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Agenda


 Introduction to COWI


HAZOP t di  d  b  COWI  bi  ifi HAZOP studies done by COWI on biomass gasifiers


 Good design practice


COWI presentation / VIP2
10.05.04 Communication & Design, 2004
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COWI is one of the leading 
consultants in Northern Europe


 4200 employees generate a turnover of DKK 3.3 
billion (440 EURm)( )


 COWI is independent. The COWI foundation is the 
major shareholder


 COWI provides consultancy services within 
engineering, environment and economics


COWI presentation / VIP3
10.05.04 Communication & Design, 2004


COWI is an international company


 More than 1800 employees are based 
outside Denmark


 They work in 30 subsidiaries, in several 
project and branch offices abroad


 More than half of the turnover is generated 
outside Denmark


 We have activities in 100 countries around 


COWI presentation / VIP4
10.05.04 Communication & Design, 2004


the world
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COWI globally - see www.cowi.com


COWI presentation / VIP5
10.05.04 Communication & Design, 2004


International experience


Offices abroad


Energy consultancy –
typical services


 Energy strategy, planning and economic assessment


 Kyoto Mechanisms (JI & CDM)


 Energy system engineering, tender & supervision


 HAZOP and risk assessment


 New & renewable energy system development


 Material and energy recovery from waste


 Environmental approvals


 Electrification
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 Electrification
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Participants in Gasification Guide Project


 Jens Dall Bentzen, M.Sc. (Energy), Project Manager R&D


– Specialist in energy production systems


 Reto M. Hummelshøj, Dipl. Eng. (Mech.)


– Section Manager & Project Manager with-in new and renewable 
energy systems


 Fritz Georg Garde, M.Sc. (Mech.), Risk Assessment specialist


– Risk Assessment specialist 
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HAZOP at gasifiers in Denmark


 - Haslev


 - Harboøre 


 - Høgild


 - Weiss/DTU


COWI presentation / Vienna 23.04.088
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Risk Analysis methodology


COWI presentation / Vienna 23.04.089


Risk = frequency of hazarderos event * consequence.


Criteria for risk assessment 


Consequence Max allowable frequency


Several employees or a single neighbour are 
seriously injured, possibly death.


Once each 1,000,000 years


1 or 2 employees are seriously injured, possibly 
death.


Once each 10,000 years


Reversible person injuries with less than 30 sick 
days or considerable damage to property, 
resulting in long shutdown.


Once each 100 years


Damage to property requiring repair. Once each year
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g p p y q g p y


Insignificant damage such as shutdown. 10 times per year
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Barrier diagram principle


Barrier Barrier


Unwanted
event


Cause Consequence


T 1 T 2
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Type 1


prevention


Type 2


mitigation


Aka - bow-tie diagrams


Barrier diagram example


Safeguard / barrier
Cause Unwanted event/ Consequence


Parameter


Vapour recovery system
Fails 1/200


P
/


Fails 1/200
Weak welding between wall and roof


Ice in P/V-valves Pressure rise in Fails 1/100
tank during unload-


Once every 10 years ding ship
Too high pressure Tank burst Gasoline flood the


The ambient temperature in Iceland is lower than ship tank temperature in the tank ground
5 times every 1e-5 year


The vapour pressure
is too high
Once every 200 years


Roof burst Gasoline vapour
P/V-valve opens @ 200 mbar flows from the tank


Samples from cargo is tested in laboratory Fails 1/1000 5 times every 1e-3 year


Wall or roof may only buckle
Fails 1/10


Ice in P/V-valves Vapour recovery system Leakage above liquid surface
Fails 1/200 Fails 1/3


P
/
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Fails 1/200 Fails 1/3
Once every 10 years


Under pressure Too low pressure Tank collapse Gas line flood the
during truck loading in tank ground


2 times every 1e-5 year
Suction opening
is clogged in
P/V-valves
Once every 50 years Gasoline vapour


flows from the tank
6 times every 1e-4 year


W
a
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Good design practice   - Process equipment


1. All air inlets and gas outlets to/from gasifier should be 
equipped with double block device 


2 Wh  l   t t k  th  h ld b    2. Where valves can get stuck, there should be a very 
reliable device to ensure ventilation to open air


3. Gas alarms in exposed areas 
(25/50 ppm CO; indication/alarm)


4. Pressure sensors and temperature sensors included in 
the safety concept should be duplicated.


5. All pipes that can reach above 500°C must be all-welded 
to ensure gas tightness  


COWI presentation / Vienna 23.04.0813


to ensure gas tightness. 


Good design practice   - Plant


1. Fuel storage should be a stand-alone


2. Gasification building must be well ventilated


3. Noisy equipment like compressor or engine should be 
placed in separate insulated acoustic, chamber/cabin


4. Control and staff quarters (rooms) should be separated 
from the remainder of the plant
(fire and toxic gases)


5. 2 escape routes to the open air from the gasifier building 
and the engine room.


COWI presentation / Vienna 23.04.0814
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Good design practice   - Shielding
- Movable parts, hot surfaces, gas explosions


1. Pressure relief should be shielded and led to open air


2. Movable parts should be shielded and equipped with 
 temergency stop


3. Safety switches and local interrupters on rotating parts


4. Switches on pressure relive equipment and on critical 
valves giving access to gas containing equipment such as 
feeders, cyclone and ash outlet


COWI presentation / Vienna 23.04.0815


Recommendations regarding procedures (1)


1. Start-up and shut-down
Operators should be instructed not to stay unnecessarily at gasifier 
components (cyclone bins, filters, etc.) during start-up and shut-down.


2. Repeated start attempts of the engine
min 5 minutes should pass between each attempt, with mechanical flushing 
of air


3. Operators should carry portable gas alarms during plant 
operation


4. PLC control
Might be unstable, and the operation staff may carry out unauthorised re-
programming or re-arrange the alarm settings. 
There must be strickt relation between the documentation of the safety 


COWI presentation / Vienna 23.04.0816


There must be strickt relation between the documentation of the safety 
concept and actual settings. A list of approved setpoints must be present in 
the operation manual.
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Recommendations regarding procedures (2)


1. Checking of sensors
There shall be a clear procedure to check on a defined regular basis whether 
a sensor device records true values;
E g : pressure transmitters pipes may be blocked by tar or dustE.g.: pressure transmitters pipes may be blocked by tar or dust.


2. It shall not be possible to open locks that are made for 
safety reasons.


3. Faulty settings of manual valves must not be possible. 
Position of critical valves should be connected to a "position" switch giving 
alarm at wrong position.


COWI presentation / Vienna 23.04.0817


Supplementary precautions


1. All alarm values should be specified before start-up in 
the manual


2. Thermocouples before and after the main components 
Preferred and allowable operating temperatures shall be available for the Preferred and allowable operating temperatures shall be available for the 
operators


3. Besides overpressure, plant components should also be 
able to withstand under pressure


4. Preservation of gas blower and other rotating equipment 
in the product gas line at standstill.


5. It is recommended to install an automatic  start-up 
burner of the gasifier, as manual start-up requires close 


COWI presentation / Vienna 23.04.0818


attention from the operational staff.


6. Ash system must be equipped with humidification of ash 
in order to prevenet fire hazard from reglowing of carbon 
particles and dust emissions to the surroundings.
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Plant documentation


1. The plant documentation must be complete and updated


2. An operation manual should be available


COWI presentation / Vienna 23.04.0819
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Gasification


Zur Anzeige wird der QuickTime™ 
Dekompressor „TIFF (LZW)“ 


benötigt.


On the Way to safe and 
ecofriendly Biomass Gasification


Introduction and history of the way 
so far


R. Bühler, Umwelt + Energie


Vienna, 23rd April 2008                     Introduction and history
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Gasification


Zur Anzeige wird der QuickTime™ 
Dekompressor „TIFF (LZW)“ 


benötigt.


On the Way to safe and 
ecofriendly Biomass Gasification


The Subject of today


Draft Guideline
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Gasification


Zur Anzeige wird der QuickTime™ 
Dekompressor „TIFF (LZW)“ 


benötigt. Preliminary Remark


Today‘s workshop and Guideline refers to 
gasification plants up to 5 MWth
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Gasification


Zur Anzeige wird der QuickTime™ 
Dekompressor „TIFF (LZW)“ 


benötigt. HSE 
is an important topic


• HSE Barriers in implementation of biomass 
gasification:gasification:
– Manufacturers do not know the risks 
– Manufacturers do not know how to assess HSE risks 


and how to minimise them
– Manufacturers do not know the standards which have 


to be fulfilled
– HSE permitting authorities are not familiar with 


bi ifi ti


Vienna, 23rd April 2008                     Introduction and history
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biomass gasification
– Different regulations in European countries
– Different interpretations by different authorities.







23.02.2011


3


Gasification


Zur Anzeige wird der QuickTime™ 
Dekompressor „TIFF (LZW)“ 


benötigt.


Problems


• Installed plants with insufficient (no) H+S protection 
measures


• Installed plant with expensive H+S protection measure, 
which might not be necessary or without or with negative 
H+S effect


• Inappropriate requirements


• Without detailed knowledge, which HSE requirements have 
to be fulfilled a reliable offer to a client is not possible


Vienna, 23rd April 2008                     Introduction and history
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to be fulfilled, a reliable offer to a client is not possible


Joint effort to solve these problems since 2002.


Gasification


Zur Anzeige wird der QuickTime™ 
Dekompressor „TIFF (LZW)“ 


benötigt. Objectives of the Joint Task


• Improve / Create Awareness: HSE is important


• Establish a «state of the art procedure» to assess and 
avoid risks


• Harmonise and accelerate the permitting procedure


• Reduce objections against the use of biomass


Vienna, 23rd April 2008                     Introduction and history
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• Initiate a Guideline for safe and eco-friendly 
Biomass Gasification Plants.







23.02.2011


4


Gasification


Zur Anzeige wird der QuickTime™ 
Dekompressor „TIFF (LZW)“ 


benötigt. Activities in 2002


HSE t t ti t St b– HSE expert presentation at Strasbourg
• Guideline is important  


– Questionnaire 1: What manufacturers know about 
Health and Safety


• Result: Manufacturers have little knowledge as 
regards Health and Safety.


Vienna, 23rd April 2008                     Introduction and history
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Gasification


Zur Anzeige wird der QuickTime™ 
Dekompressor „TIFF (LZW)“ 


benötigt. Activities in 2003


Q ti i 2 A k M f t h t th d• Questionnaire 2: Ask Manufacturers what they need as 
regards HSE


• Results of the questionnaire:
– Most of them ask for support in HSE
– Support the intention to develop a guideline.


Vienna, 23rd April 2008                     Introduction and history
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Gasification


Zur Anzeige wird der QuickTime™ 
Dekompressor „TIFF (LZW)“ 


benötigt. Activities in 2004


– Handbook of Gasification (H Knoef Editor) Sept– Handbook of Gasification (H. Knoef, Editor), Sept. 


2005 


«Health, Safety and Environmental Aspects of Biomass 


Gasification»


– Austrian HSE Project started 


– EC project proposal: «Guideline for safe and 


Vienna, 23rd April 2008                     Introduction and history
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p j p p


ecofriendly Biomass Gasification and Pyrolysis»


• Project proposal rejected.


Gasification


Zur Anzeige wird der QuickTime™ 
Dekompressor „TIFF (LZW)“ 


benötigt. Activities in 2005


• Austrian HSE project finished –> important input on European 
level


• Joint HSE workshop of GasNet and IEA: Innsbruck 28thJoint HSE workshop of GasNet and IEA: Innsbruck, 28th 
September 2005


• gaseous emissions
• waste water
• risk assessment and risk management
• permission procedure 


Proceedings available:
download from websites.


Vienna, 23rd April 2008                     Introduction and history
10







23.02.2011


6


Gasification


Zur Anzeige wird der QuickTime™ 
Dekompressor „TIFF (LZW)“ 


benötigt. Activities in 2006


– New EC project proposal: «Guideline for safe and 


ecofriendly Biomass Gasification», «Gasification 


Guide»


– Project accepted.
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Gasification


Zur Anzeige wird der QuickTime™ 
Dekompressor „TIFF (LZW)“ 


benötigt. Activities in 2007


– Project “Guideline for safe and ecofriendly biomass 


gasification” started


– Information exchange 


Gasification Guide - ThemalNet - IEA Biomass 


Gasification


Objective: Further close cooperation in HSE of ThermalNet, 
«Gasification Guide» and IEA Biomass Gasification
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«Gasification Guide» and IEA Biomass Gasification.
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Gasification


Zur Anzeige wird der QuickTime™ 
Dekompressor „TIFF (LZW)“ 


benötigt. Activities in 2008


Step to meet this objective: Workshop of today.
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Gasification


Zur Anzeige wird der QuickTime™ 
Dekompressor „TIFF (LZW)“ 


benötigt.


I hope you enjoy our workshop!
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Legal Framework for
Biomass Gasification in Europe


Dr.-Ing. Ulrich Seifert


Fraunhofer Institute for Environmental, Safety, 
and Energy Technology UMSICHT
(email: sei@umsicht.fhg.de)
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Scope


• Introduction


• Manufacturing vs. 
Construction and Operation


• New Approach Directives and 
Conformity Issues


• Permit Requirements


• Emission Limit Issues
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A starting point for legal issues of biomass gasification


Comprehensive description of legal requirements
for the construction and operation of BGPs in 
Austria (2005)
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Legal Framework: Scope and main tasks of the Gasification Guide 
project


• Analyse and compare the legal framework for biomass gasification
in a number of European states
(AT, BE, BG, CH, DE, DK, ES, FR, IE, IT, NL, SE, UK)


• Give hints to manufacturers and operators of biomass gasification 
plants on relevant legal requirements


• Describe gaps or contradictions in the legal framework and make 
suggestions how to resolve them


• Assume 31/12/2007 as the reference date for regulations
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Benchmark of legal framework (European & national)


Key Results


• With regard to European directives for manufacturing, there is no 
evidence of any problems with national implementation


• European directives on environmental protection and on health 
and safety at work (with regard to operation of plants): 
considerable variation in the ways of implementing these directives 
at national level has become apparent 


• Key problem: various classification schemes for different aspects 
of HSE protection, even within a single Member State
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Aspects of legal framework for BGPs


EC Treaty:  Legal basis for directives concerning …


Art. 95: … Implementation of the Internal Market
=> binding requirements for all Member States


Art. 136/137: … Improvement of Safety and Health at Work
=> minimum requirements


Art. 174/175: … Environmental Protection
=> minimum requirements







Legal Framework for Biomass GasificationHSE Workshop, Vienna, April 23, 2008 


European Directives applicable to manufacturing of BGPs


heat exchangers/boilers, compressed air 
system


97/23/EC: Pressure equipment


blowers, measuring devices, flame arrestors94/9/EC: Equipment for use in potentially 
explosive atmospheres (ATEX directive)


drives, pumps, blowers, moving mechanical 
parts, gas engine, fuel feeding system, ash 
removal system


98/37/EC: Machinery
[2006/42/EC]


electrical instruments, drives, control 
systems


89/336/EEC: Electromagnetic compatibility
[2004/108/EC]


electrical instruments, drives, control 
systems, generator


73/23/EEC: Low voltage equipment
[2006/95/EC]


Examples of application (BGP equipment)Directive: Number, Scope
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Conformity issues


Assessment and Declaration of Conformity (DoC): 


• assessment of conformity with essential health and safety
requirements is a key element of New Approach directives


• technical specifications are laid down in harmonized standards, 
but application of these standards remains voluntary


• manufacturers have to determine which directives apply to their
products (or to parts thereof)


• installations as a whole are basically not in the scope of DoC
requirements (example: entire power stations)


• existing European guidelines on the
application of directives can be helpful
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Example: Application of Directive 94/9/EC to BGPs


• Devices with permanent sources of ignition (e.g. gas boilers) are not in the 
scope of directive 94/9/EC


• Installations are not in the scope of directive 94/9/EC (but assemblies are)


• Prevention of ex-atmosphere or explosion-proof construction: 
basically not covered by directive 94/9/EC


• ATEX95 declaration of conformity for 
such equipment? (cf. ATEX95 Guide!)


• Directive 94/9/EC = ATEX95-Directive


• Contains requirements concerning equipment for use in 
potentially explosive atmospheres (+ protective equipment)


• Basic idea: ATEX95 equipment must not act as a potential source of 
ignition at external or internal interfaces of the equipment


• Level of explosion safety is expressed in categories (1/2/3; G/D)
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Example: Scope of application of Pressure Equipment Directive


• Equipment that can be pressurised (> 0.5 bar g) in case of 
explosions only: 
Does the Pressure Equipment Directive (PED) apply?


• Suggestion from explosion experts:


explosion pressure resistant equipment [druckfest] 
=> PED equipment


explosion pressure surge protected equipment [druckstoßfest] 
=> no PED equipment 


(such equipment may be damaged by explosion pressure surge, which requires        
inspection and may lead to replacement, but this damage may not pose an 
immediate HSE hazard) 


• Should be clarified between PED experts 
and explosion experts at European level
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Occupational safety and health: Employers‘ duties


• prevent or minimise occupational risks


• provide information and training


• provide the necessary organization and means


• perform hazard identification and risk assessment


• draw up documents on the results, which include:


- registry of hazardous substances 


- explosion protection document


- written company-specific 
operating instructions
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Regulations concerning construction and operation of BGPs


Occupational safety 
• Health and safety at work, general


• Substances hazardous to health


• Fire and explosion hazards


• Installations subject to monitoring


• Pressure equipment


• Electrical equipment


• Explosion protection


• Machinery


Other Regulations 
• Renewable Energies / Biomass


• Fire safety of buildings 


• Land use planning


Environmental impact
• Permit requirements (Integrated 


pollution prevention and control)


• Major Accident Hazards


• Waste treatment 


• Handling of substances constituting 
a hazard to water


• Emissions to atmosphere: gases, 
dust, smell


• Noise emission


• Waste production


• Waste water 







Legal Framework for Biomass GasificationHSE Workshop, Vienna, April 23, 2008 


Thermal biomass gasification plant (BGP) scheme


Residues
(e.g. ashes, 
waste water)


Biomass
(Wood)


Exhaust Gas


Electricity, 
Heat


BGP


Gasifier Gas 
cleaning


Gas 
engine


Tar
combustion


Tar recycle
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BGP classification for permit procedures


"Black Box" view: 


• Generation of electricity and heat by use of biomass (wood) in a
combustion facility


Detailed view: 


• Generation of producer gas from solid fuel


• Generation of electricity and heat in an internal combustion 
engine


• (Combustion of tar as a non-standard fuel) 


Different views can lead to different 
types of permit requirements
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Permit requirements for construction and operation of BGPs


Classification criteria


• Type of gasifier feedstock: waste biomass or natural biomass


• Thermal input or output rating (thermal capacity)


• Electrical rating of the CHP gas engine


• Operation as a stand-alone unit or as part of a larger installation


• Gas engine type (e.g. compression ignition, spark ignition)


• Operating time per year (peak load or continuous operation)


• Properties of the plant location (e.g. industrial, commercial, 
agricultural, or residential area)


• Date of putting the plant into service







Environmental permit requirements for BGPs in Europe 
(examples)


yes, if thermal rating of the produced gas 
is > 1 MW 
(Annex, No. 1.4 and 1.13)


Federal Immission Control Act
[Bundesimmissionsschutzgesetz, BImSchG]
Ordinance on Installations Requiring a Permit 
[4. BImSchV]


Germany


yes, for production of flammable gas 
(1410) and for combustion of non-
standard fuel if thermal rating is > 0.1 MW 
(2910)


Environmental Act
[Code de l'environnement] 
Schedule of classified installations [Nomenclature 
des installations classées pour la protection de 
l'environnement]
[Arrêté du 2 février 1998 relatif aux prélèvements et 
à la consommation d'eau ainsi qu'aux émissions de 
toute nature des installations classées pour la 
protection de l'environnement soumises à
autorisation]


France


yes, but specific requirements for IPPC 
installations do not apply to BGPs


yes


Trade, Commerce and Industry Regulation Act 
1994, last amended 2006
[Gewerbeordnung GewO 1994, zuletzt geändert
2006]
Immission Protection Act - Air 
[IG-L Immissionsschutzgesetz - Luft] 


Austria


Permit requirements for biomass 
gasification plants


Regulation(s) transposing the IPPC directiveState
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Environmental permit requirements for BGPs in Europe 
(examples)


needs to be discussed with competent 
authority, 
cf. Schedule 1 Part 1, Section 1.1 
(Combustion Activities) and Section 1.2 
(Gasification, Liquefaction and Refining 
Activities)


The Pollution Prevention and Control (England and 
Wales) Regulations 2000


United Kingdom 
(England and 
Wales)


no, for gasifiers and gas engines 
< 10 MW (thermal), but notification 
required (40-5 and 40.1-2)
[from 01/01/2008: yes, if more than 
150.000 m3 flammable gas per year is 
produced – 40.10 (B)]


The Environmental Code
[SFS 1998:808 Miljöbalk]
Ordinance on environmentally hazardous activities
[Förordning (1998:899) om miljöfarlig verksamhet
och hälsoskydd]


Sweden


yes (internal combustion engines > 1.5 
kW) (Cat. 1, 1.1b)


Environmental Act [Wet milieubeheer, Wm]
Ordinance on Installations and Permits 
[Inrichtingen- en vergunningenbesluit milieubeheer 
(Ivb)] 
Water Act [Wet verontreiniging oppervlaktewateren, 
Wvo]


Netherlands


Permit requirements for biomass 
gasification plants


Regulation(s) transposing the IPPC directiveState


Legal Framework for Biomass GasificationHSE Workshop, Vienna, April 23, 2008 
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Permit procedures


… are country-specific in terms of


• competent authorities 


• information to be provided in the written application


• application forms to be used; number of copies required


Basic information in written applications includes


• applicant (name, address, …)


• plant location


• description of the installation (flowsheet, equipment, feedstock, 
emissions, waste)


• reference to relevant regulations
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Country-specific sources of information on permit procedures


[Excerpt from draft Gasification Guide]
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Permit procedures


Consult the competent local authority 
or authorities at an early stage 


in order to identify the regulations 
and procedures that apply!
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Emission limit values for biomass gasification in Europe  


• In most European states, emission limit values (ELVs) specific to 
biomass gasification plants with gas engines have not been 
defined yet


• Denmark: ELVs for gas engine exhaust gas in biomass gasification 
plants (reference state: dry exhaust gas at STP, 5% O2)


NOx: 550 mg/m3


uncombusted hydrocarbons,
UHC: 1500 mg C/m3 (valid for 30% electrical efficiency)


CO: 3000 mg/m3
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Emission limits in Denmark for different fuels and equipment


All values defined or recalculated for dry gas, STP, 5% O2


[source: BEK 621 of 23/06/2005, BEK 1640 of 13/12/2006]


natural gas
biogas


producer
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gas boiler


gas engine


500
1200


3000


109 109 1450
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CO emission limits (mg/m3)


natural gas
biogas
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gas engine
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1000
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95 95 145
0


200


400


600


800


1000


NOx emission limits (mg/m3)
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Best Available Techniques (BAT) issue


• The term ("BAT“) has been introduced with the IPPC Directive
(96/61/EC) concerning integrated pollution prevention and control


• Emission limit values (or equivalent parameters and technical 
measures) shall be based on the "best available techniques"
for industrial activities listed in Annex I of the IPPC Directive


• Small and medium biomass gasification plants are not in the
scope of the IPPC Directive (but may be in the scope of national 
transpositions of that directive)


• Emission limit values for small and medium BGPs to be based on 
BAT is
- not required at European level, but
- required at national level in some states
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Best Available Techniques: Definition (IPPC Directive, Art. 2)


“Best available techniques" (BAT) shall mean the most effective and advanced stage in the 
development of activities and their methods of operation which indicate the practical 
suitability of particular techniques for providing in principle the basis for emission limit 
values designed to prevent and, where that is not practicable, generally to reduce 
emissions and the impact on the environment as a whole:


— ‘techniques’ shall include both the technology used and the way in which the installation is 
designed, built, maintained, operated and decommissioned,


— ‘available’ techniques shall mean those developed on a scale which allows implementation in 
the relevant industrial sector, under economically and technically viable conditions, 
taking into consideration the costs and advantages, whether or not the techniques are 
used or produced inside the Member State in question, as long as they are reasonably 
accessible to the operator,


— ‘best’ shall mean most effective in achieving a high general level of protection of the 
environment as a whole.
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BAT: A suggestion on future activities regarding BGPs


• Determine the current state of techniques for the limitation of 
emissions from small and medium-scale BGPs


• Determine high-concern substances in BGP exhaust gas that 
deserve special attention with regard to emission limits


• Derive suitable emission parameters (target values or limit values) 
that have been found to reflect high-concern emissions adequately


• Provide a suggestion in the Gasification Guide as to which 
techniques may be regarded as “best available” for BGPs
(proven in long-term operation)
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Risk Assessment - Legal Background


All the legislative documents which are necessary to be 
fulfilled to be able to place products on the marketfulfilled to be able to place products on the market
require a risk assessment


e.g.:


Machinery Directive – Risk assessment! 


Pressurized Equipment Directive – Risk assessment!  q p


ATEX – dimensioning on basis of remaining risk –
Risk assessment!


etc.


Motivation of this work


 Detailed risk assessment of gasification plants is big 
challenge for small and medium enterprises,


 Complex => obstacle for placing on the market Complex > obstacle for placing on the market


 Structured, straight-forward approach for RA is helpful and 
provided by the guideline


 Software tool was developed to give support on the 
conduction and guiding risk assessment teams in companies


 Software tool will be freely available (after closing of 
reviewing phase) soon


-- download www.gasification-guide.eu --
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Systematic approach within risk assessment
Analysis Preparation &


System Description


Ambience Plant
• Technology description 


and Classification


• Description of the actual 
plant state (existing 
plants)


• Abutting owner (private 
person, industry, etc)


• Infrastructure


• Meteorological und 
hi l b i d t


Identification of hazardous events and 
Occurrence Probability


• Check list


• Hazard and Operability Studies HAZOP


• Failure Modes Effects and Criticality Analysis


• Delphi Method


Consequence Analysis


Propagation


Effects


Effect assessment


… on people, animals, the 
environment, the plant side, 
…


Risk AssessmentRisk matrix


p )


• Description of plant 
utilities …


geographical basic data …


Risk Assessment


Risk = f ( Effects or Consequences, Occurrence 
probability or  frequency)


Risk matrix


Risk Minimization Measures


Weak spot elimination


Gradual reduction of possible hazards


Consequence limitation …


Technology Description within SW-Tool


Gasifier DedustingCooling Scrubber …


T210


Fuel


T b d fi d


+LA
+LI


S-LIS
-LA


+LI
S


-LIS


dp


T3


1


2


3


4


5


6
7 8


9
10


B – Washing Media C – Washing MediaA – Gas Scrubbing and D – Washing Media


To be defined:


• operation 
conditions


• parts/apparatues


• etc.


-LIS


dp


+LIS+LA
+LIS


-LIS
-LA


T3


T1


T2


-LIS


dp


+LIS+LA
+LIS


-LIS
-LA


T3


T1


T2


dp


+LA
+LIS


-LIS
-LA


T3


T1


T2


-LIS


+LIS


dp


+LA
+LIS


-LIS
-LA


T3


T1


T2


-LIS


+LIS


B – Washing Media 
Recirculation


T2


T3


T1


-LIS


dp


+LIS+LA
+LIS


-LIS
-LA


T2


T3


T1


-LIS


dp


+LIS+LA
+LIS


-LIS
-LA


C – Washing Media
Treatment


A – Gas Scrubbing and 
Transport


T2


T3


T1


-LIS


dp


+LIS+LA
+LIS


-LIS
-LA


T2


T3


T1


-LIS


dp


+LIS+LA
+LIS


-LIS
-LA


D Washing Media
Circulation







4


Function based Assessment


Function Event List1. Hazards and consequences?


Function/Technology
Description


Risk evaluation &
assessment


Function 


Operation
Procedure 


Part 1 


Part 2


Consequence
List


- i.e. pressure drop to high? Analyse
of the present function and
involved parts/units/functions


- choose a possible consequence
(i.e. blocking) or define a new one


- Use risk matrix


2. Is the remaining risk …


acceptable/ALARP or not?


Pressure drop to high
…


blocking


…


Risk MatrixPart 2 


Part 3 


Part …


next event counter measure
Risk Matrix


EventsEvents ConsequencesConsequences


Hazard Identification
Events/Consequences List


 leakages
 gas escapes


 air intake


 leakages steam system


 leakages in water caring systems


 temp. out of normal operation areas


 pressure fluctuations 


 t


e tse ts


 explosion


 fire


 danger from 
electricity


 poisoning


 danger to health


 etc


ConsequencesConsequences


 etc.  etc.


… the complete lists of events and consequences are provided 
within the guideline and are implemented in the software tool.
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Risk Matrix


Guidance for using Risk Matrices


Category minor significant severe major catastrophic


Onsite minor injury loss time accident
singel or few 


serious injuries


single or few 
fatalities (<5), 
many injuries


many fatalities    (5 
or more), 


numerous serious 
injuries


Severities


Offsite nuisance offsite
short term, minor 


effects
few people require 
hospital treatment


serious injuries, 
tens in hospital


one or more 
fatalities, several 


injurie


Airborne onsite
nuisance only 


onsite


severe nuisance 
(noise, smell, dust 


etc.)


serious onsite 
concern


major onsite 
concern, fires, 


explosions, 
evacuation


major airborne 
release resulting in 


site shut down


Airborne offsite
short duration 


minor problems


sustained 
nuisance levels of 


atmosheric 
pollution


fire or smoke 
effecting offsite 


area, public radio 
warning


serious toxic 
emission resulting 


in evacuation


release of large 
quantitives of toxic 
materials, serious 


offside effects


Liquid 
discharge


no real offsite 
effect


release of 
hazardous 


substance offsite


large release of 
hazardous 
substance, 
potential 


prosecution


major loss of 
harmful or toxic 
liquid, 5-10 mile 


effect


very serious 
ground or warer 


course 
contamination


Media
no outside media 


comment
noted in local 
newspapers


considerable local 
news with insde 


ti l t


headline national 
news and 


continuing local


international TV 
news, outcry 


threatens to close


Notation Systematic


extremely unlikely < 10-6 per year


very unlikely 10-6 to 10-4 per year


unlikely 10-4 to 10-2 per year


improbable 10-2 to 1 per year


F
re


qu
en


ci
es


comment newspapers
page national note


continuing local 
news attraction


threatens to close 
operationprobable > 1 per year


•..further guidance will be given by:
Guideline 
Example of use in the annex of the guideline
Examples for Good design practice


F
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Software Tool 
Risk Analyser


Software tool  for Hazard ID, Risk Assessment 
and Risk Reduction


 Development Issues
 ~ 10.000 lines of code


 ~ 10 months development 
timetime


 Stand-alone program


 Installer Setup


 Open design


 Java programming language


 Requirements
 Standard Windows PC


 Java Runtime Environment


 Plant data


 Operation modes


 Operation conditions
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Definition of the


Step 1 Step 2 Step 3


Definition of the


Flow chart of the procedure to carry out the 
risk assessment by using the software tool


Definition of the 
basic data of the 


plant


Definition of the 
process units


Definition of the 
functions of the 
process units


Definition of the 
parts of the 


process units


Step 4


Definition of the 
plant utilities


Step 5


RISK 
ASSESSMENT 
PROCEDURE


Step 6


Consequences
Events / 


malfunctions


additional to predefined events/consequences


Software tool


 Installation and program files


 Database & Project


 Project Data
 Basic Data
 Process Unit
 Function
 Units


 Risk Assessment
 Events Events
 Consequences


 Countermeasures


 Summary & Reporting







8


Software tool - Project Data, Basic Data


Software tool - Project Data, Process Unit, 
Function
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Software tool - Project Data, Units
UNITS Operation Modes


Media Information


Hazard ID / Risk Assessment


Software tool - Countermeasures


Counter measures


Counter measures / Reassessment / Adding
new parts for technical measures
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Software tool – Function Summary


Orig. Operation
Modes


List of counter
measures


Adapted Operation Modes


Reporting


 Report of all total 
risk assessment isrisk assessment is 
automatically 
generated.


(PDF file)


 Documentation to 
b d d ibe used during 
licensing 
procedure.
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Software tool - RiskAnalyser


 Additional to the software tool a manual was 
created which gives guidance on how to install andcreated, which gives guidance on how to install and 
use the Risk Analyser.


 The functionality of the software tool is reviewed and 
will be updated within ongoing project development.


 The present beta version of the software tool will be 
available for download from the project homepage.


End of presentation


Discussion
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The Netherlands
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EIE-06-078


 Objectives


P j t t t


Content Consortium
 BTG


 TU Graz Project content


 Draft Guideline overview


 Technology description


 Potential hazards in practice


 TU-Graz


 Frauenhofer-Umsicht


 TU-Vienna


 HSE


 COWI


 TU-Sofia
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TU Sofia
 Umwelt+Energie


 FEE


 TÜV SÜD
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Objectives


 Accelerate the market introduction of small scale biomass 
gasifiers (< 5 MW ) by developing an accepted guideline andgasifiers (< 5 MWe) by developing an accepted guideline and 
software tool
 Remove non-technical barrier (awareness HSE hazards)


 Identify HSE hazards in construction and O&M


 Guidance to manufacturers and technology developers


 Dissemination to target group


 Simplication of procedures
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 Simplication of procedures


 Propose harmonization in EU-legislation


 Roadmap for standardisation of the Guideline
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Project Overview
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Workpackages and approach


WP 1 – Project Management


WP 2 - Legal frame of plant permission and 
operation


WP 3 - Risk assessment (Safety, Health and 
Environment)


WP 4 - Case 
Studies and 
Validation


Ta
rg


et
 G


ro
up


 &
 


K
ey


 M
ar


ke
t A


ct
or


s
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WP 5 – Dissemination and Communication


WP 6 – Common Dissemination E
ur


op
ea


n 
C


om
m


is
si


on
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Advisory Group
 Review progress


 Guidance to the projectj


 Advise on encountered problems


 Different background and expertise


 Risk assessment method


 Description of HSE risks
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 Questionnaire for case studies


 Legislation and harmonisation issues


 (draft) Guideline and Software tool
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WP2 - Legal frame + harmonization


Recommendations for aE &


Legal frame - European and national layer


Recommendations for aE &


Legal frame - European and national layer


Recommendations for a 
permission procedure


Environment 
Emissions


(exhaust gas, waste water etc.)


permitting
authorities


European & 
national 


Legislation


Health
Plant utilities (producer 
gas, condensates etc.)


manufacturers


national/local 
permission


Recommendations for a 
permission procedure


Environment 
Emissions


(exhaust gas, waste water etc.)


permitting
authorities


European & 
national 


Legislation


Health
Plant utilities (producer 
gas, condensates etc.)


manufacturers


national/local 
permission
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case studies
Safety


(Explosion, Fire etc.)
operatorscase studies


Safety
(Explosion, Fire etc.)


operators
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WP2 - Gasification and Permitting


 Unknown technology: time consuming


 Very strict regulation (WID)


 Local, state, national authority = f (scale)


 Different interpretation


 Similar procedure to combustion/incineration


 Sometimes fuel dependent


HSE workshop, Vienna 23 April 2008
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WP3 - Risk Assessment
Exhaust gas


to Chimney
Exhaust gas


to Chimney


Power
to Local Grid


Gas 
Utilization


Gasifier


Gas
Cooling


Biomass


Agents
(air, steam etc.)


Flare


Gas
Cleaning


Gas Engine


Heat
to District Heating


Process Automation


Generator
Heat  


Int. Demand
Dusts


Gas fired 
Boilers


Power
to Local Grid


Gas 
Utilization


Gasifier


Gas
Cooling


Biomass


Agents
(air, steam etc.)


Flare


Gas
Cleaning


Gas Engine


Heat
to District Heating


Process Automation


Generator
Heat  


Int. Demand
Dusts


Gas fired 
Boilers
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Waste Water 
& 


CondensatesCondensates Waste 
Water 


Treatment
Waste Water


to Canalisation or 
Disposal


Ash
to Disposal


Sludge
to Disposal


Dusts/Ash
to Disposal


Waste Water 
& 


CondensatesCondensates Waste 
Water 


Treatment
Waste Water


to Canalisation or 
Disposal


Ash
to Disposal


Sludge
to Disposal


Dusts/Ash
to Disposal
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 Risk assessment methods (identification/selection)


WP3 - Risk Assessment


 Hazard identification


 Risk assessment and reduction
 Risk = severity * frequency


 Risk matrix: acceptable, unacceptable, ALARP 


 Software Tool for Risk Assessment


 Potential hazards in practice
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Potential hazards in practice
 Listing of possible events


 Listing of possible consequences


 Good design practice
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WP4 - Case Studies and Validation


 Existing plants
 Eqtec


 Biomass Eng.


 Xylowatt


 ….


 ….





 Plants in preparation
 Eqtec


 Pyroforce


 Güssing


 DTU


 Biomass Engineering


 Xylowatt


Draft   Final
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 ….


 ….


 Data collection


 Xylowatt


 Other target groups


 Guideline validation
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WP4: Case Studies - Results
 Risk assessment has been done in all cases


 Using different methods


 HAZOP was executed in at least 3 casesHAZOP was executed in at least 3 cases


 One supplier constructs explosion proof (10 bar)


 Leakages and mechanical failures are considered as most dangerous


 Most of the potential hazards are controlled by automation (PLC)


 All suppliers have CE mark on the installation


 Declaration of Conformity


 “on the whole installation needed”


 “not needed” as long as the RA has been conducted and documented


HSE workshop, Vienna 23 April 2008
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 not needed , as long as the RA has been conducted and documented


 The conducted Case Studies do not represent most likely the average!


 Discussion on BAT is useless


 Difference between incineration and gasification should be explained more clear
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WP4: Case Studies – Remarkable results


 Biomass gasification is a commercial activity


For at least three entrepreneurs its their only businessFor at least three entrepreneurs its their only business


New criteria for the discussion: what/when commercial


 Mass production of 12 + 16 units


 One manufacturer employed a professional safety expert


 Risk Assessment is an on-going activity and will never be completed


 At least two customers demand for a complete risk assessment CE


HSE workshop, Vienna 23 April 2008
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 At least two customers demand for a complete risk assessment, CE 
marking and proper documentation thereof.
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WP5 - Communication and Dissemination


 Target group: manufacturers, technology and project 
d l lt t i t itti d l i l tidevelopers, consultants, investors, permitting and legislation 
authorities, scientists, ….


 Networks: IEA Bioenergy Task 33, Thermalnet, national 
networks


 Website: www.gasification-guide.eu


 Workshops: 2 at EU level, 3 at regional level, 


HSE workshop, Vienna 23 April 2008
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g


 1 German workshop (January 2009, Stuttgart)


 Promotional material (flyers)


 Papers at EU conferences (Berlin, Valencia)
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Questions on the project overview


Short break


HSE workshop, Vienna 23 April 2008
15


Gasification-Guide


EIE-06-078


Guideline overview
(draft)
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Content


 Preface


 Abbreviations and Definitions Abbreviations and Definitions


 Introduction


 Technology description


 Legal Framework for Biomass Gasification Technology


 Theoretical Aspects of Risk Assessment


 Potential Hazards and Good Design Principles in Practice
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Potential Hazards and Good Design Principles in Practice


 Annexes


 Supporting documents (Deliverables)
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Target Group (1)


Vi d d diff fli ti i t t Views and needs may differ, conflicting interest
 Manufacturer versus plant owner


 End-user/manufacturer versus permitting authority


 Manufacturers needs to know
 HSE risks during BGP operation


Ri k d i
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18


 Risk reducing measures


 Procedures to follow and documentation to prepare
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Target Group (2)


 Technical advisors to owner/investors needs to know
 Procedures/documentation to ask from manufacturer


 Procedures to follow to get permit in compliance with legislation


 Permitting authorities needs to know
 HSE risks and how to reduce risks


 Are measures incorporated


HSE workshop, Vienna 23 April 2008
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 Are measures incorporated


 Applicable legislation


 If documentation is complete and up-to-date
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Technology description (Ch. 2)


Gasifier
Gas cooling & Gas-Fuel 


supply/ Gasifier 
g


Gas cleaning utilisation 


- fixed bed gasi-
fication


- fluidized bed


- gasification utilities 
(water vapour


- cyclone  


- bag house


- filtering 


- wet dedusting/


- gas engine  


- gas turbine


- micro gas turbine 


- synthetic fuel


supply/ 
storage


- biomass storage


- utilities storage


- intermediate storage 
of gasification 


id


Process Automation System


co
n


fig
ur


at
io


n
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(water vapour, 
air, additives)


- gasification 
boundaries 


(pressurised, 
atmospheric)


wet dedusting/ 
cleaning


- residues treatment


- etc.  


synthetic fuel 
applications


- etc.


residues 


- conveying 
technology


- input units or rotary 
valves, vibro
conveyor etc.


e
xe


m
p


la
ri


ly
 c
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Technology description 
Comparison to combustion


U t (f di ) Upstream (feeding)
 Minor differences


 Potentially more dangerous with combustion (direct feeding 
versus physical separation by lock hopper or rotary valve)


 Downstream (flue gas versus producer gas)
T l i li d b i f
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 Transport, cleaning, cooling and combustion of


 Flammable / toxic gas
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Technology description 
Reactor designs (small scale)


HSE workshop, Vienna 23 April 2008
22







Gasification-Guide


EIE-06-078


Technology description 


 Gas cooling
 To allow gas cleaning (bag filter)


 To utilize in the gas in engine (increase energy density)


 Heat exchanger / scrubbing


 Gas cleaning
 To meet specifications of engine supplier


 Cyclone
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 Bag filter


 Packed bed (sand, active coal, etc.)


 Scrubbing (water, oil)
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Potential hazards in practice
(Chapter 5)
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Main hazards during O&M 


 Explosion / deflagration


 Fire


 Toxic liquid escape


 Toxic gas escape


 Operator failures / neglectence


When can it happen?


Where?


What happens?


What can be done (reducing 
measures)?


HSE workshop, Vienna 23 April 2008
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Explosion / deflagration 
 When?


 Explosive mixture and ignition source


 Explosive mixture: within certain oxygen concentrations


 Ignition source: glowing particles, sparks, very hot surfaces


 Dust explosion in feeding section


 Where?
 At almost every section of the plant


 In case of air ingress or gas escape


HSE workshop, Vienna 23 April 2008
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 During welding / smoking


 What happens?
 Mostly minor explosion (Verpüffung)


 Max. 8 bar (lowering at increasing temperature)







Gasification-Guide


EIE-06-078


Explosion / deflagration 
 Possible reduction measures (according ATEX)


 Primary measures (avoidance explosive atmosphere)
 O2 sensor inside the plant CO sensor outside the plant O2 sensor inside the plant, CO sensor outside the plant


 Use ex-proof electrical equipment?


 Secure technical gas tightness to avoid air intake or gas escape


 Avoid bridging in the reactor?


 Secondary measures (avoid ignition source)
 Flame arrestors


 Water seal


 Permit to work system in case of repairs like welding
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 Tertiary measures (mitigate the explosion effect)
 Explosion safe construction (10 bar)


 Other measures
 Ex-zoning; this determines the type of equipment allowed


 Emergency plan
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Fire 
 When?


 After an explosion


Sparks / smoking Sparks / smoking


 Ash removal


 Self-ignition fuel storage


 Bad ignition of gas engine


 Failure of anti back-firing system


 Where?
 At almost every section of the plant
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 At almost every section of the plant


 What happens?
 Can be an ignition source


 Damage to installation / building and/or physical injury
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Fire 


 Possible reduction measures
 Fire resistant separation of fuel storage from gasifier according 


local fire protection regulations (60 minutes)


 Fire extinguishing system (Sprinkler, manual fire extinguisher)


 Anti backfiring system on gasifier (valve, double sluice)


 Anti backfiring on air inlet to the engine


 Spraying removed ashes


M it i t t d t il
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 Monitoring temperature wood storage pile


 Ample ventilation


 No smoking inside building
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Toxic liquid escape 
 When?


 Leakages / maintenance in gas cooling section


 Where?
 Wet scrubber / condensing heat exchanger


 What happens?
 Physical contact


 Liquid may evaporise with risk of inhalation


 Danger of suffocation
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 Irritation to eyes


 Possible measures
 Wearing protective gloves, glasses, shoes


 Storage in containers 
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Toxic gas escape 
 When?


 Leakages of gas or liquids 


Maintenance Maintenance


 Where?
 Overpressure


 Exhaust gas


 What happens?
 CO poisoning, irritation, danger of suffocation


S
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 Some PAH are carcinogenic


 Possible measures
 Protective measures: portable and online CO monitor 


 Gastight construction
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Operator failures 


 Unauthorised re-programming or re-arrange the alarm 
settings. A list of approved set-points must be present in se gs s o app o ed se po s us be p ese
the operation manual


 Safety-related changes to the process control system 
must be performed by specially trained personnel only 
and documented properly


 Operators may become boring and tired in case the plant 
operates smoothly / neglect in general
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operates smoothly / neglect in general


 Operators may smoke at places where this is not allowed


 Risks are low if plant is operated fully automatically and 
unmanned
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Instructions to target group (1)


 Manufacturers


 Operators/plant owners Operators/plant owners


 Permitting authorities


 Investors and advisors


 HSE experts


HSE workshop, Vienna 23 April 2008
33


Gasification-Guide


EIE-06-078


Instructions to target group (2)


 Manufacturers
 Consider all potential hazard in design and construction


 Be able to show that all risks have been considered by documents


 Prepare O&M manual 


 Supply equipment with CE mark and Declaration of Conformity?
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Instructions to target group (3)


 Operators/plant owners/techniciansp p
 Understand the basic principles of gasification and the process


 Operate the plant according to the O&M manual


 Understand the HSE hazards with O&M the plant


 Follow the HSE precautions listed in the O&M manual


 Actions needed in case of accident


 Keep O&M, PID, and RA document up-to-date
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 Agreement who is responsible for what and when


 Smoke at places were allowed
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Instructions to target group (4)


 Permitting authoritiesg
 Local legislation is to be respected regarding building permit, 


environmental permit, human safety, disposal waste streams, etc.


 Need information from manufacturer


 Need good cooperation with manufacturer and investor/owner


 They may ask advice from experts / third parties


 Ask for document listing the potential hazards and showing what 
has been done to minimi e these risks
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has been done to minimize these risks
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Instructions to target group (5)


 Investors and advisors to the investors
 Need information from manufacturer


 Need good cooperation (trust) with manufacturer 


 They may ask advice from experts / third parties


 Ask for full risk assessment or HAZOP study document


 HSE experts
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p
 Use this Guideline to understand the specific HSE hazards 


associated with O&M of gasification plants
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Complete listing of all hazards (Annex C)
Process Step or Cat Major aspects involvedDetailed aspects or events Clarification / explaination to the events Safety measures or recommendation Reference to
Pos. A Pos. B Pos. C Pos. D E 


0


1


General 
recommendati


1 1


Design 
principles / 


1 1 1


Design of hot 
zone / 
apparatus / 


1 1 1 1


The apparatuses of the plant have to fulfil the requirements for
technical tightness, which are mainly influenced by temperature und
pressure and atmospheric regime (chemical substances, gas
components, etc.) inside as well as around of the respective plant
part. Especially connecting parts (flanges, fitting, pipe connectors,
compression couplings, welded connections, etc.) have to fulfil the


Technical tightness in hot zones:
- Special design of flange (sealing area in cold zones of the
flange)
- Application of welded connection in hot zones
- Welding procedure 


1
ons for safe 
plant design


1.1
p p
Plant 
equipment


1.1.1
pp


piping / 
connectors / 
gas tightness


1.1.1.1
p p g , , )


requirements of permanent tightness to avoid leakages of burnable
gas mixtures (producer gas) or air ingress into the plant. The majority
of the problems on technical tightness occur in hot zones (gasifier
outlet, inlet of heat exchanger, etc.) and for condensate contaminated
parts and connectors of the plants (e.g. sealing material near
scrubber units, units of droplet separators, etc.)


g p
- compare with material requirements
Technical tightness in remaining plant sections:
- choice of sealing material with regard to chemical resistance
(compare with chemical resistance on tarry compounds,
biodiesel, etc.), temperature and pressure 


1.2 Safety Gas explosion 1.2.1.1


The avoidance of explosive atmospheres is the primary measure
of explosion protection according to ATEX. A mixture of producer gas
with air is explosive, when the content of the burnable gas is between
lower and upper flammability limit of the respective producer gas.
Leakages have to be avoided to prevent uncontrolled air intake or gas
exit. High attention has to be paid during start-up and shutdown of the
plant.


Leakages have to be prevented.
Start up:
- Operation in combustion mode or purging with nitrogen.
Purging after shutdown and cooling :
- Purging with nitrogen
- Purging with air is also applied in practice. When purging with
air, explosive atmosphere is not prevented - ignition sources have
to be eliminated (secondary explosion protection)


General 
for safe 
1.1.1.1)


1.2.1.2
The avoidance of ignition sources is the secondary measure of
explosion protection, according to ATEX. These sources maybe e.g.
blowers (sparks), the flare, hot surfaces, ignition burners.


If explosive atmospheres cannot be avoided, ignition sources have 
to be prevented. Ex-marked blowers are recommended.


1.2.2
rupture disk /     
relief valve


1.2.2.1


Rupture discs is part of tertiary explosion protection measures.
The operation principle includes the reduction of the maximal
occurring explosions pressure by destruction of the rupture disc and
pressure relief through an adequate designed pressure relief line. The
tertiary measure entails additionally apparatus flame decoupling by
e.g. flame arrestors. The combination of the these technical measures


Usage of rupture discs:
- hardly applied and not recommended
- can be applied in principle
  - apparatus decoupling


- tar/dust load of the producer gas may prevent closing of discs
li f
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g
has to be analysed under the boundary conditions of tar and dust
loaded producer gas in the different section of the plant, where safe
and reliable operation of explosion vent system can hardly be
guaranteed.


or reliefs
- secondary explosion events (air intake/gas release through


destroyed rupture disc)
  - design of the pressure relief line and vent to open air


1.2.3 Dust explosion 1.2.3.1
Dust explosion can occur in all plant sections were fine dusts and
particles are handled, e.g. fuel storage, ash or dust removal systems
(ashes and dusts with high carbon content). 


Avoiding of explosive atmosphere:
- Inertisation of dust removal systems
- Organisational precautions to comply cleanliness and avoid dust
depositions and contamination.
- Dust layers have to be avoided at hot surfaces.


1.2.4 Fire 1.2.4.1


Fire hazards may occur at:
- Fuel storage
- Fuel infeed
- Biomass Gasifier
- Gas treatment/Gas cooling
- Gas Utilisation
- Plant media handling
- Maintenance
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Avoiding of Fire Hazards:
- National regulations have to be applied
- Fire protection measures together with measures on explosion
protection, safe plant design and environmental aspect.
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Comments Advisory Group (1)


 Tertairy measures: include explosion relief on all large y p g
vessels as an obvious requirement


 Operator failures happen when they feel under pressure 
to fix problems


 Flame arrestors should be installed before the engine


 Training of operators is not mentioned anywhere
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 The document is well written and fills an important need
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Comments Advisory Group (2)


 Explosive proof electrical motors is an overkill; an 
electrically ignited explosion never happenedelectrically ignited explosion never happened


 Do not use bursting disk: sprung loaded safety lids can 
stick, but not when they are part of O&M procedures


 Welded joints over 500 oC is not practible for servicing; 
graphite joining paste works well


 Supplementary precautions:specify materials that exceed 
k d b t ti ill dd
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known and proven best practices will add unnecessary 
manufacturing costs


 I just went through chapter 5, being the most important
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For more information, please contact:


H.A.M. Knoef


Knoef@btgworld.com


Phone +31-53-4861190


Mobile +31-6-52560040
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Context


ENERIAENERIA
 Caterpillar distributor for energy solutions based on 


engine


 Biomass tarif


 Biomass governmental tender


 Decision to make a pilot unit


Context


Pilot unitPilot unit


 1 MWe unit


 No connexion to the grid


 No heat recovery


 Process equipement :


– PRMEnergy gasifier


– Olga gas treatment


– Cat engine
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Context


PRME gasifier  (US. Arkansas)


PRME gasifier


 Counter-current gasifier


 Fixed bed with rotating arm (agitator)


 Atmospheric pressure (slight 
underpressure)


 Big power range
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Underpressure by hot ID fan


PRME gasifier


Vent damper


Screw with 


Biomass 
flowmeter


variable speed


Ashes 


Temperature adjusted 
by air inlet fan


Operation conditions


Gasifier of the pilot unit : model KC8
 4 MW thermal


/ h f b 1 T / hour of biomass at 20% moisture content


 Bed temperature : 1000 – 1200°C


 Syngas outlet temperature : 800 – 850°C


Operation
 Runs on underpressure (-5 mbar) 


 Agitator and screws water cooled ( biomass and ashes)


Starting time
 From cold : 24 hours to heat the gasifier with a propane 


burner


 From hot : 1 hour  before producing syngas
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Operation conditions


Gas analysis  from 
gasifier


Syngas


Methane 5


Ethane 0.3


Ethylene 1.2


H2 10


CO2 12.5


H2O 16H2O 16


CO 12


N2 43


LHV (MJ/Nm3) 5.15


MN 65


Regulation parameters


Control/adjustment for regulation
 4 parameters :


– Underpressure : stabilized with control of 
the speed of induced draft fan


– Temperature : maintained by adjustment of 
the speed of the underfire air fan


– Biomass feeding : load adjustmentBiomass feeding  load adjustment 


– Residence time : controlled by the speed 
of rotation of the agitator
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Security


Sensors installed :
 Pressure sensor : control of underpressure in the gasifier


 Thermocouples : control of the temperatures on the bed of 
the gasifier / at the outlet gas temperature


 Flowmeter : control of biomass feeding


 Speed control of the agitator


 Pressure switch and temperature sensor on cooling water : 
control the cooling of screws (biomass and ashes), agitator 
and vent damper


Security


Alarms
 High pressure in the gasifier : risk of gas escape


 Shutdown of biomass feeding


 Shutdown of air fan


 Shutdown of propane burner (if in operation)


 Open the damper


 Low pressure or high temperature on cooling water circuit
 Shutdown of biomass feeding


 Increase of speed of agitator


 Air fan at 100% load


 Default of ash removing system (screws, double dump 
valves, conditionner cover)
 Shutdown of biomass feeding
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Emergency


Security


 UPS system for cooling water 
circuit and vent damper


Safety design
 Contact temperature of the 


gasifier structure < 60°C


 Access platform of three 
floors


 Stairs and crinoline


Guard rails


ATEX


Hazardous areas
 Gasifier vent damper : zone 1 on a 


perimeter of 3 m around


 Inside volume of the gasifier : zone 1


 Propane feeding : zone 2 on a 
perimeter of 0,3 m around valves and 
flanges
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PILOT FEEDBACK


Problems encountered
 Ash transportAsh transport


 Fire in screws or 
conditionner volumes


 Blocking of screws with a too 
important water cooling flow


 Problem to open the vent 
damperdamper


Water cooling flow increased


Authorisations
 Requested by the Drire to provide the operating q y p p g


permit
 2 years to get official permit !


No existing experience


No existing regulation


Reluctance of the engineer in charge of the permit


 This guideline will help them feeling secured !
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Thanks for your attention





