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About Royal IHC- Key figures
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Amounts in millions of euro 2014 2013 2012 2011
Revenue 1215 985 895 1,050
Order portfolio as at 31 December 1166 1,743 964 1,179
Profit 124 56 37 103
Average number of employees 3263 3,224 3,239 3,109
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Systems, tools and components
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Dredging and Mining: Technology & services




Equipment requirements for mining

* Mining for minerals

e Accuracy and selectivity
* Processing step involved
* Game of capacities

* Long term projects

* Mining life cycle

OQutput of dredge :
Dredge I Concentrator
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Output required by treatment plant
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A mining project is only viable when the resource
is translated into a reserve !!!

Mineral resources Ore reserves

Reported as in situ mineralization
estimates

Reported as mineable production
estimates

............................

i Wet mining knowledge '
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Consideration of mining. Metallurgical. Economics, legal, environmental, social,
governance factors. (modifying factors)




Mining Life Cycle

Exploration management focused on:

¢ Identification and assessment of mineral resource potential

¢ Coordination of site surveys, mapping and sampling programs
¢ Advice on regulatory and environmental reporting

- . Reconn- Target Exploration Resource Assessment %, Reserve s, .
Planning } aissance }appraisal } drilling definition driling & definition .~ | EXploration
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(Pre-) Masterplan} (Pre-) Scoping study } Pre-feasibility ) Def. >:| Evaluation

feasibility
. Equi t Mi -
Construction | | 9Pmen ine con
procurement/ struction
Environment and Legislation ) Fon Start Rehab.
Op eration operation

— Evaluation studies focused on: Time
* Mining ¢ Mineral processing
¢ Mine method selection ¢ Wet separation techniques
¢ Mine planning ¢ Process Flow Diagram (PFD) development
¢ Costing ¢ Mass balance calculations
e Concept design ¢ Game of capacities .
¢ Equipment design base ¢ Design envelop — Oper ational suppor t
¢ Due diligence ePerformance improvement
¢ Technical *Troubleshooting
e Financial

Integrated dredge and marine mining solutions

over total mining life cycle




m Mining reference: Rio Nova - Brasil
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Mining reference: Vale - Brazil




Flooded mines and new opportunities

Mining Dredger WD2 \
Mining Dredger WD1 . . . \
“ (Mining oil sands)
(Interburden removal S \
Mining Dredger WD1 . and backup) : . \'-._ Tailings backfill .
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Why does the world need deep sea mining?

Why is Royal IHC involved in deep sea mining?

Why does

Why should IHC
IS get involved in
i 1 iSitin deep sea mining?
Is it a sound sea mining? line with
investment?

Isitin line
with our core
business?

@ QLA NS ©

our strategy?

Does it make
sense?

The technology innovator.


Presenter
Presentation Notes
So why deep sea mining?

In this presentation I would like to answer this question, first from the world’s perspective and secondly, from IHC’s perspective.


Why deep sea mining?

" Seventy percent of the earth’s surface is covered
by sea and ocean. Yet we seem to know less about

ocean space than outer space. Increased demand

Declining grades
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Presenter
Presentation Notes
With seventy percent of the earth’s surface covered by sea and ocean and declining grades and deposits on land, it seems likely that seabed mining will play a role in meeting the world’s growing demand for resources.

From a world perspective the key factors are (i) declining grades, (ii) demand which is moving upwards, driven largely by China, (iii) increasing metal prices, as grades decline, and (iv) an opportunity for countries without land based mineral deposits to seek new sources to feed their demands.


Mineral sands (Ti-Zr)
Gold

Tin

Diamonds

Iron sands

Tailings

Phosphates
Cobalt rich crusts — Co, Mn & Ni

Polymetallic massive sulphides (SMS
deposits) — Cu, Au & Zn

Cobalt rich crusts — Co. Mn & Ni

Polymetallic manganese nodules -
Mn, Ni, Cu & Co (REE)


Presenter
Presentation Notes
The minerals being targeted from the sea occur in four zones as indicated on the slide. Gold, tin and diamonds are already being mined from the sea and soon iron sands will join the fray. IHC is currently engaged in the development of a system for mining iron sands off the west coast of New Zealand’s north island.

The deeper water depths pose greater challenges, but with the benefit of advances in technology, particularly from the dredging industry, and the O&G industry, these challenges are within current technology capabilities.
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Target minerals — location on the sea floor

Offshore placers: Diamonds, gold, tin, heavy minerals (Ti-Zr)
Phosphates
Cobalt Rich Crust (Co, Mn, Ni)

Seafloor Massive Sulphides (Cu, Au, Zn)
Nodules (Mn, Ni, Cu, Co, REE)
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Presenter
Presentation Notes
In this figure the most commonly occurring types of mineral deposits, moving from the shallow sea to the deep ocean are shown.

Offshore placers are deposits of minerals that have been transported from land by river, volcano, glacier or wave-action and laid down in the relatively shallow waters of the continental shelf. Significant occurrences in the 0 – 200 m water depth are targeted in the world: gold off Nome Alaska, diamonds off Namibia and South Africa, tin off Indonesia and iron sands off New Zealand. 

The next deposit found are phosphates formed in 200 – 500 m water depths. As a raw material for fertilizer it is being targeted as an alternative to the rock phosphate exports dominated by Morocco. Significant deposits are being targeted: off Namibia, Mexico and New Zealand.

Oxidised deposits of cobalt rich ferromanganese crusts are found throughout the global oceans on the flanks and summits of seamounts, ridges and plateaux in water depths of 400 – 4,000 m. The minerals in crusts have precipitated out of the cold ambient seawater onto the rock surface, likely with the aid of bacterial activity. A lot more work needs to be done to identify significant crust deposits and consequently there has been limited R&D on mining technologies for crusts. Although various ideas have been floated, R&D of this technology is in its infancy.

Seafloor Massive Sulphides, found in water depths between 1,000 – 4,000 m, are deposits formed by hydrothermal fluids, having seeped from the ocean into subterranean chambers where they are heated by the molten rock (magma) beneath the crust and are discharged from black smokers at temperatures up to 400 degrees Celsius. As these fluids mix with the cold surrounding seawater, metal sulphides in the water are precipitated onto the chimneys and nearby seabed. High concentrations of base metals (copper, zinc, lead) and especially precious metals (gold, silver) in some of these massive sulphide deposits have recently attracted the interest of the international mining industry, most notably Nautilus Minerals, an Australian based company and Neptune Minerals, an American based company. 

Polymettalic Nodules, also known as manganese nodules, are rock concentrations formed of concentric layers of iron and manganese hydroxides around a core and found to occur at any depth, but the highest concentrations have been found in water depths between 4,000 -6,000m.  The nodules consist of manganese, nickel, copper and cobalt. Most nodules are between 5 and 10 cm in diameter, about the size of potatoes and lie on the sea bottom sediment, general half buried. Current interest is not only in the base metals, but also in the rare earth elements. 

The base of the figure gives an overview of legislation offshore, with the EEZ extending to 200 nm, and depending on the shelf up to 320 nm. The area outside of this is governed by the International Seabed Authority under the jurisdiction of the United Nations. It does not directly relate to the indicated minerals, as cobalt rich crust, SMS and nodules frequently occur within EEZ’s. 
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History of sea floor mining

Diamond mining - 1960s @;f

The technology innovator.



Presenter
Presentation Notes
Mining of the sea floor is not new. Back in the 1960s, a Texas oil millionaire Sammy Collins mined diamonds from the seabed off Namibia using diver operations in shallow water depths up to 30 m. His operations were eventually taken over by De Beers in the mid 1970s and, after shutting down the operations due to lack of resource, continued to prospect in deeper waters.

In the mid 1970s the Glomar Explorer reportedly recovered manganese nodules as an elaborate cover story for the recovery of a Russian submarine. This marine geology cover story became surprisingly influential spurring many others to examine the idea.

Manganese nodules were in fact first discovered in 1868 in the arctic ocean off Siberia. During the scientific expedition of the H.M.S. Challenger (1872 – 1876), they were found to occur in most oceans of the world.
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Indonesia (Bangka and
Karimun area)

Wheel dredger
Rebuil bucket ladder
dredger

Cassiterite

Start 2012

Dredging depth 60-70 m
Production 1500 — 2500
m3/hr

1 IHC rebuild Wheel
Suction Dredger
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m Already in 1982 FUTURE GROWTH:
DEEPSEA MINING




Red Sea Muds

156  Hydrothermal mineral deposits
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Fig. 8.9 Locations of major hydrothermal occurrences in the Red Sea and
their relationship to faulting (from Bignell, 1975),
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Hopper for gold mining
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Offshore diamond mining - technology development 1980’s

Up to 200 m water depth

Subsea Crawler Vertical Drill System

The technology innovator.


Presenter
Presentation Notes
In the mid 1980s De Beers revitalized their offshore operations and assembled a small team to develop the technology for mining diamonds from the seabed in water depths up to 200 m. It was at this time that my career in deep sea mining started and has continued to today some 30 years later. 

Two technologies were developed. The remote subsea crawler based on dredging technology and the vertical drill system based on O&G technology. Both are still in use today and De Beers currently mines 1,000,000 carats from the sea floor.


Offshore diamond mining — vertical drill system
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Presenter
Presentation Notes
This picture of a De Beers mining ship illustrates the vertical drill technology and an idea of the size is given by the man standing on the large diameter drill.
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Offshore diamond mining — subsea crawler system

The technology innovator.


Presenter
Presentation Notes
This slide shows further pictures of the remote crawler mining system and the mining support ship.
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IHC Marine Mining

Result of many years experience at IHC Merwede

IHL EB Trencher and Handling System

Rigid Reeled Pipe Lay Vessel - Seven Dceans Mining wheel suction dredger — Queen Thomoa



Presenter
Presentation Notes
For a proper development of deep sea mining solutions, both the fields of offshore technology, dredging and maritime industry as well mining knowledge is required. 
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Deep sea mining — technology development

Launch And Recovery System
i

\"-\.

Mining platform

Processing offshore

_—
-

Up to 5 000 m water depth
1>

Extractipn system

/

Mining Tool

Process water

& Tailings

The technology innovator.

Ore Transport
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Presenter
Presentation Notes
In order to exploit the minerals in the deep ocean, IHC is developing technology to target the SMS and Manganese nodule deposits. This slide illustrates a typical deep sea mining operation with:
A subsea remotely operated crawler to mine the deposit;
A flexible slurry hose connecting the crawler to a vertical transport system;
The vertical transport system itself consisting of pump units and riser pipe for delivering the mined product to the mining ship;
On board the mining ship is the launch and recovery system for the crawler and vertical transport system, the offshore treatment plant and the infrastructure for sustaining the operation;
The processed ore is dewatered by the onboard treatment plant and stored on the mining ship prior to being transferred to an ore transport carrier;
The ore transport carrier delivers the ore to a port nearest to the final processing facility; and
Process water and tailings are delivered back to the seafloor in line with current legislation.
But why is IHC developing this technology for deep sea mining?


Deep sea mining - synergy with dredge mining

Launch And Recovery System  Processing offshore

N\

Mineral Processing

Mining platform Ore Transport

D Ship Building

i / Slurry Transport —=

/@/ Dredge Pumps

Process water & tailings

Excavation

The technology innovator.


Presenter
Presentation Notes
In the first instance we believe deep ocean mining technology has much synergy with our technology for dredge mining with many obvious parallels such as ship building, mineral processing, slurry transport, excavation and dredge pumps.
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Deep sea mining - synergy with offshore diamond mining

Launch And Recovery System  Processing offshore

Mining platform

Ore Transport

esswater & tailings

Mining Tool

Subsea Crawler

The technology innovator.


Presenter
Presentation Notes
In the second instance it has many parallels with our remote crawler technology for diamond mining including launch & recovery systems, slurry transport and the remote subsea crawler.
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IHC Mining — new constraints require new

developments
New machines

The technology innovator.



Backfill & Pipeline (1 550 mm dia.) plough, 2009, working
depth to 1 000 m.
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Cable trenching, 2008, working depth to 1 500 m. Diamond mining, 2000, working depth to 200m.

The technology innovator.



Presenter
Presentation Notes
Our track record for remote subsea technology extends not only to crawlers for mining, but also crawlers and ploughs for trenching, and the laying of cables and pipelines for the offshore wind and O&G industries.
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Other sea bottom track records
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Deep sea mining technology developments
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Technology — VTS

Excavating Tool

Seafloor Mining Tool
— Operating depth=1 -5 km
below surface
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Product Development — IHC SWORD: Tl Geo
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Umbilical / Lift
Winch

Top Side
Infrastructure

IHC SWORD



Presenter
Presentation Notes
General Arrangement and layout of the system.
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Develop the marine mining playing field

Manufacturer
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Partnering and Financing Developments

(A) Internal IHC Merwede R&D Funding
(since 2009), Partnering & Clients.

(B) Member of EU Funded Environmental
Project — Midas (2013 to 2016).

(C) Leading role in EU Funded Project - Blue
Mining (2014 to 2017)

Envirenments

U

Building blocks Dutch initiative; relation with

Tools Pilots and cases Knowledge larger European network

The technology innovator. 40
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Presenter
Presentation Notes
As an organisation we have committed internal funds for R&D since 2008 and continue to do so.

We are also actively involved in EU funded projects, most notably: (i) Midas, an environmental research project which started last year and will continue through to 2016. (ii) Blue Mining, a consortium of 19 organisations and institutions for developing the technology to mine the deep ocean. Blue Mining kicked off in February 2014 and will continue until 2017.
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Responsibilities in sphere of influence

Sustainable development

Prediction tools

Risk assessments

Safety
Reduce environmental impact

Optimize equipment performance
Environment

Community



Presenter
Presentation Notes
Finally, as a technology provider we also have a responsibility, not only to the environment but also to safety and the communities in which we operate.

Through the development of prediction tools and ongoing risk assessments we as IHC engineer to mitigate, monitor to optimize and collaborate to complete the process.


Bl inc
Encouraging external influences

United Nation (and ISA)
European Union
Government
Knowledge institutes
Media

Revenues

Second tier First tier System First tier Second tier
supplier supplier integrator customer customer

Restrictive external influences

Competitors
Non-governmental organizations
Interest groups / communities / councils
* public
* social
* political
e environmental

Resources



Presenter
Presentation Notes
Markt = eigen uitgangspunten
Markt = eigen waarde keten met stakeholders + hun belangen
Markt = economisch pad + ontwikkeling
Positie IHC = in keten houden + uitbreiden, dan in keten spelen
Supply chain, klanten, hun klanten, etc
Externe beinvloeding = positief/negatief op positie
Kennis  = nodig  van alle processen in keten


Elke markt brengt zijn eigen uitgangspunten mee. De waardeketen varieert en kent een groot aantal belanghebbenden. Als deze “stakeholders” brengen hun eigen wensen en belangen mee, waar rekening mee te houden is. Daarnaast volgt elke markt zijn eigen economisch pad en ontwikkeling. Wil je de typische plek als ‘systeem integrator” in al deze ketens behouden, zo niet uitbreiden, dan moet je tegenwoordig in de hele keten meespelen. Naast de supply chain, zijn dat ook je klanten, en hun klanten en advisieurs. Daarnaast wordt het speelveld ook bepaald door de externe beinvloeding, zowel een positieve als negatieve invloed op de eigen positie kunnen uitvoeren. Het is duidelijk dat het hebben van kenissen niet meer genoeg is, je moet echt kennis van de belangrijke processen in je keten hebben om mee te blijven spelen.


Market Development

Hardware client

OceanflORE

Hardware
Contract mining

H

e

OceanflORE: A vehicle to develop the deep sea mining market
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Conclusions

e Approach the mining market with the right mind set
 Dredge mining : near to mid term

* Marine mining: mid term — long term

* Resource scarcity

* Development of the mining playing field is necessary

* Dutch cluster can benefit
- offshore based knowledge
- knowledge is available
- Dutch government has to play a role and develop legislation
to become sponsor state
- Geo-policy of other countries
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Contact details

P.O. Box 9
2960 AA Kinderdijk

/~ The Netherlands

T +31 78 691 03 22
F+3178 691 03 31

"-‘\) Smitweg 6, Kinderdijk
/ J——

mining@ihcmerwede.com
www.ihcmerwede.com/mining
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