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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

Global water scarcity is becoming increasingly pronounced as a result of the massive demand for water
caused by population growth, public life and industrial growth. Due to the increasing cost of water and
sewage disposal, wastewater reuse in thermal power plantsis being initiated. The number of wastewater
recycling projects in thermal power plants is increasing and water treatment and reuse technologies
are being developed. Studies have shown that electric power plants account for approximately half the
global industrial water withdrawallll, which means the problem of water shortage will be aggravated

with the expansion of thermal power plants.
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hlmost zero water consumption is growing, the proportion of world gross electrici
bustible fuels still accounted for 64,1 % in 2020[2l. In addition, the wastewater f
plants (power plants that generate electricity from combustible fuels) is diverse
le and complex pollutant components(3], and its discharge poses a threatt6’the eco]
bnments. Therefore, the reuse of wastewater from thermal power plants has dusz

saving and environmental protection.

hcreasing efforts to control water scarcity and water pollutionin some countrie
trial wastewater reuse a valuable means of augmenting the existing water supply

water discharge to the environment. In terms of wastewater treatment and reus
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INTERNATIONAL STANDARD 1SO 4789:2023(E)

Guidelines for wastewater treatment and reuse in thermal
power plants

1 Scope

This document spec1f1es guldelmes for wastewater treatment and reuse in thermal power plants,
including the types and characteristics of wastewater and the technologies of wastewater treatment

bmical water
gcrubber and
ash hpndling. Wastewater from these systems is classified in accordance withits systerh sources. In
addit]on, technical guidelines for wastewater treatment and reuse are providéd according to the water
requifements of systems in the thermal power plant. This document isformulated to prdvide feasible
technlical guidance for the treatment and reuse of wastewater in thermal-power plants.

Itis applicable to coal-fired, oil-fired, gas-fired (including gas turbifie), biomass-fired, wastg incineration
and integrated gasification combined cycle (IGCC) thermal power/plants.

2 Normative references

The fpllowing documents are referred to in the text'in such a way that some or all of their content
constjtutes requirements of this document. For @ated references, only the edition cited applies. For
undafed references, the latest edition of the refeténced document (including any amendménts) applies.

ISO 20670, Water reuse — Vocabulary

3 Terms, definitions and abbreviated terms
For tHe purposes of this document, the terms and definitions given in ISO 20670 and the following apply.

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

]

$0 Online browsing platform: available at https://www.iso.org/obp

]

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

3.1 |Terms'and definitions

3.1.1
advanced treatment for TDS

advanced treatment for total dissolved solids

process of further reducing the salt content in wastewater by using advanced treatment technology
after pretreatment to achieve certain reuse water targets

3.1.2

ash handling system

system that includes all the equipment, pipelines and monitoring devices for collecting bottom ash and
fly ash from combustion or gasification of fuel in boilers and transferring it out of the power plant

3.1.3

boiler and auxiliary system

system that includes primary production equipment for the combustion or gasification of fuel and other
auxiliary machinery

©1S0 2023 - All rights reserved 1
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3.14

chemical water treatment system
system that treats the raw water to achieve water quality requirements for the different water
applications in the power plant

Note 1 to entry: A chemical water treatment system includes the raw water pretreatment, boiler replenishment
water treatment, condensate polishing treatment and wastewater treatment

3.1.5

flue gas processing system
system that purifies boiler flue gas and reduces pollutants such as sulfur dioxide, nitrogen oxides,
particulate matter and organic gas in flue gas

3.1.6
fuel supply
system that

3.1.7
gasification
system that |

3.1.8

recirculating cooling system

system that

Note 1 to en
treatment fac

3.19
reclaimed w
amount of w
process of th

3.1.10

thermal power plant

power plant
electricity

Note 1 to ent
from biomass

bystem
ollects, stores, pre-treats and transports combustible fuels for power generation

scrubber system
purifies gaseous fuel after gasification of solid or liquid fuel

ircularly uses a cooling medium (e.g. water, air) to transfer‘heat

lities, pumps, pipelines and other related facilities.

rater quantity

e thermal power plant

that converts heat, such as-that released by the combustion of carbonaceous fuel

'y: Carbonaceous fuel§ include coal and coal products, oil and oil products, natural gas, b
industrial waste andthunicipal waste.

[SOURCE: ISQ 27919-1:2018, 3.1.42, modified — Definition revised and note to entry added.]
3.2 Abbrqviated-terms

A/O apexic/oxic

BOD; biochemical oxygen demand after 5 days

CoD chemical oxygen demand

EDTA ethylene diamine tetraacetic acid

FGD flue gas desulfurization

IGCC integrated gasification combined cycle

MBR membrane bioreactor

MVR mechanical vapor recompression

2 © IS0 2023 - All rights re
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NF
NTU
PAHs
RO
TDS

TP
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nanofiltration

nephelometric turbidity unit
polycyclic aromatic hydrocarbons
reverse 0smosis

total dissolved solids

total phosphorus

TSS
UASB
UF

WESH

total suspended solids
upflow anaerobic sludge blanket
ultrafiltration

wet electrostatic precipitator

eneral principles

pllowing principles should be followed for the treatmentvand reuse of wastewatg
I plants.

he wastewater should be treated and reused separately if its water quality and reu
fferent.

astewater that meets the water quality requirements of the reuse target can be dir
the target system.

he process flow of wastewatér treatment and reuse in thermal power plants should b

he entire plant water balance should be optimized before designing a water reuse plg
ithdrawal, censumption and drainage of each system should be considered thro
lance. Thewater quality requirements of each system should also be considered (se

r in thermal

Se target are

rocesses can

bctly utilized

e determined
lity of reuse
t during the

n. The water
ugh a water
e Annex A).

s. fuel supply,

chemlcal water treatment b01ler and aux111ary, rec1rculat1ng cooling, flue gas processmg, gasification
scrubber and ash handling.[8] The types of wastewater in each system are shown in Table 1.
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Table 1 — Types of wastewater in thermal power plants

System source

Type

Involved power plants

Fuel supply

Coal wastewater? Coal-fired power plants, IGCC

Oily wastewater? All power plants

Biomass-fired power plants, waste incinerati

Leachate¢
power plants

on

ment

Chemical water treat-

RO concentrated waterd

Membrane washing wastewater® |All power plants

Resin reclaimed wastewaterf

a  Coal wast

5,000 mg/l. Cd
waste water ¢
after dust rem

b Qily wastg
facilities, the I¢
turning machi

¢ Leachate

biochemical de
types of waste

d  RO-concel]
wastewater ge
of the power p

¢ Membrang

cleaning of me
of raw water a

f Resin recl

chemical wate
and acidand b

g  Boiler bloy

blowdown con
regular blowd

h Boiler che

cleaning agent
I Auxiliary
from the coolij

j Cooling to
quality are rel
microorganisn
as well as polly

k WESP bloy
of WESP inclu
TSS, TDS and h

ewater has high TSS, COD, chroma and turbidity. The TSS concentration can be between 200 mg
al wastewater includes the leakage caused by the spraying and dustproofing in the coal yard, the w
used by the washing of the coal transporting trestle, the rain water in the coal yard and theeffliient
bval in the coal conveying system.

water includes oil slick, disperse oil, emulsified oil and dissolved oill2l. It can comeArém the oil s
akage of the oil system in the main plant during the operation of the steam engine and'the power gene
e bearings, and the oily wastewater generated during the operation, cleaning or overhaul of the equip

pas high COD, BOD;, ammonia nitrogen, TSS and heavy metals, with a pH of 5~7191. It comes fro
gradation during the stacking process of biomass or waste. Its quantity and.quality are different due
generated from various sites, fuel composition and climatic conditions agthe-power plants.

trated water is of high salinity, and its quality is related to the quality of raw water. It is concen
nerated during the operation of the RO membrane filtration system‘in the chemical water treatment s
ants1],

washing wastewater is acidic or alkaline and has a high salinity. It comes from the physical and ch
nbrane components in chemical water treatment systemalts'quantity and quality are related to the d
hd the concentration of chemical cleaning agent.

himed wastewater is the acid or alkali wastewatef’from the regeneration of ion-exchange resin
" treatment system. It is of high TDS and TSS. Its quantity and quality are related to resin regeneratio
hse dosage.

vdown can be divided into boiler continuous‘blowdown and boiler regular blowdown. The boiler contj

2= c:n2
7CO; ,Si0;

whn is high and contains ammonianitrogen, TSS and CODI[12],

fains only a small amount of Na*, Poi‘ ~, Fe2*, Fe3+* and other salts. The iron content in the

mical cleaning wastewater has-high TDS, COD and TSS. Major pollutants are dependent on the type
such as hydrochloric acid, citriec-acid, complex acid and EDTA, used in the process of boiler chemical cle|

bquipment cooling watentblowdown contains a small amount of TDS and the water quality is high. It
g water system of auxiliary equipment of the power plant.

wer blowdown has High salinity, which has the largest flow rate in thermal power plants. Its quanti
hted to the congentration ratio. The common pollutants include TSS, colloid, organic matter, inorgani
hs and algae. Thése pollutants come mainly from supplemental water and chemicals added to the water]
tants thatgrow in the system.

vdown. can be split into WESP continuous blowdown and WESP regular blowdown since the cleaning
e cohtinuous-flow water cleaning and spray cleaning. The WESP blowdown is acidic wastewater, inc
edvy metal. Its quantity is related to the cleaning type of WESP.

| and
ishing
water

orage
ration
ment.

m the
to the

trated
ystem

bmical
uality

in the
h time

nuous

boiler

f acid
aning.

romes
y and

salts,
cycle,

types
uding

1

FGD wastewater is acidic, with a pH value between 4 and 6, containing a large number of TSS (e.g. gypsum particles,

Si0,, CaF,) and a certain amount of COD. TSS is about 10,000 mg/l or more, TDS ranges between 30,000 mg/1to 65,000 mg/1.
The hardness is relatively high. The anions in wastewater are mainly Cl- and sulfate radical ions, and there are many kinds
of heavy metal cation, such as mercury, lead, zinc, nickel and arsenic.

m  Tar-containing wastewater is the organic wastewater with tar as the main pollutant produced by wet gas purification

equipment. Tar can be considered a mixture of several acidic, alkaline and neutral compounds. The acidic components
include acids and phenols, the basic components include nitrogen-containing compounds and the neutral components
include PAHs[12]. In addition, the wastewater also contains ammonia nitrogen, chloride and other inorganic substances.

n The quality of ash handling wastewater is determined by the chemical composition of ash. Since the fuel source is not

fixed, the water quality of ash handling wastewater is also unstable. In general, ash wastewater is of high pH and TDS.
The pH value is generally greater than 9 and sometimes more than 10,5. It contains heavy metal elements and fluoride
dissolved from ash residue. The TSS of ash handling wastewater in the slurry concentration pool is higher.
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Table 1 (continued)

System source

Involved power plants

Type

Boiler and auxiliary

Boiler blowdown38

Boiler chemical cleaning waste-

waterh All power plants

Auxiliary equipment cooling
water blowdown!

Recirculating cooling

Cooling tower blowdown/ All power plants

WESP blowdownk Coal-fired power plants
Flue das processing Coal-fired power plants, oil-fired power plan_ts,
FGD wastewater! biomass-fired power plants, waste infineration

power plants

a

5,000
wastelwater caused by the washing of the coal transporting trestle, the rain water in the ceal\yard and the
after

b

facilit]es, the leakage of the oil system in the main plant during the operation of the(stéam engine and the po
turning machine bearings, and the oily wastewater generated during the operation)cleaning or overhaul of

C

bioch¢mical degradation during the stacking process of biomass or waste_Its"quantity and quality are diffe]
types|of waste generated from various sites, fuel composition and climatic conditions at the power plants.

d

e

cleanipg of membrane components in chemical water treatment system. Its quantity and quality are relate
of raw

f

chemilcal water treatment system. It is of highFDS and TSS. Its quantity and quality are related to resin reg
and a

8

blowdown contains only a small amdunt'of Na*, PO
reguldr blowdown is high and contaihs ammonia nitrogen, TSS and COD[12],

h

cleanipg agent, such as hydroechloric acid, citric acid, complex acid and EDTA, used in the process of boiler che

i

from ghe cooling water-system of auxiliary equipment of the power plant.

j

qualitly are related to the concentration ratio. The common pollutants include TSS, colloid, organic matter, §
prganisims and algae. These pollutants come mainly from supplemental water and chemicals added to he water cycle,
as well as pellutants that grow in the system.

micro

Cpal wastewater has high TSS, COD, chroma and turbidity. The TSS concentration can bgeybetween
mg/l. Coal wastewater includes the leakage caused by the spraying and dustproofing inthe coal yar

lust removal in the coal conveying system.

O|ly wastewater includes oil slick, disperse oil, emulsified oil and dissolved 0ill2}y Tt can come from

Le¢achate has high COD, BODg, ammonia nitrogen, TSS and heavy metals; with a pH of 5~7[101, It ¢

Membrane washing wastewater is acidic or alkaline and*has a high salinity. It comes from the physicd

water and the concentration of chemical cleaning agent.

Rpsin reclaimed wastewater is the acid or ‘alkali wastewater from the regeneration of ion-exchang

id and base dosage.

Bpiler blowdown can be divided intdyboiler continuous blowdown and boiler regular blowdown. The bo

~,C0%,si02

, Fe2*, Fe3* and other salts. The iron contg
Bpiler chemical cleaning-wastewater has high TDS, COD and TSS. Major pollutants are dependent on t|

Apxiliary equipment cooling water blowdown contains a small amount of TDS and the water quality is

Cooling tower\blowdown has high salinity, which has the largest flow rate in thermal power plants. I

RP-concentrated water is of high salinity, and its quality is related to the quality of raw water. It i}
wastefwater generated during the operation of the RO membrane filtration system in the chemical water trej
of the|power plants[1l,

200 mg/l and
d, the washing
effluent water

the oil storage
ver generation
he equipment.

mes from the
rent due to the

concentrated
Atment system

| and chemical
to the quality

e resin in the
eneration time

ler continuous

nt in the boiler

he type of acid
mical cleaning.

high. It comes

s quantity and
norganic salts,

TSS, TDS and heavy metal. Its quantity is related to the cleaning type of WESP.

1

F ethe cleaning types
of WESP include contlnuous flow water cleamng and spray cleaning. The WESP blowdown is acidic wastewater, including

FGD wastewater is acidic, with a pH value between 4 and 6, containing a large number of TSS (e.g. gypsum particles,

Si0,, CaF,) and a certain amount of COD. TSS is about 10,000 mg/1 or more, TDS ranges between 30,000 mg/1to 65,000 mg/1.
The hardness is relatively high. The anions in wastewater are mainly Cl- and sulfate radical ions, and there are many kinds
of heavy metal cation, such as mercury, lead, zinc, nickel and arsenic.

m  Tar-containing wastewater is the organic wastewater with tar as the main pollutant produced by wet gas purification
equipment. Tar can be considered a mixture of several acidic, alkaline and neutral compounds. The acidic components
include acids and phenols, the basic components include nitrogen-containing compounds and the neutral components
include PAHs[!2]. In addition, the wastewater also contains ammonia nitrogen, chloride and other inorganic substances.

n The quality of ash handling wastewater is determined by the chemical composition of ash. Since the fuel source is not
fixed, the water quality of ash handling wastewater is also unstable. In general, ash wastewater is of high pH and TDS.
The pH value is generally greater than 9 and sometimes more than 10,5. It contains heavy metal elements and fluoride
dissolved from ash residue. The TSS of ash handling wastewater in the slurry concentration pool is higher.

© IS0 2023 - All rights reserved 5


https://standardsiso.com/api/?name=f572166b29a3724b4fe0828851bd41ee

ISO 4789:2023(E)

Table 1 (continued)

System source

Involved power plants

Type

Gasification s

crubber |Tar-containing wastewater™ Biomass gasification power plants, IGCC

Ash handling

Ash handling wastewater™ o ;
plants, waste incineration power plants

Coal-fired power plants, biomass-fired power

a

b

Coal wastewater has high TSS, COD, chroma and turbidity. The TSS concentration can be between 200 mg/] and
5,000 mg/l. Coal wastewater includes the leakage caused by the spraying and dustproofing in the coal yard, the washing
waste water caused by the washing of the coal transporting trestle, the rain water in the coal yard and the effluent water
after dust removal in the coal conveying system.

Oily wastewater includes oil slick, disperse oil, emulsified oil and dissolved oill?l. It can come from the oil storage

facilities, the Iq
turning machi

¢ Leachate

biochemical de
types of waste

d  RO-concer
wastewater ge
of the power p

¢ Membrang

cleaning of me
of raw water a

f Resin rec]
chemical wate
and acidand b

g  Boiler bloy

blowdown con
regular blowd

h  Boiler che

cleaning agent
I Auxiliary
from the coolix

j Cooling to
quality are rel
microorganisn
as well as polly

k WESP bloy
of WESP inclugd
TSS, TDS and h

I FGD wastg
Si0,, CaF,) and
The hardness i
of heavy metall

m  Tar-contali

d}\ng Uf LllU Ull Sy SLEIIT ill LllU llldill lJldlll, dul illg L‘llC UpPtl dLiUll Uf \.‘llt‘ SLCAIIT cugiuc dlld LIIU POWET gClIl
e bearings, and the oily wastewater generated during the operation, cleaning or overhaul of the eduiy

has high COD, BODs, ammonia nitrogen, TSS and heavy metals, with a pH of 5~7[20. It comes ‘frg
gradation during the stacking process of biomass or waste. Its quantity and quality are differerit due
generated from various sites, fuel composition and climatic conditions at the power plants.

trated water is of high salinity, and its quality is related to the quality of raw water* It is concen

nerated during the operation of the RO membrane filtration system in the chemicatwater treatment s
ants(11],

washing wastewater is acidic or alkaline and has a high salinity. It comes from the physical and ch
nbrane components in chemical water treatment system. Its quantity and quality are related to the d
hd the concentration of chemical cleaning agent.

pimed wastewater is the acid or alkali wastewater from the regeneration of ion-exchange resin
" treatment system. It is of high TDS and TSS. Its quantity and quality are related to resin regeneratio
hse dosage.

vdown can be divided into boiler continuous blowdown andBeiler regular blowdown. The boiler conti

2— 2

fains only a small amount of Na*, POi_ ,C03 ,Si03 , Fed$, Fe3* and other salts. The iron content in the

whn is high and contains ammonia nitrogen, TSS and €0D[12],

mical cleaning wastewater has high TDS, COD and TSS. Major pollutants are dependent on the type
such as hydrochloric acid, citric acid, complex aeid and EDTA, used in the process of boiler chemical cle|

bquipment cooling water blowdown contains a small amount of TDS and the water quality is high. It
g water system of auxiliary equipment of the power plant.

wer blowdown has high salinity, which has the largest flow rate in thermal power plants. Its quanti
hted to the concentration ratio~Fhe'common pollutants include TSS, colloid, organic matter, inorgani
is and algae. These pollutants-ceme mainly from supplemental water and chemicals added to the water]
tants that grow in the systems

vdown can be split into - WESP continuous blowdown and WESP regular blowdown since the cleaning
e continuous-flow watér cleaning and spray cleaning. The WESP blowdown is acidic wastewater, inc
eavy metal. Its quantity is related to the cleaning type of WESP.

water is acidicwith a pH value between 4 and 6, containing a large number of TSS (e.g. gypsum pa
a certain amount of COD. TSS is about 10,000 mg/1 or more, TDS ranges between 30,000 mg/1to 65,000
s relativelyhigh. The anions in wastewater are mainly Cl- and sulfate radical ions, and there are manyj
cationysuch as mercury, lead, zinc, nickel and arsenic.

hifig wastewater is the organic wastewater with tar as the main pollutant produced by wet gas purifi

ration
ment.

m the
to the

trated
ystem

bmical
uality

in the
h time

nuous

boiler

f acid
aning.

comes

y and
salts,
cycle,

types
uding

ticles,

mg/l.
kinds

cation

equipment. Ta

can bhe considered a mixture of several acidic_alkaline and neutral r‘nmpnnndc The acidic comp

nents

n

include acids and phenols, the basic components include nitrogen-containing compounds and the neutral components
include PAHs[12]. In addition, the wastewater also contains ammonia nitrogen, chloride and other inorganic substances.

The quality of ash handling wastewater is determined by the chemical composition of ash. Since the fuel source is not

fixed, the water quality of ash handling wastewater is also unstable. In general, ash wastewater is of high pH and TDS.
The pH value is generally greater than 9 and sometimes more than 10,5. It contains heavy metal elements and fluoride
dissolved from ash residue. The TSS of ash handling wastewater in the slurry concentration pool is higher.
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6 Wastewater treatment and reuse technologies

6.1 Water quality requirements for reuse water in thermal power plants

To ensure the proper operation of each system, it is recommended that the reuse water quality after
treatment meet the requirements of influent water for the given target. The required water quality
parameters of various types of industrial reuse water are given in Table 2.

Table 2 — Required water quality parameters of reuse water

Chem- Ash
ical Recirculat- i fi han-
Fuel supply sys- | water | Boiler and aux- |, li Flue gas pro- Gasjifi- dli
tem treat- | iliary system |8 298| cessing system. () ¢ation ng
y sy gsy
system scrubber | SYS-
Parame- ment tem-
No. ter system Syp-
- tem-Pro- | Aqh
Wash- | Dust-sup- Boiler WESP ceks han-
- p Influent | make- |Cooling| Cooling | clean—| Process | ater .
ing pressing t ter ater i ater dling
water water water up wa w e w water
water? water
pH 6,5 to 8,8to | 7,0to 6,0 to 6,5 to
1 (25 °C) 9,0 6,5t09,0 C 9,3 9,5 6,5t0 8,5 8,0 6,5t09,5 @ 9,0
TSS
2 <30 <30 C C C < 30 <150 <50 d <30
(mg/1)
Turbidity
3 0 0 0 C C <5 C 0 d 0
(NTU)
4 | Chroma | <30 <30 C C C <30 C C ¢ <30
BOD;
5 <30 <30 C C C <10 C C ¢ <30
(mg/1)
CoD
6 0 0 0 0 C <60 0 0 d 0
(mg/1)
Fe
7 <0,3 <0,3 0 0 C <0,3 C C @ <0,3
(mg/1)
Mn
8 <01 <401 0 C C <01 C C d <01
(mg/1)
Cl-
9 <250 <250 C 0 C C <200 | 1,000 (¢ <250
(mg/1)
Sio,
10 0 0 0] <0,02 C <50 0 0 d 0
(mg/1)
Total
11 | hardness T <450 <450 C <0,002 C <450 <200 | <250 C <450
(mg/1)
Total al-
12| kalinity | <350 | <350 C C C <350 C C C <350
(mg/1)
NOTE The values in this table refer to References [14] to [21].
a  The water quality of boiler make-up water in the boiler and auxiliary system should meet the following additional
targets: TOC (total organic carbon) < 0,4 mg/l1, conductivity (25 °C) < 0,4 pS/cm.
Key
C: The indicator is controlled; the value or range of the indicator is conditional.
O: The indicator is optional.
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Table 2 (continued)

Chem- Ash
ical Recirculat- ifi han-
Fuel supply sys- water | Boiler and aux- |. . Flue gas pro- Gasifi- .
o ing cooling . cation dling
tem treat- iliary system cessing system
t system scrubber | SYS-
Parame- men tem-
No. ter system Sys-
Boiler WESP tem-Pro- | Ash
. _sup- 01 cess .
Wash Dust SUP” | Ihfluent | make- Cooling| Cooling | clean- | Process | ater ha_m
ing pressing t t t . t dling
water water water up water water ing water water
water? water
Sulfate
13 <250 <250 C C C <600 <200 | <400 C g 250
(mg/1)
NH;-N
14 0 0 0 C C <10 <10 <10 0 0
(mg/1)
TP
15 0 0 0 C C <1 <5 <5 0 0
(mg/1)
TDS
16 <1,000| <1,000 C <0,1 C <1,000 C C C <[1,000
(mg/1)
Petrole-
17 um C 0 0 C C <5 0 0 C 0
(mg/1)
NOTE The valfies in this table refer to References [14] to [21].
a2 The wateq quality of boiler make-up water in the boiler and auxiliary system should meet the following additional
targets: TOC (fotal organic carbon) < 0,4 mg/l, conductivity (25.°€)< 0,4 uS/cm.
Key
C: The indicatr is controlled; the value or range of the indicator is conditional.
0: The indicatpr is optional.

6.2 Fuels

6.2.1 Coal

According to

for the reuse

wastewater

shown in Figure 1.

The effluent
in the coal {
spraying in

Fuel supply system

upply system wastewater.treatment and reuse

the effluent water quality of coal wastewater and the influent water quality requirements
targets, pre-précipitation, coagulating sedimentation, filtration, etc. or a combinatjon of
processes can be adopted(to treat the coal wastewater. Options for treatment and reuse process

£S are

after\pre-precipitation, coagulating sedimentation and filtration treatment can be reused

(coal supply system)

upply system (washing water for coal conveying facilities, dust-suppressing watpr for
ly LUﬂ]lyal d).
r i
7———= Alrfloat! F--
! L Do
| |
l '
Coal wastewater Coagulating
Pre-precipitation® . oy Filtration®
sedimentation

a

water. Sedimentation by gravity can be used.

The pre-precipitation of coal wastewater is used to separate large particles of solids from waste-
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The coagulating sedimentation of coal wastewater is used to remove TSS in wastewater. Chemical

flocculation, electronic flocculation, etc. can be used.

¢ The filtration of coal wastewater is used to separate sludge formed by coagulating sedimentation
from wastewater. Mechanical filtration, membrane filtration, etc. can be used.

d  Ifthere is oil in the coal wastewater, an air float treatment unit can be added after coagulating
sedimentation to remove the oil in the wastewater.

Figure 1 — Process flow of coal wastewater treatment and reuse

6.2.2

The s
water
separ]
oily w

The ©
(wash
flotat
facilit
flotat
coolit

Oily wastewater

eparation treatment system should be set up for oily wastewater. Accérding to|the effluent
quality of oily wastewater and the influent water quality requirements’for the reuge targets, oil

ation, air floating, deep de-oiling, etc. or a combination of processes_can be adopted to treat the
astewater. Options for treatment and reuse processes are shown in Eigure 2.

ffluent after oil separation and air flotation treatment can beireused in the oil supply system

ing water for oil storage and oil conveying facilities). Theleffluent after oil separation and air

Fuel supply system
(Coal supply system)

ion treatment also can be reused in the coal supply system (washing water for coal conveying

ies, dust-suppressing water for spraying in dry coal yard). The effluent after oil sgparation, air
ion and deep de-oiling treatment can be reused in the'vecirculating cooling system (recirculating
g water).
0il 0il Oi

A A i

| | |

: I I

Oily wastewater ;

ue I supply system Oil . Air floating® Deep dejoiling*
Dil supply system) separation®

l

Recirculating
cooling gystem

a (il droplets with larger particle size and suspended oil droplets in wastewater can be|removed

u

6.2.3

s5ing oil separation processes such as advection oil traps, inclined plate oil traps or corrugated
clined plate.oil traps.

Dispersed-oil droplets with smaller particle size and solid particles in oily wastewater| can be
remeyed using air flotation.

g Of 011y WasStewater 1S USed to remove diSSolved oil dropie [om the wastewater
using processes such as flocculation precipitation, biological treatment and membrane filtration.

Figure 2 — Process flow of oily wastewater treatment and reuse

Leachate

A separate collection and treatment system should be set up for leachate. According to the effluent
water quality of leachate and the influent water quality requirements for the reuse targets, biological
treatment, membrane filtration, etc. or a combination of processes can be adopted to treat leachate.
Options for treatment and reuse processes are shown in Figure 3. More information about leachate
treatment and reuse can be found in ISO 24297 [22],
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The effluent after biological treatment and membrane filtration treatment can be reused in the ash
handling system (ash handling water, ash field spray water), flue gas processing system (process water)
and recirculating cooling system (recirculating cooling water).

The concentrated water after biological treatment and membrane filtration treatment can be sprayed
back to the boiler. The concentrated water is regularly sprayed into the boiler in a certain ratio according
to the amount and calorific value of the waste, avoiding the generation of excessive crystalline salts by
controlling the proportion of concentrated water injected back.

(gliloerlnsalg%l: s::gzrr; Leachate | Biological Membrane Spray back to
& & treatment? Filtration® boiler
supply system)
Ash handling system

a2 The biol
BOD: or

Flue gas processing system
Recirculating cooling system

pgical treatment of leachate is used to remove organic matter in wastewater, such as
oil. Anaerobic activated sludge process, A/O, etc. can be used.

The menpbrane filtration of leachate is used to remove pollutants such as heavy metal ions and

small mglecules from wastewater. UF, NF, RO, etc. can be used.

Figure 3 — Process flow of leachate treatment and reuse

6.3 Chemjcal water treatment system wastewater treatment and reuse

6.3.1 RO doncentrated water

According tc
requirement
concentrated

RO concentr

water. Options for treatment and reuse processes are shown in Figure 4.

field spray water) and/or the flye’ gas processing system (process water). The concentrated

after membr

field spray w

the concentrfated waterqteéds to be considered to avoid adverse effects on ash reuse and equi
operation. The effluenityafter membrane filtration treatment can be reused in the recirculating c

system (reci

Chenjical,water

rculating*cooling water).

Membrane Recirculating

the effluent water quality of\RO concentrated water and the influent water ¢
5 for the reuse targets, thetmembrane filtration processes can be adopted to trept RO

COD,

uality

hted water can be djrectly utilized in the ash handling system (ash handling watdr, ash

water

hne filtration treatment can be reused in the ash handling system (ash handling watgr, ash
ater) and/or the flue gas processing system (process water). The concentration of TDS in

ment
oling

treatr

£:1 . 1
ICTIU Sy SUICIIT HIUIdUOIT COUIIIIE SySLEII

RO concentrated water

Ash handling system
Flue gas processing system

a  The membrane filtration of RO concentrated water is used to remove salts in wastewater. NF, RO,
etc. can be used.

10
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If the hardness of RO concentrated water is high, a softening treatment unit can be added before

membrane filtration to remove hardness. The softening process includes the application of soften-
ing agents and ion exchange.

Figure 4 — Process flow of RO concentrated water treatment and reuse

6.3.2 Membrane washing wastewater and resin reclaimed wastewater treatment and reuse

Membrane washing wastewater and resin reclaimed wastewater are similar and have the same reuse

targe
wastg
coagy

membrane washing wastewater and resin reclaimed wastewater. Options for treatme

proce

Membrane washing wastewater and resin reclaimed wastewater can be utilized to the

syste
wate
and f
spray
coagu
(recin

Cl
tr

®

L
u

T

f
S

mechanicalfiltration and membrane filtration. Mechanical filtration is used to separa

water and the influent water quality requirements for the reuse targets, hg
lating sedimentation, filtration, etc. or a combination of processes can becadoy

sses are shown in Figure 5.

m (ash handling water, ash field spray water) and/or the flue gas\processing syst
) after neutralization. The concentrated water after neutralization, coagulating s¢
iltration treatment can be reused in the ash handling system' (ash handling wa
water) and/or the flue gas processing system (process water). The effluent after n¢
lating sedimentation and filtration treatment can be reused in the recirculating co
culating cooling water) if the quantity of TDS is relativelylittle.

Membrane
washing
wastewater

Rej
cod

hemical water
atment system

Coagulating

Filtration®
sedimentation®

Neutralization®

l

Ash handlingsystem
Flue gas proc€ssing system

Resin reclaimed
wastewater

he neutralization of membrané washing wastewater and resin reclaimed wastewate
Hjust the pH to neutral by adding acid (or alkali) for subsequent treatment.

br is used to remove-TSS and some ions from wastewater. The method of adding agen
sed.

he filtration©ofimembrane washing wastewater and resin reclaimed wastewater, incl

rmed by eoagulating sedimentation from wastewater and membrane filtration is us
hlts,

LS Arrnrding to the effluent water nllm]ify of membrane v\mching wastewater and resin reclaimed

putralization,
ted to treat
ht and reuse

hsh handling
em (process
bdimentation
ter, ash field
rutralization,
oling system

circulating
ling system

- is used to

he coagulating sedimentation of membrane washing wastewater and resin reclaimeg wastewa-

Ls can be

pding the
e sludge
bd to remove

Figure 5 — Process flow of membrane washing wastewater and resin reclaimed wastewater

6.4

6.4.1

treatment and reuse

Boiler and auxiliary system wastewater treatment and reuse

Boiler blowdown

The pressure and temperature of boiler blowdown are both very high, so it should be decompressed by
the expansion evaporator. After decompressed, boiler blowdown can be directly cascade-utilized in a
recirculating cooling system. Options for treatment and reuse processes are shown in Figure 6.

© IS0 2023 - All rights reserved
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Boiler and auxiliary Boiler blowdown Recirculating
system cooling system

Figure 6 — Process flow of boiler blowdown treatment and reuse

6.4.2 Boiler chemical cleaning wastewater

According to the nature of cleaning agents, the oxidation, coagulating sediment, etc. or a combination
of processes can be adopted to treat boiler chemical cleaning wastewater. Options for treatment and
reuse proces e/

The effluent|after oxidation treatment can be reused in the ash handling system (ash handling water,
ash field sprpy water). The effluent after oxidation and coagulating sedimentation treatment can be
reused in thie ash handling system (ash handling water, ash field spray water) and/op the flje gas
processing slystem (process water). For the power plant without ash handling system and flje gas
processing system, the effluent can be further treated to meet discharge requirements.

Boiler chemical

; ; cleaning wastewater ; s
Boiler and aux{liary g Oxidation® Coagulating sediment? Ash handling 'syst-m
system Flue gas processing slystem

Ash handling system

2 The oxidation of boiler chemical cleaning wastewater is psed to reduce the COD. At the same time,
Fe2* in the wastewater is oxidized into Fe3+*, which canbe removed in the subsequent coaguldting
sedimenfation. Biological oxidation and chemical oxidation treatment can be used.

b The coagulating sedimentation of boiler chemiedlcleaning wastewater is used to remove TSS
When the pH of chemical cleaning water doesnot meet the requirements, it should be neutralized
before cpagulating sedimentation treatment:.

Figurd 7 — Process flow of boilér-chemical cleaning wastewater treatment and reuse

6.4.3 Auxiliary equipment cooling water blowdown

The water quality of auxiliary€quipment cooling water blowdown is good, so it can be directly cagcade-
utilized in a fecirculatigh«ooling system. The options for treatment and reuse processes are shown in

Figure 8.
Auxiliary equipment
Boliler’and auxiliary cooling water blowdown

cycfpm

Recirculating cooling system

Figure 8 — Process flow of auxiliary equipment cooling water blowdown treatment and reuse

6.5 Recirculating cooling system wastewater treatment and reuse

According to the effluent water quality of cooling tower blowdown and the influent water quality
requirements for the reuse targets, softening, membrane filtration, etc. or a combination of processes
can be adopted to treat cooling tower blowdown. Options for treatment and reuse processes are shown

in Figure 9.

Cooling tower blowdown can be directly utilized to ash handling system (ash handling water, ash field
spray water). If TDS meets the requirements of process water for flue gas processing systems, cooling
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tower blowdown can also be directly utilized in the flue gas processing system (process water). The
effluent after softening treatment can be reused in the recirculating cooling system (recirculating

cooling water). The effluent after softening and advanced treatment for TDS can be reused

in the boiler

and auxiliary system (boiler make-up water, equipment cooling water) and/or the recirculating cooling

system (recirculating cooling water) (see Annex B).

Hybrid cooling system combined wet and dry cooling towers can reduce the use of water resources and
evaporation of circulating cooling water in thermal power plants to a certain extent.[23] Each country
can choose to use wet cooling, dry cooling or hybrid cooling systems to save water in thermal power
plants, depending on their own circumstances when building or renovating the thermal power plants.

Boiler and
auxiliary system

Cooling tower

blowdown Advanced

treatment for TDSP

Rec Evaporation

¢rystallization

rculating cooling
system

Softening?

-——> Salt

Ash handling system
Flue gas processing system

—3

he softening of cooling tower blowdown is used to soften the water quality by adding
¢ remove the insoluble salt, TSS, colloid, algae and otherpollutants from the water.

—t

The advanced treatment for TDS of cooling tower blewdown is used to reduce the salt
0
chanical filtration can be adopted before the membrane filtration unit.

=

ated wastewater after advanced treatnient for TDS and is used to obtain the crystall

—

1

Figure 9 — Process flowof cooling tower blowdown treatment and reuse

6.6 |Flue gas processing system wastewater treatment and reuse

6.6.1| WESP blowdown

According to the éffluent water quality of WESP blowdown for the reuse targets, neutrali

adop

WES
efflu

blowdown can be directly utilized to the flue gas processing system (FGD proces:

ralkali and

content and

btain higher effluent water quality. NF, RO, etc..0ra process combination can be adopjted. Me-

he evaporation crystallization of coolingtower blowdown is the final treatment of thle concen-

ization salt.

ration can be

ed to treat WESP blowdown. Options for treatment and reuse processes are shown i Figure 10.

water). The
FGD process

nt-after neutralization treatment can be reused in the flue gas processing system

WESP
blowdown

Flue gas processing
system

Filtration®

Neutralization?

a

sequent treatment.
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b

by neutralization from wastewater.

6.6.2 FGD

Figure 10 — Process flow of WESP blowdown treatment and reuse

wastewater

The filtration of WESP blowdown is the mechanical filtration to separate TSS and sludge formed

According to the effluent water quality of FGD wastewater and the influent water quality requirements
for the reuse targets, chemical precipitation, advanced treatment, solidification, etc. or a combination

of processes
shown in Fig|

The effluent|
handling wat
can be reus
(equipment ¢

can be qdnpfpﬂ to treat EGD wastewater. ﬂpfinnc for treatment and reuse process

ure 11.

er, ash field spray water). The effluent after chemical precipitation and advahoed trea
ed in the flue gas processing system (process water), the boiler and’auxiliary s)
ooling water) and/or the recirculating cooling system (recirculating coeling water).

The small amount of high-quality effluent after chemical precipitation, selidification or che

precipitation
system (pro
water) and/(

, advanced treatment and solidification treatment can be reusedin the flue gas procq
Cess water), the boiler and auxiliary system (boiler make<up water, equipment c
r the recirculating cooling system (recirculating cooling-water). When the flue gas

heat evaporation is used for solidification, the condensed water is only‘reused in the flue gas proce

system.

Flue gas proc
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nical precipitation of FGD'wastewater is used to remove TSS and heavy metals from {
ter and also to adjustpH value and soften water quality. Chemical precipitation incly
ration precipitation;hieavy metal precipitation, flocculation precipitation and clarific

inced treatmentof FGD wastewater is used to remove Cl- that cannot be removed in
gher effluent quality. NF, RO, etc. or a process combination can be used.

lification of FGD wastewater is the final treatment of the concentrated wastewater a
precipitation and advanced treatment. It can be used to solidify pollutants and reco

bf chemical precipitation and to realize the reduction of high-salinity wastewater andl

eS are

after chemical precipitation treatment can be reused in the ash handling(system (ash
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heat evaporationl24], evaporation crystallization.

Figure 11 — Process flow of FGD wastewater treatment and reuse

6.7 Gasification scrubber system wastewater treatment and reuse

e

The main treatment process for tar-containing wastewater is the oxidation/degradation process.
Options for treatment and reuse processes are shown in Figure 12.

The tar-containing wastewater can be reused in closed loop after oxidation/degradation treatment.

14
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l

Gasification Tar-containing wastewater Oxidation/
scrubber system degradation®

a  The oxidation/degradation treatment of tar-containing wastewater is used to eliminate organic
matter, such as PAHs, and reduce COD in wastewater. Physical chemistry, advanced oxidation,
biodegradation, etc. can be used.

Figure 12 — Process flow of tar-containing wastewater treatment and reuse

6.8 |Ash handling system wastewater treatment and reuse

Becayse the water used in the ash handling system is mostly the blowdown or, reclaimed yater of each
system, the water quality is complex and difficult to use in other systems. The physical precipitation
treatment can be used to treat ash handling wastewater for closed-loop-sirculation. In pddition, ash
can bp divided into bottom ash and fly ash by particle size. Although héthcan be removef by physical
precipitation treatment, there is a difference in difficulty. It is recemmended that they are treated
separptely. The options for treatment and reuse processes are shown-in Figure 13.

The aph handling wastewater can be reused in closed loop aftéyp physical precipitation treagtment.

Ash handling Ash handling wastewater Physical
system precipitation®

[
-~

he physical precipitation treatment of ash handling wastewater is used to remove TSS. Scale
inhibitor should be added in the treatment process to prevent fouling of the backwater pipeline.

Figure 13 — Process flow of ash handling wastewater treatment and reuge
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Annex A
(informative)

Cases of water balance in thermal power plants

A.1 Coal-fired power plant

A.1.1 General

Figure A.1 shows the water balance scheme of a coal-fired power plant, whose installedcapac

3 300 MW (6x350 MW+2x600 MW), in which two 600 MW units use air as the cooling mediunl:/: The

water withdrawal is 2 665,8 m3/h, taken from the Yan River. The water quality bf ‘the Yan Ri
shown in Tahle A.1.

Flow ir

1383

51,8 ] 135 ) 4,5 ]
Domestic wastewater unit Domestic wastewater treatment Plant area greening

|
i | Evaporation and comsumption | | Consumption |
|

_ 2 665,8 A i
Yan River & 1336 : 4

T Water tank 371 Flue gas processing 35 Flue gas deacidification 31
system wastewater

1273 202 679
, i

2172 |

Terminal treatment

2614
#1-#6 cooling tower, 20235

I
|
|
|
|
|
|
B9 | )
i j
|
|
|
|
|
|
I

Recirculating cooling system

2 444

! 2 469 o ) ]
i Side filtration unit Backwash drainage

25

220

ity is

er is

m3/h

- — - =4 \Integrated water treatment unit 134 Chemical water 131 Desalted water 131 Boiler  |-- 80. Consumption
treatment system | I

the solid line represents the water supply
————— - the dashed line represents the water reuse path

""""" - the dotted line represents the water consumption path

Figure A.1 — Water balance diagram of a coal-fired power plant
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Table A.1 — Water quality of Yan River

No. Parameter Value No. Parameter Value
1 Turbidity (NTU) 6,95 9 Ca%* (mg/1) 110,4
2 pH 7,09 10 Mg2* (mg/1) 24,4
3 Total alkalinity (mg/1) 3,04 11 Na* (mg/1) 15
4 Conductivity (ps/cm) 663 12 Si0, (mg/1) 11,6
5 HCO3 (mg/1) 4,32 13 NO;3™ (mg/1) 7,6
6 CO%™ (mg/1) 0 14 S0,2 (mg/1) 133
7 Hardness (mg/1) 3,77 15 Cl- (mg/1) 18,9
8 CODy;, (mg/1) 0,63 16 Total solid content (mg/1) 456

NOTE|Hardness and alkalinity are calculated in the form of CaCOs.
Table|A.2 shows water quality requirements of reuse water in a coal-fired power plant.
Table A.2 — Water quality requirements of reuse water in a.coal-fired power plant
Fuelsup- | Bollerand.Recicorting [ Fuegee || creening
Number Parameter tel:n}-,WS;sh- system-Bog,ler tem-Cogolg’ng sl;stem-Prg- unit-Wat_e r
ing water make-up water cess water for Greening
| pH 6,5t09,0 8,8t09,3 6,5t0 8,0 6,5to 8,5 6,5t09,0
p TSS (mg/1) <30 — <30 <50 —
J Turbidity (NTU) — — <5 <5 <5
L Chroma <30 — <30 <30 <30
b BOD; (mg/1) <30 — <10 <10 <20
b COD (mg/1) — — <60 <60 —
1 Fe (mg/1) <0,8 — <0,3 <0,3 <15
B Mn (mg/1) 20,1 — <01 <01 <03
D Cl- (mg/1) < 250 — <250 <250 —
10 Si0, (mg/1) — <0,02 <50 <30 —
i Total hardgbsy <450 <0,002 <450 <450 —
(mg/1)
1 Totalalkalinity <350 . <350 <350 .
mg/1)
13 Sulfate (mg/1) <250 — <250 <250 —
14 NH;-N (mg/1) — — <10 <10 <20
15 TP (mg/1) — — <1 <1 —
16 TDS (mg/1) <1,000 <01 <1,000 <1,000 <1,000
17 Petroleum (mg/1) — 0 <5 0 —
NOTE Hardness and alkalinity are calculated in the form of CaCOj;.

Water quality, wastewater treatment and reuse in this power plant are as follows:

A.1.2 FGD wastewater

This power plant uses the wet desulfurization process to remove sulfur dioxide from flue gas. The
water quality of FGD wastewater is shown in Table A.3.
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Table A.3 — Water quality of FGD wastewater

No. Parameter Value No. Parameter Value
1 Total mercury (pg/1) 1,79 10 Ca2* (mg/1) 780,6
2 Total chromium (pg/1) 4,70 11 Mg2*+ (mg/1) 20,429,35
3 Total cadmium (pg/1) 0,97 12 Na* (mg/1) 803
4 Total lead (pg/1) 4,56 13 TSS (mg/1) 3,231
5 Total zinc (pg/1) 8,86 14 COD¢, (mg/1) 189,59
6 Total arsenic (png/1) 5,90 15 TDS 14,92 %
7 Total nickel (ug/1) 91,42 16 Cl- (mg/1) 9,499 18
8 Total fluorides(mg/1) 240,5 17 pH 6,61
9 T¢tal sulphides (mg/1) 1,81 18 SO%™ (mg/1) 56,296

In this powelr plant, the process of neutralization + flocculation + oxidation is usedto’remove heavy
metals, TSS,|fluorides, calcium and magnesium from FGD wastewater. The effluent water goef into
the terminalftreatment system, using the process of pretreatment + concentration' + crystallizatjon to
reuse the walstewater.

A.1.3 Resin reclaimed wastewater

The effluent] of chemical water treatment system is mainly resin reclaimed wastewater, whiich is
produced dufing preparation of desalted water. Water quality values are shown in Table A.4.

Table A.4 — Water quality of resin reclaimed wastewater

No. Parameter Value No. Parameter Value
1 pH 8,56 9 Cl- (mg/1) 2,1p0
2 TSS (mg/1) — 10 Ca%* (mg/1) 124{25
3 Turbidity (NTU) 6 11 Total hardness (mg/1) 7,3p0
4 Chroma — 12 Total alkalinity (mg/1) 111,7
5 BOD; (mg/1) < 13 Sulfate (mg/1) 244
6 COD (mg/1) 239 14 NH3-N (mg/1) —
7 K* (mg/1) 316,71 15 Conductivity (ps/cm) —
8 Na* (mg/1) 1,304,57 16 TDS (mg/1) 4,6(6,3

NOTE Hardnegs and alkalinity-are’calculated in the form of CaCOs.

Resin reclaijned wastewater with high salt content is discharged into integrated water treafment
unit and tredted in*€0mbination with cooling tower blowdown by the process of UF + RO. The effluent
is reused in|flu€_gas processing systems (reclaimed water quantity: 89 m3/h) and chemical water
treatment syjstéims (reclaimed water quantity: 134 m3/h).

A.1.4 Boiler blowdown

The pH value of boiler blowdown in this plant is around 9 to 10, with good water quality and high
temperature (about 90 °C). It is reused in recirculating cooling systems (reclaimed water quantity:
51 m3/h) in summer and transported into the heating network to make full use of its heat in winter.

A.1.5 Cooling tower blowdown

The recirculating cooling system is adopted in #1-#6 cooling tower, while an air-cooling system is
adopted in #7-#8 cooling tower in this plant. The amount of cooling tower blowdown is huge. Some of
the wastewater is directly utilized for flue gas processing (reclaimed water quantity: 273 m3/h); the
remaining wastewater goes into the integrated water treatment unit and is treated in combination with
chemical water treatment system wastewater using the UF + RO process. The effluent is used to flue
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gas processing (reclaimed water quantity: 89 m3/h) and chemical water treatment (reclaimed water
quantity:134 m3/h).

A.1.6 Others

Back-wash drainage of the cooling system side filtration unit contains a large number of solid particles.
The back-wash drainage is treated by natural sedimentation to remove solid particles, and the treated
water can be reused to the recirculating cooling system (reclaimed water quantity:25 m3/h).

The main pollutants of domestic sewage are BODg, COD and TSS. These are treated using the biological
contact oxidation process. The effluent is reused in the greening unit (reclaimed water quantity:

4,5m

The tptal amount of water reused in this plant is 597,5 m3/h. Except for evaporation, all the
powef plant has been reused and the wastewater has achieved zero liquid dischargel

A.2 [IGCC power plant

A.2.1 General

Figurp A.2 shows the water balance system of an IGCC power plant in China. The installe
the ppwer plant is 265 MW. The water quality requirements ofieach process system in the
are high, except the firefighting water unit and the industrial water unit. The quantity of
of the power plant from tap water is 218,4 m3/h [23],
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Figure A.2 — Water balance diagram of an IGCC power plant

Table A.5 shows the water quality requirements of reuse water in an IGCC power plant. The water
quality parameters of reuse water should not exceed the values in Table A.5.

Table A.5 — Water quality requirements of reuse water in an IGCC power plant

Boiler and aux_ilia- Recirculating cooling sys- | Flue gas processing
No. Parameter ry system-Boiler tem-Cooling water system-Process water
make-up

1 pH 881093 65t080 65t088
2 TSS (mg/1) — <30 <50

3 Turbidity (NTU) — <5 55

4 Chroma — <30 <30

5 BOD; (mg/1) — <10 <10

6 COD (mg/1) — <60 <60

7 Fe (mg/1) — <0,3 <0,3

8 Mn (mg/1) — <01 <01

9 Cl- (mg/1) — <250 <250
10 Sio, <0,02 <50 <30
11 H4qrdness, total (mg/1) <0,002 <450 <450
12 Alkalinity, total (mg/1) — %350 <350
13 Sulfate (mg/1) — <250 <250
14 NH;-N (mg/1) — <10 <10
15 TP (mg/1) — <1 <1
16 TDS (mg/1) <0,1 <1,000 <1,000
17 Petroleum (mg/1) 0 <5 0

NOTE Hardpess and alkalinity are calculated in the form of CaCOs.

The water qyality, treatment methods(and reuse paths for various types of wastewater are intro

as follows:

A.2.2 Tar-

Tar-containi
plant. A mix
shown in Tah

le A.6.

containing wastéwater and FGD wastewater

Tar)le A.6 — Water quality of tar-containing wastewater and FGD wastewater

Huced

hg wastewater and FGD wastewater are typical types of wastewater in the IGCC power
of the twaywastewaters is difficult to treat. The water quality of mixed wastewd

ter is

No. Parameter Value
1 pH 8,13
2 Cl- (mg/1) 855
3 TSS (mg/1) 408
4 NH;-N (mg/1) 365
5 COD (mg/1) 1,390
6 BOD (mg/1) 390
7 Alkalinity, total (mg/1) 9,69
8 TDS (mg/1) 3,140

The mixed wastewater is sent to the tar-containing wastewater and FGD wastewater treatment unit.
COD and TSS in the mixed wastewater are removed by the A/O + coagulation sedimentation + filtration
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+ ozone oxidation process. The wastewater is then treated using aerated biological fluid technology to
degrade ammonia nitrogen. After being treated by the sand filtration + UF +RO process, the effluent
is reused in the IG tower (reclaimed water quantity: 20 m3/h) and the concentrated water is sent
to the terminal wastewater evaporating crystallization unit (reclaimed water quantity: 10 m3/h).
MVR technology is used to separate salt from wastewater in the terminal wastewater evaporating
crystallization unit. The effluent is reused in the IG tower (reclaimed water quantity: 14 m3/h) and the
produced salt is transported outside the power plant.

A.2.3 Membrane washing wastewater and RO concentrated water

Membrane washing wastewater and RO concentrated water are the types of drainage water produced
by the—chemicat-water treatmrent SyS eI dur g the preparation of desatted-water—Thetwo types of
wastg¢water are collected, treated and reused separately. The water quality of RO concentirpted water is
showh in Table A.7.

Table A.7 — Water quality of RO concentrated water

No. Parameter Value
1 pH 7to08
2 Cl- (mg/1) 150 to 250
3 soi‘ (mg/1) 19,200 to 28,800
4 NH3-N (mg/1) <2
5 COD (mg/1) 20 to 30
6 Hardness, total (mg/1) 600 to 700
7 TDS (mg/1) 1,000 to 1,200
NOTE| Hardness and alkalinity are calculated in the formof CaCOs.

Membrane washing wastewater has low salt content and high TSS. It can be reused|to IG tower
after |being treated by coagulation sedirentation and filtration, and the reclaimed watgr quantity is
19,6 m3/h.

RO cqncentrated water has highssalt content and hardness and low COD. After being trieated by the
chemjcal softening + filtration.# UF +RO process, the effluent is reused in the IG towqr (reclaimed
watel quantity: 47,1 m3/h).and the concentrated water is sent to the terminal wastewatel evaporating
crystallization unit (reclaimed water quantity: 5,2 m3/h). MVR technology is used to separate salt from
wastgwater in the terminal wastewater evaporating crystallization unit. The fresh water is reused
in thg IG tower (reclaimed water quantity: 14 m3/h) and the produced salt is transportefl outside the
powef plant.

A.2.4 Boilerblowdown

Boilef blowdown in the IGCC power plant has better water quahty It is reused in the I¢ tower after
coolir 14 dowa{ u eclatmedwatet Liuauu\._y 5,5 111'2/ h) The-steamecondensatefromtheboter is reused in

the IG tower directly (reclaimed water quantity: 38,5 m3/h).

The total quantity of reuse water in the XX IGCC power plant is 161,2 m3/h. Except for evaporation, all
the water in the power plant has been reused and the wastewater has achieved zero liquid discharge.

A.3 Waste incineration plant

A.3.1 General

Figure A.3 shows the water balance system of a waste incineration power plant in China. The installed
capacity of the power plant is 12 MW and the daily garbage disposal capacity is 600 tons [26],

©1S0 2023 - All rights reserved 21


https://standardsiso.com/api/?name=f572166b29a3724b4fe0828851bd41ee

ISO 4789:2023(E)

Loss

I l
. |
1500 596 Lake water 28 | |
: —,_ 17168 [ i
98 454 FEEI !
Cooling Tower 1556 . Lime slurry |
+ preparation unit i
1202,2
92 880 960 : i
. . : 108 Landfill . '
— Cooln_1g unit of | 6 480 — Sampfh';\g_lwater 240 ™" Ashhanding leachate !
equipments of boiler system !
- | !
i 22 !
Cooling unit of |86 400 || Cooling water 480 —= Ground flushing 17,6 Leachate ) 171,6 - -
steam turbine 5630 of fan treatment unit » vanced
. 4.4 treatment unit
158 ’ Consumption _ :
Consumption 2,8 7 EEd 14,6
Other cooling 240 14 T Production and y
g B R e ] e Rl R
tower Domestic water
drainage prepar_atlon — Concentrated water 24 * ..... 72, “» Consumptio
treatment unit | :
unit j Boiler feed water, | —-—-—- Bl
| .
! : 141 Chemical water Resin reclaimed !
| l treatment system wastewater 1 |
' | N
| h |
i |3 Equipment backwash i 24
h i water .
| ' | !
i ! : [
' i 121 .
5574 I 56 ' i !
t—e— - Sewage pool |-—-—-—- —————————————— Y —-—— -
|
1 104
Key
the solid line represents the water supply path
————— - the dashed line represents the water reuse.path
--------- -

the dotted line represents the water consumption path

Figure A.3 — Water balance diagram of a waste incineration power plant

The daily water withdrawal of the power plant from Erhai Lake is 1 716,8 m3. The amount of ater
consumed in|the operation is 79,2 m3/d, and the total volume of water evaporated in the cooling fower
and discharged with the sludge-s 1 504,6 m3/d. Table A.8 shows the pollutants limitations of reuse
water in the|water supply system of a waste incineration power plant. The quantity of pollutapts in
reuse water $hould not exceed the quantity showed in Table A.8.
Table A.8|— Water'quality requirements of reuse water in a waste incineration power plant
Fuel sup- Boilerand | Recirculating cool- Flue gas
vsvs auxiliary :ng S'_y'stem FOCESSIT Green l’lg
No. Parameter teIr)n}-,W};sh- system-Boil- . . s Etem-Proc% ss unit-Water
) er make-up | Recirculating cool- | S¥ for greening
Ing water water ing water water
1 pH 6,5t09,0 8,8t09,3 6,510 8,0 6,5t08,5 6,5t09,0
2 TSS (mg/1) <30 — <30 <50 —
3 | Turbidity (NTU) — — <5 <5 <5
4 Chroma <30 — <30 <30 <30
5 BOD; (mg/1) <30 — <10 <10 <20
6 COD (mg/1) — — <60 <60 —
7 Fe (mg/1) <0,3 — <0,3 <0,3 <1,5
NOTE Hardness and alkalinity are calculated in the form of CaCOs.

22

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=f572166b29a3724b4fe0828851bd41ee

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms, definitions and abbreviated terms 
	3.1 Terms and definitions 
	3.2 Abbreviated terms 

	4 General principles 
	5 Types and characteristics of wastewater in thermal power plants 
	6 Wastewater treatment and reuse technologies 
	6.1 Water quality requirements for reuse water in thermal power plants 
	6.2 Fuel supply system wastewater treatment and reuse 
	6.2.1 Coal wastewater 
	6.2.2 Oily wastewater 
	6.2.3 Leachate 

	6.3 Chemical water treatment system wastewater treatment and reuse 
	6.3.1 RO concentrated water 
	6.3.2 Membrane washing wastewater and resin reclaimed wastewater treatment and reuse 

	6.4 Boiler and auxiliary system wastewater treatment and reuse 
	6.4.1 Boiler blowdown 
	6.4.2 Boiler chemical cleaning wastewater 
	6.4.3 Auxiliary equipment cooling water blowdown 

	6.5 Recirculating cooling system wastewater treatment and reuse 
	6.6 Flue gas processing system wastewater treatment and reuse 
	6.6.1 WESP blowdown 
	6.6.2 FGD wastewater 

	6.7 Gasification scrubber system wastewater treatment and reuse 
	6.8 Ash handling system wastewater treatment and reuse 

	Annex A (informative)  Cases of water balance in thermal power plants 
	Annex B (informative)  Cases of wastewater reuse in thermal power plants 
	Bibliography 

