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Circular nutrients — the
ecosystemic view
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Inka Orko
Co-creation manaqger, VTT




The unbalanced equation of our time: nutrient losses, supply challenges,
the climate change and the loss of biodiversity....

Typpi
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Purkuvesi
Kuivajae
Lietteen ‘
kasittely Neste;ae

= A typical nitrogen balance at a municipal waste water plant: less than 10 % recovered while natural gas is
used for ammonia fertilizers resulting in substantial CO2 emissions on the side

= Industrial nitrogen sources in Finland: waste waters from the fertilizer manufacturing, mining, metals
finishing, explosives manufacturing, food industry, pulping etc.; nitrates, nitrites, ammonium

= The drivers for the recovery are compelling: tightening regulation, volatile raw material markets and supply

chain security, growing market demand, growing supply of renewable energy, and fight against the climate
change and loss of biodiversity




The Circular Design Recipe m

Transition from waste water management to nutrients regenerative loops
and products-oriented designs

Be creative and design for products, not just for waste treatment
Design for products with higher value and product margins, instead of
: cost minimization
Design for value from all components with a holistic view and value
chain optimization
642 Communicate with the regulators for product-specific criteria
Extend the value chain thinking to products and end customers
Find new partners and partnerships, and build ecosystemic development
activities
I nnovate for business and operational models for industrial symbiosis



Examples of water-related industrial symbioses

Kalundborg, Denmark

https://esssr.eu/wp-content/uploads/Keynote-3-Per-
Moller-Smart- I ndustrial-Development.pdf
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Sodankyla, Finland

A preliminary assessment of industrial symbiosis in Sodankyla
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The new era; CCU with “NCU”?

How do we add Nutrients
Capture and Use to the

picture? .

= “P2N"? Fossil-free ﬁfﬁfﬁﬂ ﬁ !
electrolysis etc.? ;’ P J\ /

= Products-oriented | I!Iil -
development?

= Cross-linking the value
chains of the process
Industry and food
production?

04/05/2022 VTT — beyond the obvious
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TYPKI - Resource-wise nutrient recovery
from industrial wastewater

| - o | Schedule:  Feb 2021-]
= Tighter limits on nutrient discharge imposed SRS e

= Potential for raw materials lurking in wastewater Budget: EUR 1.03 million
Financer: Business Finland

- - : and the
— Solutions for treatment of industrial wastewater and recovery of participants

nutrients from concentrate hence answering the challenge of ZLD Participants: VTT, University of
Oulu, Tapojarvi,
Aquaminerals,

BioSO4,

Wastewater Technologies Products Brightplus,

Industrial Water,
Agnico Eagle,
Gasum,

Nutrient sources N, Recovery and For use: Impact: ® © ) Hannukainen

P, K, S, Mg, Ca: refinement:  Reuse water « More usable water > — I\/Iining, Valmet,

Concentrates from * Precipitation » Chemical additives + Less discharge A4 . & Yara Suomi

wastewater « Adsorption « Adhesives for * Increased nutrient - -

purification to be * Membranes cementation self-sufficiency

utilized or safely * Electrochemistry  « Fertilizer additives * Better business

deposited * Evaporation Info: hanna.kyllonen@uvtt.fi,

www.typki.fi



Trends of nutrient products

= Nutrient product prices have increased Product USD/ton USD/ton
. March 2022 Nov 2021
during past months
- Increased natural gas prices since Jan 2021 EaliEEURIEES 1110 730
- Effects of Russia-Ukraine conflict Ammonium sulphate 240 440
* Russia exported 11% of the world’s urea, and Diammonium phosphate 940 730
48% of the ammonium nitrate Urea . o
* Russia and Ukraine together exported 28% of
nitrogen, phosphorous, potassium fertilizer Sulfuric acid 190 100
= Overproduction of ammonium sulphate Fosforic acid 1620 1540

» Target in other products if possible

Nitric acid 620 1510]0]

— Increased interest in recycled chemicals: |k tissat 780 650
from waste to prOdUCtS https://m.echemi.com/searchGoods

https://www.indexmundi.com/commodities
https://advisor.morganstanley.com

Info joni.lehto@vitt.fi



From waste to products

| \
I Raw '
I materials I
: « Wastes Production Quality Storage + :
+ -
| . :
| « By-products marketing control delivery :
' « Virgin :
: materials I
I |
I |
I |
: Permissions needed for production Requirements set for products/wastes & :
I quality control I
\ ' ' \ : . I
. Requirements set for raw materials N Possible restrictions for use /

04/05/2022  VTT —beyond the obvious Info Kirsi.korpijarvi@vtt.fi
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Typenpoisto kaivosvesista

- Typenpoiston tarve vesista perustuu ymparistéluparajaan joka pohjautuu kuormituslaskelmiin
seka purkuvesiston tilaan ja laatuun (minimiravinne)
- YmparistOluparajat typpiyhdisteille ovat tiukentuneet ja tulevat myos jatkossa kiristymaan

- Typpiyhdisteiden pitoisuusraja seka vuosikuormitusraja

- Vesitase ja veden kierratysaste vaikuttavat typpikuormitukseen vesiméaaran kautta
- Typpikuormitus kaivosvesissa on peraisin prosessikemikaaleista ja malmin louhintaan kaytetyista
rajahdysaineista \




Typpipaastot malmin louhinnasta

* Louhintaan kaytetyt rajahdeaineet:
« Ammoniumnitraatti on yleisesti kaytetyin

o Kittilassa 80-90%_rajahdeaineen _
ammoniumnitraatista paatyy kuivanapitoveteen

» 10-20% jaa rajaytettyyn kiviainekseen ja
rikastamolle

* Pieni osa muuttuu rajahdyksessa
ammoniakkikaasuksi (tuuletus!)

o KittilAssa noin puolet vesistdon kohdistuvasta =
typpikuormasta on peraisin rajahdeaineen kaytosta

* Miten vahentaa typpipaastdja louhinnasta?

» Oikeanlainen rajahdeaineinde kéasittely (esim.
Roiskeet!)

» Avolouhosten typpipaastot voivat ollqg]%r)a 10-
kertaiset maanalaiseen louhintaan nahden

* R&jdhdeaineinen korvaaminen:
o Typettomat rdjahdeaineet yleistymassa?
» R&jahteetdn louhinta (continuous miner)




Typpipaastojen lahteet
rikastusprosessissa

o Kittilan rikastamolla prosessiveteen paatyvat
typpiyhdisteet ovat peraisin prosessikemikaaleista ja
malmista (rgjahdeainejaamat)

* Typpea sisaltavia kemikaaleja kaytetaan kullan
liuotukseen sekéa aktiivihiilen pesuun

o Kittilassa rikastamon aiheuttama typpikuormitus on
n. 50% typen kokonaiskuormituksesta

* Miten vahentaa typpipaastoja rikastamolla?
» Vahennetdan kemikaalien kayttoa

 Korvaavien liuotuskemikaalien [6ytdminen on
iIso metallurginen ja taloudellinen haaste

o Lisataan veden kierratysta, jolloin vesitase

paranee ja poistettavan veden maara pienenee
(kuormitus vahenee)

» Jos tuotantokapasiteettia nostetaan, kemikaalien
kokonaiskulutus nousee




MBBR-laitos

- Perustuu typenpoistoon
biologisella prosessilla

- Kaivosvesissa ei ole
orgaanista materiaalia, joten
hiilenlahteena on metanoli

- Prosessissa on nitrifikaatio- ja
denitrifikaatiovaiheet seka
jalkikasittelyn kiintoaineen

poistoon
- Kittilan MBBR-laitos on |1 ._
rakenteilla ja kdynnistetaan e e
2022 kesan ja syksyn aikana S s
- Suurikokoinen laitos: reaktorit f s KINTOANEEN

EROTUS

ovat kooltaan 700-1500 m3 DENITRIFIKAATIO REOX

, PROSESSI 4| |
L KAVOS 3
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Nutrient recovery from
biogas plant reject water

TYPKI webinar 4.5.2022

Viljami.Kinnunen@gasum.com
Katja.Alhonoja@gasum.com

Gasum

TYPKI WEBINAR

4/5/2022




CONTENT

1. Gasum in 30 seconds

2. What is reject water from biogas plant
3. Reject water treatment technologies
4. Market and product development

TYPKI WEBINAR

4/5/2022
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Gasum is developing the Nordic
gas ecosystem and promoting
sustainable development

6 LNG terminals

5 Bunkering vessels

17 Biogas plants
1 Project (Gotene)
3 Partner plants

Over 90 gas filling stations

2 LNG terminal

-~ Vésterés‘ ), < T LNG cooperation terminal
JS < C")rebro.k.Q‘ . .
oa @ Gasum biogas plant
] ‘jing J‘Vadsbo <atr . .
5 ) Gotene : Biogas cooperation plant

Biogas plant under construction
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INDICATIVE VALUES

Turun seudun
puhdistamo &
other wastewater
treatment plants

~95 000 tn/a
~26 500 tn/a TS
~1050 tn N/a
—~420 tn P/a

BIOWASTE
~25 000 tn @QB%

4V

50 GWh/a

Biogas to traffic
. Liquified (LBG)

6 500 tn/a

CO, from upgrading
Up to 99% purity
Industrial uses(?)

P2X solutions, algae(?)

aeaeaoasoecoecocacagoeacsoasoasoasoasosoesg

—~9 GWh/a I i

Reject water to Turun seudun

— &

puhdistamo
<20 tn N/a,
~0 tn P/a

Evaporati})n & Stripping

a

22 tn/h

dewatering

. 4

v

—~440 tn N/a
~0 tn P/a
Ammonia water, 12 %
unit
Volume (tn/a) 3700
N-concentraton (%) 12 %
Total nitrogen (kg/tn) 120
~190 tn N/a
—~20 tn P/a
Concentrate
unit
Volume (tn/a) 15000
Total solids (TS) (%) 15 %,
Total nitrogen (kg/tn) 131
Total phosphorus (kg/tn) 15
~350 tn N/a
~400 tn P/a
Solids
unit
Volume (tn/a) 50 000
Total solids (TS) (%) 30 %,
Total nitrogen (kg/tn) 5,0
Total phosphorus (kg/tn) 6,3




Typical reject water — Oulu

TS %0 1,1 %
VS/TS %0 54 %
TSS mg/L 3000
COD Img/L 7800
BOD mg/L 3000
Density g/L 1001
pH 8,1
Cond. mS/m 2000
N-tot mg/L 3800
N-sol Img/L 3200
P-tot |mg/ L 110
P-sol |mg/ L 35
K-tot |mg/ L 880
S-tot Img/L 60

example

TYPKI WEBINAR

4/5/2022
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Gasum

Comparison for reject water treatment in
sewage treatmetn biogas plants

v

Mechanical filtration

A\ 4

Chemical precipitation

\ 4

MF + UF Membrane

filtration

+removes larger particles
- water requires further processing
- only a pre-treament solution

+applicable in existing assets?
- water requires further processing
- what to do with removed particles (wet)?

+ completely removes particles
- what to do MF & UF concentrates (wet slurry)
- treated water further processing/use?

\ 4

Membrane stripping

—} Dewatering

Reject water

Solid digestate
TS 30%0

\ 4

Air stripping

+ concentrated nitrogen product (AMS, AMN)
- what to do with removed particles (wet slurry)
- Water may require further processing

+ concentrated nitrogen product (AMS)
+ removes nitrogen from reject water
- treated water further processing, reliability

\ 4

Steam stripping

+concentrated nitrogen product (ammonia, AMS, AMN)
- treated water further processing

v

Evaporation (acid)

\ 4

Evaporation +

stripping

\ 4

Electrochemical

+clean water
+concentrated mixed nutrient product (concentrate)
- Concentrate is a complicated product (?)

+concentrated nitrogen product (ammonia, AMS, AMN)
+clean water
- Concentrate is complicated product

+produces concentrated solid floc
+removes most components from reject water
- treated water further processing

\ 4

v

MF + UF + RO

+clean water
- dilute solid & nutrient fractions
- reliability of membranes (?)

4/5/2pp2 o

Evapor + strip + RO

+concentrated nitrogen product (ammonia, AMS, AMN)
+clean water
- Concentrate is complicated product




Evaporation & stripping process

Condensate

COD <400mg/I
Nowray< 120mg/I1 (>95% reduction)

' NPK
NKp
Reject water

l P P+K

Condensate
+ NH3

3000-5000t/a

TYPKI WEBINAR

4/5/2022
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Gasum Topinoja

TYPKI WEBINAR
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Market and product development

e Sewage sludge-based end-products are exposed to market limitations and has
lower potential to expand as a ”local market”
* More overall resourcing needed in fertilizer business to develop market
> End-product quality — continuous improvement [ e
> Marketdevelopment,R&D e
> Sales and cooperation models e
» Investments on right technologies h

* Reject water
treatment needed
to secure
sustainable

+ Investments to improve

biogas production - Still uncertainty and unknown product in
market (producer and customer)

Choice of technology

G

7

Urea price

Recycled
Ammonia water price

TYPKI WEBINAR

4/5/2022
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Typen talteenotto adsorptioon
perustuvilla tekniikoilla

4.5.2022
FT., dos. Tero Luukkonen
Oulun yliopisto, Kuitu- ja partikkelitekniikan tutkimusyksikko



https://www.is.fi/lkotimaa/art-2000008607049.html
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tilanne tiloilla
https://cen.acs.org/business/Expensive-inputs-strong-demand-send/99/web/2021/11 Suomessa kaatuu kaksi tai kolme maatilaa joka paiva.
A WY KOMMENTIT

Expensive inputs and strong demand send
fertilizer prices through the roof

Fertilizer companies expect prices to keep rising for months
by Matt Blois

November 17, 2021 rr/i - . '“‘71 rT-‘. (,_\) -' S ‘I‘\\ [
| AM MOonia = '
ALLIL
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Published date: ¢ PR

/2307
dia.com/en/neWS

180

- 380 ammonia-most i
-
. Syita typpipohjaisten lannoitteiden hinnannousuun:
 Maakaasun hinta
vo W » Tuotantohairiot USA:ssa ja Kiinassa 2021
» Lannoitteiden korkea kysynta

Ukrainan sota (mm. lannoitteiden tuonti Venajalta loppunut)

https://www.dtnpf.com/agriculture/web/ag/crops/article/2022/03/15/r
ussia-ukraine-war-drives-world#

University of Oulu
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X : — Kunnallinen jatevesi n. 312 x 106
[EF ‘J al eved et J a L/vuosi, tyypillisesti 30—60 mg/L NH,*

typ p I N p aIJ on kO —> kattaisi kork. 17% typen tarpeesta
OoNn saatav | $597? maataloudessa

— Teolliset jatevedet: vedenkaytto
esim. Euroopassa ja USA:ssa

Teollisuuden jateveden moninkertainen kunnalliseen sektoriin
muodostuminen, karkea keskiarvo nahden. N-pitoisuudet 1 mg/L —
e useita g/L.

— Maatalous: vedenkaytt6 myaos
B I vining and quaying moninkertainen vrt. kunnallinen
[ Manufacturing . . . .

[ etectrity sektori. Typpea (nitraattina) mm.

["IcConstruction . . .
peltojen hulevesissa.

University of Oulu



i Adsorption
peruskasitteita

Yleistermi
Sorptio

Sitoutuminen

|
' I materiaalin sisaan
Sitoutuminen @I YLe Absorptio
materiaalin pintaan
: o Heikkoja, reversiibeleita
Fysisorptio vuorovaikutuksia
B misorptio Kemiallinen sidos
muodostuu
B | invaihto e EE
jotain irtoaa

— Adsorptio (tassa yhteydessa) =

lluenneiden aineiden

sitoutumista kiintean materiaalin

pintaan
— Typen talteenotto pohjautuu

yleensa ioninvaihtoon (= jotain

sitoutuu pintaan ja samaan
alkaan jotain muuta irtoaa)

— Voidaan ottaa talteen seka
kationista NH,* ja anionista
NO,", mutta el samalla
materiaalilla

University of Oulu



E'\‘E;/] |\/|| kS| typen — Adsorptio ei riippuvainen lampotilasta

(= toimii myds kylmissa vesissa).

(p Ol StO a J a) — Adsorptioprosessi voi olla teknisesti
talteen ottoa melko yksinkertainen toteutus.

- — Mahdollista saavuttaa alempi
ad SOr p t 10 I I a? kustannustaso ja poistoteho vrt.

nitrifikaatio/denitrifikaatio tai
Anammox-prosessi (Lin et al. 2016).

— Toisaalta: adsorptiokapasiteetti ja
regeneroitavuus olennaisia tekijoita

Lin'Y, Guo M, Shah N, et al. Economic and environmental evaluation of nitrogen removal and recovery methods from wastewater. Bioresour Technol. 2016;215:227—
238. https://doi.org/10.1016/|.biortech.2016.03.064 University of Oulu
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i Prosessitekninen
toteutus Adsorptiopohjainen
typen talteenotto

Biological Nutrient removal
NZ: 45% C02

Primary

Grit Primary
Clarifier

chamber Clarifier

Influent i
COD: 100%

FeCl;

Suomessa
ymparistoluparaja
usein 4 mg/L NH,*

COD:13%
TN: 17%
TP: 7.0%

TN: 100%
TP: 100%
Biogas
COD: 30%
COD: 43%
UbE Dewaterin
TP:93% & Biosolids

COD: 12%
TN: 31%
TP: 89%

Anaerobic Digester

Reject water

COD: 1.0%
TN: 7.0%
TP: 4.0%

University of Oulu



Clifford, D. Water Quality and Treatment - A Handbook of Community Water Supplies; McGraw-Hill: New York, 1990.

Paljonko adsorptiolla voidaan konsentroida? Esim.
Ny Clifford (1990), parhaat silloiset adsorbentit:

ECF P FOSEess | te k N | nen — 300 — 60 000 petitilavuutta kasiteltdvaa vetta

- 1 -5 petitilavuutta regenerointiliuosta

to t e u t u S - 2 — 20 petitilavuutta huuhteluvetta

. . - konsentrointikerroin 60 — 60 000
Kasitelty jatevesi

loninvaihto

Esikasittely

* Primaari/sekundaari
prosessit (ks. ed. dia)

» Kalvosuodatus

« Saostus (mm. CaCOy)

Jalkikasittely

e pH:n nosto + strippaus
+ happopesuri

» Kalvosuodatus

 Struviittisaostus

Kayttovaihe

-|..

.
M
> 2
) ),.)_ >
nsad
/ nuioJauasay

Jatevesi Regenerointi: esim. vakeva Na-liuos
Pesuun: puhdas vesi

University of Oulu



\l/

t - Adsorbentti-
materiaalit typen

talteenottoon

5000

: 30 1

41 25 ]  Scientific publications o

1 (geopolymer adsorbents) Scientific
4000 - 20 - publications

1 15 | (adsorbents

in general)

| 10 A

3000 1 51
oOo+—Y—m——F———F———F——7——

2000 -

Number of documents per year

=
o
o
o

1 2008 2010 2012 2014 2016 2018 2020

Patents
(adsorbents

in general) Fo
a_ s’

T T T T T T T T T L S S B B S —

1940 1960

1980

2000

2020

— Luonnonzeoliitit (mm.
Klinoptiloliitti, heulandiitti,
morderiitti, faujasiitti, chabasiitti)

— Synteettiset zeoliitit (mm. A-, P-,
X- ja Y-zeoliitit)

— Kationin- ja anioninvaihtohartsit
— Biohiilet, aktiivihiilet
— Geopolymeerit

+ Valtava maara muita kokeellisia
materiaaleja!

University of Oulu
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L] Mita ovat — Geopolymeerit = alkaliaktivoinnissa
geopo |ym eerit? muodostuvia alumiinisilikaatteja

— Alkaliaktivointi = reaktio, jossa
mineraaliprekursori liukenee
(osittain) ja muodostaa uuden
rakenteen korkeassa pH:ssa

— Mineraaliprekursori =
epaorgaaninen materiaali, jossa on

alumiinin, piin ja hapen korkeassa pH:ssa liukenevaa

Tossa vaindettavissa olevia alumiinia ja piité. Ca-pitoisuus

kationeja (esim. Na?) vaikuttaa syntyviin rakenteisiin.

Molekyylirakenne:

38 5/4/2022 Oulun yliopisto



[\é,'/] TYPKI-prOjektin — Projektin tavoitteet:

tU I 0 kS | a 1. Kehit.taa toimiva ja ;lllksinker.ta.inen
valmistusmenetelma huokoisille
geopolymeerirakeille
2. Tutkia ammoniumtypen talteenottoa
(vrt. zeoliittiin) n. 30
adsorptio/regenerointisyklin aikana

3. Kehittaa pintakemialtaan muokattu
geopolymeeri, joka pystyy sitomaan
mya0s nitraattia

University of Oulu



Poikkileikkaus

500 ym




[\é’.’] Adsorptiokoe kolonnissa

" A

Peristalttinen _ 18
pumppu -
R
- M~
F — —
P Adsorbenttigranulit — -
[ (2-4 mm) Lapitulleen veden
mittaus NH,*
Malliliuos, NH,* = 200 mg/L selektiivisella

a elektrodilla s
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1 Tutkittava
konsepti

Adsorptio

NH,SO,
(esim. 30% liuos)

~

Regenerointiliuoksen konsentrointi

-

\ |
\:'; Oy « ¥
NH4+ ﬂ 5\‘) I.v.__“ B .&}:{'»
._\'4 é(d ,

Regenerointi Na,SO, :lla

Uudelleenkaytto (X kertaa)

University of Oulu



Eé;’] Adsorptiokoe kolonnissa

1

Ei-huokoiset granulit

\

Kumulatiivinen
Nayte pH adsorptio 6 h
jalkeen [mg/ g]

0,8 4

= 0,6 . .
5 Ei-huokoinen 7.8
Q' 04+ Huokoinen (1) 5.6-6 11.70
Huokoiset granulit
0,2 4 Huokoinen (2) 58-6 13.77

Huokoinen (3) 6,1 -6,2

—r— —————r—— —— ————
0 50 100 150 200 250 300 350 400
Time [min]

Koeolosuhteet: rakeiden massa = 0.2 g, NH4* lahtopitoisuus = 200 mg/ L, pH =6, virtaama =500 mL/ h, T =22°C

43 Oulun yliopisto



\ls

c o Joitain rakeiden muita

paaominaisuuksia
Ei-huokoiset Huokoiset rakeet
rakeet
Ominaispinta-ala (m?% g) 11.1 25.6 23.4
Puristuslujuus (MPa) 8.1 3.5 1.4
Zeta-potentiaali (mV) -38.0 -16.1 -3.9

Density (g/cm3) 0.83 0.24 0.22

10.1

1.1
-15.2

0.24

University of Oulu
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Vesitalous 1/2022

Geopolymeerit veden- ja jateveden-
kasittelyssa: mitd, miksi ja miten?

Tassa artikkelissa luodaan lyhyt katsaus t3lld hetkelld voimakkaasti kasvavaan tutkimusalueeseen:

geopolymeerien, eli amorfisten alumiinisilikaattien, kayttéon veden- ja jateveder

Asittelysovelluksi

53,

Geopolymeerit volvat korvata tai téydentaa monia perinteisesti kaytetlyja materiaaleja kuten zecliitteja,

korkean lampatilan keraameja, al jopa orgaanisia polymeerejs.

TERO LUUKKONEN
T, rack -tutkija
Oulun yliopisto, kuitu-

Ja partikkelitekni

iinnostus geopolymeereji kohtaa
perustu niiden yksinkertaiseen

ja vihin energiaa kulurtavaan
Imistusprosessiin, mahdolli-
sunteen kiyeeid teollisunden epiorgaanisia

Geopolymeerien atomitason  rakenne
koostuw alkali- tai -alkalimetalleja
ivisti alumiinisilikaacciverkoista i
-ketjuis
sekoittamalla alumiini- ja piipitoista minc-

. Niiden valmiscus apahtun

sivuvirtoja raaka-aineena ja cri

materiaaliominaisuuksiin. Geopolymee-

raalista i (kuten
savimineraaleja, lentotuhkia tai metallire-

Bl veden- ja
sittelyssi owar esimerkiksi joninvaihtaja,

rien kiiy

membrasnisuodatusmarcriaalit, kacalyye-

n tukiaineet ja passiivisee pH

Ensimmiinen aihepiiriin liiteyvi ticrecl-

linen julkaisu on ilmestynyt vasea noin
20 vuotta sitten —siini kisiteltiin radiumin
poistaa vedest barium-modifioidulla geap-
olymeerills (Kunze ym. 2002).

Mita geopolymeerit ovat ja miten
niitd valmistetaan?

Geopolymeerit, joita kutsutaan tietyissd
yheyksissi mys alkaliaktivoiduiksi mare-
riaaleiksi, ovat saanect viime vuosina
runsaasti julldsuutia Suomessa ja maail-

malla ymplriswysdivilliseni vaihtach-

tona Portlandsementille betonin side:

neena, Sementtiteollisuuden osuus on
hetkelli noin & % ihmiskunnan vuotuisista
hiilidioksidipazstoisti ja sementin lysynti
kasvan yhi voimakkaasti, Tari

austaa
i kasvava kiin-

vasten on helppa ymmi
nostus geopolymeereji kohtain: parhaassa

len kuenia) alkaliliuoksen kanssa,
natriumbydroksidia tai

likaattia. Alkalilivoksen korkea pH saa
aikaan lihtoaineen liukenemisen ja lopulta

uuden mincraaligeclin muodostumisen.
Kiiyinniissd seoksen anneraan koverua
noin 20-80 °C. limpétikissa muntamasca
nnista yhreen vuorokauteen. Jos Lihtdai-
neiden kalsiumpitoisuus on matala, geop-
olymesiien cakenne miistutiss asoliit

teja, mutta on amorfinen cli
Geopolymeerit, samoin kuin zeoliis
ioninvaihcomateriaaleja ja niiden rakenne
on nanotasolla huokainen, Toisaalta geopo-
lymeerien aminaisunder muistuttavat myds
menilta osin perinteisi korkeassa limpiti-
lassa valmistettavia keraameja esimerkiksi
hyvin kuamuuden, happojen, livottimien
ja mekaanisen keston osalta. Synteeuisii
keraamimareriaa-
lejie hybdynnetdin ieryissit veden- ja jate-
vedenkisittelysovellul . mutta usein

zeoliicreja ja perintei

niiden laajempan kiyeesii rajoittaa mareri-
aalien korken hint. Geopolymeerien avulla
voidaan saavutaa synteettisten zeoliittien

tapauksessa niiden CO.
voivat olla jopa 96 % pienemmir verracruna
Pordandsementtiin (Habert & Oueller-
Plamandon 2016). Geopolymeercilli on
kuitenkin myds useira korkeamman lisi-
arvon iyttémahdollisuuksia rakennus-

1ai k jen hyvii M
hokl Ila ja yksinkereai

malla valmistusprosessilla.

Uscissa veden- ja fatevedenkisicelysovel-
Tuksessa, joita kuvataan alk tarkemmin,
inta-al

materiaalien ohella, joista tissi artikkelt
telyii.

geopoly p tiytyy olla

stvutaan veden- ja firevedenkasi

A0  www.vesitalous.fi

hdollisimman suuri. Geopolymeericn

Tulossa oleva kirja, julkaisu 8/2022

WOODHEAD PUBLISHING SERIES IN CIVIL AND STRUCTURAL ENGINEERING

ALKALI-ACTIVATED
MATERIALS IN
ENVIRONMENTAL
TECHNOLOGY APPLICATIONS

TERO LUUKKONEN

UniQersityybd @sia



\l/

s

UNIVERSITY
OF OULU




CLEAATER.%..I

\“-..

- BRIGHTER FUTURES]

WWW.BIOSO4.COM




TYPKI — Hanke 8L
"Ravinteiden arvoketju”

TP1 - Rikkipitoisten kaivoskemikaalien ymparistovastuullinen kaytto: laatu,
annostelun optimointi ja ympéristévaikutusten hallinta, 6 thkk

TP2 — Matalammalla rikkipitoisuudella olevien talteenottokemikaalien kayttoonotto
ja talteenoton uudet innovaatiot, 9 htkk

TP 3: Kerattyjen metalli-/rikkisakkojen kierratys- ja myyntipotentiaalin selvitys, seka
hankkeen koordinointi, 8 htkk

"Liiketoiminnan kehittyminen kohti kokonaisvaltaista
rikinhallintaa”




TYPKI — Hanke -
Globaali huippuosaaminen

Jauhatuksen optimointi réataloidyilla jauhinkuulilla ja jauhinkuulien metalliseoksilla

Rikastuskemikaalien laadun seuranta kemikaalien valmistusprosessin raaka-aineista
asiakkaalle toimitettaviin lopputuotteisiin saakka.

Ksantaattien korvaaminen nestemaisilla kokooijilla
NMR — tekniikan hyddyntdminen optimaalisen kemikalioinnin I6ytamiseksi

- Sdadetaan kemikaaliannosteluja metallien talteenottotulosten seka
prosessivaineen jalkeisten metalli- ja kemikaalijadmien mukaan

Tarkastellaan rikkiyhdisteiden poiston tarvetta osana rikinhallinnan prosessia

82>




TYPKI — Hanke
Nakyvyys

Nasdaqgin ja nuorkauppakamarin jarjestaman Tuottava Idea 2021 — kisan
valtakunnallisen yrityssarjan voitto

MyTechMag Top20 Pioneering CEO’s 2021 — kisan top20 sija

Artikkeli joulukuun 2021 MyTechMag — lehteen (arvioitu nakyvyys 90 000 kpl)
Artikkeli 23.12.2021 Materialehteen

Blogi Mining Finlandin joulukuun 2021 blogina

Artikkelit: Talouselama, Kaleva, Rantalakeus ja Maaseudun tulevaisuus

BF DevPlat lisarahoitus TYPKI Vietnam — hankkeena (1.7.2021-30.6.2022)

TYPKI — BioSO4:n osahanke loppui 31.3.2022




BioSO4 strategiana R8s
kasvupolku vuoteen 2030

» Liikevaihdon kasvu 2020 paivitetyn strategian ansiosta
» Rikkipitoiset rikastuskemikaalit tuli osaksi tuotetarjontaa

» Rikastuskemikaalien liiketoiminnan kautta liikevaihto nousi 31.1.2022
paattyneella tilikaudella 740 keuro/a -> 1,42 Meuro/a

» Rikin talteenoton patentti voimaan 7/2020
» Rikinhallinnan globaalin huippuosaamisen ylésajo 5 vuoden aikana
» Tavoitteena 2030 10 Meuro/a liikevaihto

» Poikkeuksellinen logistiikan globaalitilanne (11/2020 — 04/2022) on
vahvistanut BioSO4:n asemaa rikastuskemikaalien myynnissa

» Kiinan ksantaattien rahdit ja saatavuus haastava kaikilla
» Tarve korvaaville tuotteille ja logistiikan huippuosaamiselle
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TYPKI Webinar

Ravinteiden vakevainti ja
talteenotto kalvosuodatuksella

Wastewater

“

Technologies

Juha Heikkinen 4.5.2022

04/05/2022  VTT - beyond the obvious



Why and when membrane technology? m

\/?uspended solids

= Technology for better water quality in either

Intake, reuse, and/or discharge
« High water recovery (WR) and volume reduction Macro molecules
factor (VRF) requires fouling and scaling control ~ _____\_\__\ .M ________.

. Divalent salts
= Atechnology for ions removal/recovery
° N, P, K, S, Mg, Ca
= Cost effective compared to many other
separation technologies

" |ncreasing use of membrane technology in

Industry and municipalities
* E.g. acid, base, solvent resistant pressure driven
membranes available




Wastewaters in TYPKI m

= Nutrients in various concentrations in all kinds of matrices in wastewaters
= Need for nutrients rejection, concentration and recovery

Mine process water from leaching Pressure driven membrane technologies (MF, UF, NF, RO)

Neutralizing pond water

Membrane distillation (MD)

Wastewater Technologies

Open pit water

NOXx scrubber water Membrane contactor (MC)

Pyrolysis condensation water

Electrodialysis (ED/EDR)
Biogas plant reject water

04/05/2022  VTT — beyond the obvious



Membrane technologies of interest

T Electrodialysis (ED/BPED/EDR)
Membrane distillation (MD)

Hydrophobi | i Membrane stack
ydrophobic
membrane |
. ~ & T
s . I . D J IAN3)
o °go-c B :
Hot side ‘ S )
F o L T I ‘\ :
E © - | | e | -
E () °4)I L ! k| <
D © © -, Coldside L I of I
: | | ‘ ' ‘ ?
Vapory I A I | ‘ I
° 3 T I '-_{ ¥ I i | | |
o p P o 3 Hydrolysate Electrolyte
KX Acid
T>T, Parani and Oluwafemi (2021) Y Base
T4,Cs) > pplT,,C 5 repeating units
il Pp( ¥ p) Salt Base Acid Electrolyte “.

Fig. 4. A schematic of the BMED apparatus. The BMED membrane stack is composed of five units that contain CEM, AEM, and BM. The membrane compartments are
connected to the salt (5L of pig manure hydrolysate), base, acid (1 L of deionized water), and electrolyte containers (1 L of 0.1 mol L.~ ! Na,SO4 solution).

Membrane CO ntactor (MC) Reproduced from Shi et al. [38] with permission from Elsevier. Muhammadi et al. (2021)

Distribution Collection Sulphuric
Tube Tube Acid = H,SO, —
Solution
Cartridge Baffle Housing NH; 5 « NH,
ooy Water l Water
Y:Iaetter Shellside Shellside L . w
" === - 5 Acid * Rikkihappo — ammoniumsulfaatti, (NH,),SO,
o o Al A * | + Fosforihappo — ammoniumfosfaatti, (NH,),HPO,, NH,H,PO,
aste . T
=== Water w1 w. | © Suolahappo —ammoniumklioridi, NH,CI
3 . . .
Ammonium Hollow Fiber M | s nso, \a + Etikkahappo - ammoniumasetaatti, NH,CH,COOH
Sulphat embrane = . . A )
saltion (NH,) SO, * Typpihappo — ammoniumnitraatti, NH,NO,

Figure 5: Commercial available membrane contactor module with a hydrophobic hollow fiber
membrane bundle (Ulbricht et al., 2009)



Example of mine process water -
concentration

Concrete / nitrogen removal
plant/ sulfate removal plant Na,CO,4
C,H,0,

Concrete / nitrogen removal
plant/ sulfate removal plant

Process Process 1
water water

~50 % ~95 %

Caco, PIRSEES Nut
Concrete  «— (.o, ﬁ
'
. 19

Process water

Fraction pH Total N | 4

| | usem | g
6.1

Process water 7.1

o

oD
g/l
443 58 82 1906 155

NF feed 2.1 8.4 105 73 112 21 2990 236
NF concentrate (VRF

16) 1.7 55.6 1970 540 655 980 5.4 36250 107
NF permeate (WR 94 %) 2.4 1.75 19.8 1.9 1 4 2 20 153 158

ICP-MSanalysis | Al | Ba | Ca | Cr | Cu | | Mg | Mn | Na | Ni | P | si | s | zn |
| mg/ | mg/ [ mg/ | mgl [ mgl | mgl [ mgl | moi | mg/ | mgi | mgi | moi [ mgi | mgi | mo/
Process water <0.03 0007 390 <0.003 <0.003 <005 36 55 012 680 0051 <001 82 920 <0.005
NF90-2540 concentrate  0.67 013 380  0.28 59 24 560 890 53 8800 12 <5 76 13000 45

04/05/2022  VTT — beyond the obvious




Example of mine process water - recovery

Process water Membrane contactor MC absorbent, A-3011 membrane

Membrane - Pretreatment 60
—8— NF270- Oxalic acid pH 2.2 50
T -
s —&— NF90 - Oxalic acid pH 2.2 ? x W —e—70bar
—~ = —&— Concentrate E 30
< =& 1G SW - Sodium carbonate = T >
é pH10.157.5 5 —&— Sulfuric acid u_:_ - ‘ —e— 40 bar
—&8— LG SW - Sodium carbonate ‘
pH 10.1 10
—8— NF90 - No precipitation ‘
o : : - 0
0,0 0,5 1,0 15 2,0 2,5 3,0 0 10 20 30 40 50 60 70 80 90 100
Time, h WR, %
VRF
NaOH .
Sulfate removal plant / concrete / nitrogen
; NH; (9) .
removal plant / ED (acid and base prod)
Na,CO,
CoH,04 Precipitate

e.g.
(NH,)sPO,

Process
water

WR ~95 %
CF: cartridge filter

NF: nanofiltration

RO: reverse osmosis
MC: membrane contactor
ED: electrodialysis

Process water
CaCO,

Concrete = +— cac,0,

04/05/2022  VTT — beyond the obvious



Example of future work using EDR

= Electrodialysis reversal (EDR)
» Periodic change of electrodes polarity to keep

membranes clean

* Reduced requirements for pre-treatment
« Cannot be used with bipolar membranes

= Valorizing recovered chemical by switching

« Sodium to potassium or ammonium

 Increased weight and price:

KCI 75 1 562 560

KNO, 101 1.4 1072 1500
(NH,),SO, 132 1 241 240
NH,NO, 80 1.2 1107 1330

cathode

Na,S0,

KNO3

NaCl

CEMI MAE!\J CEM  AEM I CEM ICEM
L]

OH-

Na+

Cl-

—

Na+

280,

Na,SO,

anode



TEA and LCA to support concept

selection

= The ideas tested in experimental work will be further
defined to industrial scale processes so that different
concepts can be compared by means of environmental

sustainability and economic feasibility

= The outcome of the assessments will be
» The ranking of the concepts
* The key factors affecting the feasibility and
the sustainability
* The sensitivity analysis

k€/year

1800
1600
1400
1200
1000
800
600
400
200
0

Concept 1 Concept 2 Concept 3 Concept 4 Concept 5

m Chemicals m Electricity
m Membrane cleaning and replacement m Labor

m Other fixed costs m Annual capital charge



Summary

= Nutrients are available in various process
and wastewaters

= Recovery methods and processes exist,
Including membrane technologies
« Concentration, e.g. NF, RO and MD
* Recovery, e.g. MC for NH4*, EDR for NO3-
« Water reuse of the main volume, i.e. permeate
" TEA and LCA also affect
» Will be done using lab scale results

= Legislation, discharge limits
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Mining
Wastewater
Stabilization In
concretes

4.5.2022

Minna Sarkkinen
Sr. Technology Advisor
Tapojarvi Oy



GOAL OF THE PROJECT

*More efficient
recycling within
mining infra

Case-by-case
optimized
stabilizing

material
solutions

Focus on
recycling of
wastewater
concentrate

Our goal: the world’s most e;wironmentally

- -
- friendly metal mine
Hannukainen Mining is committed to sustainable responsible mining operations. For
example, we test, pilot, study and advance our water treatment as long as needed to make
sure that the waste waters of the mine do not cause environmental damage.

TAPOJARVI




RECYCLING OF WASTEWATER CONCENTRATE TO CONCRETE PRODUCTS

Schematic description of the wastewater treatment process of

Mining wastewater concentrate of Hannukainen Mining Hannukainen
Ammonium 80 mg/L .
Nitrate 40 mg/L // Vesienkasittely

Sulfate 100 g/L %

Calcium <100 mg/L 'kSaatkkar]joEEta}ell?nll
Potassium 2,7 g/L Fj Metallien poisto

Magnesium 14 g/L y

Natrium 20,2 g/L 4

Benefits of the stabilisation ij1 concrete
((A

Use of wastewater concentrate Suolanpoisto
* replaces/saves clean water

- Improves binder reactions

© Transforms wastewater to solid
and versatile concrete-like

material
~ Saves expensive wastewater https.//www.hannukainenmining.fi/tietopankki-usein-kysyttya/kuvat-
- treatment costs ja-videot/

TAPOJARVI




STABILISING BINDERS AND CONCRETES
ENVIRO-TECHNICAL PERFORMANCE

Different binder options Material requirements and objectives

*Suitable mechanical strength

Geopolymer

Low hydraulic conductivity

alkali-activated and "
_ Low oxygen permeability
hybrid cements

Low deformation

Good environmental performance

Good chemical resistance

Workability
Adaptive to seasonal variety

A pilot case




STABILISING BINDERS AND CONCRETES - PROPERTIES

Raw materials 100 %
based on industrial
sidestreams

e Less CO2 emissions
e |ess energy use

e |ess costs

e[ CA

Chemical/ mechanical
and/or thermal
treatment of raw
materials

= For example
calcination at low
temperature

Customized binder and
concrete recipes

« For each mining
wastewater
« For each application

= For available raw
materials

= For different seasons

Availability of raw
materials

» Alternative raw
materials

» Hauling minimized

= Use of local raw
materials

are one-component

= Accounted in
application technology
development

TAPOJARVI)




STABILISING CONCRETES — VERSATILE TYPES

GRANULES CRUSHED CONCRETE COMPACTED CONCRETE

TAPOJARVI




EXAMPLES ON APPLICATIONS WITHIN MINING INFRA

CASTED BLOCKS SOIL AND WATERWAY CO| CAPPING OF GOAF, TAILINGS AND LANDFILLS AREAS




APOIARV]

A Finnish specialist in mining and mill services,
forerunner of the circular economy

Further information
minna.sarkkinen@tapojarvi.com
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Kalvosuodatuskonsentraatin
stabilointi betoniin

Antti Gronroos 4.5.2022

04/05/2022  VTT - beyond the obvious



VTT TYPKI Concrete products —why

= With water reuse and valuables recovery there will
become some side streams like membrane
concentrates

= That may create barriers to adopt water reuse
technologies

= But, can those side streams be utilised somehow

= Concrete products are one of the possibilities

04/05/2022  VTT — beyond the obvious



VTT TYPKI Concrete products — how

= Construction products from mine water concentrates and
side streams
» Concrete recipe

« Standard sand/aggregate 1350 g
» Binder (blast furnace slag) 450 g
* Water 225 ¢
« Activator NaOH (1 % of binder) 4,5 ¢

— In TYPKI samples water has been replaced fully or
partly by neutralizing pond (NP) water nanofiltration
concentrate

— In TYPKI samples standard sand/aggregate has been
replaced partly by precipitates from membrane filtration
pretreatment




VTT TYPKI Concrete products — concentrates

= In TYPKI there has been used two different membrane pre-treatment
for calcium precipitation producing two membrane concentrates
» Concentrate 1 after carbonate precipitation
« Concentrate 2 after oxalate precipitation

Concentrate 1; g/L Concentrate 2; g/L

Sodium 35 1.7
Sulfur 30 25
Magnesium 5.5 14
Potassium 0.67 1.6
Calcium 0.18 0.46

pH 8 2

04/05/2022  VTT — beyond the obvious



VTT TYPKI Concrete products — strengths

Compression Conc. 1 100% 7 days Compression Conc. 1 100% 28 days

CaCO; 100% 7 days



VTT TYPKI Concrete products — strengths m

Bend; 28 days Compression; 28 days

Conc. 1 Conc. 1 Conc. 1 Conc. 2 Conc. 2 Conc. 2 f. Conc. 1 Conc. 1 Conc. 1 Conc. 2 Conc. 2 Conc. 2
100% 50% pre + conc. 100% 50% pre. + conc. 100% 50% pre + conc. 100% 50% pre. + conc.

- ~
w w s b
v © v o U

NN
o

Stress; MPa
w

Stress; MPa

=k
o v o un

= Bend and compression results OK after 28 days with all the samples

_ CaCO; 100% 7 days
04/05/2022  VTT — beyond the obvious Compression Conc. 1 100%
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1200 mg/kg is the lowest valu S0, in MARA

1000
50

o

[

Conc. 2
pre. + conc.

Conc. 1 Conc. 2 Conc. 2
pre+conc.  100% 50%

Conc. 1 Conc. 1
100% 50%

Leaching; mg/kg

1200

1000

o
o
o
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VTT TYPKI Concrete products —leaching

Crr

800 mg/kg is the lowest valu Ckin MARA

Conc. 1 Conc. 2
pre + conc. 100%

Conc. 1 Conc. 1
100% 50%

Conc. 2 Conc. 2
50%  pre.+conc.

Leaching of SO,2-and CI- with some samples may be a problem

related to the lowest values in MARA
» The effect of Na*, K*. Mg?*, SO,%, pH, ...

04/05/2022  VTT — beyond the obvious

on leaching will be studied




VTT TYPKI Concrete products —conclusions
up to now

(
'l
= Concrete products are one of the possibilities when producing )
new even better products using membrane concentrates from s
mining sector ’.
= Water in concrete recipe can be replaced by the membrane )‘:
concentrates of mine waters )

= Standard sand/aggregate can be partly replaced by the
precipitates formed in membrane filtration pre-treatment

= Some studies are still needed to get more data about the

variables related to strength and leaching properties of the
VTT TYPKI concrete products
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Antti.gronroos@vtt.fi
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How TYPKI continues?

= Concepts to make more valuable recycled nutrient products
= Sustainability assessments for selected concepts
= Update of regulations and markets regarding recycled chemicals

= Brinestroming for cooperation possibilities: “NCU”!

= International webinar in the beginning of year 2023!

Let us be In touch!




