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Executive Summary

It is hard to overstate the significance of the mining industry's contribution to the Australian economy.
Although mining is often seen as a low technology industry, Australia's unique environment has meant
that the development of specialised technologies and systems is required and a series of lucrative
enterprises have been born out of this. Despite this, the narrative around mining is generally not focused
on the technology, innovation or intellectual property that drives the industry today. This paper aims to
address that by performing an investigation of the mining sector using patents to determine innovation
trends and who is undertaking this work: the operating miners themselves, publicly funded entities or the
METS (Mining Equipment Technology Services) firms.

This paper uses an open database, Intellectual Property Government Open Data (IPGOD), which
matches the Australian IP registries to firm level data, in combination with world patent databases to
detail the patent filing activity and innovation areas in the mining sector. The ultimate aim is to determine
whether Australians are innovators in the field, creating and exporting technology, or do Australian
miners simply use other companies' tools and innovations to dig their resources out of the ground.

ABN data for relevant companies was sourced and used with IPGOD or company names were used with
the OECD's HAN database to retrieve cleaned unique applicant names. The patents for these applicants
were retrieved from PATSTAT. In addition we used the Australian & New Zealand Standard Industrial
Classifications in IPGOD to identify applicants who self-report as being part of the mining industry. The
period we examined was from 1994-2011 and we looked at patent families or individual inventions.

We identified 6,539 Australian mining inventions filed between 1994 and 2011. The resulting data
indicated that the METS sector was the primary filer, followed by operating miners and finally the publicly
funded entities. The operating miners were primarily concerned with nhew methods of processing of ore,
specifically the refining of ore and the production of iron or steel. METS firms filed patents mainly in
dredging and soil shifting equipment as well as gearing systems, electric switches and relays. Publicly
funded entities filed in areas such as investigating different material properties, digital data processing
and the separation of materials using evaporation, distillation.

We did not observe a drop in patent filings predicted with the reduction in research funding in the mining
sector. In contrast, we saw an increase in patent filings due to an increase in patent filings by METS
firms.

Inventors of the mining patents filed by METS firms and operating miners do not typically reside in
Australia but in Japan or Germany. Conversely, inventors from publicly funded entities reside in
Australia. In addition, most METS applicants and just over half of operating miner applicants are also
located off our shores.



1. Introduction

1.1 The Mining Industry in Australia

Australia has the world's largest reserves of lead, nickel, uranium and zinc (Australian Trade
Commission 2013). The minerals industry contributed at least 10 per cent of the GDP in Australia in
2012-2013 and employs over a quarter of a million Australians (Minerals Council of Australia 2014). The
recent mining boom in Australia has created a high level of demand for the development of specialised
technologies and systems, many of which have become lucrative enterprises in their own right, both
nationally and internationally. Despite this, the narrative around mining is generally not focused on the
technology, innovation or intellectual property that drives the industry today.

How do we define the mining industry in Australia? The obvious place to start is with the firms which
operate the mines themselves, referenced herein as the operating miners; however the mining industry
extends beyond that. For the purposes of this paper, mining will be considered similar to the minerals
industry and will not focus on the oil/gas industries or fabricated metals production. As such, our
definition of the mining industry includes the exploration of new mineral deposits, their extraction from
the ground, the isolation of the ore and its subsequent preparation for metal production. These are all
areas where the literature shows real productivity gains from the introduction of new technology (Bartos
2007; Boudreau-Trudel et al. 2014), but little research exists on who creates that new technology.

The next important group of firms to consider when talking about the Australian mining industry is the
Mining Service Firms or METS (Mining Equipment Technology Services) firms. METS firms do not
operate the mines themselves, but have evolved in Australia to support the mining industry.

We also include publicly funded entities, including universities and Co-operative Research Centres
(CRCs). CRCs are scientific research organisations that receive government funding through an
established program.

Finally, we look at the firms within Australia that are identified as part of Australian & New Zealand
Standard Industrial Classification (ANZSIC) division B.

1.2 Mining Equipment Technology Services (METS) Firms

METS firms are uniquely Australian with a long history, emerging due to a need to support miners to
explore, mine and refine ore extracted from our unique environment, the first being established in 1859
(Austmine 2013). There are varying definitions identifying firms as METS but for the purposes of this
report we are using the Department of Industry and Science's definition of METS firms as those that
provide technology and services to the operating miners and whose primary source of income is from the
miners (either directly or indirectly).

The METS sector continues to grow; data from the Mineral Council of Australia indicates that the METS
sector has increased five-fold in the past fifteen years with most METS companies established in the
past thirty years. This is in part due to the success of these firms and also the proactive nature of the
industry, with 55 per cent currently exporting and another 18 per cent planning to export (Austmine
2013). METS firms also tend to be highly flexible and work across a series of resources and phases of
production, including metal ore, coal mining and exploration. Eighty-four per cent of METS firms are
Australian owned and a large portion are SMEs.

A summary of the types of services that METS firms provide to the industry is shown in Figure 1. Figure 1
illustrates that the main areas of operation are engineering design & project management services and
equipment supply & servicing, which overlaps with areas such as supply of parts and consultancy
services.

METS firms are an important component of our analysis as they invest strongly in innovation, spending
A$1.6billion in R&D in the 2011-12 financial year. METS firms receive the majority of their income from
the provision of goods and services to the mining sector. With decreasing R&D budgets, it is likely that
operating miners will continue to look to METS firms to innovate in their place (Austmine 2013).



Figure 1: Types of METS firms with examples of products and services. Size is an indication of the amount of work
in the area and overlaps indicate related areas of work.
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Source: Scott-Kemmis 2013.

1.3 IPGOD

In 2014 IP Australia released the Intellectual Property Government Open Data (IPGOD). IPGOD takes
intellectual property data from AusPat, some dating back over 100 years, and matches it with firm level
business data such as firm size, geo-location and ABN information. Firm level data is only provided for
Australian companies, but this still provides an important link between economic and innovation data that
was previously unavailable. The database is not limited to patent data but also includes designs, trade
marks and plant breeder's rights information; all linked using a cleaned name and ABN. This data was
useful in identifying applicants within patent databases.



2. Objectives and Methodology

2.1 Objectives

This report aims to determine the scale and technology interest of mining firms operating in Australia but
more specifically to answer the following questions:

1 As one of the top five producers of the world's minerals, is Australia generating its own
technologies for use in extracting these minerals or making use of foreign technologies?
1 Which Australian mining companies are patenting and in which technology areas are they

patenting?

1 What technologies are Australian miners generating? And where are these technologies
exported?

1 Are METS companies performing all the innovation in Australia? If so, in what areas?

1 Are different entity typesd operating miners, METS firms and publicly funded entitiesd
collaborating to perform innovation?

1 Are SMEs more adaptive and likely to innovate?

91 Are there ANZSIC classes beyond division B (mining) we should consider as "mining"?

2.2 Methodology

2.2.1 Definition of Mining Patents

It is difficult to provide a definition of mining patents in terms of a set of relevant IPC marks (see Box 1)
as typical mining technologies encompass a wide variety of technologies, including: refining of metal ore,
forming of alloys, sound protection, conveyers for material handling, specialised vehicles, site building
construction, explosives, remote monitoring of operations, exploration techniques, relevant health and
safety techniques, the reclamation of sites no longer viable and remote power supplies.

Instead, we used an alternate strategy. We obtained a list of mining firms and searched, using them as
applicants, in patent databases before performing an analysis to determine what type of technologies
they were protecting. These applicants fell into three entity types: operating miners, associated METS
firms and relevant publicly funded entities, such as universities and CRCs.

Initially, a list of 154 operating miners was extracted from a data snapshot purchased from the Research
Information Unit, a group which specialises in research and publications concerning mining, oil and gas
industries (Resource Information Unit 2014). ABN data for each of these firms and any of their identified
controlled entities was manually retrieved.

A list of METS firms, and their associated ABNs, was provided by the Department of Industry and
Science. The list incorporates what are known as Tier 1 firms, those which have a direct relationship with
the operating miners, and Tier 2 firms which deal with the Tier 1 firms directly and so forth. A total of
1,399 unique METS firms were identified, although ABN data was not available for all of these firms.

The publicly funded entities were identified as a limited list of relevant universities, located in what are
considered mining states, including University of Queensland (UQ), Queensland University of
Technology (QUT), Curtin University, Murdoch University and the University of Western Australia (UWA);
and four relevant CRCs currently (or recently) fundedd CRCMining, Deep Exploration Technologies
CRC (DET-CRC), CRC Ore and Energy Pipelines CRCd including their controlled entities. CRCMining
also files under the names CMTE Development Ltd., EzyMine, and EdanSafe. Lastly, we included the
CSIRO.

Our final source of firms was via a search for specific ANZSIC divisions in the IPGOD database. The
ANZSIC was developed by the Australian Bureau of Statistics to distinguish and monitor different
industries and it has a hierarchical structure. Firms identify their main business activity within this
classification scheme when registering an ABN. Division B relates to mining and is therefore the most
relevant for our purposes. The applicants for subdivisions BO6 (coal mining), BO8 (metal & ore mining)



and B10 (exploration and other mining support services) were extracted from our internal version of
IPGOD, while also identifying them as a METS firm, an operating miner or a publicly funded entity.*

Box 1: The Patent System

Patents comprise a technical disclosure of the nature of an invention and include a legal statement
which defines, in words, the scope of the monopoly the applicant seeks. A standard patent provides a
twenty-year monopoly for the applicant in Australia. For each patent there are both inventors and
applicants which may not necessarily be the same. The inventor is typically an employee of the
applicant. It is a requirement of the law that a patent provides a full disclosure of the invention such that
a person who is skilled in that particular technology area is capable of reproducing the invention. The
level of detail is given in exchange for the twenty-year monopoly and is intended to inspire fellow
innovators in the field to advance the art.

There are various jurisdictions through which an applicant can apply for protection of their invention
including Australia, the European Patent Office (EPO), the United States and Japan. Under the Patent
Cooperation Treaty (PCT) applicants may also apply for what is known as an international patent
application, which allows their invention to be assessed in terms of the newness and inventiveness of
the invention by an international authority, after which it is published before entering processing in the
jurisdictions elected by the applicant. This is known as the international filing route but applicants may
also file directly in each jurisdiction.

Patents are classified according to the international patent classification (IPC), administered by the
World Intellectual Property Organization (WIPQO). The IPC is a hierarchical system wherein details
describing the invention are added ateach | ev el . For instance, OEOG6 i
constructions, O0E2106 is earth or rock drilling
ventilation or rescue apparatus. An invention may be classified within more than one mark and in this
instance the first mark listed is considered the most important and is known as the primary mark. Any
other marks are then referenced as secondary marks.

Patents are often used as an indicator of research performance as they are easily quantifiable.
Extraction, analysis and interpretation of patent filing trends can provide a wealth of information in
regard to the direction of innovation and research in the future as well as providing an indicator of firm
performance.

2.2.2 Methodology

Once firms and their ABNs were identified, ABN data was run against IPGOD to retrieve a cleaned
applicant name for each firm. Applicant names across different patent databases vary and it is often hard
to identify which name will be recorded as the applicant. IPGOD only provides firm level data for
Australian firms, so foreign firms that were of interest were validated against the OECD's HAN database
by manually identifying a patent that was assigned to each firm.

Once firms were identified, a search was run in the EPO PATSTAT database (version April 2013) with
the firms identified as applicants to retrieve the patent applications and families.

As universities file patents across a wide array of technologies, post processing was performed to
include only those patents that fell into the same IPC subclasses found in the patents filed by the
operating miners and METS firms.

2.2.3 Timeframe for Analysis

Patents with a priority date between 1 January 1994 and 31 October 2011 were used in this analysis.
The priority date is the most relevant for ascertaining the date of invention. It is the earliest date recorded
on patents and therefore allows the comparison of dates unaffected by administrative variations or
delays.?

1 ANZSIC codes for individual firms are not available for public inspection.

2 The April 2013 edition of the PATSTAT contains all publications to the end of March 2013, essentially comprising publications
with a priority date up to October 2011.
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3. The Big Picture

3.1 Summary Data Set

Data from each of the operating miners, METS firms and publicly funded entities was brought together to
provide a dataset of mining patents, with a total of 19,009 unique patent applications identified. This
dataset was then extended to include what is known as family members of the original set in order to
capture as much data as possible.

A patent family is a collection of published patent documents relating to the same invention that are
published at different times in the same country or published in different countries or regions. A patent
family generally relates to one invention. Patent families enable us to analyse inventive activity
regardless of the number of countries in which protection is sought. In general, each patent family
represents a single invention. In total, we found 6,539 mining inventions, or patent families.

The summary in Figure 2 shows the resulting patent families, broken down by entity type. Figure 2
indicates that the METS firms are performing the bulk of the innovation in mining in Australia and the
publicly funded entities have the fewest inventions. However considering the relative proportion of the
number of applicants in each of these entity types, the publicly funded entities file the most patents per
applicant.

Figure 2: Number of inventions by type of applicant. METS firms have filed the most patent families.

PUBLIC ENTITIES

MINERS
863

Source: PATSTAT April 2013
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3.2 An Investigation of the Major Players

According to the ASX Metals and Mining Sector Profile, the major players in Australia, as determined by
market capitalisation, are BHP Billiton, Rio Tinto Alcan, Newcrest Mining, Fortescue Metals and Alcoa.
Rio Tinto files patents under one of its controlled entities in Australia, Technological Resources Pty Ltd.
OneSteel, the BHP steel division, was divested from BHP Billiton in 2000 and as such has not been
included in this analysis.

Figure 3 shows the top technology areas for the major players (for which there are at least 8 inventions).
Newcrest Mining and Fortescue Metals did not file any patents during the study period.

Figure 3: Top technology classifications identified by primary IPC subclass by ASX Major Players.
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Source: PATSTAT April 2013
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While our original definition of mining that does not include oil and gas refining still applies, BHP Billiton
has filed patents in the technologies that you would expect for a company dealing with gas pipelines and
separation of gas mixtures, as well as in the production and refining of metals. Alcoa files across the
most diverse range of technologies, but Rio Tinto has the largest number of inventions. Rio Tinto has
been very assertive in promoting their technology and innovation division (T&l), including the
development of their Mine of the Future program (Rio Tinto 2014). Rio Tinto invested an average of
US$376 million annually between 2011-2013 in T&l, although the number of employees in this group
across all countries decreased from 1031 in 2012 to 730 in 2013 (Rio Tinto 2014).

3.3 Top Technology Areas by Each Entity type

The primary focus of this report is to determine who files patents and in what technology areas they are
protecting their innovation. Figure 4 shows the top research areas as identified by the primary IPC
subclass, further broken down into the entity types: METS, operating miners and publicly funded entities.
The majority of the inventions are for dredging and soil shifting equipment including draglines and bucket
cars, conveying equipment on dredgers, super structures for shifting soil, booms and teeth for buckets.
Both public entities and METS firms innovate in this area.

Figure 4: Top technologies by primary IPC subclass and applicant type. METS firms file extensively in dredging/soil
shifting, but also play a large role in many of the other technologies listed.

The remaining categories are all technologies that you would expect to see on a mining site or used in
the industry: specialised vehicles and their components, crushing and drilling machines, separation and
refining processes for the processing of ore into valuable commodities and electrical components such
as circuits and cables. The large number of inventions in vehicle components, such as shafts, fluid
pressure actuators, control of combustion engines, propulsion and steering systems and dashboard

13


































































