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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 preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criterianeeded for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sugly patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on the ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as wellvas information about ISO's aglherence to
the World Trade Organization (WTO) principles in‘the Technical Barriers to Trade| (TBT), see
www.iso.org/iso/foreword.html.

This|document was prepared by Technical Committee ISO/TC 282, Water reuse, Subcommittee SC 2,
Watqr reuse in urban areas, in collaborationywith Technical Committee ISO/TC 224 Dripking water,
wastpwater and stormwater systems and services.

Any feedback or questions on this documient should be directed to the user’s national standprds body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

While energy consumption for water and wastewater treatment is significant, up to 80 % of it is used
for conveyance. This includes pumping of wastewater to the treatment facility and pumping the effluent
to its reuse site. In centralized wastewater treatment and reuse system schemes, the long-distance
conveyance through piping systems and pumping stations is also associated with capital investment,
which would be hard to bear for those people living in areas of low population densities.[11.[2] Thus, a
network of decentralized wastewater treatment and reuse systems will potentially reduce both the
capital expenses (CAPEX) and operating expenses (OPEX) in some cases, compared with conventional
planning of centralized wastewater treatment and reuse systems. Another benefit of decentralized

treatment if

Distributed

enabling focal reuse, mainty for Irrigation. ot

design is the concept of providing several decentralized wastewater treatment,sys

instead of gne central plant, as outlined in other International Standards, such as IS0 23056, v

defines and
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distributed
include:

describes different degrees of decentralization of wastewater treatmeént plants|
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General principles and guidelines for cost analysis in
planning of decentralized wastewater treatment and/or
reuse

1 Scope

This
char
treat

including non-sewered systems for one or more dwellings and associated trucking’operatic

The

dece
centl
sevel]

The {

a)
{

b) 4

document specifies the general principles and provides guidance on the
hcterization of the life cycle cost of a complete wastewater management system, ineludir
ment and, optionally, reuse. It enables the consideration of different degrées of

methodology provided in this document is applicable to urban or rural areas whe
htralized wastewater treatment and reuse systems can provide a lower ‘Cost solution
alized plant. Similarly, the same methodology can be applied for industrial reuse sys

cope of this document includes the following:

fuidance on the determination of the degrees of .distribution of decentralized
reatment and reuse systems.

\ definition of the elements and components inclided in the life cycle cost of the diffe]

1
\

d)
The {

1

q

4

q

q

h
aintenance.

gocial impact factors and/or environmental risks and impacts.

distribution in wastewater management\systems, including construction, op

[uidance on the required steps for calculating life cycle cost indicators, including consi
erm and interest, operation and maintenance, replacement parts, equipment life exp|
ralue of water for reuse and otherincome from by-products.

\ definition of the metrics fortreporting results, including the cost per unit, scope, term
ollowing secondary costs,;and other considerations are not within the scope of this do
ost of eventual dispgsal of the system;

ruidance on wastewater treatment process selection and design;

onsiderations in design and decisions);

quantitative
g collection,
Histribution,
ns.

rein several
han a single
tems, where

‘al separate plants on a large industrial site can be considered instead of one treatment system.

wastewater

ent degrees
bration and

derations of
ectancy, the

ind interest.

Cument:

Ihealth and»sustainability considerations (although health and sustainability are primary

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 20670, Water reuse — Vocabulary
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, 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.

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

3.1.1

distributed
two or mor
physically o

Note 1 to ent

3.1.2
degree of d
number of t

Note 1 to ent]

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

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

system
e treatment plants in different geographical locations linked to a central system, ¢
I by management

Fy: See WEF Fact Sheet “Distributed Systems Overview” (ref. WSEC-2019-FS-012):[0]

istribution
reatment plants to treat a certain population

ry: A high degree of distribution means many plants to treatthe/population, while a low deg

distribution neans a number as low as one centralized plant to treat thatssame population.

3.1.3
non-sewerg
NSS

system that]
input to alloj

Note 1 to ent]
3.5.16.

[SOURCE: I§

3.1.4
total instal
final cost of

Note 1 to ent

3.2 Symb

AOP

td system

is not connected to a networked sewer an’collects, conveys and fully treats the sp
w for safe reuse or disposal of the generated solid output and/or effluent

ry: A non-sewered system is also referred to as an “on-site treatment system”, see ISO 24513

0 30500:2018, 3.1.1.1, modified'— Note to entry replaced.]

led cost
designing, fabricatihg-and building a capital project or industrial asset

Fy: The total installed cost includes the cost of labour and materials.

ols and@bbreviated terms

advanced oxidation processes

ither

ree of

peific

2019,

investment cost

maintenance cost

negative cost

operating cost

capital expenses

integrated fixed-film activated sludge

membrane aerated biofilm reactor
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MBBR moving bed bio reactor

MBR membrane bio reactor

NPV net present value

OPEX operating expenses

PE population equivalent

PV present value

RO reverse osmosis

SBR sequencing batch reactor

UASB upflow anaerobic sludge blanket

uv ultraviolet (irradiation, in context of disinfection)
WRRF water resource recovery facility

4 DPescription of different degrees of distribution in planning and desig

The
wast]
geog
dece
or ar

The degree of distribution (3.1.2), meaning the number of treatment units for a given popul

as hi
a city
or of
via a
systd
treatf
estin

A sin

and naintenance/costs compared with a distributed system made up of multiple decentraliz

How
pum
the of
and {

difference between decentralized wastewater treatment systems (3.1.1) and
ewater treatment systems (see ISO 20670) is that distributed systems are located
raphical locations but are linked to a central system either physically or by managemg
htralized systems can be located in a different\geographical location but are not linke
e not managed under the umbrella of a centralized system.

bh as one system for each household (on-site systems) or as low as one single treatm
b, town or village (centralized system), or many degrees in between, such as one syste
e system for every cluster of households or drainage basin. The collection of wastey
piped network (a sewer systém) or by motorized vehicles, such as vacuum trucks, in 1
ms. Determining the required number of systems can be challenging in the design of a
ment and reuse plan. In\some cases, the means to meet this challenge can be through
nation of the long-term/cost.

gle large plantimnay benefit from the economy of scale of its equipment and from low

bver, distributed systems can offset much of this benefit through lower CAPEX fory
bing as well as lower OPEX for pumping energy, on both wastewater and water for reus
verallcost benefit of a distributed design or a centralized design changes from one plag
heuld be calculated in order to make a decision based on costs.

n

distributed
in different
nt, whereas
d physically

htion, can be
ent plant for
m per street
ater can be
on-sewered
wastewater
hn economic

P operation
red systems.

piping and
b. Therefore,
e to another

A structured analysis of the total cost per unit of wastewater treatment for reuse was demonstrated
by multiple computerized simulations for different types of terrain and different population densities.
(9] The results show that for the lowest population density found in rural areas, the highest degree
of distribution is associated with the lowest cost in flat, hilly or mountainous terrains, whereas in
suburban areas it greatly depends upon the terrain. A less distributed design results in a lower cost in
flat terrain, whereas a more distributed design results in a lower cost in mountainous terrain.

An example of two different degrees of distribution for a specific case is given by van Afferden et al.,[19]
showing a distributed scenario of nine decentralized systems (indicated there by white triangles with
a dark frame) and just one pumping station, all managed by one utility. For comparison, a centralized
scenario with one wastewater treatment plant is shown (indicated there by a single dark triangle),
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supported by six pumping stations (indicated there by bright rectangles connected to dashed lines) and
several kilometres of a trunk pipe.

NOTE

There are cases in small rural communities in which the communal decentralized wastewater

treatment and reuse systems are not equipped to treat sludge. In such cases, the sludge generated in these
facilities is collected and brought to centralized wastewater treatment plants for treatment.

5 Generalized elements of wastewater treatment and reuse systems

5.1 General

hing of wastewater management systems for reuse or other purposes, there are llnany

In the plan

componentq and subsystems to be selected and designed, as listed in 5.2 to 5.5. All costs.@ssocjated
with all thege elements of the system should be included in the cost comparison of differentidegrges of
distribution|of the entire plan.

The following subsections provide context, along with a brief explanation of the fiature and scope of
each of thesp elements.

5.2 Collection

The collectipn system is roughly divided into stages from the source\towards its final destinatiqgn, as
shown in available publications.[11] For the purposes of this documeént, the following notation wjll be
followed in prder of flow, from each home in a lateral sewer up,to'the intercepting sewer or pregsure
main that feaches the wastewater treatment plant (baseden EPA notationll2]): a) lateral s¢wer;
b) branch sgwer; c) trunk sewer (main sewer); d) intercepting sewer; €) pressure main.

Systems may have all or part of these collection system cg@mponents for different degrees of distribytion.
For examplg, an on-site treatment system will typically only have a lateral sewer collecting from the
dwelling to the treatment system.

Trucking or|hauling of wastewater or sludge-is’sometimes an alternative to collection and conveyance
systems, especially in non-sewered systems or on-site treatment systems. When any part of the
wastewater|is disposed of by trucking or‘hauling, it is accounted for as an operational cost instead jof an
investment fost.

5.3 Conveyance

Pumping st3tions and lift stations are used whenever wastewater conveyance by gravity is not posgible,
either as anfintermediatéerfinal run of part of the collection system. Different designs are commdn for
a sewage pumping ordift'station, with the following typical main components:[13]. [14]

a) screening to pretect the pumps from clogging;

b) a pitor p'well to intercept the sewage and provide an operational volume and buffering;

c) pumps, including redundancy;

d) discharge pressure piping;

e) venting and optional means for odour control.

Vacuum collection systems are a recent alternative to gravity collection systems when the latter are
not practicable due to area limitation. The vacuum collection sewers use suction (negative pressure) to
move the sewage through the following three main stages:[13]. [16]

— Vacuum valve pit: sewage collection from individual households or homes by gravity. Once the pit is
full, a valve is opened and atmospheric pressure forces the wastewater to the vacuum branches.

© IS0 2023 - All rights reserved
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— Vacuum mains: a network of vacuum piping collecting sewage from the collection chambers of
individual housings and gradually converging towards the vacuum station. The pressure difference
between the valve pit and the vacuum station pulls the wastewater through the vacuum mains.

— Vacuum station: producing the suction for the vacuum piping network connected to it and typically

pumping the sewer to the wastewater treatment plant.

Itis reiterated that trucking or hauling of wastewater or sludge is sometimes an alternative to collection
and conveyance systems, especially in non-sewered systems or on-site treatment systems. When any
part of the wastewater is disposed of by trucking or hauling, it is accounted for as an operating cost
instead of an investment cost.

5.4 | Treatment
The freatment plant, also referred to as a WRREF, includes all installed water treatment pracesses used
to adhieve compliance with local discharge standards or reuse requirements, These typi¢ally include
the pgrocess sub-sections or categoriesl1Zl described as follows and summarizéd-in Table C.1.
In calses where different effluent requirements are applicable for different plant sizes, such as between
a degentralized plant and a centralized plant, each plant or plan may\be’ made with the r¢quirements
for itjs type, as would be the eventual design for regulatory approval-~For example, in some places, small
wastlewater treatment and reuse systems are not required to perform tertiary treatmept for reuse
in irrigation of tree-grown crops, whereas a large plant is fequired to perform tertiary treatment
regardless. In such cases, the cost of tertiary treatment dee$ not have to be included where it is not
needed.

a) [Pre-treatment: physical processes to remove elemients that could damage downstream equipment
nd also remove easily removable constituentsto improve downstream process efficiehcy. Usually,
re-treatment units are designed to handle diurnal and seasonal flow variations.

The costing of pre-treatment shall inclide any aeration, mixing, chemicals, sludge tr¢atment and
isposal, whether constant, periodic-or occasional over the costing period. The prle-treatment
rocess contains some or all of the\fellowing main units:

+ Screening: removal of large‘particulate matter and objects that can usually be disposed of as
trash. There are manual or mechanical screens and the screens openings can be cdarse or fine.
Screening is often installed in two stages, with a coarse screen followed by a fine sgreen.

+- Gritand greaselrémoval unit: removes sand and gravel as well as fat, oil and greasg.

1+ Equalizationytank: equalizes flowrates and organic loads in order to reduce the sizg¢ and cost of
downstream units and to achieve constant loads on the process units. It should b¢ considered
that smaller sewer systems have a higher ratio of peak flow to average flow than larger systems.

b) Primapy treatment: partial removal of suspended solids by gravity in a sedimentation tank or

pond: The quantlty of sludge dlscharged from this operatlon shall be 1ncluded in sludge treatment

' atme cost shall bd included in
the plant operatlng cost

c) Secondary treatment: a biological treatment process, including separation between solids and

liquids, such as a secondary clarifier or membrane separation. Such processes are typically based
on suspended biomass, such as the activated sludge process, SBR or MBR, a biofilm process or a
combination of both, such as MBBR, IFAS, MABR or trickling filters. The process can be intensive, as
in the examples mentioned, or an extensive process, such as constructed wetlands, including tidal,

aeration ponds or a lagoon system. OPEX items of secondary treatment include:
— electricity for aeration with blowers or aerators or other means;

— electricity for pumping, in circulation of sludge or tank content or other;
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d)

f)

electricity consumption for mixing, agitation, raking and any other similar electromechanical
drives;

chemicals added to the process for coagulation or other purposes;

replacement parts, such as UV lamps, membranes, pumps and other items which have a shorter
life expectancy (shorter period of amortization) than the period taken for life cycle cost
calculation;

labour for operation, maintenance, analysis and other;

any other directly related specific cost item.

In somg cases, following secondary treatment, filtration and/or disinfection is performed) mpinly

to reduge suspended solids, turbidity, phosphorus and microorganisms or pathogens.

The filtration could require any of the following, according to equipment selection as part df the
design: pumping through the filters, backwashing, chemical dosing for coagulatien’or cleaning, air
scouring. The corresponding OPEX items will be the power consumption of the pumps and blowers

and the|cost of the chemicals used for either coagulation or cleaning.

Chemical disinfection is typically performed by chlorine or chlorine derivatives, ozone or hydrogen
peroxide. The associate OPEX items are the cost of the chemicals or the electricity cost of produrtion
of the dxidant. For example, disinfection with ozone could use.an)ozone generator from oxygen
produced by a pressure swing adsorption system, in which _case the electricity consumptipn of

both unlits shall be included in the disinfection cost.

Alternafively, UV irradiation is selected as part of the design, in which case the power consumption

is the mjain OPEX item.

Advanced treatment (sometimes referred to as quaternary treatment) is all downstream treatment

processes following tertiary treatment and typically involves RO and/or AOP.

RO is orfiginally a membrane filtration procéss to separate dissolved salts, but also removes virjuses,
bacterig and micropollutants. Its main OPEX items are the electricity for high-pressure pumping,

constarft dosing and periodical cleaning chemicals, membranes and other replacement parts.

AOP is qurrently based on enhancement of an oxidation process, such as ozonation combined|with
UV. OPHX items for AOP processes depend on the processes selected in design, and can be chenticals

and/or power consumptiom;-as well as replacement parts.

Sludge management, intcluding sludge treatment and disposal, refers to all processes and actiyities
carried|out to handle-and dispose of generated primary and/or secondary sludge. It can in¢lude
stabilization and-dewatering or just hauling off-site for treatment elsewhere, according to desjgn.

Sludge processing is typically associated with a cost and is targeted at reducing the volurhe of

remaining’sludge to be disposed of at a higher cost. For example, a sludge management plan ¢ould
compril&mmlaﬁmaﬂmu@dﬂspm&@auﬁngaﬁ&sﬁa&aﬂgmeﬂdmmorise

thickening, stabilization and dewatering to a smaller volume with little additional processing
requirements.

Sludge treatment is usually a multistage process, generally including thickening, stabilization and
dewatering:

— Thickening can be by gravity or by mechanical thickeners.

Stabilization can be by aerobic, anaerobic or chemical processes. Aerobic sludge digestion has a
major OPEX item in power consumption for aeration, whereas anaerobic digestion typically has
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a higher OPEX item in labour and maintenance (replacement parts). Anaerobic digestion can

have a negative OPEX item through sales of biogas or electricity or steam.

Chemical stabilization uses mixing of thickened sludge with a chemical such as lime, usually

with another inert powder, both of which are usually OPEX items.

Dewatering is carried out using different types of suitable electromechanical equi

pment, such

as a centrifuge, a belt press or a multi-disc screw. Dewatering usually requires a combination of
electrolytes and polymers for coagulation and flocculation. Thus, the OPEX items of dewatering
shall include power consumption and chemicals. In addition, there are typically high operator

costs and high maintenance costs for replacement parts that contribute to the OPE

X.

NOTH
NOTH

For 4
Tabld

5.5

Reus
oper
seas

All e

including energy consumption for pumping, chemical dosing and/or aeration in the reserva

6 ¢

6.1
Each

Typically, a centrate stream, which is the filtrate from sludge dewatering, is gen
dewatering. All costs for treatment of the centrate stream (sidestream) shalllbe]
the cost of dewatering, for example chemical dosing for phosphorous or struvite f
biological treatment process such as anammox.

Dewatered stabilized sludge is disposed of or treated to comply-with higher r¢
by means such as heating, composting or other processes. As asesult, the dispos
possibly be lower or even negative (an income). The cost of enetgy and chemicals t
higher sludge quality (known in some places as “class A” sludge) shall be included
In addition, the projected cost of disposal or the income from-selling the sludge shal
in accordance with Clause 6.

1  The replacement of UV lamps, membranes and pump gomponents is covered in Clause 6.
2 All components of the system have maintenance ¢osts associated with them.
summary of treatment process units alongswith their associated cost items, see A

 C.1.

Effluent reuse management

e can involve any aspect of the"transportation and storage of treated water, i
htional volume, pumping stations, effluent piping (“purple” pipes) and water reserv
bnal reservoirs.

ements of the water reuse systems within the scope of the plan will be considered fa

Cost itemstobe considered in economic life cycle analysis calculation

General

erated from
included in
emoval or a

pquirements
al costs will
b obtain this
n the OPEX.
be included

innex C and

hcluding an
irs, such as

r their cost,
ir.

S

X.

of the components of the water network should account for both their OPEX and CAPH

6.2

Investment cost (C}) or CAPEX items

6.2.1 General

Primarily, the basis for estimation of the investment cost of each item should be the same for every
degree of distribution. For example, prices of certain items (such as pipes) are taken from price tables
for all plans being compared. Alternatively, the same pricing key, such as a price per unit, is applied in
all plans for a certain item. For example, in pipes it could be price per unit length and per unit diameter

($/m
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The total investment cost is the sum of the costs of the components or items included in the plan for

each degree

of distribution, as defined in Formula (1).

Cr=)Cr,
i

where
G

G

i

I A

6.2.2 Sew

A complete
sewers fron
eventually d

For the pur
may be elin
comparison
distributed
exclude the

The total in
as in the ca

collection piping will be zero.

6.2.3 Pun

The cost of
constructiol
specific prid
methodolog
pumping sta
stations sha

6.2.4 The

The cost of
type of pro
sizes may b
follow the s3

sizing);

is the total investment cost;

is the cost of item i;

M

,C, D, EorF corresponding to 6.2.2 to 6.2.7.

er collection piping, C; 5

hind real cost of a plan should include all levels of the collection piping, starting with I
1 the sources or households, gradually converging into larger and féwer collectors
irect the sewage to treatment plants.

pose of comparison between two or more plans, the commorpart of the sewer sy
linated. For example, if the two alternatives described in Clause 4 are compared, the

design, up to which both systems are identical, i.e. the/piping cost for comparison
common sections of the two plans.

stalled cost of the collection piping should be taken for C| 4. If no piping is installed,
e of non-sewered systems or an on-site treatment system, the total installed cost d

\ping stations, C; g

pumping stations shall includeval related civil and infrastructure, such as con
1 works, fence and electricity connection (installed cost). The cost may be obtained thr
ing or through published correlations or even proprietary correlations. However, the
y should be applied to all'plans being compared. For the sake of clarity, if there aj

[l be zero.

treatment plangt;’C,

the complete-treatment plant requires some level of process design in order to defin
fess and\its main units. For the purpose of cost comparisons, the costs of different
e estimated in any of the following methodologies (as long as all degrees of distrib
ime methodology):

teral
that

stem
cost

may include only piping starting from the locations of¢the decentralized plants of the

may

such
f the

Crete
ough
bame
e no

tions, such as in the case of decentralized or on-site treatment system, the cost of puniping

e the
plant
ition

scale-up rules based on known prices for a similar scope, such as capacity-ratio exponents; 1€l

offers or price lists from contractors or suppliers (usually will require some level of equipment

published or proprietary correlations, such as shown in Annex B, for which more detail can be found

at the referenced source; however, the use of any published or proprietary correlations should be
exercised at the discretion of a professional with understanding of their applicability to the case.

The effluent quality requirements and the intended reuse application can be different for small local
plants and large centralized plants. These conditions may be considered in the design of the treatment
systems for each case, so a different process and technology may be chosen for different degrees of
distribution.
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In some cases, landscaping or other development work is required from a local small plant located close
to the source. The cost of this mandatory requirement, which may be different between small, local
systems and larger, remote systems, should be included as part of C ..

6.2.5 Effluent distribution piping, C,

Treated water distribution can be different for different degrees of distribution. The plans should
specify the reuse destinations and quantify the water distribution or discharge piping.

The distribution piping pricing, C; , shall be for the installed cost and should follow the same principals
for the different degrees of distribution being compared, preferably based on the same sources.

If thd
excly

6.2.4

The
cons

The
COrT
bein

If eff]

6.2.7

If tre
total
have
accol

The |
corrg

6.3

6.3.1

Oper]
item

treated water distribution is not part of the plan due to ownership or scope by othe
ded from pricing.

Effluent pumping stations, (g

cost of pumping stations shall include all related civil and infrastructure works, such
[ruction, fence and electricity connection (installed cost).

cost may be obtained through detailed itemized pricing or through published or
lations. In any case, the same pricing methodology should bé-applied to all degrees of
b compared.

Juent pumping is not within the scope of the plan, it may'be excluded from pricing.

Treated water reservoirs, C|

ated water reservoirs are within the scopetf the plan, their cost shall be included a
CAPEX. Sizing of the reservoirs should match the reuse purpose and destination, wh
to be the same for different degrees 6f-distribution. Land cost consideration may b
int, preferably representing a real.expense and not the potential value.

basis for pricing may be according to detailed itemized costs or based on published or
lations.

Operating cost (Cy) OPEX items

General

ating cost.cerrelations could be available (see Table B.1) and generally include all
5 in this subclause in one formula. Such correlations may be used as long as they are 4

compared plaxs of different degrees of distribution. These correlations calculate C, directl

Ifac

orrelation for Cy is not applicable or available, each of the cost items, Co; X should be a

PEPLE7Y ")\

s, it may be

as concrete

proprietary
distribution

5 part of the
fich does not
e taken into

proprietary

of the cost
pplied to all

V.

rcounted for

in ace

Fd o £l +la3 Taecla Tlhaot+o+rol Li g ala
coratrce-wititnis SstoeratSe—Tnetotar uycx auus costisobtathnea uolus 1 oritta =

Co= ZCO,i
i

where

Co is the total operating cost;

G

i

©ISO

i lis the operating cost of item i;

A,B,C, D, EorF corresponding to 6.3.2 to 6.3.7.
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NOTE The operating costs (C,) are expressed and directly related to unit treated (such as $/m3) and the
expenses are distributed over time, as opposed to the investment costs, which are a singular event expressed per
unit capacity [e.g. $/(m3/d)]. Guidelines for amortization of distributed expenses to present value for expression

in the same terms of a singular expense, and vice versa, are provided in Clause 7.

6.3.2 Electricity, Co' A

Power consumption for sewage pumping is typically estimated according to distance and elevation

(head or dis

charge pressure) for each branch of pressure sewer.

Wastewater treatment plant energy consumption may be estimated according to published[1?] or

caof AL [:n3 T

nnnnnnn 1

proprietary;
between dif}
energy shou

Distribution
according td

Calculation

a price f

the pow

anrocaccac calactad ooy
o UL INVVY ll/ L9 Y S 1 I1IC }Il ULULOOCVO OCILULULU U lllu.y
ferent plans but the methodology to attribute an energy consumption and the cost-péy
1d be the same for all plans being compared.

£, aach firnaa £ o cacc i oo
vdaiuco 1VUr CdulIll L)’ l.l\, \v a3y lJl vLllLoo, 11T tUIIIT

of water for reuse, if within the scope of the plans being compared, may'be estin|
distance and elevation (head or discharge pressure) for each branch of effluent distriby

bf the annual energy cost should typically follow these steps:

the totall power consumption of a plan should be obtained in units of poweér;’such as kW;

or electricity should be assigned in terms of currency per unit energy, such as $/kWh;

rer consumption should be multiplied by the price to obtain cost per unit time (like

flow), stich as $/h;

the cas

flow should be converted to the time scale of-the amortization, such as $ per yed

multiplying the cost per time (e.g. $/h) by time per year (e.g. 8 700 h/year).

6.3.3 Lab

The cost of
analysis, m(
and housekg

NOTE Di
and attentiof

different plags.

Calculation

estimat
the hou

assign g

ur, Co 5

vary
unit

1ated
tion.

labour shall be included in the operating cost. Typically, labour is required for sam

eping. The operation of pumpings$tations is included in the labour cost of the plan.
fferent degrees of operationd and different plans typically require different levels of operator
. These could be reflected in a different hourly cost and different number of hours per mon
pf the annual cost-of labour should typically follow these steps:

e or budget the-hours per week or per month for both operator and technician and calc
('S per year,

n hously rate for each worker category or an average hourly rate for all workers categ

ling,
basurements, data collection and 'documentation, reporting, changing process condﬁions

skills
th for

ulate

ries;

multiply

 the hours per year by the hourly rate to obtain the annual labour cost.

6.3.4 Che

micals, Cj -

The cost of all chemicals used in all operations of the entire plan is included in the operating costs.
Chemicals are mostly used in the treatment plant for flocculation and coagulation, phosphorous
removal, disinfection and cleaning of membranes and filters. In ponds and lagoons, chemicals are
sometimes used for algae control.

The calculation relating specifically to chemical costs shall follow Formula (3) and Formula (4):

Ci=c;-Q;

(3)
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CO,C = ZCI (4)
i

where

C; is the annual expense for each chemical (such as $ per year of chemical i);

C; is the cost per unit of each chemical (such as $ per kg of chemical i);

Q; is the annual quantity of each chemical (such as kg per year of chemical i);

(‘O’C i) t}lC auuuql LUbt Uf LllCllliLd‘lD ()u\.h ad $ lJCl yCcll).
Sacrificial electrodes, such as in electrocoagulation systems, are accounted for as a chemjcal which is
conspimed continuously and purchased periodically, similar to a batch of chemicals,|in which case the
cost of the electrodes will be included in Cj . Alternatively, the cost of sacrificial electrgdes may be
consjdered a replacement part and included in Cy;.
6.3.3 Sludge disposal, Cy
Any sludge or trash disposed at a cost shall be included in the opérating cost under Cg. Sludge is

typid
treaf]
of w
chen

CO,D
6.3.6

Regu
such
licen

6.3.7

Insu
thesg
samsd

Addi
the c

NOTH
resid

ally produced in the course of water and wastewater treatment processes. The sli
ed to different levels to comply with a category or requirement and to reduce its

hich influence the disposal price in many places. The sludge treatment costs, such a
icals and labour, are included in the different cost items together with the rest of the
bnly relates to the cost of the disposal, also referred to as “tipping fee”.

Services, C

as water sampling and analysis, trash disposal, cleaning, safety inspections, consulting
ses. Any such budgeted expenses shall be included in Cg g.

Others, Cy ¢

ance, legal and accounting/costs are typically not included in the OPEX. However, the
e costs may be decided, by the planner, in which case the cost of these items shall be k
principles for all plans.

fional recurring\costs that are budgeted within the scope of the plans and do not beld
ategories in this subclause, Cj  to Cj g, should be included in C .

In‘many cases, landscaping is required for decentralized systems that are located w
entialigrcommercial areas. The costs of such landscaping activities are also included in Cg p.

hdge can be
guantity, all
5 electricity,
plan, while

lar services not included in labour or other C, items are commonly provided as part ¢f operation,

or software

inclusion of
ased on the

ng to any of

ithin or near

6.4

Estimation of maintenance cost, Cy;, is characterized by higher uncertainty than CAPEX and OPEX,
because it includes unexpected equipment failure at unexpected times. However, long-term experience
with the processes involved in wastewater management for reuse allows for an acceptable level
of confidence. A contingency component should be included in the Cy;, although the same basis for
contingency should be taken for all the plans of different degrees of distribution being compared.

Cy should include the following:

a)

replacement or repair of equipment (mechanical, electrical, electronic), such as pumps, blowers and
measuring instruments;

b) the cost of civil works repairs;
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c) spare parts kept in stock;

d) labour, materials and external services;

e) statutory periodic inspection costs as applicable.

Correlations for combined operation and maintenance (Cy+Cy) as shown in Table B.1 may be used for
any of the components of the network.

Cy as a percentage of equipment cost may be used for any of the plan components. For any component
for which this cost estimation methodology is chosen, the methodology should be applied in all plans of
all degrees of distribution compared.

The most 4
replacement
estimated a

— civil coqf

— renovat

— mechanfical equipment: 2,0 % to 6,0 % of C; per year;

— electric

6.5 Incor

6.5.1 Gen

Reuse is ass|
resources s
resources a
cost. The in
economicall

6.5.2 Income from selling treated water for reuse, [,

The income

ccurate methodology for Cy estimation is detailed pricing based on the compq
plan and allowance for contingencies. If such information is not available, €y m3
5 a fraction of the C), as in the following example:[20]

pstruction: 0,5 % to 2,0 % of C; per year;

ions of civil construction: 2,0 % to 4,0 % of C; per year;

hl and electronical equipment: 2,0 % to 6,0 % of C| per yeay:
ne or revenue: negative cost items (Cy)

eral

ociated with resource recovery, wherein water is one of the resources recovered but
ich as energy or chemicals are also produced in some cases. In cases where recoy
e planned to be sold, the outcomes should be included as an income to the net life
hportance of accounting for this_is fhat a plan for resource recovery facilities cou
y feasible in view of the life cyclenet cost.

from selling treated water is calculated according to Formula (5):
. QW

the annual revenue or income from selling water, such as $/y;

nent
y be

bther
ered
cycle
d be

(5)

the annual quantity of water sold for reuse, such as m3/y;

I, =P,
where

I i

w IS

P, s

the selling price of water per unit volume, such as $/m3.

6.5.3 Income from biogas and its products, I;

The income (I;) from selling biogas, or electricity or heat generated from the biogas, should be

calculated b

12

y Formula (6):
f-Qq

(6)
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I; isthe income from selling a resource generated from biogas, such as $/year;

P; is the selling price of the resource per unit, such as electricity energy units, heat energy units,
biogas volume or treated biogas volume;

Q¢ isthe annual quantity of biogas produced;

f s the conversion factor of biogas to the resource planned to be sold, as shown in Formula (7):

or
F (7)

0

where Qg is the annual quantity of the resource produced from biogas.

6.5.4 Income from selling recovered products, I

The pnnual income from selling stabilized sludge or other recovered ‘\nutrients, such 3s ammonia,
phosphorous or struvite, should be calculated according to Formula (8):

Is;i=Ps; Qs (8)

where

Is; isthe annual income or revenues from sellingtecovered product i;

Qs ; is the annual quantity of each recoveredproduct, such as tonne/year;
Fs; isthe selling price per unit of the reCovered product i.

The [total revenues or income from selling recovered products should be calculated dccording to

Formula (9):
i
where

Is is the totalannual income or revenue from selling recovered products;

Is; are the'incomes or revenues from selling each product i.

6.5.3 Otherincome, |,

Any blanned rnmlrring incomes, otherthan thosedetailedin 6 52 653 and 6 54 _should He accounted
for as other income. A common example is acceptance of waste from sources, such as dairy farms or
other food and beverage plants, that pay per batch delivered to the wastewater treatment plant. The
calculation should be made according to Formula (10) and Formula (11):

In;=Fy,;-Qo, (10)
Io :ZIO,i (11)
i
where

Ip; istheannual income or revenue from source of income i;
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Qo; Iisthe annual quantity of source of income i, such as truck loads per year;

Py

B

is the price per unit of the sources of income i, such as $ per truck load;

Iy is the total income from all other sources.

7 Cost calculations, factoring and results integration

7.1 General

Subclause 6
provide the
are eventua
subclause is

Two different ways to express the total plan cost are available according to relevance or preferenc

a) NPV, ba
The NP]
detailed

b) Price p
amortiZ

in cost per unit, such as $/m3 or $/PE. The calculations to express cost in terms of cost per un

detailed

7.2 Convq

The following steps shall be followed for the calculation of the NPV of each plan. Express all recu

expenses (c
a) Sumup

b) To amol

function, such as PV, or use Formala{12):[21]

Capv =
where

CA, PV

Ca

|2 provides definitions and guidance on calculation of the total C}, while 6.3, 6.4 an
same for the annual costs Cj and Cy;, as well as for the annual income Cy. All of thesgv.
|ly combined into a single result in 7.3. A calculation example of the steps described iy
shown in Table A.1 of Annex A.

ed on the sum of the investment and the amortization of net cost over the plan time pd
 is expressed in currency, such as $. The calculations to express\cest in terms of NP)
in 7.2.

er unit, based on the total net annual costs C,, Cy and Gy, combined with the ap
ed value of the investment, divided by the number of units per year. The result is exprg

in 7.3.

ersion of all costs to present value

psts) and incomes (revenues) on an annual basis (per year).
all annual recurrences costs angrevenues, C + Cy; + Cy, to obtain the net annual OPEX

‘tize the cash flow over the plan time period with a constant interest, apply a spread

Ca .L—l‘“:”)_" ]

is the PVaot the cash flow;

isthe payment per year or net annual cost, equal to C + Cy; + Cy;

d 6.5
hlues
| this
P:

riod.

V are

inual
ssed
tare

rring

(Ca)-
theet

(12)

r

n

is the interest per year;

is the number of years (term or time period of the plan).

¢) Sum up the PV of all the OPEX (C, py) with the C to obtain the total PV of the plan, as shown in
Formula (13):

where X is the total NPV calculated by summation of C, py and C; expressed in currency such as §.

(13)

$ notations represent any currency of choice, as long as it is consistent throughout the calculations.

14
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These steps should be followed for every plan (every degree of distribution) in the comparison, with the
same interest and over the same term (time period).

7.3 Normalization of all costs per unit
The following steps should be used for the calculation of the total cost per unit:

a) select an amortization term (time period) and the interest to apply to the C; in order to obtain its
annual value;

b) apply to the C; a worksheet payment calculation function (e.g. "PMT" function in spreadsheet
goftwarejoruse Formuta 421

V=C | — (14)
1-(1+r)™"

wherte
Y isthe amortized annual value of the Cj;

¢, 1istheinvestment cost as defined and calculated in Formula{(1);
1 isthe interest per year;

i is the number of years (term or time period of the-plan).

c) $um up the annual value of the investment cost:¥*with the net annual expenses C, tp obtain the
lotal annual cost (Z);

d) ¢alculate the number of units for normalization of the cost (Ny), most commonly aphnual water
volume treated or PE;

e) ¢alculate the cost per unit (Cy;) byadividing the total annual cost (Z) by the normalization unit of
¢hoice (Ny) as shown in Formula\d5):

Z
Cy=— (15)
Ny
whete
¢y is the costper unit of choice, in units such as $/m3;
1 is.the total annual cost obtained by summation of the investment cost Y with thg net annual

expenses C,, expressed in $/y;

IN§» is the normalization unit of choice, such as m?3 of water or PE.

These steps should be followed for every plan (every degree of distribution) in the comparison, with the
same interest and over the same term (time period).

8 Reporting on results of economic life cycle analysis calculations

The cost calculation results in all cases depend on the choice of term (time period) and interest selected
for amortization. These values can influence the relative impact of the CAPEX and OPEX.

Results for all degrees of distribution shall be expressed in the same manner, either as NPV or as cost
per unit for the same term of amortization.
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The reporting on the normalized cost shall be done along with reporting on the depreciation period and
interest rate used in the depreciation or amortization calculations as follows:

a) thetotal NPV (Z) expressed in $ or Cy, expressed in $/unit;
b) the term or time period n taken for design, costing and amortization, expressed in number of years;

c) theinterestrused for amortization.
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(informative)

Cost calculation example

ISO 24575:2023(E)

The calculations in Table A.1 correspond to the plan presented in Figure A.1.

Table A.1 — Examples of cost calculation
Name Scenario1l | Scenario2 | Scenario 3 | Scenario 4 Calculatipn'basis and re-
marks
Numpber of plants 1 4 12 2500 -
Flow per plant, m3/d 10 000 2500 833 4 Total flow divided by equally
sized plants
Cy 5 1 collection sys 4967918 1026 691 112878 0 Basis:
611 $/m(diameter)f/m(length),
excluding gravity laterals
Cyp 1 pump stations | 1125611 521571 0 0 Proprietary correlation for
pumping station cpst by pump
power
€y 1 treatment 5732257 7 315151 9574923 | 57299528 Published corrdlation for
plangs CASI
C,p 1 discharge 225801 195 549 84 658 0 Same as sewdr pipes
piping
Cy g 1 discharge 383013 0 0 0 Same as sewageg pumping
pump stationp
Cip —|reservoirs 0 0 0 0 Direct discharge to the
environmlent
C; (present value) 12 434 6005479 058 963 9772459 | 57299528 Sum of (;;
Co a | electricity 300853 31612 0 0 Each pump power] calculated,
0,12 $/kWh
Co,p  labour 0 0 0 0 Included in CM fqr all piping
and pumpging
Co,c T chemicals Included i) Cy ¢
Co,p I sludge dis; Included i) Cy ¢
posall
Co,g T Sexvices 0 0 0 0 Included i) Cy ¢
Co,r 1 Other 280 793 331390 386 117 1223773 Published corrdlation for
MBRIZI divided by two
Co$/y 581 646 363 002 386 117 1223773 Sum of Cy ;
Cy$/y 125 266 36 141 2469 0 4 % of equipment and 1,25 % of
civil works per year
Total PV of annual 8809 693 4974 204 4842 645 | 15250913 Rate 5 % and term 20 years
payments
Total PV of scenario | 21244292 | 14033166 | 14615104 | 72550 441
Annual value of 997 784 726 915 784 167 4597 862 Rate 5 % and term 20 years
investment
NOTE 1 Plan design flow 10 000 m3/d.
NOTE 2 All costs in US$ unless otherwise noted.

© IS0 2023 - All rights reserved
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Table A.1 (continued)
Name Scenario 1l | Scenario 2 | Scenario 3 | Scenario 4 Calculation basis and re-
marks
Total annual ex- 1704 697 1126058 1172 754 5821635
pense $/y
Specific cost per m3 0,47 0,31 0,32 1,59 Total annual cost divided by

annual quantity

NOTE 1 Plan design flow 10 000 m3/d.

NOTE 2 All costs in US$ unless otherwise noted.
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Figure A.1 — Reference plan for cost calculations
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