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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént‘may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techinical Barriers to Trade (TBT) see wiww.iso.org/
iso/fpreword.html.

This|document was prepared by Technical Commniittee ISO/TC 238, Solid biofuels.

Any feedback or questions on this documentshould be directed to the user’s national standpards body. A
complete listing of these bodies can be feund at www.iso.org/members.html.
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Introduction

There is a continuous global growth in production, storage, handling, bulk transport and use of solid
biofuels especially in the form of pelletized biofuels.

The handling and storage of solid biofuels and their physical characteristics can lead to a risk for fire
and/or explosion, but also health risks, for example intoxication due to exposure to carbon monoxide
(CO), asphyxiation due to oxygen depletion, and allergic reactions.

There is a risk of injury or fatality associated with pellet storage so the implementation of safety

measures i

important. The possibility of fire and explosion incidents is a clear indicator that g

afety

is to be prid
have signifi
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insurance c¢verage will also increase.
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ritized, first of all for human safety but also because interruptions in energy supptly
cant consequences. The market confidence in solid biofuels as a reliable energy sourcg
ved, and financial losses due to business interruptions could occur. Difficulty, to o

bnt provides support, advice and guidance to facility owners, logistics providers, equip
anufacturers, consultants, authorities and insurance providers to assesS and mitigate

nd personal precautions in accordance with generally acceptediwork safety requirem
e determination and assessment of risks for solid biofuels, applieable quality standard
methods are discussed and recommendations for additiomalkmethodologies are indid
living materials, solid biofuels are subject to degradation such as ageing and moi
on causing variability in reactivity which requires-margins in risks assessments.
solid biofuels may have substantially different physical and chemical characteristi
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Solid biofuels — Safe handling and storage of solid biofuel
pellets in commercial and industrial applications

1 Scope

This document provides principles and requirements for safe handling and storage of solid biofuels

pellg

dete

Facil
with
complexity is in-line with the objectives of ISO 20023.

This
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defin

This
mea
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ISO 1

3

For t

ST commercat and maustriaapptications Thisdocument s using a risk-based

Trmine what safety measures should be considered.

ties with a storage capacity <100 t are covered by ISO 20023. Generally, for end-u
a storage capacity of <1 000 t, ISO 20023 could also be applicable if storage principle

document covers the handling and storage process of pellets in the following applicati
jt a pellet production plant from the outlet of the cooler unit until leaded for transport

q

q

gt a commercial distributor from the receiving station untilleaded for transportation;

dtanindustrial end-user from the receiving station until.féd into the fuel preparation or

Irocess.
ugh unloading and loading of e.g. vessels, trains'Qr trucks are included in the operatio
ed above, the safety aspect of the transportatign itself is beyond the scope of this doct

document also gives specific guidance on‘detection and suppression systems and
ures to enable safe and efficient firefighting operations. Guidance on the managemen
sion incidents is also specified.

q

Normative references

following documents are referred to in the text in such a way that some or all of t
Fitutes requirements-of.this document. For dated references, only the edition cited
ted references, thedatest edition of the referenced document (including any amendme

2100, Safety of machinery — General principles for design — Risk assessment and risk re

Terms and definitions

he-purposes of this document, the following terms and definitions apply.

npproach to

ber facilities
and facility
pns:

htion;

and

combustion

hal envelops
ment.

preparatory
t of fire and

heir content
applies. For
hts) applies.

duction

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

3.1

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

General terms

3.11

biofuel pellet

biofuel made with or without additives in the form of cubiform, polyhedral, polyhydric or cylindrical

unit

Note

s with a diameter up to 25 mm, produced by compressing biomass

1 to entry: Usually the biomass has been milled before densification.
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Note 2 to entry: See also non-woody pellet and wood pellet.
[SOURCE: ISO 16559:2014, 4.31]

3.1.2

combustible dust

finely divided solid particles, 500 um or less in nominal size, which may form explosive mixtures with
air at standard atmospheric pressure and temperatures

Note 1 to entry: This includes dust and grit as defined in ISO 4225.

Note 2 to entry: The term 'solid particles' is intended to address particles in the solid phase but does not preclude
a hollow partlicle.

[SOURCE: ISO/IEC 80079-20-2:2016, 3.1]

3.1.3
combustible flyings
solid partic:Fs, including fibres, where one dimension is greater than 500 pm in mominal size, which
may form an explosive mixture with air at standard atmospheric pressure and temperature

Note 1 to entfy: The ratio of length to width is 3 or more.
[SOURCE: ISO/IEC 80079-20-2:2016, 3.2, modified — Note 2 deleted.]

314
fines
small sized particles in fuel below a certain pre-defined size, herve less than 3,15 mm

[SOURCE: IS0 16559:2014, 4.90, modified — "usually" replaced by "here" to indicate exact limit.]

3.1.5
ignition sol:t:rce
source of energy that initiates combustion

[SOURCE: ISO 13943:2008, 4.189]

3.1.6
product safety data sheet
specificatioh sheet defining physical aspects, characteristics and health and safety data for a prodjct

3.1.7
self-heatin
exothermic feaction within a material resulting in a rise in temperature in the material

[SOURCE: IS0 4880:1997, 55]

3.1.8
self-ignitiot
ignition resulting from self-heating (3.1.7)

[SOURCE: ISO 4880:1997, 56]

3.1.9

smouldering

slow combustion of a material without light being visible and generally evidenced by an increase in
temperature and/or by smoke

[SOURCE: ISO 4880:1997, 58]

2 © IS0 2020 - All rights reserved
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3.1.10

wood pellet

biofuel made from woody biomass with or without additives in the form of cubiform, polyhedral,
polyhydric or cylindrical units, random length and typically 3,15 mm to 40 mm, a diameter up to 25 mm
and with broken ends

Note 1 to entry: The raw material for wood pellets is woody biomass in accordance with Table 1 of ISO 17225-1.
Pellets are usually manufactured in a die, with total moisture content usually less than 10 % of their mass wet basis.

Note 2 to entry: The woody biomass used as feedstock for pellet making is milled to size in accordance with
customer specification. Determination of the particle size distribution of the constituent of pellets is done by
1SO 17830

[SOURCE: ISO 16559:2014, 4.228]

3.2 | Risk management

3.2.1
acci(;llent
incident resulting in fatality, disease, injury or other damage

[SOURCE: ISO 21101:2014, 3.25]

3.2.2
emeyrgency
serigus situation requiring immediate action

[SOURCE: ISO/TR 21102:2013, 2.8]

3.2.3
fail-safe
term| applied to equipment or a system so designed that, in the event of failure or malfurnction of any
partjof the system, devices are automatieally activated to stabilize or secure the safety of the operation

[SOURCE: ISO 13628-7:2005, 3.1.49]

3.24
failure mode and effect analysis
FMEA
analytically derived identification of the conceivable equipment failure modes and the potential adverse
effecfts of those modéeson the system and mission

Note |l to entry: Itis.primarily used as a design tool for review of critical components.
[SOURCE: ISO/TS 16901:2015, 3.11]

3.2.5
harm
injury or damage to the health of people or animals or damage to property or the environment

[SOURCE: ISO/IEC Guide 51:2014, 3.1, modified — "or animals" added.]

3.2.6
hazard
potential source of harm (3.2.5)

[SOURCE: ISO/IEC Guide 51:2014, 3.2]

© IS0 2020 - All rights reserved 3
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hazardous event
event that can cause harm (3.2.5)

[SOURCE: IS
3.2.8

O/IEC Guide 51:2014, 3.3]

hazardous situation
circumstance in which people or animals, property or the environment is/are exposed to one or more
hazards (3.2.6)

[SOURCE: I

ﬂI/IFF Guide 51:2014 3 4 _modified — "or animals" added ]

3.29
hazard and
HAZOP
systematic ¢
occurring as

Note 1 to ent
[SOURCE: I

3.2.10
incident
event or occ
possible ris
weather etc

[SOURCE: IS

3.2.11

inherently
measures tg
operating cl

[SOURCE: IS

3.2.12
intended uj
use in acco
information

[SOURCE: I§

3.2.13
reasonably

operability study

ipproach by an interdisciplinary team to identify hazards (3.2.6) and operability proH
aresult of deviations from the intended range of process conditions

Fy: All four steps are in place and recorded to manage a hazard completely.

0/TS 16901:2015, 3.16]

urrence, which can, but does not necessarily, create a.risk (3.2.14) of harm (3.2.5), incly
ks due to shearing, crushing, falling, impact, trapping, fire, electric shock, exposu

0/TS 25740-1:2011, 3.13]

kafe design
ken to eliminate hazards (3.2.6)-and/or to reduce risks (3.2.14) by changing the desi
jaracteristics of the product or system

O/IEC Guide 51:2014, 3.5]
Se
rdance with infermation provided with a product or system, or, in the absence of

by generally inderstood patterns of usage

O/1EC Guide51:2014, 3.6]

foreseeable misuse

lems

1ding
re to

Bile)y

such

use of a prd

duct or system in a way not intended by the supplier, but which can result from re

predictable human behaviour

dily

[SOURCE: ISO/IEC Guide 51:2014, 3.7, modified — Note 1 to entry and Note 2 to entry has been deleted.]

3.2.14
risk

combination of the probability of occurrence of harm (3.2.5) and the severity of that harm

Note 1 to entry: The probability of occurrence includes the exposure to a hazardous situation, the occurrence of a
hazardous event and the possibility to avoid or limit the harm.

[SOURCE: IS

O/IEC Guide 51:2014, 3.9]

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=417142b11671dbbf038cbe6f2d002d88

IS0 20024:2020(E)

3.2.15

risk

analysis

systematic use of available information to identify hazards (3.2.6) and to estimate the risk (3.2.14)

[SOU

RCE: ISO/IEC Guide 51:2014, 3.10]

3.2.16

risk

assessment

overall process comprising a risk analysis (3.2.15) and a risk evaluation (3.2.20)

[SOU

RCE: ISO/IEC Guide 51:2014, 3.11]

3.2.1
risk
proc
and 1

3.2.1
risk
term|

Note
Note
[SOU

3.2.1
risk
proc

[soy

3.2.2
risk
proc
exce

[SOU

3.2.2
risk
coor

[soy

3.2.2
risk

7
control

pss of decision-making for managing and/or reducing risk (3.2.14); its implementation,
e-evaluation from time to time, using the results of risk assessment (3.2.16) a$one inp

8
criteria
s of reference against which the significance of a risk (3.2.14) is evaliated

1 to entry: Risk criteria are based on organizational objectives, and external and internal con
D to entry: Risk criteria can be derived from standards, laws, pdligies and other requirements,
RCE: ISO/IEC Guide 73:2009, 3.3.1.3]

9
estimation
bss of assigning values to the probability of oceurrence of events and their consequenc

RCE: I1SO 13824:2009, 3.15]

0
evaluation

edure based on the risk analysis (3.2.15) to determine whether tolerable risk (3.2.1]
pded

RCE: ISO/IEC Guide 51:2014, 3.12]

1
Imanagement
linated activities to direct and control an organization with regard to risk (3.2.14)

RCE: ISQY/IEC Guide 73:2009, 2.1]
2

enforcement
nt

ext.

4) has been

reduction measure

prot
actio

[SOU

ective measure
n or means to eliminate hazards (3.2.6) or reduce risks (3.2.14)

RCE: ISO/IEC Guide 51:2014, 3.13, modified — Example has been removed.]

3.2.23
residual risk

risks

[SOU

© ISO

(3.2.14) remaining after risk reduction measures (3.2.22) have been implemented

RCE: ISO/IEC Guide 51:2014, 3.8]

2020 - All rights reserved
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3.2.24
safety
freedom fro

[SOURCE: IS

3.2.25
significant

:2020(E)

m risk (3.2.14) which is not tolerable

O/IEC Guide 51:2014, 3.14]

hazard

hazard (3.2.6) which has been identified and which requires specific action to eliminate or to reduce

risk (3.2.14)
3.2.26

according to the risk management (3.2.21)

tolerable ri
level of risk

Note 1 to enti
to be synony

[SOURCE: IS

sk
[3.2.14) that is accepted in a given context based on the current values of society

y: For the purposes of this document, the terms "acceptable risk" and "tolerable risk'\are consi
mous.

O/IEC Guide 51:2014, 3.15]

3.3 Storage, handling and operation

3.3.1

mechanica
process of fd
and form an|

Note 1 to ent

3.3.2

cohesive b
process of fg
of moisture
the discharg

Note 1 to ent

3.3.3

bulk mater]
amount of
macroscopi
[SOURCE: I
3.3.4
bunker

vessel for tl

bridging
rming stable bridges in a bulk storage of solids where laxge particles mechanically inte
obstruction, preventing the discharging of the matetial

Fy: Bridging is also called arching.

idging

fines concentration, particle shape{temperature, etc. and form an obstruction, preve
ing of the material

Fy: Bridging is also called arching.

jal

material within\*which component parts are not initially distinguishable on
C level

0 11648-1:2003, 3.1.1]

né-storage of materials, with the main section having vertical walls and the lower

lered

rlock

rming stable bridges in a bulk storage of'solids when particles bond together due to effects

hting

the

most

portion usu

Iy constructed In the 1orm ol a hopper

Note 1 to entry: Large bunkers are often used at power plants for short term fuel storage before the combustion

furnace.
[SOURCE: IS
3.3.5

01213-1:1993, 9.1.6, modified — “bin” deleted, Note 1 to entry added.]

bunker floor
steel construction above the bunker (3.3.4) to support the conveyor system and a steel grating to allow
entrance for maintenance

© IS0 2020 - All rights reserved
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3.3.6

bunker covering

construction covering the bunker floor (3.3.5) to aid the bunker (3.3.4) ventilation system to create an
airflow from the bunker house (3.3.7) into the bunker

Note 1 to entry: The bunker covering will reduce dust dispersion into the bunker house and the environment
during filling but also reduce the risk of foreign objects falling into the bunker during e.g. maintenance work
inside the bunker house.

3.3.7

bunker house
buil ing construction covering the bunker (? 3 A.), the bunker floor hunl(prflnnr (? 3 '-‘\) andthe conveyor

systdm, protecting it against precipitation and preventing dispersion of dust to the environment

3.3.8
core|flow
matgrial flow that is confined to a column immediately surrounding the vertical\axis through the outlet
and in which the material on the surface slides in towards the downward-mowing column

[SOURCE: ISO 1213-1:1993, 10.1.15]

3.39
funnel flow
flow|that occurs during gravity storage when bulk material stoughs off the surface of the material and
discharges through a vertical channel which forms within the*material in the bin whenevef material is
drawn from the outlet

Note [l to entry: Material adjacent to the bin walls remains'stationary.
Note |2 to entry: Core flow is sometimes used instead @f funnel flow.
[SOURCE: I1SO 15117-1:2004, 3.15, modified:Z<©Note 2 to entry included.]

3.3.10
hop
contqiner for a loose bulk material such as grain, rock, or rubbish, typically one that tapery downward
and is able to discharge its contents at the bottom

3.3.11

maintenance manual
document detailing the\disciplines and procedures to be followed to maintain an item of equipment,
complete machine 6r)system in good working order

Note |l to entry+ A maintenance manual will detail periodic checks and replacement of parts, typg¢ of lubricant
and pgrotective.processes and the period of time between each check. It will include instructions on how to locate
faultg, carrysout repairs and the replacement of components. It may also include a detailed list of th¢ components
which go“together to make the complete unit, and their reference numbers and quantity required to assist
purchase’of replacements as required.

[SOURCE: ISO/TR 11065:1992, 385, modified — Part of definition moved as Note 1 to entry.]

3.3.12

mass flow

flow in which all the contents of a bin, silo or bunker are in motion, so that there is substantially uniform
velocity of flow across the whole cross-section of the material

[SOURCE: ISO 1213-1:1993, 10.1.14, modified — "(in bunkers)" deleted in heading; bin, silo or added.]

© IS0 2020 - All rights reserved 7
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operation manual
collection of documents that provide the information necessary to familiarize the personnel with the
operation and maintenance of a facility, system or item of equipment

[SOURCE: IS
3.3.14

0 26870:2009, 3.11, modified — and maintenance deleted in heading.]

personal protection equipment

PPE

equipment that can include, but is not limited to, clothing, gloves, helmets, footwear and face protection

[SOURCE: IS
3.3.15

powered mjobile handling equipment

equipment
operator

Note 1 to en

scrapers, sKidl steer loader), wheel loaders and wheel loader equipment, trucks, excavators, mobile cranes, h

elevating wo

3.3.16
ratholing
discharging
(3.3.4) or hg

Note 1 to ent
channel will

Note 2 to ent
Note 3 to ent

3.3.17
SCBA
self containg

generic term for respiratory protective devices, designed for the wearer to carry a source of supp

air, oxygen (
[SOURCE: IS

3.3.18
screw conv
auger conv
mechanism

0/TR 21808:2009, 2.1]

provided with some form of self-propulsion ordinarily under the direct/control

[ry: Powered mobile handling equipment includes, earthmoving machinery (e.g. rollers, grj

'k platforms, concrete placement booms, reach stackers and forkliftsfand trains and wagons.

of material taking place only in a flow channel fornied above the outlet of a silo, b
pper (3.3.10)

'y: The reason for ratholing is the material being cohesive leading to the material outside the foj
hot flow into it, stopping the outflow once the central flow channel is emptied.

Fy: Ratholing is also called piping.

"y: See also definition on funnel flow,:3(3.9.

ed breathing apparatus

r breathable gas to-be-consumed in breathing

0 16972:2010,A,267]

eyor
Pyor
that.uses a rotating helical screw blade, usually within a tube, to move liquid or gra

f an

ders,
oists,

inker

rmed

lying

hular

materials

3.3.19
silo
structure fo

r the storage of a volume of bulk material (3.3.3)

[SOURCE: ISO 6707-1:2014, 3.2.20, modified — “loose” material has been replaced by “bulk” material,
“large” has been deleted.]

3.3.20
warehouse

flat storage
A-frame storage
building or structure for storage, such as garages, storage buildings and freight depots
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3.4 Extinguishing media, extinguishing systems and detection

3.4.1

Compressed Air Foam

CAF

homogenous foam produced by the combination of water, foam concentrate, and air or nitrogen under
pressure

[SOURCE: ISO 7076-5:2014, 3.5]
3.4.2

water being

foam expansion ratio
ratio|of the volume of foam to the volume of the foam solution from which it was made

[SOURCE: ISO 7076-2:2012, 3.4]

3.4.4
gas detection system
systdm which monitors spaces for the presence and concentration of relevant gasses (e.g. flammable
and foxic gases, oxygen concentration) and initiatés' alarm and control actions at prgdetermined
concentrations

Note|[l to entry: There are also personal mobile gasmonitoring devices that could be applicable (G.4.5).

[SOURCE: ISO 10418:2003, 3.1.20, modified— "on an offshore installation” deleted, and "toxfic" included,
Note|1 to entry added.]

3.4.5
high|expansion foam
foam which has an expansiofi greater than 200

[SOURCE: ISO 7076-4:2016;3.1]

3.4.4
ignition source detection system
systdm consisting of one or more devices capable of detecting the presence of active ignition sources or
warth or ovethéeated material

Note [L-toventry: Highly sensitive detector to detect sparks, hot or glowing particles in e.g. ppeumatic and
mec nical (‘nnvpving systems

4 Guidance on how to use this document

The purpose of this document is to help designers, purchasers of handling systems, and operators along
the pellet supply chains to ensure that safety hazards and adverse effects to the quality of the pellets
that can influence safety are avoided. It uses a risk-based approach to determine what safety measures
should be considered.

The requirements stated in this document as mandatory are additional wood pellet specific
requirements that shall be included in the company’s existing safety management system.

Users of this document are responsible for identifying local regulations.

© IS0 2020 - All rights reserved 9
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The supply chain includes handling and storage at the pellet producers, commercial distributors/
storages and end-users, which could be large scale industrial applications (e.g. power plants), medium
size boilers and distributors/traders delivering to small scale boilers for private use.

The characteristics of pellets might vary depending on used raw material and production process.
Information about a specific pellet brand, with respect to quality, safety and health aspects during
handling and storage, is found in quality specifications and safety data sheets published by the

suppliers.

The document is focused both on design and operation. Clause 5 outlines the general risk management
process to be applied to identify possible risks and to assess the need for risk reduction/risk control

ecific

measures fq
risks and h
of handling
facility.

Storage cap
The pellet y4
important tl
well as num

The overall
to each ind
satisfied.

Further dej
operations g

An example

L. 1 £ £ alas Fal| Yy e e | il £ £l daotaslad 2 o C 3
I Cdatlll DPCLIII\, 1a\,uu,_y. UidUuolo U LU 11 lJl UVIUTS TUI LIITT Ut LldlICU 111U 1114dtivll UIl Dl_l
hzards, safe operation and maintenance and specific safety measures for different’
and storage that determine what safety measures shall be considered for eachnhdiv

hcity is not the only parameter on which to decide which safety measures are neceg
parly turnover and the complexity of the on-site handling will most likely)be equally or

ber, type and size of storage units, etc.

-isk management process is therefore essential to ensure thatall-safety measures appli
vidual facility configuration and operational as well astmaintenance requirement

criptions of the solid biofuel pellets supply chain~and general safety issues for
re described in Annex A.

of a risk assessment in a commercial medium size wood pellet store is presented in Ann

5 Risk management

5.1 Gene

To improve |
shall be con
and maintet

For identifid

ral

he safety during handling-and storage of solid biofuel pellets, both the design and oper
cidered. Safety is the responsibility of everyone directly or indirectly involved in oper
tance of a facility, hepelimited to the scope of this document.

d hazards the following hierarchy of priority should be followed as a minimum:

ypes
idual

sary.
more

han storage capacity. This will include the number, type and size of of gonveying systems as

rable
5 are

unit

ex H.

htion
htion

1. Eliminaftion

2. Substitytion

3. Enginedring controls

4. Administrative controis

5. Personal protective equipment (PPE)

As the top item is most effective, this process shall be adressed both during design, operation and
maintenance and much can be achieved already during design.

For the operational management of occupational health and safety, the Plan-Do-Check-Act (PDCA)

model accor

ding to ISO 45001 should be used.

Figure 1 illustrates the steps to follow when assessing the risk and how it relates to risk management.

10
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Risk analysis

e Definition of scope
e Hazard identification
e Risk estimation

— Risk assessment

Risk evaluation

- Risk manggement

¢ Decisions on risk tolerability
e Analysis of options

Risk reduction/control

¢ Decision making
e Implementation
e Monitoring

Figure 1 — Risk management

The risk management process includes a risk analysis and a risk evaluation which form the basis for
the risk assessment-and what risk reduction/control measures are required for each specif]c operation.

Risk|managemeént includes design, construction, operation, preventive and remedial maintenance as
well ps preplanning of emergency procedures. Specific information/guidance can be found for conveyor
systems (Clause 8), silos (Clause 9), bunkers (Clause 10) and warehouse storage (Clatise 11) and
relatpd/annexes. The risk management shall be documented for guidance, training and redord keeping
purploses.

The documentation shall describe and justify the measures taken but also include aspects not
considered applicable or relevant.

The person responsible for the risk management process shall have verifiable competence to conduct a
fire and explosion risk assessment; the level of competency required should be commensurate with the
complexity of the facility to be assessed, i.e.:

— good understanding of solid biofuels;

— good understanding of the equipment and processes used for the production and along the supply
chain of biofuel pellets;
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and/or experienced in fire safety and fire protection issues;

good understanding of fire related aspects of building control and function and appropriately

appropriate knowledge of national fire and safety regulations and the requirements of other

enforcing bodies and stakeholders (i.e. insurers) and knowledge of relevant national and local codes
and experience of application;

any other specific competence requirements regulated by any local regulations.

5.2 Introduction to the risk management process

5.2.1 Ge:]::ral

Managemenjt of risks include a number of steps and sub-steps as shown in Figure 2. In 5.2.2t0-5.2.b the

different pafts of risk management are defined and described.

5.2.2 Definition of scope

When performing a risk analysis, it is necessary to define the scope, i.e. the systemn'that is to be included

in the analyjsis. This includes definition of the boundary of the system and to identify user, intended

use and reasonably foreseeable misuse. Assumptions and limitations fer‘the analysis should algo be
defined. Tedhnical, environmental, organisational and other aspects relevant for the problem/syjstem
should be included.

5.2.3 Hazard identification

Hazard idenjtification involves systematic review of the system under study to identify the type of

inherent hapards that are present together with the ways in which they could be realized. Different

hazards and sources of risks should be identified andthe type of hazard they pose analysed. H4zard
identificatign methods fall mainly into three categeries:

a) comparptive methods (e.g. checklists, hazard indices and reviews of historical data);

b) fundamlental methods, that are structured to stimulate a group of people to apply foresight in
conjundtion with their knowledge'to the task of identifying hazards (e.g. HAZOP [hazard and
operability study] and FMEA [failure mode and effect analysis]);

c) inductiye reasoning techniques (for example, event tree logic diagrams).

The significance of the sources’of risks shall be analysed by an initial evaluation, based on a conseqyence

analysis. The aim of this@ndlysis is to decide whether:

1) actions should be taken to eliminate or reduce the hazard;

2) the analysiS.can be terminated due to the insignificance of hazard;

3) the analysisshould be continued with a ISk estimation.

There are many factors influencing the the risk management, e.g. the storage capacity, annual pellet
turnover and complexity of on-site handling and to consider all the variables that could be valid for
a particular facility. At least, the hazards mentioned in Clause 6 and relevant parts of Clauses 8 to 11
shall be considered in the hazard identification process. In Clause 7, there are requirements for safe
operation and maintenance, which also shall be considered.

5.2.4 Risk estimation

Risk estimation should examine the initiating events or circumstances, the sequence of events that
are of concern, any mitigating features and the nature and frequency of the possible deleterious
consequences of the individual hazards to produce a measure of the level of the risk being analysed.
The measures could address humans, animals, property or environmental risks and should include
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an indication of the uncertainty associated with the estimates. The risk estimation process can be
described by the following steps:

a) frequency analysis used to estimate the likelihood of each undesired event identified during the
hazard identification stage. To estimate event frequencies three different approaches are commonly
used: relevant historical data, analytical or simulation techniques and expert judgement;

b) consequence analysis is used to estimate the likely impact should the undesired event occur;

c) risk calculations where risk should be expressed in the most suitable term, e.g.: individual risk, e.g.
predicted frequency of mortality, frequency versus consequence plots (F-N curves), the statistically

if the risk of a specific damage level.

5.2.5

Aftel
ISO 1|
meas

5.2.6

Base
or hd
redu
can |l
shall

a) Riskreduction measures during design:

b) Riskreduction during the'use phase:

1

Vi

In Fif

1

3) Information/instruction for.use

3) Organization of work, application of equipment and supervision

Risk evaluation

risk estimation has been completed, risk evaluation shall be carried\out in acco
2100 to determine if risk reduction is required. If risk reduction is required, then
ures shall be selected and applied.

Risk reduction/control

d on the risk evaluation, measures should be taken to achieve a tolerable risk level. Wj
zardous situations with multiple risks have been identified, care should be taken to
Ction measures chosen to reduce one risk from resulting in another intolerable risk. Ri

distribution

‘dance with
appropriate

here hazard
prevent risk
bk reduction

e divided in measures taken during design and duging the use phase, respectively. The measures

in turn be divided into different steps or parts and shall be taken in the specific order

) Inherently safe design

) Guards and protective devices

) Additional protective devices

) Training

}) Personal protective equipment

app]hc:\h]n’ risk assessment

© ISO

pure'2 the process of risk management is shown, with the iterative process of risk redy

byulyL &

ction and, if
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Definition of scope

|

Hazard
identification

|

Risk estimation

|

Risk evaluation

Is the risk tolerable?

Risk reduction

!

Risk estimation

$

Risk evaluation

Residual risk
tolerable?

Validation and

Yes

documentation

Figure 2 — Iterative process of risk assessment and risk reduction (after

ISO/IEC Guide 51:2014)

An example of a risk assessment is presented for a commercial, medium size wood pellet store with

relatively low complexity is shown in Annex H.

6 Requirements for design and construction

6.1 General

This clause describes requirements for the general design and construction while additional

requirements are described for specific objects in Clauses 8 to 11.

14
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Requirements for safe operations and maintenance are described in Clause 7.

6.2

Specific risk considerations for handling of solid biofuel pellets

The following hazards conditions are common in all operations involving solid biofuel pellets during
production, handling, transportation and storage and shall be considered as a minimum during the risk
management process: Dust explosion, fire, pyrolysis gas explosions (which is a result of smouldering
fires), off-gassing of toxic gases, areas with low oxygen concentrations, high walls of pellets in storage
facilities collapsing (such as an avalanche) on personnel and mobile handling equipment. The main
hazards to the quality and value of the pellets are; physical degradation (for example, breakdown);

contamination by water (which could

The

caus

NOT
The

elem

Desi

prev
expo|

a)

b)

humidit

[
facility shall, to the extent possible, follow the fail-safe principle meaning thata single faillire shall not

equipment and facility shall be constructed in such a way that risks are minimized. All

b a secondary catastrophic failure to happen.
)i

¢quipment shall cause minimal degradation to the pellets and should protect the matet

ents and keep it away from ignition sources.

bn and construction of facilities (including commissiening and hand-over) and
entive and remedial maintenance and emergency procedures shall be such as to nj
sure to risk related to the following:

:

Lombustible or potentially explosive dust,

olid biofuel pellets always contain dust which can easily become airborne. Dust g

see 6.2 h). All wood dust shall be assumed combustible until demonstrated otherwise
by appropriate and representative testing. Fine dust generated during handling has 3
tlo settle on flat surfaces in layers.on beams, motor casings, cabinets, railings, floors, |
¢tc. The ignition temperature for dust in layers is comparatively low compared to th
¢loud in contact with a hotsurface. Since a layer will start glowing when exposed to 3
for a longer period of tinme;the temperature will rise significantly hence creating a mas
gource for a dust cloudy(see 6.2 b). All areas of an operation involving handling or sto|
Iiofuel pellets whefeyexplosive dust or gases can be present, shall be divided and clas;
7ones. Risk zones~shall indicate local contexts where national or regional regulation
directives, NFPA/standards) are present (See Annex C).

q

$elf-heating;

$olid biofuel pellets and related dust have a propensity to self-heat during storage,

felatively shortly after production, or at elevated moisture content (e.g. due to watg

This can be achieved by inter-locking, power backup, dumping of materials by gravity, efc.

terials. Only
ssed in this

aspects of a

[g]

ial from the

operational,
inimize the

maller than

500 pum are explosive if in sufficiently liigh concentration and in contact with an ignfition source

for example
| propensity
hmp shades,
at of a dust
hot surface
sive ignition
ring of solid
ified in risk
s (e.g. ATEX

particularly
r intrusion)

J 1 FRPA | i g 4 L N2\ Tl 1 4o 1 il 1.1 |
diIit TITVALTU 4dIIUITIIT tTIHIPTT AtUIT T (SCT D.4 J. T1T TITAUIIS Ldll DT CUILISIUTT AUIT UTPTI

ding on the

quality of the pellets and can in some cases develop into smouldering requiring fire extinguishing
intervention and emergency discharge. Temperature monitoring of the surface and inside the

stored bulk is important to obtain indications of self-heating. Measurements of CO ju

st above the

bulk surface could provide additional information. Possibilities for emergency discharge shall be

considered.

It should also be noted that layers of dust from wood pellets on a warm surface c

ould start a

self-heating process and thereby cause ignition even below the determined minimum ignition

temperature (MIT) of a dust layer (see Annex C).
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d)

f)

g)

h)

16

Danger of dust emission to the environment and exposure of workers and others in the vicinity of
the facility,

The amount and characteristics of fine dust lofted in the air is a health risk when inhaled and
some type of wood dust can be carcinogenic (NTP, 2016). Efforts to control dust exposure shall be
planned and implemented during the design stage.

Exposure of operators to asphyxiation or intoxication,

Solid biofuel pellets release gases such as carbon monoxide (CO) and carbon dioxide (CO,) in
combination with rapid oxygen depletion. Small amounts of methane and hydrogen as well as

malodoraus hvdrocarbons are also released (cpp Z5andD ?)

Avalang

Solid biofuel pellets have in general a high flowability similar to grain but can under ce

circumg
with gr
dischar
pellets)

Machin(
Machin{
a signif
conside
shall be|
Moving

Moving
storage
risk fac

to smoKe, reduced visibility due to driversiusing SCBA-equipment. Suitable risk reducing meas

shall be|
Fire haz

Both pd
are a ny
during 1
during |

and conpmissioning biit also during operation:

— Hot
ove

hes,

tances cause high walls of pellets, or bridging and ratholing when stored in-silos or bur

be. Life-saving with life-line and “cofferdam” (a barrier to prevent burial of personn|
is one of the few options to save life in such cases.

1Y,

bry involving moving parts (in normal operation and in-€ase of malfunction) can in
icant risk for personnel injuries and suitable risk reducing guarding measures shg

fulfilled.
vehicles,

vehicles, in normal operation but in particular in case of e.g. emergency dischargd
due to self-heating or fire, can involve(@ significant risk for personnel injuries. The
fors are the many vehicles (e.g. whee€l-loaders, trucks) in operation, reduced visibility

considered.
ards,

llets and dry wood dust’pose a fire hazard and ignition sources shall be avoided. T
mber of potential ighition sources along the path of the pellets which shall be consid
"isk zone classification (see 6.2 a and Annex C). These ignition sources can be present
normal operatiohand/or in case of malfunction, and needs to be considered during d

surfaces. (e.g. lamp shades, lamp bulbs, overheated ball bearings and motor casings, d
rheated rollers (idlers) and guide rollers, exhaust stems in moving equipment);

—  Self

rtain
1kers

hvity bottom feed. Engulfment or burial can easily happen if entering a storage bin dyring

el by

yolve
11 be

Fed. The requirements of ISO 12100 (safety of machinery) as well as any local regulations

of a
main
F due
ures

here
ered
both
Psign

riers,

Lheating (exathermic reactions) (both in storage of bulk material and in dust depaosi

s on

heated surfaces);

— Flames, hot gases and hot particles (including e.g. external fires, hot work during maintenance,
transport of smouldering material, gas from vehicle exhaust systems);

— Mechanically generated sparks (friction, abrasion, impact);

— Electrical apparatus;

— Stray electric currents;

— Static electricity (e.g. spark discharge, propagating brush discharge);

— Lightning.
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6.3 Risk areas

There are several typical areas where the solid biofuel pellets can cause hazardous conditions
for personnel or be subject to quality degradation (which could influence safety) along the chain of
handling.

Below are some examples of areas (but not limited to) in which these risks will be found:
a) Ship cargo holds, stairwells, enclosed storages, enclosed rooms (asphyxiation, envelopment);

b) Pellet off-loading and transport system (ship unloader, train unloader, transfer points, conveyor

torage facilities (self-heating, off-gassing, oxygen depletion, explosive atmospher€);
owered mobile handling equipment (fire and explosion, personnel injuries);
In connection with pellet quality, the designer shall assess the design to identify-the follow]ng:

laces where contamination in the form of e.g. precipitation or extraneous materials can enter the
ellets (during handling and storage);

f) IPlaces where the pellets are subject to impact or breakdown;
g) PPlaces where segregation can occur causing fines to become/separated or concentrated.

For gach of these, the designer shall make an assessment)of the likely level of impact onl the quality
whette this can be of significance for safety, and put in¢place appropriate measures to ensjure that the
quality is not reduced to an unacceptable level to the«cargo owner.

The main places where these risks will usually b&’found will include:

— Open ship hold (contamination by precipitation);

— $hip unloader (degradation by impact and crushing);

— (onveyor transfer points (degradation by impact, excessive drop height);
— Feeder systems such as cenveyor systems, drag chain feeders (degradation by pressure pr attrition);

— Reclaim by handling equipment such as front loaders and trucks driving over wood pellets causing
degradation and contamination.

6.4 | General requirements and recommendations for safe handling

The design.ofifacilities and equipment as well as operational guidelines (see Clause 7) can gliminate or
minimize the risk for hazardous conditions during handling and storage of solid biofuel pdllets. Below,
somg¢ general aspects of importance are listed while more specific aspects related to cerftain objects

31 1 1 | 1 Y o o £1 0 4 11
(COI] CYyuUlS, SHTUS, DUIHIRTI S AU WAl TITUUSTS J dI'T PITSTIHITU TIT LIdUSTES O tU L L.

a) General design and construction considerations should avoid dust generation, dust settlement,
material build up, etc.

— Beams, ledges and structures, which cannot be regularly cleaned and are located inside
buildings for handling and storage of biofuel pellets, shall have a cover with a sharp top angle of
<60° to deflect accumulation of any build-up of dust.

— “Dead spots” enabling accumulation of dust shall be minimized. Cover beam girders with sheet
metal or fill with materials such as styrofoam to block accumulation of dust on flanges.

— Locations of potential deposits or accretions shall be easily accessible.

— Install monitoring and mitigating measures for early stage detection and mitigation.
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b) Processes that create dust can be avoided by the following means:
— Using enclosed conveying routes, enclosed transfer points and/or dust removal systems
— Minimizing the number of transfer points and their drop heights and/or impact on pellets
c) Accessibility for regular inspections
d) Accessibility for housekeeping
e) Accessibility for firefighting

f A . alod L clealod L 1 1 Lo
) CCEeSSI1PpTIIty; POSSIOTIITY 10T CHICT SEITCY UISTITar gt 0T StoTage

g) Prepardtory measures should be considered during the design and construction phase of\the plant
in order to gain the prevention of fires or as they could be important to reduce the consequenges of
a fire/explosion incident (see 8.3, 9.3, 10.3 and 11.3 for details).

h) Explosipn relief systems, if necessary combined with explosion isolation compgnents, will rgduce
the risk|of transfer of an explosion and fire along a conveyor and secondary explosions in conngcted
equipment. The pressure relief should be guided outdoors (see 8.3.2).

i) Areas yhere dust becomes lofted during handling and the occurfence of explosive dugt/air
mixturgs cannot be fully avoided shall be classified in risk zongs/areas. Within the zones,|only
equipment (electrical or mechanical) approved for the relevant Zone shall be used (see Annex [).

j)  Allidentified risk zones/areas shall be clearly identified by sighs and warning symbols.

k) Electrical equipment and lightning protection. Do not use halogen or other lighting fixtures|with
hot surfaces. The enclosures of electrical equipment shall have a proper classification with regpect
to protdction against personal safety, foreign objects;ingress of water and explosion protectign.

1) Riskforjaccumulation of gases from off-gassinger pyrolysis gases (CO, CO,) in locations adjacgnt to
storagel|facilities (e.g. offices, lunch rooms, aitd meeting rooms), in particular during self-heatipg or
fire situations.

Further infprmation about risks associated with dust is given in Annex C and some guidande on
handling of pmergency situations (e.g{self-heating, fire) is summarized in Annex D.

7 Requirements for safe-operation and maintenance

7.1 Genefal

The following requirements, when applicable based on the risk assessment, shall become part df the
operations gnd maintenance manuals.

7 2 G Al ot qad £ 2 Ao A $3i03 o d oo o o3 A o lc
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Operation and maintenance of a facility shall be organized such that hazardous situations are avoided
and in the event emergency situations occur there shall be evacuation and first aid instructions in place
for what to do in case of injury and shut-down procedures for minimizing damage. Typical situations
which historically are known to cause injuries and even fatalities are confined space entry, dust and gas
explosions, limbs and clothing caught in machinery, electric shock, exposure to hot surfaces, tripping
over debris etc.

To avoid such incidents, the employer shall ensure that each worker receives adequate safety and health
training, in particular in the form of information and instructions specific to his workstation or job:

— onrecruitment,

— inthe event of a transfer or a change of job,
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— in the event of the introduction of new work equipment or a change in equipment,
— in the event of the introduction of any new technology.

The training shall be adapted to take account of new or changed risks, and repeated periodically if
necessary.

Personnel should regularly be informed about the risks related to confined spaces and also be equipped
with personal gas detectors measuring both CO and oxygen (0O,) content as exposure to high/low
concentrations can occur under normal operation conditions.

During operation and maintenance, it is important to apply strict rules about lock-out of machinery,
both| mechanically and electrically, before e.g. any obstructions are cleared or other-ihaintenance
worK is conducted. These rules shall also include lock-out of fire/explosion detection-ahd suppression
systdms and ensure that they are reactivated before any operation commence. However, detection
systems relevant for security should still be active if possible.

7.3 | Documentation of operation procedures

The following documents shall be compiled at a facility handling and stering solid biofue] pellets and
wheie necessary be available and maintained to be current.

a) [Procedures and guidelines:

+— daily procedures including start-up and shutdown-toutines;
1— emergency procedures;

+ housekeeping procedures;

+ outline of operator training;

+— worksafe guidelines from local/national authorities;

+ log and reporting requirément (operational conditions, incidents/abnormal| conditions,
accidents);

+ reporting structure of.organization;
+ safe behaviour;
b) Maintenance manual:

1+- preventive maintenance routines (e.g. regular control of bearings);

— remedial maintenance routines (e.g. access to critical spare-parts to enable a fast r¢placement);

c) gafety guidelines for visitors and contractors working on-site (e.g. orientation plans, rulles for entry

d) Properties of the solid biofuel pellets produced and/or handled by any facility (product safety
data sheet):

— identification;

— hazard identification;
— composition;

— physical properties;
— chemical properties;

— self-heating properties;
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— off-gassing and oxygen depletion properties;

— safety characteristics of dust (see Annex C);

— toxicological information.

Examples of specific aspects to consider during normal operation and include in the documentation/
manuals are described in 7.4 while aspects on emergency procedures are handled in 7.5.

7.4 Safety during operation

7.4.1 Opd

Regular vig
accumulatia
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increase the

Limit the st
of fuel with
boundary la
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regularly, i.q
of delivered

For storage
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ual inspection of the entire handling system shall be performed, to identify

b. The use of a handheld IR (Infrared) camera or [R-thermometer is recopimended ajf
possibilities to detect heated material /equipment.

brage time and apply the first-in-first-out principle as far as possiblel Seek to avoid mij
different type, qualities and moisture content in order to avoid stratified heatii
yers due to dust content, particle size etc.

ctions, after taking the necessary safety precautions, of stored pellets shall be perfo
.noting any tendencies of vapour formation. Such inspections shall be done also upon §
fuel into storage.

with an expected storage time of more than 3-4weeks without any transfer operat

control of the pellet properties loaded into the storage shouldbe considered, e.g. tendency to self-he

NOTE A
under develo

method to determine the tendency to self-heating is being developed and ISO 20049-11) is curj
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some form d
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erably, monitoring of the rate of.change of the bulk temperature (and/or gas concentrg
bre important than a specifie threshold as an abnormal increasing rate of change ind
f changed conditions and'a-possible problem.

diate storages whieh.every week have a transfer to the stock or reclaiming, temper
pf the moved pellets-(at inlet and/or outlet) is recommended.

dust

n, spilled material or indications of malfunction or damaged equipment”requiring

this

cture
g in
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bntry
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d track of netmal conditions is therefore essential to learn more about the specific stc
the possibility to detect any abnormal situation in an early stage. In such situation sui
utions shall be taken, e.g. removal, inertization or cooling of the fuel (see Annex
lance);Upon emptying, the storage shall be cleaned of pellets and dust before refi
e storages need to be emptied and cleaned regularly (preferably at least once a yea

avoid accun

ulation of dust

ling.
), to

When handling and storage of pellets in bags or big-bags on pallets, the main risk is related to the
stability, in particular if the pallets are stacked on height. A damage of a pallet on low level can result in
the collapse of the entire pallet stack with risk for personnel injuries.

Log lists of relevant actions related to the operation and reporting routines of any incidents including
follow-up measures shall be kept and continuously updated.

7.4.2 Housekeeping

Dust accumulations present both a significant explosion hazard (see Annex C) but also a health risk, and
technical/organizational measures shall be taken to avoid the exposure of personnel to dust. A routine

1) Stage at the time of publication: ISO/FDIS 20049-1:2020.

20 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=417142b11671dbbf038cbe6f2d002d88

IS0 20024:2020(E)

for checking dust dispersion/dust build up shall therefore be set in place. A cleaning plan shall be kept
and maintained for regular removal of dust; it shall be based on frequency of cleaning or max dust layer.

A dust layer exceeding 0,5 mm to 1 mm in general or dust layer exceeding 3 mm covering more than
5 % of a given work area shall be considered as a potentially hazardous condition for dust explosion.

NOTE1 Ithas proven successful to mark potential accretion areas in colour and when the coloured marking is
no longer visible, it is an indication that cleaning should take place without delay (VGB, 2013).

NOTE 2 A "given work area" is considered to be an area of the workplace, whose boundaries are defined by
the various physical structures around it, which can enclose, contain, or compartmentalize the area. These
structures can include walls, floors, ceilings, process equipment, or any combination of these which have the

effect of either fully or partially enclosing, containing, or compartmentalizing that work area withi
The greater the extent of confinement, enclosure, or containment in an area where dust hascel
greater the risk that an explosion can occur.

n the facility.
mulated, the

Largp wall surfaces with rough surface texture could be painted with gloss antiStatic painft in order to

avoid accumulation of dust and to minimize generation of electrostatic build-up.
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m cleaners shall be certified for use in explosive atmosphere as recommended by local

ers.

dust will create a health risk and special attention/should be given airborne

pntrations of wood dust above 1 mg/m3 is considered a§’a“danger level. Exposure ca
sthma, effects to skin and eyes. and and can be carcinggenic. Personnel regularly expq
hose working with house-keeping, operation and maintenance shall have access to
pctive equipment and it shall be worn when relevatit.

Maintenance

hintenance plan for all key mechanieal) equipment, e.g. conveyors, valves, various
bment, fire detection and fire protection equipment shall be kept and updated. Certifie
be maintained and inspected jinvaccordance with recommendations by suppliers
tenance plan to ensure safe performance.

roid intrusion of precipitation in stores, the building envelope shall be properly cong
arly inspected for defects. Rain gutters should also be regularly inspected to en
ion, as blockage candead to intrusion of water into the building.

breventative maintenance routine shall include checking the grounding of casings of

bther conductjve objects. The resistance to ground or between objects shall be <1 M{
isk of sparking due to static discharge. A conductive object can be earthed by a direc
to earth®n by bonding it to another conductive object that is already connected to the
ts areftherently bonded or inherently earthed because of their contact with earth. Th
tancefshall also include interconnecting parts e.g. flexible’s and piping, belt materi
1sr flexible and equipment. IEC TS 60079-32-1 provides further information.

regulations.

fo the risk of raising dust, cleaning shall not be performed with cempressed air or high pressure

dust since
h be a cause
sed to dust,
respiratory

monitoring
1 equipment
hnd current

tructed and
sure proper

motors, fans
) to prevent
[ conductive
earth. Some
e maximum
hl and drive

Workplaces in potentially explosive areas shall be checked before the start of work by a qualified
person and only opened after application of the corresponding release procedure.

Systems in potentially explosive areas shall be checked by a qualified person before first activation and
repeatedly checked at regular intervals.

If explosive dust/air mixtures are avoided by permanent or occasional inerting of an enclosed system,
an additional risk assessment shall be performed including the additional risk for low oxygen areas for
operating and maintenance personnel.

Emptying and cleaning of certain equipment (e.g. running certain conveyors free of material,
emptying and cleaning of storage) shall be done in advance of a longer operationally stand-still or
maintenance period.
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Hot work (welding, cutting, brazing, machining with high-speed tools and other work exerting heat or
sparks) shall only be conducted after receiving a written permission from an authorized person at the
facility. Before starting the work, necessary precautions should be made to eliminate any combustible
material in the area of work. Fire extinguishing equipment shall be available and ready for use and the
work shall be monitored by one or several fire guards. Lock-out of fire/explosion detection systems
can be necessary to avoid activation. The permission procedures shall also ensure that the system is
reactivated before any operation commence again. Spills of lubricants like oil and grease as well as
hydraulic oils shall be removed to prevent them becoming a catalyst for self-heating.

Closed pellet stores (especially silos and bunkers) shall only be entered for repair or maintenance after
it has been confirmed by specific measurements that the gas concentrations of O, and CO provide a
safe access.

WARNING — Do not measure oxygen concentration only, both 0, and CO shall be nieaspred
(see D.2.2)

The work shall always be conducted by the company of a second person who stays piitside the hgzard
zone as an pdditional safety measure and with a safety rope attached to the efitering person| The
attendant should always have eye contact or at least voice contact with the pers@njinside the store|

7.4.4 Guidelines for visitors/contractors

7.4.5 Guidelines for contractors
Contractors| staff shall be informed regarding rules for:

— wearing personal protective equipment (PPE) (helmiet, protective glasses, noise prote¢tion,
protective shoes, reflective clothing, respiratory protective equipment, or any other specifi¢ PPE
relevant for the facility.);

— areas irjvolving specific hazards;

— entering confined spaces. A specific permission, education and training shall be required as well as
the use|of mobile gas detectors for at least O, and CO, and having escort of a second person op the
outside(of the entrance to the confined space;

— activitigs involving any hot wornk. A’specific permission, education and training shall be requirgd as
well as having escort of a fire'guard equipped with extinguishing equipment;

— action iph case of a fire oryother emergency situation, evacuation routes and location of “Pojnt of
assembly”;

— any other specifiesafety considerations relevant for the facility.

The contractor(s);shall receive the information both verbally but also in written form and shall confirm
this with a gignature.

7.4.6 Guidelines for visitors

Visitors shall not be allowed to enter any operational areas of the facility without escort of an employe
assuring that the visitors are not entering any dangerous areas. Prior to entering the operational areas,
all visitors shall be informed to always stay together with the escort person and follow given advices.
All visitors shall as a minimum be wearing a helmet, reflective clothing, protective glasses, but also
noise protection, or any other PPE as deemed necessary for the visit.
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7.5 Pre-planning of emergency operations

Where applicable, pre-planning and preparation of checklists shall be made in cooperation between
the operator and the fire and rescue services to cover possible scenarios. Typical incidents that shall be
considered are:

The pre-fire planning shall include:

activation of ignition source detection systems in the conveying system,
fire detection in the conveying system,

indicated self-heating in a storage,

¢onfirmed fire in storage,
dctivation of any explosion protection system in the plant,

fescue of people from confined spaces.

$tructure of emergency organization with contact details (e.g. mabjlé telephone nun
telephone number) to both all involved internal personnel and¢o“external key perso
fescue services, suppliers of inert gas and related equipment, freight companies,
¢nvironmental authorities, etc.).

A general risk assessment and safety rules for various:expected incident scenarios ang
gix scenarios mentioned above.

Procedure for how to perform an updated, on-site'risk assessment related to the specif
incident scenario.

mmediate actions (preferably as a check Iist) to minimize the risk for the involved pe
elow) and reduce the consequences of‘the incident.

eed for warning signs and warnihg systems, equipment to cordon off certain areas.

xpected duration of a fire (ofvexplosion) incident and actions with respect to this (smal
an be handled during sonte,hours while a fire in a silo can take several days or even wj|

reparations, equipment and routines for emergency discharge of storage in case of in
eating or fire.

mergency shut down procedures for certain equipment.
nstructions’for handling of extinguishing media and contaminated material.

ducation and training of personnel for various incident scenarios (including both operatc

ber, private
ns (fire and
health and

| at least the

c object and

rsonnel (see

erincidents
eeks).

dicated self-

rpersonnel,

ire’and rescue personnel and if relevant, key suppliers of extinguishing equipment/metllia).

Routines for regular updates of the emergency procedures.

Regular inspection and replenishment of first-aid materials.

Further details to include/consider in the pre-planning work for various equipment/locations are also
mentioned in Clauses 8 to 11, and a general guidance on how to manage various emergency situations is
presented in Annex D.

The pre-planning document shall also include necessary drawings and photos of the plant to visualize
where various fire protection systems are installed, id-numbers of various sensors, location of water
hydrants with information about maximum flow rate and pressure, emergency routes and exits within
buildings and along conveyor systems, detailed construction drawings of certain equipment, etc.
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7.6 Personnel risks

The following risks for personal injuries shall be considered, both during pre-planning of various
possible emergency situations and during an ongoing emergency operation but is not limited to:

heating/fire situation);

areas w

liquefie

ith low O, concentration;

gas):

exposure to toxic gases (for example, high concentrations of CO as a result of off-gassing or a self-

use of inert gases during the inerting/firefighting operation (asphyxiation, exposure to cold

effects
vents o1

rapid pi
and acc

backdra
work in
instabil

working

8 Convel

8.1 Gene

Typical caug
insufficient
positioned |
belts, frictio
speed (relat

bf explosions (considering both dust and gas explosions), injuries from operating éxpl

bss corridors, in particular if having steep pitch;
ft (for example if opening up a silo with an ongoing smouldering fir€);

side confined spaces and the risk of engulfment or burial of persennel;

y at heights.

yor system and transfer points

ral

es of fires, specifically in conveyor systéms (A.4.3), are often hot surfaces (e.g. overloa
lubrication, damaged track supperting rollers (idlers), guide rollers and inter
ball bearings, overheated electric) motor casing, overheated brakes, belt slip, skewi
n of the belts, high speed, friction against material deposits), or forming of sparks (e.g.
ive speed >1 m/s), inapprepriate matching of materials, lack of or insufficient equipotg

bonding caysing electrostatic sparks, faults in electric devices and utilities, extraneous mater

These featu

In8.2and 8
during the r
control mea
conveyings

implemente

es shall be included inythe risk assessment.

3, more specific @spects are listed which, as a minimum shall be considered and documsg
isk managementprocess (Clauses 5 and 6) and implemented as possible risk reduction
sures, if considered relevant or necessary, during the design and construction phase
systems<on' the plant. If the risk assessment indicates that a specific measure shou
d in thesdesign, further information, recommendations and requirements are given in

8.2 Deteq

'tion

construction parts thrown away by the explosion, risks and effects of secondaryexplos

ty of structure (for example, structure for elevated conveyors, collapse of silos) during

bsion
ions;

opagation of fires and explosions in constricted spaces such as conveyor tiihnels/galleries

fire;

ding,
nally
hg of
high
ntial
ials).

nted

risk
f the
d be
8.4

The following risk reduction/risk control measures shall be considered:

having a temperature exceeding those experienced during normal operation).

glowing material on the conveyor system (8.3.1).

materia

Sensors

24

1 build-up or blockage in transfer points.

Measurement of the electric current consumption to detect overload in the drive.

to detect belt misalignment.

Temperature monitoring of incoming material to identify abnormally warm pellets (i.e. pellets

Ignition source detection system for incoming material and in transfer points to identify hot or

Motion sensing device to detect belt slipping, belt slow down or jammed conveyor, e.g. due to
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— Detection system along the conveyor system to identify open fire (e.g. linear temperature detection

cables, flame detectors, etc.).

— Camera surveillance of areas not regularly attended by personnel.

— Interlocking of the selected detection system(s) to securely shutdown the conveyor in case of

conditions that could result in a fire incident (8.4.2).

— Apctivation of a sate way ot preventing the material being ted Into a storage.

The $election of detection system should consider the possibility for maintenance and“tefting during
operption. The ignition criteria of the material being transported shall also be' ¢onsidered during
seledtion of detection system. Further information on various monitoring and)detection} systems is

given in Annex G.
8.3 | Preparatory measures

8.3.1 Fire protection

The following risk reduction/risk control measures shall be considered:

— Prohibition of vehicle parking and storage of combustible material under conveyors.
— Use of fire-resistant and dissipative belts (Cat 2B.or Cat 4A according to ISO 340 and IS
— Possibilities for visual inspection, house-keeping and maintenance and manual firefigh

— Accessibility to each installed sprinkler/spray nozzle, fire detector for inspection and 1
ria suitable hatches, alternatively yia easy removal of the nozzle/detector for ins
maintenance on the outside of the conveyor.

0 284).
ting.

naintenance
pection and

— Ignition source detection s{istem connected to a quick activating water injection system in

iransfer points.

— Possibilities for material-rejection in case of detection of abnormally warm, hot or glow
on the conveyor at transfer points into a silo or flat storage.

— IPPreparation fof émptying the conveyor system on unplanned standstill.

— IProtection \of covered conveyors located indoors by an automatic sprinkler syste
mist system.

— $prinkler protection of conveyers located outdoors which are totally enclosed or pa

ing material

m or water

rtially open,

— A deluge water spray system in conveyor galleries having a steep pitch, or for similar conditions,
where the fire spread could be faster than the operation of conventional automatic sprinklers.

— Adeluge water spray system in areas where fast response or immediate large area cooling is desired

due to high values, unusual potential for severe loss or high frequency of fires.

— In addition to a deluge water spray system, compartmentation of large conveyor
combination with fire ventilation in order to reduce the risk for a rapid fire spread.

— Interlocking of conveyors to safe shut down automatically on sprinkler water flow or fi
(8.4.2).
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8.3.2 Expllosion protection

The following risk reduction/risk control measures shall be considered:

Fixed stand pipe systems with connections for the use of the fire and rescue service for additional
or final firefighting.

Access/escape possibilities at least at both ends of the conveyor system for the operating and
firefighting personnel.

Emergency lightning installed in all parts of a covered system/galleries.

Warning/alarm systems (light/sound) available at suitable locations in all parts of the system to
ensure an early evacuation.

Push buttons for manual activation of the fire alarm as well as fire hose reels and /or fire extinguishers
available at suitable locations.

Separate conveyors to be used for emergency discharge (8.4.3).

The risk of|explosion predominately results from dust generation. If not,cenflicting with any |local
regulations) and based on a risk area classification (see Annex C), the folloving explosion proteftion

measures shall be considered:

26

Conveyor system construction to reduce the generation of dust (8.4.4).

Use of dovered conveyor structures designed to minimise the spreading of dust, accumulatipn of
dust ingide the structure and connection of transfer pointsto a dust collecting system.

Certifief explosion protection equipment installed tebe corresponding with the explosion riskfarea
classifidation along the conveyor system based on\all operating conditions including start/stpp of
the equlpment and maintenance.

Enclosefd/covered conveyors, including e.g.\dust extraction systems equipped with explosion felief
systemg as part of the measures to limitithe explosion overpressure to avoid flying debris.

Type, site and location of explosion¥ernts designed to ensure an effective pressure relief and pré¢vent
the risk|for injury of personnel when activated.

Guiding| the pressure relief\from an explosion to the outside of the building or using certified
flameless indoor explosieh.venting devices (8.4.4).

Explosipn isolating §ystems (as a complement or alternative to explosion vents) to avoid trapsfer
of an exjplosion and'fire along a conveyor which could result in secondary explosions in conngcted
equipment.

Explosipn_ Suppression systems (as a complement or alternative to explosion vents or explpsion
isolation systems).

Explosion-proof design (as a complement or alternative to other explosion protection measures).
Interlocking of conveyors to shut down automatically on explosion detection (8.4.2).

Cleaning of dust deposits using a suitable vacuum cleaning system certified for use in explosive
atmospheres or by using a low pressure water cleaning system (8.4.4).

Specific consideration of the risk for dust explosion and suitable relevant explosion protection
measures for conveyors intended for emergency discharge.

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=417142b11671dbbf038cbe6f2d002d88

IS0 20024:2020(E)

8.4 Additional information, recommendation and requirements on design and
protection of conveyor systems

8.4.1 General

If it has been determined via the risk assessment process that a specific risk reduction/control
measure described in 8.2 and 8.3 needs to be included, this clause provides additional information,
recommendations and requirements.

8.4.2 Detection systems

Ignitfon source detection system for incoming material and in transfer points to identifyg
matdrial on the conveyor system can also be connected to a quick activating water inject
matedrial rejection system (see 8.4.3).

Ignitfion source detection systems should be interlocked to securely shutdowrn the convey
condjitions that could resultin a fire incident. The shutdown sequence should also include all

trang
that

Temperature monitoring system to identify hot bearings in the drivers, rollers, etc can be

using
camg

Dete
dete
dete

8.4.3

At ce
also
feedi
matg
Conv

Oper]
by a

Visu
madg{
conv

In ca
the c

port system to the stopped conveyor. The shutdown sequence should-alSo be designeq
Lhe risk of fire is not increased due to the stop itself.

y linear temperature detection cables, or if the conveyor beafings are not enclosed, by
ra or an IR thermometer.

ction system along the conveyor system to identifijropen fire (for example, linear {
‘tion cables, flame detectors, etc.) is of particular importance for long, covered c
‘tion system can be replaced by an automatic sprinkler system for certain applicationg

Fire protection

rtain locations, e.g. before the discharge into a silo, the activation of a detection sy
hctivate a safe way of preventing the-material being fed into the silo, e.g. by designing 4
ng the material to an abort or d.safe side dump (see 8.3.1). Depending on the physica

eyors transporting aborted material should be running dry before shutting down.

indoor conveyors mjghthot need a specific sprinkler protection system if the building
Ceiling mounted automatic sprinkler system designed to also cover the conveyor syste

1l inspection, house-keeping and maintenance and manual firefighting of conveyor sy
e possible e.g/by making them accessible on both sides, adding walkways on both sides
byors, aneinstalling vacuum cleaning systems).

se ofizepeated activations of an ignition source detections system, the system shoul
opveyor system.

t or glowing
on and/or a

br in case of
contributing
| in a way so

obtained by
using an IR

emperature
onveyors. A
(see 8.4.3).

stem should
| safe way of
1 layout and

rial flow, it can be practical te reverse the direction of a conveyor for disposal of abortled material.

is protected
m.

tems can be
for elevated

1 shut down

In case of cold climate where freezing could occur, a dry type or pre-action system shall be considered as
an alternative to automatic sprinkler system. For dry pipe systems, the filling time shall be considered.

Deluge systems intended to protect conveyor galleries with steep pitch, where rapid fire spread could
be expected or there is a potential for severe loss or high frequency of fires, shall cover the entire belt
system, including the return belt. Filling time for a dry pipe system shall be considered.

Fixed stand pipe systems with connections for the use of the fire and rescue service shall have
connections for fire hoses at suitable locations along the entire conveyor system.

If ignition source detection system with extinguishing is installed, manual activation of the
extinguishing system via push buttons at suitable locations should be considered. Also a manual
activation of the system should result in a safe shutdown sequence of the conveyor system as described
in 8.4.2.
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Conveyors to be used for emergency discharge shall be designed to endure transport of hot and
smouldering material and be accessible to allow visual supervision and manual water application or
equipped with a suitable ignition source/fire detection system combined with a fixed water application
system to extinguish any smouldering material discharged onto the conveyor. A separate conveyor
for emergency discharge should be considered if several storage units are connected to the ordinary
conveyor for discharge.

NOTE
Global, 2015)

8.44 Exp

The conveyd
of transfer

Conveyor st
dust accum
collecting sy

All equipme
risk area clg
start/stop o

Enclosed/cq
relief systen

The type, si3
relief but al
the vent and

If conveyorg
the building
the building

Cleaning of
in explosive
pressure wg

Conveyor sy
and explosid

or NFPA 15.

losion protection

For more details on sprinkler design for conveyor protection, see e.g. FM Global Data sheet 7-11 (FM

r system should be constructed to reduce the generation of dust by minimizing themnu
oints and their drop heights.

ructures should be covered to minimise the spreading of dust, and constructed s
1lation inside the structure is minimised. Transfer points should be connected to a
rstem or equivalent measures to reduce the dust emission.

nt installed along the conveyor system shall be certified to correspond with the expl
ssification. The risk area classification shall be based on all operating conditions incl
ff the equipment and maintenance.

vered conveyors, including e.g. dust extraction systems §hould be equipped with expl
s as part of the measures to limit the explosion overptressure to avoid flying debris.

e and location of explosion vents should be chosensuch that it ensures an effective pre
50 prevent the risk for injury of personnel whenvactivated, e.g. prevent passage in frq
/Jor using a flame arrester at the vent opening:

or using certified flameless indoor explosion venting devices. In such case, the streng
structure shall be considered.

dust deposits should be made using a suitable vacuum cleaning system certified fo
atmospheres or by using aslow-pressure water cleaning system. Compressed air or
ter cleaning system shall'not be used.

stems for emergency discharge need special consideration with relation to the risk o
ns as the discharged’'material will contain smouldering material which could result in

flames when the material issexposed to the air.

9 Silos

9.1 Gene

ral

mber

b the
dust

bsion
1ding

hsion

sure
nt of

are located indoors, the pressure relieffrom an explosion shall be guided to the outside of

th of

" use
high-

f fire
open

Typical causes of fire in silo storage of pellets are often related to

— self-hea

— hotmat

ting (See Annex B) of the pellets;

erial introduced into the silo via the conveyor system;

— mechanical failures of e.g. discharge equipment at the bottom of the silo.

Explosions i

nside the silo headspace can be a result of

— smouldering material introduced into the silo via the conveyor system which can ignite a dust cloud

generat

28

ed inside the silo during filling;
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— the consequence of a primary explosion in the conveyor system causing a secondary explosion

i

nside the silo;

— smouldering fire inside the silo, generating high concentrations of combustible gases (CO, unburnt
hydrocarbon) leading to a gas explosion.

In 9.2 and 9.3, more specific aspects are listed which, as a minimum shall be considered during the risk
management process (see Clauses 5 and 6) and implemented as possible risk reduction/risk control
measures, if considered relevant or necessary, during the design and construction phase of the silo
storage. If the risk assessment indicates that a specific measure should be implemented in the design,
further information, recommendations and requirements are given in 9.4. Guidelines for handling of

: el oa: o1 A D
varigasefnrergency-straatonsarepresefrcea i oaniex:

9.2 | Detection and temperature and gas monitoring

The following risk reduction/risk control measures shall be considered:

q

fgnition source detection system monitoring the pellets flow into the siloto identify

lowing material along the incoming conveyor system (9.3.1.1);

onitoring of gas composition or gas concentration in the silo headspace and ¢
ischarge outlet;

onitoring of temperatures inside the bulk by temperature sensor cables suspend
ilo roof;

— lgnition source detection system monitoring the pellets flow from the silo dischargg

i

Somyd

9.3

9.3.1

9.3.1
The {

— 4

q

— 4

dentify warm, hot or glowing material for controlof the discharged material to the cony
see 9.3.1.1);

rideo surveillance of areas not regularly-attended by personnel.

Preparatory measures
Fire protection

.1 General design of silo
ollowing riskxreduction/risk control measures shall be considered:

A minim@m 'distance between individual silos and adjacent buildings to ensure good
ind pessibilities for preparations for emergency discharge in the case of fire.

\irtightness of the general silo construction, except specific ventilation arrangements

e further information on various monitoring and detection systems are given in Annex G

yarm, hot or

lose to the

cd from the

opening to
eyor system

hccessibility

(see below),

to restrict air entrainment into the bulk material but also to minimize the Teakage of inert gas in
case of an extinguishing operation.

— Internal construction of the silo (e.g. steel beams in the roof) to prevent accumulation of dust.

— Roof construction to withstand the load from temperature detection cables attached to the roof and
to minimize water condensation leading to risk of water falling into the pellets.

— Flooring top layer material to minimize risks of spark generation with mobile handling equipment.

— Minimize the risk for bridging and ratholing.

— 1
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nstallation of nominally airtight valves at both inlet and discharge outlet.
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9.3.1.2
The followiy

NOTE Uj

Closed and sealed doors, openings, hatches, in particular located below the maximum filling level to
minimize the possibility for unintentional air entrainment.

Prevent

ion of backgassing or backfire into the silo from a furnace directly connected to a silo.

Possibilities to close ventilation arrangements based on free convection or turn off and close forced
ventilation systems in case of a fire situation.

Provide sufficient height to allow free fall of the pellets at a suitable location, both before the silo
inlet and after the discharge outlet to allow the installation of ignition source detectors, preferably
in combination with either a suppression system or a quickly acting material rejecting arrangement.

Arrangiment and routines to lessen the dust generation from the impact of pellets falling fre

top of t

Arranggd
burning

A specif

Fixed if
9.4.3.2)

Installa
capacity
Fixed in
be used
to the ri

Arranggd
instrum

Fixed d
headsp{

Fixed st
or final

Injectio

Forced T

Inlert gas system for fire suppression/prevention

e silo (see A.5.2.1).

ments for emergency discharge designed for handling discharged hot/smoulde
material.

ic storage area available for handling the discharged hot/smouldering/burning mater

1g risk reduction/risk control measures shall be considered:

lert gas distribution system at the base of the silo for inerting of the bulk material

fion of a pressure/vacuum venting valve (or qther similar arrangement) with a ve
 corresponding to the gas flow rate used during the inerting operation of the silo.

ert gas distribution system for protection-of the silo headspace (see 9.4.3.3). CO, shoul
as extinguishing media unless using a vaporizer to guarantee a gaseous form of the CO
sk of explosion, see D.2.3.2.

ment of fixed gas sampling lines_from silo headspace to a safe location where gas ang
ents can be located during a<ire situation.

eluge (water)/foam/CAF system mounted in the silo ceiling for the protection of th¢
ice in case of an openfire’situation.

and pipe systems with connections for the use by the fire and rescue service for addit|
firefighting.

h of inert gas-to reduce the oxygen concentration inside the silo for fire prevention.

Fentilation system for control of the bulk temperature (Annex E).

n the

ing/

al.

(see

hting

d not
) due

lysis

b silo

ional

ifiglarge quantities of water will cause swelling of the pellets and could endanger the entin

e silo

construction due to the ftorces generated, see Annex D.

9.3.2 Explosion protection

During normal operation, the risk of explosion is predominately connected to dust explosions. This
could e.g. be due to incoming smouldering material, igniting the dust cloud generated during the free
fall into the silo. During a smouldering fire situation inside the silo, e.g. caused by self-heating, there is
a significant risk of gas accumulation (for example CO and unburnt hydrocarbons) which could result in
a gas explosion.
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In addition to the explosion protection measures mentioned in 8.3.2, the following additional risk
reduction/risk control measures shall be considered:

Equipment installed at a silo in a risk classified area to be certified according to the explosion risk
classification of the specific area/equipment.

Explosion relief arrangement on the silo construction to prevent the explosion pressure to exceed
the maximum design pressure for the overall silo construction.

Preparations to seal the vent openings after release to minimize air entrainment and loss of inert
gas durmg the 1nert1ng operation of the silo. If self closing explosmn vents are used, vacuum venting

facuum in the silo, resultlng in a deformation. The flow capacity of the venting val
designed in relation to the volume and strength of the silo.

9.4 | Additional information, recommendation and requirements on design and

protection of silos

9.4.1 General

If it
meay
recol

tion/control
nformation,

has been determined via the risk assessment process that(a specific risk reduc
ure described in 9.2 and 9.3 needs to be included, this elatise provides additional
mmendations and requirements.

9.4.2 Detection systems

Moni
dete
in th

toring of the pellet bulk inside a silo could be made by monitoring the gas compositi
‘tion system, or the gas concentration using£0/CO, detectors. The measurements sho
b silo headspace and preferably also close-to'the discharge outlet.

bn using gas
uld be made

Wheh monitoring the temperature inside the bulk by temperature sensor cables suspended from the

silo 1
3 m.
spec
roof

oof, the vertical spacing of the individual temperature sensors on each cable should
The number of sensor cables and spacing between the individual cables should be b
fic conditions, e.g. silo diameter, construction of silo roof, duration of storage. The d
need to withstand the load from temperature detection cables attached to the roof 4

not exceed
ased on the
esign of the
s a result of

the flowing pellets during filling and discharge.

NOTH
faste

The sensor cables-can be attached to the silo bottom (with a breakable connection) or by other means

hed to keep the cablés in their vertical position during filling.

9.4.3 Fire protection systems

9.4.3.1 General design

The general silo construction (wall, roof, connection between the wall and roof, connectfon between
the wall and the silo foundation) shall be as airtight as possible to restrict air entrainment into the bulk
material but also to minimize the leakage of inert gas in case of an extinguishing operation.

Construct the silo so that the risk for bridging and ratholing is minimized.

Both the silo inlet and discharge outlet should be provided with nominally airtight valves. The inlet valve
should close automatically in case of fire detection in the feeding conveyor system in order to prevent
the spread of an external fire into the silo. Both the inlet and outlet valve should close automatically in
case of fire detection at the discharge outlet.

Doors, openings, hatches, in particular located below the maximum filling level shall be closed and
sealed to minimize the possibility for unintentional air entrainment which could cause localized self-
heating and ignition.
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Ventilation of the silo head space, either based on free convection or forced ventilation, shall be possible
to close or turn off and close in the case of a fire situation. The valves should be nominally airtight
and shall be remotely controlled and locally by hand. In case the silo is ventilated via free convection
through an annular gap between the silo wall and and roof, some arrangement should to be installed
making it possible to close the gap.

If the silo is equipped with a ventilation system for cooling of the bulk material, this system shall also
be possible to turn off and air intakes/outlets possible to close and seal (see also 9.4.3.6).

If the silo is directly connected to a furnace, suitable prevention measures of backgassing or backfire

due to underpressure caused by a forced ventilation system shall be considered.

When the ve
(or other sir
the inerting

To allow the
outlet from
located bety
the silo inld
location afté
with either

a quick

— aquick
collecti

As an altern
imply free f
and subseqy

To lessen th{
not to empt
low height i
ladders”, “gq
avalanche f1

Preparation
designed fd
importance
discharge c
protection (|

A specific
material. TH

$toragévarea shall be available for handling the discharged hot/smouldering/but

operation of the silo.

r the silo outlet. This will allow the ignition source detectors to be'installed in combin

hctivating water injection system or

acting material rejecting arrangement (rejection material should then be guided to 3
g area).

ative to a free fall outlet, choke feed can be used as discharge mechanism, which doe|
hlling (dust generation). Temperature monitoring can be made with surface measure
ent ignition source detection.

e dust generation from the impact of pellets falling from the top of the silo, itis recomme
y a silo completely, except for eleaning. The impact from pellets falling on pellets

5 much less than pellets falling on concrete or steel boom. There are also so called “
ain ladders” or “filling tubes”, positioned in the center of silos providing a slide or step-
om top to bottom (A.5.2)!

s for emergency dis¢harge should be made by installation of a separate conveyor sy
r handling the diScharged hot/smouldering/burning material. This is of parti
if several silos-are served by only one conveyor system (see NOTE below). If the ordji
pnveyor systehy' is planned to be used, this shall be equipped with an enhanced
8.3.1).

e location should be carefully selected considering the possible risks for nearby ob

neighbourin

ntilation systems are turned off and closed, there shall be a pressure/vacuum venting,yalve
hilar arrangement) with a venting capacity corresponding to the gas flow rate used/dliring

installation of an ignition source detector, both at the inlet of the silo and at'the discharge
the silo, chutes should be arranged creating a free fall of the pellets. The-chutes shoulld be
veen the conveyor for incoming material and the silo opening or at a suitable location bgfore
t as well as between the discharge opening and the discharge conveyor or at a suiftable

htion

safe

S not
ment

nded
from
bean
wise

stem
cular
nary

fire

ning
ects,

g-activities, dominant wind directions, etc. The storage area should include possibilit

es to

collect any extinguishing media.

NOTE

There are many examples of silo fires where the lack of emergency discharge preparations has created

great problems to discharge the silo in a controlled manner, and in several cases this has resulted in a total loss of
both the pellets and the silo. The complexity and problems increase if only one conveyor is used for multiple silos
as there will be a risk for fire spread. Accessibility to the conveyor for firefighting personnel will also be more
difficult if the conveyor system is located in a culvert below the silo(s). A separate discharge possibility from each
silo is therefore strongly recommended.

9.4.3.2 Inert gas system for bulk material

The fixed inert gas distribution system shall be installed at the base of the silo for inerting of the bulk
material. The number of gas distribution inlets and design of the pipe arrangement shall be based on
the silo cross section area.
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The gas supply and the gas distribution system should be designed to provide a flow rate of not less
than 5 kg/m? (silo cross section area) per hour. The flow and pressure calculation should assume that
the silo is full of pellets having the lowest anticipated permeability.

The inlet opening/connection to the gas distribution system shall be sealed when not in operation to
avoid air/moisture entrainment into the silo.

The gas distribution system shall be possible to flush with water during maintenance of the silo and
shall therefore have an inclination towards the point of drainage.

The gas injection openings/nozzles at the silo bottom shall be designed to prevent blocking or clogging

of th

o bulk material

The
of eV
as a
undd

Arra
shou
proc

9.4.3

The

the
be b4
avoid

The
than

The
the 1

bressure relief opening/valve shall be arranged in the silo headspace and designed t
Acuating a gas flow corresponding to the injected inert gas flow. The opening should
check valve, allowing outflow of gas by preventing inflow of air/oxygen\unless

q

hgement of fixed gas sampling lines from silo headspace to a safe lpeation during a f
Id be considered as this will provide a possibility to monitor the inerting and fire
pss. The instruments should preferably be capable of measuring3and CO/CO, (%-sc4

.3 Fire protection of silo headspace

piping and gas inlets for the inert gas distribution system should be located in the u
ilo wall to avoid damage to the pipe system in case‘0f an explosion. The number of i
1sed on the silo cross section area and the gas inletddimension should ensure a low inlg
| dust formation. CO, shall not be used as extingtishing media (see NOTE 1).

bas supply and the gas distribution systenishould be designed to provide a flow rat
1 to 3 kg/m? (silo cross section area) pershour.

pas injection openings/nozzles at thie'silo headspace shall be located as far away as p
ressure relief opening (see 9.3.1.2)in order to reduce the inert gas loss as much as p

openfings/nozzles shall be located such that they are not covered by the bulk material at nf

level

A fix]
inert

and designed so they not gét-blocked or clogged by dust.

ed deluge (water)/foam/CAF system can be mounted in the silo ceiling as a compleg
gas system for the-protection of the silo headspace in case of an open fire situation.

is important, in partjeular in large diameter silos or silos equipped with explosion vents

an el

an ex

(e.g.
redu

xplosion, can beyvery difficult to seal effectively making it difficult or even impossiQ
tinguishingefféct using only inert gas. Using a foam system with high quality of exp
hpplied as<GAF) will reduce the use of water and provide a foam blanket on the top or
ring the'entrainment of oxygen into the bulk material (see NOTE 2).

sé of the risk ofa gas/dust explosion, manual foam appllcatlon isnot recommended dug

rpressure is obtained inside the silo (for example due to a rapid temperature/decreasg,

be capable
be designed
significant
see 9.3.2).

re situation
suppression
le).

pper part of
hlets should
t velocity to

e of not less

bssible from
ossible. The
1aximum fill

ment to the
buch system
which, after
le to obtain
anded foam
the material

to injection

itioned such

that the foam can be applled to form a uniform layer covering the entire top layer of the pellets in the
silo. The openings shall be designed to limit the air entrainment as much as possible.

A fixed stand pipe system with connections for the use by the fire and rescue service for additional or
final firefighting should be consided. The pipe system should have connections for fire hoses at suitable
locations at the access platforms at the silo top. Access/escape routes for the firefighting personnel
shall be considered.

NOTE1 The use of CO, as extinguishing media is not recommended as the silo headspace is likely to have
an explosive atmosphere due the generation of pyrolysis gases. The discharge of CO, is known to generate
electrostatic charge which could generate a spark and cause an explosion inside the silo headspace (see D.2.3.2).

NOTE 2  Using large quantities of water will cause swelling of the pellets and could endanger the entire silo

construction due to the forces generated, see Annex D.

© IS0 2020 - All rights reserved 33


https://standardsiso.com/api/?name=417142b11671dbbf038cbe6f2d002d88

IS0 20024:2020(E)

9.4.3.4 Inert gas system for fire prevention

If there is an increased risk for self-heating and spontaneous ignition and/or that the consequences of
a fire situation is unacceptable, injection of inert gas to reduce the oxygen concentration inside the silo
should be considered.

The inert gas supply shall be connected to the gas distribution system at the base of the silo (see 9.4.3.2)
and have a capacity enough to keep the oxygen concentration in the bulk material below about 10 %.

As an alternative to using liquefied nitrogen for producing nitrogen gas (see 9.4.3.5), a nitrogen gas
generator could be installed, normally generating a mixture of about 95 % nitrogen and 5 % oxygen.

Also here, th

and

NOTE 2).

In order to
distribution|
number of hj

A gas analy
system perf
being part o

NOTE 1
concentratio

NOTE2 EIl
reduction sy}

9.4.3.5

The inert g
should be b4

a)

a mobil

P2y r:n’r\ar‘ify should he nnnngh to lzpnp the oxygen concentration below, 10 04 (cpp NOTE 1

limit the needed capacity of nitrogen, in particular for large diameter silgs; thd
system could be divided into a number of sections, applying the gas to one’section
ours before switching to the next section, etc.

ber measuring the oxygen concentration in the silo head space shall-be dsed to ensur
prmance. A mobile gas analyser could be used if the measurement/frequency is ensury
f the operational procedures.

An oxygen concentration of <10 % is expected to be enough for prevéntion purpose, while an o3

1 of maximum 5 % in the silo headspace is recommended as theaim in a firefighting situation.

N 16750 can provide further guidance on the design, installation and maintenance of fixed oj
tems.

Injert gas supply

hs supply for the protection/inerting system of the bulk material and/or the headg
1sed on either

e tank with liquid nitrogen for the inert gas in combination with a mobile vaporiz

unit whiich is connected to the gas distribution systems (bottom and headspace) in an emerg

situatio
an onsit

b)
‘)

an inert
high ox)

For the con
system),ac

For supply

[,
e fixed tank with liquid(nitrogen and a fixed vaporization unit,

gas generator systénrconnected to the gas distribution systems (limited capacity an
ygen content in the'gas could be a problem for extinguishing operations).

hection of a‘imobile gas supply unit to the gas distribution system (bulk and headg
pnnectiopnianifold shall be located at a suitable position on the outside of the silo.

inertgas from external suppliers using e.g. road transport of mobile tanks, the proced

and capacity requirements of an inerting operation, shall be thoroughly coordinated with the sup

!

to ensure adeguate-supply.

gas
for a

e the
ed by

Kygen

kygen

pace

htion

ency

d too

pace

lures
plier

NOTE

inertisation operation until further gas supply can be obtained.

9.4.3.6 Cooling of bulk material by forced ventilation

Batteries of N, cylinders would only be an alternative for very small silos or as the first step of an

In certain parts of the world, the solid biofuel pellets have a high initial temperature due to hot weather,
often combined with a pellet production using reactive raw material with high amount of oxidative
substances. In order to control the bulk temperature, a forced ventilation system could be used in these
situations. The following aspects shall then be considered (see also Annex E).

The ventilation air flow shall be generated by strong fans supplying and distributing the air through
gaps in the bottom of the silos, or for small diameter silos, through perforated metal sheets in the
discharge cone of the silo. Venting of the cooling air is done through dampers at the top of the silos.

34 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=417142b11671dbbf038cbe6f2d002d88

IS0 20024:2020(E)

The temperature in the bulk shall be monitored with a number of temperature sensor cables (see 9.4.2).
The sensor configuration shall to be designed with consideration given to the thermal conductivity
characteristics, the permeability and variance in permeability, ventilation fan capacity and the
geometry of the fresh air inlets.

The temperature monitoring system will present a picture of the temperature distribution in the bulk
material and shall give alarm if any temperature sensor exceeds a predetermined level. In such cases,
the heat generated by self-heating is higher than the cooling capacity and emergency actions shall be
considered.

The fans are normally controlled by the temperature momtorlng system which turns on and off to

maintatrthe—t tempet attre—within Pt edetermiedrat 51110 Hr—eertain ulotqllauuuo, the—fans can run
continuously and are switched off only if the inlet ventilation air temperature exceeds theXjemperature

of th

The f
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can
oxidai
Ther

A hig
turn

The ¥
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air sipply is completely blocked to facilitate the inerting/operation (see D.4).

9.4.4
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If th
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NOTH

b bulk material.

an capacity shall be based on the bulk permeability of the material and the gepmetry of]
hpacity shall be high enough to provide enough cooling. If the fan capacity-is't6o low, the
make the situation worse, as the increased oxygen supply into the (material will
ition process and thereby result in a temperature escalation rather than to temperat
efore, the fans should have a backup power supply in case of a failur@ of the normal sup

bd off if the relative humidity exceeds e.g. 80 % or a dehumidifier system shall be instq

rentilation system could be combined with the injectionof inert gas (see 9.4.3.2) if the {
above critical values. In this situation the ventilation-system shall be designed to ens

Explosion protection

pmentinstalledinarisk classified area shall be certified according to the explosionriskc
b storage during different operationalprocedures e.g. filling, discharge or maintenanc

h

e silo construction is not designéd to withstand the full explosion pressure, the {
pped with relief arrangement te prevent the explosion pressure to exceed the maxi
sure for the overall silo construction.

fruction itself is often’a week point and shall be considered in the calculations ang
n of the pressurerelief arrangement (see NOTE).

prations shall’bé made to seal the vent openings after release to minimize air entrainnj
brt gas during the inerting operation of the silo.

There are several examples (in particular from explosions in large diameter silos) whe

roof
roof

a
Tvas equipped with certified explosion vents. In certain occasions, a part of the roof has also

s’acted as an explosion vent by lifting from the silo wall construction and then fall back aga

h humidity in the inlet air can cause problems and in orderto-avoid this, the ventilat

the silo. The
b ventilation

L:Ilr‘lcrease the

e decrease.
ply.

ion shall be
lled.

emperature
ure that the

lassification

h

ilo shall be
num design

ilos having walls of cerrugated steel plates, the attachment of the roof to the silo wall or the roof

during the

ent and loss

re entire silo
n, even if the
been thrown

away, falling down to the ground beside the silo wall. This prevents an effective inerting process as it might be
impossible to reduce the oxygen concentration in the silo headspace.

10 Large scale bunkers

10.1 General

The size and shape of bunkers can vary considerably, from small underground bunkers for local heating
plants to large bunkers in large scale power plants (see Annex A). The description in Clause 10 is
primarily focused on large scale bunkers, although certain aspects could also be valid for small size
bunkers. In certain small scale applications, ISO 20023 might be more relevant.
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Typical causes of fire in bunker storage of pellets are often related to:

— Various

external ignition sources (e.g. lighting, electric equipment, hot work).

— Smouldering material introduced into the bunker via the conveyor system.

— Self-heating of the pellets (mainly if the pellets are stored for a long time, e.g. during outage or idle
periods).

— Back-fires from boiler unit or mechanical failures of e.g. discharge equipment at the bottom of

the bun

ker.

Explosions in the bunker can be a result of:

— smould
generat

— the con{
secondd

— a smou
unburn
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— Anaspi
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bunker
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bring material brought into the bunker via the conveyor system which can ignite a‘dust
bd inside the bunker during filling,

equence of a primary explosion in the conveyor system or dust extractionsyStem caus
ry explosion inside the bunker,

dering fire inside the bunker, generating high concentrations of-combustible gases
r hydrocarbon), leading to a gas explosion.

10.3, a listing of more specific aspects is presented which, assdminimum shall be consig
isk management process (see Clauses 5 and 6) and implefiiented as possible risk reduc
measures, if considered relevant or necessary, during the design and construction pha
storage. If the risk assessment indicates that a specifi¢ measure should be implement
Further information, recommendations and requiréments are given in 10.4. Guideling
various emergency situations are presented in Annex D.

'tion and temperature and gas monitering in bunkers

1g risk reduction/risk control measures shall be considered:

ng material along the conveyors for incoming pellets (see 10.3.1.1).

ing of gas composition or,;gas concentration in the bunker or in the bunker dust extra
hnd close to the discharge outlet.

rating monitoring system in the bunker house.

honitoring systeém located in the bunker house.

floor:

source detection system monitoring the pellets flow from the bunker discharge opg

rloud

inga

(co,

ered
tion/
se of
ed in
s for

source detection system monitoring the pellets flow into the bunker to identify warny, hot

ction

ing of temperatures inside the bulk by temperature sensor cables suspended from the the

ening

to identify warm, hot or glowing material for control of the discharged material to the conveyor

system

(see 10.3.1.1).

— Video surveillance of areas not regularly attended by personnel.

Some further information on various monitoring and detection systems are given in Annex G.
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10.3 Preparatory measures

10.3.1 Fire protection

10.3.1.1 General design of bunker

The following risk reduction/risk control measures shall be considered:

10.3{1.2 Bunker house and bunker protection

The following riskreduction/risk control measures shall be considered:

Air tightness of the general bunker construction, except specific ventilation arrangements (see

below) to restrict air entrainment into the bulk material.

losed and sealed doors, openings, hatches, etc., in particular located below the max
vel, to minimize the possibility for unintentional air entrainment.

inimize the risk for bridging and ratholing.
imitation of the production of dust.

nternal construction of the bunker to prevent accumulation of dust.

mum filling

unker floor construction to withstand the load from temperature detection cables as a result of

he flowing pellets.
ubdivision of large bunkers with a solid wall constructign up to the bunker floor.

rovide sufficient height to allow free fall of the pellets.at a suitable location, both befor
inlet and after the discharge outlet to allow the installation of ignition source detector
combination with either a suppression system'or a quickly acting material rejecting a

Possibilities to turn off and/or close ventilation arrangements of the bunker house.
Installation of nominally airtight valves.at the bunker discharge outlets.
Arrangements and routines for emptying of the bunker content in case of an unplanned

Arrangements and routines for-emergency discharge designed for handling the disc
gmouldering/burning material.

A specific storage area.available for handling the discharged hot/smouldering/burning

Fixed deluge (water)/foam/CAF system for the protection of the bunker house.

Fixed .deluge foam/CAF or high expansion foam system for the protection of the bunke

e the bunker
5, preferably
‘rangement.

| shut down.

harged hot/

F material.

r (below the

hunker flnm‘)

Fixed inert gas distribution system for inerting the bulk material in the bunker.

Fixed stand pipe systems with connections for the use by the fire and rescue service for additional

or final firefighting.

10.3.2 Explosion protection

During normal operation, the risk of explosion is predominately connected to dust explosions. This
could e.g. be due to incoming smouldering material, igniting the dust cloud generated during the free fall
into the bunker. During a smouldering fire situation inside the bunker, gas accumulation (for example,
CO and unburnt hydrocarbons) could result in a gas explosion.
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In addition to the explosion protection measures mentioned in 8.3.2, the following additional risk
reduction/risk control measures shall be considered:

classification of the specific area/equipment.

Explosion relief arrangements at the bunker house.

Explosion relief arrangements in the dust extraction system.

Equipment installed at a bunker in a risk classified area shall be certified according to the risk

Preparations to seal the vent openings after release to minimize air entrainment and loss of foam

and/or inert gas during an fire fighting operation. If self closing explosion vents are used, vacuum

venting
create g
venting
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vacuum in the bunker/bunker house, resulting in a deformation. The flow capacity d
valves shall be designed in relation to the volume and strength of the bunker/bunker h

ional information, recommendation and requirements on designand
of bunkers

f the
buse.

en determined via the risk assessment process that a_specific risk reduction/control

scribed in 10.2 and 10.3 needs to be included, this clauseyprovides additional inform4
ptions and requirements.

pction systems

tion,

pf the pellet bulk inside a bunker could be made by monitoring the gas composition fising

n system, or the gas concentration using CO/CO, detectors. The measurements shou
elow the bunker floor and close to the discharge outlet.

ing of the bunker house, an aspiratifig gas detection system could possibly provide thg
the entire space due to the size dnd'influence of ventilation.

foring the temperature inside-the bulk by temperature sensor cables suspended fror
[, the vertical spacing of the individual temperature sensors on each cable should not ey
mber of sensor cables and spacing between the individual cables should be based o
ditions, e.g. the bunker area, any subdivisions of the bunker, construction of bunker
btorage.

foring systemblocated in the bunker house could be used to indicate that the dust extra
ks properly\and/or indicate a change in quality of received pellets.

ntrol.that the bunker floor construction is designed to withstand the load from temper
les/as a result of the flowing pellets during filling and discharge, if installed.

Id be

best

h the
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h the
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Some furtherimformation o various MOoTtoT g and deteCtion SYSTels are givel i ATINexX G-

10.4.3 Fire protection systems

10.4.3.1 General design of bunker

The general wall construction of the bunker construction shall be as airtight as possible below the
maximum filling level to restrict air entrainment into the bulk material. Doors, openings, hatches
located below the maximum filling level shall be closed and sealed to minimize the possibility for
unintentional air entrainment which could cause localized self-heating and ignition.

The design should seek to limit the production of dust and the internal construction of the bunker and
bunker house should be designed to prevent accumulation of dust. To reduce dust contamination of
the bunker house during filling and to prevent objects from falling into the bunker during operation,
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a bunker covering should be installed on the topside of the bunker floor construction. Except for the
inlet air openings, this construction shall be made as airtight as possible. The inlet opening shall allow
clean air from the bunker house to replace the air extracted from the inside of the bunker by the dust
extraction system. The openings should be designed and located such that a downward airflow of at
least 0,5 m/s is obtained and that the airflow is collecting the generated dust as efficiently as possible.
Openings for filling the bunker from the conveyor system should be sealed in a flexible manner by using
e.g. a “brush” system.

Ventilation of the bunker house, based on the bunker dust extraction system or any other forced
ventilation system or free convection, shall be possible to turn off or close, e.g. in case of a fire situation.
The valves should be nominally airtight and shall be remotely controlled and locally by hand.

rided with a
dering fires
h nominally

In la
solid
betw
airti

Fge bunkers with several discharge outlets, each part of the bunker should be subdiy
wall construction up to the bunker floor to reduce the likelihood for spread of §mou
een various sections of the bunker. Each discharge outlet should be provided wit
bht valves.

and at the
. The chutes
At a suitable
ge conveyor
bctors to be

To a
disch
shou
locat]
or at
insta

low the installation of an ignition source detector, both at the inlet)of the bunker
arge outlet from the bunker, chutes can be arranged creating a fre€ fall of the pellets
Id be located between the conveyor for incoming material and the-bunker opening or
ion before the bunker inlet as well as between the discharge opening and the dischar
a suitable location after the bunker outlet. This will allow, the ignition source det
lled in combination with either

| quick activating water injection system or

q

ed to a safe

3 quick acting material rejecting arrangement (rejection material should then be guig
¢ollecting area).

As an alternative to a free fall outlet, choke feed‘can be used as discharge mechanism, whijich does not
imply free falling (dust generation). Temperature monitoring should be made with surface measurement
and gubsequent ignition source detection,

Prep
desig
impd
convy
equij

A sp

nrations for emergency discharge;should be made by installation of a separate conv
ned for handling the discharged hot/smouldering/burning material. This is o
rtance if the bunker is loeated underground and/or several bunkers are served

byor system. If the ordinatry discharge conveyor system is planned to be used, t
pped with an enhanced fire protection (see 8.3.1).

ecific storage area-shall be available for handling the discharged hot/smoulder

byor system
f particular
by only one
his shall be

ng/burning

mate
obje(
poss

rial. The location-should be carefully selected considering the possible risks/problem
ts, neighboGring activities, dominant wind directions, etc. The storage area shd
bilities to-collect any extinguishing media.

s for nearby
uld include

10.4{3.2¢ Bunker house protection

£rbao bl 33

LB ETPN =T S PoE Y L has hao bl ) o fioad A4 Lazatad
F
or tne PTrotctoroTT O ot~ ouTIntCT 1ot

bove—the-bunker—Hoor}—afixed-deluge )/foam/CAF
system should be installed in the bunker house ceiling to control/suppress glowing embers or an open
fire in the conveyor system, electrical cables or other objects. The use of a foam system with high
quality of expanded foam (e.g. applied as CAF) is preferred as the foam will reduce the amount of water.
The foam that is flowing down through various openings in the bunker floor into the bunker will also
partly cover and protect the pellet surface.

a (o
ST

NOTE Using large quantities of water only will cause swelling of the pellets and could cause bridging or
ratholing and even endanger the entire bunker construction due to the forces generated (see Annex D).

10.4.3.3 Bunker protection
For the protection of the bunker (below the bunker floor), a fixed deluge foam/CAF or high expansion

foam system should be installed at suitable locations in or below the bunker floor to ensure a full
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coverage of the pellet surface which will control/suppress glowing embers or an open surface fire.
If the bunker is subdivided by separating walls, the deluge system should also be sectioned allowing
activating of selected sections. The use of a foam system with high quality of expanded foam (e.g.
applied as CAF) is preferred as this will protect the pellet surface, reduce the penetration of oxygen into
the bulk material and reduce the amount of water. When the surface is covered with foam, additional
foam application can be made in suitable intervals.

If a high expansion foam system is considered, the foam generators should be arranged so that fresh
outside air is used for foam generation. Ventilation openings from the bunker and the bunker house to
the outside shall be available having a capacity corresponding to the foam generation capacity. Further
guidance can be obtained in EN 13565-2 and NFPA 11. An alternative could be to use a high expansion
foam systenfr designed for the use of Inside (contaminated) air.

Fixed stand|pipe systems with connections for the use by the fire and rescue service for additioral or

final firefigh
hoses at sui
the firefight

NOTE In|
problems wit
of high exparf
additional m

10.4.3.4 Inert gas system for fire suppression

An inert gas
system desq
the stored b
be importar
silo protecti

0f 9.3.1.2 an(d 9.4.3.2, and the extinguishing operation following the recommendations in D.4.

iting in a fire situation should be installed. The pipe system should have connections fo
fable locations close to all entry points to the bunker house. Access/escape(possibilitig
ing personnel shall be considered.

case of a well-developed fire at the activation of the high expansion foam system, there c
h fast foam breakdown due to hot and foam destructive gases in bunkerhouse/headspace. Th
sion foam can also create problems for the fire & rescue service to aceess the bunker house f
hinual extinguishing operations.

system could be considered as a complement to theprotection of the bunker using a
ribed in 10.4.3.3. The inert system would aid the~Control of a smouldering fire deep i
ulk material as it would prevent oxygen supply to the fire. This option would in parti
tif there are no possibilities for a specific.emergency discharge. The general principle
on should be followed, and the system desigh should be made according to applicable |

If using iner

t gas as a complement for fire suppression, it is important to realize that the gas wil

Ir fire

s for

hn be
e use
re.g.

foam
hside
cular
s for
barts

also

penetrate the foam layer and reduce the oxygen concentration in the bunker house. Any pers¢nnel

entering thq
as the oxygd

10.4.3.5 G

Various alte

10.4.4 Expllosion protéction

Equipment
risk classifi

bunker house shall therefore wear SCBA-equipment (Self Contained Breathing Appar
n concentrationcan be veryylow even if the fire appears to be controlled or extinguishe

s supply

rnatives for inert/gas supply are described in 9.4.3.5.

nstalled and used in a risk classified area shall be certified according to the expl
cation of the storage during different operational procedures e.g. filling, discharg

atus)
bd.

bsion
e or

maintenanc

ay

Explosions relief arrangements of the bunker, bunker house and dust extraction system should be
designed to prevent an explosion pressure to exceed the design pressure for each enclosure. The type,
size and location of explosion vents shall be chosen such that it ensures an effective pressure relief
but also prevent the risk for injury of personnel when activated, e.g. prevent passage in front of the
vent and/or using a flame arrester at the vent opening. The pressure relief should preferably be guided
outdoors to a safe area, or if not possible, using a certified flameless indoor explosion venting device. In
such case, the strength of the building structure shall be considered.

If the bunker is protected by an inert gas system, preparations should be made to seal the the vent
openings after release to minimize air entrainment and loss of inert gas during the inerting operation
of the bunker.
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11 Warehouse

11.1 General

Typical causes of fires in a warehouse storage of pellets are often related to self-heating (see Annex B)
of the pellets, self-heating/smouldering in underground discharge system or smouldering material
brought into the storage via the conveyor system.

Also other equipment inside the storage, e.g. conveyor systems in the ceiling for the incoming pellets or
various discharge systems in the floor construction for automated discharge could be potential ignition
sources (see 8.1).

Ther
loadg

Expl

q

e are also possibilities for external ignition sources, e.g. related to hot surfaces ot fi
rs or other external equipment used inside the storage for discharging the pellets.

bsions inside the warehouse could be a result of:

mouldering material introduced into the warehouse via the conveyor §ystem which

ust cloud generated during filling;

consequence of a primary explosion in the conveyor system catising a secondary expl
he warehouse;

deep-seated smouldering fire in the stored material genérating high concentrations of
ases (CO, unburnt hydrocarbon) which could ignite and cause a rapid fire spread 3
xplosion;

consequence of a primary explosion caused by'mobile handling equipment or other e

In 11.2 and 11.3, a listing of more specific aspectsds presented which, as a minimum shall be

duri
risk
of th
the d
hand

11.2
The {

g the risk management process (see Clauses 5 and 6) and implemented as possible ris}
control measures, if considered relevant or necessary, during the design and constry

e warehouse. If the risk assessment,indicates that a specific measure should be im

esign, further information, recommendations and requirements are given in 11.4. G
ling of various emergency situations are presented in Annex D.

Detection

ollowing risk reduction/risk control measures shall be considered:

gnition source detection system at transfer points to identify warm, hot or glowing m
he conveyorsfor incoming pellets.

onitoring of gas composition or gas concentration inside the warehouse.

onitoring of temperatures of the bulk material.

res in wheel

can ignite a

osion inside

combustible
nd/or a gas

Juipment.

e considered
x reduction/
ction phase
lemented in
idelines for

hterial along

pellets.

portable dry chemical fire extinguisher (min 6 kg) easily accessible for the driver.

© ISO

Video surveillance of areas not regularly attended by personnel.

2020 - All rights reserved

An ignition source detection system to identify warm, hot or glowing material in the discharged

Monitoring of gas composition or gas concentration in automated underground discharge system.

Fire detection/extinguishing system in the engine compartment of wheel loaders as well as a
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11.3 Preparatory measures

11.3.1 Fire protection

The following risk reduction/risk control measures shall be considered:

— Airtightness ofthe general warehouse wall construction of the warehouse torestrictair entrainment
into the bulk material.

— Interna
— Several

— Subdivi

1 construction of the warehouse designed to prevent accumulation of dust.

arga oflovngn vy

door opxaninge £oi dicoob oy arabolcac
OO O Pt S S TOT S tar gt oOTTatr gCvvatr Crroastos

sion of the warehouse with concrete walls.

— Smooth| flat surface to minimize risks of spark generation with mobile handling equipment.

— Roof co

— If using

to allow free fall of the pellets at a suitable location, before the the the warehouse inlet and
the disdharge outlet to allow the installation of ignition source detectorspreferably in combin
with either a suppression system or a quickly acting material rejecting arrangement.

— A specifiic storage area available for handling the discharged hot/smouldering/burning mater

— Fixed d

bulkin ¢

— Fixed st

final fir

— IR camsg

dischar

efighting.

be.

— SCBA-equipment (Self Contained Breathing Apparatus) for wheel loader drivers.

11.3.2 Expllosion protection

During normal operation, the risk-ef explosion is predominately connected to dust explosions. This

be due to in
storage for

CO and unbyrnt hydrocarbons) could result in a gas explosion in enclosed areas, e.g. in an undergr
discharge system.

In addition
reduction/r

sk.control measures shall be considered:

hstruction to withstand the load from temperature detection cables attached to the ropf.

a conveyer system for filling and/or discharge of the warehouse, provide sufficient height

after
htion

al.

bluge (water)/foam/CAF system installed in the warehouse ceiling for the protection gf the
ase of risk for ignition due to glowing embers, etc:orto control/suppress an open surfacg fire.

and pipe system with connections for use by the fire and rescue service for additiorjal or

ra to detect hot material or smouldering material in the bulk material during filling and

rould

foming smouldering material, igniting the dust cloud generated during the free fall intp the
example. During)d smouldering fire situation inside the pellet stack, gas accumulation (e.g.

pund

to the~explosion protection measures mentioned in 8.3.2, the following additional risk

— Equipmentinstalled in a warehouse in arisk classified area to be certified according to the explosion
risk classification of the specific area/equipment

— Wheell

oaders designed to work in dusty environment.

— Explosion relief arrangements in enclosed areas where there is a risk for dust- or gas explosions.
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11.4 Additional information, recommendation and requirements on design and
protection of warehouse

11.4.1 Detection systems

Monitoring of the pellet bulk inside a warehouse could be made by monitoring the gas composition
using gas detection system, or the gas concentration using CO/CO, detectors. The measurements should
preferably also include any automated underground discharge system. Due to the size and influence of
ventilation, an aspirating monitoring system would possibly provide the best coverage of the entire
warehouse volume. It should be noted that the use of powered mobile handling equipment inside the

storg

ge can disturb a gas detection svstem and canse false nnwanted alarms

Temperature monitoring of the bulk material close to the surface could be made by u$ing
erature sensors which are introduced into the pile while monitoring deeper into’the pile requires

temp
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11.4

Desij
beloy
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also
close
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For |

se of temperature sensor cables suspended from the warehouse roof. The yertical sp
idual temperature sensors on each such cable should not exceed 3 m. The@murmber of s

pbf warehouse, construction of warehouse roof, duration of storagesThe sensor cablg
hed to the warehouse floor or kept in position by some other artangement in order
s in their vertical position during filling. If the discharge is madédby use of wheel loade
ble to easily move the sensor cables to a safe position duringthe'discharge operation.

e in the engine compartment of all wheel loaders could be'a potential ignitions sourcg
and the stored pellets, a fire detection system (and fixed extinguishing system) shoul
stalled in the engine compartment of wheel loaders opérating inside the warehouse.

ion, for example in the first transfer point*of the conveyor system if using an
rground discharge system or, below the hopper outlet to the main discharge convey
y a wheel loader for discharge.

e further information on various monitoring and detection systems are given in Annex

Control that the roof construction is deigned to withstand the load from temperature det
hed to the roof as a result of the'flowing pellets during filling and discharge, if installed.

2 Fire protection

bn the general wall/construction of the warehouse construction to be as airtight
v the maximupnfilling level to restrict air entrainment into the bulk material. Large s
rably have séveral door openings for discharge along its perimeter to enable adequate
in case of.emergency. Doors, openings, hatches located below the maximum filling ¢

t bulkowhich could cause localized self-heating and ignition.

spears with

acing of the
bnsor cables

pears) and spacing between the individual cables should be based on the specific copditions, e.g.

s should be
to keep the
s, it shall be

for igniting
d preferably

detection system for monitoring the discharged material should be installed at first possible

automated
or system if

G.

ection cables

as possible
rores should
reclaiming,
bvel shall be

d and sealed when not in use to minimize the possibility for unintentional air entrainment into the

hte different

hrge stores, subdivision with concrete walls should be considered to enable to separ

batches from each other (avoids mixing of different qualities and conditions) and provide possiblities to
discharge the specific batch causing problem. It also reduces the likelihood for spread of smouldering
fires inside the bulk. The layout of the separate storage areas shall not obstruct movement of pellets
and mobile handling equipment.

The internal construction of the warehouse (e.g. steel beams in the roof) shall be designed to prevent
accumulation of dust.

An inlet chute creating a free fall of the incoming pellets should be arranged between the feeding
conveyor and the distribution conveyor over warehouse or at a suitable location before the distribution
conveyer to allow the installation of a ignition source detector in combination with either

— aquick activating water injection system,
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— aquick

acting material rejecting valve,

— a possibility to reverse the distribution conveyor for rejection (rejection material shall then be
guided to a safe collecting area).

A specific storage area shall be available for handling the discharged hot/smouldering/burning
material. The location should be carefully selected considering the possible risks for nearby objects,
neighbouring activities, dominant wind directions, etc. The storage area should include possibilities to
collect any extinguishing media.
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Explosions

gas explosicons—The-type,—size-andloeat

1ther personnel entering areas affected by smoke gases. It is important that all pers

ty of expanded foam (e.g. applied as CAF) should be used as this will protect the
lice the penetration of oxygen into the bulk material and reduce the amountefwater.
s covered with foam, additional foam application can be made in suitable.intérvals.

ment (or alternative) to the fixed fire protection system, a fixed stand pipe system
at suitable locations inside the warehouse should be installed for-the use of the fire

y/burning pellets as the inner part of the pile is exposed. Ifthere is no fixed foam sy
protect the overall surface of the pile(s), there should alsoybe suitable foam concent
'tioning equipment, and foam branches/foam monitors available to cover the pellets W
m. The use of a mobile CAF system would be the best option. The stand pipe system s}
tions for fire hoses at suitable locations, possibly both inside and outside the wareh

Ee possibilities for the firefighting personnel shalkbe considered.
be access to mobile IR camera to detect apy*hot material or smouldering material i
h] during discharge.

ment (Self Contained Breathing Apparatus) shall be available and used by the wheel Iq

t education and regular training to use the SCBA equipment.

losion protection

nstalled in and used in-a risk classified area shall be certified according to the expl
cation of the storage during different operational procedures e.g. filling, discharg

a)

ers should be{designed to work in dusty environment, e.g. having shielded hot surf
reneratingymaterial in wheel loader bucket, equipped with a fire detection and

relief arrangements shall be installed in enclosed areas where there is a risk for du

with
and

ce. This will be important during emergency discharge of pellets to quickly extinguish any
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effective pressure relief but also prevent the risk for injury of personnel when activated.
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Annex A
(informative)

Description of solid biofuel pellets supply chain and general safety
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guidelines for unit operations

Introduction

supply chain includes handling and storage at the pellet producers, commérgial d
ges and end-users, which could be large scale industrial applications (e.g. power plan
poilers and distributors/traders delivering to small scale boilers for privdte tUse. The §
ofuel pellets can involve water borne, rail or road transportation.

e size of storage, the yearly turn-over and complexity can vary conSiderably this docun
k based approach to determine what safety measures should be éonsidered. It is therefi
Ine user of this document to have knowledge and experience corresponding with the ¢
hcility to determine which clauses are applicable to the facility being considered.

on A.2 is an orientation of unit operations in typical supply chains for solid biofuel pel

on A.3 to A.5 provides more specifics on the major unit operations in generic suppl
biofuel pellets.

kample of a risk assessment is presented:far a commercial medium size wood pelle
jvely low complexity is shown in Annex H.

Description of the solid biofuel pellets supply chain

|l Producers

clause contains a briefdescription of the process equipment, which can constit

in the Figure A, 1"has a number and is referenced in the text.
perations in‘the supply chain are:
Following the pellet presses (1), the pellets are cooled by air flow (2).

Thedust and pellet debris of the cooled pellets are removed in a screen or sieve (3).

istributors/
ts), medium
upply chain

nent is using
re essential
bmplexity of

ets.

y chains for

L store with

ute a pellet

ction line after thelpellet presses as illustrated in Figure A.1. All unit operations in the supply

Thanallate ara haraaftar trancnartad hy canvauny (A) t0 4 ctaraagan [
e CHe o e Ca e r— S oV ey o1~ 5

B which can K
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warehouse.
From the storage, the pellets are either

Loaded to bulk transport (6-10) (either via a trader (see A.2.2) or directly to a resid

b a silo or a

ential/small

scale end user (see ISO 20023) or an industrial end user (see A.2.3). (The bulk transport can be

by truck, rail or ship); or

Packed in bags and stored prior to transport (11-12).
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3. Screen/sieve/

4. Conveyor

1. Pellet presses 2. Cooler

5. Pellet

storage
10. Bulk 8. Sieving/ 6. 11. Bagging 12

«1—9. Hopper«— separation 7. Elevator :
transport . Conveyor equipment Storage
of fines

Figure(A.1 — Example of the handling stages of solid biofuel pellets.at a production site

A.2.2 Commercial distributor/storage

The solid bipfuel pellets are loaded from the storage facility at'the production site. Many commgrcial
traders operate a storage directly by themselves or by using-a-service provider. Silos or flat storages are

common anfl Figure A.2 show the usual steps of handling the solid biofuel pellets for the transfej

into

the traders storage, and for the reclaiming of the solid biofuel pellets to be distributed to the end user.

Transfer tq stock

Bulk trahsport Unloading Conveyor/elevator Stora_ge gt trader/

conveyor distributor
Reclaiming of stock
Sieving/
Conveyor Elevator separation of Hopper Bulk transport
fines

Figure A.2 — Example of handling stages for transport and storage of solid biofuel pellets
between production and the end-user via a trader/distributor

A.2.3 Industrial end-user

This clause contains a brief description of the main facilities, processes, and equipment, which can
constitute a pellet handling line at an end-user, see Figure A.3.
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1. Bulk

transport 2. Unloading » 3. Hopper » 4. Conveyor
arriving

A,
5. Transfer
7. Transfer | 6. Conveyor p01n‘t/magr.1et1c
polnt dI1Id OVETSIZE
screen

8. Elevating 9. Transfer
conveyor point

10. Main storage

13. Buffer

11. Reclaiming

A

12. Conveyor

storage system
14. Goniveyor 15. ;:;Zgizmg
Key
1 bulk transpertarriving at receiving station
2 and 3 unloadirigyand hopper, where the pellets are transferred to the first conveyor belt
4t09 conyeyor system, with sections connection via transfer points
5 magnetic separator and oversize screen for removal of extraneous materials
10 main storage facility (silo/dome; warehouse)
11 reclaiming system (gravity feed, mechanized discharge with screw conveyor or chain scraper or,
reclaim by powered mobile handling equipment such as wheel loader
12and 14 conveyor system, with sections connected via transfer points
13 smaller buffer storage (silo, bunker) to supply the boiler or pulverizing unit at boiler house

15 pulverizing process (not part of this document)

Figure A.3 — Example of handling stages at a power plant
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Based on the concept of a large scale power plant, (e.g. coal fired power plant converted into pellets),
the following can form the outline of the pellet handling system. Each item (1-14) in Figure A.3 consists
of one or more unit operations and related equipment which are further described in A.3-A.5.

NOTE Further important guidance related to both design, construction and operation can be obtained in
e.g. the publication “Fire and Explosion Protection in Biomass Powerplants” issued by VGB (VGB, 2013) and “Safe
handling and storage of biomass in thermal power stations” issued by Energy Institute, UK (Energy Institute,
2016). Although focused on large power stations, there are many general aspects that are relevant also for
smaller facilities.

A.3 Receiving station

A.3.1 Seaportloading or unloading

A.3.1.1 Gdneral information

Large voluthes of pellets are transported by ship as part of the overall supply chain. Althpugh
the transpoyt itself is not a part of this document, loading and unloading is ificluded. The following
information| is mainly describing the unloading process but much of the infermation is also valid for
the loading|process and should be considered in applicable parts. Successful loading and unloading
activities rejquire the co-operation of the ship’s crew, port authorities, stevedores and others wh¢ can
be involved.

Loading and unloading should be performed with minimal degradation of the pellets and due rggard
for the envifonment.

The choice ¢f loading/unloading equipment and operational*practice should minimise the emissipn of
fugitive dusgt, spillage of pellets and contamination (including moisture). Loading and unloadinjg (or
discharge) should be done in accordance with IMSBC €ode under the IMO SOLAS Convention (IMO) and
local regulations stipulated by port authorities and found in applicable port handbook or guidelings.

Gases such gs CO and CO, are liberated in largelamounts from pellets in enclosed spaces such as g ship
hold. The IMSBC Code prescribe closed hatch eovers during ocean transportation which brings the oxygen
level down tp almost zero and is an effective method making the hold atmosphere inert, which constjitute
a fatal risk fpr personnel. Proper, preferably forced ventilation, and verification of acceptable conditions
by use of both CO and O, meters is éxfremely important before entering a ship hold. Natural ventilation
to acceptablg level of a large shipdield and stairwells can take up to 24 h depending on the number pf air
exchanges. Bulk movement of.pellets can also engulf personnel. Access to the hold should therefofe be
strictly contjrolled, and assessments of the risk to personnel entering the hold should be made.

Mobile handling equipment are often used in the ship holds to assist in unloading as well as during mop-
up and cleaning. Special operating procedures should be in place to minimize the exposure of pers¢nnel
to dust and|marginal air quality. The type of mobile equipment and the operating procedures should
also aim to minimise the duration of, and the fire risk associated with, these activities.

Safety of work worksafe

guidelines as they relate to:

— the type(s) of ship to be unloaded and ship configuration; e.g. gearless, gantry cranes, deck cranes,
self-unloader, type of hatch covers, etc.;

— the properties of the pellets (bulk and physio-chemical) and any other material to be handled by the
machine;

— requirement to minimise dust emissions;
— noise levels;

— requirement to minimise pellet degradation;
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— exposure risk (dust, CO and oxygen depletion) if mobile equipment with operator is used in the

cargo hold during unloading.

The IMSBC code (IMO, section 3) prescribe ventilation of cargo hold headspace and stairways prior to
personnel entering such spaces. Such ventilation is often done immediately after the ship has arrived
weather permitting and should always be followed by gas inspection before unloading is allowed to
begin. The gas inspection should involve measurement of both CO- and 0,-concentration as a minimum.

A.3.1.2 Grab cranes

Cranes with grabs are commonly used for unloading ships to receiving hoppers on the dock or in some

casey
unlo

cargo is received on land it is usually dropped in a hopper, sometimes with fans generatihg un
to suppress the dust generated in combination with dust collection. The hopper mayibefitted
for removal of tramp material. All unit operations during loading and unloading|should bég
minimizing the damage to the pellets and to minimize the generation and disbursement of dust.

Recejving hoppers should be of conducting material so no insulative cladding should be us
the pellets and dust is in contact with dissipative surfaces when landing:

Equipment should be installed to detect hot or smouldering material at the discharge of
together with means to extinguishing or cooling or alternatively eject material (see also

prac
unlo

ice is also to do temperature spot checking of cargo with'tnanual IR sensor before as w
hding. Some commercial supply contract has a maximum acceptable temperature of t

acceptance into a facility. If temperature is exceeding maximum allowable temperature th

have

A.3.]

to be cooled and if not practical it may have to bé.tinloaded on the dock for aeration ar

.3 Continuous Ship Unloader (CSU)

The fnain types of continuous ship unloaders{CSU) are outlined below.

$crew conveyor:

Screw conveyor unloadets typically include a counter-rotating head at the end
screw conveyor, feeding)further belt or screw conveyors in the boom, and a dischar
They are typically rail-mounted on a quayside.

Advantages: High throughput rates, enclosed unloading system.

boom and arm. Large extraneous materials can also block the screws. Also the f
will ifigrease due to high impact on the wood pellets by the screw (see A.4.3.7).

Vacuunrunloaders:

unloading is done from one ship to another ship or barge. The crane can be the gear pnboard the
ding ship or the crane can be mobile on wheels or rail or on a barge or stationary onjthe dock. If the

er-pressure
with a grate
focused on

bd to ensure

the hopper
A.4.2). Good
ell as during
he cargo for
e cargo may
d cooling.

bf a vertical
oe Conveyor.

Disadvantages: High power consumption, finite length of screws results in bearings within the

nes content

movers and

+— “Vacuumunloaders comprise a suction nozzle ]nrgp filter vessel connecting pipe ajr
a discharge conveyor. The air movers induce a flow of air sufficient to transport the
the suction nozzle, through the connecting pipe and into the filter vessel where th

pellets from
e pellets are

detrained from the air and passed, typically through rotary valve, into the discharge conveyor.

They can be either wheel or rail mounted on a quayside.

— Advantages: enclosed unloading system, no moving parts within the fuel.

high energy consumption.

Bucket wheel / bucket elevator:

elevators are typically rail mounted on a quayside.

© IS0 2020 - All rights reserved

Disadvantages: explosion risk in filter housing, degradation of pellets at high air velocities and

Buckets are mounted either on an adjustable arm or on a wheel. Due to their size, bucket wheel
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— Advantages: high throughput, access under hatches on larger ships.

Disadvantages: This is a less preferred conveyor due to its relatively high explosion risk, and

creates significant dust emissions from bucket wheel unloaders and transfer points within the
unloader.

Sandwich Belt and self-unloading ships (into hopper):

These ships comprise of several holds mounted above a discharge conveyor. A sandwich-belt

arrangement is used to convey the pellets up the bow of the ship and along a boom to a discharge
point; typically a hopper.

Dis
con|

A.3.2 Tra

A3.2.1 Ge

Railcars us
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car is turne

A3.2.2 R4

The capacit]
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antages: Do not require dedicated unloading systems.

hdvantages: Small capacity of ship, no segregation between cargo and personnel ar
veyor in ship’s hold, dust emissions between hold and conveyor can be significant.

in unloading

neral

pd for transportation of solid biofuel pellets are covered, usually the grain-type,

pneumatically operated bottom gates for discharge ofscargo. The railcars are us
3 or 4 internal hoppers, each emptying through separatébottom gates. Other types in
cars with closed bottom and removable or hinged top cevers which open up when the e
| over.

il receiving hopper

7 of a rail unloading hopper can vary between a single wagon and an entire train. The ]
s typically at ground level, with the hoppér and reclaim mechanism (usually screw or

conveyors) below ground level.
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The accum

ng hoppers should be located under cover to protect the pellets and handling equip
re ingress. Floor surfaces_should be profiled such that any liquid drains away fron
inimise contamination.

bppers should be of conducting material so no insulative cladding should be used to er

n are not typically*fitted with coarse grid as a first stage of tramp removal, but are f
raction systeimns/to remove dust from the air displaced by the fuel. Angled baffles m
rove the perférmance of the air extraction system.

pf the<rail reception area should be minimised at the point of discharge and adeq
bteetion Equipment (PPE) provided.
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fire and explosion hazards. Suitable measures include internal conductive cladding in relevant areas,
installation of shedding plates, air extraction systems, the provision of cleaning equipment and where

necessary, a

ccess for cleaning activities.

Fire detection and suppression equipment should be fitted as required by the necessary assessments.
Detection and abortion of hot incoming material is advisable in order to avoid loading overheated
material into storage facility. Suitable detection system would be IR sensor not sensitive to daylight
(see Annex G).
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A.3.3 Lorry (truck) unloading

A.3.3.1 General

Lorries (trucks) used for transportation of solid biofuel pellets are covered and usually have hydraulic
systems for unloading the cargo into a receiving hopper or directly onto the floor inside a warehouse.

A.3.3.2 Lorry (truck) receiving hopper

The lorry (truck) receiving hopper is typically at ground level with the reclaim mechanism (belt

conv
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equij
from|
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discH
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extrd
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eyor, chain conveyor or screw feed) below the ground level

y (truck) reception hoppers should be located under cover to protect the pellets,a
bment from moisture ingress. Floor surfaces should be profiled such that anydiguid
the hopper to minimise contamination.

ers should be fitted with coarse grid as a first stage of tramp removal and'an air extrag
ve dust from the air displaced by the fuel. Angled baffles may be used.toimprove the
P air extraction system.

iving hoppers should be of conducting material, so no insulative-cladding should be us
ellets and dust is in contact with dissipative surfaces when fanding,.

es should be earthed before discharge commences. Occupancy should be minimised at
arge and adequate PPE provided.

hccumulation of dust layers should be avoided asthey present fire and explosion haza
ures include internal conductive cladding in relevant areas, installation of sheddin|
ction systems, the provision of cleaning. egquipment and where necessary, access

ities.

Hetection and suppression equipment.should be fitted as required by the necessary 4
ction and abortion of hot incoming’material is advisable in order to avoid loading
rial into storage facility. Suitable.detection system would be an IR sensor not sensitiv
Annex G). Depending on the operation at the receiving hopper a manual handheld det
Cient.

.3 Moving receiving systems

Fal different typeSof systems are used for receiving wood pellets delivered by lorry (4
sing movingfleors or belt on ground level on which the pellets are dumped from the
er transpoptation into a storage. Dust extraction systems are recommended to k¢
entrationnin the area as low as possible.

I ~Dust handling
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Minimizing the generation of dust and an effective dust handling is important for the overall safety.
Annex C provides further information about the risks with dust and recommendation on prevention
and mitigation of dust explosions.

A4

Conveyor system

A.4.1 General

A.4.1.1 Conveyor design

Wood pellets are subject to impact and attrition during transportation by conveyor due to drop and
friction. All conveying systems that encourage impacts or rubbing, wedging or grinding actions should
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be avoided. To protect pellets, from e.g. precipitation and contamination and to minimize dusting to the
environment, conveying system should be covered.

When designing a conveying system consider the following general aspects:

— The optimum length of a conveyor should be determined by not only the distance and geometry of
transportation but also by the load of the material and size of the drive motor. The number of drops
and the height of the drops should be kept at a minimum (see A.4.3.2). Risk for spreading burning or
smouldering material during emergency. Specific conveyors designed to handle hot or smouldering
material should preferably be used for emergency discharge.

— Extraneousmaterialscanactasan ignifinn source_Extraneous material separators such as magnet
separatpr should be used for extraction before the pellets are entering e.g. storage or pulvetizprs.

— Consider the need for compartment and partitioning in the design.

— Design the conveying system for reduced motion speed to prevent sparks due tocontact betyveen
moving|parts (not applicable for a belt conveyor for example).

— Spaces where accumulation of dust can occur should be avoided. Avoid ‘hot surfaces. Mag¢hine
comporfents which can become hot during operation should be shielded, to.avoid contact with dust.

— Rollers |(idlers) with ball bearings or bushings under constant load should have dust-proof in-
capsulation and location in high wear applications should belequipped with e.g. linear table
detectofs, thermocouples, be monitored with IR heat sensors or €amera (see G.2.8).

— Guide-rpllers and idlers for conveyors should be made of conducting material such as metal to
dissipatle static electricity generated by friction.

— Transfer points should preferably have dust collection and impact limiting deflecting deviceq (see
A.4.3.2)

— Considgration should be given to incline angle of belt conveyors and surface friction such| that
material cannot avalanche. Maximum incline depends on the characteristics of the wood p¢llets
(diameter, length, surface friction) and.can be experimentally determined. However, a conjmon
guidelinje is 21° to 25° on a flat profile belt but may be steeper if the belt is profiled with ribs.

— Belt shquld preferably be made ofnon-static material.
— Belt shduld preferably be made of fire retardant material.
— Convey¢r systems should’have shutdown sequencing starting upstream.

— In certdin locations,it is beneficial to be able to reverse direction of conveyor belts in emergency
situatiops for dumping of burning or smouldering.

— Automattic.sampling stations are often required for high volume handling of wood pellets| The
sampling(station can be integrated with part of the conveyor system or located in conjunction|with
a transfer point. SOome stations are semi-automatic or even manual and special precautions has to
be taken to protect operators from injury.

A.4.1.2 Protection of indoor conveyor systems
Use non-combustible covers.

Do not position conveyors above each other (either parallel or crossing over) if the area is protected by
automatic sprinkler at the ceiling.

Avoid conveyors passing a fire wall. If such passing is necessary, suitable protection measures should
be installed to ensure the fire wall rating.
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Hanging skirts above conveyors for blocking dust from spreading should be of electrostatically
dissipative material and properly grounded.

Do not store combustibles under indoor conveyor belts that are more than 1,2 m wide unless a non-
combustible barrier and automatic sprinkler protection suitable for the hazard is provided below the

conveyor.

A.4.1.3 Protection of outdoor conveyor systems

Use non-combustible enclosures and insulation for conveyor galleries, tunnels, etc. Vertical rough
surfaces with a propensity to collect dust should be painted. Preferably with antistatic paint.

Coml
insul

Gene

A.4.1
Vide

Prev
bear

Cond
debr
accu
foro
hot p

A4.]

To a
Ssystd
over
hot
mini
extirn]
tranf
sour

bustible insulation should be covered with fire retardant coating or replaced by non3
ation.

ral protection of conveyor steel constructions against impact from traffic, snow, lands

4 Operation and maintenance
b surveillance of areas not regularly attended by personnel.

bntive maintenance should include scheduled lubrication, exchange of moving parts
ngs, bushings, levels etc.

uct regular inspections of conveyor galleries to ensute-there is no build-up of dust s
s beside or under the conveyor. Use a handheld IR-caimera to detect friction against m
mulation, metal-to-metal, over-heating of bearings,'skewing, etc. Fixed IR cameras can
verall monitoring of hot spots at unit operation,areas where overheating can occur of e
articles can land such as collection bins etc.

A

Detection system

ms should be considered at critical logistic transfer points. Fixed IR cameras can be

i1l monitoring of hot spots at.unhit operation areas where overheating can occur of e
articles can land such agcollection bins etc. Early detection is always the most effi
ize the consequences ©fja fire. Ignition source detection systems connected to a quig
guishing system or (@possibility for material rejection should be considered to be
port systems. This-will reduce the risk of ignition in silos or flat storage through exte
ces, such as sparks, friction heat etc. (see further information in Annex G). Also the in|

combustible

lides, etc.

such as ball

pttlement or
aterial/dust
be installed
quipment or

thieve and safeguard the operation;“the installation of sufficient fire and smouldering detection

nstalled for
quipment or
Cient way to
k activating
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areal open flamesensors or proximity sensors to detect broken or jammed belts should be fonsidered.

A.4.3 Conveyor types

A.4.3.1, Belt conveyors

There are several types of belt conveyors on the market such as standard open belt, folded belt and
tube belt types. Tubular belt conveyors can include both vertical and horizontal parts and therefore
minimize the number of transfer points. Belt conveyers are generally having a low power consumption,
causes no or minimum damage to the product from the conveying (but there could be damages related
to the transfer points) and extended conveying distances are possible (up to 1 000 m for a single belt).
However, spill (waste) could occur due to return belt part and transfer points need special attention for
dust control and spills.

Apart from the conventional conveying type belts there is also a vertical twin belt conveyor for
unloading ships. This type is not yet widely used due to some drawbacks for example the ship cannot be
completely emptied and additional wheel loader is needed (more than for grab or pneumatic unloading).
Also the feeding device can introduce damage to the pellets. The unloading capacities are on the other
hand large, up to 1 500 t/h.
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A.4.3.2 Belt transfer points

Since a belt is running with speeds up to 3 m/s the transfer point design is critical as the pellets is
dropping down from one belt onto the running second belt.

During free fall transfer the pellets velocity will be increased which cause induced air flow. The latter
causes the dust getting airborne. Methods are available to “bootstrap” the flow of pellets by minimizing
the amount of entrained air in the flow. Examples are the “spoon hood type transfer” and the “Dust

Suppression Hopper (DSH), which reduce the dust formation significantly during free fall transfer.

A.4.3.3 Bucket elevators
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lignment and temperature sensors and interlock are however known to have a ligh r3
plosions and special care should be taken to make sure proper design. Due to.the€ naty
pellets (i.e. risk for fire and dust explosion) the elevator is more and more declined in
Ce there have been many incidents also in other wood industries. It is possible to mit]
s by monitoring devices for belt skew, belt misalignment or blockage, and insulation ¢
h for example rotary feeders and suppression systems.

ndulum Bucket Elevators

the bucket elevator is the Pendulum Bucket Eleyator. Here the buckets are able to
be used for horizontal conveying. The benefit«s that the belt speed can be low sinc
tipped at the discharge point and emptying on gravity only. The capacities are lower
randard elevator but the advantage is that darhage to the product is minimized. This tyj]

b to the many moving parts and the abrasive nature of handling products.

inclines conveying specialibelts are available. These belts are equipped with fle

hain of segregated parcels. For conveying vertical the pockets are bucket shaped r

ain conveyors

ors are typically transporting horizontally but can be configured to transport also (¢
pe. Sinice' these units are completely closed, the product inside is protected from ext
'hus the dust is contained. Chain conveyors can be equipped with dust suppression sy

and venting

hout
ite of
re of
new
igate
f the

been made to re-design the elevators, solving the main problems-Such as speed of the belt and
the feeding ¢f the pellets at the bottom. These developments are not yet widely available on the mar

Ket.

spin
e the
than
pe of

5 widely used for handling of delicate preducts. This technology is not common in the pellet

xible

enting the product fromfalling off the belt sideways. The belt is divided into compartments

hther

n an
brnal
stem

tochandle products with entrained dust in smaller applications.

As an average, the speed of the chains is around 1 m/s; hence more or less gentle for the pellets. An
important parameter is the loading of the chain. The pellets damage will increase in case of overfeeding.
The vertical chain conveying will therefore create more damage (fines and dust) than the horizontal
and inclined chain conveyor. A special model of this chain type conveyor is the disk tube. Here the
pellets are trapped between discs equally spaced on a chain and pulled forward.

With this system, bends are possible both horizontally and vertically. Capacity is limited to around
90 m3/h, which is somewhat low for the most pellets application.

A.4.3.7 Screw conveying

Screw conveyors are used in a variety of applications such as transporting product from a hopper or
storage over a distance of up to 20 m. Flat bottom silos can have a sweeping screw conveyor feeding
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pellets to the center gate leading to an underground conveyor system. Screw conveyors are also used
for feeding boilers.

Screw conveyor are most suitable for short distances, and a completely closed and dust tight
construction is possible. Inclined and vertical conveying is possible but will result in increased damage
of the pellets. Screw conveyors require special design for minimum pellet damage by optimum the
clearance and reduced RPM. They might be difficult to run completely empty and will create noise in
combination with pellets handling.

A.4.3.8 Pneumatic conveying

Pney
plant
the alirstream and moving at high speed and any bend of the airstream will cause the.pelle
with
using gravity. Since a power plant is usually grinding the pellets to dust the degradation ig
a prgblem, but the conveying system is not suitable as a primary system for‘long term sto
is transported at high speed it becomes electrostatically charged unless the pipe apd receiving
collertor is made of dissipative material (usually metal). It is importantto make sure th¢
properly designed to avoid ignition of the dust.

dust

Pneymatic conveying systems are closed minimizing spills and¢protecting the pellets,
flexible due to random routing with short bends and the transfer point can be completel
Howegver, the power consumption is 10-20 times higher than“for belt conveyors and spec
should be taken for wear parts like rotary valves, pip bends) etc.

A.4.4 Dust handling

Mini
Anngx C provides further information aboug.the risks with dust and recommendation or
and mitigation of dust explosions.

A5

A.5.
Whe

. It can also be used for transportation of pellets inside a power plant. The pelletsare

the pipe wall which generates dust. The pellets are extracted from the air stteam by

mizing the generation of dust and an effective dust handling is important for the oy

Storage facility

| General design considerations

Type of operation (e.g. pellet producer, short term storage at harbour, long term storagg
ain storage-at power/heating plant, intermediate storage at pellets distributor, etc.).

inimum required storage capacity. The angle of repose for the specific pellet will de
egree of filling the silo can take. This can be found in the product safety data sheg

matic conveying 1s sometimes used for unloading wood pellets Irom ships or barges Into a power

entrained in
ts to collide
a separator
in itself not
rage. As the

pathway is
he layout is

y dust tight.
al attention

erall safety.
prevention

h selecting the type-(silo or flat storage) and size of storage, the following should be c¢nsidered as
a minimum:

b in harbour,

termine the
t or similar

roduct specification.

Typical quantities during filling and discharge (for example, a truck load, a set of
transatlantic shipload).

Expected turn-over (i.e. min/normal/max storage time).

Type of pellets to be stored (from one source or many different types and sources). Mixi
with substantially different permeability can contribute to self-heating (see B.2).

The need for automated handling.

rail cars, a

ng of pellets

The land area available for the handling and storage. The location and the distance between silos

needs to allow fire and rescue vehicles to safely access the area.

Location (neighbourhood activities).
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— Accessibility and options for material handling including a sufficiently large lay down area in case
of problems such as self-heating or fire (e.g. only storage facility or at a power/heating plant where
the pellets can be combusted). The possibility for emergency discharge is important to consider and
installation of a separate conveyor system designed for handling the discharged hot/smouldering/
burning material is strongly recommended. This is of particular importance if several silos or
bunkers are served by only one conveyor system.

A.5.2 Silo
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bd, e.g. temperature sensor cables.stispended from the silo roof.

edium/large size silos where the pellets can be stored for up to several months, both
rstem (Multi Gas Detector-MGD or CO/CO,) and temperature monitoring systems fo
bl should be considered.-Inlarge diameter silos, an aspirating gas detection system w
e to ensure coverage of’'the entire headspace volume. Also the number of temper
s should be extended-to cover the entire bulk material.

portant to desigi-the silo such that the risk for bridging and ratholing is avoided. Thg
5 increases with’smaller silo diameters, if the bulk contains large amounts of dust and

h self-heating/fire situation where moisture and smouldering can cause agglomerati
During free fall of pellets from the top there is a natural segregation of pellets an
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the silo and in some cases becomes a quahty issue for a shlpment Be51des geometry, quallty of product
and distribution of pellets and fines, issues with the flow of material inside a silo (e.g. bridging, ratholing)
are closely related to the sequence of filling and discharge operations (D.2.5.4). The segregation is
eliminated if the silo has a so called “bean ladder”, “grain ladder” or “filling tube”, positioned in the
center of silo providing a slide or step-wise avalanche from top to bottom. The segregation can also be
eliminated or at least minimized by installing an inverse cone just below the intake at the top of the
silo. The cone will spread the dust and pellets more evenly towards the periphery and if the diameter is
correctly designed the mixture of pellets and dust will be disbursed evenly in the pile. This eliminates
most of the risk of stratification and also makes the material flow out of the silo more even and in
addition eliminates most of the risk of bridging and ratholing.

In case of an emergency situation (self-heating/fire in the bulk, a dust/gas explosion in the silo head
space), there are very limited possibilities for a rapid discharge. Instead the situation has to be kept
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under control by the use of a fixed inert gas system installed both at the silo bottom and in the silo head
space to avoid further escalation and to allow discharge using the ordinary discharge system. However,
in complex facilities, it might be relevant to design and install a separate emergency discharge system
(see NOTE).

NOTE There are many examples of silo fires where the lack of emergency discharge has created great
problems to discharge the silo in a controlled manner, and in several cases this has resulted in a total loss of both
the pellets and the silo. The complexity and problems increases if only one conveyor is used for multiple silos
as there will be a risk for fire spread. Accessibility to the conveyor for firefighting personnel will also be more
difficult if the conveyor system is located in a culvert below the silo(s). A separate discharge possibility from each

silo is therefore strongly recommended.

A.5.2

A.5.7
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discH
throt
is th
centg
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Ther]

.2 Type of silos

.2.1 Large diameter freestanding silos

e diameter freestanding silos are all flat-bottomed and built on a flat conctete constry
arge conveyor system in a culvert below the floor. The main bulk volumie is discharge
igh one or several gates until the bulk materials angle of repose jis.reached. Comple
bn usually obtained using a circulating reclaiming screw conveyor-feeding the mater
br where the gate is located. For very large diameter silos, where a sweeping screw
echnically feasible, the final discharge can be obtained by‘the use of several parallg
ms below the floor construction allowing several discharge gates, minimizing th
rial. However, the final discharge requires the use of.a*wheel loader for a complet
her alternative is to use a vibrating floor constructioanwhich allows a complete dischd
hal operations.

e are three different construction principles for large diameter silos.

teel silos where the wall construction is made of a welded steel or by curved segments o
teel plates bolted together. The wall construction is not able to withstand any uneven |
he wall, which means that the silo/should be evenly discharged by gravity through
enter at the bottom of the silo. The roof is also a steel construction attached to the s
oof can be equipped with explesion panels (see NOTE).

is stronger, it is able fo)withstand an uneven load towards the wall. These silos often

ilos with a concrete wall ¢onstruction, either by use of concrete wall elements attacheq
orm a circular wall or by.conventional molding/slip molding of the silo wall. As the wall ¢

oor opening in thewall making it possible to enter with a wheel loader for e.g. final
he silo. The roefis a steel construction attached to the silo wall. The roof can be eq
xplosion panels’(see NOTE).

ome siles)are constructed of a thin reinforced concrete shell having a half-spherica
utersurface of the dome consists of a reinforced PVC airform, which during the initial
hase 'is inflated with a fan system. The inside of the PVC airform is then covered w

ction with a
d by gravity
fe discharge
ial in to the
conveyor is
el conveyors
b remaining
e discharge.
rge without

f corrugated
bad towards
gates in the
lo wall. The

| together to
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have a large
discharge of
nipped with

| shape. The
onstruction
ith a spray-
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pplied foam insulation to a determined thickness followed by steel reinforcement and

application to obtain the necessary thickness of the concrete shell. Due to the construction method,
a dome silo is generally more airtight than a steel silo.The construction is very strong and can
withstand overpressures of about 1 bar and the roof construction can carry a significant load.

NOTE

There are examples from explosions in large diameter silos where entire silo roof has acted as an

explosion vent by lifting from the silo wall construction and then fall back again, even if the roof was equipped
with explosion vents. In certain occasions, a part of the roof has also been thrown away, falling down to the
ground beside the silo wall. This will prevent an effective inerting process as it might be impossible to reduce the
oxygen concentration in the silo headspace.

A.5.2.2.2 Tower silos

Often very high concrete construction (commonly 25 m to 50 m, but could be significant higher) with
many individual silo cells (often 4 m to 12 m in diameter) connected to a large unit involving 10 to
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30 individual cells. Existing tower silos are often built for handling and storage of grain, animal feed,
etc. In certain applications tower silos are also used for pellet storage.

Tower silos are discharged by gravity and have a conical/sloping bottom towards a discharge opening
positioned above a conveyor system, often common for several silo cells.

A.5.2.2.3 Small and medium size silos

Freestanding steel silos (often 3 m to 10 m diameter, 5 m to 15 m high), with a gravity discharge

through a conical hopper.

Rectang
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For this tyj
polytetrafly

A.5.3 Bun
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e of silos, the silo walls are sometimes treated with low friction coating, for example
oroethylene (PTFE), to improve the flow and reduce tendencies for hangings and bridging.

kers

rated
Crete
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inkers for pellet storage, often referred to as “pellet bunker*s fuel storage usually lo
or in the basement with an access door to enter from one-yertical side made out of con
bunker can either be filled up by tipping from a truck:but mostly by blowing in the p{
nectors from a silo truck.

so underground stores which have only a manhgle pit but no vertical access door.

be bunkers/pellet stores have a limited size and capacity and is covered by ISO 20023.

pdium and large size bunkers

o the
ction
nlves
open
ntire
nker

usually used as a last short term buffer storage before the pellets are transferred int
me cases via a milling unit. The construction is similar to a rectangular silo constru
several conical hoppers where the pellets by free flow are discharged via rotary v
w conveyor at the bottom. The difference compared to a silo is that a bunker has an
ction and is therefore integrated in a separate building (bunker house) covering the ¢

house on to
this filling
constructio
house. The

In general,
monitoring
It is also i

pellets are normally.charged into the bunker by a belt conveyer running along the by
p of the bunker alewing the pellets to be discharged into the bunker at any positio
rocess generates-a lot of dust, it is recommended to install a bunker covering, i.e. a

, which together with an air extracting system reduces the dust spread to the by
unker covering also reduces the risk for extraneous materials to fall into the pellets.

n. As
fover
nker

ture
tider.
ing

he turh-over of the pellets is relatively short, but as for silos, the need for temper
nside' the bulk, gas monltorlng in the bunker and bunker house is 1mportant to con
1P O

pellets. Due to the dust generatlon a thorough zone classification of the entire bunker house and the
equipment installed in the bunker and bunker house is vital. Accumulated dust on surfaces inside the
bunker house/bunker should be minimized as far as possible by constructive measures e.g. minimizing
horizontal surface area on beams. The bunker house and the equipment will need special attention in
relation to house-keeping and maintenance and a dust monitoring system can be useful to verify that
the dust extractions system works properly.

Although the turn-over is short, the need/possibilities for an emergency discharge due to an unplanned
shut down or an emergency situation should be considered. A fixed fire protection system (foam, CAFS)
will most likely be necessary to protect the bunker house and the top of the bunker while the need
for an inerting system for the bulk material inside the bunker depends on the emergency discharge
possibilities.
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The main advantage with a warehouse is that it is probably cheaper to build compared to a silo with
similar capacity and that it provides a degree of flexibility, e.g. possibility to store various pellets
qualities in separate areas in the storage. The storage also provides good possibilities for visual
inspections of the stored pellets. The warehouse has also some advantages in a self-heating/fire
situation, as there might be a possibility to discharge the specific area of pellets causing the problem.

The main disadvantage is that a warehouse in general requires more manpower during normal
operation. The discharge of pellets is mainly made by using wheel loaders moving the pellets from the
pile to a hopper, sieve or bunker for further conveying to a loading station or a boiler system for example.
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bcessary. This can cause practical problems during discharge using the wheel loader, H

ts in dust formation. Some form of dust suppression system should therefore bé.cons
ischarge using a wheel loader generates dust, in particular when discharging the bug
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ing procedures. Overall, the normal operation in a warehouse can.cause a dusty e

of view and from a fire/explosions point of view.

ol could be complemented/improved by using spears with a temperature sensor with
duced into the pile. However, this requires personnel to walk in top of the piles, which i
risks (such as off-gassing, dust and envelopmeiit) but also the problem that the speg
de temperature measurements 1-2 m into the‘pile. To monitor the temperature cond
e bulk, installing temperature sensor cablessuspended from the warehouse ceiling mig

ical examples where the temperature lines can be moved out of the area as discharg
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Annex B
(informative)

Self-heating and off-gassing

B.1 Introduction

This annex

important t
Clauses 3 an
read the ful
(Obernbergs
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method for

B.2 Geng€

Self-heating

bives a brief description of the phenomenas of self-heating as well as off-gassing whi¢
b consider during handling and storage of biofuel pellets. The text is based on seme pa
d 4 in the IEA Guidelines (IEA, 2013). For both a wider knowledge and more détails, p
er and Thek, 2010). Off-gassing is a consequence of self-heating and earlyydetection g

brevention of self-heating in silos and thereby also off-gassing.

ral description of the self-heating phenomena

is a well-recognized problem, which has been observed‘for many different materialg

different copditions. The most well-known material prone to self-heating and spontaneous combus

is probably
under certa
heating can
Babrauskas

bil soaked rags. However, any material that can either decompose or be oxidized by ai
n circumstances exothermically reach spontané€ous combustion (Babrauskas, 2003).
be seen as the first step in a process that might finally result in spontaneous combu
(Babrauskas, 2003) defines these steps as:

a) Self-hedting: an increase in temperature due té.exothermal reactions in the fuel.

b) Thermg
c) Spontai

This means
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| runaway: self-heating which rapidly accelerates to high temperatures.
eous combustion: smouldering glow or flaming by thermal runaway:.

that by these definitions spontaneous combustion could, but does not have to, mean
h flames can develop-when the reaction front reaches a surface open to air or when ¢
the bulk materialimix with air in the head space of the silo and ignite. Open flame
ent inside the pile of material since the voids between pellets are normally smaller
hg diameter. Since the spread of the reaction front is affected by the availability of ox
s not always<symmetrical, but follows the oxygen, which can lead to strange smould
| pile of niaterial. Due to the importance of the relationship between the heating and co
elf-heating often is most pronounced in the centre of a pile, but other factors have a st

different b

hermal convection within a pile is driving the heat upwards, and e.g. mixing of pellets
Ik-permeability causing inhomogeneity such as stratification with dust layers insid

ticularly CO, is an indication of chemical reaction in a pile of pellets. See Annex E for
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IEA document. Even further information can also be obtained from The-Pellet Handbook
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pile blocking the natural convection, wet spots, and non-symmetrical availability ol oxygen, resu
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that the self-heating may not always occur in the center of the pile. If storing material in a pile, there is
a risk of development of open flames when material is removed from the pile, allowing oxygen to come
closer to the parts where a smouldering process might be occurring.

In materials prone to self-heating, the self-heating process occurs throughout all of the material. The
temperature rise is then controlled by the removal of heat. The heating processes increases with
increasing temperature, but there are also different processes active in different temperature ranges.
A system where the ambient temperature is such that the temperature of the material will increase
until ignition (if nothing is changed) is called a supercritical system. A system where the ambient
temperature and other conditions are such that the cooling is larger than the generated heat is called
a subcritical system. This means that increasing thermal conductivity or decreasing the heat of
reaction will decrease the propensity for self-heating. The processes, however, depend differently on
the dimensions of the storage. The generation of heat is proportional to the volume of the material,
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while the cooling is proportional to the exposed surface area. Therefore, the self-heating tendency is
proportional to the volume/surface ratio.

Self-heating in biomass is a well-recognised phenomenon (Kubler, 1987). The materials are generally
porous and susceptible to heat generating processes from biological metabolic reactions (microbiological
growth), exothermic chemical reactions (chemical oxidation) and heat-producing physical processes
(e.g. moisture absorption) and are thus prone to self-heating and spontaneous ignition. These three
processes can act alone or in combination, where the dominating process depends on the conditions,
e.g. temperature and moisture content. The oxidation reactions involved take place on the surface of
the material particles (involving solid phase reactions) meaning that the problem of self-heating and
spontaneous combustion arises for porous material with a large surface area to volume ratio. Cell
respjiration can continue 10T SOME tIMe alter Narvesting, as an exothermic process. TNis prgcess stops if
the material is dried and will not restart when rewetted. Oxidation of fatty acids in sawdust and other
moisft fuels is accelerated by microbial activity with mesophilic bacteria and fungi up‘to approximately
40 °C and by thermophilic bacteria up to approximately 70 °C. Above this temperature chemical
oxidation becomes dominant and further raises the temperature, in many casges up to an yncontrolled
temperature range.

As mpentioned above, self-heating occurs in many different materials._(for example, n
substances, agricultural products, and foodstuff), but it becomes a preblem only if the ge
cannot be transported away without increasing the temperature inthe material. This coi
is dgpendent on the properties of the material, the size and shape of the storage and
condjitions.

ost organic
erated heat
ing process
the ambient

The humidity of the material can affect the self-heating risk'in different ways. For high wafter contents
the water will either absorb heat or evaporate to such extent that the self-heating is limited.|At the other
end, [increasing the water content above approximately 16 % can start biological procesges (Krause,
2009). For dry materials, such as biopellets, additien of water leads to temperature rise dug to the heat
of adsorption/condensation. The reasons could.be a leakage of rain water in the roof or that the bulk
stordge is cooled by forced ventilation using airwith high humidity. The thermal conductivity of porous
matgrial is significantly affected by the moisttre content, especially for material at temperptures 60 °C
to 100 °C (Sjostrom and Blomqvist, 20149.,It is important to realize that different types of splid biomass
fuels} e.g. different types of biomass (pellets, behave very differently when it comes to selffheating and
off-gassing when stored. Dry solid biofuels such as wood pellets, briquettes and other dry splid biofuels
requfre protected storage to keepithe structure and low moisture content of the fuel. This|can be done
in silos or indoors, e.g. in Asframe buildings. The raw material for fuel pellet production|is normally
wood (sawdust, planer shayings, chips, harvest residue etc.). Wood is a complex material gnd contains

cellu
acidf
also

A nu
occu
by sd

lose, hemicellulose-and lignin and some extractive compounds such as terpenes, fat
and phenols, ete; Different kinds of tree species have different amounts of these com
ceasonal variation can occur.

mber of serious incidents of self-heating and spontaneous ignition of wood pellets in §
fred (Rérsson and Blomqvist, 2004; Lonnermark et al.,, 2008). There are examples of
1f-heating both in silos and in flat storage facilities. There is also a fire risk from vari

'y and resin
pounds; and

torage have
fires caused
bus external

ignitjon.seurces in storage and especially connected to the handling and transport of pellets.

Biofuel pellets are inherently sterile (contains no bacteria, yeast or mold) due to severe exposure to
heat during drying, fractionation during hammer milling and pressure during extrusion to pellets.
The combined effect of relatively high temperature regimes in pellet production and the low moisture
content of the resultant pellets are sufficient to limit the biological activities. However, if contaminated
by water after production, wood pellets may be subject to microbial growth causing self-heating and
off-gassing. Biofuel pellets are also subject to oxidation as well as hydro-dynamic moisture migration in
piles which causes self-heating and off-gassing.

Self-heating of fuel pellets does, however, occur in large-scale storage and also in some cases in smaller
piles stored at normal ambient temperatures. For wood pellets, the tendency for self-heating seems to
vary between different qualities of pellets and is most pronounced relatively shortly after production.
It has been observed that during storage of pellets the temperature in the pile or silo can increase a few
days or even hours after production. The temperature can vary, depending on the pellets raw material

© IS0 2020 - All rights reserved 61


https://standardsiso.com/api/?name=417142b11671dbbf038cbe6f2d002d88

IS0 20024:2020(E)

and mostly about 60 °C to 65 °C (Arshadi and Gref, 2005; Arshadi et al., 2009). The temperature increase
can sometimes be higher (for certain pellet qualities up to 90 °C), but at such temperatures the risk
of a run-away temperature resulting in a spontaneous ignition will increase, especially if the volume
of the pile is large or the pellets are stored in a silo. The most common procedure for handling such
temperatures is to distribute the pellets in thin layers over the pile surface to allow maximum cooling.
Filling a silo at a high filling rate with these types of pellets will limit the cooling possibilities and
increase the risk of a run-away temperature situation. Mixing of pellets of different moisture content
is another potential source of heat production as heat is produced in the process of balancing out the
moisture in the pile.

Part of the heat production is most probably due to low temperature oxidation of easily oxidised

component

fuel increas
and Gref, 20
(radical rea
accompanie
aldehydes a
volatile orga
amounts of

In addition,

N the material. It has been suggeste
s the problem with low temperature oxidation and self-heating of wood pellets(A¥
5). The oxidation process is very complicated. The oxidation reactions are chain.veac
ctions). In these reactions the fatty acids in pellets are oxidized to aldehydes.and ket
d by the generation of heat, i.e. it is an exothermic process. Further oxidation of {
hd ketones will produce low molecular carboxylic acids (Arshadi and Gref, 2005 ) . T
nic compounds have been detected during pellet storage. Fresh pine, sawdust contains
insaturated fatty acids.

absorption of moisture in pellets is an exothermic process, i.e.dt'generates heat. Ther

two phenomenon involved: condensation heat and differential heat. Péllets are hygroscopic and
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Ch then causes the release of condensation heat.

heat of sorption is released when the moisture eontent increases in the interval from i
to the fibre saturation point. The condensation heat released is much larger than th
heat when moisture is absorbed from air.
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Release|of asphyxiating gas (pringarily CO,) and toxic gas like CO as well as irritating gases such as
aldehydes and terpenes (see al§o)B.3). Spontaneous ignition resulting in pyrolysis of bulk material
and relgase of pyrolysis/combustion gases.

Gas and| h silo

in a fire|

or dust explosién; typically as a result of personnel approaching top compartment of
rescue work,See also D.2.4, D.2.5.2.

Surfacelfire andspread of fire, typically as a result of an explosion in a silo.

B.3 Gene€

ral description of the off-gassing phenomena

B.3.1 General

Off-gassing refers to the emission of different volatile compounds by solid biofuel pellets along the
supply chain, thatis, from manufacturing to customers use. The kind of raw material, its treatment prior
to production, as well as the pellets manufacturing conditions can have an influence on the off-gassing
characteristics and the gases emitted. The compounds observed can be divided into condensable gases
and non-condensable gases. Directly related to the generation of condensable and non-condensable
gases is the depletion of oxygen.

However, the mechanisms that cause off-gassing and how these mechanisms are influenced by raw
material characteristics, process parameters, and storage conditions are currently not well known.
Self-heating is generally considered a pre-cursor to off-gassing. Lignocellulosic biomass, such as solid
biofuel pellets undergo chemical oxidation (sometimes called auto-oxidation), and under certain moist
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circumstances can also be subject to microbial decomposition, producing heat and non-condensable
gases (CO, CO,, CHy, H,) as well as condensable gases (VOC). In addition, biomass suffers mechanical
degradation producing fine dust particles, which represents a health risk if inhaled and a safety risk
for fires and explosions Obernberger and Thek, 2010). Self-heating is correlated to auto-oxidation
(Arshadi et al., 2009; Svedberg et al., 2004; Arshadi and Gref, 2005) of fatty acids and resin acids which
contributes to the emission of condensable as well as non-condensable gases. The higher the content of
extractives the higher the content of off-gassing.

B.3.2 Condensable gases

B.3.241 General

In high temperatures, drying resins and fatty acids migrate to the surface of wood particleg where they
become more prone to hydrolysis and oxidation (Nielsen, 2009). These chemical processes change the
constituents of the molecular structure of the biomass and generates VOC such-as*aldehydes, ketones,
carbpxylic acids and terpenes, some of which contributes to the characteristic simeéll of wodd in various
stages of aging (Back and Allen, 2000).

B.3.2.2 Health considerations of condensable gasses

Emigsion of aldehydes is a health issue. Pentanal and hexanal ate emitted at high levels from stored
pellets. Hexanal is known to be a substance that can caus€s)skin irritation and affedt the upper
airwpys. It can enter the body by skin contact or inhalation; and therefore, it can be considered an
occupational and domestic health hazard (Svedberg et.ak;>2004). Guidelines issued by national and
regidnal authorities and information provided in Safety,Data Sheets by pellet manufacturejrs should be
consplted for more details regarding Occupational EXposure Limits (OEL). Table B.1 shoys exposure
limitks for some aldehydes:

Tahle B.1 — Permissible exposure limits-(PEL) and short-term exposure limit (STEL) for some
common aldehydes (AFS 2018:1)

Aldehyde CAS nn PEL (work day) STEL (for 15 min)
Acetaldehyde 75-07-0 ( ot P (9ggnl’gp/‘fn3]
Formaldehyde 50-00-0 (0’2'73I§gp;“m3) (0,346r£g;?n3)
Furfural 98-01-01 (82;"/%3) @ 05527:113)
Glutaraldehyde 111-30-8 — [O’%lmﬁg}rr“ng)

The

Bibliography provides a comprehensive list of documents from research on emi

ssions from

condensable gases. Areas where condensable gas emissions occur should be ventilated properly to keep
the (E)ncentrations below stipulated OEL. Workplaces should be organized such that perjsonnel does
not have to spend more time than necessary in such areas, even if the concentrations are below OEL.
Occupational hygienists should assess areas where emissions are known to occur and the Operating
Plan or similar document should include guidelines for personnel to minimize the exposure time.

B.3.3 Non-condensable gases

B.3.3.1 General

The main types of non-condensable gases emitted from lignocellulosic biomass during storage are CO, CO,
and CH,. It is important to know the amount and rate when designing a particular storage system safely.

As with the condensable gases, the off-gassing characteristics can vary based on the type and origin
of the material, the way it was produced, moisture content, etc. As these non-condensable gases result
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in oxygen depletion and can in some case be poisonous, sufficient ventilation of storage rooms is
necessary. This is particularly the case for CO,, which is heavier than air and can therefore tend to
settle in a storage bunker or flow to lower placed fuel discharge areas.

NOTE A test method to determine off-gassing from and oxygen depletion by solid biofuel pellets is currently
under development within ISO/TC 238/WG 7(ISO TS/WD 20048-1).

B.3.3.2 Non-condensable gasses health considerations

CO is a product of autoxidation processes of fats contained in biomass and the emissions are often
correlated to hexanal (Svedberg et al 2004) CO is a noxious substance w1th a 245 times stronger
chemical affir ' i T car R ' T

than oxygen. Yet, its rate of blndlng to this protein is 20 % slower than the bmdmg rate to oxygen (
2010). When there is a high concentration of CO present in the environment and a low concentration of
oxygen, the [haemoglobin binds to CO, forming carboxyhaemoglobin (COHb). The presence of COHp not
only causes |ess oxygen to be bound to haemoglobin, it also influences the oxyhaemoglobin dissocigtion,
with the enld result that the tissue oxygen partial pressure decreases causing tissue’ hypoxia (INRC,
2010). Normal levels for COHb in our bodies are 0,5 to 0,8 %, while smoking can present concentrafions
as high as 8[%. The lethal threshold level is considered to be 40 % (NRC, 2010)The following effedts on
human health are known (NRC, 2010):

— an expqsure to CO above 420 ppm for 10 min or 150 ppm for 30<min can cause irreversible or
serious, long lasting adverse health effects, or an impaired abilitj~to escape, including susceptible
individyals (people suffering cardiovascular diseases);

— anexpogsure above 1 700 ppm for 10 min, 600 ppm for 30 min; or 330 ppm for 60 min can cause life-
threatening health effects or fatality.

CO, displacgs air (oxygen) which causes asphyxiation. Sgimptoms of high or prolonged exposure t¢ CO,
and lack of pxygen are headache, increased heart rate, dizziness, fatigue, rapid breathing, visual] and
hearing dysfunction:

— above 24 % CO, in the blood - feeling of heaviness in the chest and/or more frequent and dgeper
respirations;

— at 3 % (O, - the breathing rate doubles;
— at5 % (O, - the breathing is fourtimes the normal rate.

At levels exg¢eeding the abovejeoncentration CO, is directly toxic. Thus, proper ventilation of st¢rage
rooms and lpwer placed fuel\discharge areas is essential.

Emission of|CH, (methane) from wood pellets is not toxic but, together with CO, increases the rigk for
asphyxiation by displacing air (oxygen). Due to oxygen depletion, possible health effects of inhpling
methane at high eencentrations are increased breathing and pulse rates, lack of muscular coordingtion,
emotional upset,nausea and vomiting, loss of consciousness, respiratory collapse and fatality.

B.3.3.3 Oxygen depletion

Auto-oxidation as referred to above in section B.3 is causing rapid depletion of oxygen in enclosed
storage spaces for wood pellets. Therefore, it is recommended to maintain a minimum oxygen level of
19,5 % and monitor the level of CO at the same time. The International Maritime Organization (IMO)
forbids entry to spaces unless there is a minimum of 20,7 % oxygen in combination with a maximum
of 100 ppm CO (Obernberger and Thek, 2010). Safety guidelines available today to avoid CO poisoning
consider a proper ventilation of the area, the use of gas meters for both CO and O,, the use of self-
contained breathing apparatus when the levels of these gases are not in the safe range (Obernberger
and Thek, 2010).

Lack of oxygen spontaneously increases the rate of breathing which in an environment with
concentration of CO, rapidly escalates the intake of the toxic CO referred to as hyper-ventilation (or
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hypo-ventilation). Breathing in atmospheres with less than 5 % oxygen causes unconsciousness within
just a few cycles of breathing and is extremely dangerous. About 20 % of the oxygen intake goes to the
brain, which is very sensitive to oxygen deprivation. Oxygen levels in enclosed headspaces such as in
ship holds and large enclosed storages without ventilation can go to 5 % oxygen level within a matter
of a few days. In fact the IMO regulations prescribe closed hatch covers during ocean voyages with
the intent to bring the oxygen level as low as possible to eliminate the risk of fires in ship holds (IMO.
1974). Careful attention should be given to the oxygen level in combination with CO. Oxygen depletion
is sometimes even more dangerous. Oxygen content in air is 20,9 % at sea level. Attention should be
given to the prescribed minimum acceptable level of 19,5 % oxygen which allows for a possibility of
1,4 % of other gases of which some can be CO, and some CO. 1,4 % is the same as 14 000 ppm of which
a significant portion can mask the presence of CO (compare health exposure risk with potential fatal
outcpme at 1 700 ppm level as indicated in B.3.3.2). Simultaneous measurement of gxygen and CO
concentrations in enclosed spaces is paramount.
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Annex C
(informative)

Dust as a fire and explosion hazard and mitigation of risks

C.1 Introduction
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pvides guidelines useful for improved safety when designing as well as operating
facilities where dust from solid biofuel pellets is present. This document explain
risks involved as well as common measures for minimizing the exposure duxing han
of solid biofuel pellets where dust is generated.

F an operation involving handling or storing of solid biofuel pellets| where poten
st or gases can be present should be divided and classified in risk.zones where natior
ulations should be considered (see C.5). Risk and consequence réduction measures s}
bd both during design and operation.

combustible dust” and “explosible dust” can in generalbe considered interchangg
plosibility” and “combustibility”. In this document, .thé terms “combustible dust’
lity” are used.

specific characteristics on materials given in this document for illustration purpose m
ly in individual cases and it is advisable to rely on information in the product safety|
ed by the manufacturer of the solid biofuel pellets in question.

ification of dust and explosions

eral

ling and storage, solid biofuel pellets are releasing fragments of various sizes di
d impact. The amount(of fragments released depends on the durability of the pro
b fines and dust inhérently entrained in solid biofuel pellets from production. Absor
during handling aud storage gradually break down solid biofuel pellets and also h
mpact on the combustibility characteristics. In addition, ageing of solid biofuel pellets
the durability)due to changes of the chemical and mechanical structure of the material
ng and drops'the more fragments are generated.

Kizes. Dust originating from sawdust and sanding operations are typically spherical {
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ting from shavings and hammer milled feedstock are typically flat. Dust from pell

ets is

typically compressed with a large surface area (sometimes referred to as “two-dimensional”). The
definitions of combustible dust can be slightly different in various standards and guidelines but the
general accepted definition, which is also used in this document, is particles less than 500 pm (3.1.1).
The smaller particles, the larger are the risk. Particles less than 100 pm can travel a distance before
settling as a layer and dust less than 1 pum can stay in the air for almost unlimited time and travel a
long distance. Dust can therefore accumulate and create layers in places far from the source inside as
well as outside a manufacturing plant if not contained properly. Flyings on the other hand is defined as
particles large enough not to easily catch fire, typically >500 um.

Based on its characteristics, dust can be classified as either "primary" or "secondary" and is
characterized as follows:

— Primary dust: generated during production or other work processes and is found on floors and
surfaces near or below the dust producing or waste handling equipment. Primary dust is the source
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for secondary dusts. While primary dusts can consist primarily of greener, moister

and coarser

particulates, unmanaged primary dusts releases over time finer and drier secondary dust if not

promptly abated.

— Secondary dust: fine and dry particulates broadly dispersed and often settled on su

rfaces away

from the production or handling area such as rafters, ceilings, and beam, ductwork, walls, joints,

machinery, cabinets and even walls with rough surfaces.

Explosions are also classified as “primary” or “secondary” and are characterized as follows

— Primary explosion: event typically occurring in a dust collection system or processing equipment

park, electrostatic discharge, hot particle or flame.

econdary explosion: event occurring when a dust layer is disturbed and form( dust
ignited by a primary explosion (also called deflagration) which means burning aterial
t very high speed. Burning material can hit objects and personnel and(cause majoj
injuries. Figure C.1 illustrates the progression of a primary explosion to-asecondary e

irce such as

cloud and is
is disbursed
" damage or
plosion.
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-
Mm

1 primary explosion

2 blast wave

3 dustlayer is entrained and dust cloud formed
4

extensive secondary explosion can result

Figure C.1 — Principle of the development of a limited primary explosion to one or several large
secondary explosions

A high temperature (C.4.2) or a significant energy (C.4.4) for dust from solid biofuel pellets is required
to ignite dust suspended in air. In addition, the concentration of dust needs to exceed a minimum
explosible concentration (C.4.8).
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A rule of thumb is that a concentration blocking a lamp with a light output of 400 lumen (corresponding
to a 25 Wincandescent lamp or 6,6 W LED) at a distance of 2 m indicate the risk for explosion. This high
dust concentration is found only in certain areas like e.g. enclosed hoppers or bins and specific areas in
bunkers.

The temperature required for igniting a dust layer is considerably lower for a dust cloud (C.4.3), the
thicker the layer the lower the ignition temperature is due to the extremely low thermal conductivity of
wood materials. Dust layers of several mm is often found in operating facilities and present a major risk
since hot particles can easily land on dust layers and cause ignition.

C.2.2 Determination of particle size distribution

Hand
buck
- se€
It is

ling facilities for biofuel pellets have several unit operations (unloading, conveyertra
et elevators, moving of material with front loader, loading into storage space, loading of
A.2). Each operation can generate and accumulate dust with different particle’size
advisable to establish knowledge of particle size distribution of the dust from loc
dustlis known to accumulate to make sure samples taken for test purposes are represe
establishing reference values for dust combustibility of the material being handled. D¢

hsfer points,
vehicles etc.
listribution.
?ﬁions where

ative when
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of particle size distribution of the fines and dust to be tested should\be done in acco
ISO 17827-2.

Solid biofuel pellets are often crushed in pulverizers or hammer mfills into a fine dust before
There are also computer aided image analyzers available, which not only provide the |
distrfibution but also the shape distribution, which is of value when optimizing combustion {

rfdance with

combustion.
barticle size
erformance

duripg energy conversion.

C.3 | Testing for dust explosibility and related fire safety characteristics

C.3.1 General

Testing dust for explosibility requires specialized equipment not normally found in indlustrial test
laboratories. Each laboratory needsspecial accreditation and is inspected on a regular basis. The
natute of the test procedures also requires specially trained personnel and safety precautions. Several
parameters are required to fully\assess the risk with dust. C.4 provides an orientation fof the more
common tests. All materials-Sent to an explosion laboratory for testing are inherently ¢lassified as
hazardous upon arrival and is’handled and stored accordingly by the laboratory.

Sampling and.sample preparation of dust for testing purposes

ing of dust sampled “as is” with large particles and high moisture content will not
eliable cembustibility data for safe design of a facility. Also, using characteristics of *
found.ihvhandbooks are not necessarily representative of the dust from solid bidfuel pellets.
ing ofithe dust from a specific facility is therefore the best way to determine the combustibility
heteristics of the dust. The following sections provide references to test methods for degtermination
e-yrestimportan 3 eration—maintenaneedesigh-of-handlingeqliipment and
ge facilities (C.4).

necessarily
wood flour”

stora

Samples for testing should always be collected from dust layers, preferably accumulated “secondary*
dust (C.2), which have the highest propensity to catch fire or explode. However, dust can easily be
transported long distances depending on particle size and shape within a facility by air circulation,
therefore it is sometimes difficult to collect or assemble a representative sample for testing. Risk
assessment and risk zone assessment (C.5) related to equipment located in an area and should be
considered when selecting samples for testing. Dust from a bag-house for integrated dust collection
from several different unit operations may be representative and suitable for testing.

In the event sufficient amount of representative dust cannot be obtained for testing, dust may
be produced by grinding in such cases. Dust should be produced from pellets made from similar
feedstock, or if that is not possible, dust should be produced from the feedstock intended to be used
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for manufacturing of the solid biofuel pellets. However, dust from grinding, sawmilling and sanding
operations can be different from dust from solid biofuel pellets (C.2).

C.3.3 Shipment of dust samples for testing

Since moisture is affecting the combustibility of the dust, and thus the test results, it is important
to protect samples from ingression of moisture from the atmosphere. Samples should be packed in
hermetically sealed containers.

Test samples should be screened to size to conform with the specified particle size distribution specified
by the respective test method. In case such screening cannot be done prior to shipment, the laboratory
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C.4.2 Determination of Minimum Ignition Temperature {MIT) for dust cloud

The ignition behaviour of dust clouds on a heated surface is described by the minimum ignition
temperature (MIT) of dust clouds - also called auto-ignition of dust clouds. It is defined as the lowest
temperature at which a hot surface trigger ignition of a mixture of dust and air under specified test
conditions (ISO/IEC 80079-20-2 or ASTM E1491). The test method is using a Godbert-Greenwald (GG)
or BAM apparatus prescribed in the test methods.

C.4.3 Determination of auto-ignition temperature (7|) for dust layer

Determination of the auto-ignition temperature of a layer of dust (7}) should be done under prescribed
conditions in accordance with the ISO/IEC 80079-20-2 or the ASTM E2021 Standards by heating the
dust of a specific thickness using a heating plate until it ignites. Using different thickness allows for
extrapolation to other thicknesses.
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C.4.4 Determination of Minimum Ignition Energy (MIE)

Determination of the Minimum Ignition Energy (MIE) should be done using a Hartmann tube under
prescribed conditions in accordance with ISO/IEC 80079-20-2 or ASTM E2019. MIE is a measure of how
much electrostatic discharge energy is required to ignite a dust cloud and can vary in a wide range
depending on moisture, particle size and shape.

C.4.5 Determination of Maximum Explosibility Pressure for dust cloud (py;,x)

Determination of the Maximum Explosibility Pressure (pyx) should be done using a Siwek explosion
chamber under prescribed conditions in accordance with ISO/IEC 80079-20-2 or ASTM E1226. Dust is

turbfifated, 1gnited and exploded In an enclosed chamber. Py ax IS @ Measure of how much| pressure in
bar that can be expected during an explosion. py;,x is one of the key parameters usedcwhgn designing
expl@sion venting.
C.4.¢ Determination of maximum explosion pressure rate (dp/dty;sx)
The Hetermination of the deflagration index (Kst) should be done using. a8iwek explosion chamber
under prescribed conditions in accordance with ISO/IEC 80079-20-2 or ASTM E1226. Dust i§ turbulated,
ignitpd and exploded in an enclosed chamber. dp/dty;,x is a measure of the maximum pregsure rate in
bar/g during an explosion.
C.4.7 Determination of deflagration index for dust cloud (K1)
The (deflagration index (Kgp) is a calculated value based on the dp/dty,x and should|be done in
accordance with ASTM E1226 and NFPA 68 or EN 14034-2 as per Formula (C.1). Kgy is al measure of
maxijmum pressure rise in bar-m/s during an explosion.

L, _d !

Ksr ="/, v (C.1)

MAX

whertte

B isthe pressure in bar;

§ isthetimeins;

V isthe volume inm3;
C.4.8 Determination of Minimum Explosible Concentration (MEC)
Detefmination-0f the Minimum Explosible Concentration (MEC) should be done using a Siwgk explosion
chamber under prescribed conditions in accordance with ISO/IEC 80079-20-2 or A$TM E1515.
Dust|is turbulated, ignited and exploded in an enclosed chamber. MEC is a measure of the minimum
concemtration of dust in g/m3 required for an explosion to happen if ignited. Since it is one df the critical
parameétersindustcontrottheriteof thumb-isto-setectavatre tower-thantheactuatmedsured value
for design purposes.

C.4.9 Determination of Limiting Oxygen Concentration (LOC)

Determination of Limiting Oxygen Concentration (LOC) should be done using a Siwek explosion
chamber under prescribed conditions in accordance with ISO/IEC 80079-20-2 or ASTM E1515. Dust is
turbulated, ignited and exploded in an enclosed chamber. LOC is a measure of minimum concentration
of oxygen in % required for an explosion to happen if ignited. This fundamental parameter is used for
securing safe atmosphere in storages, ship cargo holds etc. and can be used for estimating requirement
of inert gas for inertisation of headspace in large silos.
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C.4.10 Determination of Direct Current (DC) resistivity

Dust from wood has very high Direct Current (DC) resistivity and is therefore prone to accumulation
of triboelectric charges when material is transported in non-conductive conduits or conduits, which
are not properly grounded. If conduits or pipes are grounded the charges bleed off to the conducting
surface and pose little or no threat. Feed pipes, hoppers, conduits carrying solid biofuel pellets,
particularly at high speed, should always be grounded. If sectionalized, each element should be either
directly grounded or at least bonded to a grounded element. Grounding is one of the most important
safety considerations in design of handling facilities. This applies also to hose systems for stationary
as well as Electro Statically Dissipative (ESD) mobile vacuum systems compliant with IEC 61340-5-1,
IEC 61340-5-2 and related ESD approved detergent is used. Comprehensive rules for grounding and
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D257 specifies methods for determination of both volume and surface DC resistivity
79-20-2 specifies a simplified method for volume resistivity of materials. DC resistivit
bisture content and particle size distribution as stipulated for testing in accordance to A

ermination of thermal conductivity

pellets and related dust has a very low thermal conductivity. This means for examplg
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spark or electrostatic discharge, can result in smouldering or open flame fire. The thd
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permeability of solid biofuel pellets in bulk is a function of void in the pile (geomet]
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e sensors in large storages.

prmination of flammability of dust'from solid biofuel pellets
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on. The UN MTC Test N.1-fUN, 2013b) is prescribing the test methodology. The mat
loaded in a 250 mm long mould with a grove and ignited in one end. The travelling dist

br smouldering is measured after 2 min. If the distance is 200 mm or less, the mater
non-flammable.

area classification

eral

ional

and
y for
STM.

that
ively
ch if
rmal
n in
ry of
hods
veen

hd is

5 mm per minute and is primarily used for determination of packaging requirements during

erial
ance
ial is

t are

plosion hazards arising from handling and storing materials with combustible dus

attributed t

1 1. H 1 A | L H ] H +la 4 - | H laa + d
HOTHIAT CITCTITIC AT dITU PITy STCAT PTULTS ST TIT HIT THTIATTT IdT a5~ Wil a5 dIITUTCTIT L UITIUT

ions

such as temperature, humidity and access to oxygen (air) in the local area. The risk is directly related
to particle size distribution, the amount of material accumulated in an area as well as the residence
time for the material when accumulated, either layered or in suspended form. Regular housekeeping is
paramount to combat risk.

Several standards are summarized in the following sections to provide guidelines for minimizing the
risk in an area with flammable vapours, gases and areas with dust and flyings.
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C.5.2 Comparison of the Class/Division and the Zone classification methods

There are two main methods developed for classification as follows:

a)

b)

for

freq

The US Code of Federal Regulation CFR 1910.307 Hazardous for classified locations provides a

framework in USA for risk area classification and is referred to as the Class and Divis

ion method.

The US National Fire Protection Association (NFPA) has codified the classification in the National
Electrical Code (NFPA 70), which is based on risk assessment under normal as well as abnormal

operating conditions. NEC has established Class I for environments with release of gas

and vapour,

Class II for environment with release of dust and Class III with release of flyings. Each Class has

subcategories called Division 1 or 2 depending on severity of the release. The normal
FoT-NOT A . P 1 : freHbrofret pettetsfs-CtassHb1
Table C.1).

[anada has adopted the Class and Division method with some modificationsi.and
ds Canadian Electrical Code (CEC) by Canadian Standards Associatiom)(CSA) as
No 60079-X-16.

The Class and Division classification method is a voluntary classification system in No

The European Directive 1999/92/EC provides legal and binding framework in Europe
¢lassification.

The ATEX classification method has been adopted by the£uropean Committee for Elec
$tandardization and is based on frequency and duratien of explosive dust atmospherg
f a cloud of dust in air, sometimes referred to as the’European Zone method with ¢
one 20, 21 and 22 for dust (and Zone 0 or 1 or 2 fof’gases, vapours and liquids).

uropean CENELEC standard EN 60079-10<2, which is based on the international IH
EC 60079-10-2).

he Zone classification method is mahdatory in all EU countries.

Tabl¢ C.1 summarizes and compare the definitions of risk area for the North American ar
clasgiification methods. There are\differences in the coverage with more specific operatin

lease defined in the Ndrth American method while the European method is foc
ency/duration of the release.
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Table C.1 — Comparison of the North American and European risk area definitions

Classification criteria for release of dust and flyings
NFPA 70 (NEC)/CEC EN 60079-10-2
Definition of conditions Definition of conditions

Class/Division Zone

Alocation in which combustible dust
is in the air under normal operating

A place in which an explosive
dust atmosphere, in the form

mixtures, or

conditions in quantities sufficient
to produce explosive or ignitable

20

of a cloud of combustible dust

in air, is present
continuously, or for long
periods or frequently.

where mech
abnormal op
equipmentc
explosive or
be produced
source of ign
simultaneou

hnical failure or

eration of machinery or

hn cause such

ignitable mixtures to
and can also provide a
ition through

s failure of electrical

equipment, fhrough of protection

in which Grg
may be pres
sufficient to

up E combustible dusts
bnt in quantities
be hazardous.

Class II, Divison 1

21

A place in which an
explosive dust atmespher
in the form of a cloud of c
bustible dust jn\air, is like
occurin

normal operation
occasionally.

o

bm-
ly to

Alocation in
due to abnor]
be present i
sufficient to
ignitable miJ

which combustible dust
mal operations may

the air in quantities
produce explosive or
ktures, or

where comb
tions are prg
insufficient {
operation of
or other app
resultif infr
of handling

become susj

istible dust accumula-
sent but are normally

o interfere with normal
electrical equipment
hratus, but could as a
bquent malfunctioning

r processing equipment
ended in the air, or

accumulatio
vicinity of th
equipment c
interfere wif
dissipation d
electrical eq
be ignitable
operation orj
equipment.

in which compbustible dust

h on, in or in the

e electrical

buld be sufficient to
h the safe

fheat from
llipment, or could
by abnorinal
failure of electrical

Class'll, Divison 2

22

Area in which an explosiy
dust atmosphere, in the f
of a cloud of combustible
in air, is not likely to occu
in normal operation but,

does occur, will persist fol
short period only.

[¢)

rm
dust
fit
I a

Alocation bd

cavse of the presence of

flyings are h

flyings are n
suspension i
sufficient to
mixtures.

easily ignitable fibres or where
materials producing combustible

andled, manufactured

or used, but in which such fiber-

ot likely to be in
n the air in quantities
produce ignitable

Class I1I, Divison 1

Not applicable

Not applicable

Alocation in which easily ignitable
fibers/flyings are stored or handled
other than in the process of manu-
facture.

Class III, Divison 2
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C.5.3 Combustible material Group classification

Combustible materials which can cause an explosive dust atmosphere are classified in Groups under
the North American as well as the European methods. They both cover the same materials but with
different designations. Table C.2 summarize both systems for the Group classification. Group III
according to the European standard (based on international IEC standard), is subdivided in subgroups
according to the table.

Table C.2 — Material Group classification by the European and North American methods

Combustible dust and flyings Material Group designation
Europe * NortlrAmerica

Atmgosphere containing flyings IITA
Atmgosphere containing non-conductive dust I1IB **
Atme@sphere containing conductive dust IIC
Electrically conductive dust E
Carbonaceous dust F
Agritultural dust GH*
*  (llassification according to IEC 60079-10-2 and EN 60079-10-2.
** Ihcludes dust from wood pellets.

The risk varies for the subgroups, such that equipment classified IIIA can be used in dust dtmospheres
classiified I1IA, equipment classified IIIB can be used in dust atmospheres classified IIIA gnd IIIB, and
equipment classified I1IC can be used in dust atmosphet@s classified Il1A, I1IB and IIIC.

C.6 | Safety certification related to dust

During design, installation and operation of equipment in areas classified as potentially hazardous
(C.5)| there are various regulations to;consider. In order to mitigate risk in operations handling and
storing biofuels, the equipment (primarily electrical equipment) could require a legally binding or
tary safety certification depending on the jurisdiction. In Europe, the ATEX Directive P014/34 EU,
provjdes a legal and binding frammework for equipment used in explosive atmospheres. Certifications of
equipment are based on internationally recognized standards, which in turn form a basis f¢r regionally
ally adapted standards and guidelines. The certification procedure is specific for |each region
ing organizationsfa¢credited or notified specifically to test, evaluate, inspect, approye, audit and
issuipg safety certification for equipment. These certifying organizations typically have|to conform

In addition to-standards with requirements on the equipment itself, there are a number ¢f standards
or cqdes related to the installation and use of explosion protected equipment, including IHC 60079-14,

The threeglobally-dominating safe andard-schemesforequipmentare ECand-ATEX. All three
have somewhat different requirements for regulatory compliance although much of the protective
techniques prescribed are similar and are in there own right providing a high level of protection
in hazardous conditions. There is a continuous effort under way to harmonize the standards and
certification procedures worldwide. Overlap between old and new safety standards makes certification
somewhat complex. Consultation with experts on safety certification is therefore recommended to
verify which standards are in effect and best suited for a particular application.

The IEC 60079 and ISO 80079 series of standards specifies the protection techniques suitable for
electrical and non-electrical explosion protected equipment, respectively, and are also the basis for
IECEx as well as ATEX safety certification. ATEX also requires certification of protective systems. The
NEC (NFPA 70) code also covers all types of equipment and the working environment. The NEC (CEC
in Canada) code for safety certification is traditionally used in North America although the IEC code is
gradually becoming accepted also in North America in certain industrial sectors. As part of the global
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harmonization effort the Ingress Protection (IP) code is now included as an alternative under the NEC
code. ATEX is however not accepted and is not used in North America.

The protective heavy-duty industrial enclosures specified by the National Electrical Manufacturers
Association (NEMA) are dominating the industry in North America.

The IEC 60079 and ISO 80079 series of standards are widespread in the world outside Europe and North
America. Acceptance for explosion protected equipment according to these standards is gradually
gaining in such parts of the world.

Issuing regulations for the worklng environment is typlcally the respon51b111ty of the reglonal or

applicable rgulatlons In Europe, Dlrectlve 1999/92/EC is 1mplemented by the national authoritigs. In
USA the Occppational Safety and Health Administration (OSHA) has the regulatory authority.dn Capada,
Health Candda and the provincial counterparts has the authority to regulate the workplace safety. In
many jurisdictions the producer of tradable commodities like wood pellets are required*to publish a
product saf¢ty data sheet which in combination with equipment and workplace safety) Considerations
provide a basis for a safe environment. In most jurisdictions risk area classification (€.5.2) is reqyiired
as part of the workplace certification.

C.7 Prevention and mitigation of fires and explosions

C.7.1 General

Prevention gnd mitigation of explosions involves a number of considerations related to design, operation
and maintepance of a facility for handling and storing solid-biofuel pellets. To better understangl the
physics of fires and explosions more effectively in order to prevent and mitigate incidents in progress,
each subseqtion hereunder is referencing the combustibility parameters described in C.4 arfd as
provided by the supplier of solid biofuel pellets in their respective product safety data sheet] The
required deglaration in a product safety data sheet«0i combustibility is stipulated in the (UN, 2013a) or
REACH (Dirgctive 2008/1272/EC).

Many dust ¢xplosions in the industry start with a small fire in a layer of dust due to the relatively low
auto-ignition temperature. The parameters necessary to be present for a fire to start is listed below.
If the conditions for a fire is also combined with two more parameters, dispersion of the combugtible
material (dyst) and a confinement, there is a potential for an explosion, a so called primary explosjon.

a) Basic cgnditions for a fire:
— fuel (accumulated{dust);
— oxylgen (air);

— heal (e.gsfriction, hot surface).

b) Basic cqnditions for an explosion:

— fuel (accumulated dust);

— oxygen (air);

— ignition source (spark, small open flame);
— dispersion of fuel (forming a dust cloud);
— confinement (room, machine enclosure).

If the dust cloud is ignited, the explosion produces a pressure wave which dislocate and is lifting layers
of dust from trusses, beam, floor etc. If the suspended dust reach a concentration above the MEC, the
primary explosion will develop in to a so called secondary explosion (see Figure C.1).
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The burning fuel is landing and adhering to exposed surfaces and usually causes significant damage
and injury. Dust explosions normally propagate with subsonic speed (deflagration). The speed of
deflagration can be magnified when the pressure wave is passing though constricted spaces such as
tunnels and ducts.

It is important to eliminate the initial step of this escalating process by diligent housekeeping to
minimize the accumulation of dust in layers (see C.7.2.2).

C.7.2 Precautionary ignition avoidance

C.7.2.1 __General

The Il)recautionary measures for ignition avoidance are related primarily to the parameters|[isted below
and felates to a combination of design, operation and maintenance considerations. Imaddition, material
charjfcteristics of the biofuel play an important role. Some fuel qualities such as.chemical fomposition
and fines content represent more risk than others.

Pargmeters to control (see C.4) TC, MIE, MEC, LOC, TE

C.7.2.2 Operation and maintenance

Houdekeeping by means of sweeping floors and vacuuming aréas'where dust tend to accumulate is of
primary importance and should be done on a continuous basis, preferably with dedicateld personnel
focuged on controlling the dust. Even a thin layer of dust in the floor can be enoughfto create a
combustible cloud of dust (see Figure C.2). Layers of secondary dust (see C.2) should rot exceed a
thickness of 3 mm (see further detailed guidelines in:NFPA 499).

100 g/m?

5.m

Key
1 mm layer of dust of bulk density 500 kg/m?3
dust dispered evenly/in the entire enclosure
dust dispersed€venly to 1 m height

Figure C.2 — Illustration of how a thin dust layer can create a combustible dust|cloud

| 1 111 1 -1 - h A | 11 1 . 1 11
SmOnmg SITOUIU DC ProllliDILEU IIT aI'€4as TIdITUITE d1IU STOT'TE WOOU PETICLS.

Electrostatically certified mobile vacuum cleaners approved for use with combustible dusts should be
used to pick up dust and spilled material.

The use of compressed air is normally prohibited inside operating plants unless production machinery
is shut down and effective ignition sources are excluded.

Compressed air can be used for cleaning moving inactive machinery when parked in separated area.
Dust accumulating on engine or exhaust system surfaces can reach temperatures close to or above
TL level and represents a hazard. Mobile equipment with internal combustion engines should be
equipped with automatic built-in fire extinguishers in the engine compartment. The temperature of hot
components in the engine compartment should be monitored to set-off alarm when exceeded. Wheel
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loaders with buckets or scraping blades for moving solid biofuel pellets should be equipped with edge
of electrostatically dissipating material to avoid sparks to develop.

Some jurisdictions may prescribe electrostatically dissipative clothing. Hard-toe work shoes with ESD
(Electro-Statically Dissipative) certified soles are available and recommended.

All electrica

1 ground connections should be checked as part of the regular maintenance program.

The protective window for ignition source detectors needs to be cleaned on a regular basis.

Hot work such as welding and grinding should be conducted in accordance with local safety guidelines.

C.7.2.3 In

Explosions
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bf particles will becomé.increasingly charged (see MIE in C.4.4) and can result in a sudden

* discharge. If the concentration of particles is sufficiently high (see MEC in C.4.8
1 ignite if there is sufficient oxygen (air) present (see LOC in C.4.9). Ducts and pipes led
s as well as mounting structures for filter bags should be properly grounded to effect
y build-up ofélectrical charge.

and cyclones are very effective for separating airborne dust in areas where dy
[owever, hot particles entering the baghouse are known to initiate fires and explosions

) the
1ding
ively

st is
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arks

for\fragments of metals and stones when entering the baghouse, as they can cause sj

to initiate fireS)and explosions. The in-feed to baghouses and cyclones should be protected by semsors
to extinguish or deflect hot particles and fragments (see C.7.2.7). Baghouses and cyclones should be
equipped with explosion panels facing outside buildings and away from areas where people can be
present. Also suppression systems and/or explosion isolation systems could be considered.

Dust from baghouses are suitable as samples for conducting combustibility testing as described in C.3.2.

C.7.2.5 Dust concentration limitation and dilution

Exhaust air from dust collection systems should not be re-circulated back in to a building if the dust is
deemed to cause a health risk (see 6.2 c) or to represent a deflagration hazard.

Hoods and enclosures should be designed and located such that wood dust or particles generated will
fall, be projected, or be drawn into the hood or enclosure so as to minimize fugitive dust emissions
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without interfering with the safe and satisfactory operation of machines and other equipment. All hoods
and enclosures should be of non-combustible construction unless protected with automatic sprinklers.

In dust transportation systems fans should if possible, be placed on the clean side of the filter. Fans
placed in a dust loaded part of the system should be designed and certified for the application.

C.7.2.6 Ignition source detection and extinguishing

Ignition source detection systems are usually connected to a deluge water system, inertisation system
(for example, nitrogen flooding), steam snuffing or abort gate to extinguish or divert an ignition source
to a safe area. The sensitivity level of the detection system can usually be set to a practical level which

mealfs that smaller sparks can be detected but may not have sulficient energy to ignite m
path|and therefore would not initiate an extinguishing operation to avoid unnecessary)dis
production line. Spark detection systems may be used in situations when the sparks.are

at about the same speed as the material and the distance between the detector and'the ej
devige should be such that the extinguishing devise is given sufficient time to readt-to avoid
by-pass. For further information on detection systems see Annex G.

C.7.2.7 Dust suppression
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C.7.3 Measures teminimize explosion effects

C.7.3.1 General

recautionary measures for minimizing explosion effects (constructive measures)
rilyy to the parameters listed below and relates to a combination of design, op
mairftefiance considerations. In addition, material characteristics of the biofuel play an imj
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Some fuel qualities such as chemical composition and fines content represent more risk than others.

Parameters to control (see C.4) MIE, MEC, LOC, pyax, dp/dtyax, Kst

C.7.3.2 Explosion pressure proof design

Explosion containment is the fundamental and most desirable level of design, but is often prohibitively
expensive and, in many cases, not practical. In addition, pressure piling can occur in certain design
configurations with linked vessels. The objective is to design equipment in such a way as to withstand
the maximum explosion pressure py,x and explosion pressure rate dp/dty;,x as established by testing
in single vessel configuration.
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plosion isolation

Propagation of an explosion travelling through a pipe or duct can be stopped by means of fast acting
valves effectively cutting off the path of the pressure wave (NFPA 654:2017 section 7.1.6.1). The valves
can be passive or active. The passive valve is designed to use the increased pressure to shut itself
close and resets itself when the pressure has fallen. The active valves have a sensing devise closing
the valve in milliseconds after detection of a pressure increase. An alternative active valve design is
releasing compressed air at high speed and high pressure within milliseconds and pinches a sleeve,
which shuts off the pathway. Yet another design is using chemical suppressant to stop the progression
of a deflagration pressure wave or flame front.
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C.7.3.5 Explosion venting
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covers etc. Curve C illustrates the reduced pressure after the explosion panels of sufficient size have
ruptured. Curve B illustrates the reduced pressure after smaller size explosion panels have ruptured.
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Figure C.3 — Principle of explosion venting

K¢rand p,,., values representative of the dust likely to be contained in the enclosure gre essential

for calculating the size as well as the p,, (rupture pressure] characteristics of the material in the
explosion panels.
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Annex D
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Safety aspects and guidance on handling various emergency

situations
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D.2.2 Formation of carbon monoxide (CO) and carbon dioxide (CO,)
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As described in B.3.3.3, auto-oxidation is causing rapid depletion of oxygen in enclosed storage spaces
for wood pellets. Even before self-heating or a fire can be detected, the formation of CO spreading
through the plant can cause serious risks. CO is completely odour-free and therefore impossible to
detect without special CO detectors. Measurements in facilities have shown that CO concentrations of
>100 ppm can exist under normal conditions inside silo superstructures or passageways at silo bottoms.
Concentrations of >1 000 ppm have been observed in these locations in connection with fires. In ship
holds of ships arriving in port to discharge wood pellets after long sea voyages CO concentrations of
5000-10 000 ppm (0,5-1 %) has been measured combined with oxygen concentrations of 5 % to 10 %
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(Svedberg et al.,, 2008). Ventilation is therefore extremely important before personnel are allowed to
enter (see B.3.3.2).

In the silo headspace, the gas concentrations can be significantly higher and CO concentrations of 5 000-
10 000 ppm (0,5 % to 1,0 %) have been measured in cases of increased oxidation of the pellets. In the event
of a fire, the CO concentration in the silo headspace can exceed 10 %, which creates a very serious threat
(see NOTE below). In connection with oxidation/self-heating or fires, very high concentrations of CO,, in
some cases over 30 % and unburned hydrocarbons can be formed, which further increases the risks.

It is important not to exclusively rely on oxygen concentration measurements. Air normally contains
about 21 % oxygen and acceptlng a concentration of e. g 20 % oxygen as acceptable could lead to very
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Carbon monoxide (CO) is an odour-free gas that has the _same density as air. The S
onment Authority has set a Permissible Exposure Limit (PEL).0f 35 ppm for 8 h and 100 pp

ppm for 30 min or 6 000-8 000 ppm for 5 min leads to lossof consciousness. Exposure to 2 5(

min or 12 000-16 000 ppm for 5 min is fatal. 10 000 ppfi‘corresponds to 1 % of volume. CO ¢
ben 12,5-74 % is flammable.

B Risks of using nitrogen and CO, as extinguishing agents

.1 Nitrogen

ling of nitrogen brings risks sineevit lowers the oxygen level in the air and can the
cation. Depending on local regulations, these prescribe a minimum oxygen level rangi

% and respiratory equipmeént ‘should be used if the level is lower than 18 % (consu
brities). If nitrogen is released into the open, for example during filling from the tankei
le gas tank, the gas is quicKly dispersed since it weighs about the same as air, which w

jacent enclosures,'e;g. conveyor culverts below a silo. This means that the oxygen le
low, which can.quickly cause loss of consciousness.

1ples of critical exposure times are shown in Table D.1.

Table D.1 — Examples of critical exposure times
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During the firefighting operation, there is also probably a combination of very high CO and CO,
concentrations, as well as low oxygen levels due to the fire, which makes the environment very
dangerous.

It is therefore necessary to continuously control the CO and oxygen concentrations in the facility in
the event of a fire. In the affected areas (at the bottom and top of the silo superstructure), all persons
should wear complete respiratory gear. In connected areas (control rooms, personnel areas, stairwells,
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elevators etc.), increased gas concentrations can also be present, which makes it necessary to wear
respiratory gear here as well unless continuous measurements guarantee a safe work environment.

An additional risk that should be taken into account is frostbite injuries that can occur when handling
liquid nitrogen. Hoses between the tank and vaporizer and the vaporizer itself can become extremely
cold since liquid nitrogen has a temperature of -196 °C and these surfaces should therefore not be
touched without protective gloves. Mounting of the equipment and filling etc. should be handled by
trained personnel, such as the gas provider's service personnel, and it is important to assure that
emergency response personnel are informed of the required safety instructions. Even if the risk of hose
breakage is very low, unauthorized personnel should never stay in the vicinity of equipment and hoses
containing liquid nitrogen.
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gen or very cold nitrogen can also on direct contact cause damage to certain matrel'
-alloy ("black") steel, plastics, rubber etc. In contrast, brass, copper and aluminia
Lich contact relatively well.

he gas distribution from the vaporizer to the injection point on the silo,it)is important to
ensure that[no leakage or hose breakage occurs. When the nitrogen is distributed in gaseous form, the
gas pressure is normally only a few bars, but it is important to make sure that theyvaporizer's capacity
is not exceeqled, as this could result in the very low nitrogen temperatures causiiig damage to the hjoses.
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b inerting the silo headspace, nitrogen has the benefit of not causing any problems rela]
city since it is injected in gaseous form as long as the vaporizator’s capacity is not exce

rbon dioxide (CO,)

ditional extinguishing agent that is used in portable fire extinguishers and for fixed
ystems in enclosed spaces. Due to the high pressure, the gas is in liquid form insid
el. Typical applications are the extinguishingof small spill fires and extinguishing of fij
uipment, computer rooms, etc. The extinguishing effect is mainly due to the displace
n concentration in combination with agertain degree of cooling. When dealing with
pwever serious disadvantages of usiig CO,. Historically, CO, has been the extinguij
pr silo firefighting. A large number-of these responses, however, have experienced proh
Fal cases have led to failure. There is also a risk that using CO, can make the fire wo
hin situations.

)g summarizes the reasons why CO, should not be used in firefighting.

hportant safety aspect is that CO, has a strong tendency to build-up of static elect)
he liquid CO, flewing out through the discharge nozzle and forming ice crystals.

pce is verydikely to be flammable (see D.2.4). Electrostatic discharge from the ice cry
pnite flammable gas mixtures in the silo headspace and cause a powerful explosion. Se
ives warnings about the use of CO, in potentially explosive atmospheres (BS 53
d there are several examples of situations where application of CO, have caused explo

bded.
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incidents fatal damage, both using fixed systems and during manual application fron

bottles through hatches in to the silo headspace (Hedlund, 2018).

Another serious risk is that CO,, in the conditions generally found in a smouldering silo fire, could
contribute to an increased production of CO. At temperatures above 650 °C to 700 °C in combination
with limited oxygen supply, CO can be formed from CO, through the reaction C + CO, < 2CO, where
the biomass contributes with the carbon. In such cases, the addition of CO, from an inerting operation
contributes to the production of the flammable gas CO. The use of CO, could therefore result in a more
severe fire growth instead of providing a fire extinguishing effect.

Another problem when using CO, is that it can cause serious practical problems. CO, is a liquefied
gas and the pressure in the tank depends on the surrounding temperature. An attribute of CO, that
often creates problems is that CO, cannot exist in liquid form at a pressure below 5,2 bar. Instead, the
liquid freezes into a solid (carbonic ice). This means that feeding liquid CO, through a hose or pipe
system requires maintaining a pressure of at least 5,2 bars in the entire gas feeding line to avoid ice
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from forming and blocking the passage. In fixed extinguishing systems, this minimum pressure is
guaranteed by customized nozzles but maintaining the pressure is difficult when feeding the gas to the
silo headspace, usually through a fire hose with some type of open pipe at the end. One solution that is
normally used in these situations is to apply a very high flow rate so that the pressure drop in the hose
maintains a high pressure. However, this usually results in ice formations at the end of the hose where
the pressure is not high enough, which eventually leads to total blockage of the hose. At this stage, the
hose upstream the blockage, contains a mixture of CO, in liquid and gaseous form and, due to heating
from the surrounding, the pressure in the hose will increase quickly, which can lead to hose breakage.
To avoid this, the hose can be disconnect from the pressure tank/tank vehicle and allow depressurizing
backwards. This is a very risky operation that leads to the formation of a CO, cloud when the gas in the
hose flows out. The action also involves great risks both in terms of;

— lIlose breakage,

tthe hose whipping around when disconnected and

oisonous CO, (see NOTE below).
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ems with ice forming also occur if you try to feed liquid CO, directly ihto the bulk 1
e bottom of the silo. As soon as the gas exits the hose or feeding pipg; the pressure dj
reezes. This results in heavy ice formation in the bulk material,‘which leads to the blg
Kity of the bulk material, which then prevents continued application of gas.

5sibility to reduce the problems with ice formation and static electricity is to use a
re that the gas is discharged into the silo in gaseous fori. Due to the relatively high boi
such a vaporizer will require a powerful external heat-Source.

CO, is an odour-free gas that is about 1,5 timé&ssheavier than air, which can pose seriou
itaccumulates at low levels. CO, is not only reducing the oxygen concentrations as nitrogen dg
s the respiratory function. National and regionaltauthorities usually stipulate limits of 5 000 f
and the limit for 15 min of exposure is 10 000 ppm (10 000 ppm = 1 %). When using CO, as an 4
h, the design concentration is very high, prabably at least 30 % to 50 %. Loss of consciousnes
at concentrations of 20 % to 30 % in lessthan a minute.

i Dust and gas explosions

hormal handling of materials in silo plants generates always more or less dust form
fually covers all horizontal surfaces and construction components with dust.

. This "primary™explosion often leads to additional dust whirling up and causing a
sion, which is eften significantly more powerful than the primary explosion.

a thin ldyer of dust could create a significant risk. A 1 mm thick dust layer with a |
0 kg/m>*provides a dust concentration of 500 g/m3 if whirled up to 1 m height and

ledip'to 5 m height. Since the flammability range for many types of dust varies from

nhaterial, e.g.
ops and the
cking of the

yaporizer to
ling point of

5 safety risks
es, butitalso
pm per 8 h of
xtinguishing
5 and cramps

htion, which

i of this dust is dispérsed to a cloud and there is an ignition source present, a dust explosion could

'secondary”

bulk density
100 g/m3 if
about 50 g/

m3 tg about 2 000 g/m3, the risk of explosion is apparent (see also C.2 and C.7).

During an ongoing smouldering fire in a silo, a high volume of flammable pyrolysis gases consisting of
CO and different types of unburned hydrocarbons is formed. At temperatures above about 700 °C, a
reaction with water can also occur, the so called water-gas reaction, C+ H,0 —» H, + CO which results
in the production of hydrogen and further CO. Water is present, both chemically bound in the stored
organic materials, but water is also produced as a result of the combustion process or could be added
through an extinguishing operation using water based firefighting agents. Altogether, a silo fire entails
a significant risk that there is a flammable gas mixture in the silo headspace.

This can lead to a very powerful gas explosion if the gas is ignited, by e.g. unprotected electrical
equipment, static electricity or drilling in the top of the silo as part of the extinguishing attempt. A
small gas explosion can also serve as a "primary explosion” that causes a significantly more powerful
secondary dust explosion.
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Past accidents show that gas and dust explosions can lead to very extensive damage. The entire silo
roof could be thrown off and the risk of injury/fatality for persons on the roof is very high. There are
significant risks in the form of falling construction parts etc. for persons and equipment on the ground
as well. The risk of gas and dust explosions is the same for large and small silos.

Since the risk of gas and dust explosions is the most serious danger associated with silo fires, it is
important to make on-site risk assessment to establish which risk areas should be cordoned off, where
to place extinguishing equipment etc. As part of the fire fighting strategy it is important to assume
the risk of an explosion in the headspace is always present. The risk assessment is therefore to be
continuously updated based on e.g. results from gas measurements in the silo headspace and visual
observations. Conditions are likely to change during the time extinguishing and discharge of material is
under way gnd explosions can happen any time.
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It is therefofe extremely important to minimize the risk for dust and gas explosions and the(Suggg
extinguishing technique of inerting with nitrogen gas has many advantages. Using gas provides a
controlled dourse of action as the gas is primarily injected at the bottom of the silofand the ri
lofting dust|is minimal. When inerting silos containing powdered material such as weod powder
important tp start the gas injection with a low gas flow in order to avoid generation bf a dust cloud
could resultjin a dust explosion. There is currently no “safe” gas flow limit established since it dep
on the following parameters:

powder{density,

permeablity of the powder,

fill level of powder in the silo,

how th¢

gas is distributed inside the silo (number of gas.inlets).

When working on the top of the silo (sealing openings, ffiounting measurement instruments, arranging
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pressure relief, preparing for the inertization, etc.), it is very important to not generat

tc.), high concentrations are formed of CO and different types of unburned hydroca
be within the flammability range,If the oxygen concentration in the silo headspace is
r 5-10 %), the gases can ignjte if there is a suitable ignition source. In these situatio|
L to realize that there is a.risk of explosion. Minimum Oxygen Concentration (MOC)
" wood powder alone is;around 10 % and the mixture with hydrocarbon can have an

to use LEL (LowenExplosion Limit) monitoring instruments to measure the concentr
e pyrolysis gases inside e.g. the silo headspace, to assess the risk of explosion i
ed. These instriments are calibrated for one specific gas, usually methane or pro
s that coprection factors is to be applied in order to measure any other gas. These corre
between-0,5 to 3,0 and since the composition of the gas mixture is unknown, the
hificaptand result in a completely incorrect assessment.

Fce, flammable gas mixture or dust formation. In a developed pyrolysis fire (apparent sinoke

rbon
high

Ins, it

(see
even

htion
5 not
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If the risk

f explosion is considered to be high, continued work should be minimized until th

b silo

headspace has been inerted.

Regardless of the decision to use an inerting procedure or some alternative extinguishing method, it is
very important to carry out this procedure in a safe way so that the operation itself does not create a
gas or dust explosion inside the silo. This applies to all silos regardless of size.

D.2.5 Oth

er health hazards

D.2.5.1 Rapid fire escalation

A silo fire can rapidly escalate and become uncontrollable due to a number of factors. The design of
the silo can include openings in the roof or, part of the roof or explosion panels can have released due
to an explosion. This will allow oxygen to enter the headspace and feeding a fire or smouldering in the
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material. This will in turn increase the generation of pyrolysis gas, which can explode or increase the
fire intensity and the risk for a total collapse of the roof structure. The best action to maintain control is
to inject foam (CAF or low/medium expansion foam) and cover the entire top layer of material to block
oxygen. A silo can easily be lost if the condition in the headspace is not kept under control.

Another situation that could cause a rapid fire escalation and maybe also a dust explosion is in a silo
during emergency discharge. If the silo is not properly inerted during the discharge and smouldering
material suddenly becomes exposed e.g. due to collapse of hanging or bridging material inside a silo,
the generated dust could ignite and cause a rapid fire development/dust explosion.

A rapid fire development could also occur during emergency discharge in a warehouse fire caused
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the smouldering into a flaming fire and also increase the generation of flammab
5. The fire will most likely also spread glowing embers which, together with inCreas
at radiation, could start fires on top of the entire stack, causing a very rapid fireldevel
fore very important to have firefighters in standby positions to have full €ontrol of

ce of the stack will increase the possibilities to avoid a total loss. It is,also importa
the visibility inside the warehouse could be very limited due to,smoke generation
ber the possibilities for a manual firefighting even further. The high-concentrations of
educed viability is also to be considered for the personal involved in the discharge oj
| loaders, and SCBA equipment is important to use.

.2 Backdraft

ckdraft situation could occur in a silo fire if, e.g. @n emergency discharge is made wj
ing of the bulk by cutting up a hole in the silo wall to allow the material to flow out on
5ilo could then contain high concentrations efthot pyrolysis gases and when opening
utflow of the hot gas will be replaced by fresh air. This will create a flammable concel
ited (which is very likely), the ignitioncwill cause a powerful expansion of the gaseq
ing a jet flame from the opening. which could both injure firefighting personne
ent objects. There are examples offet flames reaching a length of about 50 m causin
undings and also spreading glowing embers starting fire, for example on the silo top.

ar situations could also occutin situation when opening an enclosed space/object whe
bility for combustion gases’'to accumulate.

.3 Instability of Structure

hny cases conveyors, walking bridges, etc are supported by a silo (or a warehouse) con
the silo/war€éhouse is damaged by the fire, this could also result in a collapse of such
ture. Theuse of large volumes of water in a silo fire could also cause damage to the strt
el pellets‘expand up to about 3 times when wetted which will cause a very powerfu

tearing the silo wall apart. Even if a swelling material is not stored in the silo, using large

eF could damage the silo construction due to the high static pressure against the silo w4
the accumutated water. Depending on the Specific design, Swelling of peliets could atso cau
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in a warehouse or a bunker.

D.2.5.4 Ratholing, bridging

1l caused by
se problems

In general, solid biofuel pellets behave as a free-flowing material and is usually not creating any problems
during discharge from a silo. Depending on the silo construction, for example flat bottom or the angle
of a conical bottom, the material flow can be defined as mass flow or funnel flow. Mass flow indicates
when the entire bulk material across the whole cross section of the silo is moving downwards during
discharge. The bottom material is discharged by means of a circulating screw conveyor (reclaimer) or
in small diameter silos having a very steep conical outlet. Funnel flow (also called core flow) indicate
when the material sloughs off the surface of the material and discharges through a vertical channel
formed within the material down towards the discharge outlet.
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If the flowability of the bulk material is reduced, e.g. due to a high content of fines or moist material,
ratholing or bridging could occur. Ratholing indicates that the funnel runs empty due to the material
outside the funnel will not flow causing the discharge to stop. Bridging occurs if e.g. cohesive bulk
material forms a stable bridge inside the entire silo or locally over the discharge outlet, preventing
further discharge.

Besides geometry, quality of product and distribution of pellets and fines, issues with the flow of
material inside a silo (e.g. bridging, ratholing) are closely related to the sequence of filling and discharge
operations. As most silos have a centric discharge, some even equipped with a discharge cone, filling
and discharge of product cause quite different pressure levels inside the product. During filling of a silo,
the pressure at the bottom of the silo increases rapidly. Because the incoming product settles down in

layers, the
the friction
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Reduced pr4
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particularly]
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Fiction between product and the silo wall has only very Iittle relevance. During disch
between silo wall and the down coming product increases, causing a reduction inprej
pttom, while increasing the vertical loads at the silo wall.

pssure also reduces the likelihood of compaction and agglomeration of the product, ey
longer period. Consequentially, the likelihood of material flow related issues like bric
v can be reduced by means of thoughtful silo operation.

hg and ratholing could cause severe problems and is likely to-0ceur in a fire situg
in smaller diameter silos and if water is used as extinguishing miedia. The work to bre{
hterial could be risky and needs specific risk considerations{se€ 6.2 e and 9.3.1).
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Similar problems could also occur in large diameter silos or in flat storage where steep, high walls of
pellets could occur causing the risk for an avalance of pellets and the risk for burial of personnel. Work
close to such wall of pellets is very dangerous and appropriate saféty precautions is to be taken.

D.3 Convieyors-Actions in case of fire/explosion incidents

In case of 3 fire or explosion incident, follow the~general checklist in the pre-planning document

including e.g. the following actions;

— Follow the risk assessment procedure td define any specific safety precautions related to the actual
fire situation. The risk assessment is,then be evaluated continuously during the entire operati¢n, to
handle the risks associated with the:work.

— Ensure that the conveyor system-has shut down.

— If a parficular conveyor isdesigned to run free of material via a rejection valve to an emergency
pile befpre shut downs~itiis also important to inspect the pile for any sign of discoloured, hjot or
smouldering materigl.

— Ensure that anysprinkler/water spray/water deluge system is activated.

— Close al] valves at transfer points, e.g. inlet to a silo.

- COHSld 1 t}lC fClLt that t}lC filC SPI Udd illbidc CLUVCl1 Cd LUIIVEYyUL S Ld4dll IUC vtely 1apid, ill pdal tlbu}ar lf

having a steep pitch.
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Localize the fire and start the additional manual firefighting attack as soon as possible. Use of
hand-held thermal imaging cameras can be very useful in localizing the seat of the fire in covered
CONnveyors.

If there is a risk for dust generation, apply the water/extinguishing media as gently as possible.

Check/supervise all transfer points and systems along the conveying line to verify any possible fire
spread, in particular into any storage (silos, bunkers or flat storage) further downstream, from the
location of the fire.

In case of an explosion in the conveyor system, fire spread could occur at long distances, both
upstream and downstream the location of the explosion.
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Consider the risk for additional explosions and secondary explosions.

D.4 Handling of self-heating and fire incidents in silos

D.4.1 Actions in a self-heating situation

In case of an identified self-heating situation, follow the checklist in pre-planning document, including
e.g. the following actions:

NOTH
fire rpscue services always is notified prior to any discharge actions is initiated.

D.4.2

D.4.7

If a gmouldering fire in the bulk material has been confirmed or the suspicion of a fire is
initid

Follow the checklist in pre-planning document, including e.g. the following actions;

Follow the risk assessment procedure to define any specific safety precautions related

jo handle the risks associated with the work.

f possible, start discharging the silo to break up the zone of warm material.

jo the furnace if possible.

If occurring at a storage facility, transfer the pellets to another silg-0¥'flat storage. An|
if available, could also be to transfer the pellets back to the originaksilo. If no other opt
the pellets to a storage area prepared for emergency discharge.

Intensify the control of the discharged material to ensure-that the self-heating has not
in a spontaneous ignition. If hot, miscoloured or smouldering material is noticed, tH
ghould immediately be terminated and the silo shouldbe inerted (see D.4.2.1).

As it can be difficult to judge the extent of anvihdicated self-heating process, it is impo}

Firefighting operation and emergency discharge

.1 Spontaneous ignition inside.the bulk material

te the inerting operation oftthe silo as soon as possible.

Follow the risk assessment procedure to define any specific safety precautions related
fire situation. Thevisk assessment is then to be evaluated continuously during the entiy
o handle the’risks associated with the work, both regarding risk for gas or dust expld
probability‘\for high concentrations of toxic combustion gases or low oxygen concentr]
the use ofinert gas and oxygen consumption by the fire.

[los®e all openings in the silo (including inlet and discharge valves).

to the actual

e operation,

If occurring at a power or heating plant using the wood pellets as fuel, transfer the pellets directly

alternative,
on, transfer

yet resulted
e discharge

tant that the

very strong,

ro the actual
e operation,
sions or the
ation due to

urn oif any ventilation system and close or seal all ventilation openings.

Ensure that there is a pressure relief arrangement at the silo headspace to allow the outflow of
combustion gases and the excess gas when inert gas injection is started but preventing inflow

(unless there is a significant negative pressure in the silo).
Do not open the silo; this could result in a very fast fire development and/or explosion.
Do not use water unless there is an open fire (see below).

Start the injection of inert gas at the silo bottom as soon as possible.

If there is a significant risk for a gas or dust explosion in the silo headspace, inject inert gas also

directly to the silo headspace until safe conditions are reached. (see also D.4.2.2).
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For additional information, see Annex B.

D.4.2.2 Ogpen fire in silo headspace

Continuously follow the gas concentration readings in the silo headspace. Keep the O, concentration
below 5 %..

Startdischarge only when the fire is judged to be under control (significantly reduced levels of CO and
CO, in the silo headspace). This can take many hours. (During a fire situation, a CO-analyser capable
of measuring the concentration in the %-range, preferably up to 5 % to 10 % is recommended).

Continue gas injection at the silo bottom during the entire discharge process and ensure that O,
concentration is kept below 5 % in silo headspace during discharge.

If O, level is exceeding 5 %, stop discharge until O, level is below 5 % again.

During Ldischarge, it is important to have a continuous control of the discharged material and
possibiliities to extinguish any smouldering material. The discharge process can encounter.profjlems
by e.g. Qlockage of discharge opening due to large lumps of charred material which require manual
intervention.

The discharged material should preferably be transferred by a separate conyéyor system tp the
outside|of the silo for further transport to the designated storage area intended for emergency
discharge. If possible, sort the unaffected pellets from those showing a signofbeing involved ip the
smouldering process.

If the mlain conveyor system is used for discharge, supervise all trahsfer points and conveyor(s) to
prohibit any possible fire spread. In such case, it is important to design this conveyor for transfer of
hot/smouldering material.

During discharge, continuously control the tendencies to-hangings or bridging inside the si]o, in
particular in small diameter silos.

An open fire in the silo headspace can occur* due to incoming smouldering material that was not
detected algng the incoming conveyor system. Another reason could be ignition of the pyrolysis gases
generated bly a smouldering fire deep inside the bulk (often resulting in a gas explosion followed by an
open fire). A fire could also be a combination of an open fire on the surface of the bulk material sufface

and a fire in|the pyrolysis gases. The-following recommendations should be considered:

90

The firg could get intensiveZand threat the silo roof construction and exposed parts of the silojwall,
in partigular if the headspace is ventilated, e.g. due to the explosions panels have opened and arje not
of self-closing desigm;

If inerting of the silo headspace is estimated to take too long time or will be inefficient dfie to
ventilations gpenings, foam (or water) could be used to control the open fire. (Using water will dause
swelling of‘the pellets and could endanger the entire silo construction due to the forces generjated,
see D.2.5.3).

Preferably use a fixed installed (water)/foam/CAF sprinkler system in the silo headspace (see
9.4.3.3) in order to avoid the need for fire-fighting personnel at the top of the silo and thereby further
openings and increased ventilation to enable a manual application of foam/(water). Application of
foam is preferred as this will protect the pellet surface, reduce the penetration of oxygen into the
bulk material and reduce the amount of water (and thereby reduce the swelling effect of pellets).
When the surface is covered with foam, application can be made in suitable intervals.

Application of high expansion foam could be an alternative method in some situations but might not
be fully effective due to limited spread across a large diameter silo, large differences in height of the
bulk material, and fast foam breakdown due to hot and foam destructive gases in the silo headspace.
There could also be problems to arrange the high expansion foam generating system due to height
difference between the ground and the point of application in the silo headspace.
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— A mobile IR camera could be very useful to detect any remaining fires, hot spots or glowing embers

on the bulk surface after the main extinguishing operation.

— When the surface fire has been controlled, the entire silo is to be inerted according to D.4.2.1 before
the discharge is started as fires inside the bulk material in most situations cannot be extinguished

from the headspace.

Further guidance on silo firefighting is given by MSB (MSB, 2013).

D.5 Handling of self-heating and fire incidents in large scale bunkers

D.5.

In cajse of an identified self-heating situation, follow the checklist in pre-planning docume
e.g. the following actions:

NOTH As it can be difficult to judge the extent of an indicated self-heating process, it is impoj
fire rescue services always is notified prior to‘any discharge actions is initiated.

D.5.2 Actions in a fire situation'in the bunker house or in the bunker

In calse of an identified fire, follow the checklist in pre-planning document, including e.g. t

acti

Actions in a self-heating situation

ollow the risk assessment procedure to define any specific safety precautions re
elf-heating situation. The risk assessment is then to be evaluated continuously durin
peration, to handle therisks associated with the work, both regardingrisk for gas or dus
r the probability for high concentrations of toxic combustion gases or low oxygen con

f possible, start discharging the relevant bunker section djrectly to the furnace if poss

ht, including

ated to the
g the entire
texplosions
centration.

ible.

f no other option, transfer the pellets to a storage areajprepared for emergency dischalrge.

ntensify the control of the discharged material to ensure that the self-heating has not ye

spontaneous ignition. If hot, miscoloured or smouldering material is noticed, the disch
immediately be terminated and the bunker section should be covered with foam and prs¢
inerted (see D.5.2).

S;

ollow the risk assgssment procedure to define any specific safety precautions related

tresulted in
large should
pferably also

tant that the

he following

fo the actual

ire situation. Thewisk assessment is then to be evaluated continuously during the entiife operation,
o handle thexisks associated with the work, both regarding risk for gas or dust explgsions or the
robabilityfor high concentrations of toxic combustion gases or low oxygen concentration.

nitiatesthé firefighting operation as soon as possible as the fire could develop quickl
he bunker covering roof construction, exposed parts of the bunker wall and conveying

y and threat
systems and

ther'installations located in the bunker house above the bunker covering roof.

Depending on the location of the main fire, activate the fixed installed (water)/foam/CAF sprinkler
system in the bunker house or the system below the bunker covering roof (see 10.3 and 10.4).
Application of foam is preferred, in particular if the bulk material in the bunker is involved, as this
will protect the pellet surface, reduce the penetration of oxygen into the bulk material and reduce
the amount of water (and thereby reduce the swelling effect of pellets). When the surface is covered

with foam, application can be made in suitable intervals.

A mobile IR camera could be very useful to detect any remaining fires, hot spots or glowing embers

on the bulk surface after the main extinguishing operation.

When the surface fire is under controlled, the entire bunker should preferably be inerted using
the system described in 10.4.3.4 before the discharge is started, in particular if the fire scenario is
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believed to also involve smouldering fires deep inside the bulk material. Such fires inside the bulk
material will be very difficult to extinguish from the headspace by just foam application.

NOTE A complete inerting operation is perhaps not necessary if the pellets, without any risk for fire spread
or explosions, can be feed directly into to furnace for combustion or to a safe storage area using a designated
emergency discharge conveyor system.

D.6 Handling of self-heating and fire incidents in warehouses

D.6.1 Actions in a self-heating situation using an underground discharge system

In case of an identified self-heating situation, follow the checklist in the pre-planning docurinent,

including e.g. the following actions;

Follow fhe risk assessment procedure to define any specific safety precautions relate@dto the actual
fire situation. The risk assessment is then to be evaluated continuously during the(entire opergtion,
to handle the risks associated with the work, both regarding risk for gas or dust.explosions dr the
probabillity for high concentrations of CO or low oxygen concentration.

Start dipcharging, if possible reclaiming pellets as close to the identified position of heated p¢llets
as possible, to break up the zone of warm material.

Intensifly the control of the discharged material to ensure that the'self-heating has not yet resplted
in a spontaneous ignition.

If hot, djscoloured or smouldering material is noticed or there is a “fire smell”, the discharge should
immediptely be terminated. Stop any ventilation system¢énnected to the discharge conveyor syjstem
to avoid supply of air/oxygen into the conveyer system and into the bulk storage and prepare for
emergenhcy discharge and firefighting.

NOTE Ag it can be difficult to judge the extent of an-indicated self-heating process, it is important that the

fire rescue sdrvices always is notified prior to any djscharge actions is initiated.

D.6.2 Actions in a self-heating situation using wheel loader discharge

In case of n identified self-heating Situation, follow the checklist in the pre-planning document,

including for example, the following actions;

92

Follow fthe risk assessmefit)jprocedure to define any specific safety precautions related t¢ the
self-heafing situation. The risk assessment is then to be evaluated continuously during the entire
operatign, to handle therisks associated with the work, both regarding risk for gas or dust explofions
or the probability ferrhigh concentrations of CO or low oxygen concentration. Specifically confsider
the risk|for a fastfire development in case the self-heating has already resulted in a smouldering fire.

Ensure |that first hand firefighting equipment is readily available, e.g. fire hoses connected| to a
hydrant system and positioned at suitable locations (do not have to be filled with water at this stage).

Start discharging the pile of warm material using e.g. a wheel loader.

Ensure that there is a continuous control of both the remaining bulk material and the discharged
material, e.g. using an IR camera, to ensure that the self-heating has not resulted in a spontaneous
ignition.

If the warehouse is located at a power/heating plant, transfer the pellets directly to the furnace if
possible.

If the warehouse is part of a storage facility, transfer the pellets to another flat storage or silo. If no
other option, transfer the pellets to a storage area prepared for emergency discharge.
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If the temperature in the pile is indicating an increasing temperature or hot, miscoloured or
smouldering material is noticed, or there is a “fire smell”, stop the discharge immediately and

prepare for emergency discharge and firefighting.

D.6.3 Firefighting operation and discharge in warehouses

If a smouldering fire in the bulk material has been confirmed or the suspicion of a fire is very strong,
it is important to prepare safety precautions before discharge commences. Follow the checklist in pre-
planning document, including e.g. the following actions;

11'C UdLIOIL. d O DE evdliudled CO Y C C
jo handle the risks associated with the work, both regarding the risk for very high-cor
of toxic combustion gases and low oxygen concentration inside the storage, the kisk f

development, possible reduced visibility due to smoke generation and wheel leadér tra

v du S,

repare for an extinguishing operation, by arranging water supply both formanual fire
if relevant, for the use of the fixed (water)/foam deluge system at the roof.

If possible, also prepare for manual foam application of the bulk material.

Do not start unloading until there are firefighting personnel-equipped with SCBA
positions at the pile.

Also the wheel loader drivers should be equipped with-SCBA.

e very observant on changes in smoke or smell or if,increased temperatures (using e.g
¢ould be noticed at any location.

[n case of increased smoke generation, apply‘@ layer of foam (e.g. CAFS or medium exp4
pver the entire pile of pellets to reduce air entrainment into the pile and reduce the
gpread in case of a cascade of glowing ‘embers. This could preferably be made either
ﬂgam branches/monitors but also. by, using a foam deluge system. Reapply foam as
aintain a continuous foam layer-omn the pile.

$tart any roof ventilation system if dust or smoke gases hamper the discharge op
yisibility).

In case of detection gfhot or smouldering material, apply water to the affected area
pen fires.

ischarge the.material to the designated storage area intended for emergency discha
naffected pgllets from those showing a sign of being involved in the smouldering pro
he entiré ‘discharge operation, it is important to have a continuous control of the
aterialand possibilities to extinguish any smouldering material.

Follow the risk assessment procedure to define any specific safety precautions related to the actual

e operation,
centrations
br a fast fire
ffic.

ighting and,

in stand by

. IR-camera)

nsion foam)
risk for fire
Ising mobile
required to

eration (e.g.

Fo avoid any

rge. Sort the
cess. During
discharged

ncase of significant open flames in the pile which cannot be easily extinguished, stop tl

ne discharge

Adjust the discharge operation, such that the situation can be kept under control until the discharge

is completed.

D.7 Extinguishing media

D.7.1 Nitrogen (CAS 7727-37-9)

Boiling point: =196 °C

Gas Density at 1,013 bar and 15 °C: 1,185 kg/m3

Specific volume at 1,013 bar and 15 °C: 0,844 m3/kg

© IS0 2020 - All rights reserved

93


https://standardsiso.com/api/?name=417142b11671dbbf038cbe6f2d002d88

ISO 20024:

2020(E)

Relative density (air = 1,0) at 1,013 bar and 15 °C: 0,97

(reference: https://encyclopedia.airliquide.com/)

Specific safety data can be found on the product safety data sheet from the supplier and safety aspects
to consider when used as an extinguishing media is given in D.2.3.1.

D.7.2 Carbon dioxide (CO2 )(CAS Number 124-38-9)

Boiling poin

Gas Density

t (sublimation point): -78,5 °C

at 1,013 barand 15°C: 1,87 kg/m3

Specific voly

Relative den

yme at 1,013 bar and 15 °C: 0,534 m3/kg
sity (air = 1,0) at 1,013 bar and 15 °C: 1,53

(reference: https://encyclopedia.airliquide.com/)

Specific safg
to consider

D.7.3 Foa

D.7.3.1 G¢g

Foam is gen
feeding the
generating €

ty data can be found on the product safety data sheet from the supplier and safety asj
when used as an extinguishing media is given in D.2.3.2.

m

neral

erated by mixing a foam concentrate with water te-form a foam solution (premix) wh
foam generation equipment. Depending on type of foam concentrate and the type of
quipment, various types of finished foam can®be generated.

bects

chis
foam

D.7.3.2 Types of foam concentrates
The main uge for foam is for extinguishment:gf)flammable liquids (often designated “Class B-fupls”).
There are Various types of foam concenfrates, so called “Class B foam” concentrates, norinally

designated

foams” and
latter two 3
surfactants.
their formul

There are a
solid materi
are designat

Class A foal
and "hydrof

AFFF”, “FFFP”, “3F” and “Detergent”, were the two first types are so called “film-for
are containing fluoro-sutfactants (per- and polyfluoroalkyl substances (PFAS)).

The concentrates are-normally used at a nominal concentration of 1 % to 6 % dependij
ation.

nls that alspo‘ean form a smouldering fire, e.g. paper, wood, textiles. These foam concent
ed “Clasg-Adoam”.

so foams with'the main purpose to be used for extinguishment of “class A-materialg’

ming
The

re so called “fluorine free-foams”, which are not filmforming and do not contain fljioro-

g on

' i.e.
rates

n usually contains a mixture of surfactants that are both “oleophilic” (attracted t

hydrocarbohs

formed on typical class A materlals In contrast to Class B foam concentrates (tradltlonal f1ref1ght1ng
foam), class A foam was developed to be used at much lower concentrations, normally between 0,1 %
and 1,0 %.

From an environmental point of view, it is recommended to only use foam concentrates of type Class A
foam, or fluorine free foams (Detergent or 3F) for firefighting of solid biofuels. Foams containing fluoro-
surfactants should be avoided as they are causing a long term environmental impact and might require
collection and incineration of the collected waste water following a fire incident. Fluoro-surfactants
could also pollute ground water and thereby also cause health issues.
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D.7.3.3 Types of generated foam

Depending on the foam generation equipment, the foam could be expanded to various degrees. The
degree of expansion of the foam is called “expansion ratio” and is expressed as the volume of the
generated foam in relation to the volume of the foam solution used to for the foam generation. The
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rated foam is grouped into three categories,

expansion ratio <20

Medium Expansion Foam (MEX) expansion ratio 20 to <200

expansion ratio 200 and above

tain the various expansion ratios, different types of foam generation equipment is
xpansion foam branch, a medium expansion branch or a high expansion foam genera

EX foam generation is normally using “air aspirating foam equipment” (air{is-aspirg
branch by a venturi effect generated of the foam solution). The high expansion foam
ally using a fan to feed enough air to generate the higher expansion. LEX'and MEX a
to cover a horizontal fuel surface, while the HEX is normally used te-fill'an entire en
(e.g. a machinery room on a ship, aircraft hangar).

is another type of foam generating equipment which uses compressed air to create

[ficantly lower proportioning ratios than used in traditigpnal foam equipment normg
hen using class A foam concentrates. Following the foam proportioning, pressurize
Fate compressor is mixed into the premix solutiongenerating homogeneous foam
stable bubbles. The generated (expanded) foam istthen distributed through hoses to
hting the hose and could be applied without any tise of a foam nozzle. As the hose contai
, the weight is significantly less compared totuising water and thereby much easier t
bxpansion ratio can be varied to generate lew- or medium expansion foam and the fo
nerated to be very “stable” resulting inproperties similar to “shaving créme”. This g
ntages, e.g. the possibility to apply the foam also on leaning or vertical surfaces. The d
oss of water from the generated foam) is also low resulting in less water damage (e.g.
ing effect of pellets).

i Water

r is the most commen fire extinguishing media and can be applied in many differe
hal application through fire hoses and firefighting nozzles or via fixed systems to suppl
hter mist systems:

Avoid_thé use of a powerful solid stream water jet as it could expose smouldering fire
ce combinediwith creating a dust cloud which could be ignited and cause a dust explosion.

1se of water mist systems reduces the amount of water as the cooling effect is improvg
tive'evaporation of the fine droplets. However, the small droplets are more sensitive to

used, e.g. a
tor. The LEX
ted into the
generator is
re normally
flosure with

a foam that

led CAF. Water and foam are mixed together using foam proportioning equipment designed for

lly, 0,1 to 1
1 air from a
with small
the fireman
hs expanded
D maneuver.
am can also
ives several
rainage rate
wetting and

nt ways, by
y sprinklers

5 close to the

d by a more
airflow and

d nn]y be considered in enclosures with a low or moderate r‘pi]ing hpighf Qprinklprc

re generally

using higher flow rates, produces larger drops, resulting in a better penetration and wetting capability.

Various water based systems are also used in conveyor systems, e.g. as quick acting valves for transfer
points, sprinkler/water mist systems for conveyor protection.

If possible, water application in large amounts should be avoided in closed storage for biofuel pellets,
e.g. in silos, bunkers, as the water is causing the pellets to swell which could cause bridging or even
rupture the entire silo construction due to the swelling forces (see D.2.5.3).

D.7.5 Sand

In case of an uncontrolled fire in large piles of bulk material where water or other extinguishing medias
are not available or not possible to use, using sand to cover the pile could be an alternative. This is an

© IS0 2020 - All rights reserved 95


https://standardsiso.com/api/?name=417142b11671dbbf038cbe6f2d002d88

IS0 20024:2020(E)

method which is relatively frequently used for e.g. fires in large piles of waste. This will require large
quantities of sand and the use of wheel loaders and long-range excavators.
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Annex E
(informative)

Ventilation for cooling of bulk material

In some countries, a modern storage facility for pellets could also contain a forced ventilation system
for controlling the thermal conditions in the stored pellets. However, in areas with high relative air

humidity, the effects of injecting outside air into the storage have to be considered in
equilibrium moisture concentration (EMC) characteristics of pellets. An increased.hunmnj
pellets will contribute to increased microbial activity. Humid air can also make)the p
Furthermore, in the case of high ambient temperature as compared to the temperature in
the thermal content of the injected water vapour will contribute to the heating.of the pell

view of the
idity in the
ellets swell.
the pellets,
ets. In other

words, under certain circumstances, ventilating storage with air containinghigh relative hiimidity may

in fagt lead to temperature escalation in the storage rather than to temperature decrease
avoid this uncontrolled condition, the ventilation system should include,a’dehumidifier tdg
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der to control the bulk temperature in large silos, ventilationis increasingly used in No
iny cases the solid biofuel pellets have a high initial tempepature due to hot weather, coj
et production using reactive raw material with high oxidative substances. The ventila
herated by strong fans and the air is always distributed through gaps in the bottom
ng is done through dampers at the top of the silo§/The temperature is monitored wi
mperature cables, where the sensor configuratienh needs to be designed with conside
e thermal conductivity characteristics, the permeability and variance in permeability
ppacity and the geometry of the fresh air inlets. The temperature monitoring system w
re of the temperature distribution in th&)bulk material and will give alarm when the t
pds a certain level, e.g. 45 °C. The fans are normally controlled by the temperature]
m which turns on and off to majitain the temperature within predetermined marg
llations, the fans run continuously’and are switched off only if the inlet ventilation air {
eds the temperature of the bulk material. Service companies supplying cable f
toring systems may also offer remote 24/7 service via internet providing temperatup
bs several alarm settings communicated to the local operator of silos. Various safety nj
hce to make sure lossS of power and/or communication is not jeopardizing safe oper
s for very efficientmonitoring and eliminates the risk of mistakes by the silo operato
f attention.

ge of biofuel'pellets with different bulk permeability may cause stratification of heat in|
ead to escalation of temperature. Filling biofuel pellets with segregated fines or dust f
ean yessels into a bulk storage may cause layers of material which may obstruct cq
owAirY a pile and may also result in temperature escalation. The ventilation fan cap|
zed for worst case scenario in view of variations in permeability in the pile. If the
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is too Tow, the ventilation could make the situation worse, as the increased oxygen supply into the
material will increase the oxidation process and thereby result in a temperature escalation rather than
a temperature decrease. Due to this, the fans normally have a backup power supply in case of a failure
of the normal supply. As mentioned, a high humidity in the inlet air could cause problems and in order
to avoid this, it could be necessary to turn off the ventilation if the relative humidity exceeds e.g. 80 %
or to install a dehumidifier system.

The ventilation system can be combined with the injection of inert gas if the temperature rises above
critical values. In this situation it is extremely important to design the ventilation system so that the air
supply can be completely blocked to facilitate the inerting operation.

Besides forced ventilation, cooling of solid biofuel pellets can be achieved by circulating the material
to another silo. In some installations, external conveyor systems in combination with aeration of the
material through gentle drops between conveyor belts are used (see also D.4.1).
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gen is considered to be the main alternative to be selected as inert gas due to availa
ors (see D.2.2).

Vo main options for the supply of liquid nitrogen:
trogen delivered by truck or rail

ry installation of liquid nitrogen supply

summarises some brief information about the design of the inert gas distribution Systg
based on part of the recommendations on given by MSB (MSB, 2013 [chapter,7}). For b
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NOTE There are also possibilities to use bottlés of compressed nitrogen but is from a practical point of
limited to in¢grt very small enclosures. There are also possibilities to use a nitrogen gas generator, produ
gas mixture pf about 95 % nitrogen and 5% oxygen but the main application is for fire prevention rather
fire suppressfion (see 9.4.3.4). The limitation of such equipment is related to the remaining oxygen concenti
in the gas whiich will make the gas less efficient for fire suppression and that the capacity of such gas gener3
limited compjared to the supply ofliguid nitrogen.

In addition fo the supply of-liquid gas, either using a mobile tank or a fixed installed tank, there if also
need for a vaporizer unitehsuring that the gas is delivered in gaseous form into the silo, and equipped
with necesspry pressute-telief valves, pressure regulators, low temperature sensors, etc. When uging a
fixed installation, all\piping is fixed and made of stainless steel. In case of a mobile supply, the vafious
units (tempprary;storage tank, vaporizer unit, gas distribution system at the protected silo) are pften

connected by using flexible hoses suitable for handling liquid gas and/or cold vaporized gas.

A fixed system is preferable as the equipment is in place allowing a fast response to a fire incident while
a mobile equipment could be acceptable providing that all required equipment and delivery of nitrogen
can be secured in a reasonable short time in an emergency situation.

To ensure a safe handling and operation of the gas equipment, independent on using a mobile or fixed
system, the entire system should be designed by professional companies.

E3 Fixed gas distribution system at the silo bottom

All silos should preferably be prepared for an extinguishing operation by having a gas distribution pipe
system already installed at the silo bottom. There are two primary purposes of such a system, one
being to facilitate a quick response for the fire & rescue service and the other being to assure that gas
is evenly distributed so the entire silo is inerted. The importance of efficient gas distribution increases
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