


MODERN 
MANAGEMENT 
IN THE GLOBAL 

MINING INDUSTRY



This page intentionally left blank



MODERN 
MANAGEMENT 
IN THE GLOBAL 

MINING INDUSTRY

ROBIN G. ADAMS
assisted by Christopher L. Gilbert and Christopher G. Stobart

United Kingdom – North America – Japan  

India – Malaysia – China



Emerald Publishing Limited
Howard House, Wagon Lane, Bingley BD16 1WA, UK

First edition 2019

Copyright © CRU International Limited. Published under an exclusive license by 
Emerald Publishing.

Reprints and permissions service
Contact: permissions@emeraldinsight.com

No part of this book may be reproduced, stored in a retrieval system, transmitted in  
any form or by any means electronic, mechanical, photocopying, recording or  
otherwise without either the prior written permission of the publisher or a licence 
permitting restricted copying issued in the UK by The Copyright Licensing Agency  
and in the USA by The Copyright Clearance Center. Any opinions expressed in 
the chapters are those of the authors. Whilst Emerald makes every effort to ensure 
the quality and accuracy of its content, Emerald makes no representation implied 
or otherwise, as to the chapters’ suitability and application and disclaims any 
warranties, express or implied, to their use.

British Library Cataloguing in Publication Data
A catalogue record for this book is available from the British Library

ISBN: 978-1-78973-788-2 (Print)
ISBN: 978-1-78973-787-5 (Online)
ISBN: 978-1-78973-789-9 (Epub)



v

Contents

List of Figures� vii
List of Tables� ix
About the Authors� xi
Foreword� xiii
Acknowledgements� xvii

1.	 Introduction� 1

2.	 Commodity Price Forecasting� 17

3.	 Recycling� 55

4.	 The Marketing of Commodities� 63

5.	 The Role of Commodity Exchanges in Pricing� 83

6.	 Price Risk Management� 115

7.	 Shareholder Value� 133

8.	 Measuring Mine Production Costs� 151

9.	 Performance Improvement and Capital Productivity� 181

10.	 Risk and the Cost of Capital� 199

11.	 The Mining Cycle� 215

12.	 The Myths and Realities of Resource Depletion� 231

13.	 The Environment: Cost or Constraint?� 243

14.	 Unfinished Business� 271

Last Day’s Work� 279

Index� 281



This page intentionally left blank



vii

List of Figures

Fig. 2.1.	 The Theory of Perfect Competition.� 19
Fig. 2.2.	 The Theory of Monopolistic Competition.� 22
Fig. 2.3.	 Commodity Supply Chain Examples.� 29
Fig. 2.4.	� The Classic Market-clearing Model of  

Commodity Prices.� 39
Fig. 2.5.	 CRU’s Compass Forecasting Methodology.� 47
Fig. 2.6.	 Per Capita Steel Intensity.� 48
Fig. 2.7.	� Steel Intensity Per Unit GDP (kg/$ bn GDP at  

2005 Prices).� 49
Fig. 2.8.	 Gap Analysis – Hard Coking Coal Example.� 51
Fig. 2.9.	� Long-run Marginal Cost Curve – Phosphate  

Rock Example.� 52
Fig. 3.1.	 Conceptual Overview of Metals Recycling.� 55
Fig. 3.2.	� The Importance of Scrap Increases When  

Consumption Slows or the Recycling Rate  
Increases.� 59

Fig. 3.3:	� Any acceleration in growth of total demand has to be  
met from primary supply sources; deceleration in total 
demand growth reduces the need for primary supply.� 60

Fig. 4.1.	 The Copper Supply Chain.� 66
Fig. 4.2.	 The Aluminium Supply Chain.� 67
Fig. 4.3.	 The Iron and Steel Supply Chain. � 68
Fig. 4.4.	 The Geography of Potash Prices.� 76
Fig. 5.1.	� Three Hypothetical Price Forecasts, Each Right  

on Average.� 102
Fig. 5.2.	 LME Versus Bank Finance, Aluminium.� 106
Fig. 5.3.	 Options for Producers, Consumers and Traders.� 109
Fig. 5.4.	� Aluminium Premiums for Physical Delivery,  

2006–2015. Delivered Price as % of LME  
Cash Price.� 110

Fig. 6.1.	� Key Elements in the Risk Management Process.� 121



viii List of Figures

Fig. 6.2.	 Basic Hedging Programme Design.� 126
Fig. 7.1.	� Three Key Elements in Value-based  

Management.� 137
Fig. 7.2.	 The Efficient Frontier.� 141
Fig. 7.3.	� Strategic Characterisation of Processes –  

The Steel Example.� 142
Fig. 8.1.	� The Four Basic Value-based Costing Concepts  

Are Designed to Be Compatible with the Typical  
Corporate Structure.� 155

Fig. 9.1.	� There Are Two Halves to the Operating Excellence  
Part of Shareholder Value.� 185

Fig. 9.2.	� The Three Elements in Capital Productivity  
Can Be Quantified Using a Small Number of  
Simple Concepts.� 186

Fig. 9.3.	� Milling Is the Most Intensively Utilised of All  
the Elements in the Production Chain, and So  
the Bottleneck in the Whole System.� 187

Fig. 9.4.	� Machine Productivity Is a Concept That Can Be  
Readily Communicated at the Operator Level.� 190

Fig. 9.5.	� Analysis of Drills Showed Scope for Better  
Utilisation and Operating Efficiency:  
Thus Fewer Drills were Required.� 195

Fig. 10.1.	 Real Equity and Bond Returns, 1956–2015.� 205
Fig. 10.2.	� Weighted Average Cost of Capital in Mining,  

1991–2015.� 209
Fig. 11.1.	� General Evolution of Value in the Mine  

Development Process.� 217
Fig. 11.2.	� International Standards for Quantifying  

Resources and Reserves.� 222
Fig. 11.3.	 The Gateway System for Mine Development.� 225
Fig. 12.1.	 Real Metals Prices, 1950–2015.� 237



ix

List of Tables

Table 1.1.	 Value of Global Mine Production, $bn, 2015.� 6
Table 1.2.	� Value of Production of Extractive Industries,  

$bn, 2015.� 9
Table 2.1.	 Herfindahl Index, Iron Ore, 2015.� 23
Table 2.2.	 Herfindahl Index, Steel, 2015.� 24
Table 2.3.	 Herfindahl Index, Aluminium, 2015.� 25
Table 2.4.	 Herfindahl Index, Nickel, 2015.� 26
Table 2.5.	 Commodity Market Characterisation.� 41
Table 4.1.	 Typical Commodity Marketing Activities.� 69
Table 4.2.	 Benchmark Prices for Major Commodities.� 75
Table 5.1.	 Commodity Exchange Business Model Drivers.� 86
Table 5.2.	 LME Contract Volumes and Liquidity 2015.� 87
Table 5.3.	 Price Volatility Trends for Selected Metals.� 91
Table 5.4.	 Key Functions of Commodity Exchanges.� 98
Table 5.5.	� Three-month Futures Price as a Forecast  

(Absolute Errors, $/t).� 100
Table 5.6.	� Three-month Futures Price as a Forecast  

(Percentage Errors).� 100
Table 5.7.	� Three-month Futures Price as a Forecast  

(Bias, $/t).� 101
Table 5.8.	� Three-month Futures Price as a Forecast  

(Percentage Bias).� 101
Table 5.9.	� LME Contangos and Backwardations, 1981–2015.� 105
Table 5.10.	� LME Warehouses Are Very Expensive by  

Competitive Commercial Standards.� 111
Table 6.1.	� Roles of Members of a Price Risk Management  

Committee.� 127



x List of Tables

Table 7.1.	� Different Sources of Comparative Advantage  
Exist in Each Sector.� 143

Table 8.1.	� The VBC Nomenclature.� 157
Table 8.2.	� Hypothetical Cu-Au Mine Production and Market 

Assumptions.� 169
Table 8.3.	� Hypothetical Cu-Au Mine Cost Assumptions  

(Typical Year).� 170
Table 8.4.	� Cost Estimate Reconciliation.� 172
Table 11.1.	� Key Criteria for Determining Project Progress  

in Relation to the Gateways.� 227
Table 11.2.	� Work Required by Discipline for Passing  

Each Gateway.� 228
Table 12.1.	� Major Metals: Annual Average Price and  

Volume Changes.� 236
Table 12.2.	� Major Metals: Production and Reserves  

(Million Tonnes), 2015 Versus 2000.� 238
Table 13.1.	 Components of the Policy Potential Index.� 255



xi

About the Authors

Robin G. Adams was born in England 
in 1946 but was brought up in Bula-
wayo, now in Zimbabwe. He studied 
at Oxford where he gained a dou-
ble first in PPE and was Treasurer 
of the Oxford Union. He spent most 
of his adult life working as a Miner-
als Economist with Citibank, his own 
company Resource Strategies and the 
CRU Group both in England and the 
United States. His work included consulting to mining companies, to fab-
ricating and manufacturing companies as well as to international organi-
zations. He also helped to facilitate investment agreements between host 
governments and multinational companies, resolve commercial disputes 
between companies and governments, and was also called upon to pro-
vide expert witness testimony on environmental issues related to mining 
and processing. He died in 2014.

Christopher L. Gilbert is Adjunct Professor at the Bologna Center of the 
Johns Hopkins School of Advanced International Studies. He previously 
held professorial positions in London, Amsterdam and Trento. He is a 
Non-Executive Director of CRU International Ltd.

Christopher G. Stobart worked in the publishing industry and then as 
a financial journalist before joining CRU International in 1976. He has 
worked for that company in a variety of capacities since that date.



This page intentionally left blank



xiii

Foreword

Robin Adams was an exceptional man and an inspiring force. Our paths 
first crossed in the 1970s when Robin came to join CRU back in its fledg-
ling days. One could not help being struck by this tall impressive fellow. 
He had a top first from Oxford in PPE, was self-taught in advanced statis-
tics and maths, and widely read in history, politics and sociology. One of 
his great gifts was his ability to bring insight and enrichment from many 
other subjects to his application of economics.

This interdisciplinary approach is in evidence throughout the book 
you hold in your hand. It forms an introduction to the approach Robin 
and CRU adopted in different types of assignments; how we applied our 
methodologies to gain understanding and use the results to help clients 
manage risks more effectively and better assess likely developments and 
future trends. Robin was also keenly interested in the forces that engen-
der change in society, industries and markets, both national and local.

CRU was established in 1969 and was the first research company to 
specialise in metals, minerals and mining, advising governments and 
corporates active in these sectors. Much of that advice came from apply-
ing principles of economic analysis to deal with business challenges that 
are typical to natural resource industries. In the extractive industries, for 
example, issues can arise from the immovability of assets such as mines 
or reserves, or the occurrence of rent and consequently the generation of 
super-normal profits. Other issues include the susceptibility of primary 
commodities to market cycles, severe short-term price volatility and, not 
least, to the impact of innovation and substitution in changing demand 
for raw materials offering similar properties.

Robin spent some 25 years with CRU. After an initial period, he left to 
work for Chase Manhattan Bank (now part of JP Morgan) before estab-
lishing his own company in Pennsylvania, Resource Strategies, which 
CRU acquired in 1995 as part of its expansion in North America.

Robin made his distinctive presence felt across the spectrum of CRU’s 
activities. Initially the focus was on non-ferrous industries such as copper 
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and aluminium but, by the time Robin re-joined, CRU had expanded its 
coverage to the steel complex, energy industries and agricultural sectors. 
As our client base grew so our challenges became more diverse. Robin 
played a leading role in that expansion process and helped to develop new 
methodologies that had the breadth of scope and sophistication needed 
for our new markets. Robin for instance pioneered applying systematic 
econometric modelling to competition between materials in electricity, 
transport, construction and packaging markets. He was also instrumental 
in developing what we called CRU’s Compass methodology and apply-
ing it to long-term forecasting. Similarly, he was involved in improving 
the company’s risk-adjustment methodologies and its value-based cost-
ing system for competitive analysis as between mining operations. Robin 
also led CRU in developing its value-in-use models for negotiating iron-
ore and metallurgical coal off-take agreements between western produc-
ers and Chinese counterparties.

He particularly enjoyed applying analytical economics to resolve dis-
putes between parties active in natural resources industries. He would 
facilitate negotiations by identifying what he called Bargaining Zones to 
achieve win–win outcomes. Robin would frequently be retained to help 
resolve fiscal differences between host governments and foreign inves-
tors in connection with existing or planned mining and infrastructure 
developments, the merits of more downstream processing, and on mat-
ters relating to transfer pricing.

The book draws on all this work, focussing particularly on the char-
acteristics of primary commodity markets and the political economy of 
extractive industries. Robin puts great emphasis on the range of talents 
that a mining company executive needs to be able to deploy if he or she is 
to deal with the complex issues that mining throws up. These can be geo-
logical, metallurgical, management, economic, political, social, environ-
mental, regulatory and financial. He states that mining companies need 
to be led by Renaissance men and women. There is no doubt that Robin 
Adams was such a person.

Robin was greatly respected and admired by his colleagues. All who 
worked with him gained from the experience and benefitted from the 
thoughtful and considerate way he interacted with others. He is remem-
bered as a person who was generous with his time and enjoyed sharing 
with others what he knew. He was a great mentor both in the office and 
when it came to outdoor activities, especially deep-snow skiing which 
he did frequently and expertly in the mountains near CRU’s offices just 
south of Seattle. CRU’s US West Coast offices were located on Whidbey 
Island next to where Robin and his wife Judith, a writer and poet, chose to 
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build their home. Theirs was a deep and fulfilled marriage that thrived on 
the complementary combination of their talents and strengths.

Robin often took it upon himself to act as advisor to parties who had 
been disadvantaged by contamination or pollution resulting from min-
ing and processing operations. In one such case his clients, mainly bond-
holders and environmental agencies, had been defrauded into bearing 
heavy costs which should rightfully have been borne by the shareholders. 
Only two weeks before he died, in spite of his deteriorating health, Robin 
made an extraordinary effort to give a deposition which was crucial to the 
cause he felt so strongly about. (This book concludes with one of Judith’s 
poems, reprinted with her permission, that memorialises Robin’s deposi-
tion.) As a result of the deposition the shareholders were found guilty and 
required to pay out over $215 million. They were refused appeal to the US 
Supreme Court.

To me personally, Robin was a close colleague and greatly valued 
friend. He was a source of sound and impartial advice and a person I 
valued for his warmth and integrity as much as for his brilliance. Even 
today at CRU one of our key steps in resolving analytical problems is to 
ask: “How would Robin have approached this?”

Well, this book provides some answers.
Robert A. Perlman

Chairman, CRU Group
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