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Preface 
 

About the MATISSE project 

The MATISSE (Methods and Tools for Integrated Sustainability Assessment) project is funded by the 
European Commission, DG Research, within the 6th Framework Programme. The project is interested 
in the role that Integrated Sustainability Assessment (ISA) could play in the process of developing and 
implementing policies capable of addressing persistent problems of unsustainable development and 
supporting transitions to a more sustainable future in Europe. The core activity of MATISSE is to 
develop, test and demonstrate new and improved methods and tools for conducting ISA.  

This work is carried out through developing and applying a conceptual framework for ISA, looking at 
the linkages to other sustainability assessment processes, linking existing tools to make them more 
useable for ISA, developing new tools to address transitions to sustainable development and applying 
the new and improved tools within an ISA process through a series of case studies.  

The extent to which the case studies are carrying out a complete ISA for their area of focus varies 
between attempts to cover all phases of an ISA process to partial implementation of the process. 
Equally, different case studies are oriented to developing and testing tools and approaches to some, but 
not all, of the methodological challenges of ISA. The case studies are complementary, however, and 
the set of cases offers the opportunity to address a wide range of methodological challenges and to 
explore linkages between cases. An evaluation of practical experiences with ISA implementation in 
the case studies will provide guidance on the further improvement of methods and tools. Results will 
also contribute to more informed policy advice.  

What is ISA? 

Within the MATISSE project, Integrated Sustainability Assessment (ISA) has been defined as a 
cyclical, participatory process of scoping, envisioning, experimenting, and learning through which a 
shared interpretation of sustainability for a specific context is developed and applied in an integrated 
manner, in order to explore solutions to persistent problems of unsustainable development. ISA is 
conceptualised as a complement to other forms of sustainability assessment, such as Sustainability 
Impact Assessment, Integrated Assessment and Regulatory Impact Assessment. Whereas these other 
forms of assessment fulfil the pragmatic need for ex ante screening of incremental sectoral policies 
that are developed within the prevailing policy regime, ISA is conceptualised as a support to longer-
term and more strategic policy processes, where the objective is to explore persistent problems of 
unsustainable development that have a systemic pathology and possible solutions to these. ISA is 
therefore oriented toward supporting the development of cross-sectoral policies that specifically 
address sustainable development and at exploring enabling policy regimes and institutional 
arrangements. 

MATISSE Working Papers 

Matisse Working Papers are interim reports of project activities that are published in order to illustrate 
ongoing work and some provisional conclusions, as well as providing the opportunity for discussion of 
the approaches taken by the project and interim results. This discussion should be both within the 
project and between project members and the broader scientific and policy communities. Readers are 
encouraged to contact the authors to discuss the content of MATISSE Working Papers. 

 

Jill Jäger and Paul Weaver 

Editors of the MATISSE Working Paper Series 
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Foreword 
This working paper presents some of the work that has been conducted as part of the MATISSE case 
study 5.1 on “resource use, waste and dematerialisation”. The case study analyses aspects of the 
“socio-industrial metabolism” of the EU. This term draws its analogy from the biological meaning of 
“metabolism” and is used as a metaphor to describe the way by which socio-industrial systems use and 
“digest” materials, temporarily embodying some materials in products and emitting others as wastes. 
The system thus comprises all materials crossing the boundary between the environment and the 
economy. Patterns of sustainable or unsustainable use of resources are thus the result of complex 
interactions within the production and consumption system of a given region and its relation to the 
environment and the rest of the world. 

Resource use is driven by a large number of activities undertaken in the socio-economic system, such 
as construction, agriculture and manufacturing activities, which in turn are influenced by numerous 
underlying factors, including economic development, production and consumption patterns, patterns 
of technological development and technology use, trade patterns, demographic development and 
institutions, to name but a few. In order to capture the essentials of such a system a certain degree of 
simplification and selection of relevant areas is thus necessary. This is why the work of WP5.1 is 
focusing on selected resource groups, material systems and products, which are particularly relevant 
from the points of view of sustainable resource management and technological change in large, 
resource-intensive sectors, such as metal mining, processing and manufacturing as well as automotive 
industries. 

In doing so, the work of WP5.1 is following a multi-level approach, looking at different aspects of the 
macro (the whole economy), the meso (material system) and the micro (product) level, which are 
analytical elements of an ISA process. This paper summarizes some of the work that has been carried 
out at the material systems level. At this level the focus of this paper is on platinum group metals 
(PGM), as obtaining these is particularly resource-, pollution- and waste-intensive due to the high 
amounts of overburden and mining waste produced at the extraction and production stages and due to 
the emission of large amounts of sulphur dioxide during production. However, although the analysis 
predominantly focuses on the meso level it also explores the interlinkages across and implications for 
the different levels, demonstrating the usefulness of such a multi-level approach in conducting ISA.  

For ease of readability the work is presented in two parts (Working Papers 20 and 21). Part One 
presents an overview of the material system. It quantifies the PGM flows to and from Europe, 
describes the uses of PGM in different industries and product groups and quantifies their 
environmental impacts. It provides an integrated system analysis and describes the unsustainability 
problem associated with the current patterns of and trends in PGM flows. Among the different 
industries the automotive industry is identified as the single largest user of primary PGM. Part One 
thus mainly relates to the scoping stage of the ISA cycle. Part Two, on the other hand, largely relates 
to the experimenting and learning phase of the ISA cycle. It explores the effects of different potential 
development pathways for the production and use of PGM. Given the importance of the automotive 
sector the focus is laid on this sector. Here, scenarios are developed to model the PGM flows of car 
catalysts, as well as those of an emerging technology - fuel cell vehicles. In addition, technological 
and institutional potentials to minimize resource use and environmental impacts associated with PGM 
flows are modelled. 

Given that, in the context of current technological know-how, PGM form a vital component of low 
temperature fuel cells, the work presented here complements work that is conducted in WP 7.1 of the 
MATISSE project, which explores the possible use of hydrogen in the transport sector, as an 
alternative and ‘clean at point of use’ energy carrier that provides also for instant vehicle refuelling, 
which so far offers advantages over electric vehicles in terms of range. The results, however, show 
that PGM-based fuel cells are not at all ´clean` when considering the whole system of production and 
consumption. 

 Isabel van de Sand 
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ABSTRACT 
The flows of the platinum group metals (PGMs) platinum, palladium and rhodium and the 
environmental impacts associated with the supply of Europe are analyzed. For that purpose, a model 
of the demand side (i.e. use of PGMs in European industries) has been developed and combined with a 
model of the environmental pressures related to PGM production. The results are presented in two 
different papers (Working Paper 20 and Working Paper 21).  

Part I presents the methods and assumptions used for the material flow analyses of PGM production 
and use. Seven industrial sectors and product groups relevant for the use of PGMs in Europe are 
considered, including chemical and petroleum industries, glass industry, jewellery, dentistry, 
electronic equipment, car catalysts, and other industrial applications. The most relevant environmental 
impacts of secondary production in Europe and primary PGM production in South Africa, Russia and 
Canada are taken into account. These include emissions of sulphur dioxide and carbon dioxide, and 
total material requirement. Part I quantifies the PGM flows to, from and within Europe in 2004. The 
automotive industry is the single largest demander for primary PGMs and catalytic converters 
represent the major PGM end-use. The chemical and glass industries also require large amounts of 
PGMs but, in contrast to the automotive sector, they are organised in closed loops and therefore can 
mostly rely on secondary metals.  The environmental impacts of primary production exceed those of 
secondary production by far. The analysis of the use of car catalytic converters reveals a problem 
shifting from impacts by diffuse emissions of air pollutants in Europe to point source pollution at the 
extraction and refining sites mainly in Siberia and South Africa. 

Part II focuses on the assessment of potential mitigation strategies to reduce the environmental 
impacts. The influence of technological and institutional levers on PGM flows and the associated 
environmental impacts is modelled through different scenarios of potential future developments. 
Cleaner primary production, increased recycling and technological evolution in the field of car 
catalysts are the main potential levers scrutinized. Scenarios are also developed to simulate the future 
impact of an emerging new technology – fuel cell vehicles – on PGM flows and reserves. 

 

Key words: material flow analysis, environmental impacts, sustainable resource use, platinum, 
rhodium, palladium, cleaner production, problem shifting 
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PLATINUM GROUP METAL FLOWS OF EUROPE:  
Part I Global Supply, Use in Industries and the Shi ft of 
Environmental Impacts 
 

 

1 Introduction 
Platinum group metals (PGMs)1 have valuable chemical and physical properties. They are used as 
catalysts or due to their resistance to corrosion and weathering in various industrial processes (e.g. in 
chemical, petroleum and glass industry), and numerous end-products, such as catalytic converters, 
electronic devices or dental prostheses. Precious metals PGMs are also valuable for jewellery.  

Mining and smelting of PGM ores – processes that occur exclusively outside Europe – are very 
resource intensive. The ore typically has a grade of about 5 g/t and usually consists of sulphides. 
Therefore, PGM primary production generates large amounts of mining wastes, requires high energy 
and water inputs and emits high loads of sulphur dioxide, if the exhaust gases from the smelting 
process are not cleaned properly. 

Hochfeld (1997) and de Man (2005) point to the environmental impacts related to PGM production. 
Emissions to air seem to have improved over time except in Norilsk (Russia) which could still be the 
world largest single emitter of sulphur dioxide (de Man 2005). Hochfeld (1997), however, calculated 
that the emissions of acidifying compounds associated with the production of the PGMs used in a car 
catalyst are environmentally compensated after 4900 km driven. Amatayakul and Ramnäs (2001) 
compared the life-cycle-wide environmental impacts of a car catalyst with its life-cycle-wide 
environmental benefits. At the current recycling rate, for two of the three weighing methods used in 
their study, the environmental impacts such as resource depletion and waste generation were not less 
important than the air emissions reduced at the car exhaust pipe. The catalytic converter literally 
‘converts’ diffuse emissions of acidifying compounds into point-source emissions and large mining 
waste localised at the producing regions. 

Thus although PGMs are not used in great quantities in the EU economy when compared to other 
materials such as fossil fuels or other types of metals such as iron and steel, their resource-, energy- 
and pollution-intensive production process together with the potential issue of problem shifting related 
to the use of PGMs in certain products, makes the analysis of the PGM system particularly relevant 
from a sustainability point of view.   

This paper aims at a comprehensive analysis of the PGM flows to, from and through Europe and the 
related environmental impacts. In this study, “Europe” refers to the EU-25 plus Norway and 
Switzerland. In doing so, it aims to address the following target questions: What are the environmental 
pressures related to the production and use of PGMs? Which industries and product groups are the 
largest users of PGMs? Which industries are responsible for the largest losses of PGMs in the system? 
Is there evidence of problem shifting? Which measures taken at the micro-, meso-, macro-level allow 
for a more effective recycling? For that purpose, a model of the demand side (i.e. use of PGMs in 
Europe) is developed and combined with a model of the environmental pressures related to PGM 
production. This should then provide insights into the suspected problem of shifting environmental 
burden from Europe to other parts of the world. The model should also offer the possibility to test 
potential technological and institutional levers to mitigate environmental impacts (see Part II, Working 
Paper 21). 

The paper is structured in 6 sections. After the introduction, the second section presents the methods 
and assumptions used for the material flow analyses of PGM production and use. The third section 
                                                      
1 The six PGM are: platinum (Pt), palladium (Pd), rhodium (Rh), ruthenium (Ru), osmium (Os) and iridium (Ir). 
Only the most widely used of these precious metals are considered here (i.e. platinum, palladium and rhodium). 
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provides results of the material flow analysis and gives a detailed overview of the PGM flows for the 
system as a whole as well as for the different industrial sectors and product groups using PGMs in 
Europe. In the fourth section the environmental impacts of secondary production in Europe and 
primary PGM production in South Africa, Russia and Canada are quantified. Finally the issue of 
problem shifting is discussed for the case of car catalysts. The concluding section touches on some 
measures taken at the micro-, meso-, and macro-level to increase recycling and sets the basis for Part 
II of the paper series, which presents a more elaborate analysis of institutional and technological 
potentials to reduce environmental impacts associated with PGM flows in Europe.. 

 

2 Methodology 

2.1. Primary production 

The environmental relevance of PGM primary production is modelled through a material and energy 
flow analysis mainly derived from data published in 2005 by three mining companies,2 assumed to be 
representative for all of the producing regions where the companies operate. For comparable results 
three environmental indicators are considered: CO2eq emissions, SO2eq emissions and TMReq

3
 
4.  

The indicators are determined from-cradle-to-material and consider direct and indirect flows. The 
former are inputs or outputs directly used or emitted by the production processes. The latter represent 
flows linked to electricity generation and the supply of fossil fuels used for PGM production. 
Whenever possible, data for direct flows were taken from environmental reports of the respective 
mining companies. Anglo Platinum in South Africa and Inco in Canada publish such data.5 There are 
no such publications available from Norilsk Nickel, the Russian PGM mining company. The impact of 
transport (of workers and materials) is disregarded in the three regions. 

Emissions to air associated with electricity generation from different energy carriers were taken for 
each country from the GEMIS6 database. The energy mix of each country was either found in 
publications from national energy agencies or in GEMIS. Fossil fuels used for electricity generation or 
directly by the mining companies also require a certain amount of resources to be mobilized for their 
extraction. 

The Wuppertal Institute has developed an internal database containing, among others, indirect flows 
associated with raw materials imported to Germany from almost any part of the world. The ’hidden 
flows’ associated with the extraction of e.g. hard coal in South Africa are categorized as ”unused 
extraction”, ”abiotic resources for energy” and ”abiotic resources for transport”. Only the first two 
data entries are considered, as the impact of transport is disregarded. 

                                                      
2 Anglo Platinum in South Africa, Norilsk Nickel in Russia and Inco in North America (Canada). 
3 Total Material Requirement (TMR) is defined as accounting for the domestic resource extraction and the 
resource extraction associated with the supply of the imports (all primary materials except water and air). It 
comprises raw materials which are further processed and which have an economic value (= ”used extraction”), as 
well as so-called ”hidden flows” (= ”unused extraction”, e.g. mining waste) (Eurostat 2001, Bringezu et al. 2003, 
Ritthoff et al. 2002). 
4 In the DPSIR indicator framework (EEA 2005), these parameters represent pressure indicators; in this paper we 
use the term "environmental impact" synonymously with "environmental pressure" following the LCA impact 
assessment terminology 
5 Anglo Platinum’s data are revised by an independant external auditor (KPMG Services). Inco’s internal audit 
procedures are periodically revised by an external auditor. 
6 Global Emission Model for Integrated Systems developped by the Öko-Institut e.V. (Institute for Applied 
Ecology). 
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PGMs are never mined alone. The main co-products are two base metals, nickel and copper. Small 
quantities of gold are also extracted during the mining process.7 The inputs and outputs related to 
metal production are "allocated" or attributed to the three PGMs (altogether or separate) with respect 
to their share in the total value of the production. The co-products considered for attribution are nickel, 
copper and gold. Cobalt and silver are not taken into account because of the absence of data 
concerning the quantities produced. The disadvantage of this allocation method is that results may 
vary greatly due to the volatility of the metal prices. For the present study, the average price of the 
year 2004 is taken for each metal.8 

Table 1 presents the list of parameters needed for the allocation procedure. The environmental burden 
attributed to the production of 1 t of metal is obtained by multiplying the ratio (share of production 
value) / (mass produced per tonne PGMs produced) with the environmental burden given per tonne 
PGMs (e.g. 0.698 / 0.61 in the case of platinum in South Africa). 

 

 

Table 1: Parameters for allocation factors: shares of metal products in the monetary value of 
the production and mass of each product in the production (both per tonne PGMs produced) 

 

2.2. Secondary production 

PGMs are either used as industrial metals or incorporated in consumer goods. In the first case, the 
precious metals are physically confined to the plant. Industries using PGMs in their processes (as 
catalysts, coating etc) have usually developed a closed loop management of these valuable metals. 
PGM refiners collect the used precious metals at the plant and return refined PGMs in a suitable form 
(salt, powder etc). The recycling rate achieved in such a rationalised precious metals management is 
typically higher than 90 %. 

In the second case, the PGMs which enter a given plant leave it embedded in the final product (car 
catalyst, electronic device etc). After use, the ’end-of-life (EOL) product’ can be dumped in a landfill 
or burnt in an incinerator with the rest of the domestic waste stream, exported to poorer countries 
where it may start a new life as a second-hand product, or alternatively, collected to enter the recycling 
chain. 

The PGM losses through landfill deposition, incineration or export can vary greatly, depending on 
factors such as the last owner’s awareness of the precious metals’ value embedded in the product, the 
                                                      
7 Unquantified (probably low) quantities of silver and cobalt, as well as selenium and tellurium, are also mined. 
8 As recorded by Johnson Matthey (PGM), kitco.com (gold), PricewaterHouseCoopers LLP (silver) and London 
Metal Exchange (nickel, copper, lead). 
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legislation (on export of scrap or on collection schemes) and the conscientiousness with which it is 
implemented and enforced. 

PGMs entering the recycling chain undergo multiple steps including collection, sorting, dismantling, 
size-reduction and homogenization before they are smelted and refined. Losses can occur at various 
stages along the way. The actors involved (especially in the first steps) are not always formally 
identified. Removing and processing PGM-containing parts (e.g. decanning or shredding of a car 
catalyst) can lead to tremendous losses if not conducted properly (e.g. particular attention should be 
paid to dust collection). The dilution of PGMs in the waste flow (e.g. in electronics) also hampers the 
recovery.  

In the present study environmental impacts associated with the collection and pre-processing processes 
(i.e. up to the smelter) are disregarded as they mainly involve transport. A material flow analysis of the 
smelting-refining process is conducted, focusing on the three environmental indicators studied.  

There are two important PGM recyclers in Europe: Johnson Matthey and Umicore. The latter has 
developed a combined smelting-refining facility in Hoboken (Belgium) where it processes virtually 
only secondary materials. The former, in contrast, produces PGMs from both secondary materials and 
primary concentrates purchased from mining companies. For assessing the environmental impact of 
producing PGMs from secondary sources, Umicore’s plant in Hoboken is taken as a reference. 

By-products of PGM recycling, including base metals (lead, copper, nickel, zinc etc), special metals 
(selenium, tellurium, indium etc) and precious metals (gold, silver), are recovered all along the chain 
of complex pyro- and hydro-metallurgical processes. The precious metals are collected in a base metal 
bullion, the PGMs remain then in the residues produced by the base metals refining, before they can in 
turn be refined. 

An allocation procedure, analogous to that for primary production, is applied in order to attribute the 
environmental impacts to the different products. Because Umicore does not publish production 
quantities of base and special metals, the ratios – with respect to PGMs – of the production capacities 
of the Hoboken plant for nickel, copper and lead have been used instead. More important, however, 
are the precious metals, because of their price. For each tonne PGM produced at Hoboken, about one 
tonne gold and 40 tonnes silver are also refined. With a ratio of production quantities Au:PGM of 1:1, 
gold represents about 32 % of the production value of Hoboken’s production (PGMs make up 42 % of 
the value, and silver 20 %), whereas lead (Pb, the main output in mass) represents less than 3 % of the 
production value, even though the ratio of production capacities Pb:PGM is as high as 1250:1. 

 

2.3. Use phase 

The modelling of PGM use in Europe considers the following industrial sectors and product groups 
which are studied in detail by Hagelüken et al. (2005) for Germany: 

• Industrial catalysts 
• Car catalysts 
• Electronics 
• Glass industry 
• Dentistry 
• Jewellery 
• Other industrial applications 
 
Some of the industries use PGMs only for their processes. For others, the flows of the PGM-
containing products have also been considered within Europe. The model developed combines a 
dynamic bottom-up approach for the use of PGMs in car catalysts, results of which are further 
elaborated on in Part II, and a top-down approach for the other applications.  
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Top-down analysis 

The PGM input data used for the top-down analysis are taken from the yearly publication Platinum by 
Johnson Matthey. Prior to 1993 data refer only to Western Europe, i.e. EU-15 plus Norway and 
Switzerland. From 1993 onwards the figures are representative for EU-25 plus Norway and 
Switzerland. 

The figures Johnson Matthey supplies as ‘net demand’ represent the ”total purchases [of primary 
PGMs] by consuming industries less any sales back to the market”. In the present paper, the term 
primary input is used instead. The secondary input is then calculated for each sector using what 
Hagelüken et al. (2005) call ‘static recycling rates’, except for electronic goods where actual recycling 
rates are used. The rate of secondary production recorded for Germany is assumed to apply at the 
European level, and to be constant over time. This is not the case for electronics, therefore the 
recycling rates provided by Hagelüken (2005, p.114) are used instead. 

For platinum and palladium Johnson Matthey specifies data for a given industrial sector in a given 
geographical region. For rhodium, however, one can only access input data per industrial application 
or per geographical zone. It is then assumed that Europe accounts for the same share of rhodium input 
in each industrial sector as it does in the aggregate global input. This assumption is probably rather 
unrealistic. However, no better approximation could be made due to the lack of alternative data 
concerning rhodium. Nevertheless, the overall results may not be affected significantly because 
European demand for rhodium represented only 5.2 % of Europe’s total demand for PGMs (in mass) 
in 2004 (Johnson Matthey 2005). 

Bottom-up analysis 

The use of PGMs in car catalysts in Europe is modelled with the simulation of the European fleet of 
passenger vehicles. It considers the EU-regulations concerning the exhaust gas emissions. The PGM 
content of a car catalyst depends on three parameters: the engine type (petrol or diesel), the cylinder 
capacity (below 1.4 litres, between 1.4 and 2 litres, over 2 litres) and the Euro standard (Euro I to Euro 
V) in force at the time it was manufactured. 

The car fleet in a given year is calculated as the sum of the new registrations and the cars registered in 
the previous years still in use. The latter figure is obtained as the number of cars which ’survived’ 
from the previous year (Figure 1). The model is therefore iterative from one year to the next. The 
’survival rates’ differ according to the age, the motor type and the cylinder capacity but are assumed to 
be constant with time. 

 

 

 

 

 

 

 

 

Figure 1: Dynamic evolution 
of a car fleet, after Glaude 
and Moutardier (1978) 

 

The survival rates for Western Europe were derived from data used by Bourdeau (1998, p.220) who 
modelled the French car fleet between 1970 and 2020. These rates were adapted for the ten new EU 
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members with a three year time lag: e.g. the survival rates applying to new cars in Western Europe 
apply to three year old cars in the Central European EU members. The average age of the vehicle fleet 
was 11.5 years at the end of the 1990s in the ”Accession Countries”, compared to 7.3 years in the EU-
15 (EEA 2002a, p.2). The difference is probably slightly lower between the ten new members and the 
EU-15 because non-EU-25 members such as Bulgaria are included in the ”Accession Countries” (the 
average age of the Bulgarian car fleet is more than 15 years according to EEA (2002a, p.2), another 
source (Janischewski et al. 2003, p.51) even states more than 20 years). 

The model calculates the successive stocks and flows of vehicles and PGMs until 2020. The set of 
initial conditions was obtained from different sources. The age structure of the car fleet is derived 
from Austrian data for Western Europe (Gabriel et al. 2000, p.37) and from Polish data for EU-10 
(Janischewski et al. 2003, p.51). The initial distribution between petrol cars, diesel cars and their 
cylinder capacities is calculated from Eurostat data. By applying the survival rates to the car fleet, the 
model calculates each year the number of de-registrations. 

The secondary PGM input is estimated as 30 % of the amount potentially available for recycling 
(PGMs contained in de-registered vehicles). This rather low value is taken from Hagelüken et al. 
(2005, p.87) who conducted a field study of the recycling chain for car catalysts in Germany. The 70 
% losses are for a major part (almost 60 % of all losses) due to ’unknown’ reasons. It can probably be 
explained to a large extent by exports of second-hand cars to countries of Central and Eastern Europe 
or Africa. The same rate was assumed for the new member states for which no recycling data for end-
of-life vehicles could be found. Results of the model were used to quantify the material flows of auto-
catalysts for the year 2004 shown in Figure 4.  

 

3 Results: PGM flows of Europe 
PGM mines are located in South Africa (world largest producer of platinum and rhodium), Russia 
(world largest producer of palladium) and North America (Figure 2). The European direct PGM input 
comprises imports of PGM concentrates, refined PGMs or products containing PGMs, such as car 
catalysts or electronic equipment. 

 

 

Figure 2: World platinum group metals primary production – reserves after Renner (1992, 
p.87); production after Johnson Matthey (2005) 
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Figure 3 provides an overview of the Platinum Group Metals Material System for the year 2004. It 
combines the result of the bottom-up analysis for the car catalysts and the top-down analysis for the 
other applications. The figure shows the primary material inputs flowing into Europe from the 
production regions, the flows of primary and secondary PGMs within Europe differentiated according 
to their use in different industrial sectors and product groups as well as imports and exports. 

In Europe, the primary PGMs from South Africa, Russia and North America flow into, first, the 
industrial processes (which also correspond to the end-users for the industrial catalysts and the glass 
industry), then into the consumer use phase and, finally, secondary production or definitive losses. In 
2004 Europe was directly supplied with 113.8 tonnes primary PGMs. 12.6 more tonnes entered the 
system embedded in imported goods, such as electronic products or car catalysts.9 The sum (126.5 
tonnes) is displayed in Figure 3, where it is assumed that refining occurs outside Europe even though a 
limited quantity of PGM concentrate is refined in Europe. The remainder of the total input consists of 
about 120.4 tonnes of secondary PGMs, 114.4 t of which are recycled in European facilities. 
Considering all uses, the balance between the total imports of PGMs to Europe and the exports of 
goods containing PGMs reaches about 122.4 t. Of this amount, 35.6 t are lost within Europe during 
production processes or with non-recovered end-of-life products. In 2004, 86.8 t PGMs are therefore 
added to the European stock.  

The losses of PGMs are rather high in the first production stages of primary PGMs (mining, milling 
and concentrating), where the concentration in precious metals is still low (see upper part of the 
Figure). Average transfer coefficients for PGMs have been applied to processes subsequent to mining, 
i.e. 85 % for milling-concentrating, 96 % for pyrometallurgy, 100 % for refining. As recycling is 
performed in a smelting-refining process, the transfer coefficient for recycling was also set to 100% 
due to a lack of specific data. 

Most of the primary PGMs currently produced are used in catalytic converters for automobiles (Figure 
3). The glass industry and the chemical and petroleum industries also require considerable amounts of 
PGMs for their processes. These sectors have organised closed loops and therefore rely mostly on 
secondary PGMs (up to 98 % of the total input). Below the PGM flows and uses in the different 
industrial sectors and product groups are described in more detail. 

 

a. Industrial catalysts 

The category ’industrial catalysts’ comprises different applications such as oil refining, nitric and 
prussic acid production, homogeneous catalysis, powder catalysts, solid catalysts, and environmental 
catalysts (e.g. treating exhaust gases of combined heat and power facilities). In these applications, 
PGMs are used as ’process catalysts’.  

Most of these industrial processes allow optimized recycling rates due to well organized logistics 
(typically over 90 % for platinum and over 70 % for palladium). The recycling loop is simple, with 
mainly two actors: companies, such as Umicore, deliver precursors or final metal complexes to 
chemical and petroleum plants; the same companies recollect PGMs from their clients (e.g. embedded 
in an organic matrix) and recycle it (Hagelüken et al. 2005, p.43). 

There are, however, noticeable exceptions to these high rates of secondary production: platinum and 
palladium use in homogeneous catalysis and platinum in environmental catalysts. In silicon production 
via homogeneous catalysis, platinum is retained in the final product and is lost. Similarly, only 50 % 
of the palladium used in homogeneous catalysis is recycled because the concentrations involved in the 
multiple processes are considered too small and the value of the process slag is neglected. 

The term ’environmental catalysts’ covers mainly two fields of application: combined heat and power 
plants and post-combustion catalysts applied to exhaust gases loaded with organic particles. 
                                                      
9 About 5.6 t and 7 t of primary PGM are used in the electronic and automotive industries outside Europe 
respectively to produce goods for export towards Europe.  
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Environmental catalysts (car catalysts excluded) contain platinum but only about 10 % of it is recycled 
because used catalysts end up most of the time with steel scrap. Users of such devices have indeed 
often little knowledge about their value for recycling. The picture is also complicated by the fact that 
these catalysts occur in many small units and are in place for a rather long lifetime (about six years). 

At the aggregate level of ‘industrial catalysts’, the recyling rate of PGMs reaches about 80 % – 65 % 
for platinum, 92 % for palladium, and 86 % for rhodium (Hagelüken et al. 2005, p.50). As shown in 
Figure 3, the industrial catalysts represented 5.7 % of the demand for primary PGMs (about 6.5 t out 
of 113.8 t), and 29.2 % of the flows of secondary PGMs (33.4 t out of 114.4 t), in 2004. Losses 
represented 16 % of the total input to the sector and are compensated by primary input. According to 
Hagelüken et al. (2005, p.45, p.48), recycling potentials for the applications ‘homogeneous catalysis’ 
and ’environmental catalysts’ are very high, except for platinum use in silicon production which 
presents no potential. Palladium recovery from homogeneous catalysis could be as high as 95 % if 
residues from low capacity processes were treated. 90 % of the platinum from environmental catalysts 
could be recycled if the professional paths for recollection were followed by the multiple users of 
small units. 

  

b. Glass industry 

In a very schematic way, the process chain of glass production can be described as a succession of 
furnaces. The extremely high temperatures and the chemically aggressive fluid glass flowing through 
them explain why the oven-walls made of ceramics are entirely lined with layers of PGM-alloys. For 
the same reasons the stirrers, thermometers and other devices used in the production are plated with 
platinum-rhodium alloys (in general with 95 % platinum and 5 % rhodium). PGMs are thus used as 
process material and remain within the glass factory, except for recycling. 

Glass producers have established a comprehensive life cycle management of the PGMs used in the 
production process or plated on tools.  The typical lifetime of platinum and rhodium in the glass 
industry is two years, so that every year half of the stock has to be renewed. The overall recycling rate 
attains 98 % and there is practically no room for further recycling improvements (Hagelüken et al. 
2005, p.124-125). 

 In terms of total PGM input, the European glass industry ranks second after the automobile 
industry. Broken down into primary and secondary inputs, the picture looks completely different for 
the two cases. As displayed in Figure 3, the glass production contributes with 0.6 t only to 0.5 % of the 
European demand for primary PGMs. At the same time, the recycling loop operated by the glass 
industry in co-operation with professional recyclers handles 49.3 t of PGMs, that is 43.1 % of 
Europe’s secondary PGM flows. These large quantities of recycled precious metals actually do not 
reach the open market: they are subject to the contracts between glass factories and recyclers. 

 

c. Dentistry 

In dentistry, alloys are either based on palladium or on gold (with reduced to high gold content). 
Palladium primary input for dental applications is derived from Johnson Matthey. Platinum input is 
roughly estimated, based on the fact that platinum is used in high gold content prostheses to increase 
durability. As the low gold content prostheses have lost market shares in the past years, the gold input 
to Europe for dental purposes is assumed to be all used in high gold content alloys with an average 
weight ratio gold:platinum of 5.5:1 (Hagelüken 2005, p.128, p.134). Due to lack of data, imports and 
exports are disregarded for dental products. 

A replaced prosthese or inlay is given back to the patient who can sell it to a precious metal collecting 
company or donate it to a caritative organisation which will in turn sell it. It is assumed that 50 % of 
dentists’ work consists of replacing old or damaged dental prostheses and that 50 % of the 
replacements do not enter the recycling chain, mainly because the patients are not aware of the value 
of their old prostheses. Thus, the effective recycling attains only 25 % of the total input. Since losses 
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during the production and implant (at the dentist’s) phases are minimal due to the constant recovery of 
residues, the only potential to increase recycling can come through improved information and 
education of patients. 

The manufacture of dental prostheses attracts only a small fraction of primary PGMs in Europe (3.8 t, 
that is 3.3 % of European demand). These flows have started to decrease in the early 2000s when the 
high palladium prices created a strong incentive to favour alloys with no or low palladium content. 
The substitutes are gold and base metals, as well as non-metal materials (ceramic mostly). 

 

d. Jewellery 

There are mainly two kinds of PGM-containing jewels: platinum jewels, which are mainly made in 
Europe and contain 95 % platinum and 5 % of a base metal (cobalt most of the time), and white gold 
alloys, containing a minimum of 10 % of palladium and often also silver, copper and zinc. Germany is 
the largest market in Europe for the PGM jewellery, Italy produces and exports light platinum chains 
to the USA and Japan, whereas as much as 90 % of the British market is dominated by wedding 
jewels. 

Due to lack of data, imports and exports of PGM jewels are disregarded. The production of jewels is 
divided between the goldsmith workshops (2 % loss of input) and industrial manufacturers (5 % loss 
of input). It is rather unlikely that such low losses might be further reduced in the future. Hagelüken et 
al. (2005, p.147) give rates of secondary production of 38 % for platinum and 28 % for palladium. 
About 59 % of the total input into jewellery end up in jewels stock. 

At the world level, jewellery competes with the automobile sector for the title of  largest primary 
platinum demander. Between 1984 and 1996, the manufacturers of car catalysts took the lead before 
substituting part of the platinum with palladium. Jewel producers will remain in the future a prized 
market outlet for PGM primary producers, especially in the Far East where China recently passed 
Japan which had been so far the single largest PGM consumer for jewellery. Europe represents only 
7.7 % of the world demand for primary PGMs in jewellery. The flow of 7.5 t primary PGMs into 
European goldsmith facilities  represent 6.6 % of the primary PGM deliveries to Europe (Figure 3). 
The flow of 4.3 t secondary precious metals (stemming from the manufacturing residues; the recovery 
of old jewels is not accounted for) make up 4 % of the total PGM recycling in Europe. 

 

e. Other industrial applications 

The main ’other’ applications are directly related to the automotive industry: lambda-sonds (or O2-
sonds) and spark ignition plugs. They are both used in vehicles with petrol engines, where lambda-
sonds are needed for regulating the air-petrol mix in vehicles equipped with three-ways catalytic 
converters. 

The palladium and rhodium primary inputs for the ’other industrial applications’ are directly obtained 
from Johnson Matthey, disregarding imports or exports. Concerning platinum, the values published by 
Johnson Matthey include the use of this metal for dental applications (Johnson Matthey 2003, p.32). 
The results for platinum obtained in the ‘dentistry’ section are therefore subtracted. Such sonds and 
spark plugs are quite complicated to dismantle and they contain low amounts of PGMs (about 30 mg 
of platinum per lambda sond and 15 mg of platinum for a spark plug) rendering their recycling 
uneconomic (Hagelüken et al., p.257). The rate of secondary production is therefore set to zero. The 
number of sonds per car is expected to increase in the future as well as the number of new registrations 
which might increase the relevance of the PGM losses through these applications. 

Given the aforementioned assumptions, 4.9 % of the primary input to Europe are used to compensate 
the 5.6 t PGM losses from the ‘other industrial applications’, where no recycling occurs (Figure 3). 
The primary input also serves to match the market expansion of, among others, lambda-sonds for the 
automobile industry. The rate of market increase is however difficult to estimate. 
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f. Electronics 

Platinum, palladium and, to a lesser extent, rhodium find multiple applications in the field of 
electronics, including contact materials, plumbs, electronic components such as varistors or multilayer 
capacitors. The precious metals are also used in special applications such as hard disks for computers. 

It is difficult to determine the content of PGMs in electronic products. The main PGM-containing 
components in electronic products are multi-layer capacitors, whose number per device can vary 
greatly as well as their size (from a few square centimetres to the size of a pinhead). A bottom-up 
analysis using average PGM loadings would lead to rather unreliable results and is therefore not 
pursued. 

Instead, a top-down estimation has been conducted which considers the global PGM primary input to 
the electronic industry (39.1 t, Johnson Matthey 2005) and extracts the share for the European 
consumption of electronic goods.  Germany accounts for 6.3 % of the global electronic market (expert 
information, Hagelüken et al. 2005, p.101). It is assumed that this share is constant over time and that 
the amount of PGMs used for the production of electronic goods is evenly distributed among those. 
Then the European share in the world market for electronics is evaluated using the German share (6.3 
%) and the ratio between the GDP of Germany and Europe (EU-25 plus Norway and Switzerland) as 
reported by Eurostat. This gives a European share of about 30 % in 2004 which seems reasonable 
considering that in 2005 sixteen western European countries accounted for about 23 % of the world 
electronic market (RER 2005). 

The management of PGM-containing waste differs depending on whether the production or use phase 
is considered. Producers of electric and electronic components (high PGM content) have developed a 
comprehensive recycling chain, so that losses are almost negligible. Producers of electronic devices, in 
contrast, send their waste to electronic scrap (e-scrap). End users also dispose of their electronic waste 
in this manner, if not directly with domestic waste in which case the end-of-life electronic devices are 
burnt or dumped in a landfill. End-of-life appliances may also be exported to Eastern Europe and 
electronic scrap might be exported (e.g. to China) and thus lost for PGM recycling in Europe. 
However, the share of scrap treated in Europe is not necessarily processed for PGM recovery as the 
recycling chain might be designed for e.g. plastic and copper recovery. 

Data concerning the recycling of e-scrap have not been available; this will change in the coming years. 
according to the Waste Electrical and Electronic Equipment (WEEE) directive (CEC 2002) which sets 
collection and recycling targets. In total, 4 kg of WEEE from private households should be collected 
per inhabitant and per year by the end of 2006, which makes a collection rate of about 25-30 %. 
However, the first deadline proposed by the directive (August 2004 for transposition into national laws 
in the member states) was met only by two countries. Furthermore, the way the directive is or will be 
implemented by the member states may vary and differences in interpretations, rules and standards 
may arise (Hagelüken 2005b, p.365-366). 

In Figure 3, the total input to the ’Electronics’ box (20.6 t) is determined by the top-down analysis 
described above. It is then assumed that 50 % of the PGMs contained in the end-of-life electronic 
goods are collected (best practice reported by Hagelüken et al. (2005, p.111)). Losses at the 
’Recollection, pre-processing’ step amount to 24 % and further losses due to smelting and refining are 
disregarded. 

The primary input to the European electronic industry is taken from Johnson Matthey (3.3 t). The 
output from the electronic industry (turnover), minus exports, should match the inputs to the 
‘Electronics’ box (i.e. end use), minus imports. According to Orgalime (2005, p.3), the total 
production of ”the electrical- electronics-, ICT- and instrument industry” reached 541 billion euros in 
2004 including 200 billion euros of exports extra-EU. Van den Eynde-Coppin (2005, p.6) states that 
”in 2003, the value of the EU’s imports of electrical and electronic equipment was 52 % higher than 
the value of its corresponding exports”. Assuming the same ratio for 2004, imports amount to 304 
billion euros. The input to ‘Electronics’ therefore reaches 645 billion euros (turnover – exports + 
imports). Based on the assumption that PGM flows are proportional to the monetary value of the 
flows, imports, exports and European production of electronic goods and components represent 9.7 t, 
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6.4 t and 17.2 t PGMs, respectively (Figure 3). It has been estimated in the top-down analysis that, 
through recycling of e-scrap in Europe, 8.5 t of secondary PGMs can be produced. Given the primary 
input (3.3 t), the balance needed to obtain the output for the European electronic industry (17.2 t) is 5.5 
t (due to lack of data, losses in production are disregarded), which come from unknown sources. The 
average rate of secondary production in the European electronic industry between 2001 and 2004 (42 
%)10 is used to estimate the secondary input to the electronic industry outside Europe.  

In 2004, about 47 % of the PGMs contained in electronic goods used in Europe came in with imports 
(Figure 3). From the total PGM input into the European electronic industry, 80 % were made of 
secondary PGMs. These two results need to be taken with caution, considering the limited data 
availability. The surprisingly high rate of secondary production could, however, be explained by 
substitution effects which occurred specifically in the electronic sector since 2000. 

In 2001, the primary input of palladium into the European electronic industry dropped dramatically. 
This was due to the substitution of palladium by base metals, notably nickel in the production of 
multilayer capacitors. The high price of palladium at this time, due to the rising demand in the 
automobile industry, triggered this change. At the same time, and since the mid-90s, the volume of 
WEEE increased three times faster than average municipal waste. This was mainly due the boom of 
the information and communication technologies in the 1990s, combined with the decreasing lifetime 
of electronic consumer goods such as computers and cell phones. Therefore, a lower demand in the 
main sector of the electronic industry combined with potentially increasing quantities of secondary 
palladium might explain the high rate of secondary production in 2004, even though the product 
recycling showed no progress. 

Altogether, electronics account for 8.3 % of the PGM total input into Europe. With 14.1 t PGMs, the 
losses after this stage are the highest among all the applications considered. They make up 39.5 % of 
the estimated total losses in Europe (35.6 t). 

 

g. Car catalysts 

The bottom-up model provides the total PGM input from the domestic and foreign automotive 
industry of 63.1 t to ’car catalysts’ and an output of 11.2 t, representing the de-registrations in 2004 of 
vehicles fitted with a catalytic converter (Figure 3). For ease of readability this part of the figure is 
enlarged and reproduced in Figure 4. The share of this ’potential recycling’, which effectively enters 
the European recycling chain and finally returns to European production, is low (30 % recycling rate), 
mainly due to exports of second-hand and end-of-life vehicles to Eastern Europe and Africa. 

 

 

 

                                                      
10 The rate of secondary production in the electronic industry dramatically increased worldwide in 2001 (e.g. in 
Europe: from 22 %  in 2000 to 43 % in 2001), data prior to this date are therefore not used in the average.  
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Figure 4. Flows of Platinum Group Metals in Europe associated with car catalysts 

 

The secondary input to the European production of car catalysts from recycling (12 t) is given by 
Johnson Matthey as is the primary input to the European automotive industry (86.6 t). The output of 
the production process is then disaggregated between exports and use in Europe. Assuming that the 
monetary flows for cars given by ACEA (2005)11 reflect the PGM flows, imports, exports and 
European production of car catalysts represent 9 t, 17.8 t and 71.9 t PGMs, respectively. The resulting 
mass balance of the involved processes indicates a net addition to stock of 26.7 t PGMs at the 
European automotive industry in 2004. 

The share of secondary input to the production of car catalysts imported is estimated using Johnson 
Matthey’s data. Outside Europe secondary PGMs represented 22 % of the total input to the car catalyst 
industry, i.e. 2 t out of 9 t presented in Figure 3 and 4. 

The European automotive industry is the largest user of primary PGMs, receiving around 76 % of the 
primary PGM input to Europe (cf Figure 3). 18 % of the total input (primary + secondary) is leaving 
the studied region through the export of new cars. The amount of PGMs finally used in Europe (the 
flow entering the ‘car catalysts’ box) represents 25.5 % of the total input to Europe. 82 % of the total 
input to ‘car catalysts’ add to the stock of the European car fleet. The losses (7.8 t) after the use phase 
represent 70 % of the PGMs potentially recoverable from de-registered cars, mainly due to exports of 
old cars. These losses make up 22 % of the yearly European PGM losses. 

 

                                                      
11 The ACEA data refer to Europe as the EU-25 + Iceland, Liechtenstein, Norway and Switzerland. 
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4 Environmental Impacts of PGM production 
 

The specific total material requirement reaches 388 600 tonnes per tonne of primary PGMs produced 
(TMReq for transport is not accounted for12), including the weighted contributions of the three 
producing regions. The direct PGM input of about 126.5 tonnes in Europe in 2004 is therefore 
associated with a TMR of over 49 million tonnes. 

For South Africa the TMReq amounts to 628 300 tonnes per tonne PGMs extracted (Figure 5), 86 % of 
which are precious metal mining waste. The rest corresponds to TMReq associated with electricity 
generation. Over 35 000 tonnes of carbon dioxide equivalent are emitted per tonne of PGMs produced. 
Benefiting from cheap power, the South African PGM production is largely electrified (e.g. use of 
electrical furnaces). As much as 92 % of South African electrical power is generated in rather 
inefficient coal fired power plants, which has a large impact on the indicators TMReq and CO2eq. 

Russian production performs better in terms of CO2eq emissions and TMReq.
13 Norilsk Nickel (Russia), 

however, features worst when considering SO2eq emissions (Figure 5). The sulphur dioxide emissions 
associated with the imports of Russian PGMs to Europe (mostly palladium for catalytic converters) 
amounted to over 156 000 tonnes in 2004. This is the order of magnitude of the direct SOx emissions 
reported by Belgium to the European Environment Agency for NAMEA14 in 2002 (158 000 t) and it 
represents about 26 % of the German SOx emissions reported to NAMEA in 2003. Norilsk Nickel has 
announced huge investments into cleaner technologies, which are supposed to be commissioned in 
2010. Until then, the continuous emissions of acidifying compounds are associated with tremendous 
environmental and health impacts over hundreds of kilometres around the facilities. The introduction 
of catalytic converters in European cars thus helped to reduce the emissions of acidifying substances 
(e.g. NOx) in Europe, while partly shifting this burden to Siberia. The specific and critical question of 
burden shifting thus deserves further attention. 

 

 

Figure 5: PGM flows towards Europe and CO2eq emissions, SO2eq emissions and TMReq per 
tonne primary or secondary PGMs produced (year 2004) 

                                                      
12 Earlier calculations of the Wuppertal Institute estimated that transport for mining, refining and shipping of raw 
materials from raw materials to Europe may contribute another 5 to 15% to TMR. 
13 Due to poor data quality, the results are probably underestimated, though. 
14 NAMEA: national accounting matrix including environmental accounts. 
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5 Problem shifting through car catalysts 
 

A medium sized petrol car (with a cylinder capacity of 1.4-2 litres), of the Euro III generation (period 
2000-2004), contains about 3.5 g PGMs, including 14 %  platinum, 78 % palladium and 8 % rhodium. 
A medium-sized diesel passenger car (with a cylinder capacity below 2 litres) fitted with a Euro III 
catalyst contains about 4.1 g platinum.  

The effect of the catalytic converter on these cars’ atmospheric emissions is shown in Table 2. Like 
any other kind of end-of-pipe solution, the use of a catalytic converter adversely impacts the efficiency 
of the process, i.e. here it increases fuel consumption, hence the increase in CO2 emissions. The 
emissions of sulphur dioxide also increase by 0.00005 g per km for a petrol car. This is in practice 
negligible. 

Table 2: Effect of catalytic converters on the emissions of nitrous oxides, methane and carbon 
dioxide from petrol and diesel passenger cars 

Car catalyst effect 
in g/km 

Petrol car* Diesel car** 

w/o catalyst w catalyst Change w/o catalyst w catalyst Change 

NOx 2 0.2 -1.8 0.62 0.5 -0.12 

CH4 0.1 0.03 -0.07 0.006 0.004 -0.002 

CO2 200 201 +1 170 170.85 +0.85 

* after Amatayakul and Ramnäs (2001) 

** after ACE (2004), Environment Canada (2004) and own estimates 

 

1 t PGMs used in Europe in catalytic converters is roughly equal to the platinum content of 285 714 
average petrol cars or 243 902 diesel vehicles. Assuming that the average service lifetime of a 
catalytic converter is 160 000 km for a petrol car and 200 000 km for a diesel vehicle,15 1 t PGMs 
corresponds to almost 46 billion or 49 billion kilometres driven with petrol or diesel car catalysts, 
respectively. Table 3 compares the emissions avoided from cars with the environmental impacts 
associated with the production of this one tonne PGMs (or platinum only, for diesel catalysts). These 
pressures are geographically distributed to the different PGM producing regions as estimated in 
Table 4. 

Table 3: Net effect of petrol or diesel car catalysts over their service lifetime 

Car catalyst net 
effect 

in t / t PGMs 

Car catalyst effect 
over lifetime 

Impact of PGMs 
production 

Net effect over lifetime 

Petrol Diesel Petrol Diesel Petrol Diesel 

SO2eq*  - 57 600 - 4 098 + 1 662 + 1 943 - 55 938 - 2 155 

CO2eq**  - 27 886 + 39 219 + 14 964 + 39 893 - 12 922 + 79 112 

TMR eq +/- 0 +/- 0 + 237 831 + 683 565 + 237 831 + 683 565 

* 1 t NOx = 0.7 t SO2eq (acidifying potential) 

** Including the increased fuel consumption effect. 1t CH4 = 23 t CO2eq (global warming potential) 

                                                      
15 This is the guaranteed service lifetime of catalytic converters from the manufacturer (Amatayakul and Ramnäs 
2001). 
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Table 4: Geographical distribution of the environmental impacts associated with the 
production of the PGMs used in European car catalysts 

 

PGM primary 
production 

1 t PGMs in petrol cars 1 t Pt in diesel cars 

South Africa Russia North 
America South Africa Russia North 

America 

SO2eq 150 1 400 113 453 1 324 166 

CO2eq 12 223 2 142 600 36 982 2 026 884 

TMR eq 218 503 11 470 7 858 661 128 10 850 11 587 

 

 

These indicators do not reflect that car catalysts reduce also other impacts (e.g. NOx mainly has a 
eutrophication effect, and also other emissions such NMVOC are reduced). Nevertheless, the data 
clearly indicate a shift from environmental impacts that have an effect on or via the atmosphere (on 
bio- and pedosphere and human health) towards impacts which largely affect the earth surface 
(impacts on bio-, pedo-, geo-, hydrosphere through massive resource extraction and mining waste 
disposal). On the one hand, the use of petrol car catalysts leads to a significant overall reduction of 
acidifying emissions, while the effect on global warming altogether is less relevant. On the other hand 
it leads to a drastic increase of resource extraction and mining waste.  

A catalytic converter for petrol cars contains 78 % of palladium, to which lower environmental 
impacts than for platinum or rhodium are attributed, due to its lower 2004 price level. Therefore, under 
the aforementioned assumptions, the use of diesel car catalysts implies an increase of global 
greenhouse gas emissions. 

 

Table 5: Yearly average net effect of the car catalysts registered in Europe in 2000 

 

New 
registrations 
in 2000 

Yearly Net effect 

(10 years lifetime) 

Petrol Diesel Total 

SO2eq - 220  723 - 4 474 - 225 197 

CO2eq - 50 986 + 160 290 113 304 

TMR eq + 938 442 + 1 419 542 2 357 983 

 

In 2000, roughly 16 million new passenger cars were registered in Europe, of which about 31 % were 
diesel. Assuming that all these vehicles complied with the Euro III standard, and using the previous 
results, the yearly average net effect of the car fleet newly registered in 2000 can be calculated 
(assuming a 10 year average lifetime for petrol as well as diesel cars). It appears from Table 4 that the 
net savings of sulphur dioxide reach, on a yearly average, 1.5 times the direct SOx emissions of the 
Netherlands reported to NAMEA in 2003 (150 271 t). In contrast, the fact that these vehicles were 
equipped with catalytic converters induces around 113 000 t more CO2eq emissions on average per 
year and is responsible for 2.4 million tonnes TMR yearly. This is a maximum estimate because the 
calculations were done for primary PGMs only, whereas a small share of total input is actually made 
of secondary metals (about 10 % rate of secondary production for platinum). A rough break-even 
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analysis shows that each petrol car from 2001 needs to be driven about 4616 km to amortise the 
sulphur dioxide emitted for the production of the PGMs contained in its catalyst. For diesel cars, the 
break-even analysis gives a distance of 94 833 km. Hochfeld (1997) had obtained 4900 km for petrol 
cars. The difference can be explained by at least three parameters: at the time of his study, catalysts 
contained only platinum and rhodium, the environmental impacts of primary production were higher 
than nowadays, and the emission standards were less strict. 

Catalytic converters prevent emissions diffused in space and time (reduction of the emissions of 16 
million cars registered in year 2000, distributed all over the European territory, over a lifetime of about 
ten years). In contrast, the atmospheric emissions and mining waste disposal occur most of the time in 
the direct vicinity of the mining and smelting facilities. Sulphur dioxide emissions and solid waste 
disposal show high impact intensities around the point sources. Whereas the environmental quality 
over large areas of Europe was improved by means of car catalysts the "side-effect" was a significant 
deterioration of local conditions in some other regions of the world, conveyed by PGM flows and the 
technology applied. 

A way to enhance the positive environmental effect of catalytic converters and to avoid relocating 
emissions and waste would be to use secondary instead of primary PGMs.  Glass or chemical 
industries operate in quasi closed loops, but for car catalysts, secondary PGMs from ELV cannot, to 
date, match the total demand due to the growing stock. Future research, considering the fate of ELV 
outside Europe will have to assess the options for improving the recovery rate. 

 

Table 6: Comparison of environmental impacts associated with PGM primary and secondary 
productions 

 

(a) Primary 
production 

in t / t PGMs 

No 
allocation 

After allocation to 

Pt Pd Rh PGMs 

CO2eq 41350.84 39892.65 7221.62 46829.35 23451.09 

SO2eq 7267.15 1942.92 1545.12 2308.42 1792.31 

TMR eq 593090.23 683564.91 99891.12 802707.88 388602.19 

 

(b) Secondary production 

in t / t PGMs 
No 
allocation 

After allocation to 

Pt Pd Rh PGMs 

CO2eq 4407.4 2875.36 787.71 3322.04 1851.46 

SO2eq 39.86 26.01 7.12 30.05 16.75 

TMR eq 13974.25 8738.82 2394.01 10096.4 5626.99 

 

(c) Ratio 

Primary:Secondary 
No allocation 

After allocation to 

Pt Pd Rh PGMs 

CO2eq 9.38 13.87 9.17 14.1 12.67 

SO2eq 182.31 74.71 216.88 76.83 107.03 

TMR eq 42.44 78.22 41.73 79.5 69.06 
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Table 6c shows the environmental impact ratio between primary and secondary production. The ratios 
of the non-allocated impacts are about one order of magnitude lower than in Hochfeld (1997, p.122), 
which would imply that PGM mining is globally ’cleaner’ today than ten years ago. Russian 
production, however, still remains a hot spot. The impact of secondary production might also be 
underestimated in Hochfeld (1997), due to lack of data from professional recyclers.  

‘No allocation’ can be understood as if all emissions and TMR were attributed to PGMs. The ratios 
primary:secondary appear to be very different ‘after allocation’ (Table 6c). The CO2eq emissions and 
the TMReq allocated to the production of one tonne primary palladium are about 5.5 times lower than 
when allocated to platinum, while SO2eq emissions attributed to palladium are only 20 % lower than in 
the case of platinum (Table 6a). The difference can be explained, on the one hand, by the allocation of 
the impacts to the metal products according to their share in the production monetary value, and on the 
other hand, by the aggregation of the environmental impacts of the three primary producers according 
to their respective shares in world production. 

Platinum represents 70 % of the value of Anglo Platinum’s production, characterized by high CO2eq 
and TMReq intensities, and low SO2eq emissions. South Africa alone produces 77 % of the world 
primary platinum. In contrast, palladium represents only 10 % of Norilsk Nickel’s production value 
(53 % for nickel), even though it makes 50 % of the world primary palladium output. Despite the 
lower price of palladium, SO2eq emissions attributed to palladium are only 20 % lower than for 
platinum, due to the extreme sulphur dioxide intensity of Norilsk Nickel’s production. 

These remarks cast light on the important, and somewhat tricky issue of allocation. The assumptions 
of the procedure need to be completely transparent, if one is to interpret the results properly.  

Altogether, the analysis seems to provide reliable evidence that secondary production of PGMs in 
Europe is associated with about 13 times lower CO2eq, 107 times lower SO2eq  and 69 times lower 
TMReq than primary production outside of Europe. Whereas the environmental pressure of primary 
production mainly hits the producing countries outside of Europe, environmental pressures associated 
with recycling mainly occur within Europe (although to a lower extent than the impacts of primary 
production affect South Africa, Russia and North America) because the acidifying emissions and the 
major part of the resource extraction for electricity supply take place within Europe. Thus, increased 
recycling of PGMs in Europe could contribute to lower the global environmental impact of PGM use 
and an internationally more balanced burden sharing. 

 

6 Conclusions 
Platinum group metals are important for a number of industrial processes and consumer goods. The 
largest volumes are used for the production of industrial catalysts and in the glass industry, and for the 
production of electronics and car catalysts. The structure of the flows in these processes are very 
different, though. The first two sectors operate in almost closed loops and therefore rely mainly on 
secondary inputs. The last two product groups, in contrast, attract most of the primary inputs. This is 
especially true for car catalysts, which use 76% of primary PGMs. The large share of primary inputs in 
these two sectors is due to the physical expansion of the related stocks and growing markets but also to 
the high losses at the end-of-life product stage.  

The combination of PGM MFA within Europe with the MFA of PGM primary and secondary 
production allowed to construct a model of the environmental impacts associated with the use of 
PGMs in Europe. Differentiation between the regions where the impacts primarily affect the 
environment allows to detect the shifting of environmental burden to other countries outside Europe. 

The specific pressures for secondary production practised by Umicore (Hoboken) are significantly 
lower than those of primary production. Assuming that PGM secondary production will continue to be 
practised in Europe, while primary production will further be performed in South Africa, Russia and 
North America, increased recycling appears as an obvious way to reduce the environmental impacts 
associated with primary production of PGMs in the producing countries, as this would reduce the 
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demand for primary PGMs. This is especially true for sulphur dioxide emissions and TMR. For these 
two impact categories the ratio of primary to secondary is more in favour of secondary production than 
for carbon dioxide, which takes effect also at a more global scale. Recycling of PGMs, on the one 
hand, indeed relieves the environment, at least for the three environmental indicators considered.  

On the other hand, recycling is still relatively low in some key sectors, electronics and catalytic 
converters. However, even in case of 100% recycling of PGMs from end-of-life products, the rate of 
secondary production input would still be limited. Primary PGMs would still be needed, mainly for 
two reasons. First, the PGM material flow system in Europe is an open system which suffers from 
losses through exported products – new, second-hand or end-of-life products. Second, the growth of 
the stock of PGM-containing products requires more material than can be provided by recycling. 

Reducing exports of new products (e.g. new cars) would clearly not be an acceptable solution for the 
European industry and economy. A reduction of exports of second-hand products would neither be in 
the interest of European households nor the consumers in poorer countries. Controlling the exports of 
waste in a way to ensure that recyclable parts will be recovered, however, could contribute to reduce 
Europe’s dependency on imports of primary PGMs. Such controlling could become part of an 
international material flow management which through cooperation of automotive and recycling 
industries could try to close the life cycle of exported cars and optimize recycling and use of 
secondary resources, especially rare metals, within and between continents. Within Europe, facilities 
for recovery and recycling of PGMs from ELV are already in place and use of secondary PGMs in 
catalysts used for new cars is already state-of-the-art in the European automobile industry. The main 
task is now to keep track of PGMs in exported products (cars, trucks, electronics) and manage 
recovery of the relevant parts after end of life also in other regions of the world. Such a recovery and 
recycling pattern is already in place in the glass industry: instruments plated with platinum are 
produced in Europe and used in glass production in e.g. Asia, where they are collected at the end of 
their lifetime and shipped back to Europe for recycling. It is of course a different and much more 
complex task in the case of catalytic converters because of the difficulty to keep track of exported 
vehicles. Moreover, the importing countries are also increasingly interested in recycling these PGMs 
for their own use. 

In order to reduce the requirements for primary PGMs, several options exist which combine aspects of 
sustainable patterns of consumption and production. Some parameters of adjustment could relate to 
product design and the product lifetime which have significant effect on the growth rate of the 
physical stock and thus the potential of substitution of secondary inputs for primary inputs. 
Technological and institutional levers exist to influence those key parameters, some have already been 
at work in the past, providing different outcomes. Part II studies the effect of such potential measures 
on PGM flows and environmental impacts. It also looks at the effects of the introduction of a new 
technology – fuel cell vehicles – which implies the building of a new PGM product stock from scratch. 
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