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• Sustainable development is fundamentally linked to the access to strategic raw 
materials. Potential bottlenecks must be considered across the entire value chain, 
addressing raw materials, processing capacities, semi-finished as well as finished 
products. Mitigation measures to ensure sustainable future supply have to be taken 
today. 

• It is crucial to define objectives on how to responsibly manage raw materials across 
the whole value chain. Secondary raw materials sourcing will become increasingly 
important, but mining will still be needed. Innovative approaches are required to 
tackle technology and business related issues in mining but also to deal with aspects 
of social responsibility and ecological impact. 

• Reliable data and effective policy interventions can only be developed in a defined 
framework and require improved collaboration of all involved actors in a systematic 
and transparent approach. 

Key results 2017





2030 Agenda for Sustainable Development, Preamble:
“We recognise that social and economic development depends on 
the sustainable management of our planet’s natural resources.”
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for energy production
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management”

World Resources Forum 2019
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The 2030 Agenda
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By 2030, achieve sustainable 
management and efficient use of 

natural resources



Natural Resources Trends

From 1970 to 2017, annual 
global extraction of materials grew 

from 27 to 92 billion tonnes

11Source: UNEP, Global Resource Outlook 2019



Natural Resources Trends

• Non-metallic minerals 
• Metals
• Fossil fuels
• Biomass 



Natural Resources Trends

13

11.9



Natural Resources Outlook

By 2060 
resource use 

is expected to 
grow from 

11.9 tonnes
to 18.5 

tonnes per 
capita

14Source: UNEP, Global Resource Outlook 2019



Natural Resources Outlook

15
Source: UNEP, Global Resource Outlook 2019



Sustainability in resource production

16

By 2018, 108 countries had national 
policies and initiatives related to 

sustainable consumption and production
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Over 90% of the 
world’s 250 largest 

companies report on 
sustainability

Sustainability in resource production



There is an image problem

18

Petroleum and minerals 
are seen as “drain 
industries” that 
“extract” wealth and 
leave behind social and 
environmental problems



What is lacking?

19

A tool-kit for 
sustainable 

management of 
resources



UNFC and UNRMS:
• Align resource management 

to the 2030 Agenda
• Improve financial resilience 

through business process 
innovation

• Derive good social, 
environmental and economic 
outcomes

• Obtain social license to 
operate

• Integrated approach

Bridging the gap
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Geothermal Energy
Solar Energy

Coal
Minerals

Oil & 
Gas

Uranium

Injection 
Projects

Bioenergy

Hydro Energy

Anthropogenic Resources

Wind Energy

Groundwater



Why UNFC and UNRMS? 

§ Understand and manage all resources in a coherent framework
§ Applicable horizontally and vertically to all sectors
§ Embed all project risks and opportunities

21

UNFC and UNRMS promote clear thinking 
and a shared vision



UNFC Adoption
Global Deployment of UNFC

22

• UNFC for Africa - African Union Commission adopting 
UNFC as the sustainable management tool for Africa

• UNFC for Europe – European Commission-led 
initiative to assess use of UNFC in Europe. 

• Norway and Mexico petroleum pilot studies 
• China has bridged its minerals and petroleum 

classifications
• Russian Federation bridged oil & gas classification
• Coordinating Committee for Geoscience Programmes in 

East and South-east Asia (CCOP) to develop guidelines
• UNFC is part of United Nations System of Environmental-

Economic Accounting (SEEA), a system for national 
information on economy and environment. 



Achieving the 2030 Agenda
Responding to global needs

23

A network of International Centres of Excellence on 
Sustainable Resource Management to drive 

implementation and build human and institutional 
capability



What will the Centres do?

24

Cross-fertilize new ideas on resource management
Scale up implementation to a commercial scale

Access to financing through new industry standards
Competent Person Frameworks

Share information and experiences
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• Primary requirement for 2030 Agenda
• Beyond “extractive” and “commodity” 

mindsets to “circularity” 
• Trust in relation to stockholders and 

stakeholders
• Supporting “green bonds” and      

similar instruments
• UNRMS-enabled global Competent 

Person framework

A new industry reporting framework
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• Resource management models of the past 
have been helpful, but have contributed 
to today’s challenges 
• Climate change
• Waste issues 
• Social issues

• A new set of rules aligned to 2030 Agenda 
is being written by UNFC and UNRMS, 
which will help deliver on
• Social gains
• Environmental gains
• Economic gains  

Why a global network?

To be published soon
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SAVE THE DATE
UNECE Resource Management Week 2020

https://www.unece.org/index.php?id=52488



Thank you!

Scott Foster
Director

Sustainable Energy Division, UNECE
reserves.energy@un.org

www.unece.org/energy/se/reserves.html

Workshop “Towards an integrated sustainable resource 
management”

World Resources Forum 2019
23 October 2019, Geneva, Switzerland 
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A global resource Outlook

2

Prof Ester van der Voet, UNEP IRP



Discover the world at Leiden University

Challenges for a Global Sustainable 
Resource Management

Ester van der Voet (Institute of Environmental Sciences, Leiden University) 
WRF, Geneva | 23 October 2019
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The Resource Challenge

• Findings of the Global 
Resource Outlook report of 
the International Resource 
Panel
• Primary materials extraction

has tripled over the last 50 
years
• This trend shows no slowing

down
• Leads to major challenges

• supply issues
• waste generation
• environmental impacts

32



The Resource Challenge

• Social and economic SDGs
imply and increased
demand for resources in the
future
• Environmental SDGs would

require a reduction in 
material extraction
• Expectations are extraction

will at least double

33



The Resource Challenge

• How to reconcile? IRP says: 
decoupling, but how can that be
done?

• Circular economy: making new 
resources from old, or in other
words, urban mining

• Requires a shift of attention: from
flows to stocks of resources, from
extraction/production to
consumption/waste management

34



What happens to the materials after extraction?

35



The urban environment as a hub of materials
• Stocks are expected to grow as 

well as flows, as a result of 
economic development
• Stocks may saturate: 

decoupling of economic
growth and material growth
will happen at some point in 
time
• When they do, there is a 

chance to really close the loop

(source: Marinova et al, in 
review)
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The urban environment as a hub of materials

• Prospecting the urban mine: how much is in there? Some examples of students’ 
research, MSc Industrial Ecology, Leiden/Delft, course GIS and urban mining

37



Urban mining: flows from stocks

• Availability of material from urban mine very different
• presently in use, outflow dependent on stock dynamics 
• urban mine is replenished

source: Deetman et al., acc
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Urban mining: solving issues of supply, waste and
emissions

• We don’t know yet what an urban mining system will look like ...

• ... but if we manage to pull it off, it really can make a difference!

(source: van der Voet et al., 2019)

Aluminium production (10^9 kg/year) Related CO2-emissions (kg CO2-eq / 
year)

39



What about critical materials?

• Critical materials are resources
• obey the laws of nature as well as the other resources
• obey the laws of society as well as other resources

• but they are very special resources
• low quantities, few mines
• very specific applications, high tech
• steeply fluctuating demand and supply
• co- and by product nature of CRM disconnects demand from supply
• applied in low concentrations, so difficult to recycle

40



What about CRMs?
• Cobalt: explosive growth in 

battery market, esp. for 
automotive

• How to supply?
• scale up mining
• recycle
• reuse batteries
• not: develop substitutes

• For CRMs, there is no baseline 
scenario
• most scenarios are black swans

source: Deetman et al., 2018
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A sustainable CRM management?

Some considerations:

• A sustainable CRM management is not just about supply security, but also about waste, 
emissions and social aspects

• A sustainable CRM management has global level aspects and doesn’t stop at 2025

• A sustainable CRM management has to broaden the perspective from resource to 
material to product to service

That implies:

• Also for CRMs, expansion of attention from extraction/production to 
consumption/waste management

• Exploring different futures with a longer time horizon

• Attention for other circularity options besides recycling: repair, re-use, refurbishment, 
remanufacturing of products – avoid the material bias

• Leads to recommendations for product design (DfD) as well as material design (DfR)

42



Sources

• UNEP & International Resource Panel, 2019. Global Resources Outlook 2019: Natural Resources 
for the Future we Want.

• Sylvia Marinova, Sebastiaan Deetman, Ester van der Voet, Vassilis Daioglou, 2019. Global 
construction materials database and stock analysis of residential buildings between 1970-2050. 
Journal of Cleaner Production, in review

• Sebastiaan Deetman, Sylvia Marinova, Ester van der Voet, Detlef P. van Vuuren, Oreane
Edelenbosch & Reinout Heijungs, 2019. Modelling global material stocks and flows for residential 
and service sector buildings towards 2050. Journal of Cleaner Production, accepted

• Ester van der Voet, Lauran van Oers, Miranda Verboon & Koen Kuipers, 2019. Environmental 
implications of future demand scenarios for metals. Journal of Industrial Ecology 23(1) 141-155

• Sebastiaan Deetman, Stefan Pauliuk, Detlef van Vuuren, Ester van der Voet & Arnold Tukker, 
2018. Scenarios for demand growth of metals in electricity generation technologies, cars and 
electronic appliances. Environmental Science & Technology 52 (8), pp 4950–4959.
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Discover the world at Leiden University

Thank you for your attention
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Developing sustainable exploration
concepts and technologies:
the NEXT project 3

Prof Vesa Nykänen, Geological Survey of Finland GTK



Developing sustainable exploration concepts and technologies: 
the NEXT project

Vesa Nykänen, on behalf of the NEXT team
2019/10/23 | World Resources Forum 2019 | Geneva, Switzerland

NEXT | New Exploration Technologies

Presenter Contact: Vesa Nykänen
vesa.nykanen@gtk.fi
www.gtk.fi

This project has received funding from the European 
Union’s Horizon 2020 research and innovation programme 
under Grant Agreement No. 776804 — H2020-SC5-2017



NEXT key figures

Call: H2020-SC5-13c-2016-2017 
- New solutions for sustainable 
production of raw materials

Duration: 01.05.2018 –
30.04.2021

Coordinator: Geological 
Survey of Finland

Consortium: 16 partners 
from 6 EU countries

The NEXT Project
New Exploration Technologies for a More Efficient, Economic and Environmentally Friendly Ore Exploration



16 partners from leading EU research institutes (3), academia (3), service providers (5) and industry (5)

Industry & SME´s (40% of the budget)
• Mawson Oy, FI
• Yara Suomi Oy, FI
• Minas de Aguas Teñidas S.A.U., ES
• Valoriza Mineria SL, ES
• Radai Oy, FI
• Beak Consultants GmbH, DE
• DMT GmbH & Co. KG, DE
• EFTAS Remote Sensing Transfer of Technology, DE
• Integrated Resources Management (IRM) Company Ltd, MT
• Loop and Line Oy, FI
Research (36%)
• Geological Survey of Finland – GTK, FI
• Consejo Superior de Investigaciones Científicas – CSIC, ES
• Helmholtz-Zentrum Dresden-Rossendorf, DE
Universities (24%)
• University of Lapland, FI
• Université de Lorraine, FR
• Luleå University of Technology, SE

Consortium

40%
Industry & 

SME´s

24%
Universities

36%
Research

The NEXT Project
New Exploration Technologies for a More Efficient, Economic and Environmentally Friendly Ore Exploration



Exploration at lowest 
possible costs and 

identification of new 
exploration targets

Economy related

New and more 
sensitive exploration 

technologies and 
solutions

Technology related

Reduction of the 
exploration footprint

Environment 
related

Improving awareness 
and trust of society to 

a sustainable raw 
materials exploration, 
ultimately targeting 
the safeguarding of 

existing employment 
and creating further 

new employment 
opportunities

Society related

Recommendations to 
feed the Raw 

Materials Strategic    
Implementation Plan

Policy related

The main objective of NEXT is to develop innovative and sensitive exploration concepts 
and technologies, and to investigate and promote their acceptance by the society.

New Exploration Technologies for a More Efficient, Economic and Environmentally Friendly Ore Exploration

The NEXT Project



The overall methodology in NEXT is structured

around three pillars of technological advances:

(a) Mineral systems modeling,

(b) Exploration methods and approaches, and

(c) Data processing and data integration tools.

Methodology

The NEXT Project
New Exploration Technologies for a More Efficient, Economic and Environmentally Friendly Ore Exploration

Mineral 
Systems 

Modeling

Exploration 
Methods and 
Approaches

Data 
Processing & 
Integration 

Tools

3 Pillars of Technological Advances



NEXT will create a totally 
new concept of unmanned 
aerial vehicles (UAV) 
technology for geophysical 
surveying combined with the 
well-established but 
constantly emerging 
portable geochemical
exploration tools (XRF, LIBS, 
Raman) and remote sensing 
technologies.

New Exploration Technologies for a More Efficient, Economic and Environmentally Friendly Ore Exploration

The NEXT Project



Main technical developments including

Specific objectives & developments

New geological / lithogeo-
chemical technologies for the 
exploration of hidden critical 
metal-enriched ore deposits
A novel geophysical EM system 
for ore exploration based on 
Unmanned Aerial Vehicles 
(UAV)
A high-end accurate vector 
magnetic system integrated to 
UAV in order to upgrade 
mineral exploration survey to 
a totally new level
New geophysical inversion 
software for modern drone 
exploration surveys

New Exploration Technologies for a More Efficient, Economic and Environmentally Friendly Ore Exploration

The NEXT Project



Main technical developments including

Specific objectives & developments

Better cost-efficient and 
environmentally friendly multi-
source surface geochemical 
exploration techniques for target 
scale mineral exploration
New environmentally friendly 
instruments for mineral 
exploration using optical 
spectroscopy

New on-site geochemical and 
mineralogical analysis techniques
New advanced methods of data 
processing and data integration 
for the development of mineral 
prospectivity maps and spatial 
data mining

New Exploration Technologies for a More Efficient, Economic and Environmentally Friendly Ore Exploration

The NEXT Project



New Exploration Technologies for a More Efficient, Economic and Environmentally Friendly Ore Exploration

Pathfinders / Vectors to 
ore (VTO)1

§ Looking for pathfinders: 
§ In-situ mineral mapping (field spectrometers: RAMAN, PIMA, 

hyperspectral) 
§ (In-situ) lithogeochemistry of mobile elements (pXRF, WRG) 
§ Trace-element mineralogy by EPMA/LA ICPMS (chl, ser, ep, 

py, bt, turm, ap) 
§ Stable and radiogenic isotopes (geochronology) 
§ Petrophysical characterization 

Data interpretation + 
integration 2

Integrated modeling approach 
for 3D-4D exploration Models
§ Definition of the critical 

parameters which can be 
used for defining the VTO 
and new methodologies 
for mineral prospectivity
mapping. 

§ Combination of these 
parameters with 2D and 
3D models

Definition of zones of 
preferential targeting3

Predict the size and location
of targets for drilling 

§ Focused geophysics & 
drilling

Þ More efficiency: lower 
cost

Þ Minimization social & 
environmental stress

Mineral Systems 
Aim: New geological / lithogeochemical techniques for the exploration of hidden ore 
deposits enriched in critical materials (Zn-Cu-Sn-Au / W, Ta, In, Co, HREE)

The NEXT Project



New Exploration Technologies for a More Efficient, Economic and Environmentally Friendly Ore Exploration

Novel Exploration Technology

EM for drones
§ Novel electromagnetic survey system for exploration.
§ Frequency domain system based on hybrid with human and drones.
§ Results are presented as maps and pseudo-sections of resistivity below the study area
§ More accurate 3D modelling and inversion for the new EM surveying system will be 

developed 

Source: radai

The NEXT Project



Surface geochemical exploration concept

Multi-source surface geochemistry

§ Definition of indicative trace metal pathfinders
§ Development environmentally-friendly 

extraction technologies
§ Test and validation of the extraction protocols

§ Development and validation of field sensors 
and techniques

§ Experimental design and compositional data 
analysis (electrochemical sensors method, 
liquid handling platform, field instrument 
integration and software)

§ Protocols for laser-ablation inductively coupled 
plasma mass spectrometry chemistry

§ Halogens and volatile compound analytics with 
high-performance ion chromatography

The NEXT Project
New Exploration Technologies for a More Efficient, Economic and Environmentally Friendly Ore Exploration



New Exploration Technologies for a More Efficient, Economic and Environmentally Friendly Ore Exploration

The NEXT Project

Development of data integration methodology 
and workflows for the different study areas and 
deposit types

Þ NEXT develops a reliable, easy-to-use self-
organizing map (SOM) software tool devoted 
to data integration and spatial data analysis

Þ We aim to create predictive maps for the 
investigated study areas and the different 
deposit types based on the developed data 
integration techniques of SOM and the 
available technique of the ANN

Source: Torppa J., Middleton M., Hyvönen
E., Lerssi J. and Fraser S., 2015 

Example of data integration: multiple input data layers 
from geophysics and geochemistry are combined to 

produce maps showing either the level of anomality of 
each pixel or the areas with similar properties.

Input 
data

layers

Clusters

Anomality



New Exploration Technologies for a More Efficient, Economic and Environmentally Friendly Ore Exploration

Project Target Areas

The NEXT Project



§ Achieve an understanding of the importance of 
NEXT sensitive exploration technologies to social 
licensing in selected localities

Þ Attitudes to the new sensitive vs. the conventional
exploration  technology/practices will be explored in 
two contextually comparable case study locations

Þ Identification of key factors to obtain a SLO to 
explore and operate

Þ Developing a NEXT Toolkit that includes building a 
Glossary, Catalogue of Good Practices, Tools to 
Assess Social and Safety Risks, Step by Step 
Guidelines of how and when to engage with 
stakeholders and Policy Guidelines

Social license to explore (SLO)

The NEXT Project
New Exploration Technologies for a More Efficient, Economic and Environmentally Friendly Ore Exploration



New Exploration Technologies for a More Efficient, Economic and Environmentally Friendly Ore Exploration

Summary

NEXT will 

§ Produce robust conceptual 3D models for selected target sites that in combination with pathfinders 

allow to predict the location and the size of ore deposits at depth, 

§ Develop new geophysical EM airborne methods (also with UAVs), 

§ Improve, facilitate and promote cost-efficient and environmentally-friendly multi-source surface 

geochemical exploration techniques for target scale mineral exploration, 

§ Integrate spectral, multiscale, multisensory exploration data, 

§ Develop self-organizing map software, which enables analysis of large amounts of data in order to find 

typical pattern for certain deposit types, 

§ Develop practical guidelines and generate strategies that improve relationships between industry and 

local actors and communities.

The NEXT Project



New Exploration Technologies for a More Efficient, Economic and Environmentally Friendly Ore Exploration

The NEXT Project

NEXT consortium partners:

www.new-exploration.tech
info@new-exploration.tech
@NEXT_H2020

This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under Grant Agreement No. 776804 —
H2020-SC5-2017

Contact:   info@new-exploration.tech
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The CERA certification standard

4

Dr Michael Haschke, CERA/DMT



Earth. Insight. Values.11/14/19 Research & Development Slide 65

…in the hyper-
connected and ever 
evolving world, 
transparency is the 
new power“
Benjamin Herzberg, World Bank Institute



Earth. Insight. Values.

Sustainable Development Goals (17 SDGs)

11/14/19 Research & Development Slide 66

§ The CERA Raw Materials 
Certification System 
supports the 17 sustainable 
development goals (SDGs)

§ CERA aims to provide & 
identify sustainable raw 
materials supply chains

§ CERA is funded and 
supported by EIT 
RawMaterials



Earth. Insight. Values.

Transparent Provenance of Raw Materials

11/14/19 Research & Development Slide 67

Motives & Drivers

• As consumers demand rises for battery mineral
materials, so too does the demand for
transparent provenance of these resources.

• Provenance enables products and their raw
materials to come with a digital passport that
proves authenticity and origin, creating an
auditable record for raw materials and their
physical products.

• Blockchain technology enables traceability of
certifications of raw materials in supply chains.

• Ca. 137 existing raw materials certification
standard-like schemes worldwide.

Some Important Facts & Challenges

§ Actors within the same supply chains follow different 
standards.

§ Existing certification schemes are fragmented, not 
globally applicable to all raw materials.

§ Provenance traceability and certification requires
harmonization & cross-recognition of standards.

§ Global industry players & digitalization play key roles in 
implementation.

§ 80-90% of Co from DRC originates from industrial
mines (10-20% from ASM).



Earth. Insight. Values.

Selected Research and Development Projects

11/14/19 Research & Development Slide 68

INNOVATION

Certification Scheme for Raw Materials

Product:
• Standarized certification scheme for raw

materials

• Ensures environmental, social and economic

sustainability of all raw materials throughout the

value chain

• Guarantees traceability of certified materials by

using a combination of traceability methods

• Project team consist of universities, institutes

and independent auditing and consulting

companies

International Advisory Board



Process

Output

Exploration Mining Processing Refining Consumption

Deposit Operation of Mine Concentrate Raw Materials End product

CERA Performance 
Standard (CPS) 
(Operators)

CERA – 4 STANDARDS IN 1 SYSTEM

Recycling

Recycling

CERA Chain of 
Custody Standard 
(CCS)
(OEM) 

CERA Readiness 
Standard (CRS)
(Investors)

CERA Final Product 
Standard (CFS) 
(Consumer)



Earth. Insight. Values.11/14/19 Research & Development Slide 70

CERA – Certification Scheme for Raw Materials

The CERA system consists of 4 consecutive standards.
Each one focuses on different segments of the value chain, and is optimized for 

each value chain actor.

Readiness 
Standard

CRS

Performance 
Standard

CPS

Chain of Custody 
Standard

CCS

Final Product 
Standard

CFS

The system leads to certification of the entire raw material & process chain



Earth. Insight. Values.

§ CPS provides best practice criteria for sustainable production.

§ Ideal for companies active in the extraction and processing of raw

materials (available since spring 2019).

§ CERA CPS is divided into 3 sections:

1. Corporate Governance

2. Social Responsibility

3. Environmental Responsibility

§ Requires compliance with RULES and REQUIREMENTS.

§ Specific aspects of each commodity and its extraction, processing and
refinement are regulated in the implementation documents.

11/14/19 Research & Development Slide 71

CERA – Performance Standard CPS

Performance 
Standard
CPS



Earth. Insight. Values.

1.1 Legal Compliance

1.2 International Best Practice

1.3 Business Integrity

1.4 Stakeholder Involvement

1.5 Supply Chain Due Diligence

1.6 Complaints and Grievance Mechanism

1.7 Management Approach

11/14/19 Research & Development Slide 72

CERA – Performance Standard CPS
Section 1 – CORPORATE GOVERNANCE

Performance 
Standard
CPS

RULES REQUIREMENTS

RULES REQUIREMENTS

RULES REQUIREMENTS

RULES REQUIREMENTS

RULES REQUIREMENTS

RULES REQUIREMENTS

RULES REQUIREMENTS



Earth. Insight. Values.

§ The organization shall actively initiate and maintain a strong 
stakeholder dialogue

11/14/19 Research & Development Slide 73

Performance 
Standard
CPS

CERA – Performance Standard CPS
Section 1 – CORPORATE GOVERNANCE

1.4 Stakeholder Involvement

§ The organization shall perform a comprehensive analysis of 
stakeholders relevant to its business activities

§ The organization shall develop a plan for engaging with its most 
relevant stakeholders

§ The organization’s relevant stakeholders shall be involved in the 
organization’s due diligence process/analysis

§ The organization shall disclose to its stakeholders its performance
with regard to the CERA Performance Standard

REQUIREMENTS

RULES



Earth. Insight. Values.

2.1 Human and Community Rights

2.2 Labor Conditions

2.3 Occupational Health & Safety

2.4 Safety & Security

11/14/19 Research & Development Slide 74

CERA – Performance Standard CPS
Section 2 – SOCIAL RESPONSIBILITY

Performance 
Standard
CPS

RULES REQUIREMENTS

RULES REQUIREMENTS

RULES REQUIREMENTS

RULES REQUIREMENTS



Earth. Insight. Values.

§ The organization shall comply with or exceed all national labor 
regulations and ILO conventions

§ The organization shall monitor effects relating to labor conditions

§ The organization shall assess risks within the organization itself and 
within its supply chain regarding non-compliance

§ The organization shall develop a strong management strategy for 
managing and mitigating risks relating to non-compliance

§ The assessment of effects, risks, and the related management strategy, 
shall be updated regularly

11/14/19 Research & Development Slide 75

Performance 
Standard
CPS

2.2 Labor Conditions

RULES

CERA – Performance Standard CPS
Section 2 – SOCIAL RESPONSIBILITY



Earth. Insight. Values.

§ The organization shall develop and implement a policy regarding appropriate 
labor conditions

§ The organization shall implement a labor conditions due diligence process to 
identify and address its impact, at minimum addressing:
- Freedom of association
- Remuneration
- Working hours
- Rights to collective bargaining
- Child & forced labor
- Non-discrimination
- Training & education
- Supplier assessment

§ The organization shall develop key performance indicators
§ The organization shall seek to continually improve the key performance 

indicators

11/14/19 Research & Development Slide 76

Performance 
Standard
CPS

2.2 Labor Conditions

CERA – Performance Standard CPS
Section 2 – SOCIAL RESPONSIBILITY

REQUIREMENTS



Earth. Insight. Values.

3.1 Emissions and Waste

3.2 Resource and Energy Use

3.3 Biodiversity

11/14/19 Research & Development Slide 77

CERA – Performance Standard CPS
Section 3 – ENVIRONMENTAL RESPONSIBILITY

Performance 
Standard
CPS

RULES REQUIREMENTS

RULES REQUIREMENTS

RULES REQUIREMENTS



Earth. Insight. Values.

§ The organization shall comply with or exceed all national environmental 
laws and regulations.

§ The organization shall monitor its environmental impact.

§ The organization shall assess and document its environmental risks.

§ The assessment shall develop a strong strategy for managing and 
mitigating the identified environmental risks.

§ The assessment of risks and management strategy shall be updated 
regularly.

11/14/19 Research & Development Slide 78

Performance 
Standard
CPS

CERA – Performance Standard CPS
Section 3 – ENVIRONMENTAL RESPONSIBILITY

3.1 Emissions and Waste

RULES



Earth. Insight. Values.11/14/19 Research & Development Slide 79

Performance 
Standard
CPS

CERA – Performance Standard CPS
Section 3 – ENVIRONMENTAL RESPONSIBILITY

§ The organization shall develop an environmental policy.

§ The organization shall implement an environmental due diligence 
process to identify and address the negative downstream 
environmental impact, as a minimum addressing:

- Air quality assessment and management

- Waste and water assessment and management

- Noise and vibration assessment and management

§ The organization shall develop key performance indicators.

§ The organization shall seek to continuously improve the key 
performance indicators.

REQUIREMENTS

3.1 Emissions and Waste



2017 
Start of the 

development of 
the CERA 

certification 
system

2019
Completion of 

"Base" paperwork 
(manual, CPS, 

etc.)

2020 
Establishment 

CERA Ass. 

TIMELINE – STRATEGIC 
MILESTONES

2019
Development and 

elaboration of 
implementation 

details for cobalt and 
lithium (design of 

pilot case in southern 
Africa)

2020
Start pilot and test 

audit phase 
(cobalt, lithium)



WEBSITE
cera-standard.org

CONTACT
info@cera-standard.org

Join CERA as

v Member of the Advisory Board

v Partner for pilot phase

CERA CONTACT

mailto:info@cera-standard.org


Thank you for your attention
Your Questions and Comments Please

11/14/19
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The pilot project of uranium
sourcing and residual waste
management in Jordan 5

Dr Hussein Allaboun, JUMCO
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The AMREC System for management
of raw material value chain in Africa

6

Dr Tunde Arisekola, Nigerian Geological Survey Agency



African Mineral and Energy Resources Classification and 
Management System (AMREC)

BY

TUNDE  M.  ARISEKOLA FNMGS

NIGERIAN GEOLOGICAL SURVEY AGENCY, KADUNA NIGERIA
VICE CHAIR EGRM, AU TECHNICAL COORDINATOR AMREC WORKING GROUP

World Resources Forum 2019



Why Africa needs A MINARAL MANAGEMENT SYSTEM?

Key facts 2/3 of Africa’s 
exports in 
extractive 
industries

Approx. 50% of 
total export 
from Oil and 

Gas

4.5 years 
shorter life 

expectancy in 
Africa’s 

resource rich 
countries

3% less literacy 
level in Africa’s 
resource rich 

countries

Over 50% fiscal 
dependency on 

Commodity 
based revenue Over $80 Billion 

loss in Illicit 
Financial Flaws 

World Bank, Mining in Africa Report, 2017

No Country in 
Africa except 
South Africa 
has a reporting 
code

Huge chunk of 
natural 
resources 
exported as raw 
material

1

2



Why Africa needs A MINARAL MANAGEMENT SYSTEM?

Eroding trust and confidence in society

20162013
09/2018

09/2018



2/3 of Africa’s 
exports in 
extractive 
industries

51 of 54 African 
countries carry 
out small scale 

mining

About 98% of 
escavation

residues remain 
in producing 

countries

Over 220,000 
hectares of land 

occupied by 
Copper Mine 

dumps in Zambia 

Over 247,000 
hectares of land 

degraded by 
Gold mining in 
South Africa 

Mining versus Environment in Africa

Key facts Rock waste on the hillside
http://www.penmorfa.com/Slat
e/dinorwic%20tips.jpg

Copper mine open pit dump 
Chingola Zambia

Degraded patches of land by 
gold mining in Johannesburg, 
South Africa

Small scale miners in Botswana

Strip mining in South Africa
https://www.environment.co.z
a/mining/effects-of-
mining.html



Mining versus Environment in Africa

The everyday challenge



A typical location of a chaotic illegal mining site



CHANGE THE 100+ YEARS OLD MINING 
INDUSTRY NARATIVE ?  

•“Running a mining 
operation that is profitable 
and rewarding for all 
stakeholders, remains 
hugely challenging”

•Paula Munsie, CEO, Mining Indaba
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How fragile can it get?

Perceptions of a profit driven industry

Can the end-point be good social 
and environmental outcomes?



What is UNFC-AMREC?

• A comprehensive system for management of Africa’s mineral and 
energy resources.

• Aligned to Africa Mining Vision (AMV), Agenda 2063 and the 
Sustainable Development Goals (SDGs)

• Based on United Nations Framework Classification for 
Resources (UNFC) Principles, Generic Specifications and 
Guidelines 

• Includes the Pan-African Resources and Reserves Reporting 
Code (PARC)

• A single classification and management system for natural 
resources across Africa

Main Highlights

Africa Mining Vision, Agenda 2063 and Global Agenda 
2030

Knowlede-driven

Good goverance 
and transparency

Diversification

Economic linkages

Optimization/
value addition 

Artisanal/Smalll-
scale mining

Competitive

UNFC-AMREC

Principles

Generic 
Specifications

Policy, legislation,  
Environmental 

and Social 
Guidelines

Competent 
Person Guidelines

Best Practices

Partnerships

PARC

Reporting 
Specification

s

Exploration 
results, 

Resource 
and Reserve 
Definitions

Specific 
Project 

Guidance

Competant 
Person 

requirement
s



AMREC Resource Management System
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• Tool-kit 
for SDG and AMV

• Remove fragmentation
connects all resources

• Project based 
Standards and guidelines

Sustainable Development Goals
AFRICA MINING VISION

UNFC-AMREC Resource Management

Principles

Rules

Guidelines

Sectoral Management 

Specificati
ons and 

Guidelines
Best 

Practices

Compete
nt 

Persons

Public 
disclosur
e Code

Partnersh
ip

The new triad - People – Planet – Prosperity



UNFC-AMREC Classification Framework

l Based on three fundamental criteria
‒ Economic and social viability

‒ Field project status and feasibility

‒ Geological knowledge



What is UNFC-AMREC

• Universally applicable to most commodity types 
including renewable energy and anthropogenic 
resources

• Bridging documents developed for PRMS, 
CRIRSCO, Chinese Classification, Russian 
O&G Classification etc.

• A number of case studies carried out for both 
solid minerals and petroleum, more underway.

UNFC Categories and examples of classes

Confidence in estimates



Why three criteria?
Proved reserves must be …

Economic to extract 
(commercially feasible)

Technically feasible
to extract

Geologically well defined 
(with high confidence)
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AMREC and 
Competency• A Competent Person is a minerals industry professional who is a 

member of a professional body with an enforceable disciplinary 
process including the powers to suspend or expel a member. A 
Competent Person must have a minimum of five years relevant 
experience in the style of mineralisation or type of deposit under 
consideration and in the activity which that person is undertaking. 

• Competency is acquired, developed, and maintain through a 
programme of regular training for it to be sustainable 

• African Competent Person will assure better working conditions for 
professionals.

• Competency means ability to apply knowledge, skill and attitude to 
perform a job in an effective and efficient manner to an establish   
standards.

• All major international resource 
classification schemes mention role of a 
Competent Person(s)



Types Competency



Why PARC?
Promoting investments for people, planet and prosperity

• Expect South Africa, no other AU 
member country has a public 
reporting code

• An unified continental public 
reporting code will be a game 
changer

• African stock exchanges are unified 
under a single association

• African Competent 
Person will assure better 
working conditions for 
professionals.

• Publically available 
reports could be a good 
source of information 
that can useful for 
further brownfield 
exploration.

• PARC reports will be 
centrally accessed 
through GMIS. 
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Royal Society, founded in 1660

The purpose of the company is 
not just to serve the interests of  
the shareholders, but all 
stakeholders.



The organisations that will be 
represented at the ASC shall include the 
following, amongst others:

• Representative from the AU (on two year rotational basis among the regional blocks in the continent)
• Representative from the AMDC
• Geological Society of Africa (Chair)
• Organisation of African Geological Surveys (Secretary)
• Representative of Africa Securities Exchange Association (ASEA) otherwise known as the Stock Exchanges in Africa
• Representative from the AMREC-PARC Working Group
• Expert from Exploration and Mining industries
• Representative of Association of Chambers of Mines and other Mining Association in Africa
• African Academy of  Sciences (AAS)
• African Oil Producers Associations (AOPA)
• Representatives of Environmentalists 

• Representive of the Renewable Energy Industry
• African Bar Association

file:///%5C%5Cenergy


• 30 stock exchanges in Africa, 
representing 39 nations' capital 
markets.

• 27 stock exchanges are members of 
the African Securities Exchanges 
Association(ASEA).

Stock Exchanges in Africa

Unified through ASEA
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MAJOR UPDATES ON AMREC-PARC DEVELOPMENT

• UNFC-AMREC-PARC will be applicable for Minerals, Petroleum and 
Renewables

• Make reporting standards more stringent than existing codes

• Competent Person requirement is being put in place

• Draft AMREC-PARC document is open for wider stakeholder comments 
in Africa 

• It has undergone  EGRM TAG review

• Draft AMREC-PARC document will be opened for public comments 
after stakeholder consultations

• Our target is to have the consolidated AMREC-PARC document 
adopted by AU STC toward the end of this year and by African Heads 
of States in 2020

• Capacity building and case study projects is being put in place.



Progress to date

Discussed 
adoption of 
UNFC as a 
model for 
Africa

Recommended 
harmonization, 
adoption, and 
development of a 
Pan African 
Resource 
Classification & 
Mgnt system in 
line with AMV

1st Continental 
workshop on 
development of 
UNFC-AMREC-
PARC, 35 of 55 AU 
member states 
represented

Recommended 
formation of an AU-
AMREC Technical 
Working Group

Inaugurated a 21 
member AU-AMREC 
Working Group

August 2016, 
Cape Town, South Africa

April 2017, 
Geneva, Switzerland

October 2017, 
Cairo, Egypt

April 2018, 
Geneva, Switzerland

July 2018, 
Aveiro, Portugal

Facilitated by African Union:
- First through African Mineral Development Center (AMDC)
- Now through African Union Commission (AUC)

Group photo, Cairo Egypt, October 2017

Present progress & 
plan for UNFC-
AMREC-PARC system 
to Director Generals of 
African Geological 
Surveys for approval  

4-10 November 2018
Dakar, Senegal

2nd Meeting of AU-
AMREC Working 
Group

Target for adoption by 
African Heads of State 

Summit
February 2020

April 2019
Geneva, Switzerland

10-12 September 2019
Windhoek, Namibia



Conclusion

Kofi Annan (RIP), Africa Progress Report, 2013

• With AMREC-PARC, Africa has got an opportunity to ensure an harmonized and consistent accountability for its 
natural resources

• There will be need for support from all stakeholders in this process in order to achieve the objectives & target timeline



THANK YOU FOR 
YOUR ATTENTION
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The United Nations Resource
Management System

7

Mr Harikrishnan Tulsidas, UNECE
Dr Julian Hilton, Aleff Group



The United Nations 
Resource Management 
System
Sustainable Resource 
Management and the 2030 
Agenda

Julian Hilton &
Hari Tulsidas
Expert Group on Resource 
Management

World Resources Forum 2019, 23-24 October, 2019, Geneva
Towards an integrated sustainable resource management

ENTWICKLUNGSFONDS SELTENE METALLE



There is a reputational damage problem

113

Resource production is 
seen as “drain 
industries” that 
“extract” wealth and 
leave behind social and 
environmental problems
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Investors disinvesting

As of date, 1,118 institutions 
divested $11,480 billion 

from the fossil fuel industry.
https://gofossilfree.org/divestment/commitments/
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Why do companies exist? 
Beyond Commodities?
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Where is innovation?

Part of the reason established companies struggle 
to invest consistently in innovation is intense 

pressure from public markets to hit short-term 
profitability and growth targets. 



The three mistakes …
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Silos
• “Extractive” industries always worked in 

silos

Short-termism
• Immediate financial gratification

Lack of focus
• Profits over purpose



The Great Transition 
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UNRMS

No Strategic Vision ( Projects only) Sustainable Development Goals led (programmatic)

Resource(s) (unrecovered) Need(s) (unmet)

Linear- tangible values Circular – tangible and intangible values

Push (Shareholder interests) Pull (Stakeholder interests)

Commodity (Liner processes, Negative externality) Utility/ Service (Circularity, Continuously Reusable raw 
materials)

One-dimensional (ROI/ IRR/ TSV) – diachronic- winners and losers (Friedman) 4D – synchronic – equilibrium – win/win (Nash)

Value release at sale Continuous value-add (tangible and intangible)

Classification only (Necessary but not Sufficient) Classification and Management (Necessary and Sufficient)

No artisanal and small-scale operations Artisanal and small-scale integrated

Investor/ Operator led (supply side) Customer-/ Consumer-driven (demand/ need side)

Mines and production plants Integrated industrial eco-systems including food-water-
energy linkages 

Non-Systems view (Singe resource projects) Systems view (Integrated natural resource management 
programmes) 

Existing 
Standards
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• Primary requirement to 2030 Agenda

• Beyond “extractive” and 
“commodity” mindsets to 
“circularity” 

• Trust in relation to stockholders and 
stakeholders

• Supporting “green bonds” and similar 
instruments

• UNRMS enabled global Competent 
Person framework

Required: A new government resource 
management and industry reporting framework



Integrated Resource Management System
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Geothermal Energy

Solar Energy

Coal
Minerals

Oil & Gas
Uranium

Injection 
Projects

Bioenergy

Hydro Energy

Anthropogenic Resources

Wind Energy

United Nations Framework Classification for Resources (UNFC) 
and United Nations Resource Management System (UNRMS)

• Applicable to all energy and raw material
resources integrated into one system

• Transition towards circularity 
• Align resource management to the 2030 

Agenda
• Derive good social, environmental and 

economic outcomes
• Comprehensive Resource Recovery
• Zero waste
• Zero harm

• Improve financial resilience through 
business process innovation

• Obtain social license to operate

Groundwater



Thank you

Julian Hilton
Hari Tulsidas

Expert Group on Resource Management
h.tulsidas@outlook.com

www.unece.org/energy/se/reserves.html

World Resources Forum 2019, 23-24 October, 2019, Geneva
Towards an integrated sustainable resource management

ENTWICKLUNGSFONDS SELTENE METALLE
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Governance for sustainable
resource management

8

Dr Raimund Bleischwitz, UCL
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UNFC as a tool for the
sustainable management
of CRM resources 9

Dr Erika Ingvald, Geological Survey of Sweden



UNFC as a tool for the sustainable management 
of CRM resources

Erika Ingvald, Geological Survey of Sweden, 
EGRM Bureau

Twitter Facebook YouTube
UNECE

https://twitter.com/UN_ECE
https://www.facebook.com/UNECEpage
https://www.youtube.com/user/UNECE
http://www.unece.org/


Mineral 
resources
Sweden



FODD

Guidance for the application of the UNFC-2009 for 
mineral resources in Finland, Norway and Sweden 
– a draft for public comments. EGRC 8th Session 

2017
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Norway 
Largest producer of 
ilmenite/Ti-minerals
in Europe

Sweden
Largest EU-producer
of iron ore

Finland
Largest EU-producer
of chromium



EUs CRM 2017 
2017 – 27
2015 – 20
2013 – 15



Sustainable mining in Sweden
• Environmental code

Strongly influenced by EU law: water directive + 
extraction industry waste directive + N2000 directive
very strong but with local focus, you cant’t get plus 
points contributing to solving global challenges
however, you can do ecological compensation, 
restoring another area instead of the one you’re using
for mining

high quality remediation work by the industry
some by the government

• Social aspects
early consultations – land owners, indegeneous
people, environmental groups, municipalities, CABs, 
national agencies

Communication work, UNFC

• National strategy for mine waste by S EPA and 
SGU

• Circular economy - Waste as a resource
• Inventories by SGU
• Recycling work by mining companies both on 

mining waste and electronics



Nordic Guidelines

European Commission
- Orama
- Mintell4EU
- Minland
- …
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UNFC Guidance for Mineral Resources 
in Finland, Norway, and Sweden

Mine 
closure

Monitoring

Consultation Consultation
Application process

Environmental permit

Exploration permit

Environmental permit

Exploration

Application process
Environmental permit Exploitation permit

Conceptual 
study

Environmental legislation

Mining legislation

Industry operations

Pre-feasibility 
study

Feasibility 
study

Pre-
planning 

and design
Construction Operation

Commercial projectPotentially commercial project
Exploration

project

Extractable non-sales quanitites and quantities remaining in place

UNFC-2009 value chain

EIA

Zoning plan

The planning and building legislation

Coherence between the value chains of Government and industry for an effective industrial 
ecosystem
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UNFC Guidance for Mineral Resources 
in Finland, Norway, and Sweden

Bouncing up and down the E-axis?

2014 – MMD, ok but appealed by EPA
2012 – MÖD, ok 
2009 – MÖD, ok -> to MMD for conditions

2006 – application from company
2013 – High Court sends back down to MMD
2015, May – MÖD, case at rest, 

wait for gov. decision on new N2K
2015, Aug – New N2K, by gov
2017, Oct – MÖD opens case again

2008 – MMD rejection
2011 – MMD rejection, appeal
2017, May – High Court, backing gov N2K

MMD: Land and environmental Court
MÖD: Land and environmental court of appeal
HFD: Administrative court of appeal



The SDGs need integrated resource
management 

Circularity will not be attained by 
fragmented view; 
it can only be effective with cross 
sectoral approach



Thanks for listening!

Erika.ingvald@sgu.se
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Applying UNFC for secondary
resources

10

Prof Soraya Heuss-Assbichler, LMUMunich,
Chair EGRM Anthropogenic Resources Working Group



Anthropogenic resource
Assessment

Soraya Heuss-Aßbichler and Ulrich Kral 

COST is supported by the 
EU Framework Programme 
Horizon 2020



EU 
commission

Circularity and sustainability in the 
sourcing, use and treatment of raw 
materials 
à closing the loops 
à involving consumers and 

stakeholders

Optimise energy and resource use 
and 
make information available 
in support of circular business models 
and 

Source : Report from the commission to the European Parliament,  the council,  the European Economic and social committee and
regions on the implementation of the Circular Economy Action Plan – Brussels - 04.03.2019



Sustainable
Investment

• Environmental, social and corporate 
governance (ESG) criteria are not 
standardized
• Climate change
• Financial impact of environmental 

and social risks.
• Expending the focus on corporations 

towards 
public policy 

Source : Aniket Shah & Gordon Clark (2018) Sustainable Investing: What’s On the Horizon. Columbia Center on Sustainable Inves

The European Commission Action Plan.Report. July 2018. Accessed December 10, 2018. https://www.unpri.org/download?ac=5173.

EU Commission Action Plan (2018) Financing Sustainable 

Growth

à A unified classification system for sustainable
activities (e.g. standards, labels, sustainability benchmarks)

à Clear guidance for investors

à Transparency on sustainability issues



Need of
standards to
communicate
sustainable
recovery
projects

• UNFC – a generic framework 
accepted for 

primary resources 
• Specification document for 

application of UNFC to 
anthropogenic resources

Endorsed in Sept. 2018 by the
Committee on Sustainable Energy



Case Studies

applying
Anthropogenic
Resource
Classification

Scope Classification 
concept 

Reference 

1 Phosphorus recovery from Austrian landfills McKelvey Lederer et al. (2014a) 

2 Material and energy recovery form a historical landfill 
in Belgium  

UNFC  Winterstetter et al. 
(2015) 

3 Material recovery from small historical landfills in 
Flanders 

UNFC Winterstetter et al. 
(2018a)  

4 Zinc recovery from MSWI incineration residues McKelvey Fellner et al. (2015) 
5 Metal and salt recovery from MSWI bottom ash UNFC Huber and Fellner 

(2018) 
6 Air-pollution-control residues from municipal solid 

waste incineration 
UNFC Quina et al. (2018a) 

7 Metal recovery from bottom-ash from municipal solid 
waste incineration  

UNFC  Mueller et al. (2019)  

8 Electrical and electronic waste  UNFC  Mueller et al. (2015) 
9 Material recovery from old landfills, obsolete 

computers and laptops, and magnets in wind turbines. 
UNFC  Winterstetter et al. 

(2016a) 
10 NdFeB magnets  McKelvey Habib (2019) 
11 Material recovery from Vienna's Subway Network McKelvey Lederer et al. (2016) 
12 Secondary copper reserves at national level McKelvey Maung et al. (2017a) 
13 Secondary aluminium at national level McKelvey Maung et al. (2017b) 
14 Secondary zinc reserves at national level McKelvey Maung et al. (2019) 

 



Applying UNFC needs an 
Anthropogenic resource

assessment



DEFINING THE GOAL OF THE RECOVERY PROJECT

• Definition of the system and system
boundaries

Source : Specifications for the application of the United Nations Framework Classification for Resources to Anthropogenic 
Resources (2018) 



SCALE OF THE RECOVERY PROJECT

• Stakeholders needsEuropean Union

European Member 
states

Portfolio of 
recovery projects

Individual recovery 
project
(business case)

       Known 
sources

      Unknown 
sources

After Eddy Wille



Input of data & information

• Characterization: 
Physical, chemical & 
mineralogical properties
of the resources including
quantity & quality

• Technical, operational and 
regulatory aspects

• Social, environmental and 
economic aspects + policy
and legal aspects



Assessment

à„Geological knowledge“ 
level of confidence in 
resource potential

àProject Feasibility

àSocial-environmental-
economic viability

• Characterization: 
Physical, chemical & 
mineralogical properties
of the resources including
quantity & quality

• Technical, operational and 
regulatory aspects

• Social, environmental and 
economic aspects + policy
and legal aspects



Output

à„Geological knowledge“ 
level of confidence in 
resource potential

àProject Feasibility

àSocial-environmental-
economic viability

Category of recoverable 
resources in the 
foreseeable future

àBarriers for developing 
the recovery project 
towards production

• Characterization: 
Physical, chemical & 
mineralogical properties
of the resources including
quantity & quality

• Technical, operational and 
regulatory aspects

• Social, environmental and 
economic aspects + policy
and legal aspects



Social-environmental-economic
viability

Society Economy

Environment

ViableBearable

Equitable

Economy

Environment

Society

Adapted after https://umaine.edu/sustainability/whatVenn Diagramme

Sus-
tain-
able



Take home message

The application of UNFC for various anthropogenic 
materials requires
a System of Anthropogenic Resource Assessment
• to be transparent, consistent and objective for all 

stakeholders
• can it be used in decision-making at different levels 

(company / sectoral / national / international)



Thank you

 

COST is supported by the 
EU Framework Programme 
Horizon 2020  
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