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The demonstration of Nickel recovery using Nickel collecting plants harvested 
from Nickel bearing soils and mine dumps; an environmental alternative to 
classic Nickel mining. 
 
Background 
 
The exploitation of primary raw materials is an integral part of our industrial society. 
While efficient recycling of metals and minerals must always be a core part of the life 
cycle of any product, the amounts recycled can never meet the demands of industry 
for raw materials, or replace the extractive industries1,2. Less than 20% of raw 
materials (metals) needed today can be obtained by recycling3. Modern mining 
methods aim for zero waste production and complete rehabilitation of the site after 
use. However, many former mining sites were exploited without taking the 
environmental impact into account, leaving a legacy of waste and pollution for 
modern society to deal with. Nickel as a primary or secondary resource is found at 
mining sites in the EU from Finland to Cyprus. This LIFE project specifically targets 
mining sites on Cyprus where the use of hyper accumulating plants can be 
demonstrated for the removal of economic amounts of Nickel as part of a wider mine 
site rehabilitation.  
 
Objectives 
 
This project will demonstrate the (cost) effective implementation of Nickel bio-
accumulation using hyperaccumulator plants of the Alyssum family to produce nickel 
from low nickel bearing soils. This process is called Phytomining. Phytomining of 
nickel has the following advantages over the classical way to mine nickel and recover 
the nickel from the ore:  
 

• It avoids the massive pollution from mining and ore dressing  
• It avoids the impact of mining on the landscape  
• CO2 emissions are drastically reduced when the energy-consuming mining 

and metallurgy of nickel are replaced by simple farming  
• A vegetation of nickel hyperaccumulator plants causes a more rapid 

weathering of olivine grains, by which CO2 is captured  
• It is likely that nickel farming will increase employment, and generate income 

for poor farmers  
• When nickel farming becomes widely deployed, it will extend the lifetime of the 

world’s nickel reserves.  
 

The project will optimise the process of Nickel bio-collection and extraction as part of 
a major remediation plan for a large mining site on Cyprus (the abandoned Amiandos 
Asbestos mine; http://www.amiandos.eu/en/) and the operating magnesite mine of 
Grecian Magnesite in Greece.  
 
 
 
                                            
1 The contribution of recycling to the supply of metals and minerals; Luis A. Tercero Espinoza, POLINARES working paper n. 20, March 2012 
http://www.polinares.eu/ 
2 http://eurogeosurveys.org/assets/files/publications/ETPSMR_EIP_policy_document_22-11-2011.pdf 
3 UNEP (2011) Recycling Rates of Metals – A Status Report, A Report of the Working Group on the Global Metal Flows to the International 
Resource Panel. T.E. Graedel, et al. 
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Nickel hyperaccumulators and phytomining 
  
The project will demonstrate the viability of a switch from nickel mining, ore dressing 
and nickel recovery to nickel farming by the use of nickel hyperaccumulator plants. 
This switch will cut down CO2 emissions because it avoids the energy-intensive 
steps in the nickel cycle, and enhances the weathering of olivine or serpentine which 
captures additional CO2 
 
Nickel hyperaccumulators 
 
Many plants can selectively extract specific metals from soils. Nickel 
hyperaccumulating plants are among the best-known to exhibit this property. Nickel 
hyperaccumulators represent a rare group of plants, which have the ability to 
concentrate nickel in their living shoots (by definition a plant is designated a 
‘hyperaccumulator’ when it accumulates at least 1000 µg/g dry weight of nickel in its 
dried leaves). Globally, around 400 nickel hyperaccumulators have been described in 
the literature but the exact number is unknow4. Their discovery has led already to 
speculate on their potential use to phytomine nickel, but except in some small-scale 
test studies this idea was never implemented so far. Many nickel hyperaccumulating 
species are endemic to a particular region, and grow exclusively on soils of olivine- or 
serpentine-rich rocks with enhanced Ni-concentrations. A typical example are the 
Alyssum species A.Troodii and A.Cypriacum that are found exclusively in the 
Troodos Mountains in Cyprus. 
 
Many experiments have confirmed the existence of nickel hyperaccumulator plants, 
but were carried out in a controlled laboratory environment and were almost never 
taken so far as to demonstrate survival of plants and production of viable seed. 
Experimental confirmation using natural soil is more straightforward and therefore 
preferable. 
 
phytomining 
 
Nickel hyperaccumulator plants can be sown on olivine or serpentine soils, which 
contain more nickel than most other rocks. The plants extract nickel efficiently from 
these soils and store it in their tissue. By harvesting these plants, and burn them after 
drying, a plant ash is obtained that may have a nickel content of 10%, far more than 
the richest nickel ore. This way of nickel recovery is much less polluting than classical 
mining and ore treatment, and saves large amounts of CO2-emission. It also avoids 
the impact of mining on the landscape. 
 
Phytomining offers an in situ, potentially economic method to ‘mine’ nickel metal. 
Nickel is undoubtedly the best candidate metal for phytomining above all other 
metals with a number of known hyperaccumulators that accumulate 1–3% nickel in 
dry matter, providing 12% to >20% in the ash. Once harvested and dried, plant 
biomass can be treated by pyrometallurgy in a smelter to produce metallic nickel or 
by leaching to produce a concentrated nickel leachate. Solvent extraction of Nickel 

                                            
4 (2013) A. van der Ent,  A.J.M. Baker, M.M.J. van Balgooy & A. Tjoa. Ultramafic nickel laterites in Indonesia (Sulawesi, Halmahera): Mining, nickel 
hyperaccumulators and opportunities for phytomining; J Geochem Expl. 128 72-79. 
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followed by stripping with sulphuric acid followed by electroplating gives a recovery of 
up to 70% Nickel. 
 
Phytomining is regarded as a ‘green’ approach to the environmentally sensitive and 
energy intensive practice of mining, involving the use of plants to extract valuable 
metals from both solid and liquid substrates. Typical feedstocks for a phytomine are 
either too low in metal content to be productively mined using conventional 
technologies, or, alternatively, too high in metal content such that they hinder the 
productivity of various horticultural ventures when the main land use is not mining. 
Phytomining is actually a subset of a larger field of research known as 
phytoextraction, the process of using plants to beneficially absorb mineral species 
from soils, sediments and groundwaters. Applications of phytoextraction include 
phytoremediation, where non-naturally occurring contaminants are recovered for 
disposal or reuse and phytostabilisation, where contaminant species are immobilised 
in situ via plant action. There are numerous successful examples of plants being 
used to treat contaminated environments. In contrast to phytoremediation, the 
objective in phytomining is to recover the mineral for commercial gain.5   
Phytoextracted nickel in harvested biomass can reach up to 28 kg/ha.6 The indicative 
profitability for a nickel phytomine is predicted to be 7,900 €/ha/harvest with energy 
generation from the harvested biomass, and a nickel value of 13.5 €/kg.5   
 
Phytomining of nickel has the following advantages over the classical way to mine 
nickel and recover the nickel from the ore:  
 

• It avoids the massive pollution from mining and ore dressing  
• It avoids the impact of mining on the landscape  
• CO2 emissions are drastically reduced when the energy-consuming mining 

and metallurgy of nickel are replaced by simple farming  
• A vegetation of nickel hyperaccumulator plants causes a more rapid 

weathering of olivine grains, by which CO2 is captured  
• It is likely that nickel farming will increase employment, and generate income 

for poor farmers  
• When nickel farming becomes widely deployed, it will extend the lifetime of the 

world’s nickel reserves.  
 
 
Reduction of CO2 emission 
 
Until the industrial revolution, there was a balance between the input of CO2 by 
volcanoes, and its removal by the weathering of basic silicates, which react with 
water and CO2. The resulting bicarbonate solutions are carried by rivers to the sea, 
where corals, shellfish and foraminifera turn them into carbonate rocks, where they 
are safely and sustainably stored. Because mankind now burns in a few hundred 
years the fossil fuels that have taken hundreds of millions of years to form, 
weathering cannot cope with this vastly increased input, so the CO2 levels of the 
atmosphere and oceans are rising. Any reduction of CO2 emissions is welcome. 
Nickel mining and ore treatment are accompanied by a large CO2-emission. Every 
                                            
5 (2008) A.T. Harris, K. Naidoo, J. Nokes, T. Walker & F. Orton. Indicative assessment of the feasibility of Ni and Au phytomining in Australia; J. 
Cleaner Production 17 (2009) 194-200. 
6 (2007) A. Bani, G. Echevarria, S. Sulce, J.M. Morel & A. Mullai. In-situ phytoextraction of Ni by a native population of Alyssum murale on an 
ultramafic site (Albenia); Plant Soil 293 79-89 
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time a switch is made to phytomining of nickel this CO2 emission is avoided. 
Moreover the vegetation of nickel hyperaccumulator plants will increase the 
weathering of the underlying olivine and serpentine minerals in the soil, by which 
additional CO2 is captured. 
 
 
The Amiandos Asbestos Mine, target demonstration site 
 
The chrysotile-asbestos mine of Amiandos is situated at the eastern flanks of the 
Troodos massive (Figure 1), confined to an area of bastite serpentinite. The 
chrysotile was formed in fractures and the veins vary in width from minute, hair-like 
stringers to veins over 10 mm thick.  It has a cross-fibre orientation with slip fibre 
developed along shear planes and is often intimately associated with longer veinlets 
of picrolite. In general, it can be said that the asbestos is confined to the 
serpentinised rocks. The asbestos mine and the huge dump accumulations are 
drained by a deep stream running SE. The serpentinite rocks contain on average up 
to XX % Nickel. 
 
 

 
Figure 1: 3D topographic map of the mountainous part of the Troodos Mountains showing the 330 
hectare areal extent of the Amiandos mine site (purple line) as well as the location for the test site in 
this project. This figure can be improved for the proposal 
 
Deposits of asbestos in Cyprus were known and exploited by the ancient Greeks and 
Romans. Asbestos mining at Amiandos began in recent times in 1904 as a result of 
commercial interest in shorter fibres utilised in the manufacture of asbestos sheeting 
and tiles. During the period of 1910 and 1960 thousands of people from the 
surrounding villages worked in Amiandos mine. It was an open cast mine with a 
yearly production of over 5 million tons of ore. The reserves of the ore were 
estimated in 1978 to last for another 50 years. The exploitation of the asbestos in the 
Amiandos mine resulted in huge dump accumulations situated above the Kato and 
Pano Amiandos villages and are drained by a deep stream running south east and 

Nicosia

Geological Map of Cyprus

Amiandos Mine

Location of the demonstration site 
within the Amiando mine complex
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flowing first into Trimiklini dam and finally  into Kourris dam, where asbestos fibres 
have also been found in a previous LIFE project7.  
 
The slopes of the waste dumps at the end of exploitation in 1988 were very steep 
and there was a potential risk of mass movement threatening the villages. For this 
reason the Government of Cyprus carried out a slope stability analysis and 
commissioned remedial measures through the Ministry of Agriculture, Natural 
Resources and Environment. There are at least 60 million m3 of waste material on 
the 6.5 sq km of the mine site.  
 
While there is a large difference in topography at the mine site, there is a large 
flattened area close to the mine buildings which will be the test site for growing and 
harvesting the Alyssum plants for the phytomining tests.  
 
Secondary target demonstration site: Grecian Magnesite, Northern Greece. 
 
A similar rock formation of magnesium rich rocks is found in Northern Greece at the 
magnesite quarry of Grecian Magnesite. Here as on Cyprus there are huge volume 
of serpentinised rocks containing small amounts of Nickel. A smaller pilot study is 
also planned at this site in order to demonstrate proof of concept of this 
environmental technology, which has a clear European dimension,  
 
Workplan 
(The correct format for a LIFE project plan will be followed in the proposal) 
 
The project will be divided into a number of interlinked tasks in order to achieve the 
project deliverables. This demonstration project consists of 3 Phases: 
 
Phase 1: Preparation for demonstration actions (tasks 1 & 2): 
 
Task 1: Collection of data to assure that no duplication of work already done will 
happen in this project;    
 
Phase 2: the demonstration and monitoring actions (tasks 3,4,5,6) 
 
Task 2: Optimisation of hyperaccumulation process by enhanced farming techniques 
for the Alyssum Troodi plants. 
Task 3: Optimisation of the phytomining process by evaluating the best practise for 
Nickel recovery from plant material 
Task 4: Preparation of test sites on Cyprus and in Greece – levelling of sites, 
preparation of soils, and installation of monitoring system 
Task 5: Farming, harvesting and metal recovery from the planted areas 
Task 6: Cost analysis, LCA, feasibility study 
 
Phase 3: Evaluation and dissemination of results (tasks 7,8) 
 
Task 7: Dissemination and knowledge management: Web page construction and 
maintenance, seminars, dedicated workshops, CD ROMs, publications. 
Task 8: Project management. 
                                            
7 Mining waste management on Cyprus: Assessment, strategy development and implementation (contract LIFE-94/CY/B21/CY/0977/MED) 
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Economic relevance of Nickel 
 
While Nickel is not considered to be one of the 20 critical raw materials (CRM) by the 
European Commission8, it is nevertheless an important if not essential commodity for 
European and global industry. Major Global reserves are held mainly in Australia and 
New Caledonia, but can be found spread across all continents. There is no Asian 
dominance of Nickel supplies in contrast to most CRM. Major exporters to the EU are 
South Africa, Canada, Brazil and Mozambique. Nickel is an expensive commodity 
with current prices around 13,500 €/ton, though the price fluctuates. Uses are mainly 
in stainless steel and metal alloys. Europe accounts for 9% of the current global 
production of Nickel9. Calculations show there are up to 300,000 tons of Nickel in the 
Troodos Mountains, of which a percentage can be treated at the abandoned mine 
site of Amiandos.  
 
Partnership 
  
The project Coordinator must be from Cyprus, and must be a public body under the 
LIFE rules. 
 
 
 Partner Role in Project 
1 Geological Survey Department Coordinator, chemical analyses, field 

activities 
2 biobased-opportunities BV Optimisation Hyperaccumulation 
3 Olivine Foundation  Optimisation phytomining, Nickel winning 
4 Department of Forestry, Cyprus Optimisation hyperaccumulation 
5 Amiandos site owner? Site owner, manages field demonstration 
6 Grecian Magnesite Site owner, manages field demonstration 
7 Skouriotissa Mine, Cyprus Solvent extraction, electroplating 
 
8 

Fondel Nickel recovery and marketing of nickel 
product, feasibility 

 

                                            
8 http://ec.europa.eu/enterprise/policies/raw-materials/files/docs/crm-critical-material-profiles_en.pdf 
9http://ec.europa.eu/enterprise/policies/raw-materials/files/docs/crm-non-critical-material-profiles_en.pdf 


