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Key	  DSM	  References	  
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Abstract	  
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Key	  elements	  that	  impact	  the	  confidence	  of	  investors	  to	  finance	  DSM	  projects.	  
The	  mining	  lifecycle	  from	  explora<on	  to	  produc<on	  will	  be	  considered	  in	  the	  
context	  of	  a	  poten<al	  manganese	  nodule	  development.	  	  	  

Issues	  to	  be	  addressed	  include:	  
•  Mineral	  resource	  repor<ng	  and	  licencing	  
•  Mining	  technology	  maturity	  
•  Costs	  of	  development	  
•  Sources	  of	  finance	  and	  the	  appe<te	  of	  investor	  risk	  
•  Poten<al	  implica<ons	  for	  Pacific	  Island	  DSM	  legisla<on.	  

Bridging	  the	  gap	  between	  what	  is	  known	  from	  the	  onshore	  mining	  industry…	  
	  …to	  what	  is	  yet	  to	  be	  known	  about	  the	  DSM	  industry…	  

...is	  perhaps	  one	  of	  the	  most	  important	  factors	  to	  strengthen	  the	  confidence	  to	  
invest	  at	  this	  early	  stage	  in	  DSM	  projects.	  
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Case	  Study	  –	  Manganese	  Nodules	  
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A	  Virtuous	  Mining	  Life	  Cycle	  
5	  

?	  
Where	  does	  
the	  new,	  

confident	  $	  
come	  from	  
to	  Start	  
…then	  to	  
Build	  
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Context	  -‐	  Drivers	  &	  RestricCng	  Forces	  of	  DSM	  

Sec.	  3.0	  “Drivers	  for	  the	  
Development	  of	  Deep	  Sea	  
Minerals	  in	  the	  Pacific”	  
	  
Table	  1	  
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Measure	  of	  The	  Confidence	  to	  Invest	  in	  DSM	  

A	  Measure	  of	  DSM	  
Investor	  Confidence	  

=	  
RISK	  Acceptance	  

=	  
Availability	  of	  Finance	  
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The	  FoundaCon	  of	  any	  DSM	  Project	  
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The	  quality	  of	  the	  
mineral	  resource.	  
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~	  10%	  

Prospecting Exploration Feasibility Construct & 
Operate 
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Opera&ng	  mining	  projects	  

Most	  ExploraCon	  Projects	  Do	  Not	  Reach	  Mining*	  

*	  Based	  on	  onshore	  experience	  
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99%	  of	  mining	  in	  dry	  onshore	  deposits*:	  
•  Fixed	  infrastructure,	  for	  a	  
•  Limited	  mineral	  deposit,	  &	  
•  Technology,	  risk	  &	  value	  that	  is	  well	  
understood.	  
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DSM	  is	  the	  ExcepCon	  for	  Mining	  

Deep	  sea	  mining	  has	  not	  started:	  
• Mobile	  infrastructure,	  for	  
• Widespread	  mineral	  deposits,	  &	  
•  Technology,	  risk	  &	  value	  is	  not	  as	  
well	  known	  or	  understood.	  

*	  Ref.	  Bain	  &	  Co.	  2012	  
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DSM	  Mineral	  PotenCal	  
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Investors	  need	  confidence:	  
•  In	  the	  quality	  &	  
abundance	  of	  minerals;	  
•  That	  mining	  is	  likely	  to	  
generate	  profits;	  &	  
•  All	  licences	  and	  permits	  
will	  be	  awarded.	  
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The	  Australasian	  Code	  for	  ReporDng	  of	  ExploraDon	  Results,	  Mineral	  Resources	  and	  Ore	  Reserves	  (the	  ‘JORC	  
Code’	  or	  ‘the	  Code’)	  sets	  out	  minimum	  standards,	  recommenda<ons	  and	  guidelines	  for	  Public	  Repor<ng	  in	  
Australasia	  of	  Explora<on	  Results,	  Mineral	  Resources	  and	  Ore	  Reserves.	  The	  Joint	  Ore	  Reserves	  
Commi^ee	  (‘JORC’)	  was	  established	  in	  1971	  and	  published	  several	  reports	  containing	  recommenda<ons	  
on	  the	  classifica<on	  and	  Public	  Repor<ng	  of	  Ore	  Reserves	  prior	  to	  the	  release	  of	  the	  first	  edi<on	  of	  the	  
JORC	  Code	  in	  1989.	  	  
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SupporCng	  Investor	  Confidence	  

Mineral	  resource	  reporCng	  against	  known	  standards	  (e.g.):	  

•  JORC	   	  Australasian	  Code	  
•  NI-‐43-‐101 	  Canadian	  Code	  
•  Others…	  

DSM	  Challenge! 	  	  
	  JORC	  et	  al	  were	  not	  developed	  with	  DSM	  in	  mind!	  
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JORC	  –	  An	  Investor	  Reference	  

Mineral	  Resource	  ClassificaCon	  
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ExploraCon	  Results	  include	  data	  and	  informa<on	  generated	  by	  explora<on	  
programs	  that	  may	  be	  of	  use	  to	  investors.	  The	  Explora<on	  Results	  may	  or	  may	  not	  be	  
part	  of	  a	  formal	  declara<on	  of	  Mineral	  Resources	  or	  Ore	  Reserves.	  	  
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‘ExploraCon	  Results’	  
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Mineral	  Resource:	  	  A	  concentraCon	  of	  minerals	  of	  intrinsic	  economic	  interest	  
	   	  Order	  of	  increasing	  geological	  confidence	  in	  tonnage	  &	  grade:	  

	  Inferred	   	  Indicated	   	  Measured	  
Confidence:	   	  (low) 	   	  (reasonable) 	  (high) 	   	  	  

	  

Ore	  Reserve:	  	  The	  economically	  mineable	  part	  of	  indicated/measured	  resource	  
	   	  Order	  of	  increasing	  confidence	  in	  economic	  mineral	  extrac<on:	  

	   	   	  Probable 	  Proved	  
Confidence:	   	   	   	  (reasonable) 	  (high)	  
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‘Mineral	  Resources’	  &	  ‘Ore	  Reserves’	  
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Source	  of	  Confidence	  via	  Competent	  Person	  

The	  JORC	  Code	  requires	  the	  Competent	  Person(s),	  on	  whose	  work	  the	  Public	  Report	  of	  Explora<on	  
Results,	  Mineral	  Resources	  or	  Ore	  Reserves	  is	  based,	  to	  be	  named	  in	  the	  report.	  	  

•  JORC	  classificaCon	  provides	  a	  measure	  of	  mineral	  resource	  confidence.	  

•  Requires	  a	  qualified	  expert,	  a	  Competent	  Person,	  to	  sign	  off.	  
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JORC	  –	  An	  Investor	  Reference	  

Mineral	  Resource	  ClassificaCon	  

Geological	  Confidence	   Investment	  Confidence	  
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Licence	  &	  Permit	  ExpectaCons	  

Mineral	  Resource	  ClassificaCon	  

	  	  	  	  	  	  	  

ExploraCon	  Perm
it	  

Mining	  &	  
Environmental	  Permits	  
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Availability	  of	  Finance	  PerspecCve	  

 !
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Stages	  of	  De-‐Risking	  a	  Project	  

Geological	  
Concept	  

Mining	  &	  	  
Ore	  Recovery	  

High	  Resource	  Uncertainty	  
&	  

Low	  Project	  Value	  

Low	  Resource	  Uncertainty	  
&	  

High	  Project	  Value	  

Efficient	  
Mining	  Design	  
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Sources	  of	  Investor	  Funding	  
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Measure	  of	  The	  Confidence	  to	  Invest	  in	  DSM	  
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The	  maturity	  of	  
the	  technology.	  
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De	  Beers	  Offshore	  Diamonds	  Story	  

DeBeers	  Marine	  –	  Peace	  in	  Africa	  

DeBeers	  Marine	  –	  Debmar	  AtlanDc	  

23	  



Mining	  	  
WD	  <	  30	  m	  

Mining	  
	  WD	  <	  30	  m	  

Sampling	  
WD	  30	  –	  200	  m	  

Technology	  
Development	  
WD	  90	  –	  200	  m	  

Produc<on	  
WD	  90	  –	  200	  m	  

•  Sammy	  Collins	  a	  
Texas	  oil	  millionaire	  
recovers	  the	  first	  
diamonds	  from	  the	  
sea	  on	  15	  Nov	  1961	  

•  Sammy	  Collins	  
Establishes	  Marine	  
Diamond	  
Corpora<on	  

•  Financial	  woes	  
plague	  MDC	  due	  to	  
lack	  of	  resource	  
defini<on	  

•  De	  Beers	  exercise	  their	  
op<on	  and	  take	  a	  
majority	  shareholding	  
in	  MDC	  

•  Due	  to	  exhaus<on	  of	  
reserves	  De	  Beers	  
ceases	  opera<ons	  in	  
March	  1971	  

•  Sampling	  opera<ons	  
move	  to	  deeper	  waters	  

•  Team	  remaining	  given	  
the	  brief	  to	  prove	  the	  
absence	  of	  a	  poten<al	  
economic	  reserve	  

•  In	  1983	  a	  deposit	  of	  
world-‐class	  propor<ons	  
iden<fied,	  although	  
total	  caratage	  unknown	  

•  In	  1984,	  De	  Beers	  
Marine	  is	  formed	  to	  
develop	  the	  technology	  
for	  mining	  in	  deep	  
waters	  (90	  –	  200	  m)	  

•  By	  1986	  two	  
approaches,	  remote	  
control	  crawler	  and	  
ver<cal	  drill	  technology	  
iden<fied	  

•  In	  1989	  the	  first	  crawler	  
pilot	  mining	  vessel	  
commissioned	  (mv	  
Louis	  G	  Murray)	  

•  In	  1991	  first	  pilot	  
mining	  ver<cal	  drill	  
technology	  vessel	  
commissioned	  (mv	  
Coral	  Sea)	  

•  1993	  –	  mv	  Grand	  Banks	  	  
(ver<cal	  drill	  mining	  vessel)	  
commissioned	  

•  1994	  –	  mv	  Debmar	  Atlan<c	  
(ver<cal	  drill	  mining	  vessel)	  
commissioned	  

•  1997	  –	  mv	  Debmar	  Pacific	  
(ver<cal	  drill	  mining	  vessel)	  
commissioned	  

•  2001	  –	  mv	  Coral	  Sea	  becomes	  
part	  sampling	  /	  part	  mining	  
vessel	  

•  2003	  –	  mv	  Gariep	  (ver<cal	  
drill	  mining	  vessel)	  

•  2007	  –	  mv	  Peace	  In	  Africa	  
(crawler	  mining	  vessel)	  

•  In	  2006	  produc<on	  reaches	  1	  
million	  carats	  

1961	  

1965	  

1971	  

1984	  

1993	  

Present	  

Ref.	  all	  photos	  from	  De	  Beers	  Mining	  

	  
	  De	  Beers	  –	  Technology	  EvoluCon	  vs	  Water	  Depth	  
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1990’s	  Large	  diameter	  
drill	  technology	  

1960’s	  	  barges	  
and	  airlir	  technology	  

1980’s	  and	  1990’s	  	  
airlir	  technology	  	  

Diver	  	  
opera&ons	  

Mid	  1990’s	  –	  mid	  2000’s	  
Crawler	  &	  pump	  technology	  

Ref.	  all	  photos	  from	  De	  Beers	  Mining	  

	  
	   De	  Beers	  Marine	  OperaCng	  Systems	  
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	  Technology	  Readiness	  Level	  ClassificaCon	  

TRL	  9	   	  Actual	  system	  proven	  in	  operaConal	  environment	  
TRL	  8	   	  System	  complete	  and	  qualified	  in	  operaConal	  environment	  
TRL	  7	   	  System	  prototype	  demonstraCon	  in	  operaConal	  environment	  
TRL	  6	   	  Technology	  demonstrated	  in	  relevant	  environment	  
TRL	  5	   	  Technology	  validated	  in	  relevant	  environment	  
TRL	  4	   	  Technology	  validated	  in	  lab	  
TRL	  3	   	  Experimental	  proof-‐of-‐concept	  
TRL	  2	   	  Technology	  concept	  formulated	  
TRL	  1	   	  Basic	  principles	  observed	  
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How	  Mature	  is	  DSM	  Technology	  Today?	  
27	  

Manganese	  Nodules	  
	  
Mining	  System 	  TRL	  3	  -‐	  7:	  
Ore	  Processing 	  TRL	  3	  -‐	  4	  
Ore	  Transfer 	  TRL	  3	  -‐	  4	  
Vessel 	   	  TRL	  6	  -‐	  7	  
Ver<cal	  Tr’sport 	  TRL	  3	  -‐	  4	  
Mine	  Vehicle 	  TRL	  3	  -‐	  5	  



	  
	   Sources	  of	  Investor	  Funding	  
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Self,	  Seed,	  Angel	  &	  Venture	  Capital	  Funding	  
(High	  Risk	  &	  High	  Return)	  

Venture	  Capital,	  Private	  Equity	  &	  IPO	  Funding	  
(Moderate	  Risk	  &	  Moderate-‐High	  Return)	  

Debt	  &	  Project	  Financing	  
(Low	  Risk	  &	  Market	  Returns)	  
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Measure	  of	  The	  Confidence	  to	  Invest	  in	  DSM	  
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The	  strength	  of	  the	  
business	  case.	  
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Models	  of	  a	  DSM	  Investment	  Business	  Case	  

Include:	  
•  Mine	  lifecycle	  forecasts	  
•  Ranges	  of	  assump<ons	  
•  Mul<ple	  uncertain<es	  
•  Risk	  discounts	  
•  Cost-‐benefit	  analyses	  
•  Investor	  demands	  
•  Government	  take	  
•  Market	  prices	  
•  More	  assump<ons…	  
•  More	  uncertain<es…	  
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Example	  -‐	  Project	  Input	  AssumpCons	  
31	  

*	  Manganese	  dropped	  from	  sales	  revenue	  due	  to	  smaller	  market	  size.	  

(grade)	  &	  %	  Revenue	  
*	  	  	  Nickel	  (1.4%)	  69%;	  Cobalt	  (0.2%)	  16%;	  Copper	  (1.1%)	  15%	  
**	  Nickel	  (0.7%)	  14%;	  Cobalt	  (0.5%)	  18%;	  Copper	  (0.2%)	  2%;	  Mn	  (20%)	  66%	  

Input	  (Mining	  &	  Processing)	   CCZ	  (LRET,	  2012)	   Cook	  Is.	  (Imperial,	  2010)	  

ProducCon	  Rate	   0.5	  Million	  tpa	   1.3	  Million	  tpa	  

Total	  Tonnes	  (Project	  Life)	   10	  Million	  t.	  (20	  years)	   26	  Million	  t.	  (20	  years)	  

LifeCme	  Capital	  Cost	  (US$)	   $66/t	  ($660M)	   $46/t	  ($1,196M)	  

OperaCng	  Cost	  (US$/tpa)	   $290/tpa	   $117/tpa	  

Revenue	  (US$/tpa)*	   $550/tpa*	   $548/tpa**	  
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Example	  -‐	  Project	  Economic	  Results	  
32	  

Output	  Results	   CCZ	  (LRET,	  2012)	   Cook	  Is.	  (Imperial,	  2010)	  

NPV	   US$	  361	  M	  (@	  8%)	  	   US$	  293	  M	  (@10%)	  

IRR	   14.8%	   13.9%	  

Payback	  Period	   10	  years	   8.6	  years	  

Co.	  Annual	  Taxable	  Income	   US$	  130	  Million	   US$	  361	  Million	  

Co.	  Annual	  Profit	  Arer	  Tax	   US$	  104	  Million	   US$	  201	  Million	  

Govt.	  Annual	  Take	  (%	  of	  Rev.)	   US$	  26	  M	  (9.5%)*	   US$	  150	  M	  (27%)**	  

*	  	  	  No	  es<mate	  of	  royal<es;	  20%	  Govt.	  corporate	  tax	  
**	  10%	  mineral	  tax	  &	  25%	  Cook	  Isl.	  corporate	  tax	  
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Rare	  Earth	  Elements	  (Hidden	  Value?)	  	  
33	  

A^rac<ve	  for	  
investment!	  

Not	  yet	  included	  in	  
Mn	  nodules	  

economic	  models	  
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Some	  of	  the	  Challenges	  to	  Achieving	  Success…	  
34	  

“…deep	  sea	  mining…	  will	  con<nue	  to	  be	  dominated	  by	  strong	  
external	  influences	  over	  the	  key	  drivers….	  this	  means	  Pacific	  
Island	  states	  have	  li^le	  direct	  influence	  over	  many	  of	  the	  drivers	  
of	  deep	  sea	  mining.”	  

“…some	  factors	  that	  these	  countries	  can	  control	  and	  that	  will	  
help	  industry	  progress...include”:	  
•  con<nued	  knowledge	  sharing,	  and	  
•  development	  of	  capacity	  and	  governance	  structures	  
…”to	  ensure	  a	  stable	  and	  transparent	  environment	  that	  
encourages	  industry	  par<cipa<on.”	  
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Bridging	  the	  DSM	  investor	  confidence	  gap:	  

	  
1.   Look	  thru	  the	  eyes	  of	  an	  onshore	  mining	  investor	  

2.   Build	  solid	  &	  credible	  knowledge	  foundaCons	  
3.   Stable,	  transparent	  &	  globally	  compeCCve	  fiscal	  terms	  
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Three	  Take-‐Away	  Points	  



	  
	  

 !

SPC-‐EU	  Pacific	  DSM	  Workshop,	  Rarotonga	  	  
13th	  May	  2014	  

	  Commercial	  RealiCes	  in	  Delivering	  DSM	  Projects	  

Thank	  You!	  

www.ihcmerwede.com/mining/	  


