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Not  to focus on the impacts mining and energy activity on the environment, but to 

understand that these sectors must go hand in hand in the near future and that 

working together with the protection of biodiversity is possible.



Energy & 
Raw 
material 
projection



http://www.worldometers.info/world-population/

Current World Population
8,004,585,685

http://www.worldometers.info/world-population/


To maintain the standard of living of about 300 million Americans, 
7.1 billion tons of rocks and minerals are needed





Global energy demand to grow 47% by 2050, with oil still top source: US EIA



Liquid fuels remain the largest source of primary energy in the reference case, but 

renewables use grows to nearly the same level





Watari et al., 2019 https://doi.org/10.1016/j.resconrec.2019.05.015

https://doi.org/10.1016/j.resconrec.2019.05.015
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percentage by weight























https://fli.institute/2015/08/22/tropical-deforestation-releases-large-amounts-of-soil-carbon/

14 Terrestrial biomes + marine and freshwater realms 

https://www.visualcapitalist.com/biggest-threats-to-earths-biodiversity/
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Convention on 
biological Diversity 
and the sustainable 
Development Goals







Sustainable development

Economic
Capital

Natural 
Capital

Social 
Capital



Economic 
Capital

Social 
Capital

Natural Capital

Economic
Capital

Social 
Capital

Natural 
Capital





•

•

•

•

•
→

•

•

•



o

o

o



o

o

https://whc.unesco.org/en/list/
https://whc.unesco.org/en/list/
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http://ec.europa.eu/environment/waste/mining/index.htm
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:02006L0021-20090807


o documented, publicly 

accessible biodiversity-related policy to manage impacts from their operations)
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Opportunities 
toward 
sustainable 
raw material 
industry



Site
Landscape

Regional and global

Direct Indirect
Mineral 

extraction

industries 
supporting mining 

operations

external stakeholders 
who gain access to 

biodiversity-rich 
areas 

Waste 
generation 
and storage

Water 
pollution & 

CO2 emissions





Mining Site-level Impacts

Iberian Pyrite Belt (SW Spain)



Wickham, J. et al., 2013. The overlooked terrestrial 
impacts of mountaintop mining. BioScience, 63(5): 
335-348. https://doi.org/10.1525/bio.2013.63.5.7

Great Smoky Mountains; Moutain top images before (a) and after (b) mining. Source: Google Map

High biological diversity, with a rich mix of flora and fauna 
overlay a rich coal reserve 

https://doi.org/10.1525/bio.2013.63.5.7


Csavina, J. et al., 2012. A review on the 
importance of metals and metalloids in 
atmospheric dust and aerosol from mining 
operations. Science of the Total Environment, 
433: 58-73.



Asner et al., 2013 
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https://www.visualcapitalist.com/biggest-threats-to-earths-biodiversity/

https://www.visualcapitalist.com/biggest-threats-to-earths-biodiversity/






Direct/indirect, induced and cumulative impacts



Mitigation 

Hierarchy

Avoiding serious 

impacts (particularly to 

conservation priorities)

Minimizing Harm

Offsetting Residual Impacts
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Since 2000 commissioned seven 
biodiversity surveys in order to better 

understand the biodiversity 
management challenges

IMC’s Biodiversity Strategy aims to deliver a net positive impact on biodiversity

• Conservation of the Bornean orangutan; 
• Strategically improving sustainable land use planning in the region where 

the project is located, and, 
• Facilitating the process to set aside areas that offset the negative impacts 

of mining activities on biodiversity around the mine site



• The Borneo Orangutan Survival Foundation’s (BOSF) Orangutan Reintroduction Centre 

Nyaru Menteng cares for and rehabilitates over 600 orangutans rescued from the wild or 

captivity

• National Orangutan Conservation Strategy and Action Plan (2007) → all orangutans held 

in rehabilitation centers must be released in the wild by 2015 

• IMC has assisted BOSF in identifying potential orangutan release sites. Once identified, 

IMC provided logistical support, safety management and helicopter transport for four 

orangutan translocation projects (one per year)



• The initiative focuses on improving local government land use planning capacity and the 

identification of conservation options (such as offsets) in sustainably managed forests

• IMC Biodiversity Strategy, and Fauna and Flora International (FFI; international environmental

NGO) commenced a joint Project for the conservation of over 3 million hectares of rainforest

across the archipelago





o

o

o Ambatovy and its shareholders believe in demonstrating good environmental management 

practices to secure its license to operate

o A license to operate → permanent support of civil society, local communities, national and 

international NGOs and governmental authorities regarding the manner in which social and 

environmental affaires are managed

https://www.sumitomocorp.com/en/jp/business/case/group/235


o Mitigation hierarchy across all aspects of biodiversity, and residual impacts

Multifaceted Conservation Program

• Avoidance – analysis of pipeline route alternatives (21 major re-routes to avoid 

sensitive areas), re-routing and fine tuning during construction, conservation 

barriers created to isolate onsite conservation areas from construction activities, 

strict mine footprint modification protocols and a set-aside of an area of the ore 

body

• Minimization – reduction of the surface area subject to impacts through 

appropriate design and implementation, such as rehabilitation of areas cleared for 

exploration, reduction of the mine footprint through planning optimization

https://www.sumitomocorp.com/en/jp/business/case/group/235


Multifaceted Conservation Program

• Mitigation – a substantial minimization program was developed for construction: 

Repetition of full biological surveys prior to each clearing to develop taxa-specific mitigation 

measures, e.g., fitting lemurs with radio collars to monitor their natural ability to migrate 

away from the impact areas and relocate to refuge areas; identifying plant species of concern 

and sourcing them off-site to avoid extinction risk; salvaging plants to nurseries and/or 

propagating them during this process; Management of surges in total suspended solids to 

protect water quality and aquatic biodiversity in mine watersheds using large retention 

dams (US$ 40m)

• Restoration / rehabilitation – progressive footprint rehabilitation with reforestation

https://www.sumitomocorp.com/en/jp/business/case/group/235


Multifaceted Conservation Program

• Offsets and Positive Conservation Actions – a multifaceted program, including:

• An offsite offset spanning 11,600 ha of endangered forest; 

• On-site conservation zones spanning 4,900 ha, including an area of sacrificed ore 

body; 

• A forest corridor ensuring connectivity with remaining eastern rain forests; 

• Support to conservation of a RAMSAR wetland adjacent to the mine site; 

• Expanded reforestation activities along pipeline right-of way and within mine 

footprint. 

RAMSAR Convention: on Wetlands of International Importance Especially as Waterfowl Habitat

https://www.sumitomocorp.com/en/jp/business/case/group/235


https://www.sumitomocorp.com/en/jp/business/case/group/235
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Mineralogy and 
Geochemistry 
Research Group 
(RENSMA-UHU)

http://www.uhu.es/rensma

/en/members-mga/

@GeoEnviUHU

http://www.uhu.es/rensma/en/members-mga/






Seminario Ibérico de Química Marina (SIQUIMAR)

Vigo (Spain), 20-22th June 2018

Tinto River

t/yr

Odiel River

t/yr

Tinto-Odiel 

t/yr

Global Flux

t/yr
Fraction (%)

As 12 23 36 10,000 0.4

Cd 4 7 11 340 3.3

Cu 469 1252 1721 10,000 17.2

Fe 5075 2847 7922 1,400,000 0.6

Mn 163 1452 1615 280,000 0.6

Pb 15 12 27 2000 1.3

Zn 863 2612 3475 5800 59.9

Co 9 62 71 1700 4.2

Ni 2 34 36 11,000 0.3

Contaminant load transported by 

the Tinto and Odiel rivers

The Estuary of Huelva suffers chronic 

metal exposure due to intense 

mining activities

Acid Mine Drainage - AMD

oxidation of pyrite and other sulphide minerals 

-Low pH

-Elevated metals

-Elevated sulphate

degraded water quality total absence of control measures

Abandoned mines

Pit lakes  

Active mines

AMD



Seminario Ibérico de Química Marina (SIQUIMAR)

Vigo (Spain), 20-22th June 2018



Seminario Ibérico de Química Marina (SIQUIMAR)

Vigo (Spain), 20-22th June 2018





Metal pollution in rivers and estuaries



Metal pollution in rivers and estuaries

Mineralogically-induced metal partitioning during the evaporative precipitation of efflorescent sulfate salts from acid mine drainage
https://doi.org/10.1016/j.chemgeo.2019.119339

https://doi.org/10.1016/j.chemgeo.2019.119339


Metal pollution in rivers and estuaries



Metal pollution in rivers and estuaries



Metal pollution in rivers and estuaries



1 day

1 month

7 months

Escala laboratorio

Escala piloto

Upscaling



Ecological treatment of acid mine drainage (LIFE-ETAD). Ref. LIFE12 ENV/ES/000250.



ERA-MIN 2nd Joint Call on Sustainable Supply of Raw Materials in Europe

Extraction of Rare Earth Elements from Acid Mine Drainage (AMDREY). Ref. PCIN 2015-242. 
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Morecovery: Modular recovery process services for hydrometallurgy and water treatment

From laboratory to market – experiences from the ongoing

Morecovery project

09 December, 2020

Innovation Hub Baltic Sea
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Enhancing the eco-efficient and sustainable use of natural resources through a modular

recovery process service package for hydrometallurgy and water treatment

Morecovery, innovation project support by EIT RawMaterials, is directing efforts to accelerate the transition from a linear to a

circular economy by offering smart solutions for the sustainable extraction and use of raw materials from secondary sources.

Recently, a method developed at the laboratory scale f or recovering Ni and Co from drainage mine water was demonstrated in

the operational environment at the Technology Teadiness Level (TRL) 7. The success of the Morecovery project is built on the

vast experience of the project partners, each with their specific expertise, including the project leader, the Geological Survey of

Finland (GTK), together with Savonia University of Applied Sciences, the University of Eastern Finland, the University of Huelva,

the Spanish National Research Council, the Finnish Minerals Group, Keliber and LTU Business.

Creating solutions for harvesting Critical Raw Materials from mine waste and side streams

The Morecovery project is aimed at creating solutions for harvesting critical raw materials (CRMs) from mine waste and side

streams to boost sustainability in the raw materials sector and secur e the raw materials supply of strategically importan t

elements. The criticality of these materials derives from a combination of a rapid increase in demand and supply shortages. In

turn, this has generated immense interest in the recycling and recovery of CRMs from secondary raw materials.

In 2019, the project team conducted a screening campaign of prospective test sites in Finland f ollowed by a comprehensive

assessment and ranking of their potential in terms of the recovery of valuable metals and minerals from water, solid streams

and waste. The examined sites were closed mines representing different ore types, including Särkiniemi (Ni), Kotalahti (Ni–Cu),

Hammaslahti (Cu–Zn) and Hitura (Ni–Co).

In 2019, we examined several mine sites representing different ore

types in central, central-eastern and -western part of Finland. The

purpose of our sampling campaign was to assess the recovery

potential of valuable metals and minerals from water, solid streams

and waste.

Małgorzata Szlachta, Senior Scientist, Circular Economy Solutions at

GTK

Tweet this quote

Among examined several sites, the highest potential represented water from the jarosite affected tailings drainage of the

Hitura mine site. Hence, the drainage water from Hitura mine was selected as a case study f or Ni and Co recovery.

The water samples were collected from a stream or pool of drainage water by the base of the mine waste tailings facilities and

analysed for metal concentrations. The main focus was on REE and other selected CRMs. Among the examined sites, the

highest potential was observed for water from the jarosite-affected tailings drainage of the Hitura mine site. Consequently,

the drainage water from the Hitura mine was selected as a case for studies in the laboratory and at the pilo t scale.

The Morecovery approach was directed towards the use of inexpensive chemicals and proven technologies. A two-stage

method for the recovery of Ni and Co from Hitura drainage water was developed in the laboratory by UEF. In the first stage,

most of the Fe was removed via an oxidation–precipitation reaction, whereas Ni and Co remained in the solution. In the second

process stage, Ni and Co were selectively recovered.

In the project, we intended to use relatively cheap chemicals and apply

proven treatment and recovery technologies. For the Hitura case study,

a two-stage method based on oxidation–precipitation of iron followed

by selective recovery of nickel and cobalt, was developed in the

laboratory by UEF.

Małgorzata Szlachta, Senior Scientist, Circular Economy Solutions at

GTK

Tweet this quote

During the process, two types of sludge are captured and initially dewatered: Fe-rich sludge and the targeted Ni–Co-enriched

sludge, which could potentially be an attractive product for further processing.

The outcome of this work was the determination of the key process performance characteristics and obtaining the operating

data necessary to design a pilot test rig for demonstration in the operational environment.

Based on UEF’s laboratory studies, the method was up-scaled in 2020, and work on the technical development of a pilot-scale

industrial water treatment and recovery system was conducted by Savonia and GTK. A sea container was used to house the

pilot test rig (12 metres long).

The pilot was designed to be a continuous process with a nominal capacity of 1 m3/ h, a pumped-gravity flow system, full

automation and online process monitoring. The pilot container was deployed at the Hitura test site in August and r emained in

operation until the end of October 2020. Ni and Co recovery tests were carried out to determine the most effective dosing of

the required chemicals, the retention time and mixing intensity, and to assess the effect of scale-up on system process

performance. The physical and chemical properties of sludge generated during the pr ocess, and the factors that influence

these properties, were also examined.

Our achievement was the validation of the technology developed in the

lab-scale in the operational mining environment at TRL 7, and

obtaining high Ni and Co recovery rate, up to 97%. Currently, we are

preparing for the next pilot demonstration in the Iberian Pyrite Belt in

south-west Spain, during which we validate the methodology of REEs

recovery from acid main drainage developed by UHU and CSIC.

Małgorzata Szlachta, Senior Scientist, Circular Economy Solutions at

GTK

Tweet this quote

With the focus on new market findings and the successful introduction of services being developed in the project, the

Morecovery consortium is looking further f or additional opportunities.

ABOUT MORECOVERY

Copyright © 2022 EIT RawMaterials | Privacy Policy | Impressum
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Morecovery: Modular recovery process services for hydrometallurgy and water treatment
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Life cycle assessment of a passive remediation system for acid mine drainage: Towards more sustainable mining activity 
https://doi.org/10.1016/j.jclepro.2018.11.224

https://doi.org/10.1016/j.jclepro.2018.11.224


Characterization and revalorization of solid wastes/ Recovery of Critical Raw Materials from solid wastes

FeS2 +3.5 O2 + H2O           Fe2+ + 2SO4
2- + 2H+

(REY)CaSO4·2H2O + 2H+ CaSO4·2H2O + REY

25% py +75% PG
50% py +50% PG

75% py +25% PG

2, 4, 6, 8h
20, 40, 60ºC

Método basado en 
economía circular

1:101:51:2.5



ERA-NET Cofund on Raw Materials (ERA-MIN 3) 
Phosphogypsum Processing to Critical Raw Materials (PG2CRM)

Characterization and revalorization of solid wastes/ Recovery of Critical Raw Materials from solid wastes
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Lola Basallote
Tlf: 959219835

Module 2 - P3-N2-10

You can find me at:
maria.basallote@dct.uhu.es

Departamento de Ciencias Integradas

Facultad de Ciencias Experimentales

Universidad de Huelva

http://orcid.org/0000-0003-2011-3806
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https://protect-de.mimecast.com/s/4prfCoZ34Ns6qmYC1DgqB?domain=eit-hei.eu/
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