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ABSTRACT 
The metals in the earth’s crust have clustered in 
certain locations in much higher concentrations 
than average due to geothermal processes. This 
great eco-service provided by nature has made it 
possible for society to produce metals. The 
same applies for industrial minerals. However, 
mining of metals generates large amounts of 
side stream materials, which today are not fully 
utilized. For example to produce 1 tonne of 
copper requires about 125 more tonnes of ore to 
be milled, which also results in an increased 
amount of tailings and the consumption of ener-
gy and water. This has given mining a “non-
resource efficiency activity” reputation. Howev-
er, resource efficiency has the aim also to utilize 
these resources, which have been once mined 
from the earth. 

The World Federation of Engineering Organ-
ization’s (WFEO) Committee of Engineering 
and the Environment started in 2012 a Task 
Group of Mining and Sustainable Development. 
One of the thematic areas is “Engineering solu-
tions  to  reuse,  repurposing  and  recycling  of  
minerals”. The aim of this task group is not to 
make much scientific ways to improve resource 
efficiency, but to find examples of existing solu-
tions, which enable improved total resource ef-
ficiency in mining and which should show the 
way to future. 

The  paper  presents  some  examples  of  im-
proved resource efficiency in mining and metals 
extraction. 

1. INTRODUCTION 
The Brundtland definition for sustainability is: 
“Humanity has the ability to make development 

sustainable to ensure that it meets the needs of 
the present without compromising the ability of 
future generations to meet their own needs”. 
Recyclability of metals makes it possible to say, 
that metals mining can be sustainable. To put it 
simply: the recyclability of metals makes it pos-
sible for future generations to use the same met-
als that have already been used, therefore 
providing a service to our descendants by min-
ing the ore and refining it to metal. The Brund-
tland report also discusses “Industry: Produc-
ing More With Less”,  which  is  at  the  heart  of  
recycling (UNEP, 2013). This key theme was 
taken up by the World Business Council on Sus-
tainability Development as “Doing more with 
less”. Resource efficiency can be improved sig-
nificantly by re-cycling but also through the re-
use and repurposing of non-renewable re-
sources. 

Resource efficiency thus also implies reduc-
ing the environmental impact of the consump-
tion and production of goods and services over 
their full life cycle. The “Doing more with less” 
slogan indicates the focus on more outputs with 
fewer impacts.  

The World Federation of Engineering Organ-
ization’s (WFEO) Committee of Engineering 
and the Environment started in 2012 a Task 
Group of Mining and Sustainable Development. 
One of the thematic areas is “Engineering solu-
tions  to  reuse,  repurposing  and  recycling  of  
minerals”. The aim of this task group is not de-
velop scientific ways to improve resource effi-
ciency, but to discuss examples of existing eco-
nomic solutions, which enable improved total 
resource efficiency in mining. This should show 
the way to future. 
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2. POTENTIAL FOR SECONDARY MINING 
More than 95% of the copper ever produced has 
been mined during the last 200 years. An intel-
ligent estimate of the total amount of copper 
produced during the last 200 years is about 600 
Million tonnes metallic copper. In the past con-
centrator methods were not very advanced and 
the mining and concentrator operations from 
those days could be characterized to be “cherry 
picking”. Thus there are residues from the con-
centrator plants, which still today contain signif-
icant amount of copper and other metals, which 
could still be recovered economically feasible 
way by using today’s techniques. A careful es-
timate of the copper contained in the old con-
centrator concentrate sand (based on 80 % re-
covery of copper in concentrator) indicates the 
potential is in range of 150 million tons of cop-
per. A few examples of those operations as well 
as some other ways to improve general resource 
efficiency in mining are given in the next sec-
tion. 

3. SOME EXAMPLES OF REUSE, REPUR-
POSING AND RECYCLING OF MINERALS  
3.1 El Teniente tailings, copper 
Chilean state owned copper producer Codelco 
has been operation its El Teniente copper mine 
near Rancagua in Chile for decades and it has a 
large tailings pond called Colihues. Mineral 
Valle Central was set up in 1990 to extract cop-
per and molybdenum from those tailings. The 
operation was profitable for a few years, but be-
cause the copper price fell in 1997 the profita-
bility was lost. An experienced mining person, 
Klaus Zeitler invested in MVC in 2003, because 
he was convinced that the copper price would 
go up. And soon after that it really happened. 
Nowadays the tailings are operated by Americo 
Resources in which the MVC was injected. In 
2012 Americo produced 51.7 million lb copper 
(23 450 tons) and 1.06 million lb of molyb-
denum (481 tons) from El Teniente tailings. 
About 50% of the production comes from fresh 
tailings. As there was no investment needed to 
the construction of the mine itself and that the 
material was already mined, the capital cost of 
the production is negligible and also the opera-

tion costs are very low. The technology needed 
for remaining is using high pressure water 
sprays to release the old tailings. Thus the pro-
duction is extremely profitable (The Northern 
Miner, 2013). 

3.2 Timmins, Canada, gold 
In Timmins, Canada, there were old sulphide 
gold mine tailings from the 1920s. Australian 
ERG Resources tried to utilize these resources 
and recover leftover gold in the sand. The resi-
dues were mined by means of high pressure wa-
ter cannons and the obtained already fine 
grained material was regrind in a small ball mill. 
Followed by grinding the material was taken in-
to flotation, where gold containing concentrate 
was produced. Principally the technology 
worked, but perhaps due to the local environ-
ment and low temperature the concentrator was 
only able to operate 8 months a year and finally 
the reprocessing of concentrate sand became 
uneconomic and by early 1990s, the company 
ran out of money and stopped operations (Tim-
minstimes, 2012).  

3.3 Keretti Mine, Finland, cobalt, pyrite 
A good example of utilizing old mining residues 
has been documented for old Keretti Mine in 
Finland.  The  operation  of  the  mine,  which  was  
the richest copper ore body in Europe, was 
started early 1900’s. During 1970’s Outokumpu 
started to explore the old Mökkivaara tailings 
area by sampling and they found areas where 
the tailings were still rich in cobalt and pyrite. 
Outokumpu started the reprocessing of the tail-
ings to recover, depending on the price, either 
cobalt or pyrite concentrates to be further pro-
cessed in Kokkola, Finland. The mining was 
carried out mechanically followed by regrinding 
in a small ball mill. This was necessary to reac-
tivate the sulphide containing surface areas of 
the tailing. Then the old tailings were flotated 
by using (at that time) the latest development of 
Outokumpu (today Outotec) flotation technolo-
gy.  Later  the  operation  of  the  whole  mine  was  
fading and today the old Mökkivaara tailings ar-
ea is remediated and serves as golf resort (Tar-
vainen, 2013), (Fig. 1). 
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3.4 Kongo slag residues, cobalt 
In Lumumbashi (DRC) there has been copper 
production including smelting for more than 
100 years. During these years the slag left from 
the copper smelting operations was been stock-
piled so that the pile was estimated to be about 
120 meters high and 150 meters in diameter and 
containing about 14 million tons of material 
containing copper, but especially large amounts 
of cobalt, 2.5 % Co. This could not be recovered 
at the Lumumbashi old copper smelter.  

OMG group obtained the rights to utilize 
these slags in 1997 and build a modern slag re-
duction smelter based on Outokumpu Technol-
ogy’s (today Outotec) process knowhow and 
proprietary equipment including the electrical 
furnace, gas treatment and granulation of the 
Cu-Co-containing iron based bottom metal, 
which was formed in the furnace due to reduc-
ing  conditions.  The  bottom  metal  was  then  
transported to Kokkola, Finland, where the co-
balt is further recovered. The copper in the bot-
tom metal is recovered from the leaching solu-
tion by using Outotec’s solvent extraction and 
electro winning processes (SX-EW). The plants 
are still in operation today, although just recent-
ly  OMG  sold  the  Kokkola  assets  to  Freeport-

Macmoran Gold and Copper, which is continu-
ing the operations of the biggest  cobalt  plant in 
Europe (Vuoriteollisuus, 2000). 

3.5 Kemira, Finland repurpose iron sulfate res-
idue 
Kemira Oyj, a Finnish company, which today is 
a global water chemistry company serving cus-
tomers in water-intensive industries, used to 
produce TiO2 pigments at its plant in Pori, Fin-
land. The process involved leaching of iron 
from  the  ore  with  sulfuric  acid.  Iron  was  then  
crystallized as iron sulfate from the solution and 
filtered off. The other residue of the process was 
gypsum. End of 80’s there were no use for large 
amounts of iron sulfate and during the early 
days of operation the iron sulfate was pumped 
into the sea. However, this was not considered 
sustainable and Kemira started to stockpile both 
iron sulfate and gypsum, fortunately in separate 
stockpiles. A bit later Kemira invented, that low 
manganese containing iron sulfate can be used 
as a precipitation reagent in water purification 
and they started to recycle the iron sulfate resi-
dues as raw material in water purification rea-
gent  production.  Thus  the  old  tailings  were  re-
purposed to a new business application (Kemira 
Oyj, 2003). 

3.6 Nordkalk, Finland, commercialization of fil-
ter sand 
Nordkalk Corporation extracts and processes 
limestone for industry, agriculture and environ-
mental care. In the Lappeenranta unit in Finland 
a flotation process is in use: the limestone is 
first  ground  into  a  wet  slurry  and  the  concen-
trated calcite is separated from the slurry by flo-
tation. Filter sand is produced as a side product 
in the extraction process. Since the 1960’s a part 
of this filter sand has been used as a part of mix-
ture of a lime fertilizer. The products Nordkalk 
Aito Calcite Lappeenranta and Nordkalk Aito 
Magnesium Lappeenranta have official certifi-
cate to be used in organic agriculture from Finn-
ish  Food  Agency.  The  company  has  also  com-
mercialized the filter sand to be used in earth 
and environmental construction. Thus this is a 
good example of resource efficiency and repur-
posing of mineral material (Nordkalk, 2008). 

Figure 1: A view of Outokumpu Golf on the old Keretti 
Mine area today (Outokummun Golfseura ry, 2013). 
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4. CONCLUSIONS 
Large amounts of waste rock and tailings are 
produced in mining operations. Often the utili-
zation of these materials as products is limited 
by the economics. Also the environmental crite-
ria for by products may be limiting the use of 
these materials.  

The examples given in the text above show, 
that there are lot of business opportunities in re-
use, repurposing and recycling of mineral resi-
dues rising from the minerals and metals pro-
duction chains. They is also evidence that sus-
tainability of mining operations can be in-
creased by increasing the total resource efficien-
cy in an economically profitable way.  

There are many of this type of re-mined ma-
terials available in old mine areas and most of 
them need some new technologies to recover the 
metals by an economically acceptable way. 
World Federation of Engineering Organiza-
tion’s (WFEO) Committee of Engineering and 
the Environments “Task Group of Mining and 
Sustainable Development” thematic areas “En-
gineering solutions to reuse, repurposing and re-
cycling of minerals” group wishes to encourage 
mining and metallurgical producers to rethink 
and try to find engineering solutions, and how to 
utilize the wastes of today in an more resource 
efficient way.  

The task group still continues its work and all 
new examples of are welcomed with warm 
thanks! 
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