INTERNATIONAL ISO
STANDARD 20468-2

First edition
2019-07

Guidelines for performance evalupation
of treatment technologies for water
reuse systems —

Part 2:
Methodology te evaluate performance
of treatment:systems on the basis of

greenhouse gas emissions

Reference number
1SO 20468-2:2019(E)

©1S0 2019


https://standardsiso.com/api/?name=c7c119cdf5932a84c3a47884bc632ba9

ISO 20468-2:2019(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2019

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 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=c7c119cdf5932a84c3a47884bc632ba9

ISO 20468-2:2019(E)

Contents Page
FOT@WONM ... oottt iv
00T 00 X0 ) ot o (0) o VOSSOSO \ 14
1 S0P ... 1
2 NOIFINATIVE TEECI@INCES .........ooooooooeeeeeeeeeoeeeeeeeeeeeeeee oottt ettt ettt e eeeeeese e 1
3 Terms, definitions, and abbreviated teIMIS..............ooceceeeeeeeeeeeeeeeee oo sssssssssssseee 1
3.2 ADDTEVIATEA COITIVS ..o eeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeseseseneeneensanesenersenseeneenee 2
1372 0115 (OSSOSO =2 | IS 3
5 50 11 (00 0] (OSSOSO G =SS SRR 4
5.1 General )
5.2 LS (1= V(<o S (S 4
5.3 COMPIELEIIESS ...t S e | 4
5.4 Consistency ... 4

5.5  Accuracy....... 4
5.6 Transparency

6 Boundary CONAItiONS ... ) S
6.1 LTS5 4 ) ) SO
6.2 Treatment system.................
6.3 Residue management system...
6.4  Auxiliary system.....

7 L0821 U011 ) 1 (1) SO o
7.1 Calculation PrOCEAUIE. ... e et

7.2 Step 1: Establish boundary conditigns of evaluation
7.3 Step 2: Calculate annual amountof reclaimed water
7.4 General descriptions of methodological issues when calculating GHG emissiond for

STEP 310 STEP 6 oo et
7.4.1  Choice of methodto determine GHG emissions ...
7.4.2  Choice of aCtIVItY data ...
7.4.3  Choice of BMiSSION faCtOrS ...
7.5 Step 3: Calculate GHG emissions resulting from energy consumption
7.5.1  Data@CqUiSTHION ..o
7.5.2  Caloulate GHG €MISSIONS. ...t
7.6 Step 4:'Calculate GHG emissions resulting from biological treatment processes|................ 10
7.6 45~ DAta @CQUISTEION ...coooiieiieiieicieiiee e

7¢.2” Calculate GHG emissions
7.7 Step 5: Calculate GHG emissions resulting from consumables and generation offwastes..11

(/2% S D F- v I (o | 1)) L 1 ) o 00O OSSO I 11
7.7.2  Calculate GHG €MISSIONS.....ccc.coovivvoiirrsiresisssisssssssssssssssssssssssssssssssssssssssssssssssessssses | 12
78 Step 6: Calculate GHG emissions reduced through the effective utilization of
resources rncn]ﬁng from the prndnrh'nn ofreclaimedwater oo 12
7.9 Step 7: Calculate total GHG MISSIONS. ... 17
7.10  Step 8: Calculate COyqq €MISSION INTENSIEY . 18
8 Application of CO,., emission intensity in evaluating the environmental
performance of @ treatment SYSTEIN ...............c...iiiiiiiiiietii oot 18
Annex A (informative) Examples of @miSSion faACtOrsS ... 19
Annex B (informative) Example of a worksheet for calculating total GHG emissions........................ 21

Annex C (informative) Example of CO,., emission intensity calculation

BIDLEOZTAPIY . ...t

© 1S0 2019 - All rights reserved iii


https://standardsiso.com/api/?name=c7c119cdf5932a84c3a47884bc632ba9

ISO 20468-2:2019(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 all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The purpose of this document is to define a methodology more specifically for evaluating the
environmental performance of treatment systems among treatment technologies for water reuse
systems, which is covered in Clause 7 “Non-functional requirements” of ISO 20468-1:2018, Guidelines
for performance evaluation of treatment technologies for water reuse systems Part 1 General.

Water reuse has been drawing attention for contributing to environmental protection, as well as
providing solutions for water scarcity. For example, a water reclamation plant plays the additional
role of removing pollutants such as emerging pollutants, pathogens, and toxic elements. Otherwise,

water discharged into the environment can increase health risks and/or have negative
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Typical boundary conditions concerning environrental aspects in water reuse proje
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terins of time and.cests, and therefore lacks practicality at the moment.

In 3
per
of 4
gas

Eystems. Compared to conventional water supply systems, including waterworks consist}i
water conveyance facilities, water reuse systems can save operational energies and r¢
structions. In addition, water reuse can minimize environmental destruction datring dev

rder to establish sustainable water reuse services, while protecting the environment,
uation methods are needed. However, in the international community, there is no commo
sing parameters concerning the environment in evaluations of treatmént technologie

alled, having specialists work out rules and standardizing them through the ISO is more
convenient.

bn discussing evaluations of environmental aspects, firstyofall, two aspects should be d
prises boundary conditions that determine which areasare evaluated. The other is the
hmeter concerned.

ntake, conveyance, treatment, reservoir, distribution, end-use, and final discharg
ironment. Taking into consideration the scope defined in Part 1, this document addresses
ems.

he other hand, evaluation parametersconcerning the environmentattributable to treatme
y widely. For example, reclaimed-water quality having adverse effects on a regional ecos
ind water can be one parameter for evaluation. Another can be the level of soil con
ked by using reclaimed water:Moreover, the degree of noise and vibration from treatme
be utilized for evaluations because of the impacts on the environment. Greenhouse gag
he course of plant operation should also be taken into consideration with more attenti
venting global warmiing. Naturally, a treatment system should be evaluated by taking ix
f these parametersZHowever, an evaluation with so many parameters involves a greaf

formance. of a treatment system using, as a parameter, greenhouse gas emissions in
ystem.operation with the amount of reclaimed water produced. The reason why ¢
emissions have been selected as a parameter is that it is a practical parameter on w
enhouse-gas related standards have been established, such as I1SO 14064-1. It is, however.
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fiew of thé~conditions described above, this document provides guidelines for evaluating the
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to note that this document is not intended to prevent evaluating other environmental parameters of
treatment systems, including those described above, in water reuse projects. If such evaluations are
necessary, other guidelines and/or expert judges should be referred.

The evaluation is also limited to the period during which the treatment system is being operated. This
is because the systems are expected to operate for 20 years or more after construction, during which
greenhouse gas emissions in the course of operation tend to be greater than the level at construction or
when the system is being discontinued.

This document takes a simple and standard approach that can be applied anywhere. Therefore, this
document includes how to estimate greenhouse gas emissions using typical activities, such as energy
consumption or amount of consumables used in operations. In addition, CO,., emission intensity is
defined to evaluate the environmental performance of a treatment system expressed as a value of the

© IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=c7c119cdf5932a84c3a47884bc632ba9

ISO 20468-2:2019(E)

weight of greenhouse gas emissions divided by the amount of reclaimed water produced. As a result,
there is no need to substantially change existing engineering duties. This will alleviate the burden on
engineers.

It is expected that this document will contribute to the development of environmentally responsible
treatment systems.

vi © IS0 2019 - All rights reserved
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Guidelines for performance evaluation of treatment
technologies for water reuse systems —

Part 2:
Methodology to evaluate performance of treatment
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5 document provides guidelines for evaluating the performance of treatmeht'systems on
bnhouse gas (GHG) emissions.

rder to estimate greenhouse gas emissions from a treatment system, this document

ential. The weight of greenhouse gases to be used in an evaluation is equivalent to emiss
ration of a treatment system.

5 document also defines a method for calculating carbon dioxide equivalent (CO,,
nsity, in which GHG emissions are divided by thetvolume of reclaimed water. It also
hod for evaluating the performance of a treatmentsystem using CO,,, emission intensit

Normative references

following documents are referred to<in the text in such a way that some or all of th
stitutes requirements of this document. For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

20670, Water reuse — Vocabulary

Terms, definitions, and abbreviated terms
the purposes of this document, the terms and definitions given in ISO 20670 and the follo
and IEC maintain terminological databases for use in standardization at the following ad

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

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

he basis of

covers the

a]l warming

ons during

emission
includes a
.

Pir content
pplies. For
[s) applies.

ving apply.

dresses:

31
3.1.

Terms and definitions

1

activity data

qua

EXAMPLE

ntitative measure of activity that results in a GHG emission or removal

chemicals consumed.

Note 1 to entry: See Reference [1].
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3.1.2

anaerobic-aerobic activated sludge process
AO process
biological sewage treatment process with a sequence of anaerobic and aerobic (oxic) zones

3.1.3

anaerobic-anoxic-oxic activated process
A20 process
biological sewage treatment process with a sequence of anaerobic, anoxic and aerobic (oxic) zones

3.14

carbon digxide equivalent

COZeq .
conversion
carbon dio

Note 1 to entry: See Reference [2].

3.1.5

carbon di¢xide equivalent (CO,.,) emission intensity

value deter

3.1.6
emission f
coefficient

Note 1 to entry: See Reference [2].

3.1.7
environm
measurabl

3.1.8
greenhou
GHG

carbon dio

Note 1 to entry: See Reference [1].

3.1.9
membran
MBR
treatment

3.1.10
recycled n
RND proc:

of individual GHG emissions or removals into climate impact, identified as tons equivalent of
Kide (COy¢q)

mined by dividing GHG emissions by amount of reclaimed water
actor

which quantifies emissions or removals per unit activity

bntal performance

e results of treatment technologies in envitonmental aspects

fe gas

kide (CO,), methane (CH,), and nitrous oxide (N,0)

b bioreactor

method in which bioreactor and membrane process are combined

itrification-denitrification process
PSS

biological mifrogen removal process utilizing nitrate recycle

3.2 Abbreviated terms

For the purposes of this document, the following abbreviated terms apply.

co,
C0yeq
CH,

N,0

carbon dioxide
carbon dioxide equivalent
methane

nitrous oxide

© ISO 2019 - All rights reserved
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GHG greenhouse gas

AO process anaerobic-aerobic activated sludge process
AZ20 process anaerobic-anoxic-oxic activated process
MBR membrane bioreactor

RND process  recycled nitrification-denitrification process

N/A not applicable

ds dry solid

RO reverse osmosis

GWJP global warming potential
STH sewage treatment plant
ID No. identification number

4 (Symbols

The symbols used in this document are shown in Table 1.

Table 1 —=Symbols

Symbol Unit Description

tons of CO, per year CO, emissions resulting from consumption of enefgy, includ-

,§02,annual ing electricity, fuels, etc.
CH, emissions resulting from consumption of enefrgy, includ-
Eg ¢14,annuan tons of CH, per year. ing electricity, fuels, etc.
N,0 emissions resulting from consumption of endrgy, in-
Eg N20,annual tons of N,0 peryedr cluding electricity, fuels, etc.
Ep dhts annial tons of CHy per year CH, emissions resulting from each biological treafment
(qH4 process
Epl20 ammat tanofN,0 per year N,0 emissions resulting from each biological treatment
020, process
CO, emissions resulting from consumables and ggneration
E¢ d02,annual tons of CO, per year of\gvaste
CH, emissions resulting from consumables and g¢neration
E¢ du4,anmuat tons of CH, per year of \:/aste
E Ao tons of N, per year N,0 emissions resulting from consumables and g¢neration

£ 4+
Ul vwdotlT

Reduction of GHG emissions through the effective utilization
ER co2eq,annual tons of CO,,q per year of resources regulting from the production of reclaimed
water (CO, equivalent)

E1cozeq,annual tons of CO,,, per year Total greenhouse gas emissions (CO, equivalent)
3. :
Icozeq l‘jvifgzeq per m*-reclaimed Carbon dioxide equivalent (CO,,,) emission intensity
0 thousand m3-reclaimed water | Annual volume of reclaimed water produced in a relevant
annual per year water reclamation plant

Amount of energy consumption, including electricity,

1+a
Qe unit fuels, etc.

3 The unitvaries according to the substance concerned. Definitions are given in Clause 7.

© IS0 2019 - All rights reserved 3
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Table 1 (continued)

Symbol Unit Description
Qp; unit?d Amount of treatment in each biological treatment process
Qc.t unit? Amount of consumables and the weight of waste generated
K tons of CO.- per unita CO, emission factor resulting from consumed energy, includ-
ECO2t 2P ing electricity, fuels, etc.
. CH, emission factor resulting from consumed energy, in-
a 4 ’
K cha,e tons of CH, per unit cluding electricity, fuels, etc.
K DD —— N,Q emission factor resulting from consumed energy, in-
E,N20,t 2YP cluding electricity, fuels, etc.
K tons of CH. per unita CH, emission factor resulting from the biological tFeat-
P.CH4,t 4P ment process
K tons of N-O per unita N,0 emission factor resulting from the biolegicdl treat-
PN20,t 27 P ment process
Kccooe tons of CO, per unit? CO, emission factor resulting from consumables and wasfe
K chae tons of CH, per unit? CH, emission factor resulting fromconsumables and wasfe
Kcn2o tons of N,O per unit? N,0 emission factor resulting fromJconsumables and wasjte
Kowpe Global warming potential (GWP)
3 The unif varies according to the substance concerned. Definitions are given in Elause 7.

5 Prindgiples

5.1 General

The follow|ng principles apply to evaluations of treatment systems using CO,, emission intensity.

5.2 Relgvance

The activitjes of treatment systems, which are related to greenhouse gas emissions, should be extra¢ted
in a relevant manner and appropriately‘gquantified.

5.3 Completeness

GHG emissfions during production of reclaimed water should be calculated under conditions in which
other envifonmental requirements (reclaimed water quality, noise and vibration, etc.) of the sysfem
comply with project requirements.

5.4 Congsistency

In order to ensure an effective comparison, as much as possible, data should be acquired accordinfg to
the same methodfromyearto-year—Themethodtobeusedshe se-establishedatthebeginningof an

evaluation

5.5 Accuracy

for the same water reclamation plant.

Data acquisition should be free from bias, as much as possible, while minimizing uncertainty. For
specified methods, refer to Clauses 6 and 7.

5.6 Transparency

The process for calculating the CO,., emission intensity and parameters used, such as emission factors
and efficiency of equipment applied to a system, should be recorded and made available for clarification
when requested.

4 © IS0 2019 - All rights reserved
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6 Boundary conditions

6.1 General

When using this document in an evaluation of the environmental performance of a treatment system,
the boundary conditions of the evaluation should be established according to the relevant project
requirements. To facilitate a comparison of treatment systems, it is essential to define the boundary
conditions of a performance evaluation, taking into consideration the processes of transforming raw
water into reclaimed water and, if necessary, associated facilities inside the water reclamation plant.
Unless otherwise specified, the boundary conditions should be defined referring to the example in

Figlire T. To prevent the performance evaluation ol the treatment system from being mijuenced b
p p y 8 y
the[location of a raw water intake point or distribution of reclaimed water, the boundary ¢gnditions of
the [performance evaluation should be limited to part of the treatment system and asseciat¢d facilities
inside the water reclamation plant. Then, tangible minimum boundary conditions shpuld be ¢stablished
betveen the facility that receives the raw water to produce reclaimed water/and the [prescribed
intdrface point to hand over reclaimed water produced through treatment prgcesses. In addition, the
relgvant system, such as a sludge treatment system, may be included in-the evaluation, faking into
congideration project characteristics.
Raw Water Boundary conditions for evaluation
N T
| Residue management |
I system
| Receiving facility Wastéwater treatment facility |
I Sludge treatment facility I Ut}lities dec.
eElectricity
| | eChemicdls
I Treatment process I ¢Others
A
| ] | — |
I E.m’ Aucxiliary system I
>
I < | Treatment process Other system supporting |
| 3) B treatment system and I
I % residue management I Residues
S system «Sludge
| = (e.g. odor control system) | eWastewater
Treatment process Other wastes
I C I
| I
| Reclaimed water |
I handover facility I
I Administrative butiding I
e Water reclamation plant -

Reclaimed Water

Figure 1 — Example of the boundary conditions of evaluation

© IS0 2019 - All rights reserved 5
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6.2 Treatment system

An example of treatment system refers to a set of water treatment processes inside a water reclamation
plant, in which raw water, such as raw sewage, preliminary, primary, or secondary treated wastewater,
is transformed into reclaimed water. Normally, the treatment system consists of multiple treatment
processes using physical, biological and/or chemical means. Because this document is not intended to
specify the type and order of treatment processes such as A, B, and C in Figure 1, they are to be replaced
with adequate treatment processes according to the relevant project requirements. When evaluating
the environmental performance of the treatment system by applying this document, a treatment
system should at least be included in the boundary conditions.

6.3 Resildue management system

Generally,
handle the

Waste

Sludge]

These facillities may be provided as a part of the project, or treatment work may be assigned to nez

plants alre
boundary
GHG emiss

6.4 Auxi

Systems n
producing

They may be included in the boundary conditions of the evaluation as required.

In principl
production

7 Calculation

7.1 Calc
This clause
Step 1
Step 2
Step 3:

treatment systems generate wastewater or sludge. The following facilities are neede
n:

vater treatment facility(s);

treatment facility(s).
ady in service. GHG emissions from a residue management,system may be included in

fonditions of an evaluation as required. It is essential to spegify clearly whether or not g
ons are included.

liary system
bt included in the treatment system or theiresidue management system, but relats

reclaimed water are taken as an auxiliary system. The example is an odor control syst

e, however, power consumed for lighting, air conditioning, etc. not directly connected to
of reclaimed water is not countedin’the performance evaluation of this document.

ulation procedure

Establish botndary conditions of evaluation (see 7.2);
Calculate“annual amount of reclaimed water (see Z7.3);

Calculate GHG emissions resulting from energy consumption, including electricity, fuels,

describes how te'calculate CO,,, emission intensity. The steps are as follows (see Figurg 2

1 to

rby
the
uch

e to

the

etc.

(see 7.5

Step 4:

NE
>0

Calculate GHG emissions resulting from biological treatment processes (see 7.6);

from the production of reclaimed water (see 7.8);

Step 7:
Step 8:

Calculate total GHG emissions (see 7.9);

Calculate CO,,, emission intensity (see 7.10).

Step 5: Calculate GHG emissions resulting from consumables and generation of wastes (see 7.7);

Step 6: Calculate GHG emissions reduced through the effective utilization of resources resulting

© ISO 2019 - All rights reserved
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l

l

Step 2 Amount of reclaimed water (7.3)
*Quunua ¢ thousand m® -reclaimed water per year

Step 3 GHG from energy consumption (7.5)
*Ep 002.annual | toNs 0f CO; per year

: tons of CH, per year

: tons of N,0 per year

'EE,CH4,annual
.EE,NZO,annual
Step 4 GHG from biological treatment processes (7.6)

*Ejp chaannual | toNs of CHy per year
-

B NGO tons of NpO-peryear

Step 5 GHG from consumables and wastes (7.7
*E¢ c02,annual | tons of CO, per year

*E¢ chig,anmual | tons of CHy per year

*E( N20,annual © tONS Of NoO per year

Step 6 GHG reductions (7.8)

oF : tons of COZeq per year

R,CO2eq,annual

Step 7 Total GHG emissions(7.9)

oF, : tons ofl COZeq per year

T,CO2eq,annual

CO2eq

Step 8 CO,, . emission intensity, (7,10)
eq
o] 1 kg COZeq per m*-reclaimed water

7.2 Step 1: Establish boundary conditions of evaluation

Figure 2 — Calculation procedure

Step 1 is to establish boundary conditions for evaluating environmental performance, while referring

to
7.5,
foll

GHG emissions an@dreduction are divided into four: 1) to 4) of Table 2;

Types of GHGAnclude CO,, CH,, and N,0;

lause 6. The GHG emissions.and reductions within the boundary conditions are calculatgd based on
7.6 7.7, and 7.8. As a rule, activities to be included for the calculation and the GHGs concefned are as
DWS:

To evaluate the environmental performance of a treatment system, it is recommended to[select only
emission'Sources related to the treatment system, excluding administrative buildings.

© IS0 2019 - All rights reserved
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Table 2 — Activities to be calculated

GHG emissions, reduction, Example of principal emissions and reduction in Related
and type reclaimed-water production Subclauses
1) Step 3 GHG emissions| CO, |— Emissions resulting from consumption of|Z5
resulting from energy electricity supplied by a third party
consumption, including CH,
electricity, fuels, etc. — Emissions resulting from heat supplied by a third
N,0 party
— Emissions from diesel engines
2) Step GHG emissions| CH, [— kEmissions resulting from Dbiological water|/6
resulting from treatment
biologjcal  treatment| N0
procegses — Emissions resulting from landfill of sludge
— Emissions resulting from composting of sludge
3) Step § GHG emissions| CO, |— Emissionsresulting from consumption of chemicals{7.7
resulting from
consutnables and| CHy
generdtion of wastes
N,O
4) Step 4 GHG emissions| CO, |— Reduction through effective utilizationef resources|7.8
reducgd through the (biogas, algae, nutrients, etc.)
effectipe utilization
of respurces resulting
from the production of
reclaimed water
Item 1) is cqtegorized as Direct GHG emissions and removals and/or ‘Energy indirect GHG emissions in ISO 14064-1 [see
Reference [1]]).
Items 2) is cptegorized as Direct GHG emissions and removals in\ISO 14064-1(see Reference [1]).
Items 3) is cptegorized as Other indirect GHG emissions and.removals in ISO 14064-1(see Reference [1]).
Items 4) is cptegorized as Other indirect GHG emission$ ahd removals in ISO/TR 14069 (see Reference [3]).
7.3 Step 2: Calculate annual amount of reclaimed water
The annual amount of reclaimed watér produced in a water reclamation plant is calculated (Q,,a1)-

This calcu
available r

of the available reclaimed water in the calculation is that the accurate calculation of CO,., emis
pfined in 7.10-Can be achieved even though the water recovery ratio of the relevant treatnpent

intensity d
system is |

Design

The an

eclaimed water thatymeets water quality requirements. The reason for using the amc

pwer. In principle, the following amounts are calculated:
reclaimed-water amount in the plan stage of treatment system;

hount of reclaimed water integrated by the flow meter or the amount of reclaimed w

ation is conducted not-to obtain the amount of raw water, but to obtain the amount of

unt
bion

hter

tod onthalacic of o Ao cre floz artha oo cbaga of ottt oot aan

calculd

4 1o
LUU VUIT UIIU UAoI1o VlI'lIlIILdouIlIvu 1i1uvv al LIrIc \.Il.l\'l AaAlIvIl a\.us\, vl dalrcdaduirieIIiv J]JLblll-

The unit of Q4 1S thousand m3-reclaimed water per year (1 000 m3-reclaimed water per year).
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7.4 General descriptions of methodological issues when calculating GHG emissions for
Step 3 to Step 6

7.4.

1 Choice of method to determine GHG emissions

The first step is that the amount of GHG emissions is calculated using activity data multiplied by
corresponding emission factors as follows.

GHG emissions = activity data x emission factor

Det

The
pot

7.4

For

hils are described in 7.5, 7.6, 7.7, and 7.8.

second step is to total all GHG amounts calculated above using the corresponding'glob:
bntial, referring to 7.9.

2 Choice of activity data

the convenience, Tables 3, 5, and 7 of this document provide typieal‘activities relate]

reu
ad

the units may be changed while matching them with units of corresponding emission factors
may be conducted by engineers and/or experts appointed in theproject.

In

Can

con

from the amount of feed water.

7.4

Although this document is not intended to set priorities for emission factors to be us
venience, some reference values ofemission factors are listed in Table A.1,A.2,and A.3 corf

con
to ]
Ref
It is
reli
doc
acc

7.5

7.5

Wit

Tables 3, 5, and 7. Other sources of emission factors may be used such as IPCC gui

be projects. However, as they are not exclusive and non-exhaustive;the tables should be f]
ing any necessary activities and/or deleting unrelated activities from them as needed. ]

inciple, activity data are calculated based on the amount of water fed to the treatment syj
 wa1 defined in 7.3 for CO,,, emission intensity is the‘@amount of reclaimed water. This is I
sumption of electricity and chemicals, which are éxamples of GHG sources, is basically ¢

3 Choice of emission factors

brence [2]), guideline for area.concerned, and survey to manufactures regarding special
entrusted to decide which-emission factors are used for a relevant project as long 3

Lument, the same emission factors should be used. Otherwise, the two systems cannot bg
irately.

Step 3: Calculate GHG emissions resulting from energy consumption

1 Dataacquisition

hin, the selected boundary conditions, types of energy, 1nclud1ng electricity, fuels, etd,

1l warming

d to water
inalized by
n addition,
This work

stem while
ecause the
etermined

bd, for the
esponding
Heline (see
bquipment.
s they are

hble. However, when tw0 ¢andidate treatment systems for the same project are compared using this

compared

used are

iderrtifted

+h alcnlatad Lo 314
CITICU; tHe \.Ulloulllytlull IS—Earcuratea—o—att alllluou uaolo, aHt—festures—are—StHnhrat

ized using

Table 3. This work should be completed before calculating GHG emissions described in 7.5.2. As a rule,

the

amount of consumption should be calculated as indicated below.

Design energy consumption at the planning stage of a treatment system.

— The amount integrated on a watthour meter (or any other instrument appropriate for the type of
energy) or value calculated based on measured amounts at the operation stage of a treatment system.

If the consumption calculation method is determined in another way, the method should be clarified.
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Table 3 — Activity data resulting from energy consumption

Amount of
ID No. t2 Activity Unit consumption
Qg
1 Imported electricity MWh/year Qg1
N Other energy Specified by user Qp.n
a  Suffix “t” refers to numbers from 1 to N.

O

7.5.2 Cajewlate-GHG-entissions

GHG emiss
Formulae
factors (Ky

Eg o,

Eg cHa,

EgN20

N

t=1
N

t=1

N

t=1

Table 4 — GHG emission factors resulfing from energy consumption

ons resulting from energy consumption, including electricity, fuels, etc, are calculatedu
1) to (3), with the acquired data (Qg ) shown in Table 3 and the corresponding emis
coz,v K cna, o Kg n20,0» which are entered in Table 4 in advance.

L nnual = ZKE,COZ,t XQE_t [tons of CO, per year]
bnnual = ZKE,CH4,t X QE,II [tOIlS Of CH4 per‘ yeaI‘]

annual = ZKE,NZO,L“ XQg ¢ [tons of N,O per year]

bing
fion

M

(2)

(3)

b Unit reférs to the unit in Table 3.

CO, emission factor | CH, emission factor | N,O emission factpr
ID No. t2 Activity Kg coat Kg cHat Kg n20 ¢
tons of GOy /unit? tons of CH,/unitP tons of N,0/unitY
1 Imported electricity Kedoz,1 N/A N/A
N Other energy K co2.n Kg cnan Kg 20w
a  Suffix “q" refers to numbers from 1 to.N,

7.6 Step

7.6.1 Data acquisition

Within the
amount tr¢
emissions

4: Calculate GHG emissions resulting from biological treatment processes

selected boundary conditions each biological treatment process is identified, and the anpual

carbon in raw water, the contents of Table 5 may be modlfled referring to other suitable guldellnes
such as IPCC guideline. Data acquisition is omitted if no biological treatment processes are utilized in
the selected boundary conditions.

Table 5 — Activity data in each biological treatment process

ID No. t2 Activity Unit Amour;gt treated
Pt
1 Biological sewage treatment thousand m3-feed/year Qp;
2 Landfill of sewage sludge ds-tons/year Qp
a  Suffix “t” refers to numbers from 1 to N.

10
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Table 5 (continued)
ID No. t2 Activity Unit Amount treated
Op;
3 Composting ds-tons/year Qp3
N Others Specified by user Qpn

Suffix “t” refers to numbers from 1 to N.

7.6.

2 Calculate GHG emissions

GH
wit
whi

For
acc

em
lan

F emissions resulting from biological treatment processes are calculated using Formulae
h the acquired data (Qp,) shown in Table 5 and the corresponding emission factors (Kpcy
ch are entered in Table 6 in advance.

the process of decomposing organics into CO,, the CO, generated is not included’in this
brding to the carbon neutral concept (see Reference [2]).

ssions, identifying the amount of biodegradable substances is not ptactical because it v

[4) and (5),

¢ KP,NZO,t)'

calculation

hries in the

AltIough only biodegradable substances in sewage sludge may be countéd in order to calfulate GHG

fill over time. Therefore, in this document, the total amount of sliidge generated is utilized for the

calqulation, assuming that all sludge sent to the landfill decomposes,
N
Ep ciannual = O Kp,chac XQp ¢ [tons of CH, per year] (4)
t=1
N
EpN20,annual = O KpN20, XQp ¢ [tons of N,O per year] (5)
t=1
Table 6 — GHG emission factorsresulting from biological treatment processgs
CH, emission factor | N,O emissjon factor
ID No. t? Activity Kp cHa,t Kpnto e
tons of CH,/unitP tons of N{O/unitP
1 Biological sewagé tiéatment Kpcna g Kpnio,1
2 Landfill of sewage sludge Kpcha,2 N/A
3 Composting Kpcha,3 Kpndo,3
N Others Kpcnae Kpngo,e

Suffix “t” refersto'numbers from 1 to N.

Unit referstolthe unit in Table 5.

7.7

wa

stes

Step 5: Calculate GHG emissions resulting from consumables and generatiTn of

7.7.1 Data acquisition

Within the selected boundary conditions, consumables and wastes resulting from system operation are
identified, and the amount of consumables and wastes generated are calculated and summarized using
Table 7. This work should be completed before calculating GHG emissions described 7.7.2. The chemicals
transported into the water reclamation plant, as well as waste residues transported out of the plant,
may also be considered whenever relevant. Emissions due to waste generation of consumables used
over years, such as membranes, may be amortized by the designated replacement period. Note that,
among the wastes, sludge counted in 7.5 is excluded from this data acquisition.

© IS0 2019 - All rights reserved
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Table 7 — Activity data of consumables and waste generated

Consumption or the
ID No. t2 Activity Unit amount generated

Qc,t
1 Water treatment chemicals tons/year Qc.1
2 Filter media tons/year Qc.2
3 Membrane m?/year Qc.3
N Others Specified by user Qc.n

a  Suffix “t” refersto numbersfrom 1 to N

7.7.2 Ca]culate GHG emissions
GHG emissions resulting from consumables and wastes generated during system, operation |are
calculated psing Formulae (6) to (8), with the acquired data (Q ;) shown in Table 7 and thiejebrresponding
emission fgctors (K¢ co2, ¢ Kc cna o Kc,n20,0> Which are entered in Table 8 in advance.
N
E¢cozhnnual = ZK c,coz,t XQc, [tons of CO, per year] (6)
t=1
N
Eccahnnual = O Kccrar XQc ¢ [tons of CH, per year] (7)
t=1
N
(8)

Ecn2o

t=1

nnual = ZKC,NZO,L“ XQc ¢ [tons of N,O per year]

Table 8 — GHG emission factors resulting from consumables and wastes

CO, emission’'factor | CH, emission factor | N,O emission factpr
ID NO. ta ACtiVity KC,COZ,LL KC,CH4,LL KC,NZO,LL
tons of CO,/unitP tons of CH,/unitP tons of N,0/unitb
Water treatment

1 chemicals Kecoz.1 N/A N/A

2 Filter media K¢ coz.2 N/A N/A

3 Membrane Kcco2.3 N/A N/A

N Others Ke,coz,t Kecuat Kenooe
a  Suffix “Y’ refers to numbers from 1 to N.
b Unit refé¢rs to the'unit in Table 7.
7.8 Step 6:-Calculate GHG emissions reduced through the effective utilization of
resourcesTesulting from the production of rectaimed water

The calculation methods to be used when GHG emissions can be reduced by means of resources
resulting from the production of reclaimed water are shown in Table 9. This calculation may be omitted
if it is expected that no useful resources, such as energy, are produced.

12
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Table 9 — Methods for calculating GHG emissions reduced in various scenarios when effectively
utilizing resources resulting from the production of reclaimed water

Place of use

Considerations in calculating GHG reduction

Resource utilization in a treat-
ment system

Generally, the GHG reduction achieved by effective resource utilizati

within the set boundary conditions. However, it is suggested to confirm how

and where the reduction is counted for accuracy.

Example (see Figure 3):

This example shows that double counting of the GHG reduction should be avoid-
ed. When energy recovered in the RO process makes up for energy used to op-

on appears

erate RO feed pumps, the reduction of power consumed by the RO e
is consequently counted as a reduction of GHG emissions. Accordirg
reduction should not be subtracted from emissions in boundary)con

bd pumps
y, this
litions.

Res
dus

ource utilization in a resi-
management system

Counting the GHG reduction achieved by effective resourceutilizatia
on the boundary conditions set for a residue management’system. A
it is necessary to identify how and where the reductigiis implement
examples are shown as follows.

Example (see Figure 4):

This example shows that double counting of the GHG reduction shou
avoided. When biogas from anaerobic precess, which was installed i

water reuse project, is used as the sodrceto heat the anaerobic digegters, the
reduction of heat amount is counted as the reduction of GHG emissions. Ac-
cordingly, this reduction should n@t be subtracted from emissions inflboundary

conditions.

Note that CO, resulting from combustion of methane derived from b
not included in this calculation according to the carbon neutral conc

Example (see Figure.5):

When the residuesmanagement system is not included in the boundajry condi-
tions of an evaluation, the benefit is quantified as the reduction of GHG emis-

sions (ER 0%sq,annual) @0d may be subtracted from GHG emissions.

n depends
aresult,
ed. Two

d be
h the same

omass is
Ept.

Res
aux

ource utilization in an
iliary system

Based onthe concept of a residue management system

Res

ource utilization at loca-
tioms other than the above

Thebenefit of effective utilization does not appear in the GHG reduc

boundary conditions. Accordingly, the benefit may be quantified as the reduc-

tion of GHG emissions (Eg ¢o2eq,annuat) @and subtracted from GHG emi

Example (see Figure 6):

When energy recovered during production of reclaimed water is usdd in busi-
nesses other than reclaimed water production, the amount of greenljouse gases

equivalent to the amount of supplied energy may be estimated and s
from the emissions from the boundary conditions.

ion in the

bsions.

ubtracted

© IS0 2019 - All rights reserved
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1 RO feed pump

2 RO merpbrane

3 bounddry conditions
4  treatmgnt system

5 water rpclamation plant
a  Raw wdter.

b Recovefed energy.

¢ Reclailfd water.
NOTE In this case, Eg ¢ozeq,anpualis N0t counted in the calculation due to the recovered energy effectively
utilized in the boundary condition$s and the corresponding GHG reduction computed in RO feed pump.

Figure 3. <)Example of resource utilization in the treatment system

14 © IS0 2019 - All rights reserved
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| A |
a | N d e

} 2 3

B 6
Key)
1 |treatment system a_(JRaw water.
2 |anaerobic digester b-" Sludge.
3 |boiler ¢ Biogas.
4 |boundary conditions d  Steam.
5 [residue management system ¢ Reclaimed water.
6 |water reclamation plant
NOTE In this case, Eg ¢ozeq,annbal iS 1Ot counted in the calculation due to biogas effectively utflized in the
bouhdary conditions and the corresponding GHG reduction computed in the residue management syptem.

Figure 4 — Example of resource utilization in the residue management system within the
boundary conditions

© IS0 2019 - All rights reserved
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- ]
| 4 |
a | 1 le
| |
| ;|
) _

b C
L,
2 3 [
) !
6 |

Key

1 treatmgnt system

2 anaerobic digester

3 boiler

4 bounddry conditions

5 residug management system
6  other plant (e.g. existing STP)
NOTE |

boundary c

Figure

16

d

e

5 — Example ofresource utilization in the residue management system outside the¢
boundary conditions

Water reclamation plant
Raw water.

Sludge.

Biogas.

Steam.

Reclaimed water.

In this case, ER ¢g2eq,annual €20-be counted in the calculation due to biogas effectively utilized out of the
nditions and the corresponding GHG reduction not appearing in the boundary conditions.
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treatment system a_(Raw water.
anaerobic digester b-" Sludge.

boundary conditions ¢ Biogas.

residue management system d  To other facilities.

Ul s W N

water reclamation plant ¢ Reclaimed water.

NOTE In this case, E ¢2eq,annual €40 Pe counted in the calculation due to biogas effectively utilizpd out of the
boupdary conditions and the corresponding GHG reduction not appearing in the boundary condition.

Figure 6 — Example of resource utilization at locations other than above

7.9 Step 7: Calcitlate total GHG emissions

Each amount of greenhouse gas (CO,, CHy, N,0) is multiplied by the respective global warmirlg potential
(Table 10),@nd total emissions are determined. However, if the effective utilization of] generated
respurces is achieved within the boundary conditions of the evaluation of a treatment systeijn, due care
shopldbe'taken to prevent duplication when counting the reduction resulting from effective utilization
and the reduction of GHG emissions resulting from energy consumption. An example of a worksheet for
calculating total GHG emissions is available in Annex B.

Total GHG emissions (E1cozeq,annual) @re calculated from Formula (9):

Etco2eqannual = (E E,c02,annual T £¢,c02,annual )X Kgowpcoz +
(EE,CH4,annual + EP,CH4,annual + EC,CH4,annual )X KGWP,CH4 + (9)

(EEN20,annual + Ep.N20,annual + EcN20,annual ) XK awp n20 —

ER cozegannual [tons of CO2¢q peryear}

© IS0 2019 - All rights reserved 17
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Table 10 — Global warming potential of each greenhouse gas

ID No. t2 Parameter Global wa;émingb potential
GWPR,t
co, Carbon dioxide 1
CH, Methane 25
N,0 Nitrous oxide 298

a

Suffix “t” refers to CO,, CH4 and N,0.

b See Reference [3].

7.10 Step

COyeq emis
Ico2eq

A calculati

8 Application of CO,., emission intensity in evaluating the’environmental

perform

The envirg
decreases.

EXAMPLE 1

A water red
the plannin

When therg

each systenh and compared. For example, “COp¢pemission intensity (I¢ozqq) Of treatment system X" less {

“COyq, emis
is higher. Adg

The same egnission factors for treatment.systems to be compared should be used for this application to avoi

evaluation ]
EXAMPLE 2

A water red
system alre

The CO,,, €
numerical t

8: Calculate CO,., emission intensity
sion intensity (I¢ozeq) is calculated from Formula (10) using E ¢ozeq,annual 214 @anndar:

:ET,COZeq,annual / Qannuar K8 COy¢q PET m3- reclaimed water]

bn example is shown in Annex C.

hnce of a treatment system

nmental performance of a treatment system increases:as CO,,, emission intensity (/¢

[amation plant needs to compare the environmental performance of multiple treatment systen
b stage.

are two (X and Y) candidate treatmentisystems, CO,,, emission intensity (Ig,e4) is calculateg

bion intensity (I¢ozeq) Of treatment system Y” means that the environmental performance of systg
cordingly, the system X should be selected from the aspect of environmental awareness.

hat is adversely influenced-by the emission factors used.

lamation plantngeds to develop a benchmark for the environmental performance of a treatn
hdy in service:

) in FY 2016 for a treatment system already in service may be used af

mission intensity Ucozeal 16 for a freat
y operation in .

hrget for'more eco-frien

10)

Zeq)

s at

for
han
m X

H an

hent

the
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Annex A
(informative)

Examples of emission factors

For reference, Table A.1 to Table A.3 illustrates emission factors to be used in the calculation of GHG

EeMISSIeRS:

Table A.1 — GHG emission factors resulting from energy consumption

b No. ta Activity CO, emission factor | CH, emission factor |-N,O emissjon factor
K cozt K cra e Ke npo,e
0,5b
1 Imported N/A N/h
Electricity ton of CO,/MWh

a  |Suffix “t” refers to 1.

b IThis value is the world average electricity emission factor from the dnternational Energy Agency| (IEA). (See
Ref¢rence [4])

Table A.2 — GHG emission factors resulting from'biological treatment procesges

b No. ta Activity CH, emI;ssmn factor N,O0 en;{lssmn fagtor
PCH4, ¢ P,N20,t
) Sewage treatment 6,000 528 74 0,000 142
g‘fﬁg;:%?g?jslgétwatw ton.of CH,/thousand m3-feed ton of N,0/thousand m3-feed
5 Sewage treatment 0,000 528 74 0,000 029 2¢
(AO process) ton of CH,/thousand m3-feed ton of N,0/thousand m3-feed
; Sewage treatment 0,000 528 74 0,000 011 7¢
I()Argt(:)elsjg)clcess ap\BND ton of CH,/thousand m3-feed ton of N,0/thousand m3-feed
A Sewage treatment 0,000 528 7d 0,000 000 5¢
(RND t¥pe MBR) ton of CH,/thousand m3-feed ton of N,0/thousand m3-feed
An&érobic landfill of di- 0,100
5 N/A
gested sewage sludge ton of CH,/ds-ton
6 Semi-aerobic landfill of 0,050 N/A
digested sewage sludge /
1geste g g ton of CH,/ds-ton
a [ v SR £, rs L. £ 1 4+a.0

b Includes all biological sewage treatment processes other than those indicated above.

¢ Includes all biological sewage treatment processes which remove nitrogen to the same level or greater than Anaerobic-
anoxic-oxic process and recycled nitrification-denitrification process, but excludes recycled nitrification-denitrification
membrane bioreactor.

d  In case the sewage sludge treatment is counted in the boundary conditions, the total emission factor for both sewage
and sludge treatment may be utilized for the calculation. The total emission factor is 0,000 876 7 by adding 0,000 348 (ton
of CH,/1 000 m3-feed) for sludge treatment into 0,000 528 7 for the sewage treatment listed above.

¢ In case the sewage sludge treatment is counted in the boundary conditions, the total emission factor for both
sewage and sludge treatment may be utilized for the calculation. The total emission factor is calculated as follows using
0,000 000 6 (ton of N,0/1 000 m3-feed) for sludge treatment. e.g. Conventional activated sludge process with the sludge
treatment: 0,000 142 + 0,000 000 6 = 0,000 142 6 ton of N,0/1 000 m3-feed for the total emission factor.

NOTE See Reference [5].
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Table A.2 (continued)

CH, emission factor N,0 emission factor

ID No. t2 Activit
y Kp chat Kp n20,¢
7 Anaerobic landfill of other 0,133 N/A
sewage sludge ton of CH,/ds-ton
Semi-aerobic landfill of 0,067

3 N/A
other sewage sludge ton of CH,/ds-ton /

0,01
ton of CH,/ds-ton

0,000 6

9 Composting
ton of N,0/ds-ton

a  Suffix “f" refers to numbers from 1 to 9.
b Includeq all biological sewage treatment processes other than those indicated above.

¢ Includeq all biological sewage treatment processes which remove nitrogen to the same level or greatepthan Anaerdgbic-
anoxic-oxic process and recycled nitrification-denitrification process, but excludes recycled nitrificdtion-denitrificafion
membrane Hioreactor.

d In case the sewage sludge treatment is counted in the boundary conditions, the total emissionAfactor for both sewage
and sludge tfeatment may be utilized for the calculation. The total emission factor is 0,000 876_7'by adding 0,000 348 [ton
of CH,/1 00Q m3-feed) for sludge treatment into 0,000 528 7 for the sewage treatment listed @bove.

¢ In case|the sewage sludge treatment is counted in the boundary conditions, thie ‘total emission factor for Qoth
sewage and [sludge treatment may be utilized for the calculation. The total emissiofifactor is calculated as follows ufing
0,000 000 6{(ton of N,0/1 000 m3-feed) for sludge treatment. e.g. Conventional dctivated sludge process with the slydge
treatment: ,000 142 + 0,000 000 6 = 0,000 142 6 ton of N,0/1 000 m3-feed for the total emission factor.

NOTE See Reference [5].

Table A.3 — GHG emission factors resultingfrom consumables and wastes

ID No. t2 Activity CO, emission factor CH, emission factor N,0 emission factgr
Kecozt Ke cha Kenoor
i 0,321b
1 Sodium . N/A N/A
hypochlorite ton of GO5/ton
6,534b
2 Polymer coagulant N/A N/A
tonof CO,/ton
0,318P
3 Ferric chloride N/A N/A
ton of CO,/ton
- 0,405b
4 PACL (Polyaluml N/A N/A
num chloride) ton of CO,/ton
0,938P
5 Sodium‘hydroxide N/A N/A
ton of CO,/ton
i 7,768b
6 Granular activated N/A N/A
carbon tons-ofCorfton
ili 0,029b
- Na.tural 5111Fa sand N/A N/A
(Filter media) ton of CO,,/ton
Membrane main 0,0108¢
8 body (organic 5 N/A N/A
membrane) ton of CO,/m

b See Reference [6].

¢ See Reference [7].

a  Suffix “t” refers to numbers from 1 to 8.

20
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Annex B
(informative)

Example of a worksheet for calculating total GHG emissions

Table B.1 provides an example of a worksheet used for calculating total GHG emissions.

Table B.1 — Example of a worksheet used for calculating total GHG emission§

Greenhouse gas emissions CO,-converted emissions Emissions
reference
for each gas
ed value
tonsof | tonsof | tonsof tons of tons of tons of tons of
CO,/year|CH,/year|N,0/year| CO,/year COz,/ COz¢q/ COyeq/year
year year

Emlissions resulting from energy consumption (see 7.5)

Emjissions from biological treatment processes (see:7.6)

Emjissions resulting from consumables @nd generation of wastes (see 7.7)

Redluction of emissions through effective utilization of resources resulting from the pro-
dugtion of reclaimed water (see 7.8)

Totlal GHG:emiissions
(seg 7:9)
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