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‘Tale of two strategies’*…..or two Roberts 

"If it is easy to substitute other factors 
for natural resources, then there is in 
principle no 'problem.' 
The world can, in effect, get along 
without natural resources, so 
exhaustion is just an event, not a 
catastrophe." 

“If the world's population grows 
faster than the planet's ability to 
produce food and other 
necessities…at a certain point it 
will lead to a sudden population 
collapse.” 

*Martin & Kemper, HBR, 2012  

“Duelling theories 
breed inaction. 
….. the easiest 
course is to wait” 

T Robert Malthus 

Robert Solow 



Volatility in commodity markets   

Lee B, et al, Resources Futures, Chatham House (The Royal Institute of 
International Affairs), 2012, p59 

d.p.peck@tudelft.nl 



Indexed rare-earth oxide prices,  
(6 January 2006 – 4 September 2014) 

 

4 Source: metal-pages.com 
Roderick G. Eggert 
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Mining – Yes, but… 

•  Mountain Pass (USA) and Mount Weld (Australia) will overcome 
their technical challenges & enjoy some degree of success 
–  Important for other projects in the short term 

•  What of the other ‘400’? 
–  Most are or will be ‘back on the shelf’ until the next boom 
–  Most require demand growth, reversal of demand destruction 
–  All are affected by what happens in China, Bayan Obo 
–  Perhaps 5-6 will come into production by 2020 

•  Roderick G. Eggert      Professor, Colorado School of Mines 
•  Deputy Director, Critical Materials Institute 

•  reggert@mines.edu 
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How well are developments followed? 

Peck & 
Moerland, 2013 



Measures taken in response to issues. 
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Can you name critical materials in your product range? 
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Critical material change expected – 3 to 5 years 
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Business potential for the company? 

Peck & 
Moerland, 2013 
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29 publications 2000-2013 defining Critical Materials: 

Peck D, et al, Critical Materials from a Product Design perspective, 
Journal of Materials and Design, paper accepted 2014 
 



Current designs can be challenging…Lifespan 

Median lifespans of a selection of household products and change over time (delta), based on Dutch data (Wang et al., 2013) 



in the

LO P
the critical raw materials game 

C
o
b
a
lt

W

REs

Ta

C
o

P
G

M
s

N
b

Be Sb

Fl
r

G
a

G
e

G
r

In

Mg
In

d
iu

m

G
ra

p
h
it
e

C
h
in

a
G

e
rm

a
n
iu

m

G
a
ll
iu

m

Fl
uo

rs
par

Antimony
Beryllium

N
io

b
ium

P
la

tin
u
m

 G
ro

u
p
 M

e
ta

ls
C

o
b
a
lt

C
o
b
a
lt

Ta
n
ta

lu
m

Magnesium

Tungsten

Rare Earths

Product C
ards

D
R
C

S
o
u
th

 A
fric

a

B
ra

zil

USA

A
u
stra

lia

Events in Play
Events in Play

Eve
nt C

ards

in the

LO
P

the cr
itic

al ra
w materia

ls g
ame 

C
o
b
a
lt

W
REs

Ta

C
o

P
G

M
s

N
b

Be

Sb
Flr

G
a

G
e

G
r

In

M
g

In
d
iu

m

G
ra

p
h
it
e

C
h
in

a

G
e
rm

a
n
iu

m

G
a
lli
um

Flu
orsp

ar

Antimony

Beryllium

N
io

b
iu

m

P
la

tin
u
m

 G
ro

u
p
 M

e
ta

ls

C
o
b
a
lt

C
o
b
a
lt

Ta
n
ta

lu

m

M
agnesiu

m

Tungsten

Rare Earths

Product Cards

D
R
C

S
o
u
th

 A
fric

a

B
ra

z
il

USA

A
u
stra

lia

Events in Play

Events in Play

Ev
en

t C
ar

ds

10
0

10
0

10
0

in
 th

e

L
O

P
the 

criti
cal 

raw
 ma

teri
als 

gam
e 

200
200

200

in the

LO
P

the critical raw materials game 

500
in t

he

LO

P

the c
ritica

l raw
 materia

ls ga
me 

500

500

1000 in the

LO

P

the cri
tical raw materials game 

1000

1000

Product 2

pro
duct 

toke
ns

co
mpany ca

rd

scr
ap

materia
l

Pro
duct 

1

Increased supply chain 
transparency 

Investment 2000e

Increased supply chain 

transparency 

Investment 2000e

Increased supply chain 

transparency 

Investment 2000e
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New deposit found

An unavailable material may now 

become available.  

New deposit found

An unavailable material may now 

become available.  

New deposit found

An unavailable material may now 

become available.  

New deposit found

An unavailable material may now 
become available.  

Restriction overturned

The political situation in a country has 

changed. Unavailable materials in one 

country may now become available.
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Product cards

Material tokens
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Money

How to Play

object

�� Collect all materials fo
r your product 

each round (one loop around the 

board) before returning back to the 

Factory

�� Each time you are successful you earn 

rhnk�ikhÛm�Zg]�Z�ikh]n\m�mhd^g

�� Ma^�Ûklm�ieZr^k�mh�mak^^�ikh]n\m�mhd^gl�

(without going bankrupt) wins

set-up

�� Place material tokens around the 

board in the spots provided

�� Put Event and Product cards face 

down on board

�� Lay out all Strategy cards so they 

are in view for all players

�� Each player receives:

 
6,000 

 
1 product card

 
1 placemat

�� Put place markers in
 Factory 

(center of the board)
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E<=l%�HE>=l���IO�\^eel�`eZll�fZgn_Z\mhkbg`�sbg\�

Zeehrl�\^kZfb\l�fZgn_Z\mhkbg`�e^Z]�

Zeehrl�ib`f^gml�\ZmZrelml�_bk^�k^mZk]Zgml�e^Z]�Z\b]�

[Zmm^kb^l�l^fb\hg]n\mhkl�Zgmbfhgr&mbg&hqb]^�nl^]�bg�

E<=l%�HE>=l���IO�\^eel�`eZll�fZgn_Z\mhkbg`�sbg\�

Zeehrl�\^kZfb\l�fZgn_Z\mhkbg`�e^Z]�

Zeehrl�ib`f^gml�\ZmZrelml�_bk^�k^mZk]Zgml�e^Z]�Z\b]�

[Zmm^kb^l�l^fb\hg]n\mhkl�Zgmbfhgr&mbg&hqb]^�nl^]�bg�

E<=l%�HE>=l���IO�\^eel�`eZll�fZgn_Z\mhkbg`�sbg\�

Zeehrl�\^kZfb\l�fZgn_Z\mhkbg`�e^Z]�

Zeehrl�ib`f^gml�\ZmZrelml

Sb
Antimony

^e^\mkb\Ze�^jnbimf^gm�]hf^lmb\�ZiiebZg\^l�khZ]�mkZglihkm�\hglmkn\mbhg�

Zeehrl�\^kZfb\l�Q&kZr�fZ\abg^l�<M�l\Zgg^kl�iarlb\Ze�

bglmknf^gml�f^mZel�kn[[^k�ieZlmb\l�`eZll�Zbk\kZ_ml�labi[nb

^jnbimf^gm�^e^\mkhgb\l�BM�^e^\mkb\Ze�^jnbimf^gm�]hf^lmb\�ZiiebZg\^l�k

mkZglihkm�\hglmkn\mbhg�Zeehrl�\^kZfb\l�Q&kZr�fZ\abg^l�<M�l\

bglmknf^gml�f^mZel�kn[[^k�ieZlmb\l�`eZll�Zbk\kZ_ml�labi[nbe]bg

^jnbimf^gm�^e^\mkhgb\l�BM�Zbk\kZ_ml�labi[nbe]bg`�f^\aZgb\Ze�

^jnbimf^gm�^e^\mkhgb\l�BM^e^\mkb\Ze�^jnbimf^gm�]hf^lmb\�ZiiebZg\

mkZglihkm�\hglmkn\mbhg�Zeehrl�\^kZfb\l�Q&kZr�fZ\abg^l�<M�l\Zgg^kl�

bglmknf^gml�f^mZel�kn[[^k�ieZlmb\l�`eZll�Zbk\kZ_ml�lab

^jnbimf^gm�^e^\mkhgb\l�BM�^e^\mkb\Ze�^jnbimf^gm�]hf^lmb\�ZiiebZg\^l�

mkZglihkm�\hglmkn\mbhg�Zeehrl�\^kZfb\l�Q&kZr�fZ\abg^l�<M�l\Zgg^kl�iarlb

bglmknf^gml�f^mZel�kn[[^k�ieZlmb\l�`eZll�Zbk\kZ_ml�lab

^jnbimf^gm�^e^\mkhgb\l�BM�Zbk\kZ_ml�labi[nbe]bg`�f^\aZgb\Ze�^jnbimf^gm�^e^\

Be
Beryllium

fhmhk�iZkml�lni^kZeehrl�c^m�^g`bg^l�mnk[bg^l�\a^fb\Ze�

^jnbimf^gm�fZ`g^ml�k^\aZk`^Z[e^�

[Zmm^kb^l�ib`f^gml�\ZmZerlml�^e^\mkhieZmbg`�aZk]f^mZel�fhmhk�

iZkml�lni^kZeehrl�c^m�^g`bg^l�mnk[bg^l�\a^fb\Ze�

^jnbimf^gm�fZ`g^ml�k^\aZk`^Z[e^�

[Zmm^kb^l�ib`f^gml�\ZmZerlml�^e^\mkhieZmbg`�aZk]f^mZel�[Zmm^kb^l�ib`

Zerlml�^e^\mkhieZmbg`�aZk]f^mZel�[Zmm^kb^l�ib`f^gml�\ZmZerlml�^e^\mkhieZmbg`�aZ

k]f^mZel�[Zmm^kb^l�ib`f^gml�\ZmZerlml�^e^\mkhieZmbg`�aZk]f^mZel�[Zmm^kb^l

f^gml�\ZmZerlml�^e^\mkhieZmbg`�aZk]f^mZel�[Zmm^kb^l�ib`f^gml�\ZmZerlml�^e^\mkh

ieZmbg`�aZk]f^mZel�[Zmm^kb^l�ib`f^gml�\ZmZerlml�^e^\mkhieZmbg`�aZk]f^mZel�[Zm

m^kb^l�ib`f^gml�\ZmZerlml�^e^\mkhieZmbg`�aZk]f^mZel�fhmhk�

iZkml�lni^kZeehrl�c^m�^g`bg^l�mnk[bg^l�\a^fb\Ze�

^jnbimf^gm�fZ`g^ml�k^\aZk`^Z[e^�

Co
Cobalt

_bk^�k^mZk]Zgml�e^Z]�Z\b]�

[Zmm^kb^l�l^fb\hg]n\mhkl�Zgmbfhgr&mbg&hqb]^�nl^]�bg�

E<=l%�HE>=l���IO�\^eel�`eZll�fZgn_Z\mhkbg`�sbg\�

Zeehrl�\^kZfb\l�fZgn_Z\mhkbg`�e^Z]�

Zeehrl�ib`f^gml�\ZmZrelml�_bk^�k^mZk]Zgml�e^Z]�Z\b]�

[Zmm^kb^l�l^fb\hg]n\mhkl�Zgmbfhgr&mbg&hqb]^�nl^]�bg�

E<=l%�HE>=l���IO�\^eel�`eZll�fZgn_Z\mhkbg`�sbg\�

Zeehrl�\^kZfb\l�fZgn_Z\mhkbg`�e^Z]�

Zeehrl�ib`f^gml�\ZmZrelml�_bk^�k^mZk]Zgml�e^Z]�Z\b]�

[Zmm^kb^l�l^fb\hg]n\mhkl�Zgmbfhgr&mbg&hqb]^�nl^]�bg�

E<=l%�HE>=l���IO�\^eel�`eZll�fZgn_Z\mhkbg`�sbg\�

Zeehrl�\^kZfb\l�fZgn_Z\mhkbg`�e^Z]�

Zeehrl�ib`f^gml�\ZmZrelml

Ge
Germanium

^e^\mkb\Ze�^jnbimf^gm�]hf^lmb\�ZiiebZg\^l�khZ]�mkZglihkm�\hglmkn\mbhg�

Zeehrl�\^kZfb\l�Q&kZr�fZ\abg^l�<M�l\Zgg^kl�iarlb\Ze�

bglmknf^gml�f^mZel�kn[[^k�ieZlmb\l�`eZll�Zbk\kZ_ml�labi[nb

^jnbimf^gm�^e^\mkhgb\l�BM�^e^\mkb\Ze�^jnbimf^gm�]hf^lmb\�ZiiebZg\^l�khZ]�

mkZglihkm�\hglmkn\mbhg�Zeehrl�\^kZfb\l�Q&kZr�fZ\abg^l�<M�l\

bglmknf^gml�f^mZel�kn[[^k�ieZlmb\l�`eZll�Zbk\kZ_ml�labi[nbe]bg

^jnbimf^gm�^e^\mkhgb\l�BM�Zbk\kZ_ml�labi[nbe]bg`�f^\aZgb\Ze�

^jnbimf^gm�^e^\mkhgb\l�BM^e^\mkb\Ze�^jnbimf^gm�]hf^lmb\�ZiiebZg\

mkZglihkm�\hglmkn\mbhg�Zeehrl�\^kZfb\l�Q&kZr�fZ\abg^l�<M�l\Zgg^kl�

bglmknf^gml�f^mZel�kn[[^k�ieZlmb\l�`eZll�Zbk\kZ_ml�lab

^jnbimf^gm�^e^\mkhgb\l�BM�^e^\mkb\Ze�^jnbimf^gm�]hf^lmb\�ZiiebZg\^l�

mkZglihkm�\hglmkn\mbhg�Zeehrl�\^kZfb\l�Q&kZr�fZ\abg^l�<M�l\Zgg^kl�iarlb

bglmknf^gml�f^mZel�kn[[^k�ieZlmb\l�`eZll�Zbk\kZ_ml�lab

^jnbimf^gm�^e^\mkhgb\l�BM�Zbk\kZ_ml�labi[nbe]bg`�f^\aZgb\Ze�^jnbimf^gm�^e^\

W
Tungsten

fhmhk�iZkml�lni^kZeehrl�c^m�^g`bg^l�mnk[bg^l�\a^fb\Ze�

^jnbimf^gm�fZ`g^ml�k^\aZk`^Z[e^�

[Zmm^kb^l�ib`f^gml�\ZmZerlml�^e^\mkhieZmbg`�aZk]f^mZel�fhmhk�

iZkml�lni^kZeehrl�c^m�^g`bg^l�mnk[bg^l�\a^fb\Ze�

^jnbimf^gm�fZ`g^ml�k^\aZk`^Z[e^�

[Zmm^kb^l�ib`f^gml�\ZmZerlml�^e^\mkhieZmbg`�aZk]f^mZel�[Zmm^kb^l�ib`

Zerlml�^e^\mkhieZmbg`�aZk]f^mZel�[Zmm^kb^l�ib`f^gml�\ZmZerlml�^e^\mkhieZmbg`�aZ

k]f^mZel�[Zmm^kb^l�ib`f^gml�\ZmZerlml�^e^\mkhieZmbg`�aZk]f^mZel�[Zmm^kb^l

f^gml�\ZmZerlml�^e^\mkhieZmbg`�aZk]f^mZel�[Zmm^kb^l�ib`f^gml�\ZmZerlml�^e^\mkh

ieZmbg`�aZk]f^mZel�[Zmm^kb^l�ib`f^gml�\ZmZerlml�^e^\mkhieZmbg`�aZk]f^mZel�[Zm

m^kb^l�ib`f^gml�\ZmZerlml�^e^\mkhieZmbg`�aZk]f^mZel�fhmhk�

iZkml�lni^kZeehrl�c^m�^g`bg^l�mnk[bg^l�\a^fb\Ze�

^jnbimf^gm�fZ`g^ml�k^\aZk`^Z[e^�

In
Cobalt

_bk^�k^mZk]Zgml�e^Z]�Z\b]�

[Zmm^kb^l�l^fb\hg]n\mhkl�Zgmbfhgr&mbg&hqb]^�nl^]�bg�

E<=l%�HE>=l���IO�\^eel�`eZll�fZgn_Z\mhkbg`�sbg\�

Zeehrl�\^kZfb\l�fZgn_Z\mhkbg`�e^Z]�

Zeehrl�ib`f^gml�\ZmZrelml�_bk^�k^mZk]Zgml�e^Z]�Z\b]�

[Zmm^kb^l�l^fb\hg]n\mhkl�Zgmbfhgr&mbg&hqb]^�nl^]�bg�

E<=l%�HE>=l���IO�\^eel�`eZll�fZgn_Z\mhkbg`�sbg\�

Zeehrl�\^kZfb\l�fZgn_Z\mhkbg`�e^Z]�

Zeehrl�ib`f^gml�\ZmZrelml�_bk^�k^mZk]Zgml�e^Z]�Z\b]�

[Zmm^kb^l�l^fb\hg]n\mhkl�Zgmbfhgr&mbg&hqb]^�nl^]�bg�

E<=l%�HE>=l���IO�\^eel�`eZll�fZgn_Z\mhkbg`�sbg\�

Zeehrl�\^kZfb\l�fZgn_Z\mhkbg`�e^Z]�

Zeehrl�ib`f^gml�\ZmZrelml

Sb
Antimony
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New deposit found

An unavailable material may now 

become available.  

New deposit found

An unavailable material may now 
become available.  

New deposit found

An unavailable material may now 
become available.  

New deposit found

An unavailable material may now 
become available.  

Restriction overturned

The political situation in a country has 
changed. Unavailable materials in one 
country may now become available.
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Board

Place markers

Event cards

Strategy cards

Product cards

Material tokens

Company card

Product tokens

Reuse tokens
Instructions

Money
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Katherine A. Whalen, Whalen & Peck 2014 IJAT�
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Solutions lie across the whole raw materials value chain 

EU EIT* call; KIC Raw materials: sustainable exploration, extraction, processing, 
recycling and substitution. Proposal KIC Raw MatTERS, 2014 
 

*European Institute of Innovation & Technology 



Tale of two strategies…..  Either, or ? 

Develop exciting 
opportunities arising out of 
Sci /tech & product 
research 

Design products differently in 
response to a resource 
constrained world 

Martin & Kemper, HBR, 2012  

No more 
‘duelling’ 
 
Time is tight 
 
Collaboration is 
essential 
 
All need both 
approaches to 
find innovative 
solutions 

T Robert Malthus 

Robert Solow 


