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• Recent significant changes in 

sustainability 

• Long term – the Mine of the Future 

• Shorter term steps to the long term 



Sustainability is not getting any easier 

• Grades and energy moving in the 

wrong direction. 

• The licence to operate is ever more 

complex. 

• And now we add transparency. 

 



Mining is not getting easier: 

• Grades we know about… 

Source: Wood Mackenzie 

0 

1 

2 

3 

4 

C
o

p
p

e
r 

G
ra

d
e
 C

u
 %

 

Year 

World Copper Grades 



Australian trends for all mining: 

 

• 1980 – 2010 

o average grade reduced by 50% 

o average energy increased by 70% 

http://eex.gov.au/industry-sectors/mining/  

http://eex.gov.au/industry-sectors/mining/
http://eex.gov.au/industry-sectors/mining/
http://eex.gov.au/industry-sectors/mining/


We will soon get used to world 

energy “cost curves” 

Copper comminution energy intensity curve 

Source: G.R. Ballantyne, M.S. Powell, Benchmarking comminution energy consumption for the processing of copper and gold ores, Minerals Engineering, Volume 65, 15 

October 2014, Pages 109-114, 



The good new is: 

No scarcity of energy and mineral 

resources which will continue to 

become more widely available at 

lower cost 

The reality is: 

we move down the resource pyramid 

and rely on innovation 



http://qtrain0.tripod.com/id11.html 

The license to operate is part of 

sustainability 

And in future, will a public demand reduction of steam plumes… 

 

The power industry in Germany has already committed to not  

building cooling towers, due to public concern at the plumes 

 



Of the 223 registered socio-environmental conflicts 

recorded in Peru for the first six months of 2013, 

72.3% were against mining operations 

"Ten new Peruvian mining conflicts reported in July - ombudsman." Business News Americas. 19 August 2013. 

Socio-environmental conflicts 

are world wide 



And now we add transparency 

Source: Rio Tinto, September 2014 



• Recent significant changes in 

sustainability 

• Long term – the Mine of the Future 

• Shorter term steps to the long term 



The Mine of the Future   
(IMPC 2003) 

Deep, fractured by caving, in place leaching using 

advanced biohydrometallurgy and the copper won 

electrochemically underground 

mineralisation 

http://www.freebackgrounds.ws/snapshot/00pics.shtml?nyc12.jpg


“Smart Mine of the Future” 
(Stockholm Nov 2010) 

Source: “SMART MINE OF THE FUTURE”. VIEWS ON MINING BY 2030”. SveMins Höstmöte. Stockholm, Nov 25th 2010. Göran Bäckblom, MITU/RTC., 



Future Deep Mining 

Source: MIRO – Manufuture 2011 Conference, Poland 
http://www.manufuture2011.eu/presentations/ws1.6-Future%20mining/Horst%20Hejny/Horst%20Hejny.pdf 



Source: World Economic Forum 2014 



• Recent significant changes in 

sustainability 

• Long term – the Mine of the Future 

• Shorter term steps to the long 

term 



And much of this is happening: 

• South Africa CSIR robotic detection of loose rock 

before re-entry. 

• Anglo-American target of full automation – “the 

technology exists but must be configured in a cost 

effective way”. 

• Anglo-Ashnanti targeting gold to 5000m. 

• Codelco large scale testing of continuous mining – 

“the largest project that Codelco has ever developed 

to validate a new technology” (Baez, Next Generation 

Mining Latin America Summit Jan 2012). 



Smart Mine of the Future 

Source: “SMART MINE OF THE FUTURE”. VIEWS ON MINING BY 2030”. SveMins Höstmöte. Stockholm, Nov 25th 2010. Göran Bäckblom, MITU/RTC., 



Smart Mine of the Future 

1. One control room. The control room receives on line 

processed information from the rock, from the people and 

from the machines and equipments that allow for controlling 

and fine-tuning the complete operation (process control and 

product control) from resource characterisation to the final 

product. Sensors and extensive use of cameras and image 

techniques permits “live performances” in the control room 

or elsewhere as needed. 

2. No human presence in the production areas. All work 

processes (including rock characterisation) are remote 

controlled or automated. Special robots are developed for 

the preventive maintenance of equipment and safe retrieval 

operations. The maintenance of the robots as well as 

necessary equipment repair is executed in structurally safe 

underground vaults. All equipment underground is electrical 

and the use of diesel banned. 

3. Continuous mechanical excavation. The continuous flow 

is a key issue for lean mining and further automation. The 

future mine is a continuous process and therefore  

continuous mechanical operation is used also in hard rocks 

Source: “SMART MINE OF THE FUTURE”. VIEWS ON MINING BY 2030”. SveMins Höstmöte. Stockholm, Nov 25th 2010. Göran Bäckblom, MITU/RTC., 



Smart Mine of the Future 

4. Pre-concentration. Barren rock is separated underground 

to minimise energy for haulage and transport as well as 

environmental impact on the surface. 

 

5. Resource characterisation – mineralogy. Systems are in 

use that permit product control (geometallurgy) and 

maximisation of the inherent values in the rock. 

 

6. Resource characterisation – structural control. Systems 

are in use that describes the rock with its structures to aid 

process control. 

7. Final product. From a sustainable point of view waste rock 

should be turned into products. The metal should, if 

possible, be manufactured at the mine site to avoid 

unnecessary transportation. More value generated at the 

site should also contribute to a richer social life at the mine 

site. 

Source: “SMART MINE OF THE FUTURE”. VIEWS ON MINING BY 2030”. SveMins Höstmöte. Stockholm, Nov 25th 2010. Göran Bäckblom, MITU/RTC., 



Besides shaping the explosion to precisely the geography and geology of

the site while using minimal propellant, the automated procedure has

important implications for Rio Tinto’s customers, half a world away. James

Petty explains why understanding the precise nature of the ore to be mined

enables the entire process of mining, crushing, blending, stockpiling,

transport and delivery to be performed with silken smoothness: “It’s a step-

change in orebody knowledge. Knowing what we’re about to mine from any

given pit enables us to model the supply-demand pipeline in detail and in

advance – ores can be blended at source to suit customer requirements

with reduced dependence on stockpiles either at the mine or at the port.

This saves time, handling and costs. It’s more consistent and more reliable.

It adds up to improved quality management,” he explains.

A vital link in the automated chain will be supplied by the driverless trains

and automatic car loaders and unloaders, collectively known as

AutoHaul™, which are scheduled to enter service over the next two to three years. This half-billion-dollar

enterprise will become the world’s first fully-automated, heavy-haul rail operation, running more than 40 trains

(comprising 10,000 ore cars in total) on an extensive 1,300km rail network across the Pilbara.

It’s a step-change in

orebody knowledge...

ores can be blended at

source to suit

customer

requirements. This

saves time, handl ing

and costs.

James Petty, general manager,

Mine of the Future™

The search for new-age miners

One of the drivers for automation in the first place was the dearth of highly skilled operators to meet the needs of a rapidly

expanding industry – but its advent is generating surging demand in the mineral industry for people with an entirely new set of

skills. To find the miners of the future, Rio Tinto took an unusual approach. Figuring that most of the new recruits would have

high IT skills and a strong interest in robotics, it abandoned traditional newspaper job ads in favour of targeted viral advertising

on social media – fronted by a catchy computer game  in which one navigates an ore truck, and a video extolling the

intelligent future of mining. “We were astonished by the results,” says James. “We received over 500 quality applications in

seven days. There are evidently a lot of people out there who want to work in a smart industry.”

Rio Tinto Mine of the FutureTM 

• 1 mt/day by autonomous trucks by end 

2015 

• 150 autonomous trucks and drills, 

currently over 53 trucks 

• $518m invested in autonomous trains 

• remote operation centres and “Centres 

of Excellence” 

 

Above ground, again automation 

is racing ahead: 



None of these things can happen 

without leadership from the top 

MiningNewsPremiumNet . 3 July 2013 



In conclusion 

To lead into our discussion: 

• the vision for the sustainable mine of the 

future is clear, but is requires 

o proactive embracing of sustainability by 

companies 

o innovation 

o simultaneous focus on the FOUR pillars 

− Social 

− Environmental 

− Economic 

− Governance 



EXTRA  SLIDES 



Understanding the Stakeholders 

Reggio R and Lane A. (2012). “Monitor Perspectives: Mining in Africa: How Inclusive Solutions can Mitigate Risk” 
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