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Foreword

ISO (the I
bodies (IS

nternational Organization for Standardization) is a worldwide federation of national standards
0 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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen

ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may
WWwWWw.iso.

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had not reéceived ndgtice of (a)
which may be required to implement this document. However, implemefiters are cautioned that
hot represent the latest information, which may be obtained from the patent database ayailable at
pbrg /patents. ISO shall not be held responsible for identifying any or allystuch patent righty.

Any trad{
constitutd

For an ex

related tp conformity assessment, as well as information about ISO's adherence to the Wo

Organizat

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

This docfiment was prepared by Technical CommitteeISO/TC 282, Water reuse, Subcommittee SC 4,

Industriall

Alistof a

water reuse.

| parts in the ISO 21939 series can be found on the ISO website.

Any feedback or questions on this documenfshould be directed to the user’s national standards body. A

complete

listing of these bodies can be foundat www.iso.org/members.html.
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Introduction

Anaerobic treatment is a common part of industrial wastewater treatment, for example in the food industry.
It is also commonly used in municipal wastewater systems as sludge stabilization, for example anaerobic
digester (AD). Anaerobic digestion is a sequence of processes by which microorganisms break down

biodegradable material in the absence of oxygen.

Anaerobic digestion is widely used as a source of renewable energy. The anaerobic digestion process has

two main products: digested sludge and biogas, consisting of methane, carbon dioxide and trace
contaminant gases.

s of other

The anaerobic treatment can be analysed for its energy consumption, like any other treatment process,

using 1S0[21939-1.[1] The energy consumption in AD is mainly used for mixing and heating system

However,|anaerobic treatment also produces a potential energy resource, namely biogas; that
some or dll of its energy consumption and in some cases end up energy positive. The excess ener]
utilized t¢ produce electricity for other systems in the treatment plant, as indicated imiSO 21939
as aeratign in aerobic processes, which can be the greatest consumers of energy in the-plant.

In biological wastewater treatment, such as activated sludge treatment, a lot of energy is cons

S.

fan offset
gy can be
-1, such

umed for

aeration $ystems such as blowers and aerators, which are needed to supply/oxygen and mixing for the

aerobic pfocess.

To expand I1SO 21939-1,[11 it is beneficial to account for the energy reco{ered and the net energy con

sumption

as a basis|for evaluation and comparison of biological treatment processes for reuse. It is also important to

design and operate efficiency processes to produce and recover thé-highest amount of energy in orj
it as a source for the anaerobic digestion process and other uses)on site or outside the wastewater]

This docyment relies on the following concepts:

— Energy recovery is an operation encouraged in.industrial wastewater treatment for reuse, nj
to its|net energy efficiency, which becomes significant and relevant with high concentrations
mattgr.

— One df the common ways to recover energy from industrial wastewater treatment is by using
digestion.

— The dnaerobic digestion wastewater treatment is characterized by low energy consumption,
geneifation of biogas with a high-calorific value.

— The Hiogas is often used as-an energy source for generation of heat or electricity or a combinati
(combined heat and pewert generation).

— In addition, treated-wastewater at high temperature is sometimes used for heating.

This docyment complements ISO 21939-1,[1] in which the energy consumption for the wastewater
process i quantified. Its purposes are:

der to use
plant.

ainly due
bf organic

hnaerobic

hs well as

bn of both

reatment

— to acqount for energy production, where applicable, in order to obtain a net high energy value;

— toreview different conditions and their influence on the biogas and methane yield;

— to outline possible uses of the biogas which have different actual energy production values;

— todefine general principles for quantification and accounting for energy recovered and provide guidance

on how to integrate these values with the energy consumption of ISO 21939-1;[1]

— to provide general guideline for efficient reuse of biogas for the consumption of relevant systems in

industrial wastewater treatment plants, as discussed in 1SO 21939-1.[1]

© IS0 2023 - All rights reserved

\%


https://standardsiso.com/api/?name=bd672e2464c65f623537cbafe80060a2



https://standardsiso.com/api/?name=bd672e2464c65f623537cbafe80060a2

International Standard 1SO 21939-2:2023(en)

Method to calculate and express energy consumption of
industrial wastewater treatment for the purpose of wate
reuse —

This docujment sets out the general principles for, and provides guidance on, the quantitative charac
of energy|recovery from wastewater and sludge treatment, and how to accountfor this in the tof
consumpftion calculation.

The scop¢g of this document includes:

— a definition of the main energy recovery processes applicable to‘industrial wastewater treaf
sludge treatment for reuse, such as anaerobic digestion yielding'biogas;

— an infroduction to the possible forms of energy generated by energy recovery processes ang

r

Lerization
al energy

ment and

systems,

such ps electricity, steam or heat, and how to account for,intentional wasting or commercial tilization

of biggas;

— guiddnce on the value to be taken into account as’quantification of the energy generated, including the

powelr actually generated on average;
— alimitlevel for contaminated components.in biogas allowed before any utilization;

— princfples to integrate the energy recovery results with the energy consumption in accord
1SO 2{1939-1.1]

Energy pfoduction which is not recevered from wastewater or sludge treatment processes is not v
scope of this document and is netincluded in the calculations and results expressed in it.

2 Normative references

The folloying documents are referred to in the text in such a way that some or all of their content ¢
requiremgnts of this' document. For dated references, only the edition cited applies. For undated r
the latest|edition-of the referenced document (including any amendments) applies.

hnce with

vithin the

nstitutes
bferences,

ISO 2067(), Water reuse — Vocabulary

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 20670 apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

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

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

© IS0 2023 - All rights reserved
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3.2 Abbreviated terms

AD
CHP
FOG
RH

anaerobic digester
combined heat and power
fat oil and grease

relative humidity

4 Energy recovery scenarios from wastewater and sludge anaerobic treatment

o

pl‘OCGSTS

4.1 General

Currentlyl the foremost wastewater treatment process leading to energy production’ from it own by-
products [is anaerobic digestion. Biogas produced as a result of anaerobic digestion for wasteyater and
sludge trgatment contains a large fraction (50 % to 70 %) of methane (CH,), which'ean be utilized in several
ways for ¢nergy production, as described in the following subclauses.

The amoynt of biogas and its content (mainly methane) strongly depends.en the organic content and the
fermentation process: mesophile (temperature range: 25 °C to 45 °C)thermophile (temperatyre range:
50 °C to 6p °C) and the process efficiency.

4.2 Prqcessing biogas from anaerobic digestion

Any procgssing or treatment of gas coming out of the reacfors of the anaerobic digestion resultg in either
recoverinig or directly generating energy.

The energy production, such as electricity, steam or €HP, is introduced in 4.4 to 4.6.

In general, biogas should be handled and process$ed according to I1SO 19388.12]

4.3 Flaring

Excess biggas that is not used to genérate energy is commonly used for combustion by the flare syptem.

By flaring, the greenhouse gas (GHG) effect of direct emissions of methane is reduced, as the flarinlg exhaust
is carbon(dioxide. Methane emissions are 28 times larger than those of carbon dioxide.

See I1SO 22580[3] for more information on the flaring system.

See Clausg 5 for more;information on limitations on the emissions from flaring systems.

4.4 Electricity generation

A processresulting from the generation of electricity may be used for other purposes within the Industrial

area, including production processes or for energy consumption at a wastewater treatment plant.

Generation of electricity and thermal energy by CHP generation systems are performed by a dedicated prime
mover, such as a gas engine, a gas turbine or micro gas or fuel cells.

When selecting the prime mover, attention should be paid to the heat rate (KWh/KWh) of the prime mover

related to

biogas low-heat-value.

4.5 Steam generation

Steam generation is a process in which water is heated to a level at which it is converted into vaporous

steam.

© IS0 2023 - All rights reserved
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4.6 Heatrecovery CHP generation

CHP generation is a process that can recover thermal energy and use it for other purposes (e.g. heating
devices or movement).

The residual heat of the prime mover is utilized to generate hot water for use in the anaerobic process.

When using gas engines, the exhaust and the cooling cycle residual heat may be utilized. When using gas
turbines, the exhaust residual heat may be utilized. When using fuel cells, the cooling cycle residual heat
may be utilized.

Upon utilizing 100 % of the residual heat, the total efficiency (electricity and thermal) should be at least
80 %.

When selg¢cting the prime mover, attention should be paid to the heat rate (KWh/KWh) of the prime mover
related to| biogas low-heat-value.

The CHP generation system should contain:

— a gas|feeding system or gas train that stabilizes the gas pressure and fluctuarnces to suite the prime
movey;

— aprihe mover gas engine, gas turbine or fuel cell;

— aconjprehensive balance of plant (BOP);

— aconfrol system;

— heat ¢xchangers to utilize the residual heat from the exhaust'gas and the cooling water;
— agrid synchronization system, high-voltage and low-yoltage panels;

— atransformer.

4.7 Discharge of raw or processed gas for.offsite use

Dischargg of either raw (untreated) or processed (treated) gas from an anaerobic reactor as AD may be
transferr¢d for usage in a different location:.

5 Guidelines for handling data on energy recovery

5.1 General

This clauge offers guidance on the estimation of energy recovered from a wastewater treatmenlt process,
which car encounter\the following complications:

— variaple caenditions resulting in variable gas production capacity and quality;

— interitbent operation of the energy recovery system, such as a high-capacity gas generator joperating
intermittently or periodically by feeding from a gas storage system;

— limited availability or reliability of some of the data.
5.2 Limitation of contaminated components and impurities in biogas

5.2.1 Limitlevels for trace substances and impurities

As produced biogas contains contaminated components that can damage the utilizing systems (gas engine
or turbine, boiler), biogas should be cleaned and treated before any utilization.

© IS0 2023 - All rights reserved
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Table 1 shows some of the most commonly contaminated components in biogas and trace substances and
impurities value limitations after cleaning and before utilization.

The values in Table 1 should be used only for pre-engineering. Before the actual biogas utilization, the exact
contaminating target values should be received from the utilizing systems (gas engine or turbine, boiler)

manufacturer.
Table 1 — Biogas limit levels for trace substances and impurities
Designation Chemical formula i\fla)_(lmpm Units Notes
imitation
<c00 When actn_/e carbon
SystenTis uged
Totgl sulfur S <200 mg/10 KWh When ca.rbon N )x?de (CO)
catalytic convertqr is used
<20 When fqrmaldehy ie_[CHZO)
catalytic convertdr is used
<200 When actn_/e carbon
system is uged
Halogen Compounds Total Cl +2xF mg/lO KWh When carbon dipxide or
<20 formaldehyde catalytic
convertor is fised
Anjmonia NH; <50 mg/1’KWh —
When carbon dipxide or
Volatile organic <0,02 formaldehyde catalytic
soluble carbon Si a convertor is ngt used
i
(VOsS ) as total When carbon dipxide or
sflicon <0,0005 formaldehyde cjtalytic
convertor is fised
Relative humidity <80 —
(RH) of the gas at the o ]
entrance|to the prime <50 0 When active carbon
mover system is used
a  For lufrication oil indicator calculation, consult’the prime mover manufacturer.

52.2 G

The folloy
allow effi

— Sulfu
of the
flows
(rejed
the sq

as cleaning systems

ving are the main gas dleaning systems which should be used to reduce the following elg

Cient use of the biogas:

I content: a biological desulfurization scrubber unit is used, where biogas enters at t}

scrubberand flows upward, with an addition of a small percentage of ambient air. T|
throughtplastic packing trays which are sprayed from the top downwards with nutrient-1
t water.from the manure digesters). The nutrient-rich water is continuously recirculate

rubber to enhance the growth of sulfur-utilizing microorganisms.

ments, to

e bottom
he biogas
ich water
1 through

— Water content: biogas flow from anaerobic digestion if rully saturated at RH = 100 %. To remove this
excess water, a gas cooling system should be installed to cool the biogas to 4 °C to 6 °C.

— Silicon content: an activated carbon vessel should be installed to absorb the silicon from the biogas. The
activated carbon should be replaced upon reaching its maximum silicon absorption according to the
manufacturer's instructions.

5.2.3 Limitations on emissions from flaring systems

Table 2 shows a guideline for the limitation of emissions from flaring systems.

The limitation values of emissions from flaring systems as indicated in Table 2 should be taken into account.

© IS0 2023 - All rights reserved

4


https://standardsiso.com/api/?name=bd672e2464c65f623537cbafe80060a2

ISO 21939-2:2023(en)

Table 2 — Typical limit levels for flaring exhaust emissions

Designation Chemical formula Maximum limitation Units

Carbon monoxide co 50 mg/Nm3

Nitrogen oxides as
nitrogen oxides

NO, 150 mg/Nm3

Total organic carbon TOC-C 10 mg/Nm3

Non-methane
organic compounds

NM-VOC 5 mg/Nm3

For more information see 1SO 22580.[3]

5.2.4 Djata and information required for the calculation of biogas yield

The following data and information should be used for the calculation:

Biogas yi

total faily or yearly wastewater flow (m3/day, m3/year);
dry matter content in waste flow (%);
orgaric content in dry matter (%);

biogals yield per tonne (m3/tonne).

calculatidns, see the values in Table 3.

5.3 Wastewater treatment plant energy uses

For the mpin energy uses in wastewater treatment plants, see Annex A.

Detailed ¢

5.4 Acqounting for variable conditions

5.4.1 General

The effic

parametejrs such as:

orgarjic content of sludge;
volat}le suspended’solids (VSS) content;
total polids cencentrations in the feeding sludge;

COD ¢ontent in the feeding sludge;

V2 =Pk

bld may be simulated and calculated in a dedicated labaeratory process. As a basis fo

lectrical consumption calculation should be performed for each wastewater treatment g

ency of the biogas and methane (CH,) production from the anaerobic digestion de

" primary

lant.

pends on

fat oilamdgrease (FOG)Tomtent;

solid retention time (SRT), i.e. the time a particle spends in the digester;

the shape of the digester, for example egg shape or flat floor, and the mixing systems in the digester;

the type of sludge according to Table 3;
process temperature: mesophilic range, 25 °C to 45 °C; thermophilic range, 50 °C to 65 °C;

operational parameters: pH, alkalinity, volatile fat acid (VFA), VFA/alkalinity ratio.

© IS0 2023 - All rights reserved
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5.4.2 Typical values for preliminary design

Table 3 shows typical values that should be considered for the preliminary design of the volatile solids
reduction (VSR) and biogas production in the anaerobic digestion process, for different kinds of feed stock
for the mesophilic process. For design parameters, the biochemical methane potential (BMP) test may be
considered, see [SO 19388.[2]

Table 3 — Biogas production?

Feed stock Methane yield Methane yield VSR
(litre CH,/kg VS destroyed) (litre CH,/kg VS fed to digester) %

Primary sludge 660 360 55

Waste actjvated 625 250 40

Food waste 650 560 80

FOG 980 880 90

Key

VS volatilg solids

a  Modifipd from Reference [4].

6 Qua

6.1 General

Primarily
energy re

The calcufation can be done for any chosen period, for example a day or a month.

6.2 Ele

For quant
Epg =
where

Egg
CH,

Fgg

LHV

ntifying the power generation for each energy recovery scenario

the power generation, in terms of energy per unit.bime, should be calculated for the
covery system.

ctricity generation
ification of electricity generation, sée Formulae (1) and (2):
CHy - Fpg -LHVcy4

is biogas energyavailability in KWh;
is CH, inthe biogas as a ratio of the biogas;
is biggas flow in Nm3;

L4 A18CH, low heat value content in KWh/Nm3.

b relevant

(D

E=F

where

E
H

NOTE

LL
G 11

is electricity generation in KWh;
is prime mover heat rate in KWh/KWh or %.

E is subjected to prime mover tolerances/efficiency.

For examples of calculations for Formulae (1) and (2), see Annex B, Clause B.1.

© IS0 2023 - All rights reserved
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6.3 Steam generation

For quantification of steam generation, see Formula (3):

Befr
Stg = Epg-— (3)
D3
where
Stg is steam generation;
B is boiler efficiency in %;
Dy 3 is enthalpy gap, the enthalpy needed to heat up the water from liquid (temperatufé)|pressure)
to steam (temperature, pressure), in KWh/g.
NOTE B¢ can be confirmed by the manufacturer (normally 96 %).

For an example of a calculation for Formula (3), see Annex B, Clause B.2.

6.4 Heatrecovery (hot water)

For quantfification of heat recovery, see Formula (4):

Begt
H.yg TEpg - — (4)
Dy
where
Hyyq is hot water generation;
Dy, is enthalpy gap, the enthalpy needed to-heat up the water from a certain temperature of pressure

to a higher temperature or pressure;/in KWh/g.

For an example of a calculation for Formula\(4}, see Annex B, Clause B.3.

6.5 CHP generation

A combinption of generation of eléctricity and utilizing the residual heat to produce thermal energy. For
generatiop of electricity, see 6/2.

For generption of thermal‘ehergy to hot water, cooled water or steam, see Formula (5):

Ty = Bresidual *Eeff (5)
where
Th iD thc1 1ua} CIITT sy ill }(‘VAV’h,
E osiqual 1S residual energy availability from a gas engine or fuel cell cooling cycle in KWh, according to
manufacturer data [defined by temperature (°C) and flow rate (m3/h)].
Eog is heat exchange efficiency (or exchange rate) in % or KWh.

For an example of a calculation for Formula (5), see Annex B, Clause B.4.

© IS0 2023 - All rights reserved
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7 Expression of energy production and integration with energy consumption
calculations

Integration of energy production with energy consumption includes two main stages:
a) For net energy consumption, see ISO 21939-1.[1]

b) The energy production should be subtracted from the energy consumption.

© IS0 2023 - All rights reserved
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Annex A
(informative)

Main energy uses in wastewater treatment plants

The following are the main energy uses in wastewater treatment plants:

aeration (58 %);

pump
anae
sludg
clarif]

build

ing (12 %);

obic digestion (12 %);

e thickening and dewatering (5 %);

jers, pre-treatment, such as grit removal, disinfection of the system, chlorination (5 %);

ng, lighting, other (8 %).

© IS0 2023 - All rights reserved
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Annex B
(informative)

Examples of calculations

B.1 Example of calculation for Formulae (1) and (2)

If:
CH,=60
Fpc =850
LAV =
H=41,19
Then:
according
Ep;=0,6
according

E=0411

0=0,6

Nm3

11,05 KWh/Nm3

b (according to 1SO 3046-1)5!

to Formula (1), Eg; = CH, x Fgg x LHV s
x 850 Nm3 x 11,05 KWh/Nm3 = 5 635 KWh (thermal)

to Formula (2), E = Eg; x H
< 5635 KWh =2 315 KWh (electrical)

B.2 Example of calculation for Formula (3)

If:
Ege=0,6
Begr=961
dhy =278
Then:
Sig=5 63

k 850 Nm3 x 11,05 KWh/Nm?3 = 5-635 KWh (thermal)
0

0 KJ/Kg (saturated steam) — 250 K]/Kg (hot water) = 2 530 KJ/Kg = > 0,702 KWh/kg

5 KWh x 0,9670;702 KWh/kg = 7 706 kg

B.3 Exampléof calculation for Formula (4)

If:

Ep;=0,6 x 850 Nm3 x 11,05 KWh/Nm3 = 5 635 KWh (thermal)

dh, =375
Then:

K]J/kg (hot water) — 250 K]J/kg (cold water) = 125 K]J/kg = > 0,034 7 KWh/kg

H,,, =5 635 KWh/0,034 7 KWh/kg = 162 391 kg

B.4 Example of calculation for Formula (5)

If:

© IS0 2023 - All rights reserved
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