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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 Techtiical Barriers to Trade (TBT), see wiww.iso.org/
iso/fpreword.html.

This|document was prepared by Technical Comniittee ISO/TC 300, Solid recovered fuels.

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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:2021(E)

ction

Modern society is based on production and consumption of an enormous variety of products, both for
industrial and private use. After its intended use, the product will be disposed as waste by the user
and will then enter the chain of waste management which includes a variety of handling, storage and

processing/

recycling methods.

With production, handling, transportation and storage of SRF (Solid Recovered Fuels) there is always
a significant risk of fire and dust explosion. A fire or an explosion provides risks both for human health
and the environment and cause large economical losses. It is therefore important that operators
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where dry combustible materials are handled such as in SRF facilities, there are se
it for fires and dust explosions. A typical cause for an ignitior:of the material is fri
nct ignition sources generated within the processing chains Such ignition sources c4g

generated due to mechanical wear or break-down, metal pieces and stones, material overfeeding
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bources causing ignitions are for example hot surfaces; electrical discharges, hot work
inside storages.

bource can ignite the material being processedior dust accumulations inside and aroun
tis important to take necessary measures.for reducing the risk for ignitions. Accumula
ble dust are intended to be avoided. However, dust can quickly accumulate to a stage W
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Solid recovered fuels — Safe handling and storage of solid
recovered fuels

1 Scope

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

reccﬁﬂd—mrﬁﬁjﬂmﬂmmmm-poses. This
docujment covers process stages from point of acceptance of material to point of delivery off SRF.

This|document excludes fuels that are included in the scope of ISO/TC 238 Solid bjofuels and ISO/TC 28
Petraleum products and related products of synthetic or biological origin.

It us¢s a risk-based approach to determine what safety measures are to be considered.

Alth¢ugh unloading and loading of e.g. vessels, trains or trucks are included, the safety issules following
the 1pading and transport itself are not.

2 Normative references

The following documents are referred to in the text in¢such a way that some or all of their content
constitutes requirements of this document. For dated;references, only the edition cited [applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.

[SO 12100, Safety of machinery — General principles for design — Risk assessment and risk reduction

ISO 41637:2020, Solid recovered fuels — Terminology, definitions and descriptions

3 Terms and definitions

For the purposes of this dogcument, the terms and definitions given in ISO 21637:2020 and the
followving apply.

ISO gnd IEC maintain terminological databases for use in standardization at the following gddresses:

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

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

3.1 | Parts-of the SRF process

3.1.1
baling
process of producing a compressed material bundle or package secured by wires, hoops, cords or similar

3.1.2
belt conveyor
conveyor with an endless belt acting as a carrying and traction element

Note 1 to entry: There are several belt conveyor types, such as; troughed belt conveyor, deep troughed belt
conveyor, pipe belt conveyor, walled belt conveyor, flat belt conveyor and radial conveyor.

© IS0 2021 - All rights reserved 1
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3.1.3
belt feeder

:2021(E)

shortened form of belt conveyor (3.1.2), normally running at slow speed, designed to extract or control
the rate of flow of bulk materials from hoppers

[SOURCE: EN 620:2002+A1:2010, 3.2.4]

3.1.4
box

storage with two or three walls

3.1.5
bucket elev
elevator for
the driving

Note 1 to ent

ator
loose bulk materials with buckets as the carrying medium attached to a belt orchai
medium

Fy: The bucket elevator consists of a strap forming belt, stretched vertically between a driving

pulley and a jpulley of foot. Buckets are attached to the strap and the whole is enclosed in agetal frame.

Note 2 to ent
a head shape

[SOURCE: E]

3.1.6
bunker
storage whi

3.1.7

chain conv¢
conveyor fol
flights movi

3.1.8

chain recla
machine for
flights movi

3.19
CONVveyor sy

suitable for evacuating grain by projection centrifugal.

N 618:2002+A1:2010, 3.1.3 - modified: notes to entry were added]

Ch is closed on four sides and reachable from the top

Pyor
" loose bulk materials with a chain as the dtiving medium having attached flights or sci
Ing the material "en masse" in an enclosing trough

imer
loose bulk materials with a.chain as driving medium having attached flights or sci
Ing the material in an open-drop-in pit or drive over pit

ystem

number of linked conveyorsmith their ancillary equipment and control system

[SOURCE: E]

3.1.10
crushing
mechanical

[SOURCE: IS
3.1.11

N 620:2002+A4:2010, 3.1 - modified: "control system" was added]

reduction of particle size (3.3.4) by exerting mainly blunt deforming forces to a materi

ns as

head

ry: The foot of the elevator is equipped with a chute in which the bucketsarefilled by shovellinjg and

aper

aper

h]

0 21637:2020, 3.15]

density separation
separation of mixed materials by using density differences of the different fractions for classification

Note 1 to entry: With respect to SRF-production, most common application of density separation is wind
shifting applying airflow as conveying/transport medium. A process of separation by different densities of
particles and fluids.

3.1.12

dust collection system

system that

collects free dust from the air in process systems

© ISO 2021 - All rights reserved
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3.1.13
electromagnetic separation of non-ferrous metals
separation of non-ferrous metals by inducing temporary magnetic forces

Note 1 to entry: This term is also known as eddy current separators.
[SOURCE: ISO 21637:2020, 3.26]

3.1.14
enclosed conveyor
conveyor which is enclosed to avoid contamination between the interior and the exterior environment

3.1.15
enclpsed storage
stordge that is enclosed to avoid contamination between the interior and the exterion environment

3.1.16
feedpr
mechanical device for delivering material at a controlled rate

[SOURCE: 1SO 1213-1:1993, 10.1.02]

3.1.17
ferrous metal separation
separation of ferrous metals by use of permanent magnetic forces

3.1.18
fine shredding
shredding (3.1.28) of materials to an average particle Size of 20 mm - 50 mm

3.1.19
idler
mechanical element rotating on internal bearing and fitted to support the belt

Note |l to entry: On belt conveyors (3.1.2), several idlers can be used. These are called e.g. troughing idler (which
supp¢rts the belt and maintains it ina troughed form), carrying idler, return idler.

3.1.20
main shredding
mechanical reduction of-particle size of material via shredding (3.1.28) it to average particlp size (3.3.4)
of 50 mm - 100 mm

3.1.21
manpal separation
separation of.imaterial particles individually by hand or mechanical solution

3.1.22
opti¢alrecognition
recognition of material particles individually by optical sensors

[SOURCE: ISO 21637:2020, 3.50]

3.1.23
pneumatic conveying
method of transporting bulk materials by means of air through pipes or ducts

3.1.24
pre-shredding

mechanically reducing particle size of material by shredding (3.1.28) it to average particle size (3.3.4) of
100 mm - 300 mm

© IS0 2021 - All rights reserved 3
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3.1.25
screening

:2021(E)

separation of larger particles from material flow, typically >150 mm

3.1.26

screw conveyor
conveyor for loose bulk materials with a trough or tube as the carrying medium, the material being
moved by the action of a rotating screw

3.1.27

screw reclaimer

mobile equi
as the carry,

[SOURCE: E]

3.1.28
shredding
mechanical

[SOURCE: IS

3.1.29

silo

part of a cg
certain peri

Note 1 to ent
or side.

[SOURCE: E]

3.1.30
step feeder
feeder whic

Note 1 to ent

3.1.31
under-scre
material fra

[SOURCE: IS

3.2 Risk
3.21

&1 tad laall i 1 la £, 43 1 1o H lLaaall 4 L | H
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ing or conveying medium

N 618:2002+A1:2010, 3.3.8]

reduction of particle size (3.3.4) by tearing, cutting or other means

0 21637:2020, 3.73]

ntinuous handling system used to contain intended-kind(s) of bulk material(s) dur
pd of time

ry: The silo is usually charged from the top and dischiarged from one or more outlets at the b

N 617:2001+A1:2010, 3.1 - modified: part ef definition was added as a note to entry]

N uses friction to transfer material

y: Walking floor is an exampletof a step feeder.

en fraction
ction that goes threugh a screen

0 21637:2020,.3'87]

management

1z

residual rid

JA Y

risk (3.2.2) remaining after risk reduction measures have been implemented

[SOURCE: IS

3.2.2
risk

0/IEC Guide 51:2014, 3.8]

combination of the probability of occurrence of harm and the severity of that harm

rew

ng a

ttom

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

0/IEC Guide 51:2014, 3.9]
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3.2.3

risk

analysis

systematic use of available information to identify hazards and to estimate the risk (3.2.2)

[SOU

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

3.2.4

risk

assessment

overall process comprising a risk analysis (3.2.3) and a risk evaluation (3.2.8)

[SOU

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

3.2.5
risk
proc
and 1

3.2.6
risk
term|

Note
Note
[SOU

3.2.7
risk
proc

[soy

3.2.§
risk
proc
exce

[SOU

3.2.9
risk
coor

[soy

3.2.1
risk

control
pss of decision-making for managing and/or reducing risk (3.2.2); its implementation, {
e-evaluation from time to time, using the results of risk assessment as one iriput

criteria
s of reference against which the significance of a risk (3.2.2) is evaluated

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]

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

RCE: ISO 13824:2020, 3.15]
evaluation
bdure based on the risk analysis (3.2.3) to determine whether tolerable risk (3.2.1

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

Imanagement
linated activities to direct and control an organization with regard to risk (3.2.2)

RCE: ISQY/IEC Guide 73:2009, 2.1]
0

enforcement

ext.

1) has been

reduction measure

prot
actio

[SOU

ective measure
n or means to eliminate hazards or reduce risks

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

3.2.11
tolerable risk
level of risk (3.2.2) that is accepted in a given context based on the current values of society

Note 1 to entry: For the purposes of this document, the terms "acceptable risk" and "tolerable risk" are considered

to be

[SOU

© ISO

synonymous.

RCE: ISO/IEC Guide 51:2014, 3.15]
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3.3 Operation and safety

3.3.1

hot particles
solid particles whose temperature that can be above minimum ignition temperature of flammable
gases or vapours and combustible dusts.

3.3.2

intended use

use of a mac

hine in accordance with information for use provided in the instructions

[SOURCE: 158321008:2010--3-23]
3.3.3
oversize particle

particle exc

Note 1 to ent|
producer and

[SOURCE: IS

3.34
particle siz

beding a specific particle size

ry: The definition of oversize particle is dependent on the application and determined betweg
user.

0 21637:2020, 3.51]

e

size of the fiel particles as determined in a solid fuel

Note 1 to ent
Note 2 to ent

3.3.5
particle siz
proportions

[SOURCE: IS

3.3.6
personal pj
PPE
equipment {

[SOURCE: IS

3.3.7
reasonably|
use of a mag
human beh3

Fy: Different methods of determination can give different results.

"y: See also particle size distribution (3.3.5) and over size particle (3.3.3).

e distribution
of various particle sizes (3.3.4) in a sglid fuel

0 21637:2020, 3.53]

otective equipment

hat can include, butisnot limited to, clothing, gloves, helmets, footwear and face prote

0/TR 21808:2009)2.1]

foreseeable misuse
hinedn.a way not intended by the designer, but which can result from readily predic
vieur

n the

ction

table

[SOURCE: 1
3.3.8

U 1Z2100:2U10U, 5.24]

reduced explosion pressure
resulting overpressure generated by an explosion in an enclosure after effective explosion venting or
explosion suppression

4 Introduction to the use of this document

Although risks in connection with the production, handling, transportation and storage of SRF are
recognized, factors affecting each risk are different depending on the material type, climate, processing
equipment, etc. This document does not intend to focus specifically on the separated risks for individual
components, but rather on how the components constitute parts in a system and for example, how

© ISO 2021 - All rights reserved
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hazards can be transferred. Therefore, broad and detailed instructions and recommendations on
requirements for design and construction of facility and processes and for operation and maintenance
of equipment are given in this document. This document is structured based on different parts in the
SRF production and handling process. Stakeholders such as regulators, producers, and consumers of
SRF are encouraged to develop regulations or guidelines, considering the local properties and situation
as well as this document. Users of this document are responsible for identifying local regulations.

5 Risk management

5.1 General

To i

be c(
activ

Fori

1
2)
3)
4)
5)

q

prove the safety during production, handling and storage of SRF, both design and jop
nsidered. Safety concerns anyone who is responsible or exposed to the hazards-arisi
ities within the premises, here limited to the scope of this document.

lentified hazards the following hierarchy shall be followed as a minimumns
Elimination

$ubstitution

Engineering controls

Administrative controls

Personal protective equipment (PPE)

bration shall
ng from the

The ftems above shall be addressed as early as during the design stage, as well as during operation and

main

For

mod

An iy

1

tenance.

he operational management of occupational health and safety, the Plan-Do-Check:
] according to ISO 45001 should be used.

hportant part of these processes;-both during design and operation, is management o

includes several steps and sub-stéps.

For

man

1

his document the detailed steps which shall be followed and documented for the
hgement are shown inm¥igure 1.

Act (PDCA)

[ risk, which

peneral risk
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Risk analysis

— Definition of scope
— Hazard identification
— Risk estimation

Risk
assessment

A

g RISK evaluation

— Decisions on risk tolerability > Risk
— Analysis of options management

A

e Risk reduction/control

— Decision making
— Implementation
— Monitoring

Figure 1 — Risk management

The risk management process includes a risk.analysis and a risk evaluation, which form the basls for
the risk ass¢ssment and what risk reduction/control measures are required for each specific plant.

The objects} issues and aspects to be.considered and documented in the risk management process
are related |to general design and cdnstruction and general operation and maintenance procedures
including prieplanning of emergency.operations.

For fire preyention and fire prdtection of machinery, ISO 19353 should be used, when applicable.

Further spefific issues to.Gonsider are also provided for receiving and feeding (8.1.1); crushing, mjlling
and shredding (8.2); canveying (8.3); storage solutions (8.4); separation and screening (8.5); and ¢ther
systems (8.6).

The documentatign shall describe and justify the measures taken, as well as include aspect$ not
considered applicable or relevant.

The person responsible for the risk management process shall have the necessary levels of competence
to undertake 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.:

a) A good understanding of SRF and the equipment and processes used for the production and along
the supply chain of SRF

b) A good understanding of fire related aspects of building control and function

c) Appropriate knowledge of national fire/explosion and safety legislation and the requirements of
other enforcing bodies and stakeholders (i.e. insurers)

d) Appropriately trained and/or experienced in fire/explosion safety and fire protection issues

8 © IS0 2021 - All rights reserved
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Knowledge of relevant national and local codes and experience of application

Introduction to the risk management process

Management of risks include several steps and sub-steps as shown in Figure 2. In 5.2.1 to 5.2.5, the
different parts of risk management are defined and described.

5.2.1 Definition of scope

When performlng a rlsk analySIS the scope shall be defined, i.e. the system that is to be included in the

anal
reas

Tech

5.2.2

Haza
inhery
haza

iden

1y
2)

3)

The s

anal

Ther]

and

5.2.3
Risk

fleoncern, any mitigating features and the nature and frequency of the possible
consel)—rfﬁ_d_l‘h_d_ﬁ—f'fﬁ_l_f'ﬁb_‘quences of the individual hazards to produce a measure of the level of the TisK beir

are

pnably foreseeable misuse. Assumptlons and limitations for the analy51s should also
hical, environmental, organisational and other aspects relevant for the problem/syste|
included.

Hazard identification

rd identification involves systematic review of the system under (Study to identify
ent hazards that are present together with the ways in which théy could be realize
rds and sources of risks shall be identified and the type of hazard they pose analy]

tification methods fall mainly into three categories:

[omparative methods (e.g. checklists, hazard indices andseViews of historical data)

Fundamental methods, that are structured to stimuldte a group of people to apply
¢onjunction with their knowledge to the task of identifying hazards (e.g. HAZOP studie
dnd FMEA)

Inductive reasoning techniques (e.g. event trée logic diagrams)

q

ignificance of the sources of risks shall'be analysed by an initial evaluation, based on a ¢
rsis. The aim of this analysis is to decide whether:

\
\ctions should be taken to eliminate or reduce the hazard

The analysis can be terminated due to the insignificance of hazard
The analysis should be-continued with a risk estimation

e are many factorsiinfluencing the risk management, e.g. the storage capacity, annual S

¢omplexity of @n3site handling and to consider all the variables that might be valid for :

Risk €stimation

estimation should examine the initiating events or circumstances, the sequence of]

ded use and
be defined.
m should be

the type of
bd. Different
sed. Hazard

foresight in
5,1SO 12100

onsequence

RF turnover
| facility.

events that
deleterious

1g analysed.

The measures could address human, property or environmental risks and should include an indication
of the uncertainty associated with the estimates. The risk estimation process can be described by the
following steps:

a)

b)

Frequency analysis used to estimate the likelihood of each undesired event identified during the

hazard identification stage. To estimate event frequencies three different approaches ar

e commonly

used: relevant historical data, analytical or simulation techniques and expert judgement

Consequence analysis is used to estimate the likely impacts should the undesired event occur

Risk calculations where risk should be expressed in the most suitable term, e.g.: ind
predicted frequency of mortality, frequency versus consequence plots (F-N curves), the
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expected loss rate in terms of casualties, economic loss or environmental damage, the distribution
of the risk of a specific damage level

5.2.4 Risk evaluation

When risk analysis has been completed, risk evaluation shall be carried out in accordance with
ISO 12100, or a similar nationally or internationally standardised methodology included in the
operational management of occupational health and safety of the organization, to determine if risk
reduction is required. If risk reduction is required, then appropriate measures shall be selected and
applied.

5.2.5 Riskreduction /control

Based on the risk evaluation, measures shall be taken to achieve an adequate risk reduction. Where
hazard or hazardous situations with multiple risks have been identified, care should be taken to pr¢vent
risk reduction measures chosen to reduce one risk from resulting in another intolérable risk.|Risk
reduction cgn be divided in measures taken during design and during the use phase, respectively The
measures shall in turn be divided into different steps or parts and shall be takenin the specific order:

a) Riskreduction measures during design:
1) Inhgrently safe design
2) Gudrds and protective devices
3) Infarmation/instruction for use
b) Riskreduction during the use phase:
1) Additional protective devices
2) Trajning
3) Organization of work, application ofequipment and supervision
4) Perponal protective equipment

In Figure 2, the process of risk management is shown, with the iterative process of risk reduction ajnd, if
applicable, 1jisk assessment.

10 © IS0 2021 - All rights reserved
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Hazard identification

v

Risk estimation
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v

Risk evaluation

Is the risk tolerable?

Risk reduction

v

Risk estimation

v

Risk evaluation

Residual risk tolerable?

Validation and

documentation

Yes

Figure 2 — Iterative process of risk assessment and risk reduction (ISO/IEC Guide|51:2014)

6 SRF processes

6.1 SRF production process

SRF production process refers to the entire process chain at which non-hazardous waste is submitted
from the “point of acceptance” until the delivery of SRF at the “point of delivery” (see ISO 21637:2020,
3.55 and 3.56). The whole system consists of interlinked process equipment and conveyors.

SRF production process can generally include some or all of the processing steps indicated in the figures

below for:

a) Pre-treatment process

© IS0 2021 - All rights reserved
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b) Main treatment process
c) Storing process

These processes are schematically described in Figures 3 to 5. However, also some other steps can be
included in the SRF-production process.

Pre-treatment process

Reception Pre- Pre-
Ofmp}lt E:>{ Feeding ’E>{ shredding E>{ screening ’
material

%

Storage

Figure 3 — Pre-treatment process

Main treatimment process

Reception Mai - : -
) . ain Metal Fines Density Fine
r?lfaltf:ag?atl I:(>| Feeding ’E> shredding = separation = screening IE(> separation = shredd ing’

Figure 4 — Main treatmentprocess

Storing process

[ Drying ’I:(> Storing I::>[Transport

process to end user

Baling

Figure 5 — Storing process

NOTE Not all steps.necessarily will be present in all situations.

6.2 Typigal SRFreceiving, storing and feeding at power plant or cement kiln

T ical SR Flreceirine—storine and fonding nrncnccnc af o mavarar ot A o cavaand il 1o emi-
yp FeCerV RE;—Stor g aiare e g Pprocessesat—a—powerpraitora—eemeRt i 856—=S

automated feeding processes to feed the fuel into storage and fully automated feeding process from
storage to the power plant or cement kiln. The whole system consists of interlinked process equipment
and conveyors.

Typical SRF receiving, storing and feeding process includes:
a) Receiving process with tipping station and hopper

b) Storing process with open bunker with crab crane or enclosed storage with screw or chain
reclaimer

c¢) Emergency feeding is typical option especially in power plant solutions

12 © IS0 2021 - All rights reserved
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Typical SRF receiving, storing and feeding process at power plant or cement kiln is presented in
Figure 6.

and

The
whe
and s

NOTH
term

Type

Re
of]
m

Type

Red
of]|
m

Emergency
feeding

U

Reception Storing Feeding to
lant
‘ of SRF JE>‘ process J':(> Povc\)fg(ﬁr?n

tored.

roduction processes of SRF can be categorized by timing of drying and moulding and y
the additives are added. There are mainly three types of-production process as follow

» o«

orting” implies either “crushing”, “sorting”, or “crushing and sorting”), see Figures 7 t

Densification and moulding are used for similar, but not the exact same processes. For j
densification is used in the rest of this document.

1: SRF is densified (solidified) after dryingthe wastes

ment kiln

bntaneously
broduced by
then cooled

Wwhether and
s (“crushing
D 9.

implicity the

Additives

eption Crushin i
. g ( . Densi- .
;;[;11;1 () and sorting I:(>‘ Drying II:(}‘ Sorting I:(>‘ fication IE{}‘ Cooling II:> Storage
Figure 7 — SRF production process including densification (after drying the waste)
2: SRF is densified (solidified) before drying the wastes
Additives
gption Crushing . Densi- . .
input \ [ and sorting > | Evaporation|) fication C>| Drying |C»| Cooling || Storage
hterjal

Figure 8 — SRF production process including densification (before drying the waste)

The sorting process includes the process of chemical reaction between wastes and additives.

Type 3: There is no drying process or additives

This method is used in cases where the wastes used for producing SRF are not likely to decay, where
the SRF produced is consumed immediately after being produced, and where there is no need to store
the produced SRF for a long period.

© ISO

2021 - All rights reserved
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Reception -
of input I:(}t Crushing

and sorting

.. Densi-
(e oo [ Joo e

Figure 9 — SRF production process including densification (with no drying or additives)

material

7 Safety considerations and requirements for SRF plant

7.1 Safety-hazards

This subclalise describes general safety requirements for SRF processes. Additional requirements for
specific objgcts are described in Clause 8.

The equipment and facility shall be constructed in such a way that risks are minimized@nd documepted.
Ignition hazard assessment shall be done for electrical equipment and non-electrical*equipment jn an
area classifled as hazardous due to the risk for an explosion. By ignition sources in this docuinent,
mainly possjible ignition sources are meant. Whether these possible ignition séurces have the potgntial
to become effective ignition sources shall be assessed in the risk assessment.

Design and| construction of facilities (including commissioning and<<hand-over) and operational,
preventive fnaintenance and emergency procedures shall be such a§ t0’'minimize the exposure tq risk
related to tHe following (which shall be included in the risk assesstient):

a) Fires

Both pi¢ces of SRF and dry dust pose fire hazards, therefore ignition sources shall be avoided. There
are several potential ignition sources along the pdthi/of the SRF process which shall be considered
during risk zone classification. These ignition sources can be present both during normal operption
and/or |n case of malfunction and shall be considered during design and commissioning but also
during ¢peration.

b) Explosipns

The SRF can contain fines of which a portion is very fine dust which easily becomes airbprne.
Dust smaller than 500 pm is{considered explosive when dispersed in air in sufficiently |high
concentfration. All dust shdll)be assumed combustible until demonstrated otherwise, e.g. by
appropiiate and representative testing. Fine dust generated during handling has a propensity to
settle opn flat surfaces-inlayers on beams, motor casings, cabinets, railings, floors, lamp shades
etc. The ignition temperature for dust in layers is comparatively lower than dust cloud ignition
tempergture. All_areas of an operation involving production, handling or storing of SRF where
potentially explosive dust or gases can be present shall be divided and classified in risk zones

c) Self-hedting

Different Types of waste have a propensity to sell-heat during storage, particularly at elevated
ambient temperature. The heating can be considerable depending on the composition of the
material 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 can
be important to obtain indications of self-heating. Measurements of CO just above the bulk surface
might provide additional information. Possibilities for emergency discharge shall be considered.

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

The amount and character of fine dust suspended in the air is a health risk when inhaled. Efforts to
control dust exposure shall be planned and implemented during the design stage.
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Exposure of operators to asphyxiation or intoxication

Stored SRF canrelease 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 malodorous
hydrocarbons are also released.

Avalanche

f)

Where there is a risk of avalanching by high walls, bridging or ratholing, standard operating
procedures shall be developed and implemented to minimize the risk of avalanche. Lifesaving with
lifelines and “cofferdam” (a barrier to prevent burial of personnel) is one of the few options to save

lives in such cases

g) Machinery

achinery involving moving parts, in case of malfunction or during misuse, ca
ignificant risk for personnel injuries and suitable risk reducing measuresshall be con
equirements of ISO 12100 shall be fulfilled.

h) VYehicles

ehicles, in normal operation but in particular in case of e.g. emergency discharge of a
o self-heating or fire, can involve a significant risk for personnelinjuries. The main ris
he many vehicles (e.g. front loaders, trucks) in operation,-feduced visibility due to smoke, reduced
isibility due to drivers using SCBA (self-contained breathing apparatus) equipment. $uitable risk
educing measures shall be considered. Vehicles shallyalso be maintained properly daccording to

aintaining scheme and procedures.

Fire

Typi
of s

i) Undesirable dangerous materials

Risk caused by undesirable dangerous materials such as large gas cartridges (i.e. fron
gnd lithium ion batteries may pose a sighificant risk for personnel injuries, fires and ex

s an important hazard in relationt0-production, handling and storing SRF.

fal causes of fires, specifically, in conveyor systems, are often hot surfaces or th
arks. In Table 1 some conimon ignition sources are listed. They are ignition sourc

relevance for production and-handling of SRF, compared to the examples listed below Table

Table 1 — Ignition source of specific interest

n involve a
sidered. The

storage due
k factors are

barbecues)
plosions.

e formation
es of higher
[ 1.

Source of ignition

Examples of causes

Mechanically generated sparks and hot

Mechanical impact, friction phenomenon, abrasion, high sp

eed (relative

particles speed > 1 m/s), inappropriate matching of materials, lack of or insuffi-
cient equipotential bonding causing electrostatic sparks, nmpisalignment
of belts, faults in electric devices and utilities, foreign bodles

Hot gurfaces Electrical faults in motors, overloading, insufficient lubricatjon, damaged

track supporting rollers, internally positioned bearings, overheated
electric motor casing, overheated brakes, belt slip, misalignment of
belts, friction of the belts, high speed, friction against material deposits

tion generated particles)

Flames and hot gases (including combus-

Combustion reaction

Electrical issues

Various electrical faults and electrical discharges

Exothermic reaction

Self-ignition of material in stores as a result of critical

Self-heating can be caused by chemical, physical and/or biological processes.

self-heating.

Static electricity

most plastics as well as some other materials, brush disch
special cases, during fast separation processes (e.g. films

materials) propagating brush discharges are also possible

With charged parts made of non-conductive materials, and these include

rollers, drive belts), or by combination of conductive and non-conductive

arges and, in
moving over

© IS0 2021 - All rights reserved
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Other examples of possible ignition sources are:

] | - - — - I 140
For further eXampresanaaescriptions ot igntionssources; see e g oIV 112

“Waste 28”.

7.2 General requirements and recommendations for safe production and handling

The design of facilities and equipment as well as operational guidelines can eliminate or minimiz
risk for hazardous conditions during production, handling and storage of SRE..Below, some ge
aspects of ilnportance are listed while more specific aspects related to certain‘objects and proc
(receiving apd feeding; crushing, milling and shredding; conveying; storing; separation and scree
other systems) are presented in 8.1 to 8.6.

a)

b)

16

Lightning strike
Electromagnetic waves
Ionising radiation
Ultrasound

Adiabatic compression and shock waves

General[construction considerations to avoid dust generation, dustsettlement, material build uf

1) If dpst layers can build up on beams, ledges and structures, which cannot be cleaned an
located inside buildings, these structures should be topped off smoothly at an as high ang
poskible

NOTE A minimum angle of approximately 60°. (borizontal) is generally recommended.

2) Locations of potential deposits or accretionsyshould be easily accessible

3) Install warning signs and warning syStems in connection to specific hazardous equip
or dreas
Creation and spreading of dust can be limited by the following means (including, but not limite

1) Mirlimizing the number of transfer points and their drop heights and/or impact on the maf
2) Usihg enclosed conveying routes, enclosed transfer points and/or dust removal systems
3) Minimizing vibrafion and interparticle movement during conveying

Accessibility foraegular inspections

Accessibility'for housekeeping

VISH

e the
neral
bsses
hing;
, etc.

] are
le as

ment

d to):

erial

Accessibility for firefighting

Accessibility/possibility for emergency discharge of storage

Safe methods to remove SRF from storage facilities in case of troubles such as heat generation

should be considered in advance

Preparatory 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 consequences of

a fire/explosion incident

Explosion relief systems will reduce the risk of transfer of an explosion and fire along a conveyor
and secondary explosions in connected equipment. The venting should preferably be guided

outdoors
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Areas where dust becomes lofted during production and handling and the occurrence of explosive

dust/air mixtures cannot be fully avoided shall be classified in risk zones. Within the zones, only
equipment approved for the relevant zone shall be used

k)
D)

All identified risk zones/areas shall be clearly identified by signs and warning symbols

hot surfaces

m)

Electrical equipment and lightning protection. Do not use halogen or other lighting fixtures with

Risk for accumulation of gases from off-gassing or pyrolysis gases (CO, CO,) in locations adjacent to

storage facilities (e.g. offices, lunchrooms, and meeting rooms) during self-heating or fire situations

shall be considered

n)

Suffi
5 mi
1 mn

4

Whe
safet

7.3

Oper
In th
and §
caus

during maintenance work where personnel are caught in machinery, exposed to electric sh

To ay
spac
both
oper

Duri
both
is co}
and ¢

7.4

The
stori

Antistatic (or dissipative) materials (e.g. hoses) are preferred in explosion classified|ar

Cient cleaning measures shall be introduced and reviewed regularly. If dustlayers {
h tend to appear in the level surfaces on the area over at least 20 % of the floor are
1 over the entire floor area, the cleaning intervals shall be re-evaluated.

h operating, cleaning and maintaining the machine suitable protective/clothing should
y equipment shall be inspected before use.

General requirement for operation and maintenance

ation and maintenance of a facility shall be organized suehthat hazardous situations are
e event of emergency, there shall be first aid instruétions in place for what to do in c
hut-down procedures for minimizing damage. Typical situations which historically a
e injuries and even fatalities are when personnélenter confined spaces causing asphy

roid such incidents, all personnel shall regularly be informed about the risks related
bs and, when required by the risk assessment, be equipped with personal gas detector
CO and oxygen (0,) content since.€xposure to high/low concentrations can occur uj
htion conditions.

hg operation and maintenance, it is important to apply strict rules about lock-out o
mechanically and electriéally, before e.g. any obstructions are cleared, or other maintg
nducted. These rules shaltalso include lockout of fire/explosion detection and suppresy
bnsure that they are-reactivated before any operation commence.

Documentdtion of operation procedures

£as

hicker than
b or at least

be worn. All

minimized.

ise of injury
re known to
yxiation and
bck, etc.

to confined
5 measuring
hder normal

f machinery,
tnance work
ion systems

followingdocuments shall be compiled by the operator of the facility producing, hanglling and/or

ng SRFsand where necessary be available and maintained to be updated.

a)

Dperations Manual

1)
2)
3)
4)
5)
6)
7)

© ISO

daily procedures

start-up and shutdown routines

emergency procedures

housekeeping procedures

outline of operator training

work safe guidelines from local/national authorities

log and reporting requirement (operational conditions, incidents/abnormal
accidents)
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8) reporting structure of organization
9) safe behaviour
b) Maintenance Manual
1) preventive maintenance routines (e.g. regular control of bearings)
2) remedial maintenance routines (e.g. access to critical spare-parts to enable a fast replacement)

c) Safety guidelines for visitors and contractors working on-site (e.g. orientation plans, rules for entry
of confined spaces, lock-out of machinery)

d) Propertlies of the SRF produced and/or handled by the plant:
1) Identification
2) Hazard identification
3) Composition
4) Phyfsical properties
5) Ch¢mical properties
6) Selftheating properties
7) Off{gassing and oxygen depletion properties
8) Safe¢ty characteristics of dust

9) Toxlicological information
7.5 Safety during operation

7.5.1 Opdration

Regular viqual inspection of the entire handling system shall be performed, to identify |dust
accumulatign, spilled material or signs of malfunction or damaged equipment requiring maintenpnce.
This can bg done manually by the ‘personnel. Limit the storage time and apply the first-in-firgt-out
principle asifar as practical.

Visual fire inspections, affer'taking the necessary safety precautions, of stored SRF shall be performed
regularly, i.¢. noting any.tendencies of vapour formation. Such inspections shall be done also on enfry of
delivered fugl into storage. Visual fire inspection can be assisted by handheld IR cameras.

For stores with«ah eéxpected storage time longer than usual without any transfer operations, contfol of
the SRF propérties loaded into the storage shall be considered, e.g. tendency to self-heating.

NOTE1 A method to determine the tendency to self-heating is being developed and the standard is being
prepared by ISO/TC 300/WG 6.

Regular monitoring of stored material using temperature and/or gas detectors/gas detection systems
shall be made.

NOTE 2  Asthe storage facilities and storage conditions can vary considerably, monitoring of the rate of change
of temperature (and/or gas concentration) is often more important than a specific threshold as an abnormal
increasing rate of change indicates some form of changed conditions and a possible problem.

For intermediate stores which every week have a transfer to the stock or reclaiming, the temperature
monitoring of the moved material can be adequate.
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Keeping good track of normal conditions is therefore essential to learn more about the specific storage
and the material in it and to have the possibility to detect any abnormal situation in an early stage. In
such situation suitable safety precautions shall be taken, e.g. removal, consumption.

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

NOTE 3  When alarge quantity of SRF is stored in one place, heat can accumulate and make extinguishment of
a fire more difficult if ignition occurs. The recommended maximum size depends on the type of material stored.

If it is not possible to empty or clean the bottom part of storage area, parts of SRF end up staying in the
storage area for a long period, which can lead to increase in moisture content or generation of heat.

Otheyr risks that shall be considered are for example a mechanical break down and mateTial|overfeeding
which can cause friction heat or hazardous ignition sources.

7.5.2 Housekeeping

Dust{accumulations present a significant explosion hazard. A routine for-ch€cking dust byiild-up shall
ther¢fore be set in place. A cleaning plan shall be created and maintainéd,for regular removal of dust; it
shalllbe based on frequency of cleaning or max dust layer.

Equipment, e.g. vacuum cleaners, shall be certified for the use-ii explosive atmosphere gccording to
natignal or regional regulations. Due to the risk of raising dustycleaning shall not be performed with
compressed air or high-pressure cleaners. To avoid dust aceumulation, it is necessary to implant dust
collerting system protected against dust explosion.

Fine[dust will also create a health risk and exposure:might cause asthma and other effectg to skin and
eyes| Personnel regularly exposed to dust, e.g. those working with housekeeping and njaintenance,
shalllhave access to respiratory protective equipment and it shall be worn when required by the risk
assegsment.

7.5.3 Maintenance

A maintenance plan for all keywumechanical equipment, e.g. conveyors, valves, various| monitoring
equipment, fire detection and fireprotection equipment shall be derived and kept up to date.

The preventative maintenanee routine shall include checking the grounding of electrica] equipment
e.g.: motors and other conductive process equipment such as fans and conveyors.

The fesistance to ground or between objects shall be < 1 MQ to prevent the risk of sparking due to static
discharge. The maximum resistance shall also include interconnecting parts e.g. flexibleq and piping,
belt material and drive wheels or flexible and equipment. IEC 60079-31 provides further information.

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

Hot work (welding, cutting, brazing, machining with high-speed tools and other work involving heat
or sparks) shall only be conducted after receiving a written permission from an authorized person
(see NOTE) at the facility. Before starting the work, necessary precautions shall be made to eliminate
any combustible material in the area of work, or by other means decreasing the risk for ignition and
fire spread. Fire extinguishing equipment shall be available and ready for use and the work shall be
monitored by one or several fire guards. Lockout of fire/explosion detection systems might be necessary
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to avoid activation. The detection systems shall be reactivated before any operation commence again.
This shall be included in the permission procedures.

NOTE

7.5.4 Guidelines for visitors/contractors

Instruct contractors' staff and visitors regarding rules for:

a)

b)

‘)
d)

System star

There can be national requirements on education and certification of personnel performing hot work.

wearing PPE equipment (helmet, protective glasses, noise protection, protective shoes, reflective
clothing, respiratory protective equipment, etc.)

areas in
rules fo

action i

environmental autherities, etc.)

volving specific hazards (e.g. confined spaces)

I hot work, etc. (contractors)

k and stop procedures and warnings shall be derived and be available,

lanning of emergency operations

cable, pre-planning and preparation of check lists shall benade in cooperation bet)
" and the fire and rescue services to cover possible scenarjos. Typical incidents that shj
Are:

bn of ignition source detection systems in the conveying system
ection in the conveying system

d self-heating in a store

ed fire in store

bn of any explosion protection system in the plant

f people from confined spaces

planning shall include:

e of emergency organization with contact details (e.g. mobile telephone number, prj
he number) to-both all involved internal personnel and to external key persons (f
services, suppliers of inert gas and related equipment, freight companies, health

bl risk‘assessment and safety rules for various expected incident scenarios and at leag
arios mentioned above

h case of a fire or other emergency, evacuation routes and location of “Point,0f assembly

veen
h]] be

ivate
re &
and

t the

T€ for how to perform an updated, On-3ite riskassessment refated to the specific objec

incident scenario

and

Immediate actions (preferably as a check list) to minimize the risk for the involved personnel (see
below) and reduce the consequences of the incident

Need for warning signs and warning systems, equipment to cordon off certain areas

Expected duration of a fire (or explosion) incident and actions with respect to this (smaller incidents
can be handled during some hours while a fire in a silo can take several days or even weeks)

Preparations, equipment and routines for emergency discharge of storage in case of indicated self-

or fire

Regular inspection of safety equipment

7.6 Pre-p
Where appl
the operatol
considered §
a) activati
b) fire det
c) indicatg
d) confirm
e) activati
f) rescue
The pre-fireg
1) Structu
telepho
rescue
2) A gener
six scen|
3) Proced
4)
5)
6)
7)
heating
8)
20
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9) Emergency shut down procedures for certain equipment
10) Handling of extinguishing media and contaminated material

11) Education and training of personnel for various incident scenarios (including both operator personnel,
fire and rescue personnel and if relevant, key suppliers of extinguishing equipment/media)

12) Routines for regular updates of the emergency procedures

Further details to include/consider in the pre-planning work for various equipment/locations are also
mentioned in Clause 8.

The pre-planning document should also include necessary drawings and photos of the planf to visualize

wheie various fire protection systems are installed, id-numbers of various sensors, locatjon 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.

7.7 | Personnel risks

The following risks for personal injuries shall be considered, both durihg’pre-planning and during an

ongoling emergency operation but is not limited to:

a) [KExposure to toxic gases (e.g. high concentrations of CO as axesult of off-gassing or a delf-heating/
ire situation)

b) Areas with low O, concentration

c) Use of inert gases during the inerting/firefighfing operation (asphyxiation, expoqure to cold
iquefied gas)

d) [Effects of explosions (considering both dust and gas explosions), injuries from operating explosion
ents or construction parts thrown away.by the explosion, risks and effects of secondarly explosions

e) Rapid fire escalation (e.g. in a conveyor gallery having step pitch, fires as a consequence of an
xplosion)

f) Backdraft (e.g. if opening a-silé with an ongoing smouldering fire)

g) ork inside confined spaces and the risk of engulfment or burial of personnel

h) Instability of structure (e.g. structure for elevated conveyors)

i) orking at heights

8 $afetycconsiderations and requirements for specific parts of the SRF

production and handling process

8.1 Receiving and feeding

8.1.1 General for all receiving and feeding solutions

The main risk for this part of the installation is the dispersion of fuel particles in the air during reception
and self-heating risk during prolonged storage of fuel in the hopper.

At this process, the wastes that are collected are received, stored, and conveyed to the next step
which is typically the crushing and sorting step. Generally, facilities to receive the wastes consist of
combinations of “bunker and crane” or “yard and shovel car” and weighing scales.

The content of wastes greatly fluctuates depending on the region, climate, and weather. If hazardous
wastes such as explosives or highly flammable objects such as gas canisters, spray cans, paint
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cans, fireworks, lithium ion batteries, gasoline, or kerosene can be contained in the wastes that are
received, safety measures should be taken. Other objects such as burnt residue that is not completely
extinguished, or pyrophoric substances can also be contained. In addition to such undesirable material,
because the physical and chemical properties of wastes have great impact on the physical and chemical
properties of SRF, the amount of other incombustible wastes, such as glass or metal, should also be
minimized.

If the properties of transported material or the handling process is leading to fire hazardous situation,
devices such as sprinklers, fire hydrants, and fire extinguishers shall be properly installed to be used
in case of fire, if found necessary via the risk assessment. This shall be included in the risk assessment.
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ticles which are too big can generate fire safety risks, by blocking or tangling the prod
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e dusting, the use 6f enclosed unloading areas with internal dust control shall be incl
assessment. Additionally, the use of fire and dust explosion prevention and prote
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risk
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ctions shall be able to meet the fire and dust explosion safety requirements, for example

If high dust concentration in the air generates repeatedly low visibility, additional safety measures like
sound-based warnings shall be included to accompany visibility-based warning systems. Additionally,
if dust concentration could exist regularly in the air, it is recommended to build separate room or CCTV
(closed-circuit television) system for the operator to follow safely the receiving process.

The removal of the undesirable material of oversized material should be designed so that it is easy and
safe operation to the operators and users.

8.1.2.3 Requirements and recommendations for safe operation and maintenance

Proper feeding capacity or interval should be used, and oversized material particles should be
controlled to avoid safety risks and overloading the feeding process.
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Appropriate PPE appliances shall be used when working in the receiving area. The risk for sharp
objects being projected from the receiving process and the risk for personnel shall be evaluated. If the
environment in the receiving area contain hazardous amount of dust, protective respiratory equipment
shall be worn.

Sufficient cleaning measures shall be introduced and reviewed regularly. Dust layers thicker than 5 mm
shall not exist, because of the risk of dust explosion and risk of self-ignited fire. If thick dust layers tend
to appear in the level surfaces on the area, the cleaning intervals shall be re-evaluated.

The process machine service and maintenance intervals recommended by machine manufacturer shall
be respected. Motors (and associated parts) constitute a hot surface and may be an ignition source and

h ll L. H Ladads +lo ral i
S a DU ITICIUUTU 111 LIIT T IO dSOUTOSSITITTIL,

The peed for earthing of the trucks and the need for hoses made of antistatic materigl should be
included in the risk assessment.

For transfer operations, e.g. hopper, vibrator and metal separator:

a) etal detectors should be fitted for the machines to prevent the crushing of metal pjeces. These
hall be calibrated each year.

b) Bearing temperatures shall be monitored as defined in equipment user manual. Temperature
easuring (e.g. with handheld laser temperature measurer).is used to identify any beafing damage
at an early stage as possible.

8.1.3 Feeders

8.1.3.1 Safety risks

Feedfing can be carried out by step feeder, chain reclaimer, belt feeder or loading chuyte. Feeding
machines are typically operating with low speed.

Wheh the fuel is spilled into the buffet:silo, it can sometimes form an explosive dust/air stmosphere.
The discharge operation is even mote’ problematic as the accidental introduction of a hgt object can
result in the ignition of the dust eloud thus formed, whether at the level of the buffer silo pr the auger
exit Tf the buffer silo.

Feediing machines has typically low amount of fuel related risks. Existing fire in the receiyed material
or ighition sources fronrthe material unloading process are possible risks.

8.1.3.2 Requirements and recommendations for design and construction

The ffeeding 4material consists typically of large and heavy particles. The construction of feeding
machines shall be able to handle the feeding peak load and full material bed load. If thg material is
wet, thefeeding should be designed to have sufficient drainage system. The construction of the feeding
pocket-should be dust tight, so the dust generated during the unloading process is not able to have
access to the electrical wires and appliances, and to bearings of the feeding machine.

8.1.3.3 Requirements and recommendations for safe operation and maintenance

Proper feeding capacity or interval and oversized material particles shall be followed to avoid safety
risks and overloading the feeding process.

The use of PPE equipment such as safety glasses and respiration filter should be controlled when
working at receiving area.

The feeders shall be serviced and maintained according to the supplier’s instructions.
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8.1.4 Emergency feeding process

8.1.4.1 Safety risks

Typical emergency feeding is a combination of pocket and feeding screw, chain or belt conveyor, or only
feeding pocket. Emergency feeding is typically made by front loader or truck.

In emergency feeding processes, the main fuel related risks are; fire, explosion, personal safety risk
because of dust in the air, wrong feeding material, undesirable particles, oversized particles, sharp
particles, and particles thrown in the air by the process, or falling objects during the loading process.

Proper feedp nvoid
safety risk g¢f overloading the feeding process. Also, too big material particles can generate fire spfety
risks, by blojcking or tangling the process.

When feeding wastes with properties of dusting, it recommended to use PPE appliances.such as spfety
glasses and fespiration filter when working at receiving area to minimize personnel safety risks.

If the receiyed material bare sharp objects or if the process itself can throw @particles out from the
process line|the use of PPE appliances such as safety glasses is recommended nlear any open parts ¢f the
process.

The loadingjmachines can have hot surfaces such as exhaust system andsmotor. Friction between lgader
bucket and floor or feeding pocket can generate sparks.

Break dowr] of the machine can be able to generate fire or explosion safety risk, for example bearing
failure due to the poor maintenance.

8.1.4.2 Ré¢quirements and recommendations for design and construction

The use of ¢gmergency feeding is typically very rare, and because of this the probability of material
related safety hazards are lower than in the rest of the process. However, the design of the fe¢eding
pocket should minimise dusting and blocking-ofthe material.

8.1.4.3 Requirements and recommendations for safe operation and maintenance

Proper feedfing capacity or interval and oversized material particles shall be followed to avoid spfety
risks and overloading the feeding process.

The use of PPE equipment GSych as safety glasses and respiration filter should be controlled ywhen
working at fjeceiving area,

The emergg¢ncy feedinig process shall be serviced and maintained according to the supplier’s
instructiong.

8.2 Crushing, milling and shredding

8.2.1 General for all crushers, mills and shredders

Crushing, milling and shredding can cause the generation of dust. This shall be taken into account in
the risk assessment and when designing equipment. Depending on the type of waste, it can contain
particles which can ignite or explode during the crushing process. Based on the risk assessment,
proper protection measures shall be provided. Utilization of surveillance cameras should be considered
at the inlet of crusher for constant monitoring. The dust generation depends on several factors, e.g.
the moisture content and rotation speed of the machine. Shredder related work accidents can also be
very serious, resulting even in death or permanent harm to an individual. Hence, the work safety is of
utmost importance when designing shredding equipment and their integration into SRF manufacturing
processes.

Explosions and ignitions of fuel material are also risks related to crushing, milling and shredding.
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The wastes that are received are crushed to sizes that can be properly dried or densified in this process.
Undesirable material such as metals, glass, or porcelain are usually removed before crushing, milling or
shredding. In some cases, sorting is conducted after drying.

As wastes can ignite or explode inside the crusher depending on the type of wastes, surveillance
cameras should be installed at the inlet of crusher for constant monitoring.

If a risk for ignition inside the crusher has been identified, ignition should be prevented by measures
such as spraying of vapor, encapsulation of inert gas such as nitrogen, or active ventilation.

Devices such as sprinklers, fire hydrants, and fire extinguishers shall be properly installed to be used
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Hding machines shall be able to handle the feeding peak load and full material bed

material is wet, the shredding area should be designed to have sufficient drainage system. The
construction of the shredding pocket shall be robust, so the machine can withhold the vibration and
hits caused by the shredded material.

The shredding process shall be designed in such a way so that significant material and dust
accumulations can be avoided.

The shredder shall be designed in such a way so that any area where material and dust can accumulate
easily can be accessed by site operators.

The shredder shall be designed in such a way so that the appearance of ignition sources is minimized.

A dust control system shall be considered in order to minimize the occurrence of combustible dust.
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8.2.2.3 Requirements and recommendations for safe operation and maintenance

Proper feeding capacity or interval and oversized material particles shall be followed to avoid safety
risks and overloading the feeding process.

When feeding material with properties of dusting, it is recommended to use PPE appliances such as
safety glasses and respiration filter when working at shredder area to minimize personnel safety risks.

If the received material bare sharp objects or if the process itself can throw particles out from the
process, the use of PPE appliances such as safety glasses is recommended near any open parts of the

process.
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The shreddér shall be propérly earthed.

8.2.3 Main shredding

8.2.3.1 Sdfetyrisks

When the material reaches the main shredder, most of the [arge undesirable items are usually separated,
but the material can contain items that potentially can generate ignition sources when passing the main
shredder. The running speed of a main shredder is relatively high, and the material pieces are generally
smaller in size. Small material fractions and dust will be generated, and higher speeds increases the
risk for friction heat and appearances of impact sparks and hot particles that potentially could ignite
the material.

8.2.3.2 Requirements and recommendations for design and construction

The shredder shall be designed in such a way so that significant material and dust accumulations can
be avoided.

The shredder shall be designed in such a way so that any area where material and dust can accumulate
easily can be accessed by site operators.
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The shredder shall be designed in such a way so that the appearance of ignition sources is minimized.

If explosive atmosphere occurs frequently, a dust control system shall be considered in order to
minimize the occurrence of combustible dust.

The access to remove undesirable material shall be made safe for the user, because accessing the waste
pitis a safety risk. Use of automated removal procedure for undesirable material is preferred.
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8.2.4.1 Safety risks

When the material reaches the fine shredder, most undesirable items are usually separated, but the
material can still contain items that potentially can generate ignition sources when passing the fine
shredder. The size reduction of the material makes it more flammable. The shredding speed and the
material properties affect the amount of finely divided material, including dust, inside the fine-shredder
and in adjacent areas. The peripheral speed of the shredder creates risk for friction heat as well as
appearances of impact sparks and hot particles that potentially could ignite the material. Other risks
that shall be considered are for example a mechanical break down and material overfeeding which can
cause friction heat or hazardous ignition sources.

The presence of pulverized fuel in fine shredding in the presence of air can lead to a risk of explosion.
In normal operation, a shredder is a confined enclosure where there is presence of combustible dusts

© IS0 2021 - All rights reserved 27


https://standardsiso.com/api/?name=b2b394ff594bec68187e4c18aa86517e

ISO 21912

:2021(E)

clouds with low particle size at a concentration above the lower explosible limit (between a few tens of
g/m3 and some kg/m3). The shredder can generate friction in the event of loss of rotation axes, in case
of presence of foreigners and thus abnormally heat the fuel.

8.2.4.2 Requirements and recommendations for design and construction

The shredder shall be designed in such a way so that significant material and dust accumulations can

be avoided.

The shredder shall be designed in such a way so that any area where material and dust can accumulate
easily can be accessed by site operators.
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The shredder shall be properly earthed.

8.3 Conveying

8.3.1 Cha

in conveyors

8.3.1.1 Safety risks

Combustible dust is often present inside the chain conveyor, especially at material inlets and outlets.
Chain conveyors can be enclosed, and an ignition of airborne dust inside the enclosure can result in a
dust explosion. A chain conveyor often uses a large number of paddles and other mechanically moving
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parts where friction heat can be generated. Examples of typical risks are friction heat due to metal-to-
metal contact between paddles and conveyor walls, misalignments, worn out bearings and overheated
electrical drive motors. If dust layers thicker than 5 mm are generated on surfaces during normal
operation, more frequent cleaning intervals shall be introduced in locations where it can become
exposed to heat, for example around drive equipment and electrical motors. Chain conveyors are
sometimes located in underground tunnels or elevated above the ground and can be difficult to reach
for rescue personnel.

Safety risks vary for different chain conveyors. Examples of typical things to consider during the
risk assessment are conveyor type, construction and length, size and capacity, enclosure tightness,
accessibility for maintenance personnel and for rescue service.

8.3.1.2 Requirements and recommendations for design and construction

The ¢onveyor shall be designed in such a way so that significant material and dust accumplations can
be ayoided.

The ¢onveyor shall be designed in such a way so that any area where materialand dust canfaccumulate
easily can be accessed by site operators.

The ¢onveyor shall be designed in such a way so that the appearance-of ignition sources is inimized.
A dust control system shall be considered in order to minimizehe occurrence of combustible dust.

According to IEC 60079-0 for type of protection for electrical equipment and ISO 80079{36:2016 for
type|of protection for non-electrical equipment, ignition hazard assessment shall be done for electrical
and pon-electrical products that have their own potential ignition sources and are intend¢d for use in
explgsive atmospheres:

a) Hotsurfaces (maximum surface temperature)
b) Klames and hot gases

c) Mechanically generated sparks (single impacts sparks) (property of metal, impact yelocity and
maximum potential impact energy); and hot surfaces generated by friction

d) S$ufficient explosion ventilation, away from operating personnel
e) Robust structure to withstand the reduced explosion pressure
f) Dust tight construction, if indoors

g) Conveyor material selection according to handled material and environment to mitigate structural
failures dueto corrosion

8.3.1.3 < Requirements and recommendations for safe operation and maintenance

111 . ] ] I R 3 —l 1 2o - b
The CUONIIVEYUT SIIdIT DT ST VILEU dIIU ITIAIILAIIICU dCLUTULITES LU UIC SUpPpPIICT 5 IS UL LIUILS.

Any equipment located in dust hazardous areas covered by the area classification plan shall meet the
technical requirements that apply for the current area.

Suitable process monitoring devices, prevention system, protection systems and fire mitigating systems
shall be installed if required by the risk assessment (Examples: power consumption monitoring of
motors, temperature sensors for motors and shaft bearings etc., ignition source detection system at
conveyor inlets and outlets, explosion suppression system, venting).

The conveyor shall be properly earthed.

If the risk assessment indicates that open conveyor poses risk for use or maintenance, conveyor covers
shall be closed while any equipment in line is in operation.
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8.3.2 Screw conveyors

8.3.2.1 Safety risks
Screw conveyors are sometimes used for conveying of processed SRF in short distances/heights.

When dry dust is present in the material stream it can become airborne inside the screw conveyor,
especially at the inlets and outlets of the conveyor. An ignition of combustible airborne dust inside an
enclosed screw conveyor can, under certain conditions, result in a dust explosion.

The peripheral speed of a screw can possibly be high enough to generate heat from friction, for example
in the event

of metal-to-metat contact between the screw and-thescrew tonveyor iousing:

Dust can col ment

and bearing

lect at surfaces where it can become exposed to heat, for example around drive equip
S.

8.3.2.2 Ré¢quirements and recommendations for design and construction

The conveyor shall be designed in such a way so that significant material and . dust accumulation
be avoided.
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8.3.2.3 Requirements and recommendations for safe operation and maintenance

All conveyor covers, hatches, etc. shall be closedwhile the conveyor is in operation.
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The conveyar shall be properly earthed.

8.3.3 Belt conveyors

8.3.3.1 Safety risks

Belt conveyors are commonly used in SRF plants and can pose significant risks for fires. A belt conveyor
that uses idlers to carry the belt often consists of a large number of rollers and other mechanically
moving parts where friction heat can be generated. Examples of typical risks are friction heat from
bearings, jammed rollers, belt misalignments and hot surfaces from overheated electrical drive
motors. It is common that combustible material and dust collects in areas adjacent to the conveyor
and on surfaces where it can become exposed to heat, for example around roller ends and motors. Belt
conveyors are often located in underground tunnels or elevated above the ground, sometimes above
material piles and buildings where they can be difficult to access for rescue personnel.
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Safety risks varies for different belt conveyors. Examples of typical things to consider during the risk
assessment are conveyor type and length, size and capacity, time of operation, antistatic/dissipative
materials, open or enclosed, accessibility for maintenance personnel and for rescue service.

8.3.3.2 Requirements and recommendations for design and construction

The conveyor shall be designed in such a way so that the generation of dust is minimized e.g. by
minimizing interparticle movement. The conveyor shall also be designed in such a way so that
significant material and dust accumulations can be avoided, and so that any area where material and
dust can accumulate easily can be accessed by site operators.

The ¢onveyor shall be designed in such a way so that the appearance of ignition sources is fninimized.
A duspt control system shall be considered in order to minimize the occurrence of combustible dust.

The fonveyor shall be prepared for the installation of suitable monitoring and safety efjuipment in
accordance with the risk assessment.

8.3.3.3 Requirements and recommendations for safe operation and maintenance
The ¢onveyor shall be serviced and maintained according to the supplier’s instructions.

Any pquipment located in dust hazardous areas covered by thé area classification plan shall meet the
technical requirements that apply for the current area. According to IEC 60079-0 for type qf protection
for electrical equipment and ISO 80079-36:2016 for type-of protection for non-electricall equipment,
ignitfon hazard assessment shall be done for electrical and non-electrical products that haye their own
potential ignition sources and are intended for use in€xplosive atmospheres:

a) Mot surfaces (maximum surface temperature}
b) Flames and hot gases

c) echanically generated sparks (sirigle impacts sparks (property of metal, impact yelocity and
aximum potential impact energyj; and hot surfaces generated by friction

Suitdble process monitoring devices, prevention systems, protection systems and fir¢ mitigating
systdms shall be installed, in_accordance with the risk assessment (Examples: belt mlisalignment
monjtoring, monitoring of slipping belt, anti-slip solution, power consumption monitoring of motors,
temperature sensors for-metors and shaft bearings, etc., ignition source detection system|at conveyor
inlets and outlets, explosion suppression system, venting).

The ¢onveyor shall.bé properly earthed.
8.3.4 Bucket elevators

8.3.4.1) Safety risks

The environment inside a bucket elevator is often dusty, especially at the inlet and outlet where the
material falls and where dust becomes airborne. An ignition source embedded in the material stream
can ignite the airborne dust resulting in a dust explosion. Other sources of ignitions can be friction
related, caused by for example misalignment of buckets or other mechanical problems. A fire in a
bucket elevator can propagate quickly (chimney effect) and can be difficult to handle since an elevator
is enclosed.

8.3.4.2 Requirements and recommendations for design and construction

The bucket elevator shall be designed in such a way so that significant material and dust accumulations
can be avoided.
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The bucket elevator shall be designed in such a way so that any area where material and dust can
accumulate easily can be accessed by site operators.

The bucket elevator shall be designed in such a way so that the appearance of ignition sources are

minimized.

Depending on the construction, the handled material, the safety measures and the risk assessment,
buckets can be constructed in materials not creating sparks in case of mechanical contact with
construction walls of the elevator.

A dust control system connected to the bucket elevator in order to minimize the occurrence of

combustible

airborne dust shall be considered in the risk assessment

a) Examples of safety measures to limit ignition sources:

1) Tenpperature sensors and rotation controllers of drums and of bearings

2) Ovd
3) Ovd
4) Bud

b) Examplges of explosion protection measures:

1) Bud
2) Exf

8.3.4.3 R{
The bucket {

Any equipm
technical re
for electricsg
ignition haz

potential ignition sources and are intended for use in explosive atmospheres:

a) Hotsur

b) Flames

c) Mechanfically generated sparks (single impacts sparks) (property of metal, impact velocity

maximy

r-intensity detector for motor drum
r-intensity detector for motor

ket deportation controllers

kets made of non-flame propagation pre-treatment material (fire resistant)

losion vents, explosion suppressors, etc.

tquirements and recommendations for safe'operation and maintenance
blevator shall be serviced and maintained according to the supplier’s instructions.

ent located in dust hazardous areas covered by the area classification plan shall mee
Huirements that apply for the current area. According to IEC 60079-0 for type of prote

ard assessment shall be done\for electrical and non-electrical products that have thein

faces (maximum surface temperature)

and hot gases

m potential impact energy); and hot surfaces generated by friction

Suitable pr

systems shalll be'installed, if required by the risk assessment.

cess\monitoring devices, prevention systems, protection systems and fire mitig

t the
ction

|1 equipment and ISO 80079-36:2016 for type of protection for non-electrical equipiment,

own

and

ating

NOTE Examples of monitoring devices and protection systems are: bucket misalignment monitoring
system, ignition source detection system at inlet and outlet of the bucket elevator, explosion suppression system,

venting, etc.

The bucket elevator shall be properly earthed.

8.3.5 Pneumatic conveying

8.3.5.1 Safety risks

Pneumatic systems are sometimes used for bulk conveying of processed SRF material to storage,
typically a silo. Additional protective measures should be considered when the risk assessment
indicates that during operation, an ignition source created from a mechanical problem in a blower or
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entering the pneumatic conveying system from previous process stages can ignite the ai

rborne dust

resulting in a dust explosion. Ignition sources in the pneumatic conveying system can travel with the
air flow to the subsequent storage and when the air movement and turbulence decreases, an ignition

can occur.

8.3.5.2 Requirements and recommendations for design and construction

The pneumatic conveying system shall be designed in such a way so that material and
accumulate inside.

dust cannot

The pneumatic conveying system shall be designed in such a way so that the appearance of ignition

sourges 1s minimized.

To ayoid the propagation of explosion inside the pneumatic conveying, install safet{; bari
proppgation of explosion.

Accofding to IEC 60079-0 for type of protection for electrical equipment and’ISO 80079

rier for non-

36:2016 for

type|of protection for non-electrical equipment, ignition hazard assessment shall be done for electrical

and pon-electrical products that have their own potential ignition sources)and are intends
explosive atmospheres:

a) Hotsurfaces (maximum surface temperature)
b) Ilames and hot gases

c¢) Mechanically generated sparks (single impacts spatks) (property of metal, impact
maximum potential impact energy); and hot surfacés generated by friction

8.3.3.3 Requirements and recommendations:for safe operation and maintenance

All pprts of the pneumatic conveying systentincluding blowers etc., shall be serviced and
according to the supplier’s instructions.

Doors, hatches, etc. in the pneumatic(conveying system shall remain closed during operatic
risk assessment indicates that opening of the hatch or dock can generate a safety risk, shall
with|an interlock solution. TheSinterlock solution shall prevent any processing stage or
convpying system from starting’when the safety circuit is open. In case the safety circuit
operftion, the pneumatic,eonveying system and material handling process shall stop auto
suchfan event, a safe sequerice of stopping the processes shall be assured.

Any pquipment located in dust hazardous areas covered by the area classification plan sh|
technical requirements that apply for the current area.

Suitgble process monitoring devices, prevention systems, protection systems and fire
systems shall be installed, shall be installed if required by the risk assessment (Exam
conspimption monitoring of motors, temperature sensors for motors and bearings etc., ign

bd for use in

belocity and

maintained

n and, if the
be equipped
part of the
pens during
matically. In

all meet the

e mitigating
ples: power
ition source

detettian system inthe pnpnmnfir‘ r‘nnvpying system, \mnfing for storage ci]nc)

All parts of the pneumatic conveying system shall be properly earthed.
8.4 Storage solutions

8.4.1 General for all storage solutions

For the management and safe operation of stored materials, several plans and lists should be included:

a) Astorage plan;
b) Aresponse plan and contingency plan;

c) Site plan;
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d) Checklistto be used during a fire;
e) Working plan/schedule;

f) List for jour/standby; and a

g) Run-off water investigation.

A storage plan shall be made. The storage plan shall describe how different material fractions should be
handles and stored, to minimize the risk for fire.

The response plan is a complement to the storage plan and shall give the fire and rescue service a clear
picture of tlie Tacility, combined with detailed information on dilferent storage areas. Informatign on
available extinguishing material shall also be included.

A site plan|should include position of hydrants, shutoff valves, evacuation routes, entrarces/exits,
access to wdter for fire trucks.

The checkligt should at least include:

1) Alarm the fire and rescue services

2) Contact{the delegated management function

3) Contact{relevant persons on the jour list

4) Importdnt acute actions, e.g. close wastewater valves

5) Appoint person to meet the fire and rescue service at the(entrance
6) Stop/refirect incoming deliveries of waste

7) Read thge water consumption meter

8) Start thp documentation of the course of evénts, actions, contacts, decisions etc.
9) Contact{regulatory authority

10) Contact|the insurance company

11) Preparg information to the public, media etc. (in consultation with the incident commander [from
the fireland rescue services)

A working plan/schedule.should be established to ensure the possibility for changing personnel diyiring
a fire lasting for a long timeé period.

Ajourlistis
an updated

houldbedvailable, both internally and for entrepreneurs. The list shall be accompanied|with
bhonelist and routines for who has what responsibility and who communicates with whom.

o a Lored A o A_pe _d nd ombln alalNa aYaiuallNa eren o

Detection ol 2S stored waste can be difficult and a combination of both different tec
solutions (e.g. cameras, IR cameras and temperature measurements) and personnel patrolling should
be considered.

A run-off water investigation shall be done and should include the handling of the run-off water,
requirements and routines for sampling and testing of water and its content.

General requirements and recommendations for fire protection can be found in 9.1.
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8.4.2 Storage of mechanically densified SRF

8.4.2.1 Safety risks

There is a risk of self-heating, especially when the material is exposed to moisture. These processes are
also connected with emissions of gases, which can be hazardous to health and explosive.

8.4.2.2 Requirements and recommendations for design and construction

Storage sites for densified SRF are required to install receiving area which prevents the densified SRF
from_getting wet regardless the type of storage. If shown by the risk assessment to be needed, the
folloywing measures shall be taken:

a) fo enable well ventilation of enclosed storage area always
b) fo install the fire protection equipment such as sprinkler and extinguisher,

It shguld be made possible to monitor temperature and moisture.

8.4.2.3 Requirements and recommendations for safe operation and maintenance

Dendified SRF that is going to be stored should have a limited moisture content (preferably less than
10 %4 (by weight)). Both the moisture content and the temperature shall be monitored and recorded.

Wheh the densified SRF is unloaded for storage, it shall be checked so that it is not remarkably powdered
(mudh fines). When unloading, also the temperature and moisture content shall be monitorjed.

Meagures should be taken to avoid heat accumulatien:

Meagures shall be taken to prevent the densified'SRF from getting wet.
8.4.3 Open storage in piles

8.4.3.1 Safety risks
A commmon way of storage is in\piles, often sorted in different material fractions.

Therg is a risk for self-hedting leading to self-ignition and the risk for fire increases with the size of the
storg. Furthermore, a latge store makes it more difficult for the fire and rescue services o be able to
extinguish a fire in thépile.

Therg is also a risk for transferring ignition sources, e.g. hot or glowing material, from other parts of
the handling process, or even creating them in the handling process, e.g. by vehicles.

The distance between the piles shall be enough to both minimize the risk for fire spread tp other piles
or to| buildings, and to make it possible for the fire and rescue service to have space to perform their
work. To make it practically possible to extinguisn a fire in a large pile, a minimum distance of 10 to 15
m between piles is recommended.

8.4.3.2 Requirements and recommendations for design and construction
Established and secured water supply is essential.

Fire hydrants should be distributed and placed so that water is available (pressure and flow rate). For
the position of the hydrants, consideration should be taken both to the storage plan and the response
plan. In this it is important to minimize the risk for complicated lay-out of hoses and the risk for
hindering the access of vehicles, e.g. fire trucks and front loaders.
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If the run-off water cannot be collected in an environmentally safe way, other materials for
extinguishment can be used, e.g. soil or mud. Then such extinguishment shall be planned for and the
availability of such material shall be secured.

Extra surface space shall be available. This is needed during a fire for several reasons:

a) toremove material to limit the potential size of a fire

b) move m

<)

aterial to reach and get access to the seat of the fire

to remove glowing/burning material to be able to more efficiently extinguish it

Good lightin
vehicles) bu

8.4.3.3 Rg
The facility
Routines for

A scheme fo
8.4.4 Balg

8.4.4.1 Sa

A bale of SH
handling, tr
self-heating
time, storag

Other safety
being hit by
strings.

It should alg
can be very

8.4.4.2 Rg

The ground

g should be available to avoid working environment issues (€.g. tripping and incidents
[ is also needed for detection of smoke from piles and for efficient fire extinguishment

tquirements and recommendations for safe operation and maintenance
pwner shall work continuously and systematically to achieve fire safety:
operation and maintenance shall be established.

' maintenance of machines and equipment shall be established.
e storing

fety risks

F is a compact pack produced by compressignvof the fluffy SRF in order to enable
hnsportation, and storage. Self-ignition and fire can occur during storage as a result
of the baled SRF depending on composition, particle size, density, storage size, stq
e temperature and condition of the bales:

' related issues concern the handling of the bales. It includes falling from a bale sta
falling or dropped bales. There is also a risk of tripping or falling caused by loose

0 be taken into consideration in the risk assessment that extinguishment of stacks of
difficult, especially if they contain high plastic content.

tquirements and1recommendations for design and construction

planned to be used for stacks of bales shall be firm, dry, level and freely draining. The §

should be open and well ventilated.

Enough spa
and to secul

Ce should be provided, both to allow vehicles adequate room for handling the bales s
esspace for the fire and rescue service in case of fire.

with

easy
f the
rage

rk or
bale

bales

pace

hfely,

8.4.4.3 Requirements and recommendations for safe operation and maintenance

The personnel involved in stacking bales shall know how to stack bales safely.

The risks of working at heights, when stacking and de-stacking bales, shall be included in the risk

assessment.

Only bales of sound construction should be used, especially for the edges. The bales shall be stacked
so that lower bales are stabilized by placing upper bales in an overlapping and interlocking way,
alternating layer by layer.

All loose str

36

ings shall be removed to avoid tripping hazards.
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Large parallelepiped bales can be very heavy and can be a life-threatening hazard if there is a risk of
falling bales hitting a person. The bales should not be stacked higher than 1,5 times the width of the
base. The stacks shall also not be higher than that the bales in the stack can be handled in a safe way.

Small bales should be interlocked closely, with alternate layers rotated and slightly offset so that each
bale is locked in.

Extra care shall be taken when stacking and de-stacking wrapped bales, as the plastic wrapping can
make the bales slippery.

Check the stack of bales regularly to make sure that the stack is still in good condition and that there is
no danger of collapse

The gurface temperature of the stacks should be monitored regularly.

e bottom or
shall never

De-s
the 1
be le

fack the bales in the reverse order of stacking. The bales shall not be removed from th
hiddle of the stack, as this can cause the stack to become unstable. Overhanging baleg
ft unsupported.

8.4.3 Silo storage

8.4.3.1 Safety risks

The
wet

ilo is the enclosed cylindrical structure to store SRF internally and can prevent SRF f
n the rain. Silos for storing SRF are typically made-of steel, concrete or a combin|

rom getting
ation of the

two.
meck
of si
can |
heat]
and |
fract

In c
accu

Self-ignition and fire can occur in the silo as a result of the self-heating of SRF lead b
janism related to production processes, density, comiposition and particle size of SRFs, g
o (i.e. ratio of height to diameter), storage period. As a result of the self-heating pi
pe produced, which can be hazardous to héalth and lead to an explosive environme
ng can be caused by exothermal reactions-of SRFs such as oxidation reactions, physic
piodegradation reactions. With enoughimoisture content, SRF containing high amount
ions can generate heat due to biodegradation.

hse of integrated moulding/drying process: without cooling of densified SRF
mulated SRF in the silo might start self-heating. The risk for self-heating of SRF in|

y a complex
onstruction
ocesses, CO
nt. The self-
al processes
s of organic

adequately,
most cases

1dition such
erature and

incrg
as al
mois

ase with storage time. The self-heating of SRF depends on different weather cor
psolute temperature, témperature variation, difference in outside and inside temp
ture.

8.4.3.2 Requirements and recommendations for design and construction

ipacity shall
1late heat in

nding on the-input wastes, the SRF-production process and the type of SRF storage c3
ell chosen./The capacity of storage in silo shall not be oversized in order not to accum
ile ofiSRF.

Depq
be w|
the p

Be ayate of the importance of ratio between height and diameter. This should not be too high. This can
give problems for the reclaiming of the material, e.g. bridging. It can also lead to compression of the
material.

The structure of the silo shall be sufficiently robust.

Based on the risk assessment the following sensors shall be considered: temperature sensors, CO
detectors and heat detectors in the head space and temperature sensors in the bulk. IR measurements
can be used to measure the surface temperature.

Depending on the result of the risk assessment, extinguishers, sprinklers or inert gas injection such
as nitrogen gas shall be installed. For dry, densified material there can be a risk of swelling. Measures
should be taken to prevent the SRF from being wet. Furthermore, the load of too much added water can
make the silo collapse. Therefore, gas injection should be the first choice. It should be made possible to
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unload the material from the silo in a controlled and safe way. Appropriate measures should be taken to
limit heat accumulation.

Measures should be taken to limit the risk for an explosion, e.g. venting, suppression and inerting.

8.4.5.3 Requirements and recommendations for safe operation and maintenance
The areas shall be secured for discharging all stored SRF out of silo following a fire accident.

Prolonged storage time increases the risk for self-heating. The operations manual should include
information on how long a material can be stored, based on experience, measurements of material

characteristicsandriskassesshrent:

Based on th¢ risk assessment, the following measures shall be taken if considered relevant or necessary:

a) monitoring temperatures and concentration of carbon monoxide of ambient of|storage site
continupusly

b) confirming that measured temperatures and concentrations are within appropriate range for
operati¢n of storage

c) avoiding moisturization of stored densified SRF
d) periodic¢ally cleaning up storage site

e) taking measures to avoid heat generation by oxidation of SRF-and to avoid heat accumulation| (e.g.
continupus filling of inert gas to storage, periodical replacement of SRF)

f) continupusly monitoring temperatures when SRF is loaded to the store

g) monitoffing temperatures and concentrations of CO-of storage site continuously (other paramgters
such as|carbon dioxide, total hydrocarbon, or moisture are optional)

h) confirming that measured temperatures.@nd concentrations are within appropriate range for
operatipn of storage

8.4.6 Bunker and box storage

8.4.6.1 Sdfety risks

A bunker is p construction,with four walls and can be covered. A box is a construction with three alls
and can be [covered. A cover can prevent SRF from getting wet in the rain. Self-ignition and fir¢ can
be caused i the bunkér-as a result of the self-heating of SRF caused by a complex mechanism rejated
to productign processgs, density, composition and particle size of SRFs, size of bunker/boxes, stgrage
period, ambjient temperature. The self-heating can be caused by exothermal reactions of SRFs sufh as
oxidation rdactiens, physical processes and biodegradation reactions. With enough moisture corjtent,
SRF containing’high amounts of organic fractions can generate heat due to biodegradation.

In case of integrated moulding/drying process: without cooling of mechanically densified SRF
adequately, accumulated SRF in the bunker can start self-heating. SRF stored for prolonged period can
have a higher possibility to be self-heated.

Bunkers that not have the possibilities for first in - first out principle shall in the risk assessment
include the risk for waste being left for a long time at the bottom of the bunker and the potential risk for
self-heating, and the possible need for regular cleaning of the bunker.

8.4.6.2 Requirements and recommendations for design and construction

Depending on the input wastes, the SRF-production process and the type of SRF storage capacity should
be well chosen. A large amount of waste increases the risk for self-heating. This depends also on e.g. the
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type of material and the moisture content and the handling and size limit should be part of the risk
assessment. If shown to be needed in the risk assessment, the following measures shall be taken:

a) Consideration of additional measures if the crane cannot reach all the material leaving some
material for a prolonged time

b) Ensuring that the bunker or box shall be durable to withstand foreseeable use, e.g. accidental
impact of a front-loader

c) Ensuring a roof is used where the contents of the bunker or box are susceptible to moisture
accumulation due to precipitation

d) KEnsuring that the bunker or box is prepared for the installation of suitable monitoning and safety
quipment

e) Installation of an extinguishing system e.g. fixed water spray systems (open” heads) or water
annon. It is important to be able remove material to reach the site of the fisexThere shall be a plan
or handling of the run-off water.

f) Taking measures to limit the risk for an explosion, e.g. venting, suppression and inertirg.

The risk for people falling into the bunker or box shall be considered. Example of measyre could be
railings. Means for self-rescue out of the bunker or box shall be installed, e.g. a ladder.

Barrjers preventing vehicles from accidentally entering the bunker or box shall be installed.

8.4.4.3 Requirements and recommendations for safe’operation and maintenance

SRF phall be stored so the height does not exceed\the design height. The compression df waste can
incrdase the risk for self-heating.

The ¢ffect of prolonged storage time of SREjn bunker or box being stocked for prolonged periods shall
be included in the risk assessment. In this\¢ase the internal temperature of SRF in bunkers of boxes shall
be mionitored on regular basis, e.g. with:a spear. If bunker indoor, monitor the environment (including
CO) gnd/or the surface temperature with IR, continuously.

Base(d on a risk assessment, thefollowing measures shall be taken if considered relevant o1l necessary:
a) Regularly measuringthetemperature of the SRF in box or bunker at randomly selected positions
b) Periodically cleaning’storage site

¢) Turning SRFaround, or any other measures to avoid the unusual rise of temperature
d) Monitorihgtemperatures of SRF surface and ambient of storage site continuously

e) Confirming that measured temperature is within appropriate range for operation df storage. If
gtorage sites for SRF are ventilated enough, continuous monitoring and recording is nof mandatory,
due to lower risk of heat accumulation.

8.4.7 Hoppers

8.4.7.1 Safety risks

Storage of SRF in the hopper can result in self-heating with the generation of fire risks and the formation
of explosive atmosphere (air/CO).

Storage of fuel in the semi-confined hopper can result in self-heating with a risk of fire and an explosive
atmosphere (air/CO).

In the case of prolonged residence time of the wet fuel, fermentation can occur and raise the temperature
to 70 °C, possibly activating the self-heating. The runaway of this self-heating during abnormally
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prolonged storage of the fuel (normally, the residence time is less than one day, which can be extended
during a production stop) can produce CO and thus form an explosive air/CO mixture.

The sources of ignition can be due to the introduction of hot particles (particles from the exhaust gases
of the truck, projection of particles from welding work nearby) or to the introduction of a foreign object
that could ignite the fuel (work by hot spot, external source) or incandescent particles, resulting from
self-ignited fuel during extinguishing or emptying the hopper.

8.4.7.2 Requirements and recommendations for design and construction

Depending on the input wastes, the SRF-production process and the type of SRF storage capacity should

be chosen appropriately. A ITarge amount of waste increases the risk for self-heating. This also defgends

on, for exanjple, the type of material and the moisture content, and the handling and size limit should

be part of the risk assessment. If the crane cannot reach all the material leaving some material |for a

prolonged time, this should also be considered in the risk assessment. Other requirements include

a) Ensuring that the hopper is durable to withstand foreseeable use, e.g. accidental impact of a
front-lopder

b) Ensuring that a roof is used in cases where the contents of the hopper areSusceptible to moigture
accumullation due to precipitation

c) Ensurirlg that the hopper is prepared for the installation of Suitable monitoring and spfety
equipment based on the risk assessment

d) Determjning the number and positions of, for example, sensors determined in the risk assessment

e) Installafion of a fixed water spray system (open heads):lt'is important to be able remove material
to reach the site of the fire. There shall be a plan for handling of the run-off water.

The risk for|people falling into the hopper shall be considered. Example of measure could be railings.

Means for s¢lf-rescue out of the hopper shall be installed, e.g. a ladder.

Barriers prgventing vehicles from accidentaltyreéntering the hopper shall be installed.

8.4.7.3 Re¢quirements and recomméndations for safe operation and maintenance

SRF shall be{ stored so the height does'not exceed the design height.

The effect gf prolonged storagétime of SRF in a hopper shall be included in the risk assessment. In
this case the internal tempetadture of SRF in hoppers shall be monitored on regular basis, e.g. with a
spear. Based on the risk’assessment the following sensors shall be considered: temperature sensors,
monitoring pf surface témperature and flame detectors.

8.5 Separatiomand screening

8.5.1 Screening

8.5.1.1 Safety risks of screening

Screening of material can be carried out in different ways. Examples of different screen types are disc
screens, trommel screens and vibrating deck screens. Common for most screening methods is that a
significant number of fines and dust is created and dispersed in connection with the screening process.
If the screening process is generating a significant amount of airborne dust, utilisation of dust control
unit is recommended to minimize dusting.

When a disc screen is used, the material is moved forward on top of rotating disc shafts. Material pieces
that are smaller than the spacing between the discs fall through and are separated from the bigger
material pieces which are moved on top of the discs to the end of the screen. A disc screen consists of
several mechanical rotating shafts, often with metal discs. Friction related problems can occur in the
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