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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.
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Introduction

Reuse of industrial wastewater is an important strategy for reducing freshwater consumption and
wastewater generation. Treated industrial wastewater can be used for various purposes [61014], The

dominant industrial applications are cooling water for power generation, boiler feed water,

equipment

cleaning and general process water uses. Reused water may also be applied for non-industrial
applications most typically including toilet and urinal flushing, and landscape irrigation [213.14],

Currently, various methods are applied to evaluate the resource use, energy and environmental
performance respectively, which can be also used in industrial systems, including Life Cycle Assessment

ISO 140400 Baaczivoma ot ol Dol A mardt LI0C _21n1N0) D £ Azosl o] Tochioloo
TTUTUJ,; LITVITOTHITCTICAT NS TS SUSSTICTIC (TG O1U 10, DCST v artaoTC— T CCIITUTO R

(Directive

2010/75/EU), Ecological Footprint (ISO 14046), Circular Economy (BS 8001) and~other methods
[1.2.1817] The primary evaluation criteria selection for industrial wastewater treatmentyéuge processes
has Historically been based on a cost-benefit analysis, however, economic factors are no longer the main
decidion factor, nowadays, industries take into consideration a number of sustainable factors, including

econpmics, environment, social and technology characteristics [22210,15-18],

The ¢valuation of wastewater treatment reuse processes requires systematic methods to gvaluate the

perfgrmance expectations of alternative wastewater treatment reuse processes [2:10.18],

This|document provides guidelines for assessing wastewater treatment reuse processes through

enhanced information analysis, to ensure protection of environmental and human health
the transition of the circular economy and improve water mahagement.

© IS0 2021 - All rights reserved
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Evaluation methods for industrial wastewater treatment
reuse processes

1 Scope

This document specifies the principles and framework for comprehensive evaluation of industrial

WaStUEWdLeT (TedtIentreuste PTrOCESSES, iu(,iudiug.

a) e¢stablishing goals and scope;

b) illustrating the evaluation procedure; and

c) determination of evaluation indicators (technology indicator/suprindicators, gnvironment
indicator/sub-indicators, resource indicator/sub-indicators, economy-indicator/sub-indicators).

This|document describes how to comprehensively evaluate industrial’wastewater treafment reuse

processes using the proposed calculation approaches and recommefided indicators. It doeg not specify

metHodologies for single evaluation indicators.

The document is intended to provide assistance to a broad range of industrial wastewater treatment and

reus¢ project stakeholders including professionals (planning, management, designers, and operators),

administrative agencies (monitoring, assessment, regulation and administration) and localfauthorities.

This|document is applicable to

a) e¢valuating comparing and selecting industrial wastewater treatment reuse processes,

b) Inplementing continuous improvements,

c) Wpgrading processes and improving performance for existing treatment and reuse facilities.

The [ntended application of thescomprehensive evaluation result is considered within the goal and

scopg definition.

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

unddted references, the latest edition of the referenced document (including any amendmenpts) applies.

ISO 40670, 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 and the following apply.

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

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

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

© IS0 2021 - All rights reserved
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3.1.1
Delphi method
information-gathering technique used as a way to reach consensus of experts on a subject

Note 1 to entry: The Delphi method is applied as consensus tool for determining weights of indicators/sub-
indicators in this document.

Note 2 to entry: A facilitator uses a questionnaire to solicit ideas about the important project points related to the
subject. The responses are summarized and are then recirculated to the experts for further comment. Consensus
may be reached in a few rounds of this process.

[SOURCE: ISO/IEC/IEEE 24765:2017, 3.1102]

3.1.2
indicator
quantitativg or qualitative measure of impacts

[SOURCE: IS0 19208:2016, 3.8]

3.2 Abbrgviated terms

The abbrevipted terms in Table 1 apply.

Table 1 — Abbreviated terms

Abbreyiation Full term
BOPD; 5-day biochemical oxygen demand
cao chemical oxygen demand
EQR environment load ratio

ES$I energy sustainability index
EYR the energy yield ratio

GHG greenhouse gas
GWP global warming potential
L4y local currency

PAC poly-alumintuy chloride
PAM polyacrylamide

TS totaldissolved solids

TYS tetal/suspended solids

4 Evalugtion principles

4.1 Comprehensiveness

The evaluation system provides a multi-criteria analysis framework to evaluate alternatives using
parameters that are relevant to the proposed processes. The analysis considers all attributes of multiple
indicators (technology, environment, resource, and economy) and address specific requirements by
using sub-indicators based on the evaluation indicators, which are consistent with factors involved
in a Sustainability Analysis to a certain extent [2Z], Other social or political criteria can be taken into
account according to local policy or regulations [2.

a) Technology

Address the technological parameters of the industrial wastewater treatment processes applied for
water reuse.

b) Environment

2 © IS0 2021 - All rights reserved
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Address the environmental parameters and impacts of the industrial wastewater treatment processes
applied for water reuse system.

c) Resource

Address the resource recovery, allocation and utilization for water reuse.

d) Economy

Address the economic impacts of the industrial wastewater treatment processes applied for water reuse.

4.2

Onerabilityv
r Y

The
indid
envii

4.3

The {
be ey

4.4

Due {
prop

when requested.

selection of evaluation indicators is general, reasonable and attainable, so that [thd
ators are concise, clear and easy to get. It is also in line with the actual needs t6 brana
onment.

Relevance

bvaluation process and parameters of the industrial wastewater treatment reuse proc
tracted in a relevant manner and appropriately quantified.

Transparency

o the inherent complexity for evaluation, transpareney-is an important guiding princig
er results. Calculating process of sub-indicators should be recorded and available for

valuation procedure
General
e 1 illustrates the general framework.
Evaluation preparation
Request evaluation
gt
Organize a project committee
1L
Collect data

_ L

b evaluation
be the water

bsses should

le to ensure
clarification

Preliminary evaluation

© ISO

L

Evaluation

Technology | | Environment| | Resource | | Economy

=

Evaluation report

Figure 1 — Framework of evaluation procedure
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5.2 Procedure description

5.2.1 Evaluation preparation

Step 1: Request evaluation

The enterprises, industry managers or related organizations develop evaluation requirements and
submit the relevant documents. The documents can include, but not limited to the following:

a) Thebas

— the

ic information form, which includes:

actual position of enterprises;

— maj
— wat
— typ
b) record f
c) record f
d) assessnj
e) assessnj
f) other eqd
NOTE1 D

projects with
effects of res

Step 2: Organize a project committee

Establish a
shareholden
objectives, 1

a) Carryo
b) Supervi

c) Validatg
records

Step 3: Collg

Collect raw

or processes and equipment;

er quality parameters of industrial influents and effluents;

e of reuse and reuse demands.

iles of major pollutants emissions;

iles of resources and energy consumption;

lent reports of environmental impact;

lent reports of public safety impact;

sential documents.

ta (list b, ¢) can be obtained from relevant research'reports and references or statistics fo

out record files. Reports (list d) include the assessment of freshwater consumption and po
bective direct reduction in the effluent qualityyiie., possible increase of pollutants concentrati

project committee which may-be composed of experts, skilled operators, indu
s or managers, supervisors, ete. The project committee is asked to undertake the follo
espectively.

1t the evaluation task.

se field surveys and-sampling tests.

provided hy'the enterprises.
ct data

And ‘supporting data from related industries or enterprises via basic information sur

new
5sible
n.

btrial
wing

the integrity<ahd accuracy of the data on the base of the statistical reports and original

veys,

please refer

ta-Table D4 in Annex D Field surveys, sample tests, and enterprises’ record files cz

n be

used to collect data if evaluated processes have adequate operational recording data. Research reports
and references analysis also can be used to collect data if it is a new process and/or new project with

little or no e

xisting operating record.

NOTE 2  Step 1, step 2 and step 3 are recommended steps of evaluation preparation whose main task is to
collect data. Other optional steps are also allowed to carry out the evaluation preparation as long as they satisfy
the need of collecting adequate information.

5.2.3 Preliminary evaluation

The preliminary evaluation procedure is as following:

a) Analyse and summarize the existing treatment and reuse technologies globally according to the
category of industrial wastewater, and determine which technologies or processes are evaluated.

© ISO 2021 - All rights reserved
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Make a simple primary selection of the above processes. The main considerations include:

— Whether the processes achieve the required constituent removal performance.

— According to "Guidelines for Water Reuse 2012"[10] and relevant standards (e.g., [SO 20468-1)
to determine whether the technology can meet its corresponding reuse water quality

requirements [2.3],

— Whether it is convenient for updating construction considering site, public facilities and other

conditions.

— Other necessary conditions and considerations.

he project committee (see step 2 in 5.2.1) combined with stakeholders, engineers,
nd relevant experts to discuss, and distinguish the two major categories: prelimin
rocesses and infeasible processes based on the actual situation of the enterprises.
rocesses are selected for further evaluation.

5.2.4 Evaluation

The

preliminary feasible processes are comprehensively evaluated.from four aspects:

indidator, environment indicator, resource indicator and economy indicator. See Clause 6.

Socigl effects which are outside the scope of this document;\including education, culf

oper

acco

yding to local policy or regulations.

5.2.§3 Evaluation report

Step

1: Evaluation results analysis

Compare the comprehensive scores of proposed evaluated processes. Then, make thg

repo

indusgtrial enterprise. The whole processes that meet the requirements are identified alg

reco
Step
The

tech

6

6.1
The

mmended processes, are referred as solutions available for users and decision makers,
2: Prepare evaluation reports
evaluation report should include the basic condition of the industrial enterprise, {

nical conditions, the évaluation process and results, etc.

Evaluation

Evaluation indicators

eyaluation system consists of four primary indicators: technology, environment, r

technicians
ary feasible
The former

technology

ural values,

htor training requirements, job creation and other social ‘criteria should be taken into account

evaluation

It by combining analysis of the evaluatien results with consideration on the actual sitliation of the

ng with the

he relevant

bsource and

econbmy. Each indicator category is divided into a few sub-indicators. The sub-indicators ar

p refinement

of the primary indicators. The overall indicator framework of evaluation system is shown in Table 1.
The further details are given in Annex A; calculation of the qualitative sub-indicators refers to Annex B.
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Table 1 — Example indicators of industrial wastewater treatment reuse processes

Indicators Sub-indicators Note Related reference
Tel. Technology maturity Qualitative Al1l
Te2. Equipment utilization ratio Quantitative Al2
Te3. Equipment readiness ratio Quantitative Al.3
Technology Te4. Stability Qualitative Al4
Te5. System management Qualitative A.15
Te6. Maintainability and complexity of implementation | Qualitative Al6
Enl. Conventional pollutants removal rate Quantitative A2.1
En2. Other concerned pollutants removal rate Quantitative A2.2
En3. Sludge production rate Quantitative A2
Environmeng En4. Total GHG emissions Quantitative K24
En5. Energy sustainability index (ESI) Quantitative K25
Ené6. Odour control and ventilation Qualitative\%\/ A.2.6
Rel. Wastewater reuse rate Quantitative A31
Re2. Resource recovery Quarititative A3.2
Re3. Energy recovery Quantitative A33
Resource - —
Re4. Energy consumption Quantitative A3.4
Re5. Chemicals consumption Quantitative A.3.5
Ecl. Capital cost Quantitative A41
Ec2. Operating cost Quantitative A42
Economy Ec3. Disposal cost Quantitative A4.3
Ec4. Revenues Quantitative A4.4
NOTE: Not al} sub-indicators in Table 1 ape‘'mandatory in carrying out an evaluation. Other sub-indicators (such a$ risk
management,|environmental and public safety, etc.) can be selected or added depending on situation.
6.2 Evaluation methoddeéscription
6.2.1 General
A step by step method is illustrated as the following steps (step 1~step 5) and a sample evaluation fable
is given in Thblé.2¢

6.2.2 Evaluation steps

Step 1: Individual evaluation of sub- indicators

To deal with sub-indicators through normalization, the values should be dimensionless [Z].

Calculate the individual evaluated value, “I;”, expressed as dimensionless number of the sub-indicators,

“1”, using Formulae (1) and (2).

© ISO 2021 - All rights reserved
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For the higher value, the better indicators, using Formula (1):

S. =S .
I- — 1 min l
iT5 g (W

max min

For the lower value, the better indicators, using Formula (2):

[ —_"max "°i (2)

wn,

§;, istheindividual evaluation value, of sub-indicators, “i”;

i isthe serial number of sub-indicators, i=1, 2, 3...n.

Smaxfnd S are the maximum and minimum value, respectively, of the samg’evaluation spib-indicator

in different processes to be evaluated.

Step|2: Individual score of sub-indicators

Calcyilate the individual score of the sub-indicator, “P;”, using Forthula (3):
P =I,xK, ()

1 1

wherte

s,

I is the normalized value of sub-indicators,;<i”;

K

“«:n
i 1

is the weight coefficient of sub-indicators, “i”. Refer to Annex C to determine K.

Step|3: Individual evaluation of indicators

«n

Calcylate the individual evaluated value, "Qj", expressed as dimensionless number, of the indicators, “j”,

using Formula (4):
n
Qj=2mh ®

where

jJ|  is theserial number of indicators, j=1, 2, 3, 4;

“

1 isithe total number of sub-indicators under indicator, “;”;

“

,under indicator, “j”.

“«zn
1

is the individual score of sub-indicators

Step 4: Individual score of indicators
Calculate the individual score of indicators, “M;”, using Formula (5):
M;=Q;xF, (5)

where

«

Qj is the individual evaluated value of indicator “;”;

F; is the weight coefficient of indicator “;”. Refer to Annex C to determine F;.

Step 5: Calculate comprehensive evaluation score

© IS0 2021 - All rights reserved 7
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Calculate the comprehensive score of the evaluated industrial wastewater treatment technology for
reuse, “E”, and using Formula (6):

E=Z?:1MJ' (6)

«

where M; is the individual score of indicators “}".

Sort the comprehensive scores (E) of proposed evaluated processes in descending order. Make the
evaluation report by combining analysis of evaluation results with consideration on the actual situation
of the industrial enterprise.

6.2.3 Example evaluation table

8 © IS0 2021 - All rights reserved
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NOTE An example of evaluation case is given in Annex D.
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Annex A
(informative)

List of evaluation indicators and sub-indicators

A.1 Technology indicator

A.1.1 Tel|Technology maturity

The technolpgy maturity is a qualitative sub-indicator classified as five levels: R & D phase, field|test,
industrial demonstration, industrial application, and commercialization.

A.1.2 Te2|Equipment utilization ratio

Calculate the average operation ratio, expressed as a percentage, of the“equipment, W,, ising

Formula (A.]D):

- &

t; is tIe average days of the equipment in operation per year;
t, isthe average days of downtime per year.
A.1.3 Te3|Equipment readiness ratio

The readinefs (perfectness) ratio of critical equipment of the selected process flow should be taker) into
full account

Calculated the equipment readingess.Fatio, W, of equipment, using the Formula (A.2):
T.

Wi = % (A.2)
where
T, 1isthedays of equipment in good condition during time T;

T isthe time, expressed in days, of total statistic days.

A.1.4 Te4 Stability

The operational stability of the selected process is a qualitative sub-indicator including the shock
resistance load capacity and the water quality stability rate [2Z],

Shock resistance load capacity: It makes a certain impact on the wastewater treatment facilities when
influent water changed extremely. Time required for system back to the previous state shows the
strength of anti-shock loading capability.

12 © IS0 2021 - All rights reserved
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Water quality stability rate: It shows the probability of the treated wastewater that can meet the
discharge standard. It is the ratio of number of days meeting effluent quality standards to the number

of days throughout the year.

NOTE

This sub-indicator can refer to ISO 20468-1.

A.1.5 Te5 System management

It is a qualitative sub-indicator considering the following aspects: a) the rules and regulations, b)
training and technical data, c) level of system automationl!2], and d) general data requirements [21.

A.l.

Main
main
refle

The
many
oper

6 Teo Mainmtaimabitity and complexity of implementation

tainability is an inherent quality characteristic of product/equipment, which"m
tenance difficulty and cost when mechanical/equipment products go wrong, Mdintai
Ct system effectiveness and life-cycle cost of products [121,

fomplexity of implementation is correlated with the level of automaticcontrol and the
hal management. As known, the level of automatic control will dir€ctly affect the stg
htion of wastewater treatment technology and the investment amotnt in the project.

pasures the
nability can

situation of
bility of the

A.2 | Environment indicator

A.2.1 En1 Conventional pollutants removal rate

The removal rate of total nitrogen, total phosphorus;{SS, Escherichia coli, chloride, pH, COP, BODs and
other conventional pollutants per unit during industrial wastewater treatment process [1.1¢1.

A.2.2 En2 Other concerned pollutants removal rate

It is the removal rate of the concerned pgllutants, such as oil hydrocarbons, volatile phenols, chlorides,
heavly metals (mercury, cadmium, ch¥entium (i.e., hexavalent species), total chromium, lepd, arsenic),

and
quali
cond

A.2.]

bther chemical constituents. In ‘addition, selection should change according to the ¢
ty of industrial wastewater in different process and area. No uniformity should be in
litions can vary [1.18],

B En3 Sludge production rate

uantity and
posed since

It is the productionrate of semi-liquid (or semi-solid) residue or solids separated from suspension in a
liquidl in industriak processes and treatment of sewage and wastewater. R, using Formula (A.3)
ms
RS =V_ (A3)
t
whete
R, is the sludge production rate;
m, is the amount, expressed in kg, of sludge produced during industrial wastewater treatment
reuse processes;
V, isthe volume, expressed as m3, of treated industrial wastewater during the statistical period.

A.2.4 En4 Total GHG emissions

Global warming potential (GWP) is used to measure the contribution of GHG emissions to global
warming [10.18], Refer to Greenhouse Gas Equivalencies Calculator in References [20],

© ISO
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Calculate the total greenhouse emission, expressed as impact value, using Formula (A.4)

IV, = EFGWP, x A,

where

1V,

1

EFGWP,
A.

1

is the impact value of greenhouse gases;
is the coefficient of GWP correlation of greenhouse gas I, e.g. CO,, CH4, and N,0;

is the amount of greenhouse gas [, e.g. CO,, CH4, and N, 0.

(A4)

d

NOTE1 C

NOTE 2

A.2.5 Enj5

It is ratio of]
sustainabili

ESI=EYR/EL
EYR En€

Reflects thq
yield contri
competitive
ELR Eny

The ratio of
resources)
activities pl

NOTE S¢

A.2.6 En6

Odour main|

A.3 Reso

A.3.1 Rel

En5 can be calculated by software or related website.

lculating En5 can refer to [SO 20468-2.

Energy sustainability index (ESI)

EYR to ELR, and it reflects both ecological and economic benefits in)terms of the oy
y of the system [12-22],

R
rgy yield ratio

feedback energy from the economic system and is*a measure of how much the er

erall

ergy

butes to the economic system. EYR is used to judge the energy efficiency and economic

hess of a system based on purchased inputs.
ironment load ratio

non-renewable input energy, (including:purchased energy and energy from non-reney
[0 renewable resources input energy; this parameter denotes the pressure econ
hce on the environment.

e Reference [21].

Odour control and ventilation

ly refers to sulphur Compounds, nitrogen, carbon and oxygen compounds (8],

urce indieator

Wastewater reuse rate

yable
omic

It is the ratd

ofindustrial wastewater reuse. In the statistical period, calculate the rate, expressed

as a

(A.5)

percentage, of the industrial wastewater reuse, K, using Formula (A.5)
w=o———x100 %
Vy+V,,
where
V,, isthe volume, expressed in m3, of the water reused by the enterprise or industry in the statis-
tical period;
V4 isthe volume, expressed in m3, of the wastewater discharged by enterprise.
14 © IS0 2021 - All rights reserved
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A.3.2 Re2 Resource recovery

The recycling amount of heavy metals, inorganic salts, nitrogen, phosphorus, sulphur and others
recycles during wastewater treatment and reuse process.

A3

.3 Re3 Energy recovery

During the statistical period, energy recovery from thermal heat, anaerobic digestion and solar energy.
Organic energy production. In the process of wastewater treatment, some industrial organic wastes
can be converted into recoverable combustible gas or liquid fuel biomass energy, such as methane,
hydrogen, etc. calculated as heat energy, Ey;, using Formula (A.6):

wherte

A3

All the energy consumption used for wastewatér treatment, such as, electricity consum
conspimption, energy of management, and~pumping energy for residuals and wastew
treament process.

A3
The

wastiewater treatment, suchas-adsorbent, coagulant, pH buffer, methanol, lime, etc.

A.4 | Economy indicator

A4

Capital costcomprise all costs related to the purchase of mechanical equipment, t

inst

NOT It can also refer to I1SO 20468-1, [SQ 22449-2

.1 Ec1 Capital cost

1 H =CCOD ><R><Vt XCq XCy

{coplis the concentration, expressed as kg/m3, of COD in the industfial wastewater;
R  isthe removal rate, expressed as percentage, of equipment;
V, isthe volume, expressed as m3, of treated industrialkastewater during the statis

¢; isthe biogas production rate, 0,35~0,7 m3/kg COD:

.4 Re4 Energy consumption

.5 Re5 Chemicals consumption

chemicals resources (chemricals, materials, etc.) shall be consumed by disposal i

dllations; engineering services, construction cost, land use fee, etc. [3715],

Iy, is the energy recovery, expressed as k], of organic wastes, thermal@nd solar energy;

(A.6)

ical period;

btion, water
rater in the

n industrial

echnological

A.4.2 Ec2 Operating cost

Operating cost consists of costs of make-up water, chemicals and power, employees’ wages, maintenance
cost, etc. [23.7],

NOTE It can also refer to ISO 20468-1, ISO 22449-2.

© IS0 2021 - All rights reserved
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A.4.3 Ec3 Disposal cost

Disposal cost includes the cost for the demolition of the system and the rehabilitation cost for the land
use by the system (if applicable) at the end of the system’s useful life, including all labour cost, material
cost and construction equipment usage cost related to the system [23],

NOTE It can also refer to ISO 20468-1, ISO 22449-2.

A.4.4 Ec4 Revenues

Revenues can be obtained from selling the products in waste treatment: electricity, heat, compost,
and reCYCleJ fratertals—Furthermot €; the—evahrationrof reventes—wasmadeotrthebasisof-the;data
for waste tijeatment: composting (taking into account the market price of composting), incinerption
(taking into|account the price of electricity produced) and anaerobic digestion (taking into aceourit the
price of eledtricity produced). The assessment of income from recycling was done on the basis df the
market pricg of recycled materials [18],

16 © IS0 2021 - All rights reserved
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Quantify qualitative sub-indicators

The sub-indicators are divided into two types: quantitative sub-indicators and qualitative sub-

indic

ators, respectively.

a) 1

Principles of evaluating the quantitative sub-indicators.

Calcyilate the quantitative sub-indicators on the basis of engineering application statistics and

theo
data

b) |

Quar
can 1

efer to Table B.1.

Principles of evaluating the qualitative sub-indicators.

Table B.1 — Quantified values of qualitative sub-indicators

retical data of industrial wastewater treatment processes. It is also a need to,measure|and test the
onsite if necessary. Parts of calculate methods are according to Annex A«

tify the qualitative sub-indicators on the basis of experts’ expefience. The method and procedure

Qualitative sub- Quantification of qualitative sub-indicators
indicators

0-0,2 0,2-0,4 0,4-0,6 0,6-0,8 0,8+1,0

Tel. [fechnology maturity |R & D phase |Field test Industrial Industrial Conmerciali-
demonstration application zatfion

Te4. Stability Weak Better Average Good Exdellent
Te5. System management |Weak Better Average Good Exgellent
Te6.Maintainability and Very Complex Moderate Uncomplicated Sinjple
complexity of implemen-  |compleX
tation
En6.|0dour control and Very low Low Medium High Veily high
ventjlation

© IS0 2021 - All rights reserved
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Annex C
(informative)

Determination of weights

C.1 Determine the indicator weight

The weight

where

0<K,<1,0

Determine
processes.

Ualue of the indicators, F;

, Fj, and sub-indicators, K;,

4

K.=1, F.=1.
j=1J

1

s Fs L 221

veights of indicators, F;and weights of sub-indicators, K}, respectively.according to follo

Step 1: Organize a project committee to decide weights of indicators.and sub-indicators

Specific req

a)

b) The me
authorit

c) The con
enginee
others.
researc

d) Theco

NOTE

Step 2: MakK

First, collec
Second, ma
opinions fo
Annex C, Tal

1lirements of the committee:

The committee is typical and representative, the scope of investigation is as far as possible.

mbers in this panel are closely related to industrial wastewater treatment and have a
y in the corresponding fields.

1mittee involves a wide range of professionals, the professions may involve environm
ring, environmental science, construction, economics, water supply and drainage
The working departments can involve government departments, teaching and scie
h institution.

mittee will provide advicesfeedback and endorsement to the project team.

TrIe weights vary in different evaluation cases.

e questionnaires @f weight value

 the problemsigping to be investigated together to avoid overlapping in terms of accu
ke the evaludtion structure and index system clear. Then, design into a form to s

the purpose of the survey respondents. The weight value questionnaire is referenc
ple C.1:

Adopt Delph

wing

high

ental
and
htific

racy.
olicit
ed in

imethod to carry out investigate program.

For investigating, should use a unified questionnaire and fill out the questionnaires in same way:

a) Askque

stions, making consultation forms and distributing them to experts.

b) Collect consultation opinions and statistics, sort out all kinds of opinions.

c) Rotate the opinions consultation until it comes to a similar or same result.

Step 3: Analyse results

Determine the weight K; and F; by calculating the data using arithmetic average method. The concrete
calculation method is as following:

18
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Suppose that the total number of experts involved is n, and W;; is the consulting value of the weight given
by the j-th expert to the i-th indicator or sub-indicator, and the number of indicators or sub-indicators is
m, and the sum of the weight should be 1 as given in Formula (C.1):

m W =1 (C.1)

i=1

Calculate the mean weighted value, W, of each indicator or sub-indicator, using formula (C2):

1 n
W, :;2,-:1”/17 (C.2)

C.2 | Weight value questionnaire

Table C.1 — Weight value questionnaire

Weight value

Indjicators (Q) (F)

Sub-indicators (I) Weight value (K)

Tel. Technology maturity

Te2. Equipment utilization ratio

Te3. Equipment readiness ratio
Te4. Stability

Te5. System management

Tgchnology
hdicator

—

Te6. Maintainability and eomiplexity of implementation

Enl. Conventional pellutants removal rate

En2. Other concerned pollutants removal rate

En3. Sludge-production rate
En4. Total GHG emissions

Enyironment

ipdicator
En5:Energy sustainability index (ESI)
Ené. Odour control and ventilation
Rel. Wastewater reuse rate
Re2. Resource recovery
Hesource Re3. Energy recovery
indicator Re4. Energy consumption
Re5. Chemicals consumption
Ecl Capital cost
Ec2. Operating cost
Efgirég?;}; Ec3. Disposal cost

Ec4. Revenues

a2 The weight value of each indicator/sub-indicators in the process of industrial wastewater treatment is given according
to the experience, the value is between [0, 1], and the sum of all indicators/sub-indicators in same level should be 1.
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Example of evaluation case

The basic data was selected and collected from textile printing and dyeing industry in China (Scenario
A), as shown in the Table D.1 below, the process flow chart is shown in Figure D.1, the data collecting
form is atta¢hed to the end of Annex D, Table D.4.

Table D.1 — Basic data for evaluation

Parameters Scenario A
Wastewater|resource Textile printing and dyeing industry
Wastewater [volume 30000)m3/d

Tel. Technolpgy maturity 0,8/dimensionless

Te2. Equipment utilization ratio 100%

Te3. Equipmpnt readiness ratio 100%

Te4. Stability/dimensionless 0,7/dimensionless

Te5. System management 0,7/dimensionless

Te6. Maintai

hability and complexity of implementation

0,2/dimensionless

Enl. Conventional pollutants removal rate 92 %2
En2. Other cpncerned pollutants removal rate 98 9% b

En3. Sludge production rate 30%

En6. Odour dqontrol and ventilation 0,9/dimensionless
Rel. Wastewater reuse rate 53%

Re4. Energy [consumption 0,858 CNY¢/m3 ¢
Re5. Chemichls consumption 3,5 CNY/m3
Ecl. Capital fost 7000 CNY
Ec2. Operatipg cost 4,43 CNY/m3
Ec3. Disposdl cost 1400 CNY
Ec5. Capital pay-off time 10,5 year

a  In statist
them have eq
the average o

b In this st

all.

textile printin

g and dyeing industry.

cal analysis, ehromaticity, BOD;s, COD, TSS, TN, NH3-N and TP, are included in conventional pollutants.
hal weighting factor and the same priority. Therefore, the final removal rate of conventional pollutants

tistic, other concerned pollutants removal rate means to rate of sulphide, which is important and sped

All of
takes

ial in

¢ CNY denotes Chinese Yuan.

NOTE: The following lists abbreviated terms are referred in Table D.1.
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Influent - - -
Bar | »] Regulating | | Coagulating | | Hydrolytic :
screen tank sedimentation acidification Aeration tank
| |
| | T
_______ o l PAC/PAM - :
- . - Coagulating | Secondary
Ultrafilration | Sand filter (g : sedimentation | sedimentation
|
! ' | |
__________ | |
Reverse osmosis : Sludge treatment P I
and disposal |
| I < Pl oA N
Y
mcp as
Key
o wastewater
| ___ sludge

Figure D.1 — Example of process flow of textile printing and dyeingindustrial park wastewater
treatment for reuse

The Wweights of each evaluation indicator are shown in TableyD/2 (refer to Annex C Detefmination of
weights).

Table D.2 — weightsof indicators

Indicators Welggg)value Sub-indicators Weight value (K)
Tel. Technology(maturity 0,15
Te2. Equipment utilization ratio 0,10
Te3. Eqaipment readiness ratio 0,20
Tdchnology 0,30 Te4 Stability 0,20
ipdicator
Te5: System management 0,30
Te6. Maintainability and complexity of implementation 0,05
Enl. Conventional pollutants reduction 0,20
En2. Other concerned pollutants reduction 0,35
_ En3. Sludge production rate 0,20
Enpironment 0,20  |End. Total GHG emissions 0,00
ipdicater
En5. Energy sustainability index (ESI) 0,00
En6. Odour control and ventilation 015
NOTE 1: The weight value of each indicator/sub-indicators in the process of industrial wastewater treatment is given
according to the experiences, the value is between [0, 1], and the sum of all indicators/sub-indicators in same level should be 1.
NOTE 2: The weights of each indicator were obtained according to Annex C Determination of weights. The weights in
Table D.2 are applied for the case in this annex but not for all the evaluation cases. The user should get their own weights
according to the steps in Annex C or collect from survey or software.
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Table D.2 (continued)

Indicators Welg?;)value Sub-indicators Weight value (K)
Rel. Wastewater reuse rate 0,30
Re2. Resource recovery 0,00
Resource 0.10 Re3. Energy recovery 0,00
indicator ' Re4. Energy consumption 0,30
Re5. Chemicals consumption 0,40
Ecl. Capital cost 0,20
Ec2. Operating cost 0,30
Eco.nomy 0,40 Ec3. Disposal cost 0,20
indicatoy
Ec4. Revenues 9,00
Ec5. Capital pay-off time 0,30
NOTE 1: The|weight value of each indicator/sub-indicators in the process of industrial wastewater treatment is given
according to the experiences, the value is between [0, 1], and the sum of all indicators/sub-indicatots in same level should be 1.
NOTE 2: The|weights of each indicator were obtained according to Annex C Determination of weights. The weiglts in
Table D.2 are ppplied for the case in this annex but not for all the evaluation cases. The'user should get their own weights
according to the steps in Annex C or collect from survey or software.

22
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