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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.
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Introduction
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Biog

General
technical committee on biogas (ISO/TC 255) was established in 2011 in order to:
provide liberalization and facilitation for international trade of biogas systems;

contribute to international co-operation on technical regulations, standards and
procedures;

assessment

¢urb discriminatory technical requirements as the main rorm or trade protectionism,; g

feduce and eliminate the technical barriers for international trade of biogas systéms.

document about biogas systems is applicable for biogas production by anaerobic dige
fitioning, biogas upgrading and biogas utilization. The main purpose of this"documen
htion of biogas systems without damaging the environment.

dq

vailability of a standard for biogas systems is necessary in order to:

ensure that biogas systems are built, operated and maintained Safely;

f

|

ontribute to reinforcement of biogas flares’ safety and business competitiveness with

acilitate development of regional and national regulations and incentive programs
ethane emissions;

oderate communication between the different bipgas parties through meaningful dif
q
1
gervices as well as reporting on biogas related action plans, road maps, etc.; and

¢ontribute to the use of standards-by facilitating their development and furth
inderstanding and application of standards.

C 255 intends to promotesinternational technology exchange and to accelerate i
ication of biogas (productsj and equipment by developing and maintaining globally
lards. For the avoidance of doubt, it is noted that national legislation may apply which
or may be additionalto-the contents of this document.

Description of the applied technologies

hs systems are amongst others applied at industrial plants like food and beveragg
e water treéatment plants, waste plants, landfill sites, and small-scale plants next to
panies.

hs-is'produced by anaerobic digestion of organic matter.

nd

stion, biogas
t is the safe

to regulate

cussions;

recognized

erms and definitions that clarify actors’ éxpectations related to procurement, contracts and

bring  users’

hternational
harmonized
may deviate

industries,
agricultural

Biogas mainly comprises methane, carbon dioxide, nitrogen, oxygen, hydrogen sulphide and/or water
and furthermore could contain hydrogen, carbon monoxide, heavier hydrocarbons (including aromatic
hydrocarbons), siloxanes and/or other substances.

Biogas can be treated in order to eliminate hydrogen sulphide, siloxanes, water and other substances
and be upgraded to a gas with higher methane content. Sometimes the biogas is pressurized.

A description of the most common technologies used in biogas systems is included in Annex B.

Guidelines to prevent risks from gasses and explosive atmospheres in buildings are included in Annex C.

© IS0 2021 - All rights reserved
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Biogas systems — Non-household and non-gasification

1 Scope

This document applies for systems for biogas production by anaerobic digestion, biogas conditioning,
biogas upgrading and biogas utilization from a safety, environmental, performance and functionality
perspective, during the design, manufacturing, installation, construction, testing, commissioning,
acceptance, operation, regular inspection and maintenance phases.

The following topics are excluded from this document:

— lboilers, burners, furnaces and lighting in case these are not specifically applied‘for locally produced
iogas;

— gas fuelled engines for vehicles and ships;

— the public gas grid;

— gpecifications to determine biomethane quality;

— fransportation of compressed or liquefied biogas;

— {ransportation of biomass or digestate;

— 3ssessment and determination whether biomass is sourced sustainably or not.

An informative explanation of the scope is included in Annex A.

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 amendmepts) applies.

ISO 30675, Biogas — Bipgas production, conditioning, upgrading and utilization — Terms, definitions and
classjfication scheme

ISO 42580, Flaresfor'combustion of biogas
[EC §0079-10~1) Explosive atmospheres — Part 10-1: Classification of areas — Explosive gas atfmospheres

[EC §2305%2, Protection against lightning — Part 2: Risk management

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 20675 and the following apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

©1S0 2021 - All rights reserved 1
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3.1
hazardous substance

any product or chemical that has properties which are explosive, flammable, oxidising, toxic, corrosive

or toxic to the environment

4 Abbreviated terms

CBG compressed biogas
CBM compressed biomethane
CNG compressed natural gas

HAZID hapards identification study

HAZOP hagards and operability study

LBG lignefied bio gas
LBM liguefied biomethane
LNG liguefied natural gas

SDS safety data sheet

P&ID piping and instrumentation diagram

PPE personal protective equipment
PSA pressure swing adsorption
PVC polyvinyl chloride

RIE risk evaluation and inventory

THT tefrahydrothiophene

TRA tagk risk analysis

CHP combined heat andijpower plant

5 Guide|for reading this document

This document consists of different types of systems that might or might not be used in combinption
with each ofher. €lauses 1 to 9, and Clauses 12 to 13 are applicable for all types of system. Table 1 shows

which chaptlerstare applicable to the type of system

Table 1 — Clauses applicable to the type of system

biogas upgrading and liquefaction

Type of system General clauses Specific clauses in force
Biogas production Clauses 1 to 9 and Clauses 12 to 13 |Clause 10
Systems of biogas treatment, CHP, |Clauses 1to 9 and Clauses 12 to 13 |Clause 12

© IS0 2021 - All rights reserved
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6 Safety principles

In the conceptual, basic and detailed design and management of biogas systems, the following principles

shall

be used to deal with risk based on declining preference:

— Eliminate: Minimize the risk of exposure and the influence of the human actor. Consider process
design and process control measures.

— Manage: Risk management; In design, think about maintenance and inspection of equipment and
controls, and how risks can be mitigated. This may include the generation of alarms for human
handling, physical security systems (such as pressure protection and flame arresters), and

ipstramentalsafetysystets———— M8 MM

— 4

Sincd
knov
atter
of re

The {

— Jprocess safety;

— ¢

—_— q

As b

— 1

— faintenance systems or parts of(Systems shall have provisions for isolation and be able

\ccept: Acceptance of risks shall be avoided at all times. If technical elimination~orc
ossible orif these measures fail, procedural measures shall be taken to control the risks
lans are an example of this.

in many cases biogas systems are small-scale and in some cases the peeplé concerned

ledge of the risks of industrial plants such as gases, high temperatures and pressures
tion is paid to knowledge, culture and behaviour. This can includeF€current training

evant employees and third parties.

ollowing elements play a role in safety:

bxplosion and fire safety;
afe management of the biogas system.
isis for this document, the following safety\measures have been taken into account:

echnical safety measures have priority'above organizational measures;

ut and tagged out for maintenance;
he system can be controlled;

he system can be mdintained, for this reason sections of the process can be isolated;

ressures safetyeontrol system is working properly;
case of electrical power interruption, the system shall automatically go to safe mode
onitoring of gases unintentionally released;

ufficient mechanical and natural ventilation:

bntrol is not
. Emergency

have limited
etc., special
hnd training

to be locked

('fail safe');

— lightning study, particularly in the event of zones with explosion risks;

— alarm alerts and transfer of these alarms to the responsible people;

— for compiled systems (for example, parts of the system from different vendors), safe installation and
maintenance of the total system shall be integrated.

©ISO

2021 - All rights reserved
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studies

7.1 General

In many cases, a risk study or an additional risk inventory and evaluation is required for biogas systems.
Also, specific national regulations can be applicable for large biogas systems with significant risks for
the surroundings.

Companies shall investigate themselves whether specific safety regulations are applicable. This can
depend on the biogas composition and the system size.

7.2 Risk

hssessment and evaluation

7.2.1 Risk assessment construction, start-up and maintenance

During desi
occupationd
and safety 1
workers ang

Before the 5
shall be dor
risks. A list
procedures

bn and prior to the start of the construction, risk assessment and evaluation (regai

| health aspects) shall be performed. Generally, this is mandatory because of national h
egulations. For specific risks additional task risk analysis shall be.made by the inv
construction managers before the start of the activities.

tart of the commissioning and the operation, an additional risk-assessment and evalu
le. Specifically, the start-up and shut-down of a biogas systems can cause specific s
of preventive measures shall be part of the report. All the intervention and mainter
chall be established before the commissioning of the plant. The same applies to the staj

shutdown, and maintenance of all equipment.

These risk 4

7.2.2 HA}

Process saff{
this subclay|

The implem
or similar ri
to the implg
mandatory.
not for each

ssessments are additional to the HAZOP mentioned below.

[OP/HAZID

ty risk assessment tools which are often used are HAZID and HAZOP and are describ
Se.

entation of a hazards and opetability study (HAZOP), a hazards identification study (HA|
sk assessment tools are necommended in this document prior to commissioning and
bmentation of changes.(Please refer to national regulations to see if this requiremsg
If standard systems(are realized, this shall be done for the standard part only oncg
location specifically. In such case, an assessment of location-specific and project-sp

risks related to environmental factors that can increase risk shall be added. In case the biogas sy

consists of s
between thd

Although a
conceptual

everal subsystems, a HAZOP shall be executed for the entire system including the inter
subsysternis:

ctage of the design and, if necessary, to be repeated in the further stages of design

rding
calth
lved

ption
hfety
ance
t-up,

ed in

Z1D),
prior
nt is

and
peific
stem
faces

HAZOPis required prior to the commissioning, it is advisable to carry this out in the

It is

important t

b take explosion protection and process safety into account in the design.

A HAZOP shall be performed by multidisciplinary specialists for design, operations and maintenance
with knowledge of the gas-side part of the system and the risks. The chairman and preferably a part of
the specialists shall be independent from the supplier.

At least three multidisciplinary specialists shall participate in the HAZOP. The following expertise is
required during a HAZOP:

safety e
process

process

independent chairman;

xpert (can also be independent chairman);
engineer;

control engineer;

© IS0 2021 - All rights reserved
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For more details regarding the executing of HAZOP, refer to IEC 61882.

7.3

It is

priof to the start of work or prior to changes in the workplace, work tools or work process.

NOTH In the EU, this is mandatory according to ATEX 1999/92/CE. In Narth America, area class
definpd by NFPA 820. Other risk evaluations or equivalent reports can be integrated therein.

The

7.4

Besidles safety in~the design of biogas systems, it is very important to observe the en
requjrements during the design and before the start of procurement and construction. T
adjugtments.in a'later stage after commitments have been made.

The

items toytake into consideration are soil protection, surface water protection, noise, odour
of hazardous materiats. Specifically, for soit protection, it {5 important to use Hquid-ti

ISO 24252:2021(E)

mechanical engineer;

(civil/structural engineer).

following documentation is required for a HAZOP session:
action list;

P & ID;

lay-out drawing;

. e . romrs-fsee€l 133

Explosion protection document (EPD)

recommended that the owner of the system prepares an explosion protection docy

EPD shall contain at least the following information:
identification of the risks and the considerations made.herein;
jdequate measures which have been taken for safe*operations and maintenance;

yhich locations are classified as an explosiefysafety zone including safety requirement

— lightning study determining the risks of lightning in relation to explosion safet
measures;

ocumentation proving that the.workplace and work equipment, including warning
esigned with due regard fortsafety, operation and maintenance; and

ocumentation regarding the safe use of work equipment.

Environmental requirements

envirgiimental requirements are addressed in national or regional legislation. Mog

ment (EPD)

ifications are

S;

y zones and

devices, are

yironmental
is prevents

t important
and storage

ht floors in

buildings, to prevent soil pollution by for example mineral oils. It shall be noted that soil protection as
well as overflows or leakages of biomass or digestate storage might lead to surface water pollution.

In the context of environmental pollution, it is also important to minimize the loss of methane
(greenhouse gas) of biogas systems making use of best practices such as leak testing. The potential
sources of methane loss shall be identified and, if a loss of methane occurs, measures shall be taken
immediately shall reduce it as much as reasonably practical.

NOTE This document does not include a maximum percentage of methane loss for the bi
because limit values are arbitrary. Common areas where methane losses occur are: biomass/digestate storage,
pressure relief valves, CHP, flare, biogas treatment and upgrading systems.

© IS0 2021 - All rights reserved
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8 General design requirements

8.1 Materials and structures

8.1.1 General

This subclause describes general design requirements for materials and structures.

8.1.2 Materials

Requireme
— roofs;

— load-be
— pipes aj
— process
— floors (§

—  walls.

It shall be noted that the materials used are suitable for:

— contact
— corrosid

— pressur
comply

— weightg
— the

— climate

For piping, plastic or steel materials can be applied. PVC shall not be used as material for biogas d

poor experi
on the gas o
(PE) or oth¢
by heat and
rustproof g
is used, at 14
AISI 316 in

tsfor Tmateriats and SITuctures are appiicapie to:

hring structures;
1d pipelines (above ground and underground);
equipment, vessels, storage tanks;

vhether or not liquid-tight), stairs, platforms; and

with substances in biomass, biogas or chemicals;
n;

e: for pressure-containing vessels and pipes (> 50 kPa), the choice of material shall also
with national regulations (such as PED‘in the EU);

(including pressure load), also depending on the shape and dimensions of the structure;
expected temperature and témperature changes;

conditions (such as wind, sun, snow, earthquakes).

against dVrradiation, especially for above ground piping. In case steel is used for piping,
hlvanized steel or rustproof stainless steel can be used. In case rustproof stainless |steel
ast<AlSI 304 shall be applied in case the H2S concentration is lower than 900 mg/m9, and

of rustproo

case 'the H2S concentration is 900 mg/m3 or more. Supporting structures shall be made
ot dip patvanized steet or iTTie eel. FOoT produ (Ct vaives and flame

arresters, low copper aluminium can be applied. For underground pipelines, refer to 9.2.

In case of us

e of different steel materials (e.g. stainless steel and galvanized steel), these materials shall

be separated from each other to prevent galvanic corrosion.

In the opera

tions manual, it shall be recorded which materials are chosen and for what reason.

The technical life time of structures, tanks, reactors, vessels and pipes of the system shall be specified
by the supplier and be described in the operations or maintenance manual.

© IS0 2021 - All rights reserved
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8.1.3 Structures, weight and stability calculations

Requirements for structures are applicable to:

roofs;
load-bearing structures;
pipe supporting;

storage tanks, supports for vessels;

ffoors; stairs; pratforms;amd

alls.

Gengrally national regulations contain detailed requirements for structures, roofs, floors,
and platforms and for the weight and stability calculations. Climate condition$ as'wind, su
eartlhquakes shall be considered.

In order to use and access the plant safely, facilities such as stairs and platforms shall be pr
on a risk assessment and depending on the height, frequency of use and way of use a prop¢
the sfairs and platform shall be made.

8.1.
The

Use of used materials and equipment

se of used materials is allowed provided these materials are in accordance with the r¢

of th]s document.

8.2

Process system facilities

8.2.1 General

This|subclause describes the requirements for equipment, pipes, valves and other pro
facilities with regard to:

the gas-side part of the systém (parts containing gas or in in direct contact with gas); a

¢ooling systems using refrigerants.

8.2.7 Gas-side part-of the system

Requ

syst¢m are;

Pipés on the pressure side of pumps and compressors shall be provided with a back-flo

walls, stairs
n, snow and

bsent. Based
br design for

pquirements

cess system

nd

irements.forequipment, pipes, valves and other process system facilities of the gas-side part of the

W preventer

drnon-return device;

Pipes on the suction side of pumps and compressors are provided with a manual or automated shut-

off valve as close as possible to this equipment or, if applicable, connected vessel;

Spigot-and-socket joints that are not in themselves axially restrained shall be secured against thrust

according to the pressures arising. The pipe connections shall be axially restrained;

Pumps, compressors and agitators used for hazardous substances shall use a mechanical seal, or a

similar shaft seal to prevent leaks;

Gas valves shall be able to be closed manually. Shut-off valves, which shall continue to function in

case of fire, shall be carried out fire-resistant;
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— Valves shall be tested for tightness in accordance with manufacturer’s specifications on a regular
basis, to prevent hazards and methane emissions to the environment;

— The valves shall be made of stainless steel with seals which are suitable for the biogas
composition and temperature. Seals shall be fire resistant unless a risk assessment determines
that it is not necessary;

— In the absence of power supply, the automated shut-off valves shall take the safe position ("fail
safe"). Valves which are necessary in emergencies, shall be operated manually or self-closing in case
the automation fails in a way that the system is brought into safe operation.

It is advisahle_ta pl;xrp a manual valve hefore the hingnc pipe or pipp]inp enters the hingqc system, at
an accessible location (preferably just outside or inside the gate of the plant). This valve mayrapt be
accessible t¢ unauthorized persons.

— Looking at a shut-off valve, it shall be easily accessible and visible that it is opened or‘¢losed.

— Vessels,reactors and filter systems shall be equipped with one or more pressureselief valveq (see
8.3 regarding pressure protection). The outlet of the pipes of the pressure,system (vent) shall be
routed to a safe location (controlled and zoned location).

— Thdlocation of valves shall be designed in a way that makes it possible to isolate sections ¢f the
biogas system in order to enable maintenance and inspections.

— Condengate drain facilities shall be constructed in a way that.discharge of condensed water|does
not reach the soil, but for example, is returned to the digester;‘Condensate drain facilities shall be
easy to jnspect and maintain, preferably without having to,climb into shafts or pits.

— Prepsurised seal systems shall be designed such thatthe sealing liquid is unable to escape ywhen
thelsystem is triggered but instead flows back-attomatically. However, these seals also play the
rold of ultimate safety in the event of a defectin the valves of the anaerobic digestion regctor.
Corlsequently, the filling level of the liquid‘seal shall not be excessive to limit the risk of rupture
of the methanization reactor. The fill leyelvalue for each seal shall be justified during the dgsign.
Thdse systems shall be fitted with anvautomatic re-fill valve in case the seal level goes bhelow
theminimum. The filling level of theliquid seal is monitored using measuring instrumentption
if necessary for safety reasons.and corresponds with a suitable safety margin, for example
1,5 times the set pressure of the relief device.

— Process| control and pressure safety systems in a way that safe process operation is guaranteed
and intg¢rvention takes placCe in case of deviations. During failing of these systems, safe process
operatipn shall be guaranteed.

8.2.3 Cooling systems

For cooling fystems using refrigerants (especially refrigerants which are damaging the ozone laypr) is
referred to Tational regulations about design, regular testing, certificates, log books, etc. It is critidal no
leakage occursZhecause some refrigerants are ozone layer depleting

8.3 Pressure protection
A system for biogas system, including vessels, reactors, tanks, pipes and pipelines, shall be gas-tight.

Each vessel, reactor, tank, pipe system, pipeline or other process part shall be provided with one or
more pressure relief valves. During maintenance of one of the pressure relief valves, a (temporary)
provision shall be implemented in order to protect the system against over pressure or under pressure.

A pressure relief valve shall meet the following criteria:
— it shall be resistant to the corrosive elements of the gas;

— it shall be protected from deposition, clogging or freezing;
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provisions shall be made to provide for safe and easy maintenance;
it shall not be isolated such that pressure protection is compromised;
its settings shall prevent venting during normal process conditions;

itis designed for the maximum expected biogas production.

The outlets of the vent pipes shall be in a location that facilitates maintenance and ensures maximum
safety for personnel and shall not interact with air handling systems.

Itis

It is

ventf
to m|
whil
protg

NOT]H
valve

The

near
shall
mady

supplier of the system shall describe the explosion saféty zones in the EPD and relevant 1

incl

The

for five years. The safety devices are inspectéd visually on a monthly basis.

8.4

The
obje

NOTH
daily,

Itis

The

plan{

Fron

and

advised to monitor the pressure to prevent unnecessary venting.

important that the system is designed or operated in such a manner that preyent
ng during maintenance. This shall be done either by purging and shutting dowd the 4
@intenance, or by the provision of three-way valves that isolates the system being
e still providing protection. In no case shall a system be operated withoutptroper o
pction.

Different pressure protection types are present. An example of a rélief valve is a mech
Another frequently used example is a hydraulic flush provision.

lischarge of vent pipes (connected with pressure systems and-safety valves) shall nd
ignition sources or ventilation openings. For this purpose;a minimum required saf
be calculated based on e.g. gas discharge and environméntal circumstances. If no calg

e the locations where the vents are discharged.
gafety devices are tested on proper functioning on an annual basis. The test report shall
Safety distances

environmental risks of the biogas system requires distances between the plant ang

¢ts.

Vulnerable objeets, ean include homes, schools, public buildings, offices where peopls
other residence buijldiiigs and buildings for livestock, pets, and plants.
tecommended<€o)use these distances also for short term occupancies.

ndicative-internal safety distances in Table 2 shall be applied as much as possible for

1 tHeuminimum distances mentioned in Table 2 can be deviated if thermal radiation

s (built'after the publication date of this document) to protect parts of the biogas plani.

s accidental
ystem prior
maintained
verpressure

anical safety

t be located
bty distance
ulations are

e, a minimum distance of 5 m shall be observed. Furthermore, these discharges shall e located at
alti':Ldes where is no risk of inhalation by humans and notin places with poor natural ven

tilation. The
hanuals and

be recorded

| vulnerable

are present

new biogas

calculations

explosion calculations show that smaller distances are safe. In addition, for largd

flow rates

(>500 Nm3/h) thermal radiation calculations and explosion calculations shall always be executed,
which can lead to an increase of minimum safety distances and heights.
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Table 2 — Indicative internal safety distances for biogas plants

hazards digester | external | room for | roomfor | drying | control | external biogas flare neighboring
+ gas gas process | electrical | plants for| room |adsorber buildings on
storage storage tech- installa- | digestate the plant site
nology, tions or ma- (e.g. storage
control nure for straw,
systems storage for
fl 1
plant parts Open Closed maaTeTiaatl’5§
flare flare
digester+ |6m/10m? |6 m/10 m? |10 m 6 m 15m 6 m 10 m 15m 5m/15m¢|depending
gas storage on national
regulations, but
at :caat 15|111
external gas 6m/10 mP |10 m 6 m 15m 6 m 10 m 15m 5m/15m¢ depep‘i}
storage on n
r tionf, but
P (',f}’ east 15
room for F90/T30 |F90/T30 |F90/T30 |F90/T30 |F90/T30 |10 m 5m/101\5()3 dependin
process into the into the into the into the |[into the b‘ on nation
technology, open open open open open (1, regulation|
control ()
systems ‘03
room for F90/T30 |F90/T30 |F90/T30 |F90/T30 |10 s\\" 5m/10 |dependin
electrical @) m¢ on nation
installations /\<< regulation|
drying F90/T30 |F90/T30 F90@) 10m 5m/10 m |dependin
plants for . . in%tt on nation
digestate or into the into the (6 regulation|
. open open 4\
control FQO/Q@' F90/T30 |10 m 5m/10 m¢|depending]
room . \ into the on nationall
r‘y&lthe open regulationf
biogas flare 7,5 m 3m depending
open on nationat
enclosed regulation|
a 10 mifor systems with digester whose maximum gasvolume exceeds 5 000 m3.
b 10 m|for separate gas storage tanks whose maximum gas volume exceeds 5 000 m3.
c 5 m fpr gas flare with <2 MW thermal input and 10 m for gas flare with >2 MW thermal input.
\fire resistance ¢lass short name 1 function tmaintenance via 1description H
D T e R e B el ————
1F90 190 mimtes 1 The fire resistance or the fire resistance class of a comp¢nent |
! ! 1stands for the duration during which a component retaigps its !
1 1 ifunction in a standard fire. |
[ ey By S g o S S g U S S S ————
\fire resistance ¢lass for fire barriers"} function maintenance via H H
1Short name (e.g doors) H H .
---------------------------- e el e e e el it |
1T30 190 minutes 1 The number after the T indicates the duration in minute$, ,
! ! ! for which duration the fire protection closure shall prevent !
1 1 1the passage of the fire (not the smoke) and then shall be 1
H H 1opened. H

Besides the indicative distance mentioned in Table 2, the distances mentioned below are mandatory,
except if thermal radiation calculations and explosion calculations show that smaller distances are safe.

Gas storage tanks shall have a minimum distance of 5 m from the boundary of the terrain. For biogas
systems a minimum distance of 2 m to the boundary of the terrain is required. For distances to
vulnerable objects an external risk study shall be executed, taking into account the type of biogas and
the quantity. A minimum distance of 7,5 m to public traffic routes shall be applied.

A radius of 5 m around the flare shall be kept free of combustible materials (such as bushes, trees). Gas
flares shall not be placed on the lowest point of the direct surroundings.

10
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Electronic monitoring of the process

8.5.1 General

The system is provided with a process-oriented and safety oriented electronic monitoring system.

Notifications and/or alarms referred to in this subclause shall be forwarded automatically to the owner,
plant manager and/or (shift and/or stand-by) operators.

The entire system shall be monitored regarding at least:

a)

1

q

The {
b)

The

emel|
a HA
whe

f

8.5.2

The
mon
of t
conf

a) §

If thd
the d
need|
vent
If ne

b) 4

If th
varid
man

awiar failiiea.
e

\t notification of power failure, the system shall automatically be put in safe mede i

The owner, plant manager or operator shall automatically receive a warning|and {

iction if necessary.
ystem and the surrounding buildings shall be monitored regarding at least:
ire or smoke at and around indoor areas were biogas is processed orstored.

bwner, plant manager and/or operators receive a fire warningsignal automatically. T
gency plan enters into force. The design of fire and smoke monitoring systems shall bd
ZOP and/or risk assessment. National legislation can impose additional requirement
e no biogas is processed or stored, national legislation:can be applicable.

Monitoring of the process

mmediately.
ake further

he company
based upon
s. For areas

following parameters are recommended tetbe included in the electronic or regylar manual

toring of the process depending on the applicable national regulations and complex
e systems. The safe mode shall be defined at design time, taking into account th
guration of the system and the various associated risks.

Pas storage;

e maximum filling level of the\gas storage facilities (under which the gas storage whi
igester) is exceeded, an alitomatic alert is generated. Subsequently without delay, auto
s to be taken to the gas pressure and/or gas level within the pre-set values, by flaring
ng. The set values in‘which these variables are allowed to move, depend on the design
fessary, a flare needs'to be placed permanently or temporarily (see also 8.13).

bas (over) pressure;

e pressufe)of the biogas is above or below the set values because of the non-functi

ity and size
b functional

ch is part of
matic action
[see 8.13) or
of the plant.

bning of the

us préssure relief valves, the system is automatically put into the safe mode. The ¢wner, plant

hgef.and/or operators shall receive a notification.

c)

emperature;

If the temperature in the system is different from the set critical process values, a notification shall
be generated automatically. The owner, plant manager and/or operator receive a notification and take
action immediately. On time action shall be taken to maintain the temperature within the set values
(also called the pre-set values) or to bring the plant into a safe position. The pre-set critical values
within which the temperature can vary is allowed to move itself, depends on the design of the system.

d) methane content;
e) gas flow atinlet and outlet;

Gas flow should be monitored at the outlet of the digester, inlet of users of biogas (such as flares, CHP,
heating boilers) inside the biogas plant and the inlet and outlet of systems for treatment, upgrading or
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liquefaction of biogas. This can also occur (partly) by means of reliable derivation of values. Depending
on the circumstances it may be advisable to measure the gas flow in and out for each subsystem.

Gas flow measurement devices shall be suitable for wet and corrosive gas flows.
f)

[t shall be verified that no explosive condition can occur because of the oxygen content in biogas. Oxygen
content should be measured for biogas entering a biogas upgrading installation, CHP and other uses.

oxygen content;

When for example air is used as a desulphurization agent to reduce hydrogen sulphide inside the
digester or gasholder, monitoring of the air pump flowrate in the gasholder shall be carried out at

regular inte
atmosphere
air pump flg

g) carbon

If the varia
is automati
mechanismj
to the defing
move, deper]

8.6 Build

8.6.1 General

This subcla
oriented ele

The system

Notification
plant manag

The entire s

a) power f]

At notification of power failupe, the system shall automatically be put in safe mode immediately

owner, plan
necessary.

The plant ay

inside the gasholder. When the digestion process is not in normal operating conditio
wrate shall be adjusted or shutdown according to the biogas flowrate.

Hioxide content;

bles a) to g) are outside the critical values specified by the supplier,,a warning s

or an immediate call to (on-call) operators shall make it possible\te’bring the process
bd values or to put it in safe mode. The set critical values withincthe variables are allow]
d on the design of the system and are determined by the supplier.

ings and building services

ise describes ventilation (forced and natupal ventilation) and gas detection and s
ctronic monitoring inside buildings.

is provided with a safety oriented electronic monitoring system.

5 and/or alarms referred to in this'chapter shall be forwarded automatically to the oy
er and (shift and/or stand-by) operators.

ystem shall be monitored‘\regarding at least:

hilure;
 manager and/or operator shall automatically receive a warning and take further act

d the Surrounding buildings shall be monitored regarding at least:

b) fireor s

Fvals. Regular monitoring of the air pump flowrate reduces the risk of creating an explpsive

, the

ignal

Cally delivered to the owner, plant manager and/or operators. In_such case automnatic

back
ed to

hfety

vner,

The
on if

nioke in and around indoor areas were biogas is processed or stored.

The owner, plant manager and/or operators receive a fire warning signal automatically. The company
emergency plan enters into force. The design of fire and smoke monitoring systems shall be based upon
a HAZOP and/or risk assessment. National legislation can impose additional requirements. For areas
where no biogas is processed or stored, national legislation can be applicable.

8.6.2 Gas detection and electronic monitoring inside buildings

Indoor spaces where equipment, instruments or pipes which contain biogas are present, shall be
equipped with gas detection which generate alarms including internal warning notification and visual
and sound alarm on the side in case of:

a)

reaching 10 % lower explosion level (LEL) for methane;
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lead to oxygen displacement.

This detects biogas or methane leakage. In addition to risk of explosion, biogas or methane leak can

In case of biogas or methane leakage the system is automatically placed in the safety position.

b)

NOTE 2

plants where CO2 is separated from the biogas.

Reaching 7,5 mg/m3 hydrogen sulphide;

reaching a volume percentage of 0,5volume % CO, in case CO, is stored inside the building;

Leakage of CO, can lead to oxygen displacement. This risk mainly occurs at biogas upgrading

!
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ire or smoke.

e requirements apply unless deviation from these requirements is justified ot the basig
s, a risk assessment. Based on such risk assessment for example a deviatipn' can be 1
completely welded pipes or vessels are used without connections with @ risk of leaks.

h the above-mentioned points are reached, the spaces shall be left:by’human beings {
he emergency plan shall come into effect.

measurements shall take place at the correct height, takingdnto account the differer]
een methane, CO,, hydrogen sulphide, hydrogen and CO relative to air, and the less ven
e space. The heavier gases are measured 30 cm from the floor, and the lighter gases 30

b at a safe distance.

Ventilation

bigger the danger for explosion(by the release of gas, the higher the demands on th
on sources in the vicinity. Preventive measures to avoid gas emissions in buildings ar
rtance. Placement of gas cohtaining equipment and pipes outside buildings is preferab
entive measures, a riskof\gas accumulation in building still exists, ventilation measy
.

anical ventilation'makes it possible to control the ventilation rates used and is necess
ir in the entireyroom, it makes it possible in particular to control dead zones. For
lation, regular” maintenance is needed to prevent defects. Mechanical ventilati
tored inerder to determine its operational functioning.

[ral ventilation is not sensitive to mechanical defects; however, it is dependent on exter]

0 0y;

of, amongst
hade in case

mmediately

ces in mass
filated parts
cm from the

varning notification and the detection point con¢erned shall be made visible outside thie respective

h designing a safe system and specifically assessing the explosion safety, ventilation is crucial.

b absence of
e of primary
le. If despite
res shall be

II'y to renew
mechanical
bn shall be

nal weather
e shall give a

mstances and possible dead zones. In case of natural ventilation, a gas detection devicg

warii

| ventilation

shall start automatically or a procedure to control the leak and to make the room the room accessible
shall enter into force.

The rate of ventilation determines the explosion safety zones. Natural ventilation is preferred above
mechanical ventilation, since the latter can fail.

In case of indoor spaces where biogas could be released (refer to the 8.6.2), at least sufficient natural
ventilation shall be present (ventilation rates expressed in air changes per hour shall be based on
[EC 60079-10-1:2021, Annex D or can alternatively be based on national regulations), including
cross-ventilation. If the indoor space cannot be ventilated in a natural way (e.g. in basements), forced
ventilation (100 % ventilation capacity) and gas detection (optical and acoustical alert) shall be present,
including an automatic detection on the proper functioning thereof. Ventilation openings shall be
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provided at ceiling level and at floor level. For gas detection in indoor spaces, reference is made to the
relevant paragraph electronic monitoring.

NOTE

(methane is lighter than air).

Biogas can accumulate in low locations (H,S and CO, are heavier than air), or in high locations

Explosion-proof motors and components shall be used in accordance with applicable ISO and/or IEC

codes.

8.7 Noise protection

Noise redu
persons wof
emission on
objects, can|
during the
noise levels
reduced by

8.8 Odou

Odour emis
occur becau|

Odour emis;s

NOTE
persons, the
This limit va
study.

Limit valuej
evaluated u
emission ca
the biogas
delivery loc
and/or shal
discharged

during the d
proper seled

8.9 Soila

Soil protect
the surface

gystem and/or by treating the odour molecules. The sources of odour, such as feed

LiUll IHITASUITS dI'T illllJUl taut fUl lJCl SUIIS WUI }\1115 IICTdl lUy t}lC llJlUsch DyDtClll aud (11)
king or living outside in the neighbourhood of the biogas system. The limit valuesfor
1 meter from each noise source, the cumulative noise levels and the noise level atvulhe
differ depending on national regulations. The expected noise levels shall be¢alcu
lesign, based upon source levels obtained from manufacturers of equipnient. The a
shall be measured during the operation of the biogas system. The source emission c4
source reducing materials, such as source reducing walls, doors and ventilation grids.

r prevention

5ions mainly occur because of biomass and digestate storage. Odour emissions can|
se of leakages of raw biogas. For leakages of odorant, referto 11.5.9.3.

ion can be measured by for example odour panels.

odour panel. The limit value is when the halve of thé number of persons distinguishes the g
ue is often expressed as 1 odour unit per m3. Such odour study is also called an olfactory i

can be applicable if present and prescribed in national legislation. The odour imp4
5ing dispersion modelling. Nationallegislation may prescribe the model to be used. O
h be avoided by choosing an apprépriate location and/or by creating a buffer zone ar

htions, separation machinery, etc., shall be controlled by containment as much as poq
be operated under negative pressure to avoid odour emissions. The fragrant air shz
into the atmosphere with or without treatment depending on the odour level meag

tion of construction materials, testing, and maintenance.

nd surfacéwater protection

on measures are very important during the design. Soil protection measures also pr
water. After the start of the constructlon it is difficult and expenswe to includg

protection 1

Ifactory impact stidy and the applicable limit values. Leakage of biogas can be avoid¢

for
hoise
rable
lated
ctual
in be

also

Odlour samples are diluted to different levels by olfactémeters and submitted to a group of different

dour.
hpact

ict is
dour
pund
ttock
sible
111 be
ured
d by

ptect
soil

rials

(contaminated w1th H,S or sﬂoxanes) (mlneral) oils and coollng agents (used for gas treatment or
upgrading) can threaten the soil. To protect the environment and prevent soil pollution, liquid-tight
floors are mandatory on locations where soil threatening materials, such as materials containing
hazardous substances, mineral oils, cooling agents, and adsorbing materials, are present. In many
countries national certification systems exist to provide proof that a floor is liquid tight. When
no certification system exists, a physically liquid-tight floor in combination with a drain box can be
sufficient to achieve a negligible risk to the soil. Under a supply and drain point of (mineral) oils and
coolants a drip tray shall be placed. Leak detection is also a useful to minimize the risks for the soil.

NOTE Soil protection measures are very important during the design. After the start of the construction itis
difficult and expensive to include soil protection measures.
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For biogas production plants, specific measures shall be taken to prevent the contents of a biomass or
digestate storage or the contents of a digester contaminating surface water. This is described in 10.7.9.
For soil protection and surface water protection also national legislation can be applicable.

8.10 Condensate and particle removal

Condensate drain facilities shall be constructed in a way that discharge of condensed water does
not reach the soil, but for example, is returned to the digester, transported to a sewage system or
transported to an alternative location such as a storage facility.

Condensate drain facilities shall be easy to inspect and maintain minimizing cases where confined

spac
venti

The

remd

Cond
insul

8.11 Storage of hazardous substances

8.11

Hazg
Spec
accol
soil f
avail

For

subs
the t
floon

8.12

In c3
least

The

a HA
unsaffe situations and having a controlled shut down.

NOTH
powe

The

bs need to be entered. When working in confined spaces, permanent hazardous gas mo
lation is required.

rondensate removal system shall be designed such that gas cannot escape thrgugh the
val system under normal operation.

ensate drain pipes and raw biogas pipes shall be protected against the fisk of freezing
ation or heating).

1 Storage hazardous substances in general

rdous materials shall be stored in safe storage areas. National regulations can bg
fic storage cabinets or storage buildings shall.b&“used. Hazardous substances shal
‘dance with safety data sheets (SDS). Special attention shall be paid to liquid-tight floo}
ollution, ventilation and explosion preventign: A SDS shall be kept in the control room
able to plant operators.

smaller quantities of hazardous substances, on locations where leakage of soil
fances may occur, a liquid-tight flogr shall be present with a storage capacity of at le
otal amount of present soil-threatening substances. If this liquid-tight floor is not c¢
can be combined with a dripitray.

Facilities at power failure

a minimum period of 30 min to prevent unsafe situations and to have a controlled
minimum period the emergency power supply shall be able to run can be reduced in
ZOP or risk-assessment is determined that the minimum period can be shorter stil

An example of an emergency power supply is an "uninterrupted power supply” (battery]
I generator.

hitoring and

condensate

e.g. thermal

applicable.
be used in
S to prevent
and readily

threatening
st 110 % of
brtified, this

se of power failure€)an emergency power supply shall be started immediately and run for at

shut down.
case during
preventing

or a standby

emergency power supply shall:

ensure that the system will be put in a safe mode or shut down in a safe way;

ensure that all safety devices and critical components for operation (e.g. mixing system) remain

functioning;
ensure notification of owner, plant manager and operator;

ensure that the flare remains in operation;

ensure that the process control system, alarms and emergency lights remain in operation for at
least 30 min and for emergency lights longer in case this is required by national legislation;
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ensure that electronic monitoring systems continue to operate for at least 30 min; and

ensure that mechanical ventilation of explosion safety zones remains functioning.

Generators shall be located in an area where fumes from operation of the generator cannot present a
hazard and away from any biogas discharge from a biogas system.

8.13 Air pollution control devices for removal of superfluous biogas (flares, thermal
oxidizers gas, etc.)

It is recommended that for plants with an output of more than 20 Nm3 biogas per hour are provided

with a flare|
automatical
biogas upgr
the pressur
venting via {

For smaller
flare presen
present to g
In the event
distance of

Open (1are, enclosed emergency flare or enclosed high elficiency flare).
y in the event of failure of the regular gas consumers, for example the gas engine, boil
hding system, after the maximum biogas buffer capacity is reached and it shall start b
e relief valve opens. Maintenance of the biogas system or parts thereof aremo 'reas

he pressure relief valve instead of buffering or flaring.

biogas systems (<20 Nm3/h), the above also applies, unless there is o permanent b
t. If there is no permanent biogas flare present on the location, a call*off contract shz
et a (mobile) enclosed emergency flare on site within the number«ofhours given in Tal
of the release of methane, this shall be disposed in a safe maitiner (sufficient heigh
he outlet from where people and animals are located).

Table 3 — Overview needed presence of a-biogas flare

Capacity production | Biogas flare required (see below for .
- - Biogas buffer
ar processing crude application of the emergency flare in hours
biogas in Nm3/h or high temperatureflare)
0to 10 flare within 24 h call-offbasis 2 h; no buffer if flare is
available
10 to 20 flare within 12 h.call off basis 2 h; if no buffer flare
readily available
>20 permanent flare 30 min, immediately to

permanent flare, as far
as no buffer is available
or buffer is exceeded.

In case of {
emergency

as defined in ISO 22580, faking into account the terms mentioned in the above table. If the flg

in operatior
year), an en
instead of a

in incident leading to” the release of methane, the methane shall be combusted H
flare, which is an-enclosed flare or open flare and has a minimum destructive effic

during moré than 10 % of the number of hours per year (i.e. more than 876 hour
closed high' efficiency flare with a minimum yield as defined in ISO 22580 shall be
h emergernicy flare. This percentage can be determined by expected operation hours H

upon histor

yields are not-applicable in case national regulations deviate from these requirements. The nu

caldata. These requirements for the application of flares with the mentioned combu

rs or
fore
for

ogas
11l be
ble 3.
F and

y an
ency
re is
5 per
used
ased
stion

mber

of operation hours shall be registered in order to prove the conformance with the above-mentioned
requirements.

NOTE1 An emergency flare is a biogas flare which is meant to combust biogas during exceptional situations
when the biogas is not utilized. Emergency flares can be of the type enclosed flare, enclosed high efficiency flare
or open flare.

NOTE 2  Anenclosed flare is a biogas flare which consists of an enclosed combustion chamber, where the flame
is invisible from outside. An enclosed flare is burning more efficiently with a relatively higher temperature than
an open flare and a minimum destructive efficiency as defined in ISO 22580.

NOTE3 An enclosed high efficiency flare means: biogas flare which consists of an enclosed combustion
chamber, where the flame is invisible from outside. An enclosed high efficiency flare is burning more efficiently
than an enclosed flare and has a minimum destructive efficiency as defined in ISO 22580.
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Flares shall be in accordance with ISO 22580.

8.14 Unwanted venting and discharges of hazardous gases

Vent pipes discharge gases in case of incidents. Often vent pipes are connected to one or more safety
relief valves. In case gas consuming equipment is present, this shall be put into operation before
overpressure safety devices respond or venting starts, to prevent unnecessary discharge of biogas.

Vent pipes shall end on a location which facilitates maintenance, which ensures maximum safety, which
is part of an explosion safety zone, which is well- ventilated and, at a height where the gas cannot come
into direct contact with people who perform daily activities, livestock, pets, or the emergency generator.

By m

It is

vent
The 1
for rq

The

near
shall
calcy
be lo
vent]
mant

8.15

All ¢
flam
contj
and {
may

8.16

In or]
pres

against environmental influences such as frost.

It ha
resp
leads
in th

onitoring the air flow or using a gas warning device, unnecessary venting can be avoid

mportant that the vent is not blown off by accident during maintenance of thelvent
pipe. This can be done by securing that during this maintenance, the systempressure ig

efilling.

lischarge of vent pipes (connected with pressure systems and safety valves) shall ng
ignition sources or ventilation openings. For this purpose, a n¥inimum required saf
be calculated based on, for example, gas discharge and/environmental circumst
lations are made a minimum distance of 5 m shall be applied: Furthermore, these disg
cated at altitudes where is no risk of inhalation by humans and not in places with j
lation. The supplier of the system shall described. the explosion safety zones in {
hals and include the locations where the vents are discharged.

Flame protection and mitigation

b arresters shall either be equipped with’'some means of thermal shut-off which are ag
nuous burn on the flame arrester. aryalternatively the burner nozzle pressure shall b
witch off when the flare burner pressure falls below a specified value to prevent bac
sometimes be necessary to add a flame arrester between the burner and the isolation

Fire-fighting and extinguishing
close to each indo@r-space, and close to storage tanks of gases, a suitable fire extingui

ent. Fire-fightingzequipment shall be inspected annually. Extinguishing media shall |

5 provenworthwhile to discuss and coordinate fire protection considerations at the pl
bnsible-firé brigade prior to commissioning and at regular intervals. Close coordinat

led.

brovision or
always low.

refilling of a water lock or glycol lock deserves special attention, for example, a separate provision

t be located
bty distance
ances. If no
harges shall
oor natural
he relevant

pmbustion devices (among others, flares, boilers), shall be equipped with a flame afrester. The

tivated by a
e monitored
kK burning. It
valve.

bher shall be
e protected

ant with the
on with the
fire brigade

rs of\the local fire brigade units is essential in advance of tactical deployment of the

orde

brigade shall use appropriate personal

e @vent of fire or for other forms of technical assistance. It is recommended to hold aI

exercise in
ent, the fire

protective equipment, a gas detector (CH,4, CO,, H,S, etc.) shall be kept ready for use, attention shall be
paid to the wind direction when approaching the site, a safe distance shall be maintained, the formation
of ignition sparks shall be avoided (e.g. electrical switches!), and the operator on site shall be consulted.

NOTE Further requirements, such as minimum extinguishing capacity, can be included in national
regulations.

Stickers with inspection date shall be present atthe respective firefighting and extinguishing equipment.
In addition, safety signs or warnings shall be present at the appropriate locations, equipment, tanks
and piping.

EXAMPLE For example: "Smoking and flames prohibited."
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The owner or plant manager shall make an inventory of gases and other hazardous, combustible or
flammable substances based on safety data sheets (SDS) which may not be extinguished with water.
By means of stickers, operators and fire guards shall be informed about deviating extinguishing media.
The fire department shall also be informed.

Within the safety distances, there shall not be combustible materials stored in quantities of over 200 kg
without additional protective measures, and there shall neither be buildings that do not belong to the
biogas plant nor public roads or paths.

For civil requirements, such as fire protection of structures, fire resistance and fire compartments are
given in 8.1 and national regulations. Requirements for fire resistance and fire compartments shall be
indicated o

£l A | H £l..:11: | i
LI urdvv lllsb Ul uuuuulso aliu DyDLClllD-

8.17 Earthling and lightning protection

Objects shalll be properly earthed and protected against electrostatic charges. Earthing shall be
executed and inspected in accordance with [EC 62305-2.

NOTE A
described in

point of attention is the periodic inspection once a year or two years (depending on the situati
EC 62305-2). Another word used for (protective) earthing is (protective).grounding.

bn, as

The need t
situations ix
arisk assesd

5 the
iting

b place a lightning protection system varies per situation. ‘HEC 62305-2 describe
which and for which systems and buildings lightning praotection is required. By exec
ment, the proper measures shall be determined.

Objects whi
system. Exp|

ch are higher than the surrounding buildings and objécts, typically shall have a ligh
losion safety zones can also require lightning provisions.

ning

8.18 Emergency routing

Proper eme}
National reg
Emergency

dark. Emerg

In order to
on a risk as{
the stairs aff

8.19 Anti-

An appropri
gas and gas
protect the

‘gency routing shall be present, ensuringthat escaping in at least two directions is pos
ulations and fire brigade regulations-containing detailed requirements can be applig
routes shall be indicated clearly,andin indoor spaces the indications shall be visible i

se and access the plant safely, facilities such as stairs and platforms shall be present. B
essment and depending on the height, frequency of use and way of use a proper desig
d platform shall be made.

collision

ate collisioiprotection shall be present near above-ground pipelines, equipment conta
storagetanks, in case heavy vehicles can come close. This protection has preferably al
blantagainst collision on purpose.

NOTE

ency routes shall be free from obstacles and doors shall be suitable to open from inside.

sible.
able.
n the

ased
n for

ning
so to

ThisZcan include poles or bumper rails which can withstand collisions with heavy vehicles.

8.20 Access control

For safety reasons, to control access, the biogas system shall be enclosed inside a gated, fenced area.
Alternative measures can be considered as long as all safety devices are protected from unauthorized

access.

8.21 Electrical, instrumentation and process control

The electrical system of the biogas system shall be in accordance with IEC 60364. For facilities at power
failure, see 8.12.
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For instrumentation and process control is referred to best industrial practices and to the paragraphs
about electronic monitoring (of the process and inside buildings) in this document.

Process control systems shall be protected against digital burglary (hacking) and other digital external
attacks, especially if these are connected to the internet. The protection of these systems shall be
verified at least once a year.

NOTE Hacking can have huge consequences for safety, think about intentional explosions by modifying
pressure systems. Usually a security test or penetration test is executed by an external party.

9 1

3i ivelines f  biogas

General

9.1

This

In cg

upgr
parti

EXAN

clause is applicable to pipelines for biogas outside the site of the plant on private and g

se biogas shall be transported from for example a digester to a biogas treatmel
ading installation, sometimes pipelines are applied in public ground or in private gro
es. These pipelines can be applied above ground or underground (6ra combination thg

PLE Several digesters can be connected by pipelines to one biogas treatment system

ublic lands.

it of biogas
und of third
reof).

r one biogas

upgrading plant.

A dif
raw |

tinction is made between pipelines for raw biogas and pre-treated biogas. For the dgfinitions of

biogas and pre-treated biogas, refer to ISO 20675.

9.2 | Materials

The

takii
ethy
frost]
instr

Choice of the right material is essential toransport biogas safely and the choice shall be made
g the (expected) biogas composition and the safety risks into account. For example PE (poly
ene) pipelines are preferred for underground pipelines, because lack of corrosion and|resistant to

ultraviolet radiation and soil containing iron. Also possible corrosion effects on metql valves and
uments shall be considered.

Allc
The

nections are to be carriedwut as tension-free as possible. It is recommended to use w

j;n elded joints.
aterials used and the personnel shall be suitably qualified.

Before commissioning, the gas line shall be pressure tested.

In thle case of open-installed gas pipes, the pipes are secured by pipe supports. These pi
are tp be arranged.in such a way that the pipes can move in a defined manner without rele
forcds on the pipe:

pe supports
asing undue

The materials and wall thicknesses shall be calculated on the basis of 2 times the maximum operating
pressuré, taking into account that the materials shall be suitable for at least 400 kPa. Thjis minimum
requjrement of 400 kPa is to guarantee the mechanical strength of the pipeline. The cLoice of the
material is to be made on the basis of composition of the gas, the application, the temperature of the gas
and the maximum working pressure. As material for underground pipelines can be used, for example
high density polyethylene (ISO 4427 PE 100), or corrosion resistant steel (rustproof stainless steel).
For the welding of ISO 4427 PE 100 underground pipelines both mirror or electrofusion welding can be
used. Welders shall be certified for making ISO 4427 PE 100 welding. For above ground pipelines the
use of ISO 4427 PE 100 is risky, since these pipelines adequately shrink or expand under the influence
of the temperature (e.g. by the sun), which increases the risk of cracks in, for example, the welding. For
above ground pipelines corrosion resistant steel (rustproof stainless steel) or (depending on the biogas
composition refer 8.1.2) rustproof galvanized steel is preferred, however ISO 4427 PE 100 is allowed in
case sufficient measures in the structural design are taken to prevent shrinking and expanding because
of the temperature.
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9.3 Civil design

For the civil design, see national regulations and standards used for the civil design of natural gas
pipelines. The following shall be considered:

trucks, mowing machines, etc.

warning tape at least 10 cm above the pipeline.

The depth in order to protect the pipeline against frost and damage by external factors such as

Pipelines shall be marked by colours or imprints with the text "biogas"” and a underground pipeline

9.4 Rem

Raw biogas
pipeline aftg
shall be mit

Raw biogas
equipment t
can be nece

Static elect]

val of moisture and containants

generally contains too much water vapor, which can cause congestion probléms’ ij
br condensation. Furthermore, raw biogas can contain hydrogen sulphide, the‘risks o
gated.

can also contain high levels of ammonia which can be detrimental)to applianceg
hat combust raw biogas. Proper removal methods, such as biogas washing or biogas co
bsary to limit damage to piping materials and equipment, such as a"CHP.

icity could occur in case of humid biogas in combination with non-conductive pip

materials annd a possible explosive mixture, in which case measures shall be taken such as condu

polyethylen

In case of th
for the cond
undergroun|
returned, fo|
biogas pipeqd

10 Techn

10.1 Gene

This clause
pipes and pi

Biogas from
plants, wast

This clause
materi
desulp

pressur

storage

20

]

ay

e untreated gas which is not dried, the pipes shall be’placed with a slope with provi
lensate drain at the lowest points. With the aid-6f a draw-off point at the outside
d condensate vessel and/or a pump, the vesselcan be emptied. This condensate cd
Ir example, to the purification or the fermentation process. Condensate drain pipes and
shall be protected against the risk of freezing (e.g. thermal insulation or heating).

jcal specifications and requifements biogas production

ral

jpelines and storage forybiomass and digestate.

anaerobic digestion can have several sources, such as biogas from digesters at indu
e water treatient plants, agricultural facilities and landfill sites.

Hescribegspecifications for:

|s andstructures;

h the
[ this

and
ling,

eline
ctive

sions
bf an
n be
| raw

is applicable to anaerohig digestion systems including reactors, tanks, related equipment,

btrial

urization;

e protection, buffering capacity and the presence of flares;

piping, fittings and other process equipment;

stabilization of digestate;

of hazardous substances;

electronic monitoring systems;
other safety systems; and

safety distances.
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10.2 Biomass supply and storage

During supply of biomass and storage adequate measures shall be taken to prevent soil pollution and
surface water pollution. At least measures shall be taken to prevent overflow of liquids from storage
tanks. See 10.7.9 for information on soil protection.

Furthermore, attention shall be paid to biogas, which can be produced during transportation and
storage and which leads to the risks of biogas described elsewhere in this document.

10.3

Desulphurization

Des Iphurization, the removal of hydrogen sulphide, 1s applied 1n order to protect matel

corr

Rem
systd
whic

Hyd
safet
the p

10.4

If thg
grid,
of su
the d
pres

Main
pres

The ¢lesign and the size of biogas buffer is depending on various aspects:

q

I

— Jpotentially possible.failures of gas utilization (e.g. feed-in management in the electric p

The 4
cons
discH
systd
biog3

sion.

bval of hydrogen sulphide can also be needed for the application in a combined hea

h is referred to chapter biogas treatment, CHP, biogas upgrading and liquefaction.

ogen sulphide is highly toxic gas, has a low odour threshold and is(therefore a majo

roperties and hazards of hydrogen sulphide, see B.4.3.

Biogas buffer

the fermentation process will not stop. In order toprevent immediate pressure releas
ch incidents, a biogas buffer capacity shall be maintained, for example by using storag
igester. If no biogas buffer capacity is presentor is exceeded, a biogas emergency flarg
ent and used to avoid unwanted emissions ofethane.

tenance of the biogas system or its components may not be a reason for venting
sure relief valve.

ivailability of additional biogas utilization and flare (capacity and expected operation

pffective size/dfbuffer storage shall be determined on a case-by-case basis depending g
imers and their reaction time to bring the biogas system in safe operation and to avoid
arge of'biegas into the atmosphere. For the number of storage of the buffer for small
ms wWith a capacity of less than 20 Nm3 biogas per hour, see Table 3, in which case th
is-buffer is related to the availability of a flare or the ability to procure mobile flares.

ials against

F and power

m (e.g. oxidation or SCR-catalysts) or for the end products like biomethang; CBM and LBM, for

" health and

y risk. The contact of people with hydrogen sulphide shall be avoidéd. For more information about

e plant fails or parts thereof, for example by a technigal malfunction or failure of the electricity

e as aresult
b capacity of
needs to be

through the

fime);

kind of utilization of biegas and energy production (base load, peak load, continuous, ipterval);

ower grid).

n the biogas
an untimely
scale biogas
e size of the

10.5 Storage, removal and stabilizing digestate

During storage and removal of digestate measures shall be taken to prevent soil pollution.

During normal operation of the plant, during decommissioning, measures are taken to ensure that the
digestate is sufficiently stable so that the release of gases that are dangerous to humans, animals and
the environment is minimized.

The principle is that digestate can never be considered completely stable. It may be that the digestate is
not properly mixed, and consists of stable and non-stable digestate. The fermentation process does not
stop. Methane is also produced under cold conditions, only the quantity will be less than under warmer
conditions. For example, during mixing hazardous gases can be released.

©1S0 2021 - All rights reserved 21


https://standardsiso.com/api/?name=e94cb4a63120b79d63272659d74fd247

ISO 24252:2021(E)

Biomass shall be processed sufficiently in order to reduce the biomethane potential and thereby
reducing the methane production from the digestate. The potential for production of biogas by digestate
can be reduced by storing the digestate the fermentation in a closed storage (such as a post-digester or
digestate storage where no rain-water enters) and to mix it sufficiently. In order to determine whether
digestate is sufficiently stable, national legislation can be applicable. If no applicable legislation exists,
it is recommended that the biogas potential is reduced to 0,25 1 of biogas per gram volatile matter.
However, as a result of biological activity there is still a risk that gases is released after stabilization,
especially in storage or during transportation. During storage or transportation of digestate pressure
relief provisions are necessary.

To minimize release of biogas from digestate storage, the collection of gases released by the digestate is
required by[storing the digestate in a closed storage, unless the digestate has been stabilized.

Dried, pelletized and composted digestate are sufficiently stable with regard to fermentation ‘act
that they cz:l(r)l be stored, transported and applied without further precaution. Further hazards c:
dust explosion and self-heating.

ivity
In be

10.6 Specific attention points and requirements landfill sites

Landfill gas
also contain
generated a

contains more contaminates than biogas. In addition to hydrogen sulphide, landfi
s nitrogen, oxygen, siloxanes, and aromatic hydrocarbons in théyraw gas. The landfill
I a pressure lower than atmospheric pressure. Besides the-pfessure of the gas is nor

I
asis
ally

gas

very low (around minus 10 kPa).

10.7 Specific requirements additional to Clause 8

10.7.1 Materials and structures

Requirements for materials and structures are applicable to:

roofs;

load-bearing structures;

flexible|roof tops of gas tanks and/or‘biomass tanks;

pipes and pipelines (above ground and underground);

vessels,|storage tanks;

floors (Whether or netliquid-tight), stairs, platforms;

walls.
Amongst others, many types of biomass (such as manure) and adsorbing materials (contaminated(with
H,S or siloqanes) can threaten the soil. For biomass and digestate which do not contain hazardous
Substances, meastres—shatt-be—taken—to Pt event—soit yullutiuu, howevet }ll.luld tisht floors—are only
mandatory if required by national legislation. To protect the environment and prevent soil pollution,
liquid-tight floors are mandatory on locations where other soil threatening materials (such as materials
containing hazardous substances, mineral oils, cooling agents adsorbing materials) are present, referr
to 8.9.

NOTE Soil protection measures are very important during the design. After the start of the construction, it
is difficult and expensive to include soil protection measures.

It shall be noted that the materials used are suitable for:

contact with substances in biomass, biogas or chemicals;

corrosion;
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— climate conditions (such as wind, sun, snow, earthquakes).

The technical life time of structures, tanks, reactors, vessels and pipes of the system shall be specified
by the supplier and be described in the operations or maintenance manual.

In case a flexible roof of the digester, gas container and/or manure bag is present, such roof shall be
inspected on a regular basis as determined by the supplier of the system. The frequency for inspection
is at least once every five years, because of possible damage by wear or external influences. This
frequency shall be mentioned in the maintenance manual. If a defect is detected during the inspection,
repair or replacement shall be executed.

Itisi ssure is not

suffigient, the wind can destroy the membrane.

In cqse a flexible roof of the digester, gas container and/or manure bag is present and a double-
mempbrane system is used, a gas detection between the two membranes shall be present in order to
dete¢t gas leakage. The correct operation of this gas detection can be critical;)sifice ventillation is not
normally provided between the two membranes.

In bipgas production systems, used (second-hand) materials and equipment are sometimes applied.
Thesle materials and equipment shall comply with the requirements in'this document.

10.7{2 Equipment, pipes, valves and other process system facilities

Reqyirements regarding equipment, pipes, valves and other.process systems specific for biomass and
digegtate are:

— pipes, valves and vessels are liquid-tight;

— giphoning by connected vessels is prevented;

— pipes on the pressure sides of pumps are;provided with a back-flow preventer or non-return device;
nd

— Jpipes on the suction side of pumps‘are provided with a manual or automated shut-off valve as close
3s possible to the tank, pit or biomass storage.

10.7}3 Pressure protection

A system for the fermentation of biomass (digesters) and a completely closed storage ¢f digestate,
which is not stable yet,shall be gas-tight and shall be provided with one or more pressure relief valves.
Negdtive pressur€ican also occur in digesters.

It is Important that the vent is not blown off by accident during maintenance of the vent provision or
vent|pipe«This can be prevented during this maintenance by ensuring that the system|pressure is
always fow. The refilling of a water lock or glycol lock deserves special attention, for examplg, a separate
provtysion for refilling.

The emission of methane from a digestate storage, when the digestate is not stable yet, shall be
prevented as much as possible (an exception is the blow off of a vent during an incident).

The safety devices are tested on proper functioning on an annual basis. The test report shall be recorded
for five years. The safety devices are inspected visually on a monthly basis. Safety devices like water
locks and glycol locks shall be inspected visually on a weekly basis.

Furthermore, no additional requirements are applicable in relation to Clause 8.

10.7.4 Foam

Foam can arise during the production of biogas. Foam can, for example, be detected using guided wave
radar instrumentation. Foam formation may be prevented by, for example, adding anti-foaming agent
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at various locations in the digester (this is also widely used in aerobic wastewater treatment plants). In
the case of digestate storage, the digestate can also be mixed to reduce anaerobic conditions. Biomass
and digestate can also be sprayed with water, provided that this does not lead to soil contamination.

Foaming in the digester shall not impact the operation of the pressure relief systems. A back up relief
device shall be considered to protect the digester in case the primary relief device gets clogged by
foaming. When such back-up device is applied, this device shall have a higher setting than the primary
relief device.

Also, provisions shall be present for the discharge of excess foam. After solving the foam formation
problems, the functionality of the safety device shall be verified. Foam bubbles include biogas which is a

3 L | LEsl £ L. raido 1 pa i + 1 £ £11 3 N ol
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shall be tak¢n:

— spreadipg of the foam shall be prevented; and

— the foarh shall be broken off from windward side by spraying with water, providedhat this dogs not
lead to $oil contamination.

These instriictions shall be described in the emergency plan.

10.7.5 Saféty distances

No additiongl requirements in relation to Clause 8.

10.7.6 Ele¢tronic monitoring of the process
The following additional requirements are applicable in relation to Clause 8.
a) Biomass over filling

Anaerobic digestion tanks and biomass and-digestate storages filled by pump systemg are
monitofed on over filling and contain an. overfill protection. In case the overfill protection epters
into opgration, the flow stops immediatély and a notification is generated automatically. The oyner,
plant mpnager or operator receives @ hotification and takes action immediately. The system [shall
be put in a safe position immediately:

b) pH of the digester

The digpster(-s) shall be equipped with sampling ports at suitable locations in order to determine
the pH of the digester eontents as well as to determine total alkalinity and total volatile fatty hcids
if necesgary.

10.7.7 Buildings.and building services

No additionflrequirements in relation to Clause 8.

10.7.8 Noise protection

No additional requirements in relation to Clause 8.

10.7.9 Soil and surface water protection

Especially for biogas production systems soil protection measures shall cover:
— liquid over flow;

— storage of biomass;

— storage of digestate; and
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— foam.

Furthermore, for biogas production systems specific measures shall be taken to prevent that the
contents of a biomass or digestate storage or the contents of a digester will contaminate surface water.

Containment measures for retention of liquid biomass or digestate, such as earthen berms and dykes,
double wall constructions, or use of other materials and construction methods shall be put in place to
protect surface water and soils. Regular leak tests on storage structures shall be carried out. The area
where a spill or a reservoir leak can occur shall contain the above ground level volume of the largest
reservoir of biomass or digestate. Containment measures also facilitates clean-up operations following
a large spill, pipe or flange breakage or reservoir leak. National regulations can be applicable and, if

th daad b Lall ol Loital 1t 4
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10.7{10Condensate and particle removal

No aglditional requirements in relation to Clause 8.

10.7}11Storage of hazardous substances

Common hazardous substances in digester systems are nutrients, acids“and bases to treaf biomass or
digegtate, anti-foam agents and mineral oils for the purpose of possibly existing engines and machines.

Hazardous substances shall be stored and used in accordafice with the safety data sheets (SDS).
Appropriate personal protective equipment (PPE) shall be used. Unintentionally releasedl hazardous
subsfances shall be collected and disposed of immediatelyyin accordance with the instrugtions in the
safetly data sheet. Only instructed and trained employees may handle hazardous substancgs. The type
of stgrage and the maximum quantity to be stored depéend on national regulations.

10.7{12Facilities at power failure

No aglditional requirements in relation to_Clatse 8.

10.7{13Air pollution control devices for removal of superfluous biogas (flares, thermdl oxidizers
gas gtc.)

No aflditional requirements in relation to Clause 8.

10.7}14Venting

No aglditional requirements in relation to Clause 8.

10.7}15Flame protection and mitigation

No aglditional requirements in relation to Clause 8.

10.7.16Firefighting and extinguishing
No additional requirements in relation to Clause 8.

In or close to each indoor space, and close to storage tanks of gases and storage of biomass and digestate
a suitable fire extinguisher shall be present. A temperature control system and fire-fighting equipment
such as water protection systems have also to be present on storage of dry biomass or digestate.
Fire-fighting equipment shall be inspected annually. Extinguishing media shall be protected against
environmental influences such as frost.

National legislation can provide additional requirements.
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10.7.17Earthing and lightning protection

No additional requirements in relation to Clause 8.

10.7.18Emergency routing

No additional requirements in relation to Clause 8.

10.7.19 Anti-collision

No additional requirements in relation to Clause 8.

10.7.20Eleq

No addition

11 Techn
and lique

11.1 Gene

This clause

For the non|
requiremen
voltage requ

This clause

biogas
contam

the gas
biogas {

liquefad

trical, instrumentation & process control

h] requirements in relation to Clause 8.

faction

ral
s applicable to:

freatment, the removal of water, CO,, O,, N,, H;S”aromatic hydrocarbons and
nants. This is also called biogas conditioning;

side part of a combined heat and power systeni'(co-generation);
pgrading to biomethane (increase of the.methane content of the biogas); and
tion of biomethane to LBM at low temperatures.

Lgas side part of a combined heat and power system (the gas turbine or gas engin
[s are included in this document. In particular, IEC and national standards regarding
irements can be applicablefor the non-gas side part.

Hescribes specificatigns for:

materijls and structures;

desulp

pressur

piping,

urization;
e protection, buffering capacity and the presence of flares;

ittings and other process equipment;

jcal specifications and requirements biogas treatment, CHP, upgradin

g

bther

E) no
high

storage

of hazardous substances;

electronic monitoring systems;

other safety systems; and

safety distances.

11.2 Desulphurization

Desulphurization, the removal of hydrogen sulphide, is applied in order to protect materials against
corrosion. Also, the end product (biomethane, CBM, LBM etc.), has restrictions for the percentage of H,S
in the gas. When biogas is used in a combined heat and power systems, the manufacturer of this system
will also impose limit values for H,S.

26
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Hydrogen sulphide is highly toxic gas, has a low odour threshold and is therefore a major security risk.
The contact of people with hydrogen sulphide shall be avoided at all times. For more information about

the properties and hazards of hydrogen sulphide, see B.4.3.

11.3 Biogas upgrading and liquefaction

The

11.4

11.4

This
facilities with regard to:

specific risks of the various technologies for biogas upgrading are:

water scrubbing: besides the risks of gases described before, polluted water emitted to the surface

water or soil, health effects of polluted water;

ater or soil, human contact with chemicals or polluted liquids;

embrane technology: besides the risks of gases described before pressure,-enviror
ealth effects changing of polluted membranes;

[(
q

ryogenictechnology: besides the risks of gases described before pressure,'cold media af
bnvironmental and health effects of polluted condensate;

pressure swing adsorption: besides the risks of gases described before pressure,
¢nvironmental effects of polluted adsorption materials;

liquefaction: besides the risks of gases described before pressure, cold media and materti
¢ondensate.

Process system facilities

1 General

subclause describes the requirements-for equipment, pipes, valves and other pro

the gas-side part of the system (parts containing gas or in in direct contact with gas); a

¢ooling systems using refrigerants.

the surface

imental and

d materials,

health and

als, polluted

cess system

nd

11.4{2 Gas-side part of the'system
Specjal attention shath 'be paid to specific characteristics of the biogas and contaminpgnts during
its transformation from raw biogas to the final product. Biogas is present in different foprms during

this
bio

com
volaf]

upgr

process, sueh as raw biogas, treated biogas, biomethane, compressed biomethane

ounds or siloxanes is relevant and can have impact on the design and operation. H
ile”'erganic compounds can disrupt membranes used for methane separation dy

or liquefied

ethane.‘[émperature, pressure, the existence of contaminants such as H,S, volatile organic

or example,
ring biogas

hding and siloxanes can have effect on materials and for example CHP systemg

, boilers or

vehicle engines. During the HAZOP and/or other risk assessments attention shall be paid to these
characteristics.

11.4.3 Cooling systems

For cooling systems using refrigerants (especially refrigerants which are damaging the ozone layer) is
referred to national regulations about design, regular testing, certificates, log books, etc. It is critical no
leakage occurs, because the refrigerants are ozone layer threatening.

© IS0 2021 - All rights reserved

27


https://standardsiso.com/api/?name=e94cb4a63120b79d63272659d74fd247

ISO 24252:

11.5 Speci

2021(E)

fic requirements additional to Clause 8

11.5.1 Materials and structures

Special attention shall be paid to the (possibly high) pressures and (possibly high or low) temperatures
of the applied technologies to treat, upgrade or liquefy biogas. During the HAZOP and/or other risk
assessments attention shall be paid to the choice of materials because of the specific conditions.

Piping materials shall be made of rustproof stainless steel. At least AISI 304 in case the H,S
concentration is lower than 900 mg/m3 and stainless steel AISI 316 in case the H,S concentration is
900 mg/m3 or more. Supporting structures shall be made of hot dip galvanized steel or stainless steel.

For cast pro

In the case
shall be sep

ducts such as valves and flame arresters, low copper aluminium can be applied.

bf the use of different materials (e.g. stainless steel and galvanized steel), these.matg
hrated from each other to prevent galvanic corrosion.

In the operations manual, it shall be recorded which materials are chosen and for whatreason.

The technic
by the supp]

11.5.2 Pre
A system fo

including ve
or more pre

11.5.3 Safd

The risks of]
vulnerable ¢

For distanc
type of biog

11.5.4 Eled

No addition

11.5.5 Bui

No addition

11.5.6 Noi

h] life time of structures, tanks, reactors, vessels and pipes of the syStem shall be speg
ier and be described in the operations or maintenance manual.

ssure protection

r biogas treatment, combined heat and power generation, biogas upgrading, liquefag
ssels, reactors, tanks, pipes and pipelines, shall be gas-tight and shall be provided witl
ssure relief valves.

ty distances

the biogas system require distances between the plant (especially gas storage tanks
bjects.

s to vulnerable objects an external risk study shall be executed, taking into accoun
hs and the quantity.

tronic monitoring of the process

h]l requirements are-applicable in relation to Clause 8.

dings and building services

h] requirenients are applicable in relation to Clause 8.

se protection

rials

ified

tion,
1 one

and

t the

L 1 . A . ) e Yal| fa)
No additionatt CUUITCINITIITS 1T T e1atliolr t0 GIdUuse O.

11.5.7 Soil

protection

Especially for systems for biogas treatment, CHP, upgrading and liquefaction soil protection measures

shall cover:
— storage
storage

storage

28

of chemicals;
of cooling agents; and

of mineral oils.
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8 Condensate and particle removal

No additional requirements in relation to Clause 8.

11.5.

11.5.

9 Storage of hazardous substances

9.1 General

In addition to Clause 8, the presence of other hazardous substances shall be taken into account.

Common hazardous substances in upgrading and liquefaction systems are storage of gases (including

CBM
exist

In th

11.5

The {
vacu
loss.
be ay
Vent
Furt
planf

For s
natid

LBM, calibration gases), odorants (such as THT) and mineral oils for the purpaose
ing engines and machines.

is subclause, special attention is paid to storage of liquefied biomethane and edorant.

9.2 Storage of liquefied biomethane

ank in which liquid biomethane is stored is provided with a relief yalve. A well-insulat
lm insulated) shall be applied in order to keep the liquid biomethane cold and to pr¢
Possible contact by people with cold pipes, vessels and equipment, and/or with cold
oided in any case. For this reason, pipes, vessels, tanks and-equipment shall be proper|
discharges of cold biogas shall be located in such way thatne contact with human being
hermore, vent discharges of biogas shall be done in a manher to avoid risk or injury to
s, and away from the emergency generator.

tationary and non-stationary LNG and/or LBM tanks and the filling and emptying thel
nal regulations or standards can be applicablesSometimes these are related to LNG fu

NOTH
are s}

NOTH

NOTH
with

ization is applied to the tank in order toprevent static charging.

1  Methane can be liquefied by cempression and cooling. It is then called LBM. The hazardo
milar to LNG (liquefied natural gas):
2 Thereason for using composite tubing is that it reduces the external safety risk zones.

3 Itis also possible-to;store LBM in a liquid gas shipping container, specific for LNG and
the same bandwidths for pressure and temperature. When the container is full, it is closed an

of possibly

ed tank (e.g.
vent energy
biogas shall
ly insulated.
PS can OCCur.
Animals and

eof, specific
el stations.

A stjicionary storage tank for liquid biogas is emptied with composite tubing. When emptying potential
equ

s properties

similar gases
d replaced by

an emipty container. Such shipping container is inspected and approved for the transport of dangeroys substances

(road
enou

Mini
are 3
obje(

, rail and /or watex-which is applicable). If the liquid gas shipping container is approved, it mea
bh for a statiofiary situation.

mum distahces between LBM storage tanks and external vulnerable objects and inte

t (€:g.'where people live or work on a daily basis) the distance shall be atleast 50 m, cald

the d

ns that is safe

rnal objects

pplicable. Between a LBM storage tank with a content up to 20 Nm3 and an externall vulnerable

ulated from

ischarge point of the storage tank. For other circumstances, a specific external risk

assessment

shall be done. The minimum distance between a LBM storage tank with a content up to 20 Nm3 and
internal objects where people are working daily (such as control room of the biogas system, office, etc.)
is 5m.

11.5.9.3 Storage of odorant

For injection of biomethane into the public grid, the public grid operator requires the addition of odorant
to the biomethane. A small amount of odorant can ensure the safety of the public gas supply. Currently,
tetrahydrothiophene (THT) or mercaptan is mostly used for this purpose. Because the presence of
sulphur compounds is undesirable for vehicle fuels, alternative odorants are currently being for future
use. THT or mercaptan is the fragrance which gives natural gas its characteristic smell and has a very
low odour threshold. Leakage of odorant is highly undesirable. If a small amount of odorant is released
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accidently, this leads to complaints about a natural gas smell in an extensive area around the leak and
people might think a real gas leakage has occurred.

Odorant shall be added in a closed system. In addition, the odorant shall be stored in a sealed container.
Operations with odorant shall be performed by authorized personnel only.

A leakage of odorant shall be reported to the operator of the natural gas grid, the fire brigade and the
competent authorities, so they are informed in case of complaints and the fire brigade will not arrive
unnecessarily. For this reason, a list of contact phone numbers shall be present near the place where
odorant is stored and added.

In case of a "pi]] with odorant on the floor orin the appropriate drip tray the Qpi” shall be immedi

tely

taken up wi
case of a spi
soil pollutio

11.5.10Facllities at power failure

No addition

11.5.11Air
gas etc.)

No addition

Flares shall
suitable for

11.5.12Ven

No addition

11.5.13Flame protection and mitigation

No addition

11.5.14Fire-fighting and extinguishing

No addition

11.5.15Ear

No addition

11.5.16 Emergency routing

th absorbent material and jointly disposed as hazardous waste in a gas-tight packi
| on the soil, the soil is polluted and all environmental measures to prevent and remov
h shall be taken.

h] requirements in relation to Clause 8.
pollution control devices for removal of superfluous biogas(flares, thermal oxidi

h] requirements in relation to Clause 8.

be suitable for raw biogas, untreated biogas and hiomethane and for this reason shz
h wide range of methane percentages.

[ting

h]l requirements in relation to Clause 8.

h] requirements in relation te\€lause 8.

h] requirements in r€lation to Clause 8.

thing and lightning protection

h] requirements in relation to Clause 8.

g. In
e the

Lers

111 be

No additional requirements in relation to Clause 8.

11.5.17Ant

i-collision

No additional requirements in relation to Clause 8.

Special attention shall be paid to protect storage tanks of biogas or biomethane (e.g. liquefied
biomethane).

11.5.18Electrical, instrumentation & process control

No additional requirements in relation to Clause 8.
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12 Construction and testing

12.1 General

This clause describes occupational health and safety during construction, testing, commissioning and
start-up.

The studies mentioned in this clause, such as risk assessments, are additional to studies mentioned in
Clause 7 (such as HAZOP).

12.2-Construction

IO T CreCtIUTT

12.2}]1 Safety during construction

Duriphg design and prior to the start of the construction, risk assessment and(eyvaluation (regarding
occupational health technical aspects) shall be executed.

NOTH In many countries, itis mandatory to execute arisk assessment and evaluation (regardingloccupational
health technical aspects) because of national health and safety regulations.

For specific risks, additional task risk analysis shall be made by the'involved workers and qonstruction
managgers before the start of the activities.

Durihg the construction phase the construction manager anid the health and safety managgr are jointly
resppnsible for health and safety of all persons present orxthe site (wWhether employees or third parties).

A heplth and safety plan shall be present which deseribes responsibilities, communicatipn lines and
procedures about task risk analysis and working permits.

Weekly safety inspections are executed by the construction manager, health and safety mgnager and a
repre¢sentative of the client or the management team of the main contractor. A written repoft is made of
this nspection, including a report of thefollow-up of the actions of the previous inspectionk.

12.2|2 Prefabrication

For fdrefabrication, which is often done in a workshop or factory, the same health and safety regulations
apply as on the construction ‘site.

12.2|3 Constructionen site

Natignal regulatiefts can apply in addition to the requirements given in 12.2.3.

12.3 Testing and commissioning

Befofé-the start of the commissioning and the operation an additional risk assessment angd evaluation
shall be done. Specifically, the start-up of a biogas systems can cause specific satety risks. A list of
preventive measures shall be part of the report. All the intervention and maintenance procedures shall
be established before the commissioning of the plant. The same applies to the start- up and shutdown of
all equipment. Before the commissioning starts, tests are executed of all individual electrical and non-
electrical equipment, valves and instruments, especially of those located in explosion risk areas.

The preparation also includes a risk assessment and evaluation (RIE) to be held prior to commissioning.
The RIE shall be kept current.

During the commissioning phase the commissioning manager and the health & safety manager are
jointly responsible for health & safety of all persons present on the site (whether employees or third
parties).
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A health and safety plan shall be present which describes responsibilities, communication lines and
procedures about task risk analysis and working permits. This can be the same plan as used during
construction, possibly a paragraph about commissioning will be added.

Weekly safety inspections are executed by the commissioning manager, health & safety manager and a
representative of the client or the management team of the main contractor. A written report is made of
this inspection, including a report of the follow-up of the actions of the previous inspections.

12.4 Start-up

During start-up, the requirements for operations and maintenance (see Clause 13) apply. The
manager is responsible for health and safety.

plant

12.5 Requjrements for commissioning and start-up of specific systems

12.5.1 Biogas production systems

Filling proc
commission|
release valv
cement roof]

edures for biomass or digestate in sealed tanks during commissioning or start-up (g
ing or re-start-up) shall address functioning and pre-inspection of'tlie over-under pre;
es of storage tanks or digester tanks. The purpose is to prevent-flexible gasholders or
5 from collapsing or popping off.

I re-
sure
fixed

Some systems may require inert purging using inert gas (e.g. nitrogén or COZJ.

Other requifement might follow from risk studies.

12.5.2 Biogas treatment, CHP, upgrading and liquefaction systems

PSSR (pre-gtartup safety review), instrumentation checkout, control loop testing, interlock testing

shall be exe

Other requi

13 Opera

13.1 Gene

Cuted.

fement might follow from risk studies.

tions and maintenance

ral

This docum| ncies

for:

ent describes tHerequirements for operation, maintenance and handling of emerge

supplier of the biogas system;

owner gnd plant manager of the biogas system;

the service’technician: and

shut-down biogas system.

For maintenance of (parts of) biogas systems containing gas, a task risk analysis (TRA) or job hazard
analysis (JHA) shall be made in collaboration with a trained and qualified person (for example a
safety expert). Often these are derived from a risk assessment executed before. Furthermore, many
companies use a system of work permits to make risks more transparent and manageable and to give
work instructions. For regular maintenance for which a working permit is issued based upon a general
TRA of JHA, it is not mandatory to do a TRA or JHA for each maintenance activity.

Confined spaces such as biomass and/or digestate storage facilities shall only be accessed by qualified
persons. If there are mechanical hazards due to moving parts or system parts in confined spaces to be
maintained, these shall safely be taken out of operation by lock out tag out before maintenance. When
entering these confined spaces, the requirements of national working conditions regulations should be
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taken into account. The confined spaces shall only be released for entrance after measurement of the
absence of dangerous gases such as methane, hydrogen sulphide and CO, and the sufficient presence
of oxygen. Furthermore, the wearing of independent breathing equipment (with respiratory air), the
use of lining and personal gas measuring equipment (H,S, CHy, O, and CO,) is mandatory, except when
it is assured that sufficient oxygen is present and that the mentioned dangerous gases are completely
absent and cannot enter the confined space. Before entrance and start of activities like cleaning and
maintenance, the risks and how to act in case of emergencies shall be discussed with colleagues and

other potential attendees. Furthermore, a task risk analysis shall be made and documented.

13.2 Supplier of the biogas system

The gupplier of the biogas system provides the owner and the operator with the following ¢

17N

Thes|

user's manual: this contains instructions for the operation of the system by theuser (3
o as operations manual). The safe start-up, operation, maintenance and the decommiss
ystem are clearly described. A technical description of the system is included in this
peration manual also optionally includes instruction manuals of the manufacturer of th
arts.

maintenance manual for the user describes how the system shall‘be maintained by 1

hen inspections shall take place. This manual also describes(thie maintenance requ
he operator. Additionally, this document describes which activities are done by the g
hall be done by a qualified service technician.

maintenance manual for the service technician which'shows how the system can be in
aintained safely. This manual also describes the requirements for the required know
ervice technician.

e documents are at least written in a clear, @oncise and understandable way. This me

docujments shall be written in at least the national language and preferably also in the Engli

in su

Also
emel

Befo

ch way that the persons who need to understand can read the documents.

attention shall be paid to the requitements for use, maintenance and necessary action
gency, as described in this document.

e start-up of the biogas system, the supplier of the system organizes a training about t}

of thle system, the risks associated with the system and the emergency plan (including

recoi

Upon
with
be a
pres
exec
be m|
For d

mmended to test the €mergency plan.

commissioning’ef‘the system and before filling the biogas system (pipes, pipelines,
biogas, the stipplier of the biogas system shall execute a pressure test. The test pr

sure (for€xample for pressure systems with a design pressure above 50 kPa a pressure
ited atsd;5 times the pressure). National legislation can apply for such pressure tests. Al
ade{with the results of the pressure test and an explanation how the test pressure is

igester tanks, biomass and digestate storage tanks, and flexible gas storage facilities

locuments:

Iso referred
oning of the
manual. The
e individual

he user and
rements for
perator and

spected and
rledge of the

ans that the
sh language,

in case of an

e operation
safety). It is

vessels etc.)
essure shall

factor to be'determined times the design pressure, which factor is depending on the applicable

test is often
report shall
determined.
with flexible

roofs such a pressure test is not possible and shall be agreed upon a ditferent test at gas-tightness (for
example, testing of overpressure), after consultation with the supplier.

13.3 System owner

The system owner and/or the plant manager (managing the plant on behalf of the system owner) shall
have sufficient knowledge and experience to manage, supervise and/or operate a biogas system. The
system owner and/or plant manager shall ensure that the EPD and the documents mentioned in the
previous paragraph are present in digital and/or paper format in the control room or otherwise near
the installation and readily available to plant operators.

The system owner, the plant manager and their staff shall conform with instructions described in the
user manual and safety instructions.
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The system owner shall make staff, visitors and potential neighbouring residents aware of relevant
safety information.

NOTE Instructions on what to do in emergency situations are part of it.

The system owner and plant manager keep a log book registering any maintenance performed by
the operator, staff or a service technician and the incidents which took place. If the supplier of biogas
system (during maintenance or inspection) or the service technicians gives safety related instructions,
this shall be documented in the log book.

For work on the system in safety-zone areas on (gas-side and non-gas-side) system critical components

a work pe
also to be
(st, CH4 ar

The system
of a checklij
compliance
in a log bool

The system
and describ
protection i
to function |

The system
by a service
leakages an
operation, t}

The system
monitoring

The plant of
it is mandaf
devices. The
measures.

13.4 Emer

The system
routes and
services, th
relevant ver
with people
that the emd

it |
1;];ade gas-free (inerted) and to be safeguarded and the wearing of personal gas dete

d 0,) is required.

owner and the plant manager shall keep a visual inspection tour of the plant on the

t at least once a month. During this inspection shall be looked at occupational safety
with this standard. The date, findings and follow-up of the inspection toushall be recd
L or report.

pwner or plant manager shall visually inspect the pressure protection as often as necej
bd in the maintenance manual. If necessary, a service technician shall service the preg
n accordance with the maintenance manual listed in the previous paragraph, so it cont
properly.

owner or plant manager shall define a maintenance concept and organize an inspe
technician at least twice a year. Such inspectiomincludes at least an inspection fo
1 deterioration of materials. If the inspection reveals that maintenance is necessary fo
e necessary maintenance shall be ordered to'the service technician.

owner or plant manager takes action in response to warning signals from the elect
system, in the manner described in the'relevant chapter on electronic monitoring.

erator shall design the plant accerding to hazards (e.g. snow, rain, earthquakes). Therg
ory to execute static calculation$ for important components, buildings and other s
plant operator shall protectisafety devices from sabotage, e.g. by fences and other s

gency plan

bwner is respofisible to describe the emergency procedures, including the emergency ey
h list of phohe-nhumbers of at least the system owner, the plant manager, the emerg
b operator, 0f the gas network (if applicable), the supplier, the service technicians,
dors, thefire brigade and the permit authorities. It is recommended to establish a sc}
who'shall be called in which situations. The system owner or plant manager shall er
rgency plan is available in different parts of the plant.

has
ction

basis
 and
rded

sary
sure
nues

ction
r gas
safe

ronic

fore,
hfety
hfety

cape
ency
bther
heme
sure

NOTE

supplier and are complemented by the system owner or plant manager.

An emergency plan drawn up by the supplier can be used as a basis because of the knowledge of the

The supplier may provide specific system information for the emergency plan, for example specific
risks and what to do in case of incidents and emergencies. In the emergency plan, it shall at least be
described how to deal with failure of the system, power loss, fire, release of hazardous materials and the
formation of foam. It concerns emergencies that the system will not get in safe mode (automatically) and
an incident cannot be prevented by timely response to warning signals from the electronic monitoring
system. For the actions as follow up of the electronic monitoring systems, refer to the instructions in
8.5,10.7.6 and 11.5.4.

The emergency plan shall be tested on a regular basis by organizing emergency plan exercises.
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13.5 Service technician

During maintenance and inspection, the service technician shall conform to the maintenance manual
for the service technician. The service technician shall be qualified and shall have sufficient knowledge
and experience on the type of system. The service technician can be an employer of the system owner,
a supplier or a third party.

Prior to maintenance, elements of the system shall be blocked in to ensure that no gas or hot matter
is present or can be released. Before opening the gas-carrying parts of the system, the parts shall be
made gas-free by purging with an inert gas (for example nitrogen) and the parts can only be released
after the measurement of the present gases. Subsequently the correct personal protective equipment

(PPEjstmattbeused—The plant mmamagerstratt safeguard the systenm before the startof tirework on the
system. The same applies to the commissioning of the system prior to the start thereof;
Whehp replacing the active carbon or another adsorbent the right PPE shall be used andithe cqntaminated

matgrial shall be treated and disposed as hazardous waste or be recycled.

Forn

not v
Systg

The

1

honitoring and maintenance of pressure protection systems, it shall be@nsured that th
ented during inspection and maintenance. Before the start of maintefiance on pressur
ms, consider work permits, TRAs and special personal protective equipment.

q

ervice technician carries out at least the inspections below with the indicated freque

Because of the possible release of hydrogen sulphide, methane or CO2 (parts of) the sys
ested for pressure loss. This is done according to a frequency and method specified by
f the system (but at least once every 10 years). Fér.critical system components, sy

alves, valves, connectors, tools, etc., the frequencywill be higher and shall be tested at

e valves are
e protection

cy.

tem shall be
the supplier

ch as safety

least once a

ear. This does not apply to the digester and biorhass and digestate storage.

onnections shall be checked for gas leaks,thé frequency of this inspection shall be de

termined by
risk assessment.

OTE This can be done by, for example, visual inspection, gas detectors, gas cameras, etc.

he operation of a flare (if present) shall be tested at least once a year.

egular inspection of materials for safety guarantees.

13.4 Requirements for ¢commissioning and start-up of specific systems

13.6{1 Biogas production systems

Emp
addr
the
inert
instr
present in case over-under pressu

fying proeedures for maintenance of biomass or digestate storage tanks and digestel
ess the risk of introducing oxygen inside the tanks and creating an explosive atmo
anks\are refilled and until CO, has displaced O, in the gasholder. Before and durin|
img.1s mandatory to avoid creating an explosive atmosphere. Similar to filling stand

tanks shall
sphere until
g emptying,
ard operating
re-gasholder is

re release devices are non-functional.

Filling procedures for biomass or digestate in sealed tanks after maintenance (re-commissioning or
re- start-up) shall address functioning and pre-inspection of the over-under pressure release valves
of storage tanks or digester tanks. The purpose is to prevent flexible gasholders or fixed cement roofs
from collapsing or popping off.

Other requirements might follow from risk studies.

13.6.2 Biogas treatment, CHP, upgrading and liquefaction systems

Other requirements might follow from risk studies.
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13.7 Requirements for shut-down of biogas system

In the case of a shut-down of a digester system, the supply of new input materials is reduced, the heating
is switched off and the digester tanks are successively pumped empty. In order to avoid ex-zones, the
potential explosive areas are adequately ventilated or inerted. The digester tanks and pipelines are
rinsed with cold water and fully cleaned in order to avoid further biogas formation. In case entrance of
tanks or other confined spaces is needed, specific working instructions regarding entrance of confined
spaces apply, under which gas detection and respiration equipment is required.

When the biogas system is going to be offline for an extended period of time, shut- down shall be
executed in accordance with shut-down procedures and the biogas system shall be maintained properly
to keep the gquipmentard piping ima good conmdition to emable safe Sstart up Whel TTeCessary.
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Annex A
(informative)

Explanation to the scope

Biogas is produced by making use of one or more of the following types of systems:

fomass storage and preparation,
iomass to biogas processes;
naerobic digestion;

iogas and biomethane storage and management (including flares);

iogas treatment: Biogas de-watering and cleaning (e.g. hydrogen sulphide and siloxangs);

iogas to biomethane process:

— upgrading

1+ combined upgrading and liquefaction;

Ibiogas and biomethane applications:

+ raw material for chemical processes

1+ transportation fuel (liquefied or compressed);

+- biogas combustion processes, @as-far as it concerns applications which are d
specifically used for biogas:

+ boilers used for locally prieduced biogas
1+ burners used for locally produced biogas
+ furnaces used forlocally produced biogas
1+ lighting bydoeally produced biogas;
flares;

¢ombined heat and power (CHP) systems, such as:

lirectly and

—L~micro gas turbines

— fuel cells

— gas engines;

biogas and biomethane distribution: compression and pressure control systems;
injection into the pipeline:

— public grid;

— private grid (e.g. raw biogas and treated biogas);

liquefaction;
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— re-fuelling stations;
— process and safety control;

— digestate storage and digestate conversion (separation of minerals) including manure conversion
and conversion of sludge.

This document describes for information purposes as well:
— the parameters to determine the size (e.g. small, medium-sized, or large scale);

— the parameters to determine the type of system (e.g. household, industrial);

— the parameters to describe the type of technique;

— terms and processes in order to develop health, safety and environmental protection guidelings for
biogas qystems.

Figures A.1[to A.3 show the scope of this document in schemes. Figure A.1 shows)ah example df the
most simple biogas production process.

Application locally
Storage produced biogas
biomass Digester (e.g. cooking,
heating, lighting,
gasengine)

Digestate storage

Figureg A.1 — Scope of standard schematic overview: simple biogas production process

Figure A.2 shows an example of a mere.complex biogas production process.
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| Flare |
| I f f |
Transportation Applications (e.g. CHP,
of (raw) biogas (E;\?vr)at%foogs Upgrading Stg:ﬁgii(g? S vehicle engines,
outside plant 8 q injection to grid)
I I
| ]
I . .
Storage Digester or Digestate .
| biomass gasifier storage Transportation
L/
| |
I I
| Pretreatment Digestate |
| biomass conversion |
I

Tranpportation
bjomass

NOTH
other|boxes are possible pathways.

Not all process steps in this scheme are applicable, except for the process step “digester

gasifier”. All

Figure A.2 — Scope of standard schematic overviewxmore complex biogas productipn process
g P P gasp P
Figure A.3 shows an example of the biogas production process based on power to gas from piomass.
A (-
I I
Combustion| I
| biomass |
I Electricity | Application and
| +C02and [~ Electrolysis [ Methanation{—= Upgrading | transpgrtation
| methanation (out offscope)
I Combustion |
| biogasin |— |
engine |
I  _  _AY o _______ y

Figure A.3 — Scope-of standard schematic overview: Power to gas from biomass soul

[CE process
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Annex B
(informative)

Biogas characteristics, processes and classifications

B.1 Biogas and syngas characteristics

Biogas is produced by anaerobic digestion of biomass, meaning conversion of a part of the)organic
materials infbiomass making use of microorganisms without the presence of oxygen.

The processes are described below.

Biogas cons|sts for a main part of methane, carbon dioxide, hydrogen sulphide, nitfogen, oxygen.
Furthermorg, contaminants like hydrogen sulphide, siloxanes, hydrocarbonstajid others are pregsent.
The percentages depend on the feedstock and the type of process. The caldric value of a normal fubic
meter of mefhane is about 36 M] per normal cubic meter.

Biogas propgrties can be described by:

— energy parameters such as kWh/Nm3 and/or Wobbe index;

— physical parameters like dew points, pressure, temperature;

— chemic3l parameters: chemical composition;

— biologidal parameters: Biogenic content, biological composition.

B.2 Description of the processes and the used technologies

B.2.1 Gerleral

For informdtion purposes, a short-description is given in this subclause regarding the most [used
processes and technologies mentioned in Figure A.1.

B.2.2 Storage of biomass

Biomass is stored depéending on its characteristics (solid or fluid; e.g. waste, sludge, manure) beforg it is
led to the digester™Biomass can be stored in silos, storage tanks, basins.

B.2.3 Treatment of biomass

Biomass can be pre-treated with chemical, physical, thermal and/or biological methods in order
to increase methane production when the biomass is digested. For example, it is possible to include
hydrolysis as a pre-treatment step in order to speed up the process. Sometimes additives like enzymes
or agents are added to the biomass (substrate) in order to improve the fermentation process.

B.2.4 Fermentation

The purpose of the fermentation process is to convert a part of the organic materials in the biomass to
biogas making use of microorganisms. This process is anaerobic, without the presence of oxygen. The
biomass can be solid or fluid and can be added batch wise or continuous flow.

A distinction can be made between psychrophile (0 °C to 25 °C), mesophile (25 °C to 45 °C) and

thermophile (45 °C to 75 °C) fermentation. At higher process temperatures the fermentation process
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