
1

Guideline for Safe and Eco-friendly
Biomass Gasification

Publishable result-oriented report

February 2010

The project is co-funded by the European Commission





GASIFICATION GUIDE Result-oriented Publishable Report

3

Legal Disclaimer

The sole responsibility for the content of this report lies with the authors. It does not
necessarily reflect the opinion of the European Communities. The European
Commission is not responsible for any use that may be made of the information
contained therein.
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authors cannot accept and hereby expressly exclude all or any liability and gives no
warranty, covenant or undertaking (whether express or implied) in respect of the
fitness for purpose of, or any error, omission or discrepancy in, this document and
reliance on contents hereof is entirely at the user’s own risk.
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1 Preface

Biomass gasification is a promising, energy-efficient technology that can contribute
significantly to renewable energy generation. This technology has to advance and is
close to commercialisation, but large-scale implementation is hampered for various
reasons. Leading gasification experts from around the world have identified Health,
Safety and Environmental (HSE) issues as an important barrier to marketing the
technology. In several cases, the lack of awareness and understanding of the HSE
issues results in neglecting these issues, in long and complicated procedures, high
costs and sometimes cancellation of the initiative. For the same reasons authorities
tend to have unrealistic and costly requirements for gasification plants. A broadly
accepted HSE guideline would effectively tackle this barrier and then significantly
contribute to the development of a safe and environmentally-friendly technology.

With the support of the Intelligent Energy for Europe programme (contract number
EIE-06-078), an international team developed a methodology for easy risk
assessment. The main result is a Guideline and Software Tool “Risk Analyser”,
aiming at safe best practice of biomass gasification. The Gasification Guide project
team believes that guidance to stakeholders on Health, Safety and Environment will
contribute to this aim.

Risk assessment in biomass gasification activity is becoming increasingly important
all over the world. It is an effective means of identifying process safety risks and
determining the most cost-effective ways to reduce risk. Manufacturers and users of
gasification plants recognise the need for risk assessment, but most do not have the
tools, experience and resources to assess risk quantitatively.

The Guideline is based on an accepted methodology, science, common sense and
wherever possible, measurable parameters from existing biomass gasification plants
and those under development or construction. This guideline provides a general
overview, and is not intended to be comprehensive in every aspect.

The existence of a practical biomass gasification guideline and software tool will
assist different target groups such as manufacturers, operators, scientists,
authorities, advisors and end-users/investors in assessing the potential HSE risks
and imposing realistic measures for risk reduction and fair HSE requirements.
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event can itself be caused by different events or situations that have to be taken into
account in the calculation of the overall occurrence probability.
All these possible hazardous events have to be analysed to determine their possible
consequences, such as fire, explosion, emissions, etc. (see Figure 5-3).
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Figure 5-3 Structure of hazard identification

The identification of possible hazardous events and their consequences should be
conducted by expert teams consisting of different disciplines. Realistic figures for the
estimation of frequency and the severity should be used.

5.4 Risk assessment
The next step of the procedure consists of evaluating the risk associated to the
identified hazardous events. Risk is interpreted as the combination of consequence
(severity) and likelihood (frequency). A risk matrix enables this combination to be
represented graphically (see Figure 5-4). It is an easy method to visualise the spread
of risk, to screen hazards, or to conduct a simple risk analysis. The main advantage
of the matrix is its easy representation of different risk levels, and the avoidance of
more time-consuming quantitative analysis where this is not justified.
For the implementation of the risk matrix, the occurrence probability and the severity
determined in the previous step can be classified in several categories. Table 5-1 and
Table 5-2 propose a structure that can be used. The risk assessment team can
choose a different classification, e.g. by having more categories. However, the
chosen classification should not overcomplicate the risk matrix.
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process. Additional hazardous events may appear. A re-evaluation of risks for the
modified process may be necessary.
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Figure 5-5 Bow-tie diagram for risk assessment

5.6 Documenting the outputs of the risk assessment
The documentation of the risk assessment and risk reduction is essential for the
traceability. It is commonly done in tabular form, i.e. in structured lists of events and
their possible consequences. Such a method may be carried out with the assistance
of computer software, which helps considerably with structuring the documentation
and with placing cross-references to recurring events and consequences.

5.7 Software Tool for Risk Assessment
A software tool (called RISK ANALYSER) was developed to facilitate the implementation
of the risk assessment proposed in this Guideline. HSE issues of small-scale
biomass gasification plants can be treated in a very structured way when the
assessment is supported by the software tool.
The target groups of the software tool are, in the first place, manufacturers, project
developers, operators, researchers, and implementers of biomass gasification plants.
The software can also be used for types of processes other than biomass
gasification.
In the software, a recommended risk assessment procedure is implemented, which is
practicable and sufficient for the application in small-scale biomass gasification
plants. The chosen method, which was presented before, is based on a HAZOP
study and is enlarged by additional features specific to biomass gasification plants.
The risk assessment procedure with the software follows the following steps:

1. Definition of plant basic data
The basic information of the investigated plant is given (project name, plant
manufacturer, operator, power output of the plant, etc)

2. Definition of process units
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The plant is subdivided into process units corresponding generally to the
process steps - e.g. gasifier, gas cooling, gas cleaning, gas conditioning and
gas utilisation.

3. Definition of functions
The unit functions have to be defined (e.g. fuel supply for section gasifier). They
represent the basic data for the risk assessment.

4. Definition of the operation modes
In this step, a short description of the foreseen operation modes for start-up,
shut-down, normal operation and emergency shut-down is requested. This will
help identify the hazards in different operation modes.

5. Definition of parts
The functions are fulfilled by dedicated parts, which have to be defined. This
requires input on:

o Design parameters (pressure, temperature, flow rates, etc. in all
operation conditions, as well as minimum and maximum values);

o Information on plant media as well as plant utilities (safety
characteristics, operation temperature and pressure of the treated
media, etc);

o Information textbox, if necessary (optional).
This comprehensive documentation of the information should give all the
necessary basics for the rest of the risk assessment.

6. Risk assessment
The programme supports the risk assessment with a preset of possible events
and consequences. The software tool rates the risk potential according to the
proposed risk matrix.
Important note: within this first risk assessment, the original plant and operation
concept is investigated. Countermeasures for risk reduction are added in the
next step.

7. Countermeasures
Setting of countermeasures is supported by the tool, giving the possibility of a
re-assessment of revised process configurations. The description of
countermeasures allows categorising in technical, process control and
organisational countermeasures. An editing of the operation procedure is
feasible. Automated system control measures can be documented for each
operation mode.

8. Summary
The summary is the final step. It gives an overview of the original plant concept
(before applying countermeasures), its functions and parts. The outcomes of the
risk assessment are documented for each investigated process function,
including the improvement resulting from the countermeasures.

At the end of the risk assessment of the whole process, a report can be generated.
This can be used as a documentation of the risk analysis.


