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IVL

® Oberoende, agt av en stiftelse, SIVL

" Etablerades gemensamt av staten och naringslivet 1966
® Eget analyslabb for analys och metodutveckling for mikrofororeningar
" FoU-anlaggning Sjostadsverket Water Innovation Centre (SWIC)

® Ca 300 anstallda, omsattning 328 MSEK under 2017

® Kontor i Stockholm, Goteborg, Malmo, Fiskebackskil och Beijing, Kina,
och har kontinuerligt projekt och personal i New Delhi, Indien

® Allianser och natverk - Nationella, Europeiska och Globala

" Dotterbolag: EPD International, BASTA Online, eBVD och IVL China
® Konsultuppdrag inom stora industriella branscher

® Bedriver samfinansierad forskning (74 MSEK/ar)

® Ca trettio rullande EU projekt
IVL |
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Om mig

" Diplomingenjor TUHH Hamburg & Civilingenjor KTH Stockholm
" TeknD KTH

® Medgrundare och forestandare for FoU-anlaggning Hammarby Sjostadsverk
sedan 2008

® Radgivare till Naturvardsverket for mikroféroreningar
(framst mikroplaster och lakemedel)

" Forelasare vid UU, SLU m.fl., samt utbildning av myndigheter, regioner, lansstyrelser etc.
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HRIMARBY SJUSTADSVERK DEVELDPS

STOBKHOLMY'S FUTYRE
WASTEWATER TRERTMERT

®" Huvudkompetens: Rening och hantering av avloppsvatten, avlagsnande av mikroféroreningar,
ateranvandning av vatten, GHG-matning & hantering, miljokonsekvensbedémning, slamhantering,

systemintegration
Min installning:
® "Avvakta och se”-mentaliteten har fort oss dit vi ar idag med alla miljéproblem.
® Det ar vart ansvar som VA-kunniga att driva forandringen!

® Endast en cirkular vattenhantering kan ge en hallbar samverkan med naturen pa sikt!
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SWIC — Our R&D-pilot facility

From wastewater treatment plants (WWTPs)
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Nagra av IVL:s aktiviteter inom lakemedelsrening

2015-2017
Universitets-
sjukhus Uppsala

2018-19 UV-
H202 Pilot
AkzoNobel

I
1 Jan 2008: IVL startar FoU
: anldggningen SSV

2016-17 MBR-
GAK-biofilter
pilot Kalmar

2015 ARV
AstraZeneca

2018-19
Sundet
ARV
(Vaxjo)

2002-2006
Stockholm
vatten/IVL
pa SSV

2018-19
Syvab

2016 NV 2018-19
Framby (Falun)
npH2040
2018-19
Ullareds R
ARV @ |Vl.
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Resurseffektiv slamhantering:
HTC, TH, pyrolys, biokol, VFA som kolkalla m.fl.
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PFAS kartering, atgarder (ARV, lakvatten,
m.fl., teknikutveckling) e e
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havsomride

Nya reningsverk, t.ex. Henriksdal
Stockholm en av varldens storsta MBR
SFA 2040/ 2070
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Forskningssatsningen om avloppsvatten

NATURVARDSVERKET
FORSKNING

MILJO

Syntes 2021-00007
Atervinning och ateranvandning av resurser

fran avloppsstrommar
- Basta tillgangliga kunskap och erfarenhet fran praktiken

Huvudsyftet ar att stotta offentliga och privata
aktorer, som ar centrala for
omstallningsprocessen, att hitta, navigera och

tolka den stora mén"g.d. ku n"ska-p som fakti:c,kt finns, » SVA i RI.
samt att utforska mOJllga |6sningar och vagar mot il eM ) SE
okad implementering. e o @ I V l
Projektet ska hjalpa till att 6verfora kunskap om -

kretsloppstekniker och -system till framforallt ML Jﬁlng\Tlﬁrl]JST’é?

berorda myndigheter (fokusgrupper).
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Kallor och transportvagar
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Humanhkemedel
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&  Utspadning i havsvatten =T =k

och stora sjoar

Utspadning som ultimativ I6sning?

= Utspadningszon ska bedomas eller inte

= Anvandning av kontrollstation ar relevant for lakemedelsrester

= Provtagningsdjup, typ av provtagning, arsvariationer ska
inkluderas

With increasing proximity to municipal
wastewater outfalls:

4 Water quality

Frour 2. Censre ! mxdraler &n streresQubina g och catlanhadgrel om)  Sundscdlstbubion yhvalen |viniter | och
t F‘Sh abundance frfteaaten Innas ] CWRE 080

' Fish communities Stromningshastighet olika perioder
Ligad diverged
WWTP outfalls | : = @ |Vl.
IVL | an ecological trap? -

mILJOIRSTITUTET
(McCallum et al., 2019)
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Water flow,

concentration and mass flow

@

Primary recipient
dowstreams
025
005
Primary

recipient upstreams

05

2nd recipient
upstreams

065

3rd recipient
upstreams

2

4th recipient
upstreams

o Diclofenac mass flow (kgiyr)
0 Water flow (m3/s)
B Diclofenac Conc (pg/l)

Limit for cronic toxicity
(HVMFS 2019:25) 0.1 pg/l
annual average

Real life example
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Water flow,
concentration and mass flow

3rd recipient
downstreams
it el 4th re;lplent 0 055
Primary recipient
M/
0006 -
: 0.182
Primary
recipient upstreams
031
2nd recipient
upstreams

IVL |

i Diclofenac mass flow (kg/yr)
L Water flow (m3/s)
i Diclofenac Conc (pg/l)

Limit for cronic toxicity
(HVMFS 2019:25) 0.1 pg/l
annual average

Real life example

@ivl
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i Diclofenac mass flow (kglyr)
L Water flow (m3/s)
B Diclofenac Conc (pg/l)

Water flow, v

(HVMFS 2019:25) 0.1 pg/l

concentration and mass flow szl

3rd recipient
downstreams

Primary recipient

dowstreams 2nd recipient Real life example

downstreams

. 0 . ,_/””/H
Primary
recipient upstreams

2nd recipient Focus solely on
upstreams concentrations/dilution?

Q@ivl
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Fokus: Undvik utslapp om mojligt

R |
Exempel Ranitidin: eceptbelagt

" En av fyra identifierade APl:er med hog risk vid
Himmerfjardsverkets reningsverk 2019

® EU-omfattande forbud 2019 pa grund av Diklofenak i Region Stockholm
negativa biverkningar iotal A dogiars kvartalsvis 2015 - 2020 kv3
140
" =>» inga detekterbara nivaer efter 2019 i |
avloppsvatten fran reningsverk i B

Exempel pa diklofenak:

100
" Smartstillande medel (icke-steroida
antiinflammatoriska lakemedel (NSAID)) &

v OITE - St oty
apotuk - 1l ey

® Sedan 2020 mestadels forskrivning framst pa

grund av negativa biverkningar (och inte pa "
grund av dess miljopaverkan) “ ~sindnng
atlfeaps
" Alternativ: t.ex. ibuprofen eller naproxen, som
bada tas bort enkelt vid reningsverk idag o
Flaskrlyning - gel

N - % S 5 A R Y I Iy |
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Behandling sa nara kallor som mojligt

(tillverkning, sjukhus — endast vid relevans (t.ex. ABR!)

Neneg ov Ssermedelremr | shoggeeaman hide

varamilhe

For effektiv rening avseende reningsverkets storlek, resursforbrukning,
kostnader och definierade reningsmal bor reningen forséka begransas
till sa koncentrerade avloppsvattenfloden som maijligt. i

Efficient

___________________________________________________________ s treatment

Urin (endast /

patienter) S

Avloppsvatten fran sjukhus

Schematisk kostnodsutveckiing for rening av

Klosettvatten N lakemedelsrester fran vardmiljicer.
(endast patienter) ~ "
Klosettvatten ~q \ Kostnad perborttagen kg

Avloppsvatten till kommunalt reningsverk \
Kosmad perm- vaten

\

Kostnader

Férhdllande av olika avloppsfléden baserat pd
IVL | totalfléden for sjukhus i Region Stockholm och | — T |
skattade delfléden baserat pd antal vardplatser € Kalla (t.ex. sjtkhus) —--— Kommunalt rerungsverk -




~®  Sammanfattning reningsmetoder

= IMPLEMENTATION IN RELATION
TO MARIN TRERTMENT PROCESS
TRERTMENT PRINCIPLE TRERTMENT TECHNOLOGY P Complamentarg
— I A
SOLU“O“S Nann filtration (NF) _
- Aeady to implement .
OXIDRTIVE —1
g crunies e
relevance
Under developmant or _~_~
with practical problems
Biologicaily sctive filters aith granulsted -
BlOLOGICHU activated cachon [BAFIGAC)H
s SRR
COMBINATIONS _

(Baresel et al., 2017)



First full-scale installation in
Sweden for removal of
pharmaceutical residues at WWTPs

Tekniska
verken

VL | WWTPs as sink for pollutants J‘
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Falling groundwater levels
® Water quality issues on land and coastal areas
Desalination an alternative

Linear systems for drinking water & sewage

Tomorrow's chances!

2 1

Paradigm shift towards circular water management!
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Removal of pharmaceuticals in
water reuse applications

® Advanced processes for water reuse
(mostly DPR) include efficient
separation steps

= Separation not equal to removal of
pharmaceuticals

® Better resource-efficiency when
treating retentate compared to
treatment of WWTP effluent?

= Same doses per removed DOC?

® Effect of concentrate matrix on
treatment?

® Results available in January 2021

IVL | ACHIVITIES FOR A BLTTER UNDERSTANDING

| -Recirculation of water

- - Removal of pharamceuticals .
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Background

MBR-GAC-pilot
= MBR part a miniature of the future == !
MBR process at Himmerfjardsverket g _ L W

with same membrane cassettes as in
full-scale (hollow fibre 0,04 um)

" 2 lines with 2 GAC fil ST N L gy
ines with 2-stage ilters RN BN | NI A
(surface load <12 m/h, S SRS

2 x 10 min EBCT)

g ) ———




Lakemedelsreduktion MBR-GAK pilot iy T = Operation continuously since oct
eningsmdl 80 % IN>UT

fendastkvantifierbarahaiter) 2020 With onIy short break
0%

9 * Dynamic load linked to WWTP-
s:)': ------------------------- 111t e 1T 1w inflow

60 = Bed volumes treated currently ca
43 100 000 per filter without

0% replacement

Zr | | I l I ' I (corresponds to ca 5 g GAC/m3)
o o LRI
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PAK-MBR

= Samma membrankasseter som i fullskala

= 2 parallella linjer i samma utformning, en som testlinje och en som
referenslinje

= Dosering i infldde membrantank

= Testade doser 0 - 25 g PAK/m?3)

Z;? :
= =
Z 0% %
= -
- ~0% ® Cltalopram
= 60% B Diciofenac
) B Dvazepam
80% B Anslyserade kemedel
A00% W T Svira likemedel
-1 20%
-140%
NC PAX-MBR PAK-MBR PAK-MBR PAK-MER PAK-MER

PAY-dos: Ome/l  PAK-dos; Smgll PAK-dos: 10 mg/l PAX-dos: 15 mg/l PAX das: 25 me/L




The pilot study at Kungsangsverket

é UPPSALA VATTEN

e (Consists of both a bench scale trials and container pilot trials where granulated
activated carbon (GAC) and anion exchange (AIX) filters are operated in series
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=* Utkik: Innovativa tekniker pa G

fude Wt -
Roaghnew

» * Pl Coanitien

* Hydrodynamisk kavitation: Sma |
kavitationsbubblor genereras i mikrokanaler
med olika ytbeskaffenhet utan tillsats av
kemikalier och endast flodesenergi.

Mormetiaree!

Extzndal Clemrwl

Ardfcial Suefay

= Metal-Organic Frameworks (MOFs): Porosa s
vaxterbaserade material kombinerat med metaller med
bra selektiva sorptionsegenskaper. Mangder av olika
varianter kan genererars

Outlar

= Anjonbytare: syntetiskt material som anvands lange for
vattenrening. Nya sorter renar bort aven

|akemedelsrester, dock endast negativt laddade.

Intressant nar rening av lakemedelsrester och PFAS ska
23 IVL | LAKEMEDELSRENING kom bineras

Qivl

MILJOINSTITUTET
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ReUse project with 8 pilot trains
(WWTPs)

= Different reuse effluent quality requirements can be achieved by treatment systems that
are ready to be implemented as they are based on available technologies.

= The total environmental impact does not need to be higher than conventional
wastewater treatment despite a much better water quality.

= |n fact, the total environmental impact for

ReUse-schemes can be lower than for
traditional treatment systems considering

Reclaimed

all benefits the reuse of wastewater generates! Wastewater > > - Water

= Costs for different reuse applications are in the
same range or even lower than reported costs
for existing conventional wastewater treatment
plants in Sweden! o System 2

Secondary Treatment Tertiary Treatment Disinfection | Target EfMusnt Qualty
[

|
) = > 1y 5 |
Santial Eillration Nurent Reciomaborn Agricultural use
Nite |
" i =
Full Nie/Oenifs ) F(l'mim>—*_ 1

1

Full NisDwaite >— Manbean@s>— uv

Crone » BAF > uv
1
|

Groundwaler
Recharge usa

Industrial uss

s iy gt

Full Tl ittt

i

System 3

Grourdwater
Recharge use

System 4 Full NitsvDani

b

e.qg., Baresel et al. 2015; doi: 10.2166/wst.2015.373



Tasty reuse scheme

Stockholm el e Discharge

municipal /4 2 to Baltic
wastewater losua
I

Sludge

treatment
» —

Potable
water

Qivl
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Costs for different purification techniques

U What does clean water cost?
U What do health risks cost?

=  What does environmental damage cost?

-
&~ ',
i N 1 e
0,02 SEK/L 25 SEK/bottle
(0,51L)

= Today: only technical costs are included
= The right cost perspective is required!

The value of one bottle mineral water

10,000 bottles of clean water
= 500,000 % overprice!

e WIS LY VS N
\.,‘, r .14 " o My N NN N e (Ledor >
N ¥

Suodish Emvirgemantal
Resasrch Instkato
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Maltig smak med inslag av |just bréd, citrus och flirskas dreer
Serveras vid §-10°C som sdllskapsdryck eller till rittar av fisk
aller skaldjur

A 3 0 e = @

® |n store 21:90 SEK for 33 cl

" Estimated water production price in full-scale:
" From raw sewage to reuse (beer) quality:

<0.005 SEK/bottle T e e st 1 1 2 b
correspond to 0.25 %o of the price for 1 bottle |

" From treated sewage to reuse (beer) quality: .
<0.002 SEK/bottle ‘ ‘

correspond to <0.1 %o of the price for 1 bottle VT| &

" Many of us buy bottled water for e.g., 40 SEK/L which i
corresponds to >250 000 % overcharge

=> WE ARE LOUSY SELLERS OF OUR PORODUCT! e @ i V l

Swedish Environmental
Research Institute
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Fo kus framover? e

Existerade EQS: mest PFOS

= Eventuella krav enligt forslag till andring av
avloppsdirektiv fran EU: Amisulprid, Karbamazepin,

Citalopram, Klaritromycin, Diklofenak, Hydrochlorothiazide, 0,05

Metoprolol, Venlafaxin, Benzotriazol, Kandesartan, Irbesartan, == oo
4&6Methylbenzotriazole C4 PFHpA " 0505
. 5 PFOA 1
= PNEC (IVL): Citalopram, Ostron (E1), Oxazepam, 6 PFNA O
Diklofenak, Furosemide, Sertralin, Klaritromycin, *pFUnAor PEUNDA =

H 9 PFDoDA or PFDoA

Erythromycin, Sulfametoxazol S PFDoDA or PFDo =
= Nya EQS-direktivet: Azitromycin, Karbamazepin, 1; iEL‘;Bﬁ *

Ciprofloxacin, Diklofenak, Erytromycin, Ibuprofen, Fian -F’FODA .

A A : : : e PFBs :

Ostron (E1), Ostradiol (17beta-) E2, Etinylestradiol = PFPeS 03005
(17alfa-) EE2 L -F=
SPFAS24PFOAekv (4,4 ng/l1), Bisfenol A (fran 110 2 = Cpros gz
till 0,034 ng/I(!!), nonylfenol, oktylfenol P | I | [ I RS M—

. .. i 8:2 FTOH i 0,04

= LOD en utmaning for flera? : ' |1|u_ e ,! !_ AR e B 0 DA (Gen X) LU 0,06

Triammat ADONA 0,03

IVL | Emrghe AL Bkt b L Voo C604 m, 0,06

EL
P included in PFAS11

W R IR RN Ha Bl )



Kontakt:
christian.baresel@ivl.se
0046-10-788 66 06 S v




