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MAN    NEEDS 

MINERALS 

MINERALS  NEED MAN

MINING,  

EXTRACTION 

MARKETING



2030
M A J O R  E X I S T I N G  S U R F A C E  

D E P O S I T S
G O I N G  T O  B E  D E P E L T E D  

HAVE TO GO DEEP AND DEEPER 
FOR  THE MINERALS

1990 , KOLAR AT 3.2  KM DEPTH 
ROCK  TEMPERATURE WAS

76 C



2030 
M I N E S  W I L L B E   AT  

5    TO   10   KM     DEPTH

ROCK  TEMPERATURE

125- 250  C 

CHILLED        AIR        PUMPDED    DOWN   AT

5  C    

BUT    HAS       100%      HUMIDITY

P I P E  I T  D O W N  T O  5  K M  D E P T H   
?



P R O V I S I O N S  O F  F O O D ,  A I R ,  

WAT E R  WA S T E  D I S P O S A L

H U M A N  I N F R A S T R U C T U E

W I L L  C O S T  M O R E  

60% OF THE MINING COST.

A 2 . 2  K M  D E E P  S .  A F R I C A

GOLD MINE

TRAVEL TIME ,

BLAST CYCLE AND UNION REST  IS

32%



AT PRESENT 4 KM? 
WHAT ABOUT AT 8 KM?



R O C K  T E M P E R A T U R E  A R O U N D

1 2 5 - 1 7 5  C

Conventional fuels,  hydraulics,  rubber 

t ires,  seal   or any of the present material  

w i l l  n o t  w o r k

DESIGNS AND DEVELOPMENTS ARE 

REQUIRED GRAPHITE BASED DRY OR WET 

LUBRICANTS ,  

Heat  shie lded   e lec tr ic  motors  and wel l  shie lded  

processor  and communicat ion protocols  



R O C K S  B E C O M E  M O R E   P L A S T I C  

A N D  R O C K  B U R S T  M U C H  M O R E  

F R E Q U E N T

C O N V E N T I O N A L   E X P L O S I V E S  

W I L L  N O T  W O R K

ROAD HEADERS,

CONTINEOUS MINES 

WHO WILL WORK THEM???



C A N  M A N  S U R V I V E
I N  T H I S  H O S T I L E  S E T U P

BUT ROBOTS CAN 

SO FUTURE

E N V I R O M E N TA L LY S A F E

T E L E - R O B O T I C



TELE-ROBOT  VIEWER AND SURFACE CONTROLLER 







U G  P R O C E S S I N G  O F  O R E S  A N D  W A S T E  

B A C K  F I L L I N G

\

C O N V E N T I O A L

P Y R O  - M E T A L L U R G I C A L  P R O C E S S

O R

B I O M I N I N G  D I R E C T L Y

C R U S H E D  O R  C H E M I C A L L Y  T R E A T E D  

O R E S

N O T  P O S S I B L E

T R A N S P O R T A T I O N  O R E  T O  S U R FA C E

M A N D A T O R Y  



O R E  P R O C E S S I N G

B A C T E R I A L   L E A C H I N G

AT  S U B - S U R FA C E

S U P E R  C R I T I C A L

S T E A M  &  C A R B O N  D I O X I D E

AND A PART OF THE ENERGY

G E O T H E R M A L D E V I C E S .



B A C T E R I A S

WHAT  THEY LOOK LIKE 



SEM IMAGES OF

TWO

BACTERIAS



P R E S E N T  
S I T U AT I O N

ONLY   THERE    
ARE  THREE

THOPBACILUS 
FERROOXIDANS

THIOBACILLUS 
THIOOXIDANS

LEPTOSIRILLUM 
FERROXIDAN



M I C R O B I A L  M E TA B O L I S M  

P R O D U C E  C I T R I C   A C I D

T H AT  L E A C H E S

TIME TAKEN

WEEKS TO MONTHS

NOT POSSIBLE UG

N O  WATER 



CUPRIAVIDUS    METALLIDURARS

&

DELFTIA      ACIDOVORANS

YES   THEY   RELEASE

GOLD
N O T  O R E

B U T  F R O M

C H L O R I D E  S O L U T I O N

M O R E  T H A N  T H E  M A R K E T  C O S T  

(  E V E N  I N  I n d i a )



FOR RECOVERY OF OTHER METALS

THE FUNGI 

A S P E R G I L L U S    N I G E R  

P E N I C I L L I U M    S I M P L I C I S S I M U M

CAN    EXTRACT 

Cu Sn (65%) Al,  Ni,  Pb Zn

FROM E- WASTE,

C A R  C A T A L Y T I C  C O N V E R T E R S  

AND

MUNICIPAL WASTE  FLY  ASH.



O T H E R  M E TA L S

Mn ,V, P, Cd

Ti , SILVER , TUNGSTEN 

THE REE 



NO BODY TOLD

B I O L O G I S T  
T H I S  I N  

P A S T  

WHO WILL PAY 
FOR THE TIME 

AND COST?

C R E A T I N G  
L I F E  I S  S T I L L  

? ?

WE  CAN 
MODIFY   

EXISTING 
BACTERIA

FOR THE OTHER 
METALS



COMBI NED SECTI ON AND 4D VI EW OF ORE BODY

FROM REAL TI ME GEOPHYSI C AL DATA



R E Q U I R E D  

I N T E R A C T I V E  D E P O S I T  

M O D E L L I N G

E X P L O R A R T I O N   D A T A  

I N T E R P R E T A T I O N  

M I N E   P L A N N I N G  

A N D  P R O D U C T I O N  C O N T R O L

S/W FOR FOR THE ROBOTS

A L L  O N  R E A L  T I M E  B A S I S  

P I C K M A N I S  U N E D R  D E V E L O P M E N T



U G  C O M M U N I C A T I O N

VERY HIGH SPEED AND

ULTRA BROAD-BAND 

BI-DIRECTIONAL

DATA NETWORK

I N T E R FA C E  P R O T O C O L  

O P T I C A L  F I B R E  ,   W I - F I

L A S E R  C O N N E C T I O N

PACKET COMMUNICATION 

TO WORK UNDER VERY HOSTILE 

ENVIRONMENT 






