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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The 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

Biological wastewater treatment is a major process step in many cases of industrial wastewater
treatment for reuse.

In the field of biological wastewater treatment, the energy consumption of the process is commonly
normalized in order to account for difference in flow and concentration when comparing different
treatment options. For example, energy consumption is reported per unit volume of wastewater treated

(e.g. kWh/m3) or per unit of pollutant removed BODs (e.g. kWh/kg BODs), TN (e.g. kWh/kg TN).

Thgdisadvantages and Hmitations of these Mmadicators Inciude:
Neither of the existing indicators are agreed to and accepted as a standard in the indust
They do not provide means to compare nitrifying processes to non-nitrifying proecesses

There is no differentiation between design values and measured values, ahd’there are n
methods to obtain the indicator for each case.

And
per

ther approach is to report on the results from standard tests in water as oxygen transf
unit energy consumed (e.g. kg 02/kWh).

The disadvantages and limitations of this type of indicator include:

It is less convenient for the market to apply to its cases,(for example because not all re1
oxidation, some is by metabolic consumption);

It only considers oxygen transfer equipment orprocesses able to dissolve oxygen in w
does not apply to all biological treatment processes (such as rotating biological contactoy
trickling filter (TF)).

The
cor

se issues are discussed in the literature) which compares results expressed in differen
respondingly provides contradictingsindications (see References [4], [5] and [10]).

Therefore this document aims to create a quantitative measure for universal characteriza
enefgy consumption for aerobie.biological wastewater treatment systems. Such standardi
benkefit engineers in specification of systems and comparison of systems. The need arises e

conpideration of life cycle costof a wastewater treatment system.

NOTE1 Normalized €nergy consumption of wastewater treatment systems typically decy
incrieasing size of the~system, mainly due to higher efficiency of larger electromechanical equipn
punpps and blowers. Thus, large wastewater treatment plants will have lower normalized energy c
than small wastewater treatment systems. In order to neutralize the influence of plant size in co
energy consumpgtion, a correlation such as published by Silva, C., et al. (see Reference [11]) can be used
of this document.

'y,

o standard

Pr capacity

moval is by

hter, which
(RBC) and

[ ways and

tion of the
zation will
pecially in

eases with
ent such as
pnsumption
mparison of
,regardless

NOTE 2% _‘“Higher effluent quality requirements are generally associated with higher normal
congumption. Typically, normalized energy consumption will be compared for similarly performi

zed energy
g systems.

However, it is possible, for example, to present the normalized energy consumption for different treatment
qualities as such.

NOTE3  This document quantifies the energy consumption, regardless of treatment efficiency that can vary

for different types of wastewater. Treatment efficiency might typically be characterized by retention time and/or
volumetric loading rate and/or volumetric removal rate or other indicators which are not part of this document.
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A method to calculate and express energy consumption
of industrial wastewater treatment for the purpose of
water reuse —

Part 1:

Bi

Thi
cha
doe

Scope

racterization of the energy consumed by industrial biological wastewater treatment

any|other consideration in the selection of a wastewater treatment system.

Thi

5 document includes the following sub-systems of biological treatment system:

Biological reactors, which might be suspended growth~or/fixed film processes or a c
thereof, and can include anaerobic, anoxic and/or aerebic tanks and/or zones.

clarification of the water before discharge to downstream processes, which can also
return of a the separated solids as sludge back:to the biological reactor.

Any pumps, blowers and mixers for water circulation, mixing and air supply in and b
sub-systems listed herein.

Heating or cooling of the water fortreatment.

if document does not include the following subsystems of the biological treatment systen:

Wastewater feed pumps.

primary treatmeht-processes, such as but not limited to, screening, sedimentation, di
flotation, chentical oxidation, oil separation.

Post-treatiment processes, such as but not limited to, disinfection, desalination, ion exchal
treatment’and handling systems.

Sitelighting or any energy consumption involved in office operation.

t et —

5 document sets out the general principles for, and provides guidafnee’ on, the quantitative

systems. It

S not aim to characterize the treatment pollutants removal performance or process rgliability or

mbination

Solid-liquid separation processes such as sedimentation, flotation, or membrane filtratign, used for

nvolve the

btween the

Pre-treatment system's, which for the purposes of this document also include preliminary and

ssolved air

Inge, sludge

Energy recovery Irom processes such as anaerobic reactors producing biogas.

Filtration processes, which are sometimes part of the biological treatment process and at other times
part of the post treatment, are referred to separately within this document.

2

Normative references

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

ISO

©IS

20670, Water reuse — Vocabulary
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3 Terms and definitions, symbols and abbreviated terms

3.1 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 20670 and the following apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

3.2 Sympols and abbreviated terms

A20 anaerobic-anoxic-oxic wastewater treatment process

Bardenphqg a process for biological nutrient removal developed by James Barnard of South Affica
in the 1970’s

BODs bio-chemical oxygen demand (5 days) concentration or load, hg/1 or kg/d, respectiyely

COoD chemical oxygen demand concentration or load, mg/lorkg/d, respectively

DAF dissolved air flotation

DO dissolved oxygen

DGF dissolved gas flotation

MBR membrane bio-reactor

MLE modified Ludzack Ettinger process of wastewater treatment

NEC normalized energy consumption, kWh/kg

NOs3-N net oxidizable mass xémoved

TN total nitrogen condentration or load, mg/1 or kg/d, respectively

UCT University-of €ape Town process of wastewater treatment

VIP VirginiaJnitiative Plant process of wastewater treatment

VFD vdriable frequency drive

RBC rotating biological contactor

TF triektngfiter

TKN total Kjeldahl nitrogen concentration or load, mg/1 or kg/d, respectively

VSS volatile suspended solids

4 Expression and normalization of energy consumption

4.1 Energy consumption indicator

Following are details and explanations of values needed for later calculations in 4.2.

2 © IS0 2019 - All rights reserved
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4.1.1 Normalized energy consumption shall be expressed in terms of energy per net oxidizable mass
removed.

4.1.

2 The net oxidizable mass removed (NOR) shall comprise of

COD removed,
TKN removed,

Nitrate created (or subtraction of nitrate removed).

4.1
the
Ref

3 Constituentsincluded in the indicator shall be factored for their oxygen demand value:
following factoring principles shall be applied, based on the references indicated imAhn
prences [1], [2] and [5].

COD removed shall be multiplied by +1,0.

In design, COD concentration in the sludge shall be calculated on theybasis of VSS coj
multiplied by 1,42 (References [8], [12], Annex A); the VSS concentration in the sludgg
calculations in this document, shall be the same as the value for’ViSS concentration in
taken in process design. Process design values for sludge compesition can be calculated
to conventional design procedures (Reference [8], Annex A),

TKN removed shall be multiplied by +1,71 (corresponding to oxidation to nitrogen gas re
the chemical pathway).

NOTE The fraction of TKN which was not reducedto zero-valence nitrogen is accounted f
and nitrite, with the multipliers as specified below.

In design, TKN concentration in the sludgeé’shall be calculated as 12 % of the VSS, o
described above for COD calculation.

Nitrate nitrogen removed or produg¢eéd shall be multiplied by -2,86 or +2,86, respectivel

Nitrite nitrogen removed or prodiuiced shall be multiplied by -1,71 or +1,71, respectively.

Specifically
bx A and in

jcentration
, taken for
the sludge
according

gardless of

r as nitrate

n the basis

4.1}/4 Removed mass for edch constituent in the NOR shall be calculated as: constituent Joad in the
inlett subtracted by constituent load in the outlet of the system as shown in Formula (1), whefein load is

defined as the concentration multiplied by the flow rate.

4.1
be

typ

4.1

wverage dailyflow. Attention should be paid to use results which do not significantly d¢
cal values; see for example existing wastewater sampling standard ISO 5667-10.

6 <The indicator shall be expressed in metric units as follows: kWh/kg NOR.

5 Concentration’'and flow used for load calculation shall be representative samples, andl flow shall

bviate from

4.1.7 All calculations and factors shall refer to metric units, and specifically concentrations in g/m3
and flow in m3/d.

4.1.8 Actual average daily power consumption in kW shall be used for the calculation of the normalized
energy consumption. The power consumption should be measured by electricity power meters as
required, installed on the mains of all the components included in the biological treatment system as
defined in 5.2.

4.1.9 Itshall be noted if all values are measured in an actual operating plant or calculated theoretically
according to design.

© IS0 2019 - All rights reserved
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4.1.10 It should be noted in addition, what type of wastewater the result is associated with, referring to
ISO 22447.

4.1.11 The energy consumption in terms of NEC may be calculated for any of average/typical or peak
conditions. It shall be noted alongside the result when energy consumption is calculated for peak
conditions.

4.2 Calculation

The basic formulae for calculating energy consumption of a biological wastewater treatment system
process shall be as follows:

LRi = Qinﬂuent 'Ci,inﬂuent _Qefﬂuent ‘Ci,efﬂuent _Qsludge 'Ci,sludge)/l 000 (1
where
Q is the average daily flow through the biological treatment, m3/d;

Qinfluept is the influent average daily flow through the biological treatment, m3/d;
Qefflueft is the effluent average daily flow through the biological treatment, m3/d;
Qsludgd s the sludge average daily flow through the biologicalreatment, m3/d;

Ci is the concentration of constituent i, and specifically:
COD or TKN or NO3-N or NO2-N or DO, all in mgy/},

LR; is the daily load of constituent i, removed kg/d.

NOTE Regarding average daily flow through the pijological treatment — flow and all concentrations| are
without (excluding) any circulations but with (including) return streams such as filter backwash and rgject
water from [sludge handling operations. In other.wlords: the flow and concentrations taken for calculation of LRi
need to inclfide return streams from backwash of filters and sludge handling.

NOR=|[.Rgop 1,0+ LRygy -1,71- ERyo,, . 2,86~ LRyo,, . *1,71= LRpg -1,0 )

where NOR is the net oxidizable'mass removed, kg/d.

W -24

NEC =——
NOR

(3)

Example calculations)of Formulae (1), (2) and (3) are shown in Table B.1, Table B.2 and Table B.3.

5 Companents contribution to the energy consumption

5.1 General

It is common in engineering design calculations to take different safety factors according to experience
or recommendations from the literature. In all design calculations of NEC as part of this document, a
safety factor of 1.0 shall be taken (i.e. no safety factor).

5.1.1 Steady state conditions

Measurements shall be performed at conditions where there is no positive or negative accumulation
in the system. In order to avoid erroneous reporting of transition phase results as representative, the
general conditions of the system should not be monotonously changing over the period of measurement,

4 © IS0 2019 - All rights reserved
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but rather constant or fluctuating around an average value. Generally, the fluctuations of the system
over the period of measurement should also be normal and not reflect irregular instability.

5.1.2 Consideration of flow rate

A representative flowrate shall be taken for daily load removed (LR;) calculations, corresponding to the
average pollutant concentrations taken for the same calculation. The representative flowrate shall be
one of the following:

— Actual quantity (water volume fed to the system) per relevant unit of time;

— |Design quantity (water volume fed to the system) per relevant unit of time;

The relevant time for a system shall be the most suitable for the system of the following:
— |One day;

— | The hydraulic retention time;

— |One full cycle of operation.

The above is suitable for calculation of both continuous and batch ptrocesses.

Floyv data shall be collected or considered for the same time period as pollutants concentrations data in
calqulation of the daily load removed (LR;).

Flu¢tuating and variable conditions in measurement of-an operating system should be copsidered in
selgction of averaging periods. See also remarks in 5.1¢l regarding fluctuating conditions.

5.1/3 Calculation of variable consumptions

Calgqulation of the energy consumption of variable frequency drives (VFD) or intermittently operated
equiipment e.g. in the design of a system.should be based on average values.

5.144 Accounting for addition of.oxidizing chemicals

Addition of oxidizing chemicalstsuch as pure oxygen or nitrate shall be reported alongside|the result.
Ideally, the oxidation capacity’ of added chemicals needs to be deducted from the NOR because the
oxidation is performed chemically.

—_-

NOTE Inclusion of the added oxidizing chemicals load to the NOR will be considered in future jparts in the
ISO 1939 series.

5.1/5 Physico-chemical separation pre-treatment processes

Phyfsico-chemical separation pre-treatment processes are not included in the system| therefore
conpentration of all constituents included in the NOR should be taken after such pre-tregtment. For
exampte—screens,dissotved—airflotatiomramdprimmary clarifrersare mot-inchoded—imtire—system for
the purposes of this document. The rationale for this exclusion is that the pre-treatment operations
do not remove any oxidation requirement, they only separate and discharge part of it. Inclusion of
these operations will be an unnecessary complication, requiring subtraction of the load discharged as
screenings from the NOR.

The same applies to solids accumulating pre-treatment systems such as settling ponds or chambers that
are periodically emptied. However, in this case special attention should be given to water composition
at the outlet of such systems, which might be different than at the inlet due to digestion and hydrolysis
processes.

© IS0 2019 - All rights reserved 5
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of system components

5.2.1 General

The energy consumption of the components of a wastewater treatment system listed in 5.2.2 to 5.2.8
shall be included in the calculation or measurement of the normalized energy consumption.

5.2.2 Ae

ration and combined mixing and aeration equipment

All electrically driven blowers, compressors, surface aerators, aspirators, etc., including RBC drives,

serving th

5.2.3 Mi

Any type o

of the biolg

524 So

biotogicat treatment SyStenT as aetimed I the Scope of TS dOCUuTent.
King

f mixers and agitators drives, as used in anaerobic and anoxic sections or in aepation sect
gical treatment system as defined in the scope of this document.

id-liquid separation

ons

The sludg¢ raking and scum skimming system drive of all biological treatment and intermedjate

clarifiers, quch as in contact stabilization processes. The compressors, ciréulation pumps and skimnping

systems of DAF or DGF processes. Any other such electromechaitiical units serving solid-liquid

separation|serving the biological treatment system as defined in thé€’scope of this document.

Electro-mgchanical systems directly associated with the operation of the membranes in membifane

bioreactor|(MBR), such as suction pump, backwash pump_orZchemicals pump. The value obtained for

MBR shall pe reported as “including tertiary filtration”.

Tertiary filtration post a solid-liquid separation unit ma¥y be reported as part of the total process engrgy

consumptipn. In that case,

— the fegd pumps, backwash pumps and air s€ouring compressors of media filters shall be includeld in
the calculation,

— the reqult shall be reported as “including tertiary filtration”.

5.2.5 Internal circulation pumping

All pumps [for circulation ofuniked liquor within the biological treatment system, such as in the 420,

MLE, BARIDENPHO, UCT, [P/and other processes circulating mixed-liquor in order to perform mixing

or/and dentitrification.

5.2.6 Cigculationof settled sludge

All pumpinjg-ofssludge from any clarifiers or membrane separation processes that are included in|the

scope of this-document

5.2.7 Other pumping

For example, trickling filters recirculation.

5.2.8 Air driven pumping and/or mixing

Air driven pumping and/or mixing of any of the above components, by means such as airlifts, is included

in aeration

i.e. accounted for as part of aeration energy.

© ISO 2019 - All rights rese
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6 Factoring of different process conditions

6.1 General

The following adjustment formulas are based on the references indicated in Annex A.

6.2 Temperature adjustments

NEC shall be reported at the temperature of the design or measurement used for its calculation.

whyd

0 OIT O W OT OTEIT0 Tergy CONSUI

11d be corrected to any other temperature using the following common oxygen transfertg
rection formula:

NECy, =NECy, -1,024{"27"0)

bre T1 is the design or measured water temperature and T? is the corrected temperature

NOT

Ex

6.3

NE(
cor

whg

Example calculation to Formula {5)-is shown in Table B.2.

6.4

Acc
by
ISO

of s:lrn;plicity and because most of the energy is consumed for aeration.

E The temperature correction is applied to the entire NEC rather thafijust the aeration part

ple calculation to Formula (4] is shown in Table B.2.

Barometric pressure adjustment

shall be corrected to 1,0 atm (760 mmHg) by using-the following common oxygen transf
‘ection formula:

NEC
NEC1qm ="/,

bre P is the design or measurementbarometric pressure at the site, atm.

Type of wastewater

punting for differént wastewater sources shall be by disclosing the type of wastewa
he system. For‘example, a NEC result for food and beverage wastewater. For the cla
22447 should be used.

ption, NEC
mperature

(4)

allin oC.

for the sake

P pressure

(5)

fer treated
ssification,
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Annex A
(informative)

References to formulae and calculations

A.1 Calculations of VSS concentration in the sludge in 4.1.3 are taken from:

Metcalf an|
McGraw-H

Takécs, 1.,
IWA World]

A.2 Calcy

Metcalf &
McGraw-H

Takacs, 1.,
IWA World]

A.3 Calcu
section 4.1

Metcalf an|
McGraw-H

A.4 Calcy

Metcalf an|
McGraw-H

A.5 Calcl

Metcalf an
McGraw-H

d Eddy (2014) Wastewater Engineering: Treatment and Resource Recovery, 5th Edit
1, New York, pp. 720-722

hnd P. A. Vanrolleghem, "Elemental balances in activated sludge modelling" Proceeding
Water Congress

lations of COD and TKN content of VSS in 4.1.3 are taken from:

Eddy (2014) Wastewater Engineering: Treatment and Resource’ Recovery, 5th Edit
1, New York, p. 587

hnd P. A. Vanrolleghem, "Elemental balances in activated‘sludge modelling" Proceeding
Water Congress

lations of nitrification and denitrification oxygen,and organic substrate requirement
3 are taken from:

d Eddy (2014) Wastewater Engineering: Tfeatment and Resource Recovery, 5th Edit
1, New York, pp. 622-623, 635-638

lations of temperature adjustment:factoring for Clause 6 are taken from:

d Eddy (2014) Wastewater Ehgineering: Treatment and Resource Recovery, 5th Edif
1, New York, p. 422

lations of barometri¢pressure factoring for Clause 6 are taken from:

d Eddy (2014) Wastewater Engineering: Treatment and Resource Recovery, 5th Edit
1, New York,p. 420

ion,

s of

ion,

s of

in

ion,

ion,

ion,
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Annex B
(informative)

Example calculations

Table B.1 — Numerical example for NEC calculation from measured plant data,

including factoring for temperature and pressure
No. Parameter Value | Units | Source

Flows

1 Qinfluent 52,5 m3/d  |daily totalizer reading, ayerage 5 days

2 Qsludge 1,3 m3/d daily totalizer reading, average 5 days

3 Qeffluent 51,2 m3/d calculation Qinfluent-Qéludge
COD concentrations

4 Cinfluent, COD 480 mg/l |Average of 5-daily analyses

5 Ceffluent, COD 25 mg/1 Average‘f 5 daily analyses

6 Csludge, VSS 7,450 mg/1 Average/of 5 daily analyses

7 Csludge,COD 10,590 mg/1 Calculated as 1,42:Csludge,VSS
TKN concentrations

9 Cinfluent, TKN 58 mg/H " |Average of 5 daily analyses

10 Ceffluent, TKN 7,0 mg/1 Average of 5 daily analyses

11 Csludges TKN 632 mg/1 Average of 5 daily analyses
NOs3-N concentrations

12 Cinfluent, NO3-N 1,0 mg/1 Average of 5 daily analyses

13 Ceffluent, NO3-N 2,0 mg/1 Average of 5 daily analyses

14 Csludges NO3-N 2,0 mg/1 Assumed same as effluent
DO concentratipns

15 Cinfluent, DO 0,0 mg/1 Assume zero

16 Ceffluent, DO 1,5 mg/1 Online DO probe, average

17 CsludgenPO 0,0 mg/1 Assume zero
Power

18 % 0,6 kW calculated from dedicated electricity cqun-

ter over 5 days

Conditions

19 Temperature 23 °oC online sensor 5 days average

20 |Barometric 1,015 atm online sensor 5 days average
pressure

21 LR COD 10,2 kg/d |from Formula (1)

22 LR TKN 1,86 kg/d |from Formula (1)

23 |LRNO3-N -0,05 kg/d |from Formula (1)

24 LR DO -0,08 kg/d from Formula (1)
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Table B.1 (continued)

No. Parameter Value Units Source
25 |NOR 13,6 kg/d |from Formula (2)
26 NECT,P 1,06 kWh/kg |at23°Cand 1,015 atm, Formula (3)
NOR
27 NEC 0,97 kWh/kg |corrected to standard conditions
NOR [Formulae (4) and (5)]

Table B.2 — Numerical Example for NEC calculation from design data,
including factoring for temperature and pressure

Parameter Value Units Source
1| [Design Flow
2| |Qinfluent 60 m3/d Design data
3| |Qsludge 1,3 m3/d Calculated from mass balance
4] | Qeffluent 58,7 m3/d Calculated from mass balance
5| |COD concentrations
6| |Cinfluent, COD 500 mg/l Design data
7] |Ceffluent, COD 25 mg/l Calculated fronf\effluent requirements
8| |Csludge, COD 11 000 mg/l Calculated ffom VSS as shown in Table B.3
9] |TKN concentrations
10 | Cinfluent, TKN 58 mg/1 Design data
11 | Ceffluent, TKN 7,0 mg/l Calculated from effluent requirements
Csludge, TKN 632 mg/1 Galculated from mass balance
13 [NO3-N concentrations
13 |Cinfluent, NO3-N 0,0 mgy/1 Assume zero
14 | Ceffluent, NO3-N 2,0 mg/l Effluent requirements
Csludge, NO3-N 2,0 mg/l Assumed same as effluent
13 |DO concentrations
14 |Cinfluent, DO 0,0 mg/l Assume zero
11 |Ceffluent, DO 1,5 mg/1 Design last treatment stage conditions
Csludge, DO 0,0 mg/l Assume zero
18 |Power
Aeration blewer w 1350 |from blower selection at working point
19 |Mechanical agitator w 100 mixer selection
2() |Clarifier raking w 250 rake motor duty
System
21 nternalcirculation W 150 walpump-selectHonabworkina noint
pump
22 |Sludge circulation w 300 progressive cavity pump selection at
pump working point
23 |Total kW 2,15
24 |Conditions
25 |Temperature °C 23 design temperature
26 |Barometric pressure atm 1,015 average for site elevation of 150 meter
27 |LRCOD 14,2 kg/d from Formula (1)
28 |LRTKN 2,25 kg/d from Formula (1)
29 |LRNO3-N -0,12 kg/d from Formula (1)
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