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Foreword

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

The procgdures used to develop this document and those intended for its further maintenance-gre
described|in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed-for the
different fypes of ISO document should be noted. This document was drafted in accordance with the
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws attention to the possibility that the implementation of this document may involve the use
of (a) patgnt(s). ISO takes no position concerning the evidence, validity or applicability of any claimed
patent rights in respect thereof. As of the date of publication of this document,;"ISO had not receiyed
notice of (a) patent(s) which may be required to implement this document. However, implementers gre
cautioned| that this may not represent the latest information, which may beZébtained from the pate¢nt
database pvailable at www.iso.org/patents. ISO shall not be held responsible for identifying any or|all
such pateft rights.

Any tradg name used in this document is information given for the convenience of users and does not
constitutg an endorsement.

For an exfplanation of the voluntary nature of standardsthe meaning of ISO specific terms gnd
expressiophs related to conformity assessment, as wellvas information about ISO's adherence|to
the Worlgl Trade Organization (WTO) principles.in;the Technical Barriers to Trade (TBT), gee
www.iso.¢rg/iso/foreword.html.

This docujment was prepared by Technical Committee ISO/TC 275, Sludge recovery, recycling, treatment
and dispodal.

Any feedbjack or questions on this docunient should be directed to the user’s national standards body. A
complete |isting of these bodies canbe-found at www.iso.org/members.html.
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Introduction

Inorganics and nutrient recovery is necessary to build a sustainable society; there are many studies
and plants all over the world that demonstrate this concept. Above all, phosphorus recovery systems
to produce fertilizer material are increasingly common and other nutrients recovery systems are now
being developed.

This document provides a selected overview of various technologies and is based on country standards
and guidance documents already in existence or under preparation, and documents provided by

privateorgan izations
(=]

As|inorganics and nutrient recovery knowledge and technology is developing rapidly,-this [document
will therefore be reviewed regularly to reflect the advancing nature of the industry arid techmology.

Annex A provides examples of sewage sludge composition, which can help determine which ¢lement(s)
cah be recovered. Annex B provides case studies of nutrient recovery, including practical and|emerging
Ongs.
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Sludge recovery, recycling, treatment and disposal —
Information on the processes and technologies for
inorganic substance and nutrient recovery

1 _Scope

Thiis document provides information on the processes and technologies for inorganic-$ubstance and
nufrient recovery from sludge.

Thlis document is applicable to sludge and products from urban wastewater collection systéms, night
soll, wastewater treatment plants for urban and similar industrial waters. It includes all sludge that can
haye either similar environmental or health impacts, or both.

Halzardous sludge from industry and dredged sludge are excluded from-this document.

2 | Normative references

Thiere are no normative references in this document.

3 | Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISP and IEC maintain terminology databasesfor use in standardization at the following addré¢sses:

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

—| IEC Electropedia: available at littps://www.electropedia.org/

3.1
anpmonia stripping
mdthod that removes ammohiacal compounds from water by making it alkaline and of aeratipn

3.7
calcium phosphate
salts that consistof calcium ions and phosphate ions

Note 1 to entry: Hydroxyapatite (HAP) is a form of calcium phosphate.

3.3
centrate
liquid product from a centritugal dewatering device

3.4

hydroxyapatite

HAP

sparingly soluble salt that is generated from phosphate and calcium ions

Note 1 to entry: The general chemical formula of HAP is Ca;3(OH),(P0O,),.

3.5
incineration ash
residue of combustion

©1S0 2023 - All rights reserved 1
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3.6
nutrient

element required by living organisms throughout the course of their lives in small quantities for a range
of physiological functions

3.7
seed crys

tal

crystal employed as a nucleus to generate and grow crystals in the crystallization process

3.8
struvite

compounf which is precipitated by magnesium addition to water with high concentration of phosph

and amm

Note1toe

4 Methods of nutrient recovery from sludge

nium ions

htry: The chemical formula of struvite is MgNH,PO,-6H,0.

four methods for nutrient recovery from sludge, which are whole usg, cleaning, separat
Ction.

e use: Whole use of sludge is a simple use method in which sludgé, which is typically aerobicg
herobically treated (e.g. compost), is directly applied to land-as fertilizer or soil improver. T
pd can minimize the loss of the nutrients in the treatment process and can achieve the high

There are

and extra

a) Whol
or an
meth
pote

b) Cleanjing: Cleaning is the process in which sludge has contaminants such as plastics or heavy met
remoyed by mechanical treatment or chemical extractioh. The cleaned sludge can be handled in {

same

c) Separfation: Separation is the process in which sludge is divided into two or more different paj

Sludg

difference and chemical affinity. All or.only the least contaminated part of separated sludge d

then

d) Extra
using|
procel
advar

I
-

1

|
%]

—n

1]

ial of utilizing the nutrients in sludge.

ay as whole use.

is separated by physical or chemical parameters such as size, shape, specific grav

e utilized. In this method, sludge ¢ontains various nutrients.

ction: Extraction is the way\in which only the target element is taken out as a compou
chemical actions. Fewer futrients in sludge are made available or utilized through extract
sses than in whole use,._¢leaning and separation methods. However, the process has so
tages:

educes the storagévolume of the nutrient;
Fevents contamination of the recovered material by hazardous elements;
abilizesthe recovered materials as a chemical compound;

hproves the value of the recovered materials.

hte

on

Iy
his
pst

als
he

—

S.
ity
an

nd
on
me

Precipitation, including stripping processes, can decrease the volatile nutrient content.

This docu

ment is focused on nutrients which can be recovered by extraction.

5 Phosphorus recovery

5.1 General

Phosphorus is an essential element for plant growth and is an important ingredient of chemical
fertilizer products. The dry solid contents of sludge normally include more than 1,0 % phosphorus and
it can reach 5,0 % of sludge under certain operating conditions, such as biological dephosphorization or

anaerobic

2

-anoxic-oxic processes.
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On the other hand, the supply of phosphate ore in the global market is strongly influenced by political
and economical issues and often gets unstable, as it is quite unevenly distributed globally. Therefore,
studies and commercialization of phosphorus recovery from sludge is the most progressive area in
inorganic and nutrient material recovery.

Phosphorus can be recovered from sludge using various chemical compounds. The phosphorus recovery
process that is described in Clause 5 is summarized in Figure 1.

For case studies, refer to Clauses B.1 to B.11.

Process type Specific process
fate)
5.2 Struvite recovery from
anaerobic digested-sludge
and/or filtrate of'anaerobic
digested sludge
— Crystallization
|4
&&=
5.3 Hydroxyapatite
(yecovery
\
Phosphorus recovery from | | Z
sewage sludge ) )
| | Chemical extraction and 5.4 Phosphorus recovery
precipitation from incineration ash
\\J
[0.4)
Thermochemical 5.5 Phosphorus recovery
processipng from sewage sludge slag
—~3

Figure 1 — Summary of phosphorus recovery process

5.2 Struvite recovery from either anaerobic digested sludge or filtrate of anaergbic
digested sludge, or both

5.2.1 Principle

Thie principle of‘the struvite recovery process are based on the chemical precipitation carri¢d out in a
crystallizerfollowed by particle separation. The chemical reaction for struvite is:

p043— + NH,* + Mg2+ + 6H,0 - MgNH,PO,-6H,0

This reaction is the same as the scale formation which is frequently observed in anaerobic sludge
treatment facilities. The difference of struvite recovery from scale formation is well-controlled
chemical dosing, pH control and particle separation. After the application of this process, much less
scale formation is likely to occur in treatment facilities.

Recovered struvite can be used as delayed release fertilizer because of its low solubility.
There are two types of crystallizer processes: agitation by air or mechanical agitation.

Both methods of crystallization are employed in commercial operations. Wastewater employed for
this process is a filtrate of anaerobically digested sludge (ADS) or ADS itself and industrial wastewater
containing phosphate and ammonium. Under optimum operating conditions, dissolved phosphorous
recovery can reach more than 80 % using this process.

©1S0 2023 - All rights reserved 3
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5.2.2 Schematic diagram

Schematic diagrams for an air fluidized crystallizer and a mechanical agitator are shown in Figures 2
and 3. An influent such as a filtrate of ADS, and/or ADS, is mixed in the reactor with magnesium (Mg)
salt and struvite granules (as seed crystal). Alkalising chemicals such as sodium hydroxide solution can
be added for pH control.
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5 liquidfcyclone

SOURCE [Reference [1]. Reproduced with the permission of the authors.

Figure 2 —(Schematic diagram of a fluidized bed reactor
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2.3 Operating conditions

.2.4 Characteristics of re¢overed products
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digested sludge struvite separator (cyclone)

trash removal equipment treated sludge
crystallization reactor washing/drying equipment

Mg(OH),

R N o v

recovered struvite

URCE  Reference [7]. Reproduced with the permission of the authors.

Figure 3 — Schematic diagram of a stirred tank reactor

monium, the dosing rate of magnesium ions, alkalinity and pH.

e concentration of phosphate needs to be higher than 50 mg/1 of P, preferably over 100 mg
monia over 300 mg/1 of N. From an economical point of view, the pH needs to remain in th
to 9,0. Various Mg compounds can pgused as a source of Mg including, Mg(OH),, MgCl, aj
hwater can also be used as a source'of Mg.

covered struvite is crystalline with few impurities. Its shape depends on the above
erating conditions,including pH, temperature, agitation and the retention time of struvitg
Lhe crystallizer.

3 Hydroxyapatite recovery

.1 Principle

Thie‘principle of hydroxyapatite (HAP) recovery process is based on chemical precipitation c

e key factors influencing struvite recovery rates are inflow concentrations of phosphate and

1 of P and
e range of
nd MgSO0,.

discussed
b particles

hrried out

in a crystallizer followed by particle separation. The chemical reaction for HAP is:

10Ca2* + 6P0,3" + 20H" - Ca,,(OH),(PO,),

HAP recovery systems require well-controlled chemical dosing, pH control and particle separation.

Recovered HAP can be used as raw material for fertilizers.

A crystallizeris a type of mixing reactor employed in commercial operations. The applicable wastewater
for this process will be black water (human faeces and urine), industrial wastewater containing
phosphate and filtrate from sludge treatment processes.

©lI
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Under general operating conditions, dissolved phosphorous recovery can reach 70 % through this

process.

5.3.2 Schematic diagram

A schematic diagram for a crystallizer is shown in Figure 4. Influent such as filtration liquid, calcium
chloride and HAP granules (as seed crystal) are mixed in the mixing reactor. Sodium hydroxide solution
is added for pH control.

2

Key
1 filtration liquid 3  effluent
2 calcium chloride 4  HAP
Figure 4 — Schematic diagram‘for HAP recovery
5.3.3 Operating conditions
The key factors influencing HAP recovery are)inflow concentrations of phosphate, carbonate ion, {
dosing rafe of calcium ions, alkalinity andpH:
The concgntration of phosphate is required to be around 50 mg/1 of P. From an economical point
view, the pH needs to remain in the(range of 7,5 to 9,0.

5.3.4 CIaracteristics of recovered products

Recovere
operating
the crystg

5.4 Phc

<«

HAP is a crystalline structure with few impurities. Its shape depends on the above discusj
conditions ificldding pH, temperature, agitation and the retention time of HAP particles
llizer.

)spharus recovery from incineration ash

5.4.1 Principle

he

of

ed

When advanced wastewater treatment technologies have been employed, phosphorus tends to
increasingly concentrate in sludge. As a result, incineration ash from sewage sludge contains almost the
same concentration of phosphorus as that of natural phosphate ore, shown in Figure 5. Sewage sludge
ash is expected to be one of the alternative sources of phosphorus for depletion in the future.
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vage sludge ash can be used directly as a P fertilizer. This direct utlllz@ however, is onl
sewage sludges with a low level of contamination. See Clause B.8. 8

;\\
<°
QO

chematic diagram of the phosphorus recovery proé@% from incineration ash is shown in
ich consists of two reaction tanks. %
)

1.2 Alkaline treatment

1.2.1 Schematic diagram

the first reactor, phosphate is extracted frciﬁx%he incineration ash by using alkaline solut
ond reactor, phosphorus-rich sediment is precipitated by adding slaked calcium (Ca(OH

d returned into the first reactor. N
© 7

5
Ca(OH)2
— Caz(P0y),

@ Sy

psphorus recovery from incineration ash can be achieved by means of a che /I%a reactior,

sh
which is

y possible

Figure 6,

on. In the
),) into a
s recycled

R LA 6L earoin
2

AW N R

ash 5 PO,3 rich solution
incinerated ash 6  precipitation
extraction 7  circulation of recycled solution

neutralized ash

SOURCE Reference [9]. Reproduced with the permission of the authors.
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Figure 6 — Schematic diagram of phosphorus recovery from incineration ash
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5.4.2.2 Operating conditions

In the first reactor, phosphate in the incineration ash is extracted into the solution by controlling the pH
at more than 13, adding sodium hydroxide, maintaining the temperature between 50 °C and 70 °C, and
the retention time between 5 min and 30 min. The chemical reaction is:

P,05 + 60H- - 2P0 3~ + 3H,0

In the second reactor, Ca(OH), is added in a solution from the first reactor and the substances that
contain a lot of phosphate are precipitated by controlling temperature between 20 °C to 50 °C, and a
retention [time between 6 h and 18 h. The hydroxide ion that is consumed by phosphorus extraction is
replenish¢d by using Ca(OH), as a calcium source. The chemical reaction is:

2P0,3 + 3Ca(OH), — Ca;(PO,), + 60H-

5.4.3 Acidic treatment

Acidificat]on is possible to extract more phosphoric acid and metal components such as iron gnd
aluminiurh than alkaline treatment, which can be recovered by precipitationcHewever, it is necessary to
pay attention to simultaneous extraction of heavy metals. In many casesgsulfuric acid or hydrochlagric
acid is usgd as acid. Many studies on this concept are carrying out.

5.4.4 Characteristics of recovered products/residues

Phosphorfis recovery technology from incineration ash can\produce the two products, recovered
phosphorfis and neutralized ash.

The recoyered phosphorus from this technology is amixture of HAP and calcium phosphate. The
concentraftion of phosphorus is approximately 30 %.After dewatering and drying, it can be utilized ds a
raw matefial of fertilizer for agriculture, gardening, etc.

Neutraliz¢d ash contains fewer amounts of h€avy metals than untreated incineration ash because if is
chemically treated for reducing and minimising solubility of heavy metals. After washing and drying, it
can be eagily utilized for many applications like cement material, soil rehabilitation, etc.

5.5 Phgsphorus recovery fronr sewage sludge slag

5.5.1 Principle

Melting if a thermochemical process for separating and refining target materials under hjgh
temperature and altéred atmospheric conditions. Hazardous heavy metals such as lead, cadmium gand
mercury that havelower boiling points than the temperature in the furnace, are evaporated.

Phosphorfis /genherally volatilizes under high temperature and reducing atmospheric conditions.
The meltingtechnology, however, makes it possible to recover phosphorus in the slag in the form| of
phosphorus oxide by controlling the air supply into the furnace to maintain oxidation conditions. Ca
and Fe in the sludge effectively influence to fix phosphorus into the slag.

5.5.2 Schematic diagram

A schematic diagram of the phosphorus recovery process from sewage sludge into slag is shown in
Figure 7.

Dewatered sludge, after drying, is supplied to the furnace. Recovered heat from exhaust gas is used for
preheating of the drying and the combustion air. The gas treatment system neutralizes acidic gases and
separates heavy metals from gas as fly ash.

8 © IS0 2023 - All rights reserved
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sewage sludge storage tank 6  heatrecovery system
dryer 7  gas treatment system
melting furnace 8  P-rich slag (recoveredyphosphorus)
air 9 fly ash (heavy metals)
water bath
URCE  Reference [3]. Reproduced with the permission of the author's:

Figure 7 — Schematic diagram of phesphorus recovery as slag

.3 Operating conditions

b melting zone in the furnace before secondary combustion is approximately 1,0 %.

he low heat value (or net calorific value) of dried sludge is high enough, there is no need to g
the melting furnace. This results-inthe following process. In the case of raw sludge with h
ht value, sludge is dried to a lower' dryness in a dryer in order to achieve self-thermal com
e melting furnace. In the case\of digested sludge with lower high heat value, sludge is dried
bness in a dryer.

.4 Characteristies-of recovered products

Ked on the above-process, the melting process for sewage sludge generates slag which is ¢
90 % to 95%-0of ash content in the sludge, and approximately 90 % of phosphorus in
recovered.in the slag. The main components of the slag are silicon, calcium, phosphoroug
miniun.Phe phosphorous concentration in the slag is nearly equal to phosphorous con
sludge-incineration ash. Performance data shows that phosphorus concentration in the sl
m:20 % to 30 % of dry P,0s.

r levels in

upply fuel
gher high
bustion in
to higher

quivalent
he sludge
, iron and
rentration
ag ranges

Slag is a kind of amorphous material. Approximately 90 % of phosphorous in the slag is citric acid
soluble. Heavy metal concentration in the slag is low enough to be used as a fertilizer or raw material
fertilizer.

5.6 Other technologies for phosphorus recovery

Other than the processes and technologies discussed in this subclause, additional processes and
technologies are available, including:

— thereductive melting process, a technology for yellow phosphorus recovery from sludge incineration
ash where yellow phosphorus is evaporated from melting ash under reductive atmosphere;

©lI
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precipitated in the adsorption step;

selectivity from centrate.

5.7 Summary

the heating process, which solubilizes excess sludge by heating and where eluted phosphate is

the adsorption process, which employs specific adsorbent to recover phosphorus with high

Table 1 shows a summary of high-level technologies for phosphorus recovery. It is noted that processes
and results can vary considerably depending on many conditions, such as the wastewater source, the

wastewatfr treatment process and sludge quality. I 1€ tabl€ TNererore 1S read assuming all Inputiact

are the same.

Before the installation of any P recovery system, consideration of capital expenditure (GAREX) 4

rs

nd

operating|expense (OPEX) is undertaken to ensure installation is financially viable. Finaficial viability

is highly dependent on the condition of the existing facilities and the circumstances.

Table 1 — Summary of phosphorus recovery

Process type
Chemical .
Crystallization extraction and Thermoche:mlc.ll
sl processing
précipitation
. Filtrate of ADS, Filtrated liquid, . X
Inpyt material ADS return sludge Ash Ash, dried sludgp

Characteristics of recovery,system

Inpyt material Soluble P Soluble*P Solid P Solid P
Recovdred material Struvite Hydroxyapatite Casalt Slag
Use offrecovered P Fertilizer Fertilizer Fertilizer Fertilizer
Comparhtive recovery . .
ratig of input P Low Very low High High
Dosing chemicals? Mg compounds Ca compoundsP Ca compoundsb None
Comparative amount
of dosingg alkali for pH Low Low High Nil
tFontrol

Installdtion in sludge
prdcess flow

Need an anaerobic
treatment system

Need a filtration
system

Need an incinerator

Need a melting
facility

Anti-scaling
Less moisture

Adyantages Anti-scaling Decrease waste Decrease waste
content of
dewatering sludge
) Need excess High temperature Requires attenthn Requires attentign
Disadyvantages e on heavy metals in | on heavy metals |n
ammonium ion dependence
sludge sludge
Implementation¢ Most Most Less Least

¢ Refer to Reference [12].

b The necessity of Ca compounds depends on the process or plants.

a2 Compounds which release Mg or Ca ions. Appropriate chemical can be selected depending on the process.

10
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6 Recovery of other nutrients

6.1 General

Sludge include various nutrients which is needed of growth of microorganism. A lot of recovery
technologies of these are still undergoing research and are not yet in commercial operation.

6.2 Nitrogen

Nitrogen (N) is an important nutrient for p]qnfc and fertilizertoincreasethe level ofa {‘rnp'c P roduction.
Slydge includes large amount of nitrogen and can reach 3 % on average and, in some cases;-¢ven more.
Stydies for nitrogen recovery systems are underway and there are a few recovery plants iin the world.
However, composting is much more economically effective than inorganic nitrogen recavery 4t present.

Anlammonia stripping system is sometimes applied for centrate, industrial wastéwater, etc. Recovered
anjmonia is absorbed in acid liquids such as sulfuric acid and used as rawymaterial for ¢hemicals.
However, recovered ammonia can be released to the air as nitrogen gas afterit is broken with|a catalyst
ungder high temperature.

6.3 Sulfur

Muych of organic matter includes sulfur (S) and sulfate is one of the most common acids used by industry.
Slydge can include 2 % to 3 % of sulfur.

Some researchers have studied a sulfur recovery process using bacteria from wastewater|including
sulphide.[4]

Contacted bacteria can oxidize sulphide to sulfurwith aeration under controlled pH and ORP] However,
alpost all sulfur is produced as a by-product of removing sulfur-containing contaminants from fossil
fugl and mine ore.

6.4 Potassium

Pofassium (K) is one of the basiec elements for plant growth, which is used as chemical fertilizer and
pefticide, etc. There are fewerstudies developing potassium recovery from sludge as there is|currently
no|shortage of the resource.

Slydge can include 0,2.% t06 0,5 % of potassium.

Potassium can be recovered as MgKPO, from wastewater with high concentration of potagsium and
phpsphate dosing Mg salts under pH 11. This high alkalinity can strip ammonia from liquid [to air and
prevent the generation of MgNH,PO,,.

7 | Recovery of other inorganics

7.1 General

Wastewater collecting system can gather not only wastewater but a lot of elements, which can be
considered a resource. Nowadays, sludge is being considered the urban mine of various elements.

7.2 Metals

Sludge is being considered the municipal mine of various metals, like Ag, Mg, Al and Fe. Much research
on metal recovery has progressed in the light of the circular economy principle, but they are currently
only emerging technologies.

On the other hand, there are some examples of metal recovery which generally happen as a by-product.
One example is gold recovery in a particular area in Japan. It is thought that trace amounts of gold, which

©1S0 2023 - All rights reserved 11


https://standardsiso.com/api/?name=75993716c0971c7f41367804860c011f

ISO/TR 22707:2023(E)

comes from hot spring water and plating industrial wastewater, can be accumulated in incineration ash
of sludge.
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Annex A
(informative)

Sewage sludge composition

Table A.1 shows typical inorganic composition of sewage sludge.

Table A.1 — Inorganic composition of sewage sludge

)
ba

ha

pr
(0):4

pr

anjually. Some data are obviously.implausible or runaway values.

Composition 2
Element % of dry solids
Chinab Finland ¢ Germany 4[5] Japan elél
Nitrogen 2,96 4,0 5,0 5,6[7
(N) (0,84 -5,03) (2,6 -5,5) (0,2 -44,7) (3,61-18,43)
Sulfur 0,858
) No data No data No-data (0,50 -|1,81)
Potassium 0,583 0,15 0,26 0,353
(K) (0,14 - 1,22) (0,08 -0,5) (0,00 -2,45) (0,188 -10,558)
Phosphorus 2,22 3,0 2,5 2,76
(P) (0,6 - 3,74) (1,9-3,8) (0,05-5,2) (1,69 -(4,14)
a | Values are shown as an average (minimum minus maximu)
b | Samples come from sludge of 98 municipal sewage treatment plants (almost none of industrial wastewatef included).
The wastewater treatment process includes activated-sludge process, anaerobic-anoxic-oxic process, angerobic-oxic

bcess and membrane bioreactor (MBR).

The number of samples is in the several hundreds. The samples are mainly dewatered sludge cake by cen
id (DS) about 20 %. These data are from researtch reports, written in Finnish. The wastewater treatment pr
Ked on activated sludge process in Finland.

The number of samples is 704. The samples are municipal sewage sludge for agricultural utilization (2017/
ve been queried in the federal states of Germany which have to report the quality of agricultural utilized sey

The number of samples is 32; The samples include sludge cake dewatered by centrifuge, screw press, mult
ss, belt press or rotary press. The wastewater treatment process includes activated sludge process, anaerd
c process, anaerobic-oxicprocess, modified Ludzack-Ettinger (MLE) process, step-feed MLE process and oxig
bcess.

rifuge, dry
bcesses are

2018). Data
bage sludge

idisc screw
bic-anoxic-
ation ditch
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Annex B
(informative)

Case studies

B.1 Ph¢sphorusTecovery from centrate Phosnix’

For information on phosphorus recovery from centrate ‘Phosnix’, see Table B.1, and Figures\B.1 and
B.2.

Table B.1 — Technical overview

General data

Type of prpcess Crystallization
OFiltration liquid, CO0Dewatered sludge, KIADS, &Filtrate of ADS,
Input matgrial Olncineration ash, OIDried sludge, ElIndustrial wastewater,
OOthers ( )
EPhosphorus: EStruvite, ODHAP, O0CaPO,, C0Others( )
Product
ONitrogen, O0Metals (), OOthers*(~)
Wastewater treatment plant (WWTP) with P removal with coagulant and
Type of plant

anaerobic digestion

T-P recovdry rate —

Dissolved [P recovery rate 60 % to 70 %
P-concentfation of product 27 % P,05 of dry-matter (DM)

Average tqtal electricity de-
mand

(2,5 to 4,0) kiWh/kg-P

recovered

(2,5 to 3,0) kgMg(OH),/kg-P
(0,8to-1,1) molar ratio Mg:P

recovered

Average chemical demand
(as 100 % [concentrate) recovered

(0,8'to 1,2) molar ratio Mg:Py;scolved

Reference
OFiltration liquid, CODewatered sludge, CJADS, KIFiltrate of ADS,
Raw matefials for recovery Olncineration ash, CIDried sludge, OIndustrial wastewater,
OOthers ( )
Reuse of recovered materials | X Fertilizer COJRaw material of chemicals CJOthers ( )
Country Japan

In order to keep the water body quality of Lake Shinjiko, the local govern-
ment must decrease total phosphorus discharge of STP. Along with the global

Background demand for sustainable society, phosphorus recovery from the sewage sludge
had been started.

Objective Resource recovery and improvement of sewer effluent quality
Amount of recovered struvite: 0,6 kg/m3-centrate

Result Effluent of T-P: 1 mg/1 — 0,4 mg/1 without coagulant dosing into water treat-

ment process

1) Phosnixisan example of a suitable product available commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of this product.
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Table B.1 (continued)

This plant is the one of the earliest commercialized plants in the world for
o phosphorus control and recovery from STP. One reactor system for crystalli-
Description zation and solid separation make small footprint. Application of magnesium
(differentiation from others)  |hydroxide as chemical can reduce operation cost.

Not only centrate but sludge can be treated in almost same process.

[Project outline]

Location: Shinjiko East STP (Shimane)

pal ] aacn 2 L]
LdpPdUIlty. I 1OU IIIT=LCIII diC/udy

Mgin components and Operation start: 1998

specification
[Main equipment]
Crystallizer/fluidized bed: ®3,6 m /1,42 m x H7 m
Struvite separator: @300 mm x 11 000 mm
Source See Reference [1]

Organization: Japan Sewage Works Agency
Cdntact details

Email: js-international@jswa.go.jp
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| |
I N
| |
| |
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@ |
I-P
Ul

7 H%H .

6
L[5 |

Key

1 | water tpeatiment process 6  Phosnix

2 | excesssludge 7  centrate

3 | anaerobic digester 8  struvite

4 digpcfpd c]ndgr—\ 9 cake

5 dewatering facility

Figure B.1 — Process flow diagram
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Table B.2 — Technical overview

General data

Type of process

Crystallization

Input material

OFiltration liquid, CDDewatered sludge, ®IADS, OFiltrate of ADS,
Olncineration ash, CIDried sludge, ElIndustrial wastewater,
OOthers ()

XPhosphorus: ElStruvite, IHAP, [1CaPO,, ClOthers( )
Prpduct ONitrogen, OMetals (), COthers ( )
Tylpe of plant WWTP with P removal with coagulant and anaerobic djgestion
T-P recovery rate 30 % to 40 %
Digsolved P recovery rate More than 80 %
P-foncentration of product 26 % P,05 of DM
Avlerage total electricity demand |Not detected (ND)
)Average chemical demand ND
(a$ 100 % concentrate)
Reference
OFiltration liquid, CDDewatered sludge, ®IADS, KFiltrate of ADS,
Rdw materials for recovery Olncineration ash, CODried'sludge, EIndustrial wastewater,
OOthers ( )
Rduse of recovered materials K Fertilizer CDJRaw material of chemicals ClOthers ( )
Cquntry Japan
Removal and,reuse of phosphorus are very important theme in sewerage
Bdckground treatment.Therefore, a more effective phosphorus recovery procegs from
digested sewage sludge has been developed.
Objective Removal and reuse of phosphorus in sewage
T-P removal from the returned water: more than 85 %
Rqoult Quantity of struvite: more than 1,4 times than a conventional method
Dle s cript@b n This technglogy can recover more ph_osphorus f_rom the digested.slu(.ige
dlfferentiation from ofprs) than struvite recovery methods applied to the filtrate of anaerobic|digested
sludge.
[Project outline]
Location: Higashinada WWTP (KOBE)
Capacity: 239 m3/d (digested sludge)
MjinComponents and specifica- | Operation start: 2013
tiqn [Main-Equipment]
Crystallization reactor/Completely mixing: Capacity 239 m3/d x 1
Struvite scrubber x 1
Struvite dryer x 1
Source See References [7] and [9]

Contact details

Organization: Japan Sewage Works Agency

Email: js-international@jswa.go.jp
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Key

1 anaerg¢bic digester

2 receiving tank

3 crystallization reactor
4 Mg(OH), dosing

5  struvife scrubber

6  struvite dryer

Figure B.4 — Commercial plant in Kobe
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Figure B.3 — Proce\&@low
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B.3 Phosphorus recovery from centrate using seawater as a magnesium source

For information on phosphorus recovery from centrate using seawater as a magnesium source, see

Table B.3, and Figures B.5 and B.6.
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Table B.3 — Technical overview

:2023(E)

General data

Type of process

Crystallization

Input material

OFiltration liquid, CODewatered sludge, CJADS, KIFiltrate of ADS,
Olncineration ash, CIDried sludge, OIndustrial wastewater,
OOthers ( )

EPhosphorus: EStruvite, DHAP, C0CaPO,, C0Others ( )

Product
1N Matale L N 10Ol L0
LJINVILT Us\all, LJIvit tdIro k J, LIJULIICT O L J
Tylpe of plant WWTP with P removal with coagulant and anaerobic digestion
T-P recovery rate 60 % to 80 %
Digsolved P recovery rate 70 % to 80 %
P-foncentration of product 27 % P,05 of DM
Avlerage total electricity demand |1,4 kWh/kg magnesium ammonium phosphate (MAP)
Avlerage chemical demand . .
(ab 100 % concentrate) No need of chemicals because of using only.seawater
Reference
OFiltration liquid, CODewatered sludge, CJADS, KlFiltrate of ADS,
Rqw materials for recovery Olncineration ash, CIDried sludge, ClIndustrial wastewater,
OOthers ()
Rduse of recovered materials X Fertilizer ORaw materialof chemicals CJOthers ( )
Cquntry Japan
To recover phosphorus from centrate of dewatering machine as strjuvite and
B4ckground . .
to reduce chemical costs is one of problems.
ObRjective Check the effectiveness of seawater as Mg source for struvite recovery
Dissolved phosphorus (D-P) recovery is more than 70 %.
Rgsult Chentical cost using seawater is much reduced compared to use MgCl, or
Mg(OH), as Mg source.
Seawater contains 1 250 mg/1 Mg2+. Only pumping cost is needed t use
seawater as Mg source.
Dg scripti(_m ) By feeding the sidestream which was 50 mg/1to 110 mg/1in D-P anpd above
(dffferentiation from ofhers) 7,8 in pH together with 9 % to 10 % flow of seawater into the reactpr and by
reacting for 29 min, D-P recovery was achieved more than 70 % without pH
control.
[Project outline]
Location: Hiagari WWTP (Kitakyushu city)
Capacity: 38 m3/day (Pilot plant)
2’[ jiggomponents and Operation: 1996 - 1997
[Main Equipment]
Struvite reactor/fluidized bed: ¢1 200 mm x 3 700 mmH x 1
Struvite dryer: 1,060 mm x 800 mm x 1,650 mmH x 1
Source See Reference [8]

Contact details

Organization: Japan Sewage Works Agency

Email: js-international@jswa.go.jp
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Figure B.5 — Process flow diagram

Figure B.6 — Pilot plant in Kitakyushu

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=75993716c0971c7f41367804860c011f

ISO/TR 22707:2023(E)

B.4 Struvite precipitation with fluidized bed reactor "Phosphogreen™"

For information on struvite precipitation with fluidized bed reactor "Phosphogreen™"2), see Table B.4,
and Figures B.7 to B.10.

Table B.4 — Technical overview

General data

Type of process Crystallization
CFiltration liquid, CDJDewatered sludge, CJADS, ¥l Filtrate of ADS,

Input material OlIncineration ash, ODried sludge, CJRaw sewage,

KIndustrial wastewater, (Treated water, ElOthers (thickening filtrate)
BEPhosphorus: EStruvite, OHAP, (0CaPO,, OOthers( )

Prpduct
[ONitrogen, OMetals ( ), OOthers ( )
Type of plant WWTP with biological P removal and anaerobic digestion
T-P recovery rate —
Di§solved P recovery rate 80 %
P-¢oncentration of product Phosphorus mass fraction of 12,2 %

Average total electricity demand —

Average chemical demand

(ag 100 % concentrate) (0,8 to 1,2) molar ratio Mg:Py;sqo1ved

Reference
OFiltration liquid, O0Dewatered sludge, OADS, ¥l Filtrate of ADS,

Raw materials for recovery Olncineration ash, ODped sludge, ORaw sewage,

Olndustrial wastewater, OTreated water, ®lOthers (Thickening filtrate)

Rejuse of recovered materials [KFertilizer ORaw-material of chemicals C0Others ( )

Country Denmark + Etance

The clientAarhus Vand wanted to resolve operating problems (struvite in pipes...)

Background and produce a value from the WWTP.

Otiective The objective was to produce a clean fertilizer to be sold as pellets and recpver about
80 % of phosphorus.

Rekult Phosphorus recovered was between 80 % to 85 %; struvite is homologated and sold
as a fertilizer.

Description Low use of sodium hydroxide. pH modification is made by stripping of CO,| Total

(differentiation from othérs) phosphorus recovery on plantis around 35 %.

[Project outline]
Location: plant of Aaby (Denmark)
Capacity: 84 000 PE - 105 kg/d Ptot at inlet of Phosphogreen™
Operation start: 2013

M4in components and
sppcification?)

[Main equipment] Fluidized bed reactor

[Project outline]|

Location: plant of Herning (Denmark)

Capacity: 150 000 PE - 240 kg/d Ptot at inlet of Phosphogreen™
Operation start: 2015

Main components and
specification (2)

[Main equipment] Fluidized bed reactor

2) Phosphogreen™ is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.

©1S0 2023 - All rights reserved 21


https://standardsiso.com/api/?name=75993716c0971c7f41367804860c011f

ISO/TR 22707:2023(E)

Table B.4 (continued)

General data

[Project outline]
Location: plant of Marselisborg (Denmark)
Capacity: 200 000 PE
Operation start: 2018

Main components and
specification (3)

[Main equipment] Fluidized bed reactor

[Project outline]

Location: plant of Villier Saint Frederic (France)
Capacity: 40 000 PE
Operation start: 2020

Main comppnents and
specificatign (4)

[Main equipment] Fluidized bed reactor

Source See Reference [10]

Organization: SUEZ
Contact detfails

Email: math.delahaye@suez.com
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Key
1 air 6  water outlet
2 waterfinlet (centrate) 7  water recirculation
3 struvifeextraction 8  washing
4 NaOH 9  drying
5 MgCl, 10 packaging

Figure B.7 — Phosphogreen™ reactor
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B.5 Ph¢
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Figure B.10 — Marselisborg plant
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Table B.5 — Technical overview

General data

Type of process

Crystallization

Input material

KFiltration liquid, ODewatered sludge, JADS, OFiltrate of ADS,
Olncineration ash, ODried sludge, BIndustrial wastewater,
OOthers ()

prbd EPhosphorus: OStruvite, HAP, O0CaP0,, OOthers( )
rpduct
ONitrogen, COOMetals ( ), OdOthers ( )
Type of plant WWTP for night soil
T-P recovery rate ND
Digsolved P recovery rate 70 %
P-¢oncentration of product 30 % P,05 of DM
Avgrage total electricity demand (1,5 to 3,0) kWh/Kg-P,ccovered
(3 to 5) kgcaCIZ/kg'Precovered
Average chemical demand . .
(a4 100 % concentrate) (4 to 8) molar ratio Ca:Pp.covered
(2 to 4) molar ratio Ca:Pyj¢gojved
Reference
K Filtration liquid, ODewatered sludge, JADS, OFiltrate of ADS,
Raw materials for recovery Olncineration ash, O0Dried shidge, OIndustrial wastewater,
OOthers ()
Rejuse of recovered materials K Fertilizer OORaw taterial of chemicals OOthers ( )
Country Japan
Human waste tan be good source of phosphorus thanks to its higher concgntration
Bafckground of that than sewage. The Ministry of Environment of Japan has fund subsidlies for the
plantwhich has resource recovery system since 1997.
Objective Phosphorus recovery from human waste and reduction of the processing fost
Amount of recovered HAP: 0,26 kg/m3-human waste
Repult Chemical consumption for post coagulation and related sludge generation|has been
reduced.
D - This plant is the first human waste treatment plant to recover phosphorug as HAP in
gscription . L . .
(d{fferentiation from aEhers) Japan. Now, five HAP recovery plants are working in Japan. After growing|up particle
size, HAP product is easily dripping water without mechanical dewatering.
[Project outline]
Location: Senboku city (Akita)
Capacity: 60 m3/day
Mgin eoniponents and Operation start: 2009
sppdification
[Ividill cquipuu:ut]
Crystallizer: @2,6 m x H 2,8 m
HAP recovery tank: flexible container
Source See Reference [9]
Organization: Japan Sewage Works Agency
Contact details
Email: js-international@jswa.go.jp
© IS0 2023 - All rights reserved 25


https://standardsiso.com/api/?name=75993716c0971c7f41367804860c011f

ISO/TR 22707:2023(E)

22— — 4

——

%%
Key ({/b
humaih waste treatment process (19
filtration liquid Q/\ .

crystallizer /\
v

coagulation

HAP 6@

Ul s W N
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B.6 Phospht@ recovery from sewage by PhoStrip process

For inforna?on phosphorus recovery from sewage by PhoStrip3) process, see Table B.5, gnd
Figures Bl3-and B.15

3) PhoStripisanexample ofa suitable product available commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of this product.
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Table B.6 — Technical overview

:2023(E)

General data

Type of process

Crystallization

Input material

KFiltration liquid, 0Dewatered sludge, CJADS, OFiltrate of ADS,
OIncineration ash, CODried sludge, OIndustrial wastewater,
X Others (Return sludge)

Prjoduct

EPhosphorus: OStruvite, KIHAP, 1CaPO,, COthers( )
[OONitrogen, COMetals ( ), OdOthers ( )

Tylpe of plant

WWTP with anaerobic membrane bioreactor

T-P recovery rate

60 % to 80 %

Digsolved P recovery rate

70 % to 80 %

P-foncentration of product

30 % P,05 of DM

Avlerage total electricity demand

8 KWh/Kg-P,covered t0 10 kWh/kg-P

recoyered

Avlerage chemical demand 3 kgCaCly/Kkg-Precovered © kK8CaCly/Kg-Pracsvered
(a b 100 % Concentrate) 2 ngaOH/kg'Precovered to3 ngaOH/kg'Precovered
Reference

R4w materials for recovery

KIFiltration liquid, C0Dewateréd sludge, CJADS, OFiltrate of ADS,
OIncineration ash, OODriéed-sludge, OIndustrial wastewater,

[XOthers (Return sludge)

(d}fferentiation from others)

Rduse of recovered materials KIFertilizer CDORawmaterial of chemicals C1Others ( )
Cquntry Japan
Activatedssludge ingests phosphorous in sewage under aerobic corjdition
Bdckeround and excrietes the phosphorous under anaerobic condition. Then, calcium is
& added-to concentrated phosphorus liquid to immobilize phosphorys as HAP.
HAR.is crystalized, recovered and used as fertilizer.
R-Concentration of the treated effluent <1 mg/1
Obhjjective
P-recovery efficiency ~80 %
Rdsul Sewage T-P 3 mg/1 to 5 mg/], effluent T-P 0,5 mg/1to 1 mg/1
dsult
T-P recovery efficiency: 75 % to 80 %
1) Reducing treated sewage P-concentration to a low level.
Ddscription 2) Recovering the high pure HAP as fertilizer.

3) Reducing low P-concentration in the excess sludge.

4) Stable facility operation.

[Project outline]

Main components and
specification

Location: Urabandai WWTP (Fukushima prefecture)
Capacity: 3 400 m3/d
Operation start: April 2007

[Main equipment]

Stripper tank: 4,7 m x 79 m x 5,0 mH x 2 sets

Crystallizer/Fluidized bed: ¢4,6 m (settler) /¢2,0 m (reactor) x 7,3 mH

Contact details

Organization: Japan Sewage Works Agency

Email: js-international@jswa.go.jp
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B.7 Phosphorus recovery system from incinerated ash

:2023(E)

For information on phosphorus recovery system from incinerated ash, see Table B.7, and Figures B.16

and B.17.
Table B.7 — Technical overview
General data
Type of process Chemical extraction and precipitation
OFiltration liquid, ODewatered sludge, DADS, OFiltrate of ADS,
Ingut material KIncineration ash, ODried sludge, OIndustrial wastewater,

OOthers ( )

EPhosphorus: OStruvite, BIHAP, BCaP0,, OOthers( )

Pr¢duct

ONitrogen, OMetals ( ), OOthers ( )
Type of plant WWTP without digestion
P-doncentration of product Approximately 30 % P,05 of DM

Av

brage total electricity demand

(19 to 32) kWh/kg-P

NOTE This value includes the necessary electricity-demand for the neutralized ash|
(dewatering, drying, etc.)

recovered

treatment

Av|
(ag

brage chemical demand
100 % concentrate)

(5,6 to 6,9) kgCa(OH),/kg-P
(2,3 to 2,9) molar ratio Ca:P
(1,7 to 5,0) kgNaOH/kg-P,

recovered

recovered, (1,6 t0 2,4 molar ratio Ca:Pgisqolved

recovered

(2,3 to 6,7) molar ratio Na:P,o oyered, (253 to 4,3) molar ratio Na:Py;ssolyed

Reference

OFiltration liquid, ODewatered sludge, OADS, OFiltrate of ADS,

Ra materials for recovery EIncineration ash, O0Dried sludge, OIndustrial wastewater,
OOthers ()
Repise of recovered materials K Fertilizer ORaw.material of chemicals CDOthers ( )
Copintry Japan
Phosphgrus, widely used for fertilizer and animal feed, is in a great concern of shortagg of natural
Bafkground phosphate’ore as well as the price increase due to export control in the international r¢source
matket:
Objective Reeycling CaP0, and dephosphorized ash (“de-P ash”)
Repult Production of 1,1 tons of CaP0O,4 and 4,3 tons of de-P ash out of 5 tons of incinerated ash
The incinerated ash from sewage sludge is turned into 2 recycled products through th¢ wet
processing; calcium phosphate and de-P ash, focusing on the high concentration (20 %|to 30 %)
o of phosphate in the ash. The recovered phosphate is sold to ZEN-NOH, a national agricyltural
Depcription organization, reformed into a real fertilizer and retailed. The de-P ash can be for a raw material of
(differentiation fromotiers) cement industries, etc.

All the necessary heat is supplied by the surplus heat from an incinerator, as the opera
ature is just 50 °C to 70 °C. The operation cost is also reduced because of the circulatio

ion temper-
h of solution.

[Project outline]

Location: Gifu-hokubu wastewater treatment plant (Gifu)

Main components and

Capacity: 5 tons-ash/day

specification Operation start: April 2010
[Main equipment]
P-extractor: 4 m3, P-precipitator: 15 m3 x 2, Rinse tank: 3 m3 x 3, P-dryer: 2 m2
Source See Reference [9]

Contact details

Organization: Japan Sewage Works Agency

Email: js-international@jswa.go.jp
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Figure B.16 — Process E\@‘
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Figure B.17 — Commercial plant in Gifu
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