience bearing upon 
combustion in an efficient and environmentally acceptable manner; 
to accumulate this knowledge within an international centre of 
excellence;
to place this knowledge at the disposition of others for further
development and industrial application.

A “not for profit” Foundation

Managed by its Members’ representatives



IFRF Research : a brief history since 1948

Basic understanding
In-flame measurement techniques – semi and industrial scale (1950s)
Flame aerodynamics (1960s)
Computer models (1970s 1980s 1990s 2000s)

Thermal efficiency
Enhanced flame radiation and heat transfer (1950s)

Environment
NOx reduction – semi-industrial scale demonstrations (1970s to 2000s)
Flameless combustion, oxyfuel combustion (1990s, 2000s)

Energy
“Energy  crisis” – fuel flexibility (1980s)
Solid fuels char. database (coals, biofuels and wastes) (1990s, 2000s)

Carbon
Combustion without nitrogen – carbon sequestration (2000s)



130 IFRF member organizations from Industry and Academia

International Flame 
Research Foundation 

(IFRF)

American Flame 
Research Committee

(AFRC)

British Flame 
Research Committee

(BFRC)
Finnish Flame 

Research Committee
(FFRC)

Australian Flame 
Research Committee

(AusFRC)

Dutch Flame 
Research Committee

(NVV)
German Flame 

Research Committee
(DVV)

Italian Flame 
Research Committee

(CI)
Japanese Flame 

Research Committee
(JFRC)

Associate Members 
Group
(AMG)

Swedish Flame 
Research Committee

(SFRC)

French Flame 
Research Committee

(CF)

network of around 1500 people in 23 countries



The IFRF :  Represents all sectors of industrial combustion

International Flame 
Research Foundation 

(IFRF.NET)

Power
Generation Industry

PGI
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Mineral Processing

CMP
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Fuels and 

Comburents

CEM - Combustion 
Equipment 

Manufacturing

ETG
Universities

Education-Training
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The IFRF : New Structure since 2007

Joint Committee

National 
Committees

General Secretary

The IFRF
Fondazione Internazionale
Ricerca sulla Combustione

ONLUS

President

SoR
DSoR

ENEL RicercaFac. Ingegneria
Office building, Rigs PAYGPeople, Academic activities

Executive 
Committee Vice-President

Director IFRF

Technical 
Advisors

General Secr.



IFRF Officers - Executive Committee

•President: Dr. Richard Waibel John Zink Co., USA

•Vice President: Mr. Jacques Dugué, TOTAL, France

•General Secretary: Dr. Sauro Pasini, ENEL Ricerca, Pisa, Italy

•Superint. of Research: Prof. Neil Fricker, Glamorgan University, UK

•JC Representative: Dr. Susumo Mochida, Nippon Furnace Co., Japan



IFRF Officers - Joint Committee members

A members: National Committes representatives
Philip Smith AFRC (USA)
Roger Dudill BFRC (UK)
Willi Nastoll CF (France)
Giuseppe Girardi CI (Italy) - new
Frank Sowa DVV (Germany) 
Pasi Miikkulainen FFRC (Finland)- new
Susumu Mochida JFRC (Japan) 
Jochem Groot NVV (Nederland) 
Truls Liliedahl SFRC (Sweden) 

B Members: technical advisors
Klaus Hein, Stuttgart University, Germany
Christian Mueller Clyde Bergemann, Germany
Tsuneaki Nakamura Tokyo Gas, Japan
Mikko Hupa Abo Academy, Finland
Jost Wendt Reaction Engineering, USA



Director (part-time) Leo Tognoti
Investigator Giovanni Corragio
Part time investigator 
Administration Tracey Biller
Consultant  Neil Fricker
Junior investig. (U of Pisa) L. Biasci, M. Marcucci
Technician Marco  Faleni

___________________________________________

Experimental Area:             12 engineers and technicians
ENEL and UNIPI support 1 PhD student, 2 MSs, 

other students for projects
___________________________________________

IT services: IVIN (NL), CPR (Pisa)
Editing and web insertions: Patrick Lavery
Editors of Journal/Handbook: Pat Hughes, etc

The IFRF Staff



IFRF Experimental Capabilities

At its new Livorno location the IFRF has access to the ENEL research facilities.  

IFRF has access for fixed periods to these state-of-the-art experimental 
facilities, from lab to industrial scale, operated by dedicated personnel and with 
large availability of strategically important fuels. 

The facilities are available for the IFRF Members Research Programme and 
Members' test work, and on a confidential basis as well. 



500 kW furnace
2-8 MW single burner

test rig “CA.SPER.”

liquid or gaseous fuels

5 MW single burner 

test furnace 
“FO.SPER”

IFRF Experimental Capabilities



IFRF Experimental capabilities : FOSPER

FOSPER (FOrnace SPERimentale – Experimental Furnace) 
is a replica of the former IFRF furnace number 1

BURNER

Pneumatic windowsOther windows

• Dimensions: 2 m  x 2 m x 6,25 m
• Fuels: solid fuels (coal, sec. fuels), oil and gas
• Refractory lined with external cooling
• Internal cooling loop and cooling pipe



• Isothermal plug flow reactor (IPFR)

• Atomisation rig/ spray characterisation

• Aerodynamic lab. for “cold flow” characterisation 

• Optical diagnostic laboratory

• SPLIT (0.5-2 MW gas turbine combustor)

• HITAC/Flameless Combustors test rig

• SCR (Catalytic DeNOx 10-300 Nm3/h of flue gas) 

• Bagfilter, Electrostatic Precipitator

IFRF Experimental Capabilities – Other facilities
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IFRF Services



IFRF Services : Online Library

Cataloguing over 3500 IFRF Numbered documents. 
Developing and populating a searchable on-line index of all IFRF Documents
Preparing PDF images of all 60,000 pages of archived documents. 
The majority of IFRF Documents created over the last 50 years still exist as 
hard copy in our archives.

These three elements form the basis of a IFRF Library facility. 



IFRF Services : Online Library

more than 300 reports were electronically delivered in PDF format in last 2 
years 

includes all papers delivered at each of the 15 Member Conferences

PDFs of all TOTeM presentations and summaries for meetings 13 to 31
(except 18)

The search engine is available at http://www.library.ifrf.net/archive.html



IFRF services : Online Library



IFRF services : Conferences and TOTeMs



IFRF services : Conferences and TOTeMs



IFRF services : Conferences and TOTeMs

TOTeM 34 – rescheduled to take place in Cardiff 20/21 October

“Status of the Research Requirements  for Gas Turbines- Fuels, 
Combustion and Environmental Protection”

preceded on 19 Oct by second EFRI meeting.



IFRF services : Conferences and TOTeMs

TOTeM 35 
“Co-firing secondary fuels in power generation: from fuel 

characterization to full scale testing”
23-24 September 2010, Pisa, Italy 

TOTeM 35 topics for discussion:
•Biomass and bio-waste production, supply and quality control;
•Biomass and secondary fuels characterisation;
•Assessment of solid bio-fuels co-firing characteristics in lab and pilot scale; 
•Ash related problems: slagging, fouling and corrosion, fine particulate generation;
•Kinetics and phenomenological modelling of different phenomena;
•Full-scale co-firing tests: methodologies and procedures for planning, executing, 
analysing, reporting  



IFRF services : Conferences and TOTeMs



IFRF services : Industrial Combustion Journal



IFRF services : Industrial Combustion Journal



IFRF Services : On-line Handbook

Searchable knowledge source

Short, concise Combustion Files designed
to answer basic questions : 

« What is …. ? »

« How do I ….. ? »

« What data is available for  … ? »

About 300 Combustion Files

Some files available only to IFRF Members

Glossary







IFRF services : Training and education

In the past:  IFRF trained combustion engineers:
over 80  former investigators – European, Japaneese, Americans, 

Australians, Canadians

Advanced courses in 2008-2009

First IFRF Training Course held at Livorno 
in September 2008 – K.Hein Coordinator
5 days-High quality speakers from Industry and Academia

Further courses planned:
Early 2011 Poland: Solid fuel utilisation
Late 2011 China: under development

Reactivation of mobility of investigators from industry on the MRP 
and through courses



IFRF Networking and Research Activities
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IFRF Networking and Research Activities - EFRI

EFRI : European Flame Research Infrastructure

Network of EU Member Organisations sharing their combustion facilities

(CNRS, GdF Suez, Cardiff University, GWI, ENEL, DTU, ETC, IFRF)

Short and Medium term Objectives

Create the  European Combustion Facilities DatabaseEuropean Combustion Facilities Database

facilitate definition and sharing (through benchmarking) of 
measurements on different facilities, protocols and procedures
for testing components and systems

share novel/advanced measurement techniques and 
diagnostics, to extend the use of lab scale diagnostics to 
large scale combustion facilities

by means of databases, allow development and validation of modelling 
tools (i.e. CFD). 



IFRF Networking and Research Activities - EFRI

EFRI Initiatives

EFRI web site including a searchable directory of European Combustion 
Test Rigs:  http://dev.efri.ifrf.net/search.html

EFRI Technical Meetings - high pressure combustion rigs (associated with 
TOTeM34 in Cardiff, UK in October) and the use of oxygen on test rigs 
(associated with the Joint Committee Meeting at Doosan Babcock, Glasgow, 
UK in June) 

Bids for Infrastructure or Cooperative Research funding from EU 
In December 2009 10 Million Euro funding request Research 
Infrastructures for Biomass Conversion and Biorefineries was 
developed and submitted by IFRF and 14 EFRI Members participating in a 
23 Member Consortium.

On-line EFRI Forum established 



IFRF Research - 2009 Highlights

TOTeM 33 and 16th IFRF International 
Members’ Conference organised
Online forums established to facilitate 
Members Research and EFRI projects
EFRI - database of European rigs 
IFRF Journal relaunched as “Industrial 
Combustion”
IFRF document archive well utilised



IFRF Research - 2009 Highlights

Research activity on flame 
characterisation continues on replica IFRF 
No 1 furnace: gas and coal in oxy-fuel 
combustion.

Isothermal Plug Flow Reactor produces 
characterisation results on different coals.

Measurement probe manufacturing activity 
continues

Validation and Verification and 
Uncertainties Quantification (V&V-UQ) 
approach starts to be circulated through IFRF 
scientific community

2 technical reports issued.

3 refereed Journal papers published.

2 IFRF papers accepted for presentation at 
the XXXIII Int. Symposium on Combustion.  



IFRF Research  - Papers  published 2009

Results of the research performed at IFRF in the triennial are also included as 
papers in the Proceedings of the 16th IFRF Members’ Conference,  
Boston, 

Estimation of uncertainties in experimental data and model predictions for a semi-
industrial furnace, A.Parente, G. Coraggio, C. Galletti, L.Tognotti

Numerical modelling of oxy-fuel experiments in a semi-industrial furnace. J. Brunetti, 
N. Rossi, C. Galletti, L. Tognotti

Kinetic combustion parameters for chars using the IFRF solid fuel data base, 
J.Hercog, O. Karlstrom, A. Brink, M. Hupa, L. Tognotti,

Characterisation of solid fuels by isothermal plug flow reactors: a methodology for 
qualification of the devices and the procedures, J. Hercog, E. Biagini, L.Tognotti

Oxy-combustion tests on low NOx burners at Fo.Sper. furnace G.Coraggio, 
M.Laiola, D.Cumbo, N.Rossi, L.Tognotti



What is important for the 
IFRF Members?:

Network activities 
and

experimentally based 
research at a 

reasonable scale:

the Members’
Research Program

IFRF Members’ Research Program

Planning the research
for 2010-2014



IFRF Members’ Research Program : Background

IFRF Research Programme regularly reviewed by 
Superintendents of Research and the IFRF Director



IFRF Members’ Research Program

TOTeMs
• T30, Mathematical Modelling, Hawaii, 2007
• T31, Oxy-Combustion, Pisa, 2008
• T32, Ash, Munich, 2008
• T33, Rotary Kilns , Pisa, 2009

IFRF Members Workshops
• 15th MC CFD Workshop, Pisa, 2007
• 15th MC Solid Fuels Database Workshop, Pisa 2007
• CFD Validation Workshop, Munich, 2008
• Solid Fuels Database Workshop, Munich, 2008
• 16th MC CFD V&V Workshop, Boston, 2009
• 16th MC Flameless Combustion Workshop, Boston, 2009

IFRF Joint Committees
• 155th Joint Committee Meeting, Pisa, 2008
• 156th Joint Committee Meeting, Boston, 2009
• 1567h Joint Committee Meeting, Renfrew, 2010

Based on views collected since June 2007



IFRF Members’ Research Program

What are the combustion related business issues facing IFRF 
Members?

What gaps exist in the technology needed do address these 
business issues?

What R&D is needed to fill these gaps?

What  Research Agenda does this suggest for IFRF for the next 
planning cycle (2010-2014)

What actions are needed to turn ‘Agenda’ into ‘Needs’ & 
‘Deliverables?

Questions posed



IFRF Members’ Research Program

Environment (>50%)
Economics
Design & Operation
Reliability

Business Issues



IFRF Members’ Research Program

Modelling (> 60%)
No 1 in technology meetings and business meetings

Deposits
Fuels
Combustion- (oxy/flameless...., stability,..)
Measurements
Particulates

Technology Gaps



IFRF Members’ Research Program

28 R&D needs surfaced during the various meetings

These could be grouped under 9 headings
Modelling (>40%)
Measurement
Fuels
Ash, fouling, slagging, corrosion
Combustion 
Nitrogen Oxides
Information (exchange)
Training
Noise

R&D Needs



IFRF Members’ Research Program : 2010 – 2014 Agenda

IFRF cannot act alone

Focus in one or two of areas identified

Take account of diverse needs in 
• National Committees
• Industrial Sectors
• 4 years is too long for any NC or Industry Sector to support IFRF and 

see no directly relevant return

Recognise resource limitations
• Limited internal R&D funds from Membership fees
• Small size of permanent core team

Take advantage of its strengths
• Large international spread of industrial and academic members
• Access to world class facilities at its Livorno base
• Knowledge base accumulated over 60 years



IFRF Members’ Research Program : 2010 – 2014 Agenda

Prepare Position Paper on 
numerical modelling of flames
Industrial Combustion Journal

Propose Protocols for sharing 
experimental data

Create inventory of ‘shareable’ data (IFRF, Members, Others)
Implement a data sharing exercise with its Members & contributing 
partners

Establish Multi-partner programme to:
Develop and agree criteria for validating (= quantify uncertainties) 
mathematical models
Apply the criteria across a range of models, processes and fuels

(1) – Modelling



IFRF Members’ Research Program : 2010 – 2014 Agenda

Review in-flame and in-furnace measurement techniques
(IFRF and others)

IFRF probes 
Based on early ‘60s design
Still widely used for industrial combustion tests

Today needs
Quantify uncertainties
Update/upgrade instrumentation (HW/SW)
Adapt probes to new combustion concepts (oxy-combustion)
Develop new concept measurements- ex.:

in-flame FTIR
Flame fluctuations

(2) - Measurements



IFRF Members’ Research Program : 2010 – 2014 Agenda

Undertake experimental work on 
Livorno pilot scale furnaces

To fill gaps in data required for numerical 
model validation

• Incomplete or unreliable data
• Helps quantify experimental uncertainties
• Creates data for new fuels and/or comburents
• Extends range of stationary processes 

in IFRF portfolio

Also contributes practical experience on
• Combustion & co-comb. for biomasses & wastes
• Firing solid fuels in oxy/RFG atmospheres
• Looks at novel combustion techniques

(3) - Measurements



IFRF Members’ Research Program : 2010 – 2014 Agenda

Establish protocols for solid fuels 
combustion characterisation 

International
Members & non-members

Characterise solid and liquid fuels  
to agreed protocols
To fill data gaps for numerical 
model validation & application
Includes fuels that are environmentally significant

• Biomass
• Wastes
• Blends of above with coals
• In atmospheres that reflect O2/RFG, temperatures and pressures
• Liquid biofuels

(4) - Fuel characterisation



IFRF Members’ Research Program : 2010 – 2014 Agenda

Continue IFRF’s tradition of training combustion engineers 
through

Repeating and further developing the classroom based training 
activity started in 2008

Recruiting and/or seconding young engineers to work for extended
periods on the experimental rigs at Livorno

Offering opportunities for Members’ engineers to experience a 
shorter term ‘close encounter’ with industrial scale flames

Seeking EU support to develop a Europe wide ‘Access’
programme to a network of combustion research facilities (EFRI)

Replicating the above in North America and the Pacific areas in 
partnership with AFRC and JFRC (AFRI? PaFRI?)

(5) - Training



IFRF  Perspectives

The IFRF will continue

to be the bridge between industry and fundamental research

the International networking: research programmes

to educate experienced combustion engineers

to disseminate knowledge through the scientific community

http//www.ifrf.net 



See you in Tuscany…….


