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Pathways to gain recycled P materials into new value
chains

Technology for the recovery of mineral P and mapping of market opportunities for reuse of
recycled products

Stottet av: Trendelag q Innovasjon
fylkeskommune Norge



The VISION

ol

New value chains for recycled phosphorus to a
market willing to pay




Project goals

* Develop technical solutions to recycle mineral P into products
with a positive value

* How to create knowledge sharing for faster development of new
regulations and clear quality requirements adapted to sustainable
recycling of resources (important for recycled products to have
good value)

* Green finance for selecting sustainable technology solutions
adapted to the EU's taxonomy regulations = value chain for
recycled phosphorus



Project parters

Project owner:

* Ecopro AS: General manager Tore Flgan https://ecopro.no/

Industry partners:
e Yara AS: Director Circular & Specialty Product, YARA Norden, Knut Rged https://www.yara.com/

* Solberg Industry AS: Owners and leader Halfdan Solberg & Business Development Manager Sverre
Lorentsen https://www.solbergindustri.no/

* Danish Bank: Bank Manager, Coporate Market Trandelag, Rolf Einar Pedersen og sustainabilty expert Daniel
Brenden https://www.danskebank.no

Branches and clusters:

* Norwegian Water Association — Counsellor Arne Haarr https://norskvann.no/ (representing Norway in
European Federation of National Associations of Water Services, EurEau

* NCE aquatech cluster — Project coordinator Morten Andersen https://aquatechcluster.no/

* Civac Circular values cluster — Cluster leader Trond Norum https://civac.no/

R&D partners:
* NIBIO - Project leader and Senior Scientist Trine Eggen https://www.nibio.no

* RISE (Research Institutes of Sweden) — Project leader Elin Kusoffsky og Seksjonsjef Gustav Rogstad
https://www.ri.se/sv
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Reference group
Actors from sewage sludge branch and food sea industry

Waster water treatment plants
* Tgnsbergs renseanlegg

* Oslo kommune renseanlegg

* Bergen kommune renseanlegg
* [VAR

Sea food industry
* Andfjord Salmon
* Multigen



Motivation for recycling P to new value chains (1)
Strighter regulation

 The EU's Industrial Emission Directive (IED) and emission limit values according to BAT =
increasing the amounts of sludge that the industries have to handle. The regulation will apply to
all forms of industrial discharges, for instance slaughtering and processing industry

 The EU’s Urban Wastewater Treatment Directive is in the process of being approved = e.g.
more stringent treatment requirements for pollutants, including proposals for maximum limit
values (MLVs) for pharmaceuticals = in general, the proposed directive is a major challenges
and costs for handling sewage sludge for Norwegian municipalities

* Norwegian fertiliser regulations = hearing process = reducing the use of phosphorus in
agriculture and including MLVs for four organics contaminants

 EU Taxonomy regulations, an important economic carrot for choosing sustainable solutions &
green financing - recycling of critical nutrients is important.

* The EU’s Sludge Directive, possibly revised?




Motivation for recycling P to new value chains (2)

Fertiliser regulation Proposed amount of P applied per da per year
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Motivation for recycling P to new value chains (3)

Pressure on the sale of P-rich residual raw materials in agriculture

* Farmers - own fertiliser = dependent on using own fertiliser to maintain animal
population (spreading area)

* Non-separated & liquid fraction biowaste (livestock manure and food waste) from
* facilities where farmers have an agreement to deliver fertiliser and get back
biowaste
* facilities they do not deliver fertiliser to, but already have agreements with
reception (nearby facilities)

 Dewatered sewage sludge - and biowaste with sewage sludge
* have restrictions on use (vegetables, meadows) and are mainly used for grain
* is transported from fertiliser-rich areas in Western Norway to Eastern Norway

« Compost from food waste, fertiliser, biowaste with different substrates, etc. Everything
else comes in addition
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Work packets

Est. Volum P, N, K

Marked for recycled P products Technology evaluation

Communication & study trip
Documentation & bottle necks




WP1 - Project management

Resp. Main Act. # Des:crlpt|0n of Task Task description Output Active
executors activity # partners
1.1.1 Contract Ecopro and financial Signed contracts and consortium. | NIBIO/ Ecopro
NIBIO/ - . partners
Econro 1.1 Administration
P 1.1.2 | Consortium agreement Signed consortium agreements. | NIBIO/ Ecopro
Established steering-, reference-
1.2.1 | Organisations/structure and project groups, plan for NIBIO/
NIBIO/ . L N ] ’ Ecopro/RISE
Ecopro 1.2 Project organisation cooperation
B E+
1.2.2 | Working platforms aNIII 0 /RIS
NIBIO/ Project Project leading according to NIBIO/ Ecopro/
1.3 N 1.3.1 :
Ecopro coordinating/leader project plan RISE

Establishing project

Project leading

Coordinating activites




WP 2: |dentify volumes of P (N, K) — recovery potential

Resp.

Description of

recov. pot. PNK

Recov. Pot.

Main executors Act. # activity Task # |Task description Output Active partners
Volume of secondary raw materials based on .
sewage sludge, primary with help from Norwegian

Norwegian Water . ' . . Water

. . . . Norwegian Water Association, and fish sludge .

Association/ Mapping volumes & Collect data & information Association/NC

2.1 . 2.1.1 and other relevant resources from aquaculture

NCE aquatech material flow P (N,K) about volumes ) E aquatech
industry. Knowledge about P (N,K)

cluster . . cluster
concentration in material flows of selected raw

) /Ecopro/NIBIO
materials and processes
prelim. theoretical Literature review-based est.
RISE 2.2 ' 2.1.2 recovery pot. P (N,K) - est. |Preliminary estimate of recovery potential. RISE

Delivery:

* Estimate of volume of raw materials based on sewage sludge (contribution from Norwegian Water
Association) and of raw materials from the seafood industry (contribution from NCE aquatech cluster).

* Knowledge of P, N, K levels in selected raw materials and processes

* Preliminary estimate of the recycling potential of P, N, K

Status:
e Act. 2.1:
e Act. 2.2.

Finalised overview of sewage sludge volumes and of seafood industry volumes
In progress




WP 3: Product, market and willingness to pay

Resp. Main executors Act. # DeS-CI.’IptIOI'I of Task # [Task description Output Active
activity partners
311 Eval. Recov. Pot. Based on existing marked  |Make a list of mineral P (N, K) products for agriculture and chemical |Yara/Solberg/
o products industry NIBIO

Realistic mineral &
3.1 |organo-mineral 3.1.2
PNK products

RISE/NIBIO/Yara/
Solberg

Identify product agriculture marked is From the list in 3.1.1, choose products that are most realistic, based |Yara/Solberg/
interesting on existing sales numbers (demand) NIBIO

Identify product other industry marked is From the list in 3.1.1, choose most realistic product based on

3.1.3 interesting demand Yara/Solberg
Pot.
YARA/ Solberg/NIBIO 3.2 customers/segmen 351 Mineral products - Yara/Solberg Industry Identify relevant customer segments for mineral, organo-mineral P Vara/Solberg
ts of selected products
products
Evaluate/judge . . . .
YARA/ Solberg/NIBIO/ Evaluate/judge market value for selected List of selected realistic mineral P products & organo-mineral P Yara/Solberg/
3.3  |marketvalue for [3.3.1 ) . . .
RISE product products including approximate market value for further evaluation [NIBIO

selected product

Delivery:
* Prioritise end products with market potential in agriculture and the chemical industry
* |dentify customer segments for different products and estimated market value

Status:
 Act. 3.1: Finalised
* Act.3.2. & 3.3 Completed first assessment



WP 4: Techniques and device operations

Main executors

Act. #

Description of activity

Task #

Task description

Output

Active partners

Estab. Overview of techn.

4.1.1 Processes/tracts for prod. selected Gross list of realistic technology-tracks/processes for further evaluation |RISE
products
E‘I)SIE/e\r(ARA/ 11 T(:g(f;:stlsogy tracks for selected Vara/Norwegian Water
g P 4.1.2 Identify known R&D and Demo. Efforts |Leads for RISE to follow Association/NCE aquatech
cluster
4.1.3 Quality check list of technol. Feedback on gross list Yara/Solberg
101 Estab. contact developers Tech. List of contact to developers of net-listed relevant technology- RISE
RISE/YARA/ Suppliers for technology-tracks Tracts/processes tracks/processes -
Solber 42 (>TRL 6) Contact leads for RISE to follow + ensuring developer that there is a real Yara/Norwegian Water
& 4.2.2 Contact with developers ) . 8 P Association/NCE aquatech
industry interest
cluster
RISE/YARA/ Specify the unit operations Detail possible tech. processes relat. diff. Sequenced block diagram _°f mal.n ur?|t operatlons for each relevant
4.3 |needed for each technology- 4.3.1 technology-track/process including, if possible, example mass/energy [RISE
Solberg Operat. Parameters.
tracks balance.
Together with developers - estim. Prod. Estlmgte <.)f possible product quality a.nd yield for their relevant
. 4.4.1 . ) combination of secondary raw materials and technology-track/process - |Yara/Solberg
RISE/YARA/ Eval. prod. quality from Quality & quantity )
Solber 4.4 technoloay-tracks to be used to fine tune outputs from WP3.
& &Y 142 Tech. judgements & calcul. facilitate Technical advice and calculations for product quality and yields RISE
o estimations of product quality and yield |estimation
Eval. EU taxonomyv technology- Description of potential effects of the EU Taxonomy regulations on
ARA/DB 4.5 ) ¥ & ks EU Taxonomy regulations with relevance |evaluated combinations of secondary raw materials and technology- DB

tracks

track/process.

Delivery:

* Lists of technologies and end products. Information about suppliers of the most relevant technologies.

* Create flowcharts with the most important operational processes in different technology tracks. First estimate and then calculate product quantity
and quality for relevant combinations of technology tracks.

* Evaluate EU taxonomy regulations against selected technology tracks/processes

Status:

* Act.4.1.In progress




WP 5: Characterisation, data sharing, regulation, bottle
necks — new recovery estimate

Main executors

Resp.

Act. #

Description of activity

Task #

Task description

Output

Active partners

ara/Solberg Industri/Norsk

Charact. of secondary raw

Organising analysis

Characterisation of secondary raw materials will be use for

ann, NCE, NIBIO o1 materials >-1.1 characterisation evaluation in WP 3 and 4 NIBIO/YARA/ Solberg
Review unwsanted S.oun.nmarlse unwanted substances of risk relatgd to regulation and NIBIO, Norsk Vann, NCE quatech
5.2.1 [substances literature + limit values for selected secondary raw materials. To be cluster
NIBIO, Norsk Vann, NCE 5.2 |ldentify unwanted substances dialog coordinated with VKM work. . .
Decide which contaminants to analyse for (and which lab.) and for + extern + authority (Mattilsynet,
5.2.2  |Decide analysis to perform . . ' Miljgdirektoratet, andre? + VKM)
which secondary raw materials.
Organising analysis Content of §elected unwanted compounds ('concentrat{on.s, and NIBIO, Norsk Vann, NCE +
5.3.1 Lo frequency) in selected secondary raw materials of special interest | .= "
. contamination \ . Miljgdirektoratet
NIBIO/Norwegian Water Analvse selected raw materials in the project.
ssociation/NCE aquatech |5.3 ¥ ) NIBIO/Norwegian Water
for selected contaminants .
Cluster 5.3.2 |Datainterpretation Information for use in activity 4, particularly in 4.5.1 Association/NCE aquatech cluster
o P y&p y e (VKM, Miljgdirektoratets,
Mattilsynet)
L . . NIBIO, Norsk Vann, NCE + eksterne +
NIBIO 5.4 a;i?:rlz?cg:\n for sharing data & 5.4.1 Ej:sogsirr}?r\:\élsig"e/s;;gng Suggest a system for sharing data and information. forvaltning (Mattilsynet,
¥ ¥ Miljgdirektoratet, andre? + VKM)
RISE+all 5.5 [Charact. possible obstacles 5.5.1 |Obstacles list Identify obstacles which have to overcome/handled to succeed. |[NIBIO (RISE) (together with all)
. . Empirically supported P (N, K) recovery potential. Used as input to
Final calibrated t. . , S . . . . .
RISE+all 5.6 Inal calibrated recovery pot- g ¢ 1 Adjusted recovery potential [policy discussions and to gauge the strategic national/regional RISE (together with all)

PNK

commercial value of the value chain.

Delivery:

* Characterisation of raw materials i) suitability as raw materials in various technology tracks, and ii) content of pollutants and assessment against
current or possible future regulations

* Organisation of data, knowledge sharing = required for new regulation for recycled products. Challenges.

* Calibration of the recycling potential of P, N, K

Status:

* Act.5.1. &5.3 Started recently

* Act5.2&5.5

In progress




Knowledge sharing

Establish regulations for recycled
products - need for quality
requirements for new products

The topic has also been raised by the
Scientific Committee for Food and
Environment (VKM), which recognises
how important this is for the
implementation of risk assessments and
the development of regulations to
safeguard the environment and health
when using recycled products.
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Viktigheten av
deling av kunnskap

Sirkulsrekonomi fordrer
spleiselag om ny
kunnskap og deling av
kunnskap.

Trine Egpen,

muzdlem av Vitenskapskomritesn for
izt o milje

direldor, Vitenskapskomilern for
! o milje

FOR NLAERINGSLUVET L=n resir-
kukere ressurser fog 3 utvikle
nye produkter, e7 det behov far
grumdige vurderingsr v hvilke
effekter resirimlering k=n hapd
helse og milje. Da renger vi
sterkere satsning p@ genertaring
geling av kunrskap og dsta,
pa tvers av fag of sektorer.
Viterskapskomiteen for mat
o milje (VEM) gher risikovur-
dernger Innenfor omradst
ITYEE mat, matproduksjon og
milja. | lepet av de siste 20 ire-
ne har VEM glennomfiart flere

M man emsker tl &n HsikovT-
. Det kan vEre ullke Arsa-

ker tl det. 1 noen Hifeller mang-
leT vi npdvendige data. En an-
nen drsak er at datagrunnlag
lkks ar Higjengellg foT rsiko-
wirderingsareid fier det har
bttt publisert 1 et vitenskapalig
HissErift, eller det k=n vers zt
vi1kke har tigang eller kjenn-
ciap tl alle relevants datzhaset.
Datamangel eiker uslkkerhe-
ten | vurderingen. Derfor erdet
viktlg at kunnskap som allereds
finnes, gleres lett Higlenzelg
fior dem som utfiarer vurderin-
gen. A lete etter data Krever
mye tid 0F TeSsUrser, of kunm-
siap som Ville ha styrket risiko-

kan gi tapt.

Dt ma vEre mulig 4 Ainne
l@sningsr for 4 bruke offentilg
finanstarte data | nslkovande-
Tinger, uten at det er t linder
for at forskningsmiljeens som
har fremskaffat datasne, kan
pubiisars dem seneta,

Etter 4 ha wifiart dsikovinde-
rineeer inmenfor mat. helse o

St f gy Ry S o T B B e

milja. I lepet av de siste 20 Are-
ne har VEM glennomfan flare
risikcvarderinger hvor vi har
vurdert mulige negative effiak-
ter pd mennesker, dyr og milja
hwis jorcia biir tfiart uliks gled-
sElvaTeT o jordforbedringsmid-
b

Slike vitenskapellg baserte
vurderinger krever mye data og
kumnskap. Det gielder blant an-
net data om hvilke miljegirter
s0m alkereds Annes § jord og
gledselprodukt og 1 hvilke koa-
sentrasjoner, og data ofg kunn-
skap om miljagiftenes egenska-
per, som har betydning for
ovarrering Hl miljeet of H 6o
O mat.

Det gielder datz og umnskap
om regionale varasjomer 1
jordegenskaper o 1 Kilma_ Vi

ogsd kunnskap am hvar
skadellg nike miljagifter ot far
OIgAnSmer sMm kever 1 jord,
vann of sedimenter, og hva
s0m er talegrensen for inntak
av mifjegiftar, bide for Ayt of
mennesker.

Det er ogsd akelt 3 stille
sparsmal om hvordan kKima-
endringer kan pavirke risliobil-
det. Mer nedbar of flete inten-
sive nedberseploder gir ekt av-
renning fra jord Hl vannmilja.
Det kan fiare tl ekte konsentra-
sjoneT av miljegifter, og ha ne-
gative konsekvenser fof ofga-
NISITET 50M I8ver | vanm, men
ogsd feve ti ng av
miljegitter 1 fisk, og dermed oke
eksponeringen for miljegirtar
hos menneskeT,

Det er Ikie uvanig at tigan-

gen tl datagrunniag er mindre

Bk e el " "o Bl i B el

iInnenfor mat, helss og
miljia { snart >0 AT, &1 det var e7-
eT 2t det et helt nedven-
g =t vi daler pd kunnskap og
(=t 50m vl trenger tl den typa
arbedd. | Hilegg trenger vl oy
samarbs=id
PYETS ¥ Sk e g Tagramii
der, ogss samarbeld for & finan-
Slere dette. Det glelder 1kke
minst for 3 lese uidnngens
vl SLar overtor for 2 Lykkes med
cirkulm=r ekonomi.
Den type spletsalag sar man
for esempel | MAREANO-pro-
grammet SO

har pApatt stden 2005, skal gk
kunnskapen om haviunmen, og
bidra t en kunnskapsbesert og
besrekraftig foTvalining og ne-
ringsutvikiing.

Programmet finansieres av
NErngs- of Mskerdepartemen-
tet og Klima- og miljadeparts-
mentet. Den eversie ledalsen
utgjetes av styTingsgruppen
med representanter 2 fire de-
pertementer, og NoTges geolo-
gEke undersakeise, Haviorsk-

tuttet of Kartverket
sadivisjonen star for den dagh-
ge driften.

FoT 4 £ fart p& kunnskapsde-
ling o fremskaiTe ny kunnskap
SO &7 NadVendig for 2 resirke-
lere TessUrsET ] mat o 00T, kan
&n mullg lasning vEre 3 etabla-
re et Hisvarende prograim som
MAREANO. Programmet og
samarbeldet ma inkludere fag-
ekspertise of stettes av forvalt-
ming innen omradene helse,

mat, fior, milje oF nEring..



WP 6: Communication and option - study trip(s) to
existing P recovery plants

Main

Act. # |Description of activity [Task# [Task description Output Active partners
executors

Workshops, seminars, Communication and gaining knowledge during the

All 6.1 . . 6.1.1 Workshops & seminar . NIBIO/RISE
information etc project.
Studv trips to P recov Gaining in-depth understanding of selected

Willing 6.2 yrip " e.21 Study trips technologies in order to evaluate how this can be  [NIBIO/RISE

plants

used/adjusted for our purpose.

Delivery:
e Communication
* |f of interest, visit selected plants to look at technology(s)

Status:
* Act.6.1. Workshop, seminar and information/communication

Joint meetings with members of Norwegian Water, NCE aquatech cluster and civa (min. 2 duringthe
project

Press release in Norwegian and English distributed
* Act.6.2. Yetnoplans



WP 7: The road to implementation

Main Act.

executors | Description of activity Task # [Task description Output Active partners
7.1.1 |CAPEX & OPEX High-level, example-based CAPEX and OPEX estimations. RISE
712 Balance plant & operation High-level, example-based estimate of other costs that affect production RISE
o cost cost.
7.1.3 Project param./product. cost 2 - 4 project parameters that will undergo sensitivity analysis RISE
71 Compilation of high-level | ™™ ® sensitivity analysis project p g Y Y
"~ [techno-economic analysis j . @ itivi
Y 7.1.4 PFOJech param. = sensitivity Advise on important project parameters All
analysis
. . High level, example-based range of production costs for 1-3 selected

Techno-economic analysis (1-| .

7.1.5 mineral P products & organo-mineral P products based on processed RISE
3 products) .

secondary raw materials
Current status & future Curren_t status and future targets of the most |mp9rtant project parameters
e . 7.2.1 (technical, economic/market or regulatory) to achieve commercial RISE+
Description of a possible targets (1-3 cases) -
7.2 L. feasibility (1-3 example cases).
path to realization -

Decide how to process . . . -

7.2.2 curther Discussions, input and expert opinions All

Delivery:

* Conducttechno-economic analysis: CAPEX & OPEX, assess process parameters, product cost,
sensitivity analysis for selected technology tracks

* Describe status and future opportunities for 1-3 realistic technology tracks

* Discussions and choices for the way forward

Status:

Starts when we prioritised 1-3 realistic technology tracks based on knowledge from WP 2, 3, 4 and 5




Financing

Innovation Norway Trgndelag & Trgndelag County 2.682.126 NOK
In-Kind (hours) 2.141.250 NOK
Cash from actors 540.875 NOK
Purchased external services, analysis, knowledge and other 3.923.000 NOK
project costs -

5.364.250 NOK
Total economy frame
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