INTERNATIONAL IWA
WORKSHOP 28
AGREEMENT

First edition
2018-04

Y

Faecal sludge treatment units —
Energy independent, prefabridated,
community-scale resource-recpvery
units — Safety and performance
Unités de traitement de matiéres de vidange — Unités de

récupération préfabriquées et autonomes en énergie pgur des
ressources a l'échelle lgeale — Sécurité et performance

Reference number
IWA 28:2018(E)

©1S0 2018


https://standardsiso.com/api/?name=7c5688f05e6a6cfa71b75113777cd322

IWA 28:2018(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2018

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=7c5688f05e6a6cfa71b75113777cd322

Contents

IWA 28:2018(E)

Page

FFOT@WOT ........coocccoveeses st 5555855855855 vii
IIMETOUICEION. ..o viii
1 S0P ... 1
2 NOTINATIVE FEEETE@IICES ............ooooiooeee st 1
3 Terms, definitions and abbreviated tEITS ... 2
4 General requirements 8
41 Industrial dpcign and manufacture 8

4.2 Hazard and operability study and risk assessment .8

4.3 Ambient operation CONAItiONS. ... B e 8

4.4  Expected technical Hetime ...t b 9

4.5 Treatment unit input 9

451 INPUL EYPES oo gt 9

4.5.2  Specification of input parameters and ranges............. S e 9

4.5.3  Input specification temMplates ... SN . .9

4.5.4  Additional input specifications for thermal and biological processes..................... 9

4.6 Requirements for handling of faecal sludge as a fuel=S I 10

4.6.1 Delivery and reception of faecal sludge .. 2. oo 10

4.6.2  Storage of faecal SIUAGe...........cooiiiiiice St e 10

4.6.3  FEedING SYSTEIM ..o e oo 10

4.6.4  Additional requirements for thermal treatment Units............coocevcec oo 10

Energy balance and resource recovery
General

51
5.2

5.3

Performance reQUITEIMEINIES:. ... . ...

5.2.1  Energy independence ... e
5.2.2  ENEIEY POSTHIVE ...t i
RESOUICE TECOVETY ..o

Energy balance......... gt

6.1  Technical process@vailability..........oe.
6.1.1 Mean tilne between failure (MTBF)
6.1.2  Mean time to repair (MTTR) ..o
6.1.3  Preventive maintenance time (Tpm)
6.2 ProceSSTEADILITY . ..o
6.2. 1) P10CESS SEADIIILY ...
6.22~ Start reliability and start time.................
6:2!13  Shut-off reliability and shut-off time
Safetyand functional reqUIrements. ... e 12
72 APPHCADTIIEY ..o
72 PO S S COT T O s
7.2.1  General
7.2.2  Degree 0f QULOMIATION ..o
7.2.3  Intentional starting of OPeration ...
7.2.4  Intentional stopping of operation.....
7.2.5  Emergency StOp ...
7.2.6  Continuous monitoring..................
7.2.7  Feedback of process failures.........ccren
7.2.8  Safety-related functions of the control system.
7.2.9  Input overload protection MONITOTING ...
7.2.10  OVEIrPreSSUIe PIOTECTION ...ooccoiiriiiiiciiiciieiescees oo
7.2.11 Fire and overheating prevention
7.2.12 Explosion prevention..................
7.3 Process redundancy ...
7.4 MaAterial fIr€ FESISTATICE ...ooocooo oo

© 1S0 2018 - All rights reserved iii


https://standardsiso.com/api/?name=7c5688f05e6a6cfa71b75113777cd322

IWA 28:2018(E)

10

7.5 Security and safety of electrical energy supply ...
7.5.1  Security of electrical energy supply ...
7.5.2  Safety requirements for electrical energy supply
7.6 Structures and SUPPOItING ElEMEIITS ...
7.6.1  StrUCTUTAl INEEGTILY ....ooiooieeiice s
7.6.2  Integrity against external impacts...
7.7 SANITATY TEQUITEITIEIITS ......ooooioeiietiie st
7% I & 7723 1<) 0 U (0 LT ¥ o (O
7.7.2  Materials ...
7.7.3  System tightness
7.74  LeaKAGE PIOTECTION ..o
7.8 Mechanical requirements
7.8.1  Pressurized eqUIPMENT . ..oy
7.8.2  Pipes, hoses and fittings ... e e
7.8.3  Tanks and VESSEIS ...ttty
7.84  Moving and rotating parts........
7.8.5  Vibration
7.9 RaAAIAtION oo
7.9.1 High temperatures of parts and surfaces.....
7.9.2  Low temperatures of parts and surfaces......
7.9.3  Electromagnetic compPatibility . ...t
7.9.4  Other sources of radiation ... Mo
7.10 |Electric and electrical COMPONENTS ... S s
OPCIAPIIIEY ..o
8.1 Safe loading .
8.2 ANthIOPOMETTIC A@SIZIL....ooiioriir B
8.2.1  GeNETal..e i e
8.2.2  Forces to be applied .
8.2.3  ACCESSES AN SEAITS oo oo
8.2.4  Aisles and PlatfOTINS ...yt
8.2.5  Enclosed spaces.........{a¥ . .
8.3  |Lighting..oiiiii s
8.4 System ergonomic design .S e
LU 200 01 100 T2 10 ) 1 0O 00 eSS
9.1  |Adjustability and maiffainability ...
9.1.1 Identification of adjustment and maintenance needs
9.1.2 Ease of'ntaintenance of devices, components and subassemblies
9.2 Access to adjustment and maintenance POINTS. ...
9.3 Requirements for adjustment and maintenance activities............cen
9.3.1 Discharge and cleaning, testability, adjustment and maintenance on the
FUNINEZ SYSEOIIL. ..ottt
9,3'2" Safe handling of electrical equipment
9.4 SPAre PATtS. o .
0.5 TOOIS QI AEVICES ...
OUEPULES ...
10.1  Solid..coen
10.1.1 General.....
10.1.2 Pathogens........
10.1.3 Heavy metals
10.1.4 Additional requirements of solids for diSPoSal ... 23
020 2§ L U)o O
10.2.1 Pathogens.........cccin
10.2.2 Environmental parameters......
10.2.3 Requirements for effluent ..............
10.3  Air emissions from thermal treatment units....
L0.4  OOUT e
F10.5  INOISE o

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=7c5688f05e6a6cfa71b75113777cd322

IWA 28:2018(E)

11 Testing ...,
11.1 Certification bodies.......
11.2  Input characterization....
11.3 SOl QNd EFFTUEIIT ..o
11.3.1 Pathogens in solid outputs and effluent. ... 26
11.3.2 Heavy metals in solid outputs
11.3.3 Environmental parameters for effluent
T1.4  AIT @IMISSIONIS ..o
11.4.1 Loss on ignition and total organic carbon..
11.4.2 Temperature and residence time.......
11.4.3  Air pollUtiON @MISSIONS ..o
11.5  Odour
11.5.1 Test methods for odour OUtPUL ...
11.5.2 Measurement Planning ... g o
11.5.3 Measurement PrinCiples ... by
11.5.4 Sampling location requirements......
11.5.5 Measurement process..................
11.5.6 Sampling train ...
11.5.7 Materials selection
11.5.8 Additional equipment considerations...................
11.5.9 Sample collection on a solid or liquid SUrfage . ..o 33
11.5.10 Selection of panellists........cc N o
11.6 NOISE ..o
11.6.1 Test methods for noise output.....
11.6.2 Measurement planning ..............qm¥
11.6.3 Measurement objective/scope .............
11.6.4 Requirements for the samplinglocation
11.6.5 Measurement eQUIPIMENT wd e
11.6.6  Calibration ...t
11.6.7 Operation of treatment unit during test.
11.6.8 Sound level MeterSBLLING ...t
11.6.9 Microphone Orientation. ...
11.6.10 Correction for background noise and reflecting surfaces in test environment....35
11.6.11 Ng1, Numper of uncertain measurements due to background noise].........cc......... 35
11.6.12 Represéntative A-weighted sound pressure level........n e 35
12 PrOUCE HIE@TATUTE /.o
T2.1  GOIOTAL. s
12.2  Input.{ Oy
12.3  Perférmance claims
124 Unitboundaries.........,
12.5 <Energy independence assessment..................
12,6 \""Environmental sustainability ...
12.6.1 Consumable CONSUMPLION ..o
12:6:2—Greenhouse gas emmissioms tGHG T e
12.6.3 Characteristics of resource recovered products..
12.7 Maintenance and operator dOCUMENETATION. . ...
12.7.1 Language TeQUITEIMEIITS ...
12.7.2 Provision of manual ...
12.7.3 Number of documents..........ccccccooren
12.7.4 Recurring operation and maintenance....
12.7.5 Complexity of configuration, adjustment and maintenance activities.................... 41
Annex A (informative) Input specification templates............ 42
Annex B (informative) Additional input Specifications ... 44
Annex C (informative) SUStAINADIIIEY . ... 46
Annex D (informative) WOrKShop reSOIUTIONS ... 50

© ISO 2018 - All rights reserved v


https://standardsiso.com/api/?name=7c5688f05e6a6cfa71b75113777cd322

IWA 28:2018(E)

Annex E (informative) Workshop contributors

BIDIHOGTAPIY ...t

vi © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=7c5688f05e6a6cfa71b75113777cd322

IWA 28:2018(E)

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
electrotechnical standardization.

all matters of

The procedures used to develop thls document and those mtended for its further maintenance are

descrilped

T heeded for the

differept types of ISO documents should be noted ThlS document was drafted in aceordance with the

editoripl rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attentjon is drawn to the possibility that some of the elements of this documéntmay be|the subject of
patent|rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will.be in the Introduction and/or

on the [SO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the{convenience of users

constitlute an endorsement.

and does not

For an| explanation on the voluntary nature of standards,)the meaning of ISO specific terms and
exprespions related to conformity assessment, as well @s information about ISO's adherence to the
World [[rade Organization (WTO) principles in the Technical Barriers to Trade (TBT) se¢ the following

URL: www.iso.org/iso/foreword.html.

Internitional Workshop Agreement IWA 28 was developed and approved over a s
workshops hosted by the American National Standards Institute (ANSI) in Durban, South
2017, in Singapore in September 2017 and in*Dakar, Senegal, in January 2018.

eries of three
Africa, in June
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Introduction

Hygienic sanitation facilities are crucial for public health, yet 61 % of the global population do not
use safely managed sanitation services, i.e. excreta safely disposed of in situ or treated off-site (see
Reference [186]).

Improved environmental sanitation has a multitude of socio-economic benefits. Functional sanitation
systems improve health and welfare and are fundamental to human development. Integrated business
models throughout the sanitation value chain can ensure the economic viability of processes that turn
waste into valuable resources, such as biofuels or agriculture products. Sanitation systems can also
conserve water, thus leading to even broader livelihood improvements. According to the World Health

Organization, fhe estitmated economic benefttof the Teturmon a US$ Hinvestment tm sanitation 1§ in the
range of US$5[to US$28 (see Reference [185]).
On-sitd sanitation technology Faecal sludge management
\ l ‘
User Containment Collection and Treatment Use or dispsal
interjface transport

*"™
|

[ "...".-—--

'.—

‘-

JHANSPORT

focus of this document is treatment (as depicted in the red box).

CON[TAINMENT

> EMPTYING > > TREATMENT > REUSE/DISPO$AL

NOTE The

Figure-1 — Sanitation value chain

The focus of t
the red box al
sludge manag
of community
to 100 000 p
environment.

his technical documeént on non-sewered faecal sludge treatment units is represented by
bng the sanitation’value chain in Figure 1, indicating the treatment components of faecal
ement. The purpose of this document is to specify performance and safety requirements
-scaled resource-oriented faecal sludge treatment units serving approximately| 1 000
eople,.ensuring technical robustness and safety in terms of human health and the
This ‘document aims to facilitate the commercialization and transfer of these treptment

units into the market.

This document complements ISO 305001 on-site user-interface non-sewered sanitation systems
(depicted at left in Figure 1).

This document aims to specify technical requirements and recommendations for community-scale
resource-oriented faecal sludge treatment units in terms of performance, reliability, availability,
maintainability and safety. This document further aims to promote trust among the different
stakeholders involved in faecal sludge management, such as investors, technology developers,
regulatory bodies, local service providers and users, increasing their willingness to implement
innovative new technologies. Manufacturers and technology developers can use this document to
gain consumer confidence in the reliability and safety of treatment units. Stakeholders can use this
document as a benchmark to compare performance capabilities of different treatment unit options and
identify which option is most suitable for their needs.

1) Under preparation. Stage at the time of publication: ISO/DIS 30500:2018.
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This document specifies minimum requirements of all types of outputs from the treatment unit to
ensure safety for human health and the environment. It does not specify or mandate the quality of
resources recovered as these are highly dependent on the local (e.g. economic, social) context.

This document is intended to ensure the general performance, safety and sustainability of such units.
This document also includes requirements for operability and maintainability to ensure safety and
performance of the treatment unit. Figure 2 illustrates the scope of this document with respect to
treatment unit inputs and outputs.

' N\
,’ Scope of this document \\
| |
| |
| Performance —
| Safe solid _ (5 I
. discharge or reuse
Defined S |
inputs —Saf; Rguld |
: discharge or reuse | Resource
- recovery
Faechl sludge afe gaseous I
T charge or reuse 1M and I('ieuse
' Outputs | proguct
4 — quality
Optiopal additional |
feedftpck, e.g biomass |
' |
| |
\ /
N\ Operability Maintainability /
N 7
~ -

Figure 2 — Scope of this document

The ddshed line in Figure-2 shows the boundary of the scope of this document. Inputs|are primarily
faecal $ludge derived/fsom human excreta (likely contaminated with domestic waste) and can include
additignal inputs at/he discretion of the manufacturer. This document does not specify which forms
of excreta and additional inputs are treated within the unit (e.g. urine, faeces, greywater]); these inputs
are deflined by_thé manufacturer.

Inputs|arenillustrated as partially within and partially outside the document’s scope to illustrate
that tHe manufacturer defines the input characteristics which meet the requirements set forth in
this document. The performance, safety, operability and maintainability of the treatment unit are
addressed in this document, as are human health and safety aspects of the treatment unit’s solid, liquid
and gaseous outputs. Noise and odour outputs of the treatment unit are also addressed within this
document. However, the quality and value of any resource recovery and reuse products derived from
treatment unit outputs are outside the scope of this document. Apart from the requirement for energy
independence during steady-state operation, this document does not set performance targets with
respect to the amount or type of energy or resources that needs to be recovered and/or locally used.

This document excludes transportation and any intermediary processes required to supply the
treatment unit with the defined inputs.

Provisions of this document apply to the treatment unit according to its unit boundaries, i.e. within the
process chain beginning with its specified inputs and ending with its outputs.

Annex C on sustainability highlights some of these considerations.
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Faecal sludge treatment units — Energy independent,
prefabricated, community-scale resource-recovery units —
Safety and performance

1 Scope

ThlS dC cumantcenacifiacraaguiramontc andtactaathodcto anciirn cafobyg nnv{-‘nwmqnnn and Sustainabilit
.......... pecHesFeqtHrementsanaestetnoasto-ensSure-saretyperreraneeahs y

of community-scale resource-oriented faecal sludge treatment units that serve approxinjately 1 000 to
100 00|0 people. This document applies to treatment units that:

a) prlmarily treat faecal sludge;
b) ar¢ able to operate in non-sewered and off-grid environments;
c) ar¢ prefabricated.

This dgcument does not apply to sanitation treatment units requitring sewer infrastructyre, or to those
requiring electric grid access during steady state operation.

Treatnjent units to which this document applies exhibit reéseurce recovery capability (¢.g. recovering
energy) reusable water, soil amendment) and are capable.6f being energy neutral or energy net positive.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitlutes requirements of this document: For dated references, only the edition citgdd applies. For
undatdd references, the latest edition of the referenced document (including any amendnpents) applies.

ISO 7250 (all parts), Basic human body measurements for technological design

ISO/IEL 17065:2012, Conformity assessment — Requirements for bodies certifying prodlicts, processes
and senvices

[SO 20816-1, Mechanicdlvibration — Measurement and evaluation of machine vibration — Part 1: General
guidelihes

ISO 55000, Asset management — Overview, principles and terminology

IEC 60050, International electrotechnical vocabulary

IEC 60204-1 Cnfpf‘y nfmn/‘hinpry — FElectrical equipment nfmnr‘hinpc — Part 1: General reguirements

IEC 60942, Electroacoustics — Sound calibrators
IEC 61260-1, Octave-band and fractional-octave-band filters — Part 1: Specifications
IEC 61672-1, Electroacoustics — Sound level meters — Part 1: Specifications

IEC 82079-1, Preparation of instructions for use — Structuring, content and presentation — Part 1: General
principles and detailed requirements

API 650, Welded steel tanks for oil storage
ASTM D7348-13, Standard test methods for loss on ignition (LOI) of solid combustion residues
AWWA D-100, Welded carbon steel tanks for water storage

© ISO 2018 - All rights reserved 1
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DIN 4109-1, Sound insulation in buildings

EN 13137, Characterization of waste — Determination of total organic carbon (TOC) in waste, sludges and
sediments

EN 13725, Air quality — Determination of odour concentration by dynamic olfactometry

EN 15259, Air quality — Measurement of stationary source emissions — Requirements for measurement
sections and sites and for the measurement objective, plan and report

EN 15936, Sludge, treated biowaste, soil and waste — Determination of total organic carbon (TOC) by dry
combustion

FDBR-RL7, Acgeptance testing of waste incineration plants with grate firing systems
NFPA 30:2018, Flammable and Combustible Liquids Code

UL 58, Standard for steel underground tanks for flammable and combustible liquids
UL 142, Standllrdfor steel aboveground tanks for flammable and combustible liquids

Directive 201(/75/EU of the European Parliament and of the Council of 24 Noyember 2010 on industrial
emissions (integrated pollution prevention and control)

3 Terms, definitions and abbreviated terms

For the purpoges of this document, the following terms and definitions apply.
ISO and [EC mpintain terminological databases for use in standardization at the following addrefses:
— ISO Onling¢ browsing platform: available at https://www.iso.or

— IEC Electijopedia: available at http://www.eléctropedia.org/

3.1 Genera

3.1.1
human excrefa
waste products of human metabaélism, in solid or liquid form, generally urine and/or faeces

[SOURCE: I1SO[24521:2016, 33}

3.1.2

faecal sludge
untreated slufige generated from the storage of human excreta (3.1.1) that can be mixed with flush
water, solid dgmestic waste (3.2.1) and other liquids

3.1.3
input
substances fed to the treatment unit for the purpose of treating those substances

Note 1 to entry: Input to treatment units covered by this document is required to be derived primarily from faecal
sludge (3.1.2), which can be contaminated by liquid and solid domestic waste (3.2.1) and can include different
forms of biomass (3.2.2).

3.14
prefabricated
factory produced, either as a fully assembled unit or as a set of components that assemble to form the unit

2 © ISO 2018 - All rights reserved
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3.1.5

design requirement

requirement that specifies or constrains the design of a system or system componentcf. functional
requirement, implementation requirement, interface requirement, performance requirement, physical
requirement

[SOURCE: ISO/IEC/IEEE 24765:2017, 3.1146]

3.1.6
risk assessment
overall process comprising a risk analysis and a risk evaluation

[SOUR 1< 14Q71.090007 2 101
L TOOU T TJ7 L.ZUU7,; Z-1T0]

3.1.7
safetylassessment
review| of the aspects of design and operation of the treatment unit, which are relevant to fhe protection
of pergons or the safety of the treatment unit, including the analysis ofsthe safety and protection
provisjon established in the design and operation of the treatment unit'and the analysis of risks
associgted with normal conditions and accident situations

3.1.8
design process
procesp of converting the requirements of the functional specification into the technical $pecification

[SOURCE: ISO 13880:1999, 3.3]

3.1.9
functipning as intended
conforming to all expectations in terms of performance, capacity and safety as specified by the
manufacturer

EXAMPLE The treatment process is functioning as intended when the process is stable pnd the output
criterialare met.

3.1.10
reasonably foreseeable misuse
use of p machine in a way net intended by the designer, but which can result from readily predictable
human behaviour

[SOURCE: ISO 12100:2010, 3.30]

3.2 Ipput, energy balance and resource recovery

3.2.1
domedticwaste
waste tratarisesfromdomesticuse of a private dwethng

3.2.2
biomass
material of biological origin excluding material embedded in geological and/or fossilized formations

[SOURCE: ISO 16620-1:2015, 3.1.2]

3.2.3
steady state
condition in which all relevant operational parameters are not significantly changing with time

© ISO 2018 - All rights reserved 3
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3.2.4
energy balan

ce

accounting of input (3.1.3) and/or generation of energy supply versus energy outputs based on energy
consumption by energy use

[SOURCE: ISO

3.2.5
energy indep

50002:2014, 3.6, modified — Notes to entry have been deleted.]

endent

able to perform the intended functions of the treatment unit relying exclusively on energy from its
defined input (3.1.3) during steady state (3.2.3) operation

3.2.6

energy positi
generating ex
can be used in

3.2.7
thermal trea
treatment pro

3.2.8

ve
ess energy from the treatment unit’s defined input (3.1.3) (e.g. as biocrude orbjog:
applications beyond the treatment unit

fment
cess using heat to convert energy from the treatment unit input (3:1.3) into a useft

calorific value

quantity of he
at reference c

[SOURCE: ISO
of unit volum
deleted.]

3.29
biochemical
BOD
mass concentli
oxidation of a

[SOURCE: ISO

3.2.10
chemical oxy
CcoD
mass concentl
compound or

[SOURCE: ISO

at produced by the combustion, the constituents of the.combustible mixture bein
nditions and the products of combustion being brought back to the same conditio

22967:2010, 3.2.2, modified — The words “at a constant pressure equal to 0,101 32
e or mass of gas” have been deleted from thewdefinition and the Note to entry h3

pxygen demand

ation of dissolved oxygen consumed under specified conditions by the aerobic bid
chemical compound or organie matter in water

9408:1999, 2.5, modified +— Note to entry has been deleted.]

sen demand

ation of oxygen equivalent to the amount of a specified oxidant consumed by a cH

940811999, 2.6, modified — Note to entry has been deleted.]

1s) that

1] form

b taken
ns

5 MPa,
s been

logical

emical

brganic matter when a water sample is treated with that oxidant under defined conditions

3.2.11

volatile organic compound

vOoC

organic liquid and/or solid that evaporates spontaneously at the prevailing temperature and pressure
of the atmosphere with which it is in contact

[SOURCE: ISO 17895:2005, 3.1, modified — The word “any” has been deleted at the start of the definition

and the Notes

to entry have been deleted.]

3.3 Performance

© ISO 2018 - All rights reserved
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3.31
utilization time
period in which the treatment unit is in operation

Note 1 to entry: It is calculated as the sum of the mean time between failure (3.3.6), technical downtime (3.3.5) and
all other downtimes (3.3.5) including preventive maintenance (3.3.3)

3.3.2

technical availability

portion of the treatment unit’s uptime within the utilization time (3.3.1) compared to the sum of its
uptime and technical downtime (3.3.5):

Note 1 te nnfry- Itis calculated as the mean time hotwoeon JFrn'lnra (Q 3 A) diszided ]»\y the-sum-of the mean time
betweeh failure and the mean time to repair (3.3.7).

Note 2 fo entry: See also Figure 3.

3.3.3
preventive maintenance
activit]es that effectively preclude failure or damage through scheduled maintenanc¢ occurring at
definedl time periods or triggered through defined indicators such as wear and tear of components

3.34
downtiime
period|of time during which an item is not in a condition to,pexform its required function

Note 1 fo entry: See also functioning as intended (3.1.9).
[SOURCE: I1SO 8107:1993, 3.2]

3.3.5
technical downtime
unschgduled downtime (3.3.4) during which the treatment unit’s processes are not functioning as
intenddd (3.1.9), which can be due to shértcomings in the design, material defects, procesginterruptions
due to design deficits, or shortcomings.in the product literature provided by the manufadturer.

Note 1 o entry: The technical downtime is expressed through the mean time to repair (3.3.7).

3.3.6
mean fime between failure
MTBF
averagp operating £ime between two consecutive failures of a technical system that ¢ach initiate a
period|of downtime+3.3.4)

3.3.7
mean time to repair
MTTR
average maintenance repair time for failures resulting in technical downtime (3.3.5)

Note 1 to entry: Mean time to repair generally does not reflect lead time for parts or administrative or logistical
downtime (3.3.4).

3.3.8
failure on demand
failure of the treatment unit to respond as intended to operator signals

EXAMPLE 1  Failure to resume stable operations after starting or re-starting the treatment process.

EXAMPLE 2 Failure to enter a safe state following shutoff.

© IS0 2018 - All rights reserved 5
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3.3.9
interlock

mechanical, electrical or other type of device, the purpose of which is to prevent the operation of
machine elements under specified conditions by an inhibit command from the interlocking device that

a) directly interrupts the energy supply or directly disconnects parts from the equipment, or

b) is introduced into the control system so that interruption of the energy or disconnection of parts
from the equipment is triggered by the control system

[SOURCE: ISO
3.3.10

21789:2009, 3.6]

redundancy
existence of m

[SOURCE: ISO

3.3.11
atmospheric
tank of which

[SOURCE: ISO

3.4 Operab
3.4.1

ore than one means for performing a required function

20815:2008, 3.1.40]

tank
the inner vessel is designed to operate at atmospheric pressure

5708:1983, 4.3]

lity

process stability

process condi

3.4.2
water tightne
ability of the ¢

[SOURCE: ISO
3.4.3

SS
losed non-sewered sanitation systém to resist water penetration and prevent leak

30500:—2),3.1.3.9]

technical tig

tness

inherent charpcteristics of a non=sewered sanitation system that prevent fluids, gases, or dust
passing from [the external through to the internal environment, or from the internal to the e
environment, jor both; the sanitation system or components thereof are considered technically
the leakage rafte does not.exceed 0,000 01 mbar /s

[SOURCE: IWA 24:2016,°3.1.3.10]

3.5 Output

fion exhibiting consistent means and varianges throughout the utilization time (3.3.1

age

s from
kternal
tight if

3.5.1
effluent

liquid discharged from any item of equipment after fulfilment of its function or after having itself been
treated (e.g. for clarification)

[SOURCE: ISO

3.5.2
odour

1213-1:1993, 6.1.09]

property of a substance that activates the human sense of smell

2) Under preparation. Stage at the time of publication: ISO/DIS 30500:2018.

6
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3.5.3
pathogen
organism capable of producing disease in a susceptible plant or animal, including humans

[SOURCE: ISO 6107-5:2004, 39, modified — The word “man” has been replaced with “humans”.]

3.54

protozoa

phylum of unicellular eukaryotic animals varying from simple uninucleate organisms to cell colonies or
highly organized structures and with a considerable diversity of forms and nutrition

[SOURCE: ISO 6107-5:2004, 47]

3.6 Abbreviated terms

APHA American Public Health Association

API American Petroleum Institute

ASME American Society of Mechanical Engineers

ASSE American Society of Safety Engineers

ASTM| American Society for Testing and Materials

BMUBE German Federal Ministry for the Environment, Nature Conservation, Building and Nu-
clear Safety

BOD biochemical oxygen demand

CAPEX capital expenditure

CFU colony-forming units

CcoD chemical oxygen demand

EPA US Environmental ProtectionyAgency

HAZOP hazard and operability study

HSE UK Health and Safety Executive

IFA Institute for Occupational Safety and Health of the German Social Accident Insurance

LEL lower explosive(limit

LOI loss on ignition

NFPA NationalEire Protection Association

NIOSH US Natiohal Institute for Occupational Safety and Health

OPEX operational expenditures

OSHA US Occupation Safety and Health Administration

0Ue odour unit (European)

PAH pn]yr‘yr‘lir‘ aromatic hydrnr‘q rbon

PFD probability of failure on demand

PFU plaque-forming units

PM3 5 particulate matter with a diameter less than 2,5 micrometres

Ra colour rendering value

TOC total organic carbon

TSS total suspended solids

UEL upper explosive limit

UL Underwriters Limited

UN United Nations
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VDI

Association of German Engineers

vOoC

volatile organic compound

WHO

World Health Organization

4 General

4.1

requirements

Industrial design and manufacture

Treatment units shall be designed and made in accordance with industrial standards. For the purposes
of this document, industrial design and manufacture comprises the following requirements.

a) Designa
Internatig
or nationg
b) Designan|
safety life

Design an
uniform 1
engineeri
treatment
these des

d) Design an|

4.2 Hazard

The manufact

nE manufacture of the treatment unit shall be specified and realized in accordance'w

nal System of units (SI) set forth in ISO 80000, IEC 80000 or an equivalentintern|
| standard.

d manufacture shall be systematically planned, realized and tested along-a defined g
cycle that ensures testability, quality and regulatory conformity ofthe treatment u

d manufacture of the treatment unit shall be based on a clearly'specified design bz
hanufacturing process. The design base shall cover electrical, mechanical and fj
hg, including the base for the declared capacity, availability and performance
unit. International and/or national standards should:be used to guide complian
gn requirements.

rith the
Ational

roduct
nit.

1se and
rocess
of the
e with

d manufacture of the treatment unit shall be documented in a systematic technical file.

and operability study and risk assessment

lirer of a treatment unit shall carry out-a hazard and operability study (HAZOP) fol

EN 61882 or an equivalent standard, and either

a) arisk asse

e ssment following ISO 12100«r 1EC 31010, or

b) an equivallent standard or an equally’effective assessment capable of demonstrating proven

of treatm
NOTE Ope
as material ha
assessment.

The safety ass

a) determing

bnt units.

Fational issues oyer-which the operator (rather than the manufacturer) has contr
hdling and loading; are outside the scope of this document and therefore excluded fr
essment'shall:

e the ealth and safety requirements that apply to the treatment unit;

lowing

safety

I, such
bm this

b) determin

oy f L —1 1
> TISKTIITIUZAUITE ITNITEASUTCS LU DE LAKCII,

c) demonstrate the safety of the product by documenting the results of a safety assessment.

This assessment should be carried out during the design process; however, the assessment may be
carried out after the design process. The assessment shall cover the relevant life cycle of the treatment
unit, considering its expected use and reasonably foreseeable misuse.

4.3 Ambient operation conditions

The treatment unit shall operate within the ambient temperature range, air humidity and pressures
specified by the manufacturer (see 12.1).
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4.4 Expected technical lifetime

Treatment units shall be designed for a serviceable life of not less than 20 years, assuming operation
and maintenance according to the manufacturer’s specifications. Subsystems may have a shorter
expected lifetime than the treatment unit as a whole.

NOTE

The expected technical lifetime requirement relates exclusively to the design of the

and does not impose any requirement on spare parts of the treatment unit.

4.5 Treatment unit input

4.5.1

Treatnjent units shall primarily treat faecal sludge derived from human excreta.

Other inputs in addition to faecal sludge (e.g. biomass) may be treated.

4.5.2

Manuf:
achiev

If the t

treatment unit

Inputtunes
r ra

Specification of input parameters and ranges

ng energy independence (see 5.2.1) or energy positive status(see 5.2.2).

icturers shall specify the necessary range of values for performance-based input garameters for

reatment unit can operate with an extended range of.input parameter values while remaining

in compliance with all with the exception of the energy independence requirements, then the

manuf:
meet t
specifi

EXAMPLE Calorific value, moisture content and"ash content of input can require spe
combudtion system.

hcturer shall specify this extended range of defined,inputs for which the treatmen

Cations.

Table 1 — Example of treatment unit input specifications

L unit does not

he energy independence requirement. Table 1 provides an example of how to spefify this input

rification for a

Input parameter Operating input range Operating input range to fulfil
energy independgnce and/or
energy positive
Throughput (kg/h) - wet or dry)basis 500to 1 500 750 to 1 200
Caloriffic value (M]/kg) 5to 15 8to 1]
Moistulre content (%,selids) 5to 40 18 to 4P
Ash cohtent (%, drysbasis) 5to 20 5to 1]
NOTE 1| Parametérs and values in this table are for illustration purposes only.
NOTE 2| Not all'possible combinations of these parameter values can be viable simultaneously.
4.5.3 Inputspecification templates

Example of input specifications templates are provided in Annex A.

4.5.4

Additional input specifications for thermal and biological processes

Additional recommended input specifications for thermal and biological processes are provided in

Annex

B.
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4.6 Requirements for handling of faecal sludge as a fuel

4.6.1 Delivery and reception of faecal sludge

The design of the treatment unit shall take all necessary precautions concerning the delivery and
reception of faecal sludge to prevent or to limit as far as practicable negative effects on the environment,
such as the pollution of air, soil, surface water and groundwater and the potential for odours, noise and

direct risks to

human health through contact with input products.

4.6.2 Storage of faecal sludge

The design of
sludge to prey
pollution of ai
to human hea

4.6.3 Feedi

The feeding sy
4.6.4 Addit

4.6.4.1 Dry

If the treatme
to avoid emis
collected and

4.6.4.2 Ope

Thermal treat
exhaust gases

5 Energy

5.1 Genera

This clause s{
respect to eng
and test meth

Marking and |

thatraatmaont yinit chall +a1-0 A1l macnccaryg myracantinane coancnyrninag tha ctoraagn o
tHe—tFeate R UhteSharr—tahcedrhReeesSSsatry-precattoRs—eoneerith tHe-5tetage-o

Fent or to limit as far as practicable negative effects on the environment, such
[, soil, surface water and groundwater and the potential for odours, noise and dire
th.

ng system

rstem shall be closed and automatically operated to avoid direct‘risks to human he
jonal requirements for thermal treatment units

ng facilities

ht unit includes drying facilities, the design of the‘unit shall take all necessary prec
ions from the drying process and direct risks to human health. The wet air s
1sed as combustion air or directed to the exhaust gas cleaning facilities.

rating conditions for the thermal treatment unit
ment unit operating conditions(shall be specified and shall ensure sufficient bur

slag, fly ash and bottom ash,

palance and resouree recovery

1

ts forth reqairements and recommendations for specifying performance clain
rgy balafice and resource recovery. Energy and resource recovery performance
hds forsverification may vary across treatment units.

hbelling requirements for energy balance and resource recovery specifications ar

f faecal
as the
Ct risks

alth.

autions
hall be

nout of

s with
claims

e given

in12.5.

5.2 Energy balance

5.2.1 Energyindependence

Treatment units shall be able to operate in an off-grid environment at steady state without relying on
external energy sources apart from faecal sludge as defined in 4.5.2.

10
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This requirement does not apply to start-up, shutdown and unscheduled maintenance periods. Energy
from an electrical grid or fuel from external sources for onsite electricity generation may be used only
when necessary for safe process start-up, shutdown and unscheduled maintenance.

NOTE1 Use of a generator (e.g. diesel generator) utilizing non-renewable sources, or use of renewable energy
sources (e.g. photovoltaic/solar, wind, hydropower)-to generate heat and/or electricity to power the treatment
unit during steady-state operation in an off-grid environment would exclude the unit from coverage of this
document.

NOTE 2  The intent of these provisions is to ensure that the primary source of energy for the treatment unit is
the treatment unit’s defined input.

NOTE 3  These provisions do not restrict treatment units that meet the requirements of this document from
adapting to the local context and/or utilizing resources that render the unit most viable from pn economic or
technicpl standpoint.

5.2.2 | Energy positive

In addjtion to achieving energy independence (see 5.2.1), treatment units may be energy positive,
i.e. gerlerate excess energy from the defined inputs (e.g. as biocrude or+biogas) that can be used in
applicdtions beyond the treatment unit. Energy positive status fulfils theresource recoverly requirement
articulpted in 5.3.

5.3 Resource recovery

To fall within the scope of this document, the treatment unit shall recover resources from the specified
input. [This requirement may be met through positive energy balance (see 5.2.2) and/or through
recovefy of additional resources. The type of resetirce recovery shall be specified ih the product
literatyire (see Clause 12).

6 Pearformance requirements
6.1 Technical process availability

6.1.1 | Mean time between failure (MTBF)

The mjanufacturer shallSpecify the technical availability of the treatment unit baped on MTBF
calculdtions. The technical availability shall allow the treatment unit to function as infended during
85 % tp 95 % of theutilization time.

MTBF ¢alculatiéns shall be made in accordance with IEC 60050.

Figure|3 ilustrates MTBF as a component of utilization time.

Utilization time

Technical downtime [MTTR]

Allother downtimes
e.g. scheduled downtimes

Figure 3 — MTBF as a component of utilization time

Development of availability targets, and the expected reduction of the statistical variance and confidence
interval of the MTBF values, shall be calculated according to the Confidence Grading System of the New
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Zealand National Asset Management Group (NAMS) International Infrastructure Management Manual
(IIMM)[161] or equivalent, taking into account ISO 55000 approaches on Asset Management Planning.

6.1.2 Mean

time to repair (MTTR)

The manufacturer shall specify the expected technical downtime of the treatment unit based on MTTR

calculations.

NOTE

damage has already occurred.

MTTR refers to reactive maintenance, i.e. maintenance activities triggered only after failure or

6.1.3 Preventive maintenance time (Tpm)

The manufac
the treatment
maintenance §

NOTE
or damage.

Prey

6.2 Proces

6.2.1 Proce

Treatment un
activities necq

6.2.2 Start

The manufact
the treatment
of the process
be specified (s
to reach procs

NOTE The

Quantitative Fault Tree Analysis.

6.2.3 Shut-

The manufact
off the treatm
PFD shall be s

furer shall specify the expected preventive maintenance time (Tpm) requin
unit in h/a. Preventive maintenance includes any work to be done according
chedule provided by the manufacturer.

rentive maintenance activities aim to minimize the technical downtime by precluding

5 reliability

ss stability

its shall realize process stability and the manufaeturer shall specify all measur
ssary to ensure the treatment process functions.as intended (see 12.4).

reliability and start time

irer shall specify the probability of failure on demand (PFD) when starting or re-s
process, which shall be calculated:independently from the expected technical doy
. All activities and measures necessary for the operator to reliably achieve the PH
ee 12.4). The manufacturer shall specify the treatment process ramp-up time neq
ss stability.

‘e are various methods, to determine the PFD-value, e.g. Markov models, Bayesian

pff reliability,and shut-off time

urer shall>specify the probability of failure on demand (PFD) when stopping or s
bnt progess. All activities and measures necessary for the operator to reliably achi
pecified (see 12.4). The manufacturer shall specify the treatment process shut-g

necessary to 1

ed for
to the

failure

es and

tarting
vntime
D shall
essary

models,

hutting
eve the
ff time

each a safe state.

NOTE
Quantitative Fa

ult Tree Analysis.

7 Safety and functional requirements

7.1 Applicability

There are various methods to determine the PFD-value, e.g. Markov models, Bayesian models,

Because treatment unit technologies vary, some of the provisions of Clause 7 are not applicable to certain
treatment units. To identify which of the requirements of Clause 7 are relevant to a specific treatment
unit, a hazard and operability (HAZOP) study and risk assessment shall be conducted as specified in
4.2, in accordance with the requirements of IEC 61882 and IEC 31010 or equivalent standards.
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7.2 Process control

7.2.1 General

Treatment units shall be equipped with a control system. The control system shall provide all control
functions necessary for the treatment unit to function as intended. Design and performance of the
control system shall follow the IEC 61069 series or equivalent standards.

7.2.2 Degree of automation

The control system should enable automated operation of the treatment process, i.e. operation that
does n

ot nacaccitatn continianc aotinn An tha nart Af+ha Aot
pthHeeesSsttate-cohttieusSaeteh-eh+tne paeet—+tne-eperato

7.2.3 | Intentional starting of operation

starting after
5 that trip the
rlocks shall be

a stoppage, shall be enabled exclusively through a start-up sequence of ¢antrol action
treatmlent unit’s ready-state condition interlocks. The start-up sequence-and related inte
clearly|indicated by the manufacturer (see 12.4).

Startj:E and restarting of the treatment unit through deliberate actuation, incldding re

Restar
the tre

Ling of the treatment process after a stoppage shall not be poessible without deliber
htment process into default mode for an intentional starting.

htely resetting

Intentional stopping of operation

trol system shall be capable of bringing the treatment unit safely to a complete|stop and safe

nterlocks. The
(see 12.4).

hsition period

mode status

are fully applied. The stop contrehkshall retain priority over the start and operational confrols.

7.2.5 | Emergency stop

The trpatment unit shall' be equipped with one or more emergency stop devices th
all treptment processes and operations (e.g. mechanical and electrical) and cut off ¢
Additignal emergency stops may be installed that only affect relevant individual subg

at safely halt

nergy supply.
ystems, if the

resultq of a risk.@ssessment prove the entire treatment unit remains safe when those syibsystems are

halted| The subsystem affected through a subsystem-level emergency stop shall be cle
Manufactdrers of treatment units should consult ISO 13850 for additional guidan

hrly indicated.
Ce concerning

emerg¢ncy stop functions.

7.2.6 Continuous monitoring

Treatment units shall continuously monitor critical unit process parameters during the utilization
time. Unit process parameters shall be regarded as critical if they interfere with and/or determine
either the process performance or the process safety (e.g. boiler temperature, vessel pressure, output).
The critical process parameters shall be determined through a HAZOP and risk assessment (see 4.2).
Explosive gases shall be included among these critical unit process parameters (see 7.2.12). Continuous
monitoring shall be remote and automatic and may be capable of online reporting.

7.2.7 Feedback of process failures

The treatment unit shall incorporate a control system that serves to acquire and process data and
information regarding the safe, reliable and efficient operation of the treatment unit. The control

© ISO 2018 - All rights reserved 13


https://standardsiso.com/api/?name=7c5688f05e6a6cfa71b75113777cd322

IWA 28:2018(E)

system shall provide continuous control and monitoring of all critical process parameters (see 7.2.6).
The control system shall be capable of:

a) generating system alarms that provide feedback of any process failures, where possible preventively
(before the process failure occurs);

b) prioritizing generated alarms according to their criticality for the treatment process performance
and safety;

c¢) maintaining the treatment unit in a safe state or initiating the transition of the treatment unit into
a safe state;

If the HAZOP and risk assessment (see 4.2) reveal the need for further risk reduction additional to the
operational fynctions of the electric, electronic, or programmable electronic system for the treptment
process contrpl, then this necessary risk reduction should be realized thktough safety functjons of
the control system, introducing an additional layer of protection. Safety~functions shall be spegcified,
designed, verified and validated according to IEC 61511 or an equivalefit standard.

Safety functigns shall be prevented from being interlocked, o¥erruled, or shut down. If the risk
assessment results indicate that it is safe to do so, the mafufacturer may allow exceptigns for
maintenance gctivities.

NOTE Typical safety functions include overpressure control/ fire prevention and explosion preventiqn.

7.2.9 Input|overload protection monitoring

The control system shall provide overload priotection monitoring in order to prevent overload of the
treatment unit. The overload protection mohitoring system shall indicate when the treatment|unit is
nearing maximum capacity and indicateto the operator that the unit is overloaded and therefpre not
operable. If oyerload occurs, the treatment process shall be transitioned into a safe state that prevents
any hazards due to overload.

The overload|protection requirement may also be realized through an equivalent solution|(e.g. a
mechanical sdlution preventing-overload).

7.2.10 Overpressureprotection

The control dystemyshall provide overpressure protection monitoring if the maximum opgration
pressure excepds,50 kPa and other means of overpressure control are not sufficient (e.g. safety yalves).
The overpressure protectiom mormitoring systenrshattpreventthetreatmemnt process fromroperating
in excess of the specified maximum operation pressure. The overpressure protection monitoring
system shall indicate when the treatment unit is nearing maximum operation pressure and indicate
to the operator that the treatment process exceeds the maximum operation pressure and therefore is
not operable. If overpressure occurs, the treatment process shall be transitioned into a safe state that
prevents any hazards due to overpressure.

7.2.11 Fire and overheating prevention

Treatment units shall be designed in such a way as to avoid any risk of fire or overheating caused by
operation or malfunctions of the treatment unit itself, or by gases, liquids, dust, vapours, or other
substances. If the HAZOP and risk assessment (see 4.2) identify fire or overheating of the treatment
as a significant hazard that cannot be controlled sufficiently through other means, then the control
system shall realize an additional independent fire and overheating prevention system through which
the required risk reduction is achieved. The overheating prevention system shall prevent the treatment
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process from catching fire or operating in excess of the specified maximum operation temperature.
The overheating protection monitoring system shall indicate when the treatment process is nearing
maximum operation temperature and indicate to the operator that the treatment process exceeds
the maximum operation temperature and therefore is not operable. If fire or overheating occurs, the
treatment process shall be transitioned into a safe state.

7.2.12 Explosion prevention

Treatment units shall be designed in such a way as to avoid any risk of explosion caused by explosive
atmospheres or substances including gases, liquids, dust, vapours, or other substances. Hazardous
accumulations of potentially explosive gases liquids, dust vapours or other substances shall be
monitqred 1l be taken by
the m nufacturer accounting for, at a minimum, the lower exploswe limit (LEL) theCupper explosive
limit (UEL) according to EN 1839, ASTM E 681-01 or an equivalent standard; and the evaluation of the
potentjal sources of ignition according to EN 1127-1 or an equivalent standard. Hazardous accumulations
of potdntially explosive gases, liquids, dust, vapours or other substances shalltbe prevented through
flares ¢r safe ventilation following API 520, API 521 or equivalent standards;

7.3 PRrocess redundancy

To achjeve the performance parameters defined according to 6:2%and to maintain theg safety of the
treatmlent unit, the unit or relevant sections thereof shall be désigned and realized with sufficient
redundancy.

The reflundancy approach shall ensure:

a) urIJnterrupted continuous system operation acecording to the intended use for pafety related
fupctions and minimal loss of operation timé within MTTR for operational fumctions if one
redlundancy option fails;

b) uri'nterrupted continuous system operation according to the intended use for pafety related
functions and minimal loss of opération time within MTTR for operational fun¢tions in case
maintenance activities are performed on one redundancy option;

c) asuitable level of diversity dmong redundancy options;

d) consideration and mitigation of all common cause failures that have the potentia] to induce all
reqlundancy options-tefail simultaneously.

The cantrol system-shall notify the operator of the loss of any redundancy option thirough a high-
priority alarm.

7.4 Material fire resistance

Treatnjent'units shall achieve acceptable fire resistance for all parts and surfaces for which a fire hazard
exposure is relevant. Relevant materials and surfaces shall not ignite, progressively glow, smoulder, or
show evidence of being functionally impaired when exposed to a source of ignition.

7.5 Security and safety of electrical energy supply
7.5.1 Security of electrical energy supply

7.5.1.1 Safety and security

For the event of total power failure, independent emergency exit lighting shall be provided where
required.
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7.5.1.2 Security of external electrical energy supply

Failure of the external electrical energy supply (e.g. grid, battery, photovoltaic, generator) during
start-up, shut-down and unscheduled maintenance shall not trigger hazardous system conditions. The
necessary hazard prevention shall be realized through automatic system transition to a safe state.

7.5.1.3 Security of internal electrical energy supply

Failure of the internal electrical energy supply shall not trigger hazardous system conditions. This
hazard prevention may be realized through automatic system transition to a safe state or through
the provision of an appropriate redundant source of energy. The amount of energy supplied by the

redundant source shall be indicated to the operator.

7.5.2 Safety

7.5.2.1 Seppration and isolation

Any electrical
and subsyster
fuses, or othe
arrangement
configuration

If components

may be sufficient to satisfy these requirements for separation afid isolation of the energy sourc

operator can ¥

7.5.2.2 Eledtrical energy discharge

The treatmen
energy remai
supply to ach
store electricd
(e.g. through
affected and h

NOTE Typ

7.5.2.3 Ove

The treatment
system opera
follow EN 623

' requirements for electrical energy supply

energy supply, internal or external, shall be separable and isolatable-from the othg
hs of the treatment unit through proven safety devices such a$ circuit power sw
r proven interlock devices. Isolators shall be made clearly noticeable by marki
hind shall be capable of being locked if reconnection couldreridanger humans (e.g.
adjustment and maintenance).

or devices of the treatment unit are plugged into an<electrical outlet, removal of t

erify from any of the points to which he or she has access that the plug remains re

[ unit shall be equipped with a means-of discharging any internal and external elg
hing or stored in the system following isolation from the source of electrical
eve a safe state and prevent hazards. Subsystems of the treatment unit that su
1l energy need not be dischatged if these subsystems can be separated from the

azards do not emerge ffom the subsystem.

rvoltage protection

unit shall be equipped with a means of overvoltage protection to prevent hazards
ion. The*procedure to determine the necessity of a surge protective device (SPI
054 or equivalent. Overvoltage protection shall include lightning protection me

r parts
ritches,
ng and
during

he plug
b, if the
moved.

ctrical
energy

bply or
system

beparation switches) in syuch-a way as to ensure that the safe state of the system is not

cal subsystems includebatteries, compressed air reservoirs and hydraulic pressure accumplators.

to safe
D) shall
asures

that follow [E

[ 62305 or an equivalent standard.

7.6 Structures and supporting elements

7.6.1 Structural integrity

Materials, equipment, components, connections and joining elements within the treatment unit shall
be capable of withstanding both static and dynamic stresses of expected operation and reasonably
expected interferences.

Where a hazard of fraction or disintegration remains despite countermeasures, the structures and
parts concerned shall be mounted, positioned and/or guarded in such a way as to contain any hazards.
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Installations and pipes, whether rigid or flexible, that carry fluids and/or gases shall be capable of
withstanding the relevant maximum internal and external stresses expected from the treatment unit
design, and shall be firmly attached and/or protected to ensure that no risk is posed by a rupture.

7.6.2 Integrity against external impacts

Treatment units and their installations, components and fittings shall be stable to prevent tilting,
overturning, falling, or uncontrolled movements.

If the shape or structure of the installations and components do not offer both sufficient tilting stability
and sufficient stability under mechanical load, then appropriate means of fixation or anchorage shall
be incorporated in the manufactured product and their use shall be specified in the product literature
(see 14.4).

The tr¢atment process shall reliably resist reasonably expected external mechanicabimpacts incurred
during|installation, normal operation and maintenance.

7.7 Sanitary requirements

7.7.1 | Hygienic design

Treatnjent units shall be designed in such a way as to mitigate any risk of infection dye to potential
pathogens from human urine or faeces or other manufactuter defined inputs (as identified through
the HAZOP study and risk assessment conducted as specified in 4.2) or the intermediatg and residual
produdts of the treatment unit. This requirement includes the prevention or suitable mfinimization of
human| exposure to aerosols or dust, e.g. at feed hoppers:

Treatnent units shall be designed in such a way as.to allow for cleaning.

Treatnjent units shall be closed systems_that follow the design requirements of ISQ 14159 or an
equivalent standard. Treatment units shallprevent the entry as well as the exit of insectsjand vermin to
and frgm the subsystems and components.

7.7.2 | Materials

All materials used for the treatment process shall be suitable for their specific use apd shall resist
degendration. If this suitability and durability cannot be verified through respective datajsheets, then it
shall bg proven througlradequate tests.

7.7.3 | System tighitness

All installations ‘of the treatment unit that contain, transport, or store liquids shall pchieve water
tightngss (see 3.4.2). In cases in which the results of the HAZOP and risk assessment (sep 4.2) indicate
hazardsCthat require mitigation through a higher degree of system tightness (e.g. for potentially
dangerous gases), technical tightness (see 3.4.3) shall be achieved.

7.7.4 Leakage protection

Where the HAZOP and risk assessment (see 4.2) indicate that it is necessary, suitable passive protection
measures to prevent leakage shall be implemented in the design of the treatment process (e.g. double
walled pipes) or realized through loss prevention systems (e.g. retention basins).

7.8 Mechanical requirements

7.8.1 Pressurized equipment

Pressurized equipment with a nominal operation gauge pressure higher than 50 kPa and vacuum
equipment with a nominal operation gauge pressure lower than 50 kPa vacuum shall be designed
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so as to withstand the mechanical loading pressure to which the equipment is subjected, including
appropriate structural strength safety factors. Overpressures shall be controlled by appropriate and
proven safety relief valves according to the relevant parts of ISO 4126 or by additional safety-related
functions (see 7.2.8) where necessary. Pressurized equipment shall follow internationally accepted
standards such as ASME BPVC, ASME B31.1, EN 13480, EN 10216, or EN 10217.

7.8.2 Pipes, hoses and fittings

7.8.2.1 Design and dimension

Design and dimensions of pipes, hoses and fittings shall conform to the operational requirements of

the treatmen
requirements
pipes, hoses a
accepted stan

7.8.2.2 Pos

Pipes, hoses a
all defined en
from contact
Pipes, hoses a

7.8.3 TanKks

Tanks and ot

of the releva

deformation.
fluid level ind

7.8.3.1 Atm

Atmospheric {
flammable liquid storage tanks shall-meet the requirements of UL 58 and NFPA 30:2018, Cl
Above-ground
tanks shall me

standards.

7.8.3.2 Stornage of potable water

Atmospheric

equivalent st3

pipes and hos
devices used,

storage-tanks for potable water shall meet the design requirements of AWWA D
ndards. Atmospheric storage tanks for potable water and related connections {§
b shall prevent any cross-contamination of the potable water. Installatlon methc

uuit PLULTSS VVit}l ICDPCL‘C tU preosurtc tClll}JCl atuu: ldtillsb Cllld VU}ulllC f}UV
of 7.6 (structures and supporting elements) and 7.7 (sanitary requirements)<
nd fittings. Design and dimensions of pipes, hoses and fittings shall follow infeynat
Hards such as EN 13480 or equivalent.

tioning

hd fittings shall be positioned for proposed function during all operational phases|
Vironmental conditions and, if necessary, restrained to minimize deterioration re
with other elements of the treatment unit (e.g. hot surfaces, sharp edges, vibr
hd fittings shall be safely accessible for visual inspection:

and vessels

r storage vessels shall be capable of withstanding the stresses of prolonged conta
t substances without exhibiting breakage, cracks, or other structural dam
[anks and vessels shall be equipped with*means of determining their fluid levg
cators).

ospheric tanks and vessels

anks and vessels shall meetithe requirements of UL 1746 or equivalent standards.

flammable liquid storage tanks shall meet the requirements of UL 142. Effluent s

s. The
bply to
ionally

under
sulting
htions).

inment
age or
Is (e.g.

Buried
huse 4.
torage

et the requirements 6fAWWA D-100. Liquid fuel storage shall meet API 650 or equfivalent

100 or
uch as

ds and
12.1.2,

ASSE 1013, ASSE 1052 or equlvalent standards All potable water dlstrlbutlon piping and hoses shall be
protected from contaminants and pollutants through backflow devices in accordance with ASSE 1001
through ASSE 1056 or equivalent standards.

7.8.4 Moving and rotating parts

Hazards associated with moving and rotating parts of the treatment unit shall be minimized either
through design that prevents human contact with such parts or through the application of appropriate
guards or protective devices. Treatment units shall be designed to prevent accidental blockage of
moving parts.

18 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=7c5688f05e6a6cfa71b75113777cd322

7.8.5

IWA 28:2018(E)

Vibration

Vibrations produced by the treatment system shall not provoke sensations of discomfort nor result in
hazards to the treatment system’s integrity. When tested according to ISO 20816-1, the vibration level
on the XYZ-axis at the defined personnel working stations within treatment systems shall not exceed
0,5 m/s2.

7.9 Radiation

7.9.1

Access
with p

7.9.2

Access

be equipped with protection measures or fixed guards sufficient to-prevent injurie
temperatures.

7.9.3

Undesi
levels.

introd:i;ced from other devices and installations outsideof the treatment unit. The re

IEC 61

7.9.4

All relgvant undesirable radiation emissions-from the treatment unit shall be eliminated|
safe leyels.

NOTE

7.10 Electric and electrical-components

Electri
IEC 61

Electri

standajrds or their equivalents.

High temperatures of parts and surfaces

ibhlaxnartc o o fone bttt b+t A d b o taa ot

afenoc ch
DTCpPaTrtS O Sur rateSorthnttreatreeutrt tirot CAte ettt Cmptratar C-01rov—c 51t

rotection measures or fixed guards sufficient to prevent burn injuries.

Low temperatures of parts and surfaces

Electromagnetic compatibility

[rable electromagnetic effects from the treatment unit*shall be eliminated or r¢
The treatment unit shall be sufficiently protected,against undesirable electromz

00-6 or an equivalent standard shall be met.

Other sources of radiation

Sources of radiation include\microwave, laser, ultraviolet, or infrared radiation.

c and electrical-components shall meet the requirements of relevant parts
140, IEC 60529-and IEC 60364 or equivalent standards.

c and electrical components listed in Table 2 shall meet the requirements of

Table 2 — Example standards for electric and electrical components

Il be equipped

ble parts or surfaces of the treatment unit that fall below the temmperature of -20 °C shall

s due to low

duced to safe
1gnetic effects
guirements of

or reduced to

pf IEC 60204,

the indicated

Component Standard
Switchgears IEC 60947 or equivalent
Control gears IEC 60947 or equivalent
Power transformers IEC 61558 or equivalent
Plugs, socket-outlets and couplers [EC 60309-1 or equivalent
Connectors IEC 61984 or equivalent

The insulation coordination shall meet the requirements of IEC 60664-1 or an equivalent standard.
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8 Operability

8.1 Safeloading

The treatment unit shall be designed in such a way as to allow safe loading of the unit when following
the loading procedure recommended by the manufacturer. The design of the unit shall permit the
operator to perform loading duties without coming into contact with the treatment unit inputs and
without causing non-negligible amounts of the treatment unit input to reach beyond the boundaries of

the treatment

unit.

8.2 Anthropometric design

8.2.1 Genel

Anthropomet
target operatd

ral

ic data shall be used in the design of the treatment unit. Anthropométyic data
r groups shall be calculated according to ISO 7250.

8.2.2 Force

to be applied

Control elements for which forces are to be applied shall be designed in‘such a way that they
operated comffortably by the intended personnel. Comfortable operatien should be evaluatec
EN 1005-1, EN 1005-2, EN 1005-3, EN 1005-4, requirements in 1SQ. 9241, lifting risk calculat
NIOSH standafds, or equivalent ergonomic standards.

8.2.3 Acces

Accesses (e.g.
meet design T

es and stairs

of the

can be
| using
ions in

for maintenance purposes) and stairs within and surrounding the treatment unlit shall

equirements (see 4.1) and fulfil any necessary ergonomic requirements with re

their dimensipns and accessibility. Treatment units shall comply with the requirements of the
ralent standards. Design of accessés‘and stairs shall minimize hazards related to slipping,

series or equiy
tripping, or fa

8.2.4 Aisleg

ling.

and platforms

Aisles and platforms within and surrounding the treatment unit shall meet design requiremer

4.1) and fulfil
Design of aislg

8.2.5 Enclo

Enclosed spad
Directive 200

hny necessary ergonomic requirements with regard to their dimensions and acces
s and platforms‘shall minimize hazards related to slipping, tripping, or falling.

sed spaces

es shall allow safe operation. Treatment units shall comply with the requirem
D/104/EC or an equivalent standard.

rard to
EN 547

ts (see
bibility.

ents of

8.3 Lighting

The treatment unit shall be equipped with lighting capable of fully illuminating all components with
which personnel can be expected to interact during treatment unit operation and maintenance.
Treatment units shall comply with the requirements of EN 1837 or an equivalent standard.

NOTE

rendering index R, value is between 40 and 80.

8.4 System ergonomic design

A typical minimum illumination level is between 150 Ix and 300 Ix and a typical minimum colour

The treatment unit shall be designed to be operable by persons with the level of expertise and capability
indicated within the product literature.

20

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=7c5688f05e6a6cfa71b75113777cd322

IWA 28:2018(E)

The control elements and indicators shall be chosen, designed, realized and arranged so that they
are easy to access and locate according to expectations, neutral positions of the control elements are
automatically reset after triggering, and the movement of the control elements correspond to the
intended effect.

9 Maintainability
9.1 Adjustability and maintainability

9.1.1 Identification of adjustment and maintenance needs

The mpnufacturer shall clearly define in the product literature which adjustment,dird maintenance
activitjes are needed to ensure system function. Both preventive and reactive(activities shall be
descrilbed in detail. For preventive maintenance activities, their frequency shall be defined. For reactive
maintgnance activities, comprehensive instructions for responding to potential alarmfs and failures
and fox repair and/or replacement of parts and components shall be specified:

9.1.2 | Ease of maintenance of devices, components and subassemblies

The dg¢sign of the treatment unit shall allow personnel to perform the required adjustment and
maintgnance as described by the manufacturer (see 9.1.1).

9.2 Access to adjustment and maintenance points

Adjustinent and maintenance points that need to e accessed by personnel (e.g. thijough ladders,
manwgdys, hatches or doors) during the activities.described in 9.1.1 shall meet design gnd ergonomic
requir¢ments with regard to their dimensions, accessibility and prevention of slipping, tripping or
falling| Treatment units shall meet the requirements of Directive 2009/104/EC or pn equivalent
standajrd.

9.3 Requirements for adjustment and maintenance activities

9.3.1 | Discharge and cleaning, testability, adjustment and maintenance on the running system

The treatment system shall allow safe adjustment and maintenance activities. Thi§ requirement
includgs safe:

a) digcharge and.cleaning of sections that need to be maintained;
b) tegting of-these sections following adjustment and maintenance;

c) adjustment and maintenance of these sections while treatment unit is in operation.

9.3.2 Safe handling of electrical equipment

To ensure safe handling of electrical equipment during adjustment and maintenance, IEC 60204-1 shall
be followed when designing the treatment unit.

9.4 Spare parts

The manufacturer shall provide a list of all critical spare parts. All parts and components that need
to be exchanged prior to the end of the treatment unit’s expected technical lifetime (see 4.4) shall be
standardized and interchangeable.
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9.5 Tools and devices

Tools and devices required for adjustment and routine maintenance shall be either mass-produced,
widely available tools (such as screwdrivers and wrenches) or, if unit-specific tools are needed, then

they shall be provided together with the treatment unit.

10 Outputs

The purpose of this clause is to specify required solid, liquid, gas, odour and noise output parameters and
thresholds to ensure that all outputs from treatment units are safe for the environment and human health.

10.1 Solid

10.1.1 Generxal

The types of s

(see 4.2) shall

10.1.2 Pathaggens

The presence
exceed the thr

TTble 3 — Solid output validation thresholds for human health protection

olid output specified in 10.1 represent those of the current treatment whit techn
under develogment. For other types of solid outputs not mentioned in this subclause, a risk asse
be conducted and appropriate thresholds shall be applied.

of pathogens and indicator organisms in solid outputs from treatment units sh
esholds specified in Table 3.

Parametet
(Pathogen class)

Human enteric bac-
terial pathogens

Human enten@{o

virusg@

Human enteric

helminths

Indicator orgapism

(using E. coli as
surrogate, measured
in Colony-Forming
Units (CFU))

(using Sematic
Coliphageas sur-
rogate, measured
in.Plaque-Forming
Uhnits (PFU))

(using all human

enteric helminths

viable ova)

(using viable Clostrfdium
perfringens spores 3
surrogate, measurgd in
Colony-Forming Unlits

(CFU))

v

Max concentraftion
in solids (#/g (firy
solids))

100

10

<1

<1

NOTE The va
values remain u

ues in this tablethave been adapted from ISO 30500. At the time of publication of this documen
hder discussion in-the corresponding ISO committee.

10.1.3 Heavy metals

The presence

of-heavy metals in solid outputs from treatment units shall not exceed the thrg

specified in Tabte+4-

Table 4 — Solid output heavy metal thresholds

Metal Max concentration in solids
(mg/kg)
Arsenic, As 75
Cadmium, Cd 85
Chromium, Cr 3000
Copper, Cu 4300

per kilogram)].

NOTE 1 Concentrations are on a dry-weight basis.

NOTE 2 Adapted from Reference [155] Table 2-1 [Ceiling Concentration Limits for All Biosolids Applied to Land (milligrams
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Table 4 (continued)
Metal Max concentration in solids
(mg/kg)
Mercury, Hg 57
Lead, Pb 840
Molybdenum, Mo 75
Nickel, Ni 420
Selenium, Se 100
Zinc, Zn 7 500
NOTE l€omncentrationsareomadry-weight-basts-
NOTE 2| Adapted from Reference [155] Table 2-1 [Ceiling Concentration Limits for All Biosolids Appliedto-land (milligrams
per kildgram)].
10.1.4| Additional requirements of solids for disposal
Proper| disposal of residuals such as fly ash and other flue gas cleaning-tesidues shall pe performed.
Solid outputs for disposal shall pass a Toxic Characteristic Leaching Procedure (TCLP) by SW-846, test

metho

10.2 Effluent

10.2.1

The pr
exceed

1 1311, or an equivalent test to determine their leachate properties.

esence of pathogens and indicator organismsiin effluent output from treatment {

Pathogens

the thresholds specified in Table 5.

Table 5 — Liquid effluent validation thresholds and for human health prote

nits shall not

ction

Y 0 .
(_Human enteric vi-

Parameter Human enteric bac- Human enteric | Human enteric protozoa

(Pathdgen class) terial pathogTQ . ruses helminths

Indicafjor organ- |(using E. coli as (using Somatic (using all human |(using viabl¢ Clostridium

ism surrogate, measured |Coliphage as surro- enteric helminths|perfringens §pores as sur-
in Colony-Forming  |gate, measured in viable ova) rogate meagured in Colo-
Units (CEW)) Plaque-Forming Units ny-Forming|Units (CFU))

(PFU))

Max cancentra- 100 10 <1 <1

tion infliquids

#/1)

NOTE | The values in this table have been adapted from ISO 30500. At the time of publication of this flocument, these

values femaih under discussion in the corresponding ISO committee.

10.2.2 Environmental parameters

Effluent from the treatment unit shall not exceed the water quality thresholds specified in Table 6.
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Table 6 — Effluent performance thresholds for environmental parameters

Category A usage: Category B usage:

Threshold for unrestricted urban uses 2
other restricted urban usesb

Threshold for discharge into surface water or

Temperature (

COD (mg/1) <50¢c <150d
TSS (mg/1) <10¢ <30d
Total nitrogen 15 e f
(mg/1)
Total phospho- 2e
rous (mg/1)
pH 6to9s8
Q) 15 to 30

a

Category A
landscape irriga

b Category B
public access is

EPA Guideli
EPA Guideli
EU Urban W

f Total nitrog
nitrogen.

EPA Guideli

C

d

e

8

usage refers to unrestricted urban uses that comprise all uses where public access is @iot-festric
tion, toilet flushing).

ontrolled or restricted by physical or institutional barriers (e.g. fences, temporalaccess restrictio
hes for Water Reuse (2012) Table 4-7.
hes for Water Reuse (2012) Table 4-4.
astewater Treatment Directive.

en means: the sum of total Kjeldahl nitrogen (organic N + NHg)snitrate (NO3)-nitrogen and nitritg

hes for Water Reuse (2012).

sage refers to discharge into surface water and other restricted urban uses that'cdmprise all use

5 where

ed (e.g.

).

(NO2)-

10.2.3 Requi

If the treatme
exceed the sp¢

rements for effluent

Table 7 — Threshold values for effluent

ht unit produces effluent, then concentrations of the pollutants listed in Table 7 shall not
cified thresholds.

Polluting substances (* )\J Threshold values for unfiltered samplefs
Mercury and iffs compounds, expresséd)as Hg 0,03 mg/1
Cadmium and Jts compounds, expressed as Cd 0,05 mg/1
Thallium and ifs compounds, éxpressed as Tl 0,05 mg/1
Arsenic and ity compounds;.expressed as 0,15 mg/1
Lead and its cdmpounds;eXpressed as Pb 0,2 mg/1
Chromium and its eompounds, expressed as Cr 0,5 mg/1
Copper and its|compounds, expressed as Cu 0,5mg/1
Nickel and its compounds, expressed as Ni 0,5 mg/1
Zinc and its compounds, expressed as Zn 1,5 mg/1
Dioxins and furans 0,3 ng/1

Source: Directive 2010/75/EU, Annex VI Part 5.

10.3 Air emissions from thermal treatment units

The requirements in this subclause apply to treatment units utilizing a thermal treatment process.

Treatment units shall meet the emissions thresholds given in Table 8.
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Table 8 — Air emission parameter requirements for thermal treatment units

Emission threshold values (mg/m3 normalized) for thermal systems using faecal sludge as a fuel, 7 %

02,0 °C, dry
Pollutant Thermal load up to 1 MW Thermal load 1 MW to 5 MW
CO, mg/Nm3 440a 140
NO2, mg/Nm3 880 a 466b
SO2, mg/Nm3 — 373b
Total dust, mg/Nm3 47 a 47b
Average emission threshold value (ng/Nm3) for dioxins and furans,
Dioxinpane-furansfefms3 combhined, over a sampling period of minimum 6 h and maximum 8 h
0,182 | 0,182

Average emission threshold values (mg/Nm3) for.the heavy metals
Hg and its compounds, expressed as | atleft, combined, over a sampling period ofa minimym of 30 min

Hg, mg/m3 and maximum of 8 h1

0,07 ¢ 0,07 c
Cd and|its compounds, expressed as 0,07¢c 0,07 ¢
Cd, mgy/m3
As and|its compounds, expressed 0,7¢ 0,7¢
as, mgfm3

a  Soyrce: 1. BlImSchV [132],
b Soyrce: Directive 2015/2193/EU.
¢ Soyrce: Directive 2010/75/EU.

Thermfl load shall be calculated as shown in Formula (1):

1
3600

Q:[=BxH, X 1)

where
Qp| isthe thermal load (kW9);

B is the mass flow fuel (dry basis) (kg/h);

Hy| is the calorifievalue (kJ/kg).

10.4 (pdour

Odour [released shall not exceed 500 OUg/m3 from point sources. Emissions from surfaces shall be
calculgted,as an odour rate, i.e. OUg per unit time

10.5 Noise

Ambient noise from the treatment unit shall not exceed 45 dB(A) at the measured distance according to
the test methods provided in 11.6.

11 Testing

11.1 Certification bodies

Where testing is performed for the purposes of certification, certifying bodies shall meet the
requirements of ISO/IEC 17065:2012, 6.2.1 and 6.2.2, which state that when testing is conducted as
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part of the certification process, the testing laboratory shall meet the applicable requirements in ISO/

IEC 17025.

11.2 Input characterization

Characterization of input pathogens and indicator organisms and heavy metals shall be done in
accordance with corresponding test methods in Table 9 and Table 10.

NOTE

only and are not intended to be used for determination of performance.

The resulting data are for informational purposes in characterizing the input for identified parameters

Wherever possible, the tests should be performed with input material that shows average contamination

with respect
country of apf

Sampling shot

11.3 Solid a

lication.

hd effluent

11.3.1 Path

Table 9 provides recommended test methods for pathogens and indicater@rganisms in solid outj

effluent (see

Table 9 —

gens in solid outputs and effluent

1.2 and 10.2.1 for requirements).

0 pathogens and 1ndicator organisms and heavy metals that can be expected

[1d be conducted at the input location of the faecal sludge treatment unit.

in the

but and

ecommended test methods for measuring pathogens in solid output and effluent

P4

rameter

h$ Test methods

Human enterid
[using E.coli ag

bacterial pathogen
surrogate, measured

in Colony-Fornping Units (CFU)]

APHA 922, APHA 9222 and APHA 9223

Human enterid
human enteric

helminths (using all
helminths viable ova)

— Methods formicrobiological analysis of sewage sludges (see Re

ence [154])

— standard operating procedure Helminth Test, University of Kw
lu-N4dtal (Reference [176])

— .EPA 600/1-87-014

fer-

RZU-

Human enteric
ic Coliphage as
in Plaque-Forn]

viruses [using Somat-
surrogate, measured
ing Unites (PEUS)]

EPA 1601

For large samples use EPA 1601

ISO 10705-1

Human enterid
Clostridium pef
surrogate, meg
Forming Units

protozoa [using
fringens.Spores as
sured.ifn Colony
(CEQ))

Solids: ISO 7937

Liquid: ISO 14189

11.3.2 Heavy metals in solid outputs

Table 10 presents recommended test methods for heavy metals in solid outputs.

Table 10 — Recommended test methods for heavy metal testing of solid outputs

Heavy metal

Recommended test method

Arsenic, As TMECC:2001

Cadmium, Cd TMECC:2001

Chromium, Cr TMECC:2001

Copper, Cu TMECC:2001

Mercury, Hg EPA 7471
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Table 10 (continued)
Heavy metal Recommended test method
Lead, Pb TMECC:2001
Molybdenum, Mo TMECC:2001
Nickel, Ni TMECC:2001
Selenium, Se TMECC:2001
Zinc TMECC:2001
TCLP SW-846 test method 1311

11.3. 3 Environmentat parameters foreffttemt ]

Table [11 presents recommended test methods for effluent discharge testing (see 10.2.2 for

requir¢

ments).

Table 11 — Recommended test methods for environmental parameters for effluent

General parameter

}\{[és‘t method

Chemi

al oxygen demand (COD)

APHA 5220 B

Total shispended solids (TSS)

APHA 2540 ByEN 872

Total njitrogen

APHA 4500<N C, APHA 4120, APHA 413(

Total phosphorus

APHA 4500-P, ISO 6878

pH

APHA4500-H+

11.4 Air emissions

11.4.1

11.4.1

Loss on ignition and total organiccarbon

1 Test methods

Burnoiit is the key parameter forboth disposal and utilization of bottom and fly ash. Testipg shall follow
Directive 2010/75/EU, EN 13187, EN 15936 and ASTM D7348-13.

11.4.1

The ba
guideli

2 Sample preparation

ttom ash and-fly ash sampling shall be carried out according to the guideline HDBR-RL7. The

e may be.adapted for other types of technologies.

For the¢ analysis of TOC and LOI in the bottom and fly ash, nine individual samples shall be taken for

each parameter over a test period of 8 hours. Larger incombustibles occurring only spo

be re

reflected in the reported ash balance.

11.4.1.

3 Sampling location

radically shall
re shall not be

Samples shall be taken from a location along the process chain that does not precede ash extractor
discharge and does not follow the ash bunker, i.e. the ash extractor discharge and the ash bunker form
the outer limits of the potential sampling site.

11.4.1.4 Sample taking and handling

Sample taking and handling shall occur as follows:

a) Weigh each individual sample free from droplets and crush the sample.
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b) Remove, weigh and discard metal constituents, stones and other inert material impairing the grind
ability. Constituents of the remaining sample shall not exceed an edge length of 3 cm.

c¢) Combine the following samples to form three average, homogenized samples:

1) samples 1,4 and7;
2) samples 2,5 and 8;
3) samples 3,6 and 9.

d) Divide each averaged sample into four parts, in accordance with guideline DIN 51701 or an
equivalent method (e.g. by means of a riffle sampler) to obtain a reduced sample weight of

approximptely 5 kg.

e) Using onel5 kg sample from each averaged lot, crush each of the three samples to an edge lepgth of
less than 1 cm. Remove, weigh and discard metal constituents, stones and other inept materipl from

the samples.

f) Combine 4dnd homogenize the remaining sampled material from the three averaged lots and gxtract
2 kg for aldaily composite sample.

g) Dry the cgmposite sample (max. 40 °C) such that no surface moistuge-femains.

h) Once water loss is ascertained, store the daily composite sample in a closed, air-tight [plastic

container:

i) Record edch step of the sampling process in a form.

11.4.2 Tempjerature and residence time

Measurement|of the minimum burning temperature and the retention time shall be performed psing a
suction pyromnjeter and taking into account the gegmetrical characteristics of the after burning chamber
and their inflyence on the exhaust gas flow.

The requiremgnts of the BMUB emissions:guiidelines[131] or an equivalent standard shall be met

11.4.3 Air pgllution emissions

11.4.3.1 Test methods

Recommendeql internatienially accepted and recognized test methods for flue gas emissigns are
indicated in Thble 12. Either the ISO, EN or VDI guideline or the EPA method may be used. Equfivalent
national standards iiay be applied.

Table 12 — Recommended test methods for air emissions

Parameter ISO, EN or VDI guideline EPA test methods
Total dust EN 13284-1 EPA Method 5
Sulphur oxides SO; EN 14791 EPA Method 6C
Mercury EN 13211 EPA Method 101A
Nitrogen oxides NOx EN 14792 EPA Method 7E
Carbon monoxide CO EN 15058 EPA Method 10
Heavy metals VDI 3874 EPA Method 29
PCDDs/PCDFs EN 1948 EPA Method 23A
Moisture content EN 14790 EPA Method 4

28
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Table 12 (continued)

Parameter ISO, EN or VDI guideline EPA test methods
Oxygen 07 EN 14789 EPA Method 3A
Volume flow ISO 16911-1 EPA Method 2
gzﬁlslirements for measuring sec- EN 15259 EPA Method 1

11.4.3.2 Measurement planning

Before performing recurrent individual measurements, a detailed measurement plan shall be developed

in accordarnce withrthre requitements of EN-15259orequivatert:

11.4.3|3 Measurement principles

The measurement scope and type shall derive from specified operating conditions and conditions at
the samhpling location. Based on the information gathered during the site review, the follpwing criteria
shall bg defined:

a) Time, number and duration of measurements:

1)| For dioxins and furans: a sampling period of 6 h to 8 h{shall be observed. Measyrements shall
be taken once per day for 3 days.

2)| CO, NOy and O3 shall be measured continuously over the full test period. The test|period will be
agreed upon prior to testing.

3)| The sampling period for all other air;\émission measurements should be {§,5 h to 2 h.
Measurements shall be taken three times'within a 10 hour period.

b) Selection of sampling location:

1) | The sampling location shall present a sufficiently high flue gas flow velocity and alhomogeneous
velocity profile in the measurément cross section as defined in EN 15259.

2)| In selecting the measurement section, vertical ducts should be given prgference over
horizontal ducts.

c) Operating conditions'during the measurements:

1)| Measurements should be performed during operating conditions leading to ppak emissions
characterized by the maximum emission mass flow.

NOTE Maximum emission mass flow does not necessarily coincide with the maxfmum emission
concentration. Consequently, the measurement objective can relate to the concentratior], the mass flow,
or both. The plant operating mode, the input materials and the flue gas cleaning system can influence
the emissions.

2) Operating conditions shall be documented in detail in the measurement report.

11.4.3.4 Equipment specification

Analysers used for the air emissions tests shall be proven capable of measuring the emissions of interest
with appropriate detection sensitivity. Equipment shall be operated according to the manufacturer’s
instructions. Testers shall ensure their familiarity with the characteristics of their analyser for their
particular application.

Instrumental analysers shall be assessed prior to use with respect to the following performance
characteristics:

a) response time;
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b)
c) detection
d)
e)
f) stability.
11.4.3.5 Equ

For semi-contj

performed im
span check sh

Additional cal

11.4.3.6 Sam

To ensure a 1
component in|
continuous m

internal installations;

The following
a) straight, |
b) freeinlet
c) freeoutle
d) sufficient
e) weather g
Measurement

flue gas ducts
mutual interfg

To ensure thg
sampling loca

11.4.3.7 Nor

Air emission 1

zero and span drift;

limit;

effect of interfering substances;

effect of temperature and pressure on instrument;

ipment calibration

ediately prior to the on-site test (within 2 h of analyser stabilization). A finalzg
b1l be performed after site measurements have been completed.

jbrations should be performed at regular intervals throughout the day.

pling location

epresentative measurement of the spatial and temporal distribution of the me
the flue gas duct, the sampling location for recurrent jndividual measuremer
pasurements shall meet the minimum requirements defined in EN 15259 or equ
criteria shall be satisfied:

possibly vertical duct section of uniform geometry, and cross-sectional area, fre

cection with a length greater than 5 times thé hydraulic diameter;
L section with a length greater than twige the hydraulic diameter;
working space and ease of access;

rotection.

5 should be performed as\.grid measurements. Ports for the sampling probes wit
hall be sized to allow the-simultaneous sampling of several emission components ¥
rence.

correct design,of the measurement sections and sampling locations for new
[ion should he'détermined early in the design phase.

malizing of measured pollutants

heasurements shall be normalized as referenced in Table 8 by converting the raw|

hall be
ro and

Asured
ts and
valent.

e from

hin the
vithout

plants,

values

indicated on t

bhadnctrumanttathao ctandard ~anditione nraualantin thatact lacatbinn
tHeRttothre-Stahaafra—€6h SPrevareRtitietest16€a
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In systems in which combustion processes are applied, the conversion formula is given in Formula (2):

1 21-x 1013 273,15+T
Cy=Cx x x x
H,0[%] 21-0,, ...« P[hPa] 273,15
100
where
Cn is the concentration normalized;
C is the raw value in units of mg/Nms3;
H»0 is the humidity measured;
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is the O3 reference concentration:
is the concentration normalized,;

i 7% for thermal combustion treatment units;

O2,measured 1S the Oz concentration of the exhaust gas;

is the pressure of the exhaust gas, in hPa;

is the temperature of the exhaust gas, in °C.

L 2 Laal L A3 Lod +l 3 £,
LCITIIS  TI1 VVILIUIL TIUITTCUITITIUUOS ULIVUIT lJl ULLOOLCS dI't Cll}l}llcu, LIICT  CUIIVUT OIVUIT TUTIITU

a (3):

1 1013 27315+T
H,0[%] p[hPa] 273,15

100

=(Cx

is the concentration normalized;

is the raw value in units of mg/Nm3;

0 is the humidity measured;

is the pressure of the exhaust gas, in hPa;

is the temperature of the exhaust gas, in °C.

8 Reference conditions

comparing the measured emjission concentrations with the prescribed limit values
shall be corrected to the follewing reference conditions:

p
T
In sys
Formu|
CN
where
Cn
C
Hp
p
T
11.4.3
Before
values
a) fl

e gas pressure: 1013 hPa;

b) flde gas temperature:273,15 K;

c) flue gas moisturé: dry basis.

11.5 Pdour

11.5.1| Test methods for odour output

a is given in

(3)

the measured

Odour measurement shall be carried out in accordance with the guideline EN 13725. For additional
guidance, the following standards may be used:

— VDI 3882-1

— VDI 3882-2

— VDI 3884-1

— EN 15259
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11.5.2 Measurement planning

Before performing recurrent individual measurements, a detailed measurement plan shall be
developed, taking into account the requirements of EN 15259. The sampling strategy should include the

following aspects:

a) relevant odour producing processes to be identified;

b) assessment of the toxicity and potential risk to the panel members of any emissions;
c) location(s) of odour emission points;

d) likely fluctuations in odour emission over time;

e) odour sampling point location(s);

f) conditionf affecting the odour emission, including uncontrolled conditions suchas WeatHer and

controlled or controllable conditions.

nd the

conditions at [the sampling location. Based on the information gatheréd during the site revigw, the

ents is 0,5 h, 3 times per day);
conditions during the measurements;

er of samples to be collected, to ensure that the stream of odorous gases is p

11.5.4 Sampling location requirements

ber and duration of measurements (a recommended sampling period for indjividual

foperly

For sampling location requirements, the-provisions for air emissions sampling location in 11.4.3.6 apply.

11.5.5 Measfirement process

11.5.6 Sampling train

Sampling of a|point source-(e.g. ventilation outlet) can be performed using a sampling train con
of a probe, a delivery pipe and an optional particulate filter preceding the sampling system (s
[SO 10396).

sisting
ce also

11.5.7 Materials-seleetion

Appropriate materials shall be used for those parts of the sampling equipment that are in conta
the odorant sample. The following materials are appropriate:

— PTFE (polytetrafluorethylene);

— FEP (tetrafluoroethylene hexafluoropropylene copolymer);
— PET (NalophanTM, polyethyleneterephalate);

— stainless steel;

— glass.

ct with
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Additional equipment considerations

Sampling probes and tubes that are exposed to odorant samples during a sampling session shall not be
re-used unless they are cleaned and odourless before re-use.

A dyna

11.59

mic olfactometry unit shall be used.

Sample collection on a solid or liquid surface

The odour sample collection process shall be as follows:

a) Cover the liquid or solid surface with a rigid canopy of known volume and area.

b) Veptilate the canopy with odour-free air at a known volumetric flow rate. Ensufe
over the whole surface and ensure sufficient time for steady concentration before sai

c) Register the air flow velocity.

d) Co
in

11.5.1

Selecti
from E

a) In
ge
b) In
co

c) In
ba
ra

d) To
the

Panelli
criteri

11.6 Noise

11.6.1

lect representative odour samples at the canopy outlet using a . sampling train
11.5.6.

DSelection of panellists

N 13725):

order to obtain a reliable panel, assessors with“specific qualities shall be sele
heral population to serve as panellists.

order to ensure repeatability of panelliststobservations, their olfactory response
hstant as possible from day to day, andwithin a day.

order to ensure repeatability, the‘olfactory sensitivity of the panellists shall be wi
hdwidth. To achieve this aim, candidates for the panel shall be screened to ens
nge of sensitivity to the reference odorant.

familiarize panellists withthe olfactometric procedures, they shall first be trained
b assessment. These results shall be discarded.

sts shall be selected from among those whose screening assessment results co
 given in EN 13725.

Test methods for noise output

the air passes
mpling

as described

bn of panellists shall incorporate the following requirements and recommendations (modified

rted from the

s should be as

thin a defined
ure a specific

by performing

nply with the

Recommended internationally accepted and recognized test methods for noise emission are indicated
in the following list. Equivalent national and international standards may be applied.

— DIN 45645-1

— IS0 3744

— [S09613-2

— IEC61672-1

— IEC61672-2

— IEC61672-3
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11.6.2 Measurement planning

A noise assessment involves the examination of the nature and characteristic of noise. The following
information shall be obtained:

a) the type of noise occurring;

b) the time the noise occurs (noise may be a nuisance at any time of day or night);

c) asubjective assessment of the source noise (i.e. at what distance is the noise audible; is the noise at a
level that would preclude sleep or prevent others enjoying the confines of their own environments);

d) the duration of the noise;

e) the frequ¢ncy of the noise (both the tone/pitch and how often it occurs).

Environmentdl conditions having an adverse effect on the microphones used for theymeasurgments

(e.g. strong el¢
tested, high o
manufacturer]
measuring ins

In an outdoor
temperature,
the frequency|

When a refle
particular car
to vibrations.

11.6.3 Measi

bctric or magnetic fields, wind, impingement of air discharge from the rdise sourc
I low temperatures) shall be avoided if possible. If such conditions\are unavoidal
s instructions regarding adverse environmental conditions shall*be followed
trumentation.

e being
ble, the
for all

hrea, care shall be taken to minimize the effects of adversesméteorological conditidns (e.g.

humidity, wind, precipitation) on the sound propagatioty ahd on sound generatic
range of interest or on the background noise during the.course of the measuremei

‘ting surface is not a ground plane or is not anlntegral part of a test room ¢
e should be exercised to ensure that the plane does not radiate any appreciable soy

irement objective/scope

The noise under investigation should be measured for a sufficient time to establish that the me

value adequat
ofatleast 151

11.6.4 Requi

11.6.4.1 Inst
If the unit is iy

The measurin
open window
loaded windox
the window o

ely represents the subject sourcenoise. The source noise is measured over a time i
hinutes or, if the noise continties for less than 15 minutes, the duration of the sourc

rements for the sampling location

alled units
stalled at its fitral location, the sampling location shall be as follows:

p location. for the assessment of the noise emission shall be 0,5 m outside the centr
of the.area most affected by the noise according to DIN 4109-1. In the case of diff]
vs,the most heavily loaded window shall be used. Substitutes may be measured ins

n over
nts.

urface,
nd due

asured
hterval
b noise.

e of the
erently
tead of
itants

[ the most vulnerable area in accordance with DIN 4109-1, in particular if the inha

are not to be informed or not disturbed. Care shall be taken to ensure sufficient distance from reflecting
surfaces.

11.6.4.2 Uninstalled units

For a reference unit that has not been installed in its final location, measuring points around the
perimeter of the unit shall be used at a distance of 50 m from the unit boundary.

11.6.5 Measurement equipment

The instrumentation system, including the microphones, cables and windscreen, if used, shall meet the
requirements of [EC 61672-1, class 1, and the filters shall meet the requirements of IEC 61260-1, class 1.
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11.6.6 Calibration

Before and after each series of measurements is taken, a sound calibrator meeting the requirements of
IEC 60942, class 1, shall be applied to each microphone to verify the calibration of the entire measuring
system at one or more frequencies within the frequency range of interest. Without any adjustment, the
difference between the readings made before and after each series of measurements shall be less than
or equal to 0,5 dB. If this value is exceeded, the results of the series of measurements shall be discarded.

11.6.7 Operation of treatment unit during test

The noise level of the treatment unit shall be tested under conditions that are reproducible and
representative of the loudest operations involved in typical usage.

11.6.8| Sound level meter setting

The sofind level meter shall be set to A-weighting and slow time weighting and-shiall record the average
and m3dximum noise level for each measuring event.

11.6.9| Microphone orientation

The mjcrophone shall be oriented to achieve maximum sensitivify to the incident sqund from the
noise dource, to the exclusion of other noises. The microphone shall be oriented so that| the reference
directipn of the microphone is normal to the measurement.surface. The instrument mpanufacturer's
recommendations shall be followed in using the meter and’ in determining the corre¢t microphone
orientdtion for the flattest frequency response.

11.6.1DCorrection for background noise and reflecting surfaces in test environment
Two pgssible corrections can be determined toimprove the measurement uncertainty of[noise levels:
a) the correction, K1, in dB, to account ferbackground noise;

b) the correction, K2, in dB, to account for the reflecting surfaces in the test site.

11.6.1[L N1, Number of uncertain measurements due to background noise

If an Aweighted sound pressure level taken with the test unit operating fails to meagure at least 6
dB abgve background noise levels, then the measurement shall be marked uncertain by the use of an
asterisk (*). The number of uncertain measurement points due to background noise is Ng;.

11.6.12Representative A-weighted sound pressure level

The numbér'of valid measurement points shall be calculated by subtracting the uncertainmeasurement
points [identified from the total number of measurement points determined. If at ledst half of the
measurement points remain, as validated by Formula [4] then the representative A-weighted sound
pressure level (L) shall be calculated using Formula (5):

N - Ng1 - Ngz =2 N/2 4)
L= 10Log{210“/1°} —10Log10n (5)
i=1
where
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L is the representative or high-limit sound pressure level logarithmic average rounded off to
the nearest 0,5 dB for a measuring event;

Li  isthe sound pressure level at the measured points;

n is the number of points to be averaged = (N - Ng1 — Nk?2);

Nk7 measuring points where a background correction is impossible (the background noise is
close to or higher than the noise of the source);

N2 measuring points where a reflection correction is impossible (the reflected noise is close to

or hi

gher than the noise of the source).

NOTE The
measuring poiy

The daily syst
pressure level
equivalent to

12 Product literature

This clause sp

12.1 Generaq
The following
a) informati
1) comp
2) addre

b) descriptid
identifica

c) designate

1) ambig

the upit functionstas-intended);

2) ambig

treatinent unit functions as intended);

intention of Formula (3) is to check the quality of noise measurement. At least 5019
ts are needed to build an average.

em noise levels, Lgx, 24n are equivalent to the highest representative Aryweighted
among all measuring events. The maximum A-weighted sound pressucelevel, LpA
he highest A-weighted sound pressure level measured from all measuring events.

ecifies the information that shall be provided with the unit.

1

general information shall be provided with the‘treatment unit:
bn about the manufacturer:

hny name;

Ss;

n of the technology, including its unique identifier (e.g. commercial/trade namn
[ion number, or version fiumber);

d ambient operatiofi-conditions:

nt temperatureyrange (minimum and maximum ambient temperature between|

nt air_humidity (minimum and maximum ambient air humidity between wh

pheric pressure range (minimum and maximum atmospheric pressure between

3) atmo

of the

sound

,max, is

e, unit

which

ch the

which

the treatment unit functions as intended; this specification may also be expressed in units of
meters above sea level).

12.2 Input
The following

information shall be provided regarding inputs to the treatment unit:

a) type of input(s) for which the technology is intended, in addition to primarily treating faecal sludge
derived from human excreta (see 4.5.1);

b) critical input parameters and the range of input values at which the unit meets the requirements of
this standard (see 4.5.2);

c) if applicable, expanded input parameter ranges within which the treatment unit meets all
requirements except the energy independence requirement (see 4.5.2);

36
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d) expected origin of input (e.g. pit latrines, wastewater treatment plant, faecal sludge drying beds);
e) estimated number of people served (including assumptions made);
f) throughput wet and dry basis (kg wet/day or kg dry/day or m3/day).

NOTE Additional input specifications for consideration are provided in Annex B.

12.3 Performance claims

The following performance claims information shall be provided with the treatment unit:

a) unit cpnr‘iﬁr‘ porfnrmannn paramnfnvc and their numericalvaluesta bhe vorifinr]’ inch dlng

1) | resource recovery type(s) and amount(s), categorized in accordance with the.outputs described
in the unit boundaries;

2)| net positive energy generated (e.g. electricity, heat), if applicable;
b) tedqt data and test methods applied to support the performance clain

c) expected technical lifetime (see 4.4);

d) expected utilization time (see 6.1.1);

e) preventive maintenance time (see 6.1.2);
f) expected technical downtime (see 6.1.3);
g) PEFD atstart-up or re-start (see 6.2.2);

h) PFD at stoppage or shutdown (see 6.2.3).

12.4 Unit boundaries

A process flow diagram (or equivalént) shall be provided containing process data (e.g. mgss and energy
balancg) and indicating the boundaries of the treatment unit in a similar manner as that shown in
Figurel4. Process information summarising the entire treatment unit shall include:

a) alllknown input amouuit(s);
b) alllknown outputamount(s);

c) enprgy balange (thermal or electrical) demonstrating energy neutrality or net pgsitive energy,
ing¢luding.enérgy

1) | perational power requirements (Ersp);

2) power output (EoyT).

NOTE The purpose of drawing the boundary of the treatment unit is to provide a clear demonstration that
the treatment unit fulfils the essential criteria set forth in the scope of this document.

12.5 Energy independence assessment

To demonstrate compliance with the energy independence requirement (see 5.2) and provide an
estimate of energy conversion efficiency, the treatment unit technology provider shall present its
assumptions for:

a) energy input;

b) useful energy output for all major unit operations within the treatment unit technology that
produce or utilize energy.
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This information shall be presented in a table (or spreadsheet) format.

The table shall include assumptions regarding input mass flows (kilograms of water and dry solids per
hour), the calorific or energy value of the dry solids, and the net accessible energy value of the input per
hour (megajoules per hour) during steady-state operation.

The table shall also list each major energy producing or consuming unit operation (e.g. gasifier,
digester, turbine, pumps, compressors) in the sequence that energy is produced or consumed within
the treatment unit. Minor electrical or pneumatic energy consuming components (lights, analytical
instruments, controls, valve operators, etc.) may be collectively addressed as a single unit operation
labelled ‘Miscellaneous Energy Consumers’.

The table shaH-summarize-asstmptionsfor-al-majorenergyoutputspreoduecedby—eonsumedhwithin
and available for export from the treatment unit, indicating the form and amount of energy prpduced
for each form|of energy (electricity in kilowatts; heat and/or fuel energy in kilograms _pér hqur and
megajoules pdr hour), the net energy extracted from the input for each form of energy (megajoyles per
kilogram of injput) and the net energy production rate for each form of energy (megajoules per hpur).

Figure 4 provjides a recommended template to demonstrate energy independenee’or energy gositive
capabilities.

Energy independence is declareddthirough the
following steps:
1) Defined inputs (design/maXx/min)

(1) Defined inputs 2) Operational electricalréquirements, Eggp

Input, kg/h 2000 3) Energy Putput, Eou
4) Energy independence, E; 4= Eyy— Epsp2 0

o s
% moisture 25 (3) Power output, E_

% ash 5

Steam turbine 50 kWe
Calorific value|(dry) 17 Energy : Energy
MJ/kg input output  Biogas genset 15kWe
Input energy 8500 L J Eout 65kwe
value, MJ /h

N

(2) Operational
requirements, Eg

4) Ener;
pumps 15kWe . (4) &Y
independence, E; 4

automation 10 kWe

Eou 65 kWe
E 25 kWe

Fsp Erep 25kWe
Er=Eqm=—Ersp——40 kWe |

NOTE Parameters in blocks (2) and (3) are for illustrative purposes.
Electricity is used as an example to illustrate energy independence.

Figure 4 — Recommended template for energy independence assessment

12.6 Environmental sustainability

This subclause specifies information to be provided by the manufacturer relevant to environmental
sustainability and complements other aspects of this standard concerned with environmental
sustainability, including energy balance and resource recovery requirements (see Clause 5 and 12.5)
and environmental health parameters for effluent (see 10.2.2).
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Consumable consumption

To facilitate comparison across systems as well as determination of suitability for a given location,
treatment unit consumable consumption. For example, the use of chemicals and other additives during
the operational phase shall be calculated and indicated in appropriate SI units (e.g. | or mg per volume
or mass of treated input). The manufacturer shall specify the assumed factors for these calculations.

12.6.2

Greenhouse gas emissions (GHG)

The manufacturer shall indicate the amount of GHG emissions from treatment unit operation in
appropriate units (e.g. kg per treated volume or mass of input). These emission measurements shall
include, but not limited to, CO2, N2O and CH4. BECCS (bioenergy with carbon capture and storage)

concepits suitable for the treatment unit may be outlined.

12.6.3

The m
any va
and m
calculg
be eva
produd
foreset

NOTE 1

NOTE 2

location.

Characteristics of resource recovered products

inufacturer of the treatment unit shall specify the type, subtypes, concentration
uable substances contained in each output product (in units such:as mg/l or mg
y per volume of treated input). The manufacturer shall specify.the'assumptions

ind amount of
/kg dry mass
ised for these

tions. Further, any products for which no quality specifications are given in this document shall

uated through a detailed risk assessment (see 4.2) that the-mdanufacturer shall pr
t literature, demonstrating that no unacceptable environmental or health risks wi
able use of the output product.

The substances of interest are those that will provide an economic value for the produ

bvide with the
1 be caused by

ct.

This information can be used to determine the potential economic value of the product for a given

12.7 Maintenance and operator documentation

12.7.1

All ma
operat

a) in
b) in
12.7.2

The op

Language requirements

huals provided with the treatment unit shall be composed at the reading level o
brs. Information shall beprovided:

fhe official local lapguage(s) of the country of use;

the English language.

Provision‘of manual

erator-of the treatment unit shall be provided with the user manual prior to op

f the intended

eration of the

treatmlent unit. Manuals shall be in accordance with IEC 82079-1.

12.7.3

Number of documents

The required information may be provided in one manual or divided among several manuals.

Information to be provided

User manuals shall include, at a minimum:

a) productinformation, including:

iy
2)
3)

model number;
serial number;

date of manufacture;
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g)

h)

j)
k)

40

4) tare weight of the unit;

5) treatment capacity;

6) recommended pre-treatment if required;

7) list of critical spare parts;

8) product certification references, if applicable;

general description of the treatment unit;

drawings

and diagrams that illustrate basic system design and include circuit diagrams;

contact d
personne

comprehs

comprehsd
sampling

general s
residual 1|

comprehs
system ar

comprehs
or replacs
operation|

1) clear

2) clear
failur

3) clear
reser

4) clear
includ

5) clear
the m

comprehsd

btails (name, address, phone number, email) of the manufacturer, supplier and
to be contacted in case a problem with the system occurs;

nsive instructions for assembly and installation of the unit;

nsive instructions on how to load the unit safely, including howa to conduct 1}
pf the specific input quality;

hfety instructions for the operator that include all warnings with respect to r
jsks during expected operation, considering reasonable foreseeable misuse;

nsive operating instructions including, for example, usage of an appropriate firg
d fire extinguisher and regular calibration of devices;

nsive instructions for responding to potential alarms and failures and for repa
ment of parts and components, including required steps to re-establish safe and }
and indication of when the operator should contact service personnel, in addition

ndication of the type of failure and for defect to which alarm corresponds;

indication of possible failures(and/or defects, and instructions on identifying
es and defects;

indication of which repair actions are expected from the operator and which sh
ved for service personnel{e.g. for safety reasons);

indication of whichiparts and components are expected to be replaced by the of
ling the expected-¥eplacement schedule and detailed replacement instructions;

nstructionsfor the operator to only use parts and components that are recommer
anufactarer;

nsive\instructions for cleaning;

service

regular

blevant

alarm

r and/
eliable
to:

those

uld be

erator,

ded by

compreh

- - . . e . MR T N < .
IISTVE T HILCIIATIICE HISUTUCLIOILLS, HICITUUILILE, dt d HTHTHITUIILL

1) clear distinction between activities to be conducted by the operator and activities to be
conducted by service personnel;

2) step-by-step description of procedures and activities to be conducted by the operator;

3) frequency of procedures and activities to be conducted by the operator;

4) description of specialized maintenance tools, if required.
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12.7.4 Recurring operation and maintenance

The manufacturer shall provide along with the product the relevant information specified below for the
treatment unit, considering the treatment capacity of the system as declared under 12.2.

a) Recommended configuration, adjustment and maintenance activities, including the estimated time
required to perform each activity, and identification of parts and components expected to require
periodic replacement and the estimated frequency with which such parts and components will be
replaced. This information shall be provided in a summary table. An example for such a table is
given in Table 13).

b) Estimated annual net energy consumption (in units such as kWh/year).

c) Esfimated annual consumption (amount/number) of other resources such d$
biglogical additives and specialized cleaning and maintenance tools.

Table 13 — Manufacturer’s recommended configuration, adjustment/and maintenance

chemical and

activities

Wholis to per- Type Complexity of Frequency Expected dura- | Rdquired parts,
forn] activity of activity task tion per activity | camponents or
(user)/ profes- gonsumables

. . (as per (man hours)
siondl service

Table 14)
personnel)

This information can enable the user to quantify thelikely operational expenditures for
unit. Further information and explanations related to these estimates can be found in

Clause|D.1.

12.7.5

The manufacturer shall clearly indiecate the type of training, technical skills and experi
of personnel adjusting and madintaining the treatment unit. The manufacturer shal

Complexity of configuration, adjustment and maintenance activities

the treatment
Annex C and

bnce expected
| indicate the

complgxity of the required activities regarding the technical competence needed to perf¢rm them. The

manufacturer shall refer to(Table 14 to evaluate the complexity of each configuration, a
maintgnance activity.

NOTE

Technical competence refers to the individual’s capability gained from experienc
educatipn and can¢bé understood as cognitive comprehension and behavioural performance.
technicpl competénce of the user or service person determines how effectively and efficiently he
with the treatment unit to achieve the intended system functionality. A complex system require
competence, whereas a system of low complexity requires no or low technical competence.

Table 14 — Complexity of configuration, adjustment and maintenance activities

Hjustment and

e, training and
The degree of
br she interacts
5 high technical

Complexity Technical competence

Very low No skills (background education, experience),

Low Basic skills and less than 1 hour training required

Medium Requires certain skills that can be acquired by training lasting no more than 1 day

High Requires high technical skills (e.g. technical education in the field related to the activity),
more than 1 day of training and at least 6 months of work experience

Very high Requires very high and specialized technical skills (e.g. advanced technical education in
the field related to the activity), extensive training and at least 1 year of work experience
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Annex A

(informative)

Input specification

A.1 Thermal processes

templates

Table A.1 detajils the required and recommended input parameters for specification for treatment units
utilizing thermal processes. Recommended International Standards for parameter measurement are
provided in the table. If alternative standards are used, this use shall be explained and justified.
Separate tablgs should be filled for each type of feedstock.
Taljlle A.1 — Sample table specifying input parameters for thermal‘processes
Parameter QCo%lments
Input type: e.g. faecal sludge, urine, biomass
Origin: e.g. fadcal sludge received from wastewater treat- Provide as mwuch detail as possible e.g. redom-
ment plant biofolids; sludge left exposed to air on drying mended types of pre-processing required
beds for an avdrage of 5 days
Throughput (kg/day) Previde maximum, minimum and design yalues.
Particle Size (lmm) If)diameter and length are not suitable forms of
Do = W= maximum diameter measure, other formats may be used and ¢learly
X indicated.
Ly = y|= maximum length
Moisture confent, M (M%, as received) - ISO 18134-1, Prepare report based on the total mass of{the

ISO 18134-2 oy

equivalent

M% =

test sample (wet basis).

Ash content, A

| (mass%, dry basis) - 1SO/18422 or equivalent

A% =

Provide maximum, minimum and design
throughput.

Calorific valu
M] / kg or kKWH
Energy densit
MJ/m3 or kWh

2, Q
/kg dry basis, or
y, E
m3 bulkwelume, - ISO 18125 or equivalent

Provide maximum, minimum and design
throughput.

Bulk density,

BD

kg/m3 as received/- ISO 17828 or equivalent

BD =

equivalent

Nitrogen, N (mass %, water free basis) - [SO 16948 or

N% =

Maximum value should be specified.

equivalent

Sulphur, S (mass %, water free basis) - ISO 16994 or

S% =

Maximum value should be specified.

equivalent

Chloride, CI- (mass %, water free basis) - ISO 16994 or

Cl% =

Maximum value should be specified.

Other

42

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=7c5688f05e6a6cfa71b75113777cd322

IWA 28:2018(E)

A.2 Biological processes
Table A.2 details the required and recommended input parameters for specification for treatment units

utilizing biological processes. Recommended International Standards for parameter measurement are
provided in the table. If alternative standards are used, this use shall be explained and justified.

Table A.2 — Sample table specifying input parameters for biological processes

Parameter Comments

Input type: e.g. faecal sludge, urine, biomass

Origin: e.g. faecal sludge received from pit latrines and other human Provide as much detail as possible.

waste Icpuaitu1 tes;detivered-tothetreatnrenttocation
Throughput (kg/day)

Waste|characteristics (mg/1) e.g. Average and maximum concentration
(mg/1)|for BOD, COD, volatiles, nitrogen, phosphorous, suspended solids,
salinity

MoistlIre content, M (M%, as received) - ISO 18134-1, I1SO 18134-2 or Ptepare report based on the total
equivajent mass of the test samp|le (wet basis).

M% =
Ash content, A (mass%, water free basis) - ISO 18122 or equivalent Maximum value should be specified.
A% =
Nitrogen, N (mass %, water free basis) - ISO 16948 or equivalént Maximum value should be specified.
N% =
Sulphyr, S (mass %, water free basis) - ISO 16994 or equivalent Maximum value should be specified.
S$% =

Other
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Annex B
(informative)

Additional input specifications

B.1 Input specifications for thermal processes

This subclaus
thermal proced

Table A.1 proy
utilizing therr

In addition to
include, but ar

e outlines additional input specification recommendations for treatment unitssu
Sses.

fides a sample template for fulfilling the input specification recommendations fo
hal processes. Separate tables should be completed for each type of input,

the general input specifications (see 12.1 b)), thermal treatment input specificatio
e not limited to:

ze;

content, measured according to ISO 18134-1, ISO 18134-2 or an equivalent n|

t, measured according to [SO 18122 or an equivalent national standard;

ralue or energy density measured accordifig to ISO 18125 or an equivalent n

ity, measured according to ISO 17828 or an equivalent national standard;

measured according to ISO16948 or an equivalent national standard;

a) particle si
b) moisture
standard;
c) ashconte
a) calorific Y
standard;
e) rheology;
f) bulk dens
g) nitrogen,
h) sulphur,
i) chloride,
If alternative {
B.2 Input:

This subclaus

asured according to.ISO' 16994 or an equivalent national standard;

e
r]lneasured accordingto ISO 16994 or an equivalent national standard.

tandards areyused, this use should be explained and justified.

specificdation for biological processes

tilizing

I units

ns may

Ational

ational

e (provides additional input specification recommendations for treatment units u

tilizing

biological pro

CESSES.

Table A.2 provides a sample template for fulfilling the input specification recommendations for units
utilizing biological processes. Separate tables should be completed for each type of feedstock.

In addition to the general input specifications [see 12.1 b)], biological input specifications should be
provided as follows:

a)

average and maximum concentration (mg/1) for:

1) Biological Oxygen Demand (BOD);

2) Chem

ical Oxygen Demand (COD);

3) Volatile organic compound (VOC);
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4) phosphorous;
5) total solids;
6) salinity;

b) moisture content, measured according to ISO 18134-1, ISO 18134-2 or an equivalent national
standard;

c) ash content, measured according to ISO 18122 or an equivalent national standard;

d) total nitrogen measured according to ISO 11905-1 or an equivalent national standard;

e) sufphur, measured according to I5U 16994 or an equivalent national standard.

If alterpative standards are used, this use should be explained and justified.
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Annex C
(informative)

Sustainability

C.1 General

The followin
and relates t

treatment uni

over time.

The challenge
economics) ar
in this docum
provisions of
recycling servy

Regarding eny
of human wa
population. A
document.

In this annex,
of faecal sludg
of individual 1

Context-speci
achieving long
in project imp|
identifying su
annex is struc

Clause C.4

Clause C.3
Clause C.4

Clause C.]

guidance is intended, but not limited to, the purchaser, operator, planner angy/
collecting and analysing information that can be used to determine the suitabil
for a given location, focusing upon the sustainability of faecal waste recycling s

s normally associated with all three aspects of sustainability (envirefmment, peoj
e the underlying drivers of the development of faecal sludge treatment units de;
ent. The critical aspects of people and economics, which are net.within the scopg
his document, are discussed in this annex, focusing on the sustainability of faeca
ices over time.

ironmental sustainability, the key purpose of the treatiment unit (i.e. reuse and re
5tes) is a key component of sustainability in the context of an ever-increasing
kpects of environmental sustainability have been’addressed in the provisions

we consider aspects of economic sustainability, focusing upon ongoing financial v
e recycling services and people-oriented sustainability, considering the three dimsg
eeds, organizational needs and community issues.

ic non-technical aspects are at)least as important as technical consideratic
term sustainability of sanitation infrastructure projects, and hence should be conj
lementation of treatmentits. This annex is based on ISO Guide 82, which recon
stainability issues that@re’considered relevant and significant for the subject are
tured as follows:

: Estimated costofiise calculations;
: Financing
: Suitability (Complexity) assessment

: Planning, stakeholder participation and integration of the treatment unit

I user,
ty of a
brvices

ble and
cribed
of the

waste

cycling
global
of this

jability
nsions

ns for
idered
mends
a. This

Clause C.6° Compliance monitoring and entorcement of environmental compliance

Clause C.7: Acceptance and affordability

Thereby, Clauses C.2 to C.4 cover economic and financial aspects, Clauses C.5 and C.6 focus on
institutional aspects and Clause C.7 highlights socio-economic aspects of sustainability.

C.2 Estimated cost of use calculations

C.2.1 General

To determine the costs of the treatment unit for the intended users, the estimated expenditures for
the unit should be based on a calculation of the life cycle costs encompassing CAPEX (see C.2.2) and
recurring cost (see C.2.3). To aggregate present costs and future running costs, the annualized net
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present value should be calculated. Net present value calculations involve the specification of a discount
rate and a timespan for planning, which should be the expected design lifetime of the treatment unit.
Further guidance on performing life cycle costing can be found in ISO 15686-5.

Net Present Value calculations can be used to compare different treatment unit choices. To facilitate
sustainability, such calculations should also be presented as ‘Equivalent Annual Costs - Recurrent’,
focusing upon recurrent costs of capital maintenance expenditure, without the inclusion of CAPEX.
This calculation will give purchasers the understanding of the funding levels necessary, and therefore
the budgeting considerations necessary, to ensure ongoing functioning and serviceability of the
treatment unit.

C.2.2 CAPEX

CAPEX|
given |
install

ent unit. For a
ort, assembly,
nsidered.

comprises all initial investment costs required for implementation of the treatm
bcation and users, at a minimum, costs to acquire the system and costs fortransy
htion and space required for the system (e.g. land use/property costs) sheuld be cq

C.2.3 | Recurring costs

Recurry
costs t
minor

ing cost, also commonly referred to as operational expenditure;(OPEX) comprise
b keep the system in continuous working order. Recurrent<ests include regular
maintenance costs as well as less regular capital maintendnge costs, relating to re

5 all recurrent
operation and
placement and

renewal costs of components and/or sub units over the life of the treatment unit.

ional service
manufacturer

When [an installation location is identified, prices such“as hourly rates for profes
personnel can be obtained and OPEX can be calculated;The information provided by the
in accordance with 12.7.5 can assist in these calculations.

and additives
ally, including
lists for these

For a given location and users, it should be ascertained that all parts, components, tools
requir¢d and recommended for system operation and minor maintenance are available log
chemidal and biological additives and specialized cleaning and maintenance tools. Price
items ghould be made available to the user.

Regarding longer-term-but-occasional-capital maintenance expenditure, the informatio
the mgnufacturer in accordance-with 6.1.1 regarding confidence grades can be used tg
anticipjated life of components ard/or sub-units that are likely to require renewal an
over the planned life of the treatment unit. Service providers will need to budget fo
maintgnance to ensure ohgoing serviceability, understanding that renewal costs for tr
can vary significantly due'to context.

n provided by
assess to the
1 replacement
Ir such capital
eatment units

C.3 Financing

C.3.1 | Genéeral

The actual costs to the purchaser may be adjusted by appropriate financing models for cost recovery.
Cost recovery for faecal sludge treatment may be in the form of tariffs, taxes, revenues (e.g. from sale
of output products), or some combination thereof. Financing models are further interlinked with
the applied organizational models, such as public-private-partnership models. Hence, the envisaged
financing and organizational model should be considered when assessing the actual cost of the
treatment unit for a given location. Indirect benefits related to the treatment unit (e.g. value of avoided
pollution or health costs) may be considered when evaluating financing mechanisms.

C.3.2 Financing in the context of the sanitation value chain

The treatment unit functions within the overall sanitation value chain (see Figure 1). The financial
sustainability of the treatment unit can therefore be understood only in the context of the sustainability
of the entire sanitation value chain, i.e. pit/tank emptying, waste transfer, pre-treatment where
required, treatment unit operations and final disposal and/or sale of resulting outputs.
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It is envisaged that the treatment unit could be managed through private and/or public and/or
community business models that rely less on direct user charges and more on direct and indirect
public taxes and transfers. This expectation is due to the treatment unit’s function as a 'public good',
i.e. providing for the protection of public and environmental health. The treatment unit provides a
service for which there is a clear societal need but for which in certain contexts there is limited private
householder willingness to pay. Evidence suggests there is similarly limited public/societal willingness
to pay as ‘globally, over 80 % of all wastewater is discharged without treatment’ (see Reference [175]).

Funding flows to support the sanitation value chain will likely be accessed from a range of direct
charges, such as household pit/tank emptying charges and conveyance emptying license fees, in
addition to indirect sources, such as transfers from water tariff sanitation surcharges, municipal
(sanitation) taxes, national taxes and municipal land allocation transfers, as well as revenues earned
from sale of r¢covered resources. The combination of any of these funding flows will vary sigaifficantly
between contgxts. It is not anticipated therefore that household ‘willingness to pay’ or ‘affordpbility’
will be a defining characteristic of financial sustainability of treatment units. Rather,)the defining

characteristic
clear understa

The spreadsh
recommended
Depending on|
may need to b

is the public sector’s willingness to organize relevant tariffs and taxesfcoupled
nding of the real ongoing costs of running a treatment unit.

bet in the Faecal Sludge Management Toolbox (FSM Toolbox) (see‘Reference [151
resource for undertaking an overall financial viability assesSment for sustain
the pre-treatment needs of the technology, the aspect of ‘Cost’of FSM Treatmen

e assessed for both a ‘pre-treatment unit’ and a ‘treatmentiuhnit’. There are other fi

models availa

The input pafameter specifications provided by the manufaeturer in accordance with 4.5 ar
will indicate the extent of pre-treatment required before the\iriput enters the treatment unit. T
treatmentis likely to comprise faecal sludge screening (andsafe disposal of screenings) and faecal
dewatering. I the absence of any specific local information, use of the FSM Toolbox is recomn
es ‘Sand Drying Beds’ dewatering to writhin 30 % to 50 % dry solid level at $560/m3/

which estima
year and ‘Med
prices). Relevz

C.3.3 Organizational needs

A community
ideally be m3

community. However, such an organization is unlikely to have sufficient financial capacity to 3

both the capit
as well as any|

staffing capahility.

hanical Dewatering’ to within 20 %'to 40 % dry solids at $220/m3/year (assume
nt ‘scale factors’ for each type of-dewatering should be applied.

scaled treatment unit sitiiated near the community to minimize transport costs

al expenditure-and capital maintenance expenditure requirements of a treatme
pre-treatment'processes, and will require significant inputs to assure ongoing te

A private opel
operations a

assurance of dqngeing funding flows. Direct user charges are likely to be insufficient.

atordsikely more able to access the necessary technical skills, commitment to e
d_financing. However, that financing comes at a significant cost, which also r¢

with a

B]) is a
ability.
- Plant’
hancial

le. Within this assessment, it is noted that different.organizational models willl likely
lead to differing financing approaches and therefore costs of capital;

d12.2
lis pre-
sludge
ended,

d 2016

would

naged by a commuhnity based organization (CBO), ensuring acceptance by thle local

ddress
ht unit,
rhnical

fficient
bquires

The public sector has a responsibility to ensure public health, access to initial financing through taxes
and transfers (donors) and appropriate staffing skills, but often finds it difficult to sustain efficient
operations and timely capital maintenance. There is evidence that well-established ‘public-private-
community’ partnerships are an appropriate organizational solution to such community-scaled
operations.

C.4 Suitability (complexity) assessment

Prior to installation, a suitability assessment should be conducted (e.g. via survey) for individual
projects to determine whether the inherent complexity of a treatment unit is reasonable for the
intended setting given the expertise and experience of local service personnel. Relevant information for
this assessment will be provided by the manufacturer in accordance with 12.7.5.
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C.5 Planning, stakeholder participation and integration of the treatment unit

Planning and stakeholder participation are major factors in the long-term success of treatment units.
Moreover, fragmented planning of infrastructure is a major problem in many developing countries.
Before implementing a treatment unit, a well-structured planning process that allows for participation
of relevant stakeholders and considers the integration of the planned treatment unit with other
existing and planned city infrastructure projects (e.g. water supply, solid waste) should be conducted.
The planning process should allow for appropriate consideration and balancing of various interests
of stakeholders. Further, the planning process should be based as far as possible on a comprehensive
evaluation of all options. Tools such as scenario analysis can support the planning process. The
evaluation of all options should include technical, economic, environmental, institutional and social

aspects.

C.6 l[lnvironmental compliance monitoring and enforcement

Enviro
of the
enviro
should
sampli
are avg
risk fa

mental compliance monitoring and enforcement is crucial for the ‘long-term

treatment unit. Therefore, before installing a treatment unit a well-functionir
hmental compliance monitoring and enforcement should be in<place. Complian
cover all parameters that can affect environmental and hdman health. The
hg should be adjusted to the risk potential of the monitored parameters. If no relev
ilable for that purpose, a risk assessment should be condiicted, considering the lo
tors.

C.7 Acceptance and affordability

‘ceptance has been identified as a major fagtor in the long-term success of sanit
and a|prerequisite for achieving user acceptance is satisfying users’ cultural pre
accommodating existing practices. It is recomthended that projects for a given location an
culturgl preferences that may affect the sustainability of the faecal sludge treatment unit
related to the reuse of products stemming-from the faecal sludge treatment unit.

User a

Furthef, user acceptance is interlinked-with affordability. Affordability of water and sanif
is internationally defined as the-ratio between the household income (or household ex
the us¢r and expenditures of the“user for water and sanitation services (in this case, t
net prgsent value of the CAPEX and OPEX of the entire sanitation value chain for a defing
A threshold of 3 % to 5 % of household income (or household expenditures) for water

sustainability
g process for
re monitoring
frequency of
ant guidelines
ration-specific

htion systems,
pferences and
d users assess
. In particular,

ation services
penditures) of
he annualized
d timeframe).
ind sanitation

servicgs is often recomimended, of which just one third is likely to be claimable by a sanitation value

chain. [For a given_lgcation and users, more detailed affordability studies should be
individual projects:considering socioeconomic and social-cultural local contexts, in
willingness to pay.

NOTE Hotisehold expenditure is offered as an alternative to household income because exper]

conducted for
cluding users’

diture data are

often mloteyreadily available than income data in many of the settings for which treatment units g

re designed.

In practice, household willingness to pay may be significantly less than the affordability calculation
indicates. Globally, the resulting funding gap is typically addressed through indirect means, such as

through municipal and general taxation.
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