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Background: Mining and Water

« Metals are essential

« Mining generates water challenges

* Pit lakes requiring long-term water
treatment

* Nordic challenge

« NARMIN II: Pilots algae-based treatment
with native microalgae + bio ash
fertilization under real Nordic conditions
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State of the Art: Treatment
Approaches
Active

chemical
treatment

Passive Biological Industrial by-
systems treatment products

Sweden in an international context
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Global Landscape of Bioremediation Approaches

Countries where algae-based and passive bioremediation systems are reported

. Algae-based bioremediation

Brazil, India, Mexico, Sweden, Australia

. Passive bioremediation systems
USA, Canada, UK

Note: Map reflects countries specifically mentioned in the state of the art (literature review).
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Bioremediation potential

« Metal removal via biosorption and « Temperature sensitivity
bioaccumulation  Nutrient limitation
+ Carbon capture  Lack of real-world validation

« Biomass production

High potential - but not yet ready

for Nordic deployment
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Challenges
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Key Industrial Challenges

* variable
* site specific &
dynamic

\_ Water
chemistry

Metal
4 stability

s re-dissolve

* pH and redox
sensitive

.

Sludge &
costs

* slow biology
« disruption

~

large volume
* high OPEX
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Research frontiers & gaps

1. INPUT WATER 2. HYBRID TREATMENT 3. ALGAE GROWTH

Mine Water

Chemical + Biological with Nutrients / Bio Ash

Bio ash
ABIOTIC STABILIZATION BIOLOGICAL

(nutrients)
(CHEMICAL) CONDITIONING

&
% *

oo X - R
.,l:o°. = o =

R o

Variable chemistry
(pH, redox, nutrients)

Seasonal fluctuations

« Liming (pH control) « Microbial activity pe2

* Reactive media « Organic matter ‘ -
High metals (Cu, Zn, Pb, etc) * Metal precup'ltfmon degradation - : « Biosorption (surface binding)

* Reduced toxicity « Improved conditions i « Bioaccumulation (uptake)

for algee ) E + Metal immobilization
| « Carbon capture
Cold climate conditions | s Biomassbroduction
Improved water quality = P
for algal growth i
=
5. BIOMASS HARVESTING @
CIRCULAR APPROACH & VALORIZATION

0Y
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» Dewatering

Resources recovered. ———-—)

Impact minimized.

Sustainability maximized. 2 -Shditiening

« Biomass harvesting

4. CLEAN WATER
Output

+/ Reduced metals

v/ Stable water quality

v/ Compliant discharge
potential

+/ Lower environmental
impact

BIOPRODUCTS
(biofertilizer, biostimulants,
bioplastics, feed, etc.)

METAL RECOVERY
(potential metal extraction
from biomass/ash)

BIOENERGY
(biogas, biochar, combustion)
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NARMIN II: Addressing the Gaps

* Pilot-scale algae-based treatment under Nordic PROO':'Q 5@“:'!!:'1 L'LGAE

climate conditions in northern Sweden TECHNOLOGY FOR MINE WATER

 Bio ash as circular nutrient source - overcoming

oligotrophic water limitations ", 4 j
« Closed-loop system: water treatment, biomass fmpieviment

valorization, and circular resource flows
 Partnership with Talga AB (EU Net-Zero & CRMA i

site) — links to battery and critical raw material

value chains Prinigyzs for Sl

. o @ (v wos

* Positions Sweden as a global leader in climate- CC R G & |

adapted, circular mine water treatment
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Thank You

Dawn May Patilan, Oscar Paulsson & Sarah Conrad | Lulea Unive
Christiane Funk & Vaishali Rani

GENTRE OF ADVANGED MINING AND METALLURGY GRITICAL RAW MATERIALS

OpenAl (2026). Al-generated images (D



Questions?




Will algae
really work in
cold climates?

What happens to
the biomass?

How does this
compare
economically?

What are the
biggest risks?
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