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Due to its economic contribution to a country’s revenue, mining is one of the most
significant sectors in many countries. However, mining also has an environmental impact
owing to land transformation and large energy use. Life-cycle assessment (LCA) is a
holistic tool used to analyse the potential environmental impact of a process. This paper
aims to assess the availability of LCA, carbon- and water footprinting studies conducted
to produce base metals as well as platinum group metals (PGMs). Online searches were
conducted utilising both public search engines and restricted repositories. Globally, several
LCA studies were conducted in the past two decades to ascertain the environmental
impacts of the various mining stages as well as determine the environmental profiles of
common metal products. As global interest in sustainability reporting has grown; LCA-
related studies for the mining sector have also increased with additional research required
to accurately determine the sector’s environmental impact.

INTRODUCTION

Mining plays a major role in many countries due to its contribution to employment and revenue figures.
Two of the essential metal groups mined globally are platinum group metals (PGMs) and base metals.
The six PGMs (platinum, palladium, rhodium, ruthenium, iridium and osmium) exist in nature together
with nickel and copper. Due to their value and larger quantities, palladium and platinum are considered
the most significant metals in the group. Over half of the global PGM production occurs in South Africa
with the remainder originating in Russia, Zimbabwe, Canada and the USA (Bossi and Gediga, 2017).
PGMs have catalytic qualities that make them an ideal choice for applications such as nitric acid
manufacturing, petroleum refining and auto-catalysts.

Base metals are industrial non-ferrous metals such as aluminium, copper, lead, nickel, tin, and zinc.
These metals are used in various applications including construction, electronics and electrical
products, and industrial machinery. Although Africa’s share of global production of base metals
remains poor, it is forecasted that the mining market will grow significantly due to its increasing use in
the construction sector together with its relatively low price (Anyanwu et al., 2010).

Typically, the mining and extraction, processing, and refining stages are energy-intensive and use large
quantities of water for their operations, meaning they could contribute to environmental concerns. Life-
cycle assessment (LCA) is a holistic tool used to calculate the environmental impact of a product or
process by evaluating the inputs and outputs of a process or product. Carbon footprinting (sometimes
a subset of LCA - global warming potential) is a tool to determine the equivalent carbon dioxide
equivalent to produce a product, while water footprinting is a quantitative tool that gives both a real
and virtual water number based on the water used and pollution generated, respectively.
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Over a decade ago, it was posed that conducting an LCA had benefits for the platinum industry, and it
was shown that it could be used as one component in informed decision-making (Caddy, 2011). This
study seeks to determine the availability of LCA and related studies (carbon- and water footprinting)
conducted for PGMs and base metals - included since they are intricately linked to platinum mining
(Osman et al., 2017).

Several review articles on LCA-related studies for metal processing and production are available
(Haque and Northey, 2014; Northey et al., 2016). However, the scope of these has been limited to those
conducted by a particular organisation with a broad analysis of various metals. This study aimed to
determine the accessibility of LCA, water- and carbon footprint studies conducted to produce PGMs
and base metals.

METHODS

Various online searches were undertaken using various combinations of the keywords ‘life-cycle
assessment’, “water footprinting’, ‘carbon footprinting’, “platinum group metals’ and ‘base metals’.
Search engines such as Google and Google Scholar were initially utilised to ascertain the accessibility of
studies available in the public domain. A further search using academic repositories such as Scopus and
ScienceDirect was performed to locate additional studies that were published in peer-reviewed journals.
Studies that were published during the period 2000-2019 were considered. Research reports that were
excluded from the results included studies that were not dated as well as studies that were located after
the third page of search results. Additionally, the search was restricted to reports published in English.
Reports produced by private environmental consulting organisations that are not published online were
also excluded. The scope of the study was limited to obtaining environmental LCA-related studies for
PGMs and base metals. Thus, other studies that were based on life cycle thinking such as life cycle
costing and social life cycle assessment were excluded from the study. LCA studies that were included
considered more than a single impact assessment category while water footprint studies included
similar research methodologies such as water accounting.

RESULTS AND DISCUSSION

Life-cycle assessment studies

A total of 18 LCA studies were found for both PGMs and base metals (Table I). Four of these studies
focused on PGMs while 14 were centred around base metals. Two studies focused on multiple metals,
including base metals and one of the PGMs.
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Table I. Life cycle assessment studies for platinum group and base metals
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Six of the studies were published from 2000 to 2010 while the bulk of the studies were published
between 2010 and 2019. Most of the studies were freely accessible (12 studies - 66.7%) while the
remainder required a subscription fee to a particular journal or academic repository. Of the studies
located, 13 were published in journals while three were presented at conferences. Furthermore, two
industry reports were found. This indicates the growing environmental awareness of major
stakeholders in the mining industry. Eight of the studies focused on primary and secondary production
processes of metals while the remaining ten also took tertiary production into account as an additional
life cycle stage. Most of the studies utilised global data while three studies were restricted to Europe.

It should be noted here that the authors are aware of other comprehensive databases that could be
searched, but the studies that can be obtained there have been excluded from the total study numbers
here. In the Open LCA database (https://nexus.openlca.org/), the keyword, ‘platinum” provided 285
results, many of which include results where the word appears in the metadata, and not on the actual
LCA of platinum itself. In a similar search of the ecoinvent 3.6 database (https://www.ecoinvent.org/),
42 results were  obtained. In the Global LCA  Data  Access (GLAD)
(https:/ /www.globallcadataaccess.org/) database 150 results were given, some of which are repeats of
the two previously mentioned databases.

Water- and carbon footprint studies

A total of 27 water- and carbon footprint studies were found (Table II). Six of these studies were for
PGMs while the remainder were for base metals. Four studies were published from 2000 to 2010 and all
except three were available in the public domain. Eighteen of these studies were published in a journal,
five were part of conference proceedings, three were submitted as university dissertations, and one was
published as a research report. Of the studies focusing on PGMs, the majority were conducted for South
Africa. Several studies where greenhouse gas (GHG) emissions were published also contained
supplementary energy data. Other studies contained a combination of carbon- and water footprint
calculations and were presented as environmental footprints e.g., for copper production.
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Table II. Water- and carbon footprint studies for platinum group and base metals
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CONCLUSIONS

The accessibility of environmental assessments such as LCAs, water- and carbon footprint studies for
PGMs and base metals was investigated. Online searches were conducted via public search engines and
academic databases to determine the availability of these environmental assessments. Eighteen LCA
and 27 water- and carbon footprint studies were located. Most of the studies were published in the last
decade, which indicates the growing focus in the mining sector on the sustainable use of natural
resources. Several studies, particularly those focused on the PGM, were published using South African
environmental data. However, there is still research that needs to be conducted to accurately determine
the sector’s environmental impact.
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