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Executive Summary  

Introduction 
European and other major economies depend on natural resources for their prosperity, but 
current patterns of increasing resource use are causing environmental pressures and 
environmental degradation globally. In order to tackle this issue the European Commission 
has developed a “Thematic Strategy on the Sustainable Use of Natural Resources1” with the 
overall objective of decoupling economic growth from environmental degradation through 
improved resource efficiency and reduced environmental impact of resource use.  As for 
most developed regions, the EU is highly dependent on resources coming from outside 
Europe, and as such is in effect exporting environmental impacts.  
 
Product prioritisation studies based on life cycle analysis (LCA) techniques are often used to 
help identify which aspects of consumption are particularly damaging to the environment.  
However, knowledge of the environmental impacts taking place at the very early stages of 
the product lifecycle (i.e. raw material production and primary processing) is often relatively 
limited, particularly as impacts often occur outside those major economies where such LCA 
studies are typically conducted.  Improving this information is essential to ensuring that such 
prioritisation studies deliver accurate assessments.    
 
This study completed for DG Environment (DG ENV), European Commission, by AEA 
Energy and Environment and Metroeconomica, seeks to help address this issue by reviewing 
the literature to identify the environmental impacts which occur outside the EU from a 
number of highly significant trade flows of raw materials and processed materials into the 
EU.  The literature review provided useful insights into the types of environmental impacts 
associated with commodities, including impacts on biodiversity which are difficult to 
characterise quantitatively in an LCA study. 
 
The study also suggests a simple methodology for using information on these environmental 
impacts to identify those resource trade flows which have a more significant environmental 
impact, and makes suggestions for policy developments that could help to reduce these 
impacts.    
 
Study Methodology 
The study:  
 

i. Selected a set of 40 commodity trade flows, spread across four sectors (agricultural 
food and non-food commodities, metals and minerals and fossil fuels) on the basis of 
the significance of volume and value of imports and likely significance of potential 
environmental impacts (based on expert judgement and results from previous 
studies). 

ii. Compiled trade data on the commodities identifying the main countries exporting to 
the EU. 

iii. Conducted a literature review to identify environmental impacts from production, 
wherever possible gathering country specific information (for main exporting 
countries) as well as generic information.  The literature was also used to identify 
areas where information on environmental impacts is lacking.  

iv. Using information gained from the literature review and expert judgement, assigned a 
score (from zero to three) to reflect the severity of potential impacts for each of the 40 
flows in four policy areas: climate change, biodiversity, human health and natural 
resources. 

                                                 
1 COM(2005) 670 final. ‘Thematic Strategy on the sustainable use of Natural Resources’ 
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v. Used the ratings together with data on the significance of the trade flow to identify 
which of the commodities studied had the most significant environmental impacts in 
their source countries overall. 

vi. Use data on transport modes and transport distances to examine environmental 
impacts of transporting commodities to the EU. 

 
While existing LCA studies of commodities were examined in the literature review, the focus 
was on supplementing this information by identifying additional information sources and 
ensuring that all potential environmental impacts (including those such as biodiversity which 
may be difficult to characterise in LCA data) were covered.  The use of a simple rating 
system which did not require quantitative data, but relied on guidelines meant that enough 
information was available on all of the commodities to rate them in the four policy areas.  The 
emphasis on gathering country specific as well as generic information highlighted how and 
why the severity of particular environmental impacts can vary significantly between countries.  
Reasons for variations include: 
 

- Availability of natural resources necessary to sustain commodity production 
(e.g. in areas where rainfall is not sufficient to support cotton production, there are 
severe impacts on water resources affecting both biodiversity and the local 
people); 

- Patterns of existing land use and existing ecosystems; whenever land use 
change is required for commodity production, impacts on biodiversity are very 
dependent on the existing land use; 

- Production mode and method: smaller scale production can reduce 
environmental impacts for some commodities (e.g. by preventing large areas of 
monoculture), but may also increase impacts due to less efficient production 
methods, or poorer regulation (e.g. small scale gold mining); 

- Level and quality of environmental regulation; regulation of extraction and 
production activities and regulation of use of e.g. herbicides and pesticides in 
agricultural production may vary significantly between countries.  Good regulation 
and proper monitoring of impacts can lessen the severity of impacts.    

 
The principal disadvantage of the approach is the subjective nature of the rating.  Apart from 
climate change where quantitative data was available from life cycle databases and studies 
for most of the commodities, the rating is based on expert judgement.  The project team 
made use of sector experts in helping to compile ratings, and is confident that ratings have 
been assigned as consistently as possible within each sector, it is less confident that ratings 
for a particular impact category are consistent between sectors.   
 
Apart from the challenges of assigning ratings consistently across all commodities, the main 
problem encountered was a lack of information and data on which to base the ratings in 
some cases.  In general: 
 

• More information and more quantitative data were found on environmental impacts of 
metals, minerals and fossil fuels, than for the other commodities.  

• More information was also generally available for commodity production in developed 
countries as environmental reporting at both the national and company level is more 
developed than in developing and transition countries. 

• More comprehensive and comparable data was generally available for climate 
change, than biodiversity and natural resources, partly because these are much wider 
in definition. 

 
Recommendations for Improving Methodology 
In general, establishing a firmer basis to policy prioritisation between significant natural 
resource trade flows requires a redoubling of efforts to establish a more comprehensive 
understanding of their impacts, in particular on biodiversity, human health and natural 
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resources. This would be achieved through a coordinated policy of data gathering and a 
more coordinated collation of results from the many and varied current research projects 
(something which this project is contributing towards). 
 
Key recommendations for improving the methodology adopted in this study are to:  
 

• Refine the guidelines used for assessing rankings, involving a wider range of both 
sector experts and ‘impact’ experts, e.g. impacts in biodiversity and human heath.   

• Include more quantitative criteria in the guidelines. 
• Ensure review of the ratings by a range of sector experts and ‘impact experts’; 

consider including experts from producer countries.  The study has highlighted a 
number of countries which supply a range of commodities, where it would be 
particularly useful to make links with appropriate experts. This might also help in 
provision of more country specific data. Development of a database of expertise 
within this project provides a basis for further inclusion of experts in this context. 

• Examine sources of quantitative data (e.g. time series on crop areas held by 
organisation such as the FAO, occupational health statistics) which could potentially 
be used to give a more quantitative basis for the ratings for biodiversity, human health 
and natural resources. 

• Consider replacing the ‘natural resources’ impact category with two or three more 
narrowly and clearly defined different impact categories. 

 
Environmental Impacts of the Commodities Studies 
Ratings for the 40 commodities are shown in Table E1.  For each of the sectors examined, 
there are often some generic environmental impacts, which are applicable to all or many of 
the commodities. This is most clearly so in the ‘fossil fuels’ category, where oil and gas 
production are often closely linked so have similar types of impacts.  For minerals and 
metals, there are a large number of common impacts e.g. there are large volumes of waste, 
acid drainage can lead to water pollution and fugitive dust can cause health problems.  
Processing of the mineral ores into metals tends to increase global warming significantly due 
to the energy intensity of the processing and brings additional air and water pollution issues.  
The pattern of impacts for agricultural commodities tended to vary between commodities 
more than for fossil fuels and minerals and metals, although this may partly reflect the more 
diverse nature of the commodities studied.  Where cultivation of a commodity results in land 
use change (e.g. because the crop area is expanding, or it being displaced into previously 
uncultivated areas) then there can be significant impacts on climate change due to the 
carbon releases associated with clearing and cultivating land, and on biodiversity as habitats 
are destroyed.  
 
The variations shown in the severity of the impacts for commodities within each of the four 
commodity groups highlight the need for caution in generalising about the main impacts of 
the sectors, apart from perhaps fossil fuels.  This partly reflects the fact that a mixture of raw 
materials and processed materials were selected for study in each sector.  For example in 
the non-food commodities, leather, cotton fabrics and bioethanol, and in the food 
commodities, meat and milk can be regarded as processed materials as grass and feedstuffs 
are processed by the animal into a useful product. 
 
Overall Environmental Impact 
The overall environmental impact of each commodity was derived by summing the ratings for 
climate change, biodiversity, human health and natural resources.  The ranking of the 
commodities based on this overall environmental impact is shown as the first column in 
Table E2.  These overall environmental impact ratings were then multiplied by the total 
volume of EU imports to assess the trade flows likely to have the highest overall impacts in 
source countries (shown in the second column in Table E2).  So for example, while wheat is 
one of the agricultural commodities with a lower overall environmental impact, very large 
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amounts are imported, so that the impact of the wheat trade flow is higher than for trade 
flows of many other commodities.   

Table E1  Impact Ratings for Commodities 

 Climate 
Change Bio-diversity Human 

Health 
Natural 

Resources 
Agricultural Food Products     
Bananas ** ** ** ** 
Bovine meat *** *** - ** 
Cocoa * * - - / * 
Coffee ** ** * ** 
Crustaceans *** *** * / ** - / ** 
Fish, fresh, chilled, frozen ** ** / *** - *** 
Maize ** * / ** * * / ** 
Milk products *** * - * / ** 
Rice *** * ** ** 
Soybeans ** / *** *** * * / ** 
Sugar  * * / ** * ** 
Tea ** ** * ** 
Wheat and wheat flour ** * * * / ** 
Non-food agricultural products     
Bioethanol ** ** * * 
Cotton lint ** *** *** *** 
Cotton fabrics, woven  ** *** *** *** 
Leather * / ** * * ** 
Natural rubber * / ** * / ** * * 
Palm oil *** *** * * 
Tobacco *** ** / *** ** ** 
Wood, simply worked * / ** ** - / * * 
Chemical wood pulp ** ** - / * ** 
Minerals and metals     
Aggregates - * / ** ** * 
Aluminium *** * / ** ** ** 
Bauxite and other aluminium ores - * / ** * ** 
Cadmium - ** ** - 
Cement *** * ** ** 
Copper ores and concentrates * / ** * / ** * ** 
Gold  *** * * / *** ** 
Iron and steel *** * / ** * * / ** 
Iron ores and concentrates - * / ** * ** 
Mercury * ** ** * 
Phosphate rock * * / ** * * 
Zinc ore and concentrates * / ** * / ** * ** 
Fossil fuels     
Coal * / ** ** *** *** 
Crude petroleum * / ** ** *** ** 
Gas, natural and manufactured ** ** *** ** 
Liquefied propane and butane gas ** ** *** *** 
Petroleum oils other than crude ** ** *** *** 
Synthetic rubber *** ** *** *** 
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Table E2  Assessment of Relative Overall Environmental Impact 

Environmental impacts only considered Environmental impacts & EU import volume 
considered 

Rank Commodity Rank Commodity 
Food Agricultural Commodities 
1 Crustaceans 1 Soybean 
2 = Bananas 2 Wheat and wheat flour 
2 = Bovine meat 3 Bananas 
2 = Rice 4 Maize 
2 = Soybean 5 Coffee 
6 Fish, fresh, chilled, frozen  6 Sugar  
7 = Coffee 7 Crustaceans 
7 = Tea 8 Rice 
9 Maize 9 Cocoa 
10 Milk products 10 Fish, fresh, chilled, frozen 
10 = Sugar  11 Tea 
10 = Wheat and wheat flour 12 Milk Products 
13 Cocoa 13 Bovine Meat 
Non Food Agricultural Commodities 
1 Cotton 1 Wood 
1 = Cotton fabrics, woven  2 Chemical Wood Pulp 
3 Tobacco 3 Palm Oil 
4 Palm oil 4 Natural Rubber 
5 = Chemical wood pulp 5 Tobacco 
5 = Bioethanol 6 Cotton fabrics, woven  
7 Leather 7 Cotton 
8 Natural Rubber 8 Leather 
9 Wood 9 Bioethanol 
Metals and Minerals2 
1 Gold 1 Iron Ores and Concentrates 
2 Aluminium 2 Iron and Steel 
3 Cement 3 Cement 
4 Iron and Steel 4 Aggregates 
5 = Copper ores and concentrates 5 Bauxite and other aluminium ores 
5 = Zinc ore and concentrates 6 Aluminium 
5 = Mercury 7 Phosphate Rock 
8 = Aggregates 8 Copper Ores and Concentrates 
8 = Bauxite and other aluminium ores 9 Zinc Ore and Concentrates 
8 = Iron ores and concentrates 10 Cadmium 
8 = Phosphate rock 11 Mercury 
12 Cadmium   
Fossil Fuels 
1 Synthetic Rubber 1 Crude petroleum 
2 Liquefied propane and butane  2 Coal 
2 = Petroleum oils other than crude 3 Natural Gas 
4 Coal 4 Petroleum oils other than crude 
5 Natural Gas 5 Liquefied propane and butane  
6 Crude petroleum 6 Synthetic Rubber 

                                                 
2 Gold has been excluded from the ranking for “environmental impacts and EU import volume" due to insufficient 
data on EU imports. 
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The need for caution regarding the use of ratings for environmental impacts, particularly due 
to variations in data availability and quality, and the difficulties of comparing impacts across 
commodities has been noted earlier. Using this methodology the trade flows with highest 
overall environmental impact scores are those that have scored relatively highly in most 
impact categories and not those trade flows that may have a very high impact in only one or 
two impact categories. Moreover, the scoring on which the analysis is based is for source 
countries with the most significant impacts and therefore overall scores may not reflect 
impacts in all source countries. For these reasons the analysis here is necessarily tentative 
and simply intended to contribute to discussion on priority resource flows given these 
constraints.  It is only concerned with assessing environmental impacts outside the EC; 
including the impacts from activities which happen inside the EU such as further processing, 
incorporation into products, use and disposal is likely to give a different ranking.   
 
Environmental Impacts of Transporting Commodities to the EU 
The impact of transport of commodities from the country of origin to the EU was examined by 
combining information on transport mode for the top three exporting countries, with typical 
distances for the appropriate sea or road/rail journey and lifecycle data on the impacts of 
road, rail, ship and air transport.   Figure E1 shows the climate change impacts from 
transport on both a per tonne of commodity basis and for total imports from the top three 
exporting countries.  Commodities with a higher climate change impact from transport are 
bovine meat, as a substantial proportion (75%) arrives by air; cotton, as almost 80% comes 
by road, and leather as about 40% comes by road and 40% by air. In terms of total transport 
impacts iron ore and coal dominate due to the much larger volumes of these commodities.  
Crude oil and wood are also significant; in the case of crude oil, this again is due to the 
volume of imports, and in the case of wood due to a relatively high volume and relatively high 
impact per tonne.  
 
A full comparison of climate change impacts from transport of the commodities with impacts 
from production of the commodities could not be made, as quantitative data on the climate 
change impacts of all commodities was not available.  However for those commodities where 
a comparison could be made, there were several - typically those with a very low to low 
climate change impact - where the impacts from transport were of the same magnitude or in 
some cases larger than impacts from commodity production.  
 
Recommendations for Policy Development 
From a review of the current policy framework on trade flows of commodities the study 
identified four key areas for future policy development 
 
(1) Further promotion of policies influencing patterns of consumption in the EU: We 
suggest there is great potential in further developing policies that aim to reduce impacts in 
source countries of natural resource trade flows through addressing volume and nature of 
trade flows to EU. Such policies would be aimed at encouraging demand in the EU of 
products with lower environmental impacts and the sourcing of products from those locations 
with lower impacts. This should include supporting: (i) sustainable production certifications 
schemes and eco-labelling across an expanding range of imported commodities, e.g. the 
development of certification for “green” metals, (ii) eco-design of products based on 
minimisation of resource use and environmental impacts of source materials (“Design for 
Sustainability”), (iii) innovation designed to reduce physical flows of natural resources (e.g. 
development of product service systems concept) and (iv) sustainable procurement policies. 
 
(2) Further promotion of policies aimed at reducing environmental impact in source 
countries: The range of environmental programmes in source countries generally address 
specific impact categories (climate change etc.) rather than being focused on the production 
of particular commodities. However, there is potential to target further specific commodities 
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or sectors, This should include supporting: (i) take up of existing sustainable production 
certification in source countries and development of new schemes for different commodities 
(linked to support for demand for certificated products in EU stated above), (ii) sustainable 
production schemes in commodity dependent developing countries, (iii) capacity building in 
source countries in development of environmental standards and enforcement, (iv) 
technology transfer (v) further development of the concept of biodiversity offsets in source 
countries, with EU importers taking some responsibility for addressing residual impacts  
 
(3) Investigation of scope for reducing environmental impact in source countries 
through trade policies: Direct trade policies as a means of promoting specific sustainable 
production objectives in import source countries are limited by WTO agreements for trade 
liberalisation. However, there is some scope for further regulation of trade to have 
environmental benefits, particularly in production standards and product sourcing for the food 
and non-food agricultural sectors.  
 
(4) Finally, we suggest that there is a need for a full assessment of policy options for 
addressing impacts of natural resource trade flows: This project has focused chiefly on 
environmental impacts in source countries of significant natural resource trade flows into the 
EU.  Policy recommendations given here are based on initial scoping of policies of relevance 
to addressing these impacts. Therefore, we recommend that thorough policy analysis is 
necessary to assess the potential of specific policy recommendations in the context of 
specific priority resource trade flows. This would not only include assessing the effectiveness 
of a recommended policy in tackling the specified environmental impacts but also the wider 
socio-economic costs and benefits in source countries of implementing policies. 
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1 Introduction 

European and other major economies depend on natural resources for their prosperity, but 
current patterns of increasing resource use are causing environmental pressures and 
environmental degradation globally.  In order to tackle this issue the European Commission 
has developed a “Thematic Strategy on the Sustainable Use of Natural Resources3” with the 
overall objective of decoupling economic growth from environmental degradation through 
improved resource efficiency and reduced environmental impact of resource use.  
 
As for most developed regions, the EU is highly dependent on resources coming from 
outside Europe, and as such is in effect exporting environmental impacts.  This study 
completed for DG Environment (DG ENV), European Commission, by AEA Energy and 
Environment and Metroeconomica, assesses the current state of knowledge on 40 highly 
significant trade flows into the EU and their environmental impacts in order to improve the 
information basis for decision makers in policy and other areas.  It also suggests a 
methodology for assessing which of the resource flows analysed should be tackled with 
priority, identifies current policies affecting that resource flow at both the EU and international 
level, and makes suggestions as to how the policy framework might be strengthened.  
 
This report presents the main findings from the study.  There is also a background report 
(“Significant Natural Resource Trade Flows into the EU”) containing more detailed 
information and discussion of trends on the trade flows of the commodities analysed  
 
Section 2 of the report describes how the significant trade flows for study were selected and 
provides information on the volume and value of flows and the main source countries 
exporting to the EU.  Section 3 summarises the main environmental impacts from production 
of each of the commodities and the impacts of transport of the commodities to the EU.  
Section 4 proposes a simple methodology for using the information gathered on the 
commodities to identify those which are potentially more damaging.  It then outlines a 
framework for scoping the coverage of resource trade flows by existing policies and 
discusses the potential for new or reinforced policies.  Section 5 sets out some conclusions.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
3 COM(2005) 670 final. ‘Thematic Strategy on the sustainable use of Natural Resources’ 
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2 Overview of Significant Trade Flows 

The definition of natural resources given in the “Thematic Strategy on the sustainable use of 
natural resources” (EC, 2005a) and discussed in the supporting “Zero Study: Resource Use 
in European Countries” (ETC-WMF, 2003) is quite broad including raw materials, 
environmental media, flow resources and space (land area).  In the context of this study of 
natural resource trade flows we have focused on raw and simply refined materials traded as 
commodities and recorded in world trade statistics.  Thus we have not included flows of raw 
materials in manufactured goods made from a number of component materials.  
 
This section outlines economic data and key source countries exporting to the EU for the 40 
significant commodity trade flows chosen for examination in the study.  The selection 
includes renewable and non-renewable resources covering the broad sectors of food and 
non-food agricultural products, metals and minerals and fossil fuels.  The selection of the first 
20 trade flows was based simply on the significance of volume and value of unrefined 
commodities exported to the EU.  The most significant commodity groups for each sector (for 
example, cereals and cereal preparations for the food agricultural sector) were identified.  
From these groups specific significant commodities (for example, wheat) were chosen to 
represent the groups.  To select the second 20 trade flows, the likely significance of 
environmental impacts was also taken into account along with economic value and physical 
volume, and some simply refined commodities were included.  Full commodity definitions 
and further discussion of trade flow trends and issues are given in “Environmental Impacts of 
Significant Natural Resource Trade Flows into the EU: Background report on trade flows”. 
 
Data were collected using SITC commodity definitions and a base year of 2005, the latest 
year for which comprehensive trade reporting was available at the start of the project.  Key 
sources were the United Nations Commodity Trade Statistics database (Comtrade) and the 
Eurostat External Trade Database.  
 
Data on the value and volume of EU imports of the 40 commodities, share of EU imports in 
total global trade and key source countries are shown in Table 2.1.  There were a few clear 
examples where, due to re-exporting, key source countries for EU imports were not the 
country of origin and, therefore, were not the country where environmental impacts of 
production had occurred (e.g. Switzerland is a key source of tea imports into the EU).  These 
cases are generally clear to identify when reviewing environmental impacts in source 
countries.     
 
From the analysis of EU imports for the selected commodities the key conclusions are as 
follows: 
 
Regional spread of source countries: For all the sectors studied there is a broad 
geographical spread of source countries as illustrated in Figures 2.1 to 2.4.  For a few of the 
studied commodities the main origin countries are centred on a particular region, for example 
Latin America for bananas and South East Asia for palm oil.  However, the general 
geographical diversity of source countries, as well as variations in the level of economic 
development and type of regime, has ensured a wide representation of different country 
types in the analysis of environmental impacts.  
 
Concentration of top source countries: In general, for each commodity a small number of 
countries account for a large proportion of imports.  There is usually a clear group of three to 
five leading source countries which account for most extra EU imports.  For many of the 
commodities studied the top three source countries represented at least 50% of the total of 
EU imports by volume and for minerals and metals and fossil fuel commodities this 
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concentration was in general even greater.  The countries featuring most regularly in the top 
3 sources for EU imports for the selected commodities were Russia, US, Brazil, Norway, 
Canada, Australia and Ukraine. 
 
Trends in volumes of EU imports: Recent trends in imports from leading source countries 
for the 40 commodities are shown graphically in Appendix 1.  For most of the studied 
commodities in all sectors the overall trend in imported volumes in recent years has been 
upwards or level.  Some commodities have seen significant increases in total imported 
tonnages, for example crude palm oil and iron and steel.  Exceptions to the overall trend are 
reductions in total EU imports of cotton and some metals and minerals such as mercury.  For 
some commodities there have been significant changes in the relative importance of source 
countries in recent years.  Clear examples are the reduction in soybean imports from the 
United States and cotton imports from Uzbekistan.  
 
Importance of EU imports in world trade: For the commodities examined it is clear that the 
EU is often a significant importer in terms of global share.  Each of the sectors studied had a 
number of commodities for which EU imports represented over 20 per cent of total world 
imports and imports of crude palm oil, bananas, cocoa, coffee and aluminium ores and 
concentrates represented over 30 per cent.  Other commodities are relatively less important 
in terms of total world trade in that commodity.  For example, EU maize and raw cotton 
imports only make up 4 per cent and 6 per cent respectively of total world imports. 
 
Trade policy issues: To some extent the dominance of a few source countries in imports of 
the studied commodities reflect long standing trading partnerships and historical links with 
specific EU countries.  Against this background the liberalisation of world trade arrangements 
under WTO rules has led to a number of on-going reforms to existing trade agreements and 
arrangements related to specific commodities, such as for sugar and bananas, which have 
implications for trends in the relative importance of source countries.  
 
There are also some examples of recent international developments significantly affecting 
EU imports of particular commodities or trade with particular countries.  Examples are the 
reduction in soybean imports from the United States due to GMO issues and the reduction in 
cotton imports from Uzbekistan due to yield reductions and changes in trading relations. 
 
Value and volume of imports: In the trade flow analysis data was collected on both value 
and volume of imports to the EU.  When deciding on the top source countries for the 
purposes of environmental impacts assessment, it was more valid to rank by volume in 
tonnage.  However, data collected for the 40 trade flows indicates that the top three or four 
source countries for EU imports by value are in most cases the same as by volume.  This 
reflects the usual picture of dominance of the EU market for each commodity by a small 
group of source countries as noted above.    
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Table 2.1  Summary of Economic Data for 40 Selected Trade Flows (2005) 
Commodity % of EU Imports 

to World Imports 
(by value) 

Value of Import 
to EU25  

(million €) 

Volume of 
Imports to 
EU25 (1000 

Tonnes) 

Overall 
Trend in 
Volume4 

Top Source Countries for EU Imports 
(% of extra EU imports by volume) 

Food Agricultural Products 
Bananas 35% 2,439  3,785   Ecuador (29%), Colombia (24%), Costa Rica (17%) 
Bovine meat 8% 830 182  Brazil (46%), Argentina (35%), Uruguay (7%) 
Cocoa 34% 2,658 1,802  Cote D'Ivoire (39%), Ghana (22%), Nigeria (13%) 
Coffee 31% 3,584  2,464   Brazil (29%), Vietnam (18%), Colombia (9%) 
Crustaceans 22% 3,940 1,039  India (11%), China (7%), Argentina (6%) 
Fish, fresh, chilled, frozen 29% 2,377 606  Norway (62%), Faroe IsIands (9%), Iceland (8%) 
Maize 4% 415 2,933  ~ Argentina (52%), Ukraine (12%), Serbia (11%) 
Milk products 3% 656 278  Switzerland (37%), New Zealand (36%), Australia (8%) 
Rice 6% 403 1,097  United States (26%), Thailand (23%), India (21%) 
Soybean 21% 3,062 10,869  Brazil (65%), United States (22%), Paraguay (6%) 
Sugar  17% 901 2,194  Mauritius (31%), Fiji (10%), Guyana (9%), Swaziland (9%). 
Tea 17% 512 378  Kenya (24%), Switzerland5 (17%), India (10%) 
Wheat and wheat flour 9% 1,107 6,909  ~ Ukraine (25%), United States (23%), Canada (21%), Russia (10%), 

Australia (5%) 
Non-Food Agricultural Products (inc. Forestry) 
Bioethanol6  11% 176 430  Brazil (34%), Pakistan (17%), Guatemala (11%) 
Cotton 6% 468 378  Uzbekistan (13%), United States (10%), Brazil (9%), Syria (7%) 
Cotton fabrics, woven 10% 1,737 386  China (22%), Pakistan (19%), Turkey (12%) 
Leather 14% 2,206 519  Brazil (21%), Russia (9%), United States (8%) 
Natural rubber 19% 1,509 1,390  Malaysia (26%), Thailand (24%) Indonesia (22%), Cote D'Ivoire (10%) 
Crude palm oil 37% 887 2,088  Indonesia (38%) and Malaysia (37%), Papua New Guinea (12%) and 

Colombia (7%) 
Tobacco, unmanufactured  29% 1,676 725  Brazil (27%), United States (13%), Malawi (8%), Turkey (7%) 
Wood, rough and simply worked 15% 6,006 31,956  Russia (62%), Belarus (6%), Ukraine (5%) 
Chemical wood pulp  23% 3,500 8,172  Brazil (29%), US (26%), Canada (23%) 
 
Key: =up, =up significantly, =down, =down significantly, =level, ~ = volatile 

                                                 
4 Overall trend is change in total volume of extra EU imports between 1999 and 2005. These generalisations may mask fluctuations in direction of change within this period. 
Trends in extra EU imports over this period in value terms for each commodity are given in Appendix 1. 
5 It should be noted that Switzerland is not the country of origin for tea and its position as a top source country is due to re-exporting. 
6 Caution required in interpretation because ethanol for biofuels does not have a separate code under international trade statistics. The data used here refers to trade of “Un-
denatured ethyl alcohol” which may also be used for other purposes. See discussion in Appendix 2 of Trade Flows Report.  
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Commodity % of EU Imports 
to World Imports 

(by value) 

Value of Import 
to EU25  

(million €) 

Volume of 
Imports to 
EU25 (1000 

Tonnes) 

Overall 
Trend in 
Volume7 

Top Source Countries for EU Imports 
(% of extra EU imports by volume) 

Minerals and Metals 
Aggregates  23% 356  18,829  Norway (65%), Croatia (15%), Ukraine (7%) 
Aluminium 16% 9,870 5435  Norway (31%), Russia (18%), Mozambique (10%) 
Aluminium ores and concentrates 31% 547 14,152  Guinea (64%), Australia (19%), Brazil (8%), China (4%) 
Cadmium, unwrought 20% 6 3  ~ Russia (30%), Mexico (26%), Canada (21%) 
Cement 12% 746 15,510  ~ Turkey (29%), Egypt (22%), China (18%), Russia (6%) 
Copper ores and concentrates 15% 1,948 3,195  Chile (34%), Indonesia (26%), Peru (15%), Argentina (11%) 
Gold Ores and concentrates8  70% 631 120  ~ South Africa, Indonesia, Greenland 
Iron and steel 9% 22,525 37,029  Russia (24%), Ukraine (13%), Turkey (7%), South Africa (6%) 
Iron ores and concentrates 18% 5,897 152,342  Brazil (45%), Australia (8%), Ukraine (7%), Canada (7%) 
Mercury 7% 2 0.3 ~ Switzerland9 (68%), Russia (11%), United States (11%), China (7%) 
Natural calcium phosphates… 27% 389 8312  Morocco (48%), Russia (23%), Syria (11%) 
Zinc ore and concentrates 24% 749 2,900  Peru (34%), Australia (23%), United States (16%), Canada (8%) 
Fossil Fuels 
Coal 25% 11,886 212,828  South Africa (27%), Russia (23%), Australia (14%), Colombia (12%), 

United States (8%) 
Crude petroleum 26% 164,752 557,193  Russia (31%), Norway (17%), Saudi Arabia (10%), Libya (9%)  
Natural gas, whether or not 
liquefied 

24% 28,855 157,236  Countries not specified (44%), Russia (20%), Norway (14%), Algeria 
(10%) 

Liquefied propane and butane gas 13% 2,934 7,976  Algeria (32%), Norway (29%), Saudi Arabia (8%), Kazakhstan (6%)  
Petroleum oils other than crude 14% 35,264 9,6247  Russia (42%), Libya (7%), Norway (5%), Saudi Arabia (5%) 
Synthetic rubber 11% 1,195 824  United States (37%), Russia (22%), Japan (9%), South Korea (4%) 
 
Key: =up, =up significantly, =down, =down significantly, =level, ~ = volatile 

                                                 
7 Overall trend is change in total volume of extra EU imports between 1999 and 2005. These generalisations may mask fluctuations in direction of change within this period. 
Trends in extra EU imports over this period in value terms for each commodity are given in Appendix 1. 
8 Caution is needed in interpreting the data here for gold ores and concentrates due to the SITC code also including some other precious metal ores and concentrates. Also, 
percentages of EU imports by source countries are not given here because tonnages are not comparable as Greenland exports ores and other countries export concentrates. See 
discussion in full report on Significant Natural Resource Trade Flows into the EU. 
9 Mercury exported from Switzerland to the EU is recovered from spent products and waste from industrial processes at a modern reprocessing plant. 
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Figure 2.1  Main exporters to EU of selected agricultural food commodities 
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Figure 2.2  Main exporters to EU of selected agricultural non-food commodities 
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Figure 2.3  Main exporters to EU of selected minerals and metals 
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Figure 2.4  Main exporters to EU of selected fossil fuels 
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3 Environmental Impacts 

3.1 Introduction 

Product prioritisation studies based on life cycle analysis (LCA) techniques are often used to 
help identify which aspects of consumption are particularly damaging to the environment.  
They consider all aspects of product production from cradle to grave i.e. from extraction and 
processing of raw materials, manufacture of intermediate components and the final product 
and disposal.  However, knowledge of the environmental impacts taking place at the very 
early stages of the product lifecycle (i.e. raw material production and primary processing) is 
often relatively limited, particularly as impacts often occur outside those major economies 
where such LCA studies are typically conducted.  Improving this information is essential to 
ensuring that such prioritisation studies deliver accurate assessments.    
 
The aim of this study was to help address this issue by reviewing the literature to identify the 
environmental impacts which occur outside the EU from a number of highly significant trade 
flows of raw materials and processed materials imported into the EU.  So for example, where 
the trade flow is an ore, only impacts associated with extraction and concentration of the ore 
are assessed, not impacts from the smelting of the ore into a metal which occurs outside the 
country of origin.  Restricting the focus to impacts in source countries impacts associated 
with production of the commodity, and in the case of intermediate products, primary 
processing overseas, allowed a more detailed examination of these impacts and the variation 
in impacts between source countries for more commodities, than would have been possible if 
the whole life cycle of the product had been considered. It also means that the findings will 
be relevant to other economies importing commodities from these countries.  For metals and 
minerals and some non-food agricultural commodities, information was also collected on 
end-of-life and possibilities for reuse and recycling as this offers a direct way to reduce the 
impacts associated with primary production.  
 

3.2 Methodology 

Information was collected via a literature review on a wide range of environmental impacts, 
(e.g. climate change, air and water pollution, soil quality, biodiversity, human health, resource 
depletion), with country specific data being collected for the top three sources countries 
wherever this was available.  
 
In order to allow some comparison of impacts between commodities, a simple rating system 
was developed which is described below.  The system needed to be suitable for application 
to all the commodities studied, to be workable with the quantity and quality of information 
available from the literature review, and should not require quantitative data to be workable.  
The aim was not to develop an absolute ranking for the commodities, but to facilitate the 
identification of commodities with significant impacts, to identify areas for further research.  
Therefore expert judgement based on the information gathered in the literature review: was 
used to give the commodity a rating in the four priority areas identified in the EU’s Sixth 
Environmental Acton Plan: 
 

• climate change 
• biodiversity 
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• human health 
• natural resources.   

 
Each commodity was assigned rating of zero to three *s reflecting:  
 

*** High impact 
** Significant impact 
* Low impact 
-  Negligible or no known detrimental impacts 
?  No data available or data insufficient to assess scale of impacts 
 

In addition, the notation ‘p’ was used to indicate a potential impact; in cases where no direct 
information on impacts was found in literature but information on production methods or 
pollution resulting from production methods suggested that there was likely to be an impact.  
The guidelines used to define, high, significant and low impact for each of the four areas are 
contained in Appendix 4.  For processed commodities, the impacts of ‘upstream’ stages e.g. 
of raw material extraction are included in the rating for the processed commodity, so the 
rating for the processed commodity will always be at least as high as the raw material, 
although it may not necessarily be any higher.   
 
In addition to assigning the rating, an assessment of the data quality and robustness of the 
evidence base was made.  These data quality indicators (under the heading of ‘Data’ in the 
environmental impact summary tables) are reported for each of the commodities: 
 

*** based on quantitative data from credible sources 
** based on semi-quantitative and /or qualitative data from credible 

sources (e.g. peer reviewed). Enough data available to form 
balanced assessment. 

* Only qualitative data; some sources not robust; little data available to 
form balanced assessment 

 
The four areas used for rating are those used to help define policy, and are clearly not 
mutually exclusive and in the case of natural resources covers a very broad range of 
potential impacts.  Furthermore they differ in that climate change, while well defined, is not 
an end point in itself; the world is concerned about climate change because of the impacts it 
will have on all aspects of life on earth including obviously human health and biodiversity10.  
While the four areas were retained for this study in order to retain a link with EU policy, in any 
further work it would be useful to explore how to define a set of impact areas which could 
satisfy both policy needs and also relate to categories used in both the general 
environmental literature and the categories used in LCA studies.   
 
Assessing climate change impacts is in principle relatively straightforward as there is a 
clearly defined single measure of contribution to climate change (of greenhouse gas 
emissions per tonne of commodity) can be used to assign a ranking.  In practice while this 
quantitative data on greenhouse gas emissions from life cycle databases and life cycle 
studies was easily available for all fossil fuels, most of the minerals and metals, less data 
was easily available on agricultural commodities11.  In some cases data was for countries, 

                                                 
10 In LCA studies, climate change is defined as a mid-point variable (other examples would be acidification and 
eutrophication) whereas human health and e.g. ecosystem health are termed as end-point variables.  Several 
methodologies are used in LCA studies to characterise environmental impacts, but each methodology should use 
either impact categories based at the mid-point level or at the end-point level and not combine the two.  
Assessment. 
11 As the focus of the study was on reviewing the general environmental literature, it was not possible to carry out 
an extensive review of life cycle studies for 40 commodities.  Data was therefore taken from lifecycle databases 
such as Ecoinvent, and life cycle tools such as SimaPro, and individual life cycle studies on commodities studies 
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other than the source country (e.g. data was for EU production); this data was then used as a 
guide for assigning the rating, but consideration was given as to whether different production 
conditions or processes in the source country would be likely to alter this significantly.  Finally 
it was also necessary to ensure that carbon release from land use change was taken into 
consideration.   
 
There is an extremely wide range of greenhouse gas emissions per tonne of commodity - 
from a few kg CO2 eq per tonne for aggregates to thousands of kg CO2 per tonne for steel 
and over ten thousand kg CO2 eq per tonne for aluminium.  In order to convert these values 
into ratings (of zero to four), four ranges were defined and any commodity falling within the 
range was assigned the appropriate star rating or ‘negligible impact’ rating as appropriate. 
This means that the rating scale, while useful for clearly identifying commodities with a high 
climate change impacts, is not linear, Commodities assigned three stars may have climate 
change impacts tens or hundreds of times worse than the commodities assigned one star.  
Consideration was given to using a more gradated rating scheme, but it was considered that 
in the other categories there was not enough data, particularly quantitative data to move 
beyond this simple rating scheme.  As it was necessary to keep the rating scheme consistent 
between the priority areas a rating of zero to three stars for the GHG impacts was retained. 
This non-linearity for GHG impacts is a limitation of the simple rating system adopted, and 
should be borne in mind when comparing ratings.   
 
For the other areas, the ratings generally had to be based on qualitative data.  As discussed 
above, there are a number of routes by which both biodiversity and human health can be 
affected and natural resources covers air, soil and water, as well as resources such as 
reserves of fossil fuels and minerals.  For biodiversity, the following were considered in 
assigning a rating, habitat destruction, restriction of biodiversity from monocultures and use 
of pesticides, insecticides and herbicides, impacts from air, soil and water pollution caused 
by commodity production.  For human health, occupational accidents and diseases were 
considered, together with indirect impacts from air, soil and water pollution.  In rating the 
impact on natural resources, air and water pollution, degradation of soil through erosion 
and depletion of nutrients and fertility, depletion of water bodies, the levels of renewable 
stocks such as fish and reserves of non-renewable resources such as minerals were 
considered. The depletion of non-renewable reserves is considered by some to be an 
economic issue, as higher prices for metals can increase the amount of reserves it is 
economic to mine and e.g. it is not considered an environmental issue in the EC’s Thematic 
Strategy on Natural Resources.  Others however consider that such resource depletion is an 
important environmental issue and it was therefore included in the literature review.    
 
Land use in itself was not taken as indicator, rather any degradation in land quality brought 
about by the land use was considered.  In the case of agricultural commodities, cultivation of 
the commodities will almost always involve a change in land use, as land must be cleared for 
cultivation.  However, this clearance of land for agriculture may have occurred many years 
ago in the past.  Of more relevance is whether land use change is occurring now due to 
cultivation of the crop, e.g. because the crop area is increasing or because soil fertility has 
been exhausted so cultivation is moving to new areas.  Land use change was therefore only 
considered as an impact when there was evidence that it is occurring now or in the recent 
past e.g. the last ten years.  
 
While existing LCA studies of commodities were examined in the literature review, the focus 
was on supplementing this information by identifying additional information sources and 
ensuring that all potential environmental impacts (including those such as biodiversity which 
may be difficult to characterise in LCA data) were covered.  The environmental impact 

                                                                                                                                                      
which were identified in the general literature review. It is likely that a more extensive review, focussing on this 
particular element would identify data for more commodities.   
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categories typically used in life cycle impact assessments do not (apart from climate change) 
cover all aspects of the four priority impact areas chosen for use in this study, which typically 
have a broader coverage.  For example, in the case of biodiversity, while impact assessment 
methodologies typically include a category such as ecotoxicity, impacts on biodiversity from 
land use change and habitat loss are typically not recorded in the life cycle inventory data 
and not reflected in the impact assessment.  Similarly occupational health issues and 
accidents are not covered, and impacts on soil such as depletion of nutrients or organic 
matter and soil erosion are not included.   
 
The key environmental impacts from each of the commodities are described briefly below in 
Sections 3.1 to 3.6.  Each section begins with an overview of impacts from the commodity 
category and is followed by detailed sections for each commodity.  Firstly there is a general 
description of how the commodity is produced and any processing which takes place. This is 
followed by a table showing the ratings assigned to the commodity and the key 
environmental impacts associated with production of the commodity.  Finally (where 
available) information specific to the top source countries is summarised.  For ‘non-
consumable’ commodities – minerals and metals – there is also a discussion of end-of life 
and recycling and reuse.  
 
The environmental impacts from transport of commodities to the EU are discussed 
separately in Section3.7. 
 

3.3 Agricultural food products 

3.3.1 Key environmental impacts 

The commodities studied fell into 4 broad groupings: 
 

• Annual crops12: cotton, maize, rice, soybeans, tobacco, wheat, 
• Perennial crops: bananas, cocoa, coffee, tea, 
• Animal products: bovine meat, milk and milk products, 
• Fish: fresh fish, crustaceans (shrimp was the example studied). 

 
For crops, impacts are associated with the clearing and working of land, and with inputs 
required for the crops, both natural resources, such as water and manmade inputs such as 
agrochemicals.  For animal products, there are the impacts associated with cultivation of 
pasture land, and animal feed, impacts from animals themselves (e.g. from wastes they 
produce) and impacts from processing into food products (i.e. slaughtering and processing of 
milk). 
 
The assessment of environmental impacts in the four key areas for the agricultural food 
products studied is summarised in Table 3.1.   
 

• Climate change: For crops, in particular annual crops, climate change impacts arise 
from greenhouse gas emissions associated with the production of fertilisers, as well 
as nitrous oxide (N2O) emissions from soils due to the application of nitrogenous 
fertilisers.  In the case of rice, methane (CH4) is directly released from irrigated rice 
farming, and is a significant source of this GHG (accounting for about a fifth of total 
anthropogenic methane emissions).  Another source of carbon emissions is if land is 

                                                 
12 Tobacco is a perennial plant, grown as an annual, and there are perennial and annual varieties of cotton 
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cleared for farming.  Emissions depend on the previous land use and are highest for 
ecosytems such as forests, particularly tropical rainforest where the biomass and soil 
contain large amounts of carbon.  Conversion of savannah or permanent grassland to 
cropland can also cause significant carbon emissions.  Shrimp farming has been 
linked to destruction of mangrove swamps, which are a highly effective carbon sink. 

 
In the case of animal products, not only are there the emissions discussed above 
associated with crops such as wheat and maize produced for animal feed production, 
but also emissions of N2O from the fertilisation of grasslands but emissions of CH4 
from the cattle themselves (as a result of enteric fermentation in the gut of the animal) 
and CH4 and N2O from animal manures and the management of those manures. 
 
Finally, GHG emissions arise from fossil fuels used to provide hot water used in 
slaughter houses and dairies, electricity for refrigeration of meat, dairy products and 
fish, drying of coffee and tea, processing of sugar cane, and for powering fishing 
vessels.  In the case of sugar cane, bagasse - waste from the cane processing is 
often used as the energy source reducing CO2 emissions (as it is a biomass fuel).  In 
some countries, burning wood to dry tea contributes to deforestation, and so is a 
cause of carbon emissions.   
 

• Biodiversity: For crops, the most significant impacts on biodiversity occur if 
cultivation of crop is expanding, leading to clearance of previously uncultivated land; 
e.g. the area planted to soybean is increasing rapidly and has led to clearance of 
Cerrado (savannah) in Brazil and Atlantic forests in Paraguay.  For other 
commodities, production is not expanding significantly (e.g. for sugar cane in the 
main exporting countries), and loss of biodiversity will have occurred historically when 
land was first converted; this historical biodiversity loss was not taken into account 
when assessing significance of biodiversity impacts.  However where it was reported 
that land devoted to the crop is expanding, and there was evidence of expansion into 
previously uncultivated land, or as in the case of bananas in Costa Rica there has 
been clearance of tropical rainforests to allow reestablishment of plantations after 
declining soil fertility led to the abandonment of existing plantations, then there was 
assumed to be an impact on biodiversity.  In general there are more biodiversity 
hotspots in the tropics and subtropical regions of the world, so that land clearance for 
crops grown in these regions is likely to have a greater impact on biodiversity.  For 
coffee and cocoa production, methods of production where the crop is grown in the 
shade (by thinning primary forest) have higher biodiversity than full sun production 
methods where rain forest is cleared.  Shrimp farming has been closely linked to 
reductions in mangrove swamps, a valuable coastal habitat.   

 
In almost all cases, the crops are grown as monocultures, using intensive farming 
methods including the herbicides and pesticides use; this restricts biodiversity within 
the cultivated area.  An exception is cocoa, where there is a prevalence of small 
farmers use few pesticides and relies on traditional methods of insect control.  
Breeding of crops for specific characteristics may shrink the gene base (e.g. the focus 
on high yielding varieties of rice in the ‘Green Revolution’ has reduced biodiversity 
within the rice farming system), and there are concerns over gene transfer between 
genetically modified maize and wild species.   
 
In the case of fish, seven out of the top ten marine fish species, which together 
account for about 30% of all captured fish are fully or over exploited.  Marine 
biodiversity is also threatened by the introduction of non-native species through the 
discharge of ballast water.  In the case of shrimp, as well as depletion of shrimp stock 
due to removal of juveniles, other fish and non-fish species have been depleted as 
they are part of the bycatch or become trapped in nets.  Fish and shrimp farming 
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(aquaculture) have led to the spread of aquatic animal pathogen species and there 
are concerns over the impact on genetic diversity of the impact of interbreeding 
between farmed and wild species.   
 

• Human Health: The main potential impact on human health is from pesticide and 
insecticide use, although it was difficult to assess the severity of this accurately from 
the data that was available.  Some hazardous pesticides and herbicides which are 
banned in the EU may still be used in some countries.  Impacts are most likely to 
occur when risks are not appreciated by users and safety precautions (e.g. wearing 
protective clothing and goggles) are not implemented.  For some crops, there were 
reports in the countries studied of poisoning incidents (e.g. in rice farmers in 
Thailand); in other cases it is reported that an extensive range of agrochemicals are 
used with crops but there was no firm evidence of impacts on human health.  In these 
cases, the rating given for human health is qualified with a "p" for potential.  In the 
case of rice production an additional risk is that the continuous presence of water can 
encourage the occurrence of diseases such as malaria.  For cattle, there is increasing 
concern over the role of aerosols formed from ammonia emissions in respiratory 
disease 

 
• Natural Resources: Impacts on natural resources arise from water use and soil 

erosion and deterioration of soil quality.  For example, the continuous flooding of rice 
fields can lead to inter alia salinity build up and water logging.  High levels of irrigation 
for some wheat production can also lead to salinisation, and severe problems have 
arisen in some central Asian states from irrigated cotton production.  Soil erosion is 
reported to be a problem for soybean, and maize production, and for cocoa, coffee 
and tea, soil erosion may occur in cleared areas until trees/shrubs are established.  
Continuous intensive cultivation of many of the crops is reported to lead to depletion 
of soil nutrients and soil fertility.  Water is used to irrigate crops (e.g. rice and wheat) 
and in processing of commodities. 

 
• Water pollution: Over application of fertilisers or manure can lead to leaching of 

nitrates into watercourse; similarly pesticides can enter watercourses, there may also 
be sediment if soil erosion is occurring.  Water pollution also arises from processing if 
effluents are not treated properly before discharge to water (e.g. waste waters from 
slaughter houses and dairies, wet method of coffee processing, effluent from shrimp 
ponds, vinasses from sugar cane processing).  Marine pollution occurs from the 
release of biocides from antifouling paint on ships. 

 
• Air pollution: Pollution from cultivation of crops was not generally identified as a 

significant impact.  Potential sources of local air pollution include drift of pesticide 
sprays, and use of inefficient ovens for drying of coffee and tea, particularly if wood is 
the fuel.  Cattle and particularly dairy cattle are however one of the major sources of 
ammonia emissions, which plays an important role in acidification and eutrophication. 

 
As can be seen from Table 3.1, the pattern of impacts associated with the commodities 
varied significantly between commodities, but in general, the food commodities were 
assessed as having medium to high impacts in climate change and biodiversity, low to 
medium impacts on natural resources and fairly low impacts on human health.   
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Table 3.1  Assessment of environmental impacts from agricultural food products 

 
Climate 
Change Biodiversity 

Human 
Health 

Natural 
Resources 

Bananas ** ** ** ** 
Bovine meat *** ** - ** 
Cocoa * * - - / * 
Coffee ** ** *p ** 
Crustaceans *** *** * / ** - / ** 
Fish, fresh, chilled, frozen ** ** / *** - *** 
Maize ** */** *p * / ** 
Milk products *** * - * / ** 
Rice *** * ** ** 
Soybeans ** / *** ** *p * / ** 
Sugar  * * / ** * ** 
Tea ** ** *p ** 
Wheat and wheat flour ** * *p * / ** 
 
Notes:  
(i) For processed commodities, the rating includes all impacts up to the production stage, i.e. impacts 
from production of the primary commodity are also included.   
(ii) p indicates potential impact; no direct information found in literature but information on other 
impacts, e.g. pesticides or chemicals used during production, suggests that impacts are likely.   
 

3.3.2 Bananas 

3.3.2.1 General Description of Processing 

Bananas are native to the tropical region of Southeast Asia and are today cultivated 
throughout the tropics.  Bananas require warm climates, good soils and ample moisture.  
Banana plants grow their fruit (bananas) in hanging clusters, with up to 20 fruit to a tier, and 
3-20 tiers to a bunch.  Each individual fruit has a protective outer layer, 'skin' with a fleshy 
edible inner portion. 
 
Globally nearly 80 percent of all bananas are consumed in their country of origin.  Most 
bananas are produced in backyards or small plantings and are sold at markets locally or 
regionally in the producing country.  For bananas that are exported by large-scale 
operations, the bananas are grown as a monocrop.  The banana plants are generally planted 
on flat ground and on a grid.  Because bananas are very susceptible to water fluctuations, 
deep trenches are usually cut through the fields to deliver water during the dry season and to 
drain water away from the roots during the wet season.   
 
Bananas can be prone to diseases, such as nematodes or black and yellow sigatoka, which 
leave external blemishes on the bananas affecting the price on the international market. 
 
Once picked bananas go through a processing stage before being exported to international 
markets.  The bunches of bananas are floated in a tank of running water.  The purpose of 
this is to remove pesticide residues on the peel, as well as insects, spiders, or other foreign 
matters that might be in the banana bunch. 
 
Sources: Clay (2004) 
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3.3.2.2 Key Environmental Impacts 

Table 3.2  Summary of key environmental impacts for imported bananas 

Impact Rank Summary Comments Data 
Climate 
Change 

** Cultivation of bananas 
requires land use change 
over an extended area, 
which reduces the land’s 
capacity for continuing 
removal and storage of 
greenhouse gases.  The 
production process requires 
inputs of fertilisers that 
directly result in the emission 
of greenhouse gases. 

These comments are 
applicable to monoculture 
banana plantations 
(bananas for international 
export) and not bananas 
consumed in their home 
country grown on small 
polyculture plantations. 

** 

Biodiversity ** Extending cultivation area or 
moving from degraded land 
requires the clearance of 
previously untouched 
rainforest.  Pesticide use on 
banana plantation impacts 
on biodiversity of marine and 
fresh water life due to run-off.

Comments only 
applicable to monoculture 
banana plantations. 

** 

Human 
Health 

** High number of human 
poisoning reports from 
workers at banana 
plantations. 

Comments only 
applicable to monoculture 
banana plantations. 

** 

Natural 
Resources 

** Banana cultivation results in 
high levels of irreversible 
degradation to soils, 
freshwater and marine life 

Comments only 
applicable to monoculture 
banana plantations. 

** 

 
The range of environmental impacts from banana production is given below: 
 

• Climate change:  In some countries (e.g. Costa Rica), rainforest has been cleared to 
allow for the establishment of banana plantations; such land use change leads to high 
carbon emissions. 

• Biodiversity:  In some countries, converting rainforest to monoculture banana 
plantations has led to a loss of biodiversity.  Secondary biodiversity loss may occur in 
the ecosystems affected by agrochemical run-off (i.e. marine and freshwater life). 

• Human health:  To ensure unblemished bananas are produced, large quantities of 
agrochemicals are used, which can have health impacts for workers if health and 
safety precautions are not followed; local water supplies may also be affected.  Run-
off of agrochemicals in water drained from the fields could affect local water supplies.   

• Soil quality:  The cultivation of bananas in a monoculture without rotation leads to 
mineral deficiencies in the soil.  The fall in yield, due to lack of nutrients, can lead to 
expansion of the plantation because, when soil quality becomes too poor, expansion 
is cheaper than purchasing nutrients.  In addition to decreasing fertility, land quality is 
also degraded by increasing populations of nematodes and other persistent pests 
that eventually make the soil unsuitable for bananas.   

• Water Use:  About 100 m3 of water per tonne of bananas is used to wash the 
bananas prior to selecting and boxing.   
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• Water pollution:  Drainage of excess water through trenches built at the side of fields 
when the water requirement of the banana crop is exceeded, results in a lot of 
suspended solids and agrochemicals becoming part of the run-off.  As banana 
plantations are typically on flat land close to the coast, this pollution may have an 
impact on coastal wetlands, as well as in the inshore coastal areas and even nearby 
coral reefs. 

• Waste:  It is estimated that shipping a tonne of bananas creates two tonnes of waste.  
This waste includes: plastic bags treated with a toxic insecticide used to protect the 
bananas from disease and damage, the plastic string to hold up the trees, the 
remains of the tree once it has produced bananas and bananas that do not meet 
‘quality’ standards.  Waste products can end up in waterways, increasing 
sedimentation and water poisoning.  Almost no composting of banana waste takes 
place on conventional plantations. 

3.3.2.3 Impacts in Key Exporting Countries 

Costa Rica 
 
In Costa Rica figures showed that between 1979 and 1992, all the production in bananas 
(51,000 hectares) shifted to new land, abandoning previous banana plantations.  
Deforestation is in areas of tropical rainforest.  During this time there was also the 
introduction of a new variety of banana (Gran Enano) that produces high yields, yet, also has 
low resistance to pests and diseases and is greatly dependent on agrochemicals. 
 
A large amount of chemical input goes into bananas grown for export, in Costa Rica for 
example the two largest costs for banana producers are chemical inputs and the labour 
required to apply the chemicals.  Approximately 286 different pesticides have been 
authorizes for use on bananas in Costa Rica either on-farm or in the packing sheds prior to 
shipping.  The proportion of poisoning incidents that have been from banana cultivation 
compared with the total number of incidents in Costa Rica was 59.5% and 63.9% in 1995 
and 1996 respectively.   
 
Sources: Clay (2004), Astorga (undated) 

3.3.3 Bovine Meat 

3.3.3.1 General Description of Processing 

Bovinae family includes a diverse group of species, including cattle, bison and water buffalo.  
In the developed world typically the animals are raised on individual farms, sold to feedlots 
where they are fattened, and then sold to slaughterhouses.  In developing countries, the 
animals are reared on farms until they reach the appropriate age or size to be slaughtered. 
 
Slaughtering can take place either on farms, at butchers’ premises or at abattoirs.  
Consequently, the scale on which slaughtering takes place can vary enormously, from 
slaughtering of only a few animals through to thousands each day.  The slaughtering for beef 
cattle has become more automated over the past few decades and the typical process at an 
abattoir is outline below: 
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1. Beef cattle are delivered to the abattoir in trucks and unloaded into pens, where they 
are rested for one or two days before slaughter.  Any cattle classed as ‘dirty’ are 
washed. 

2. The cattle are taken to the slaughter area where they are stunned.  They are then 
hung by a hind legs, where bleeding then takes place.  The blood is collected for 
further processing. 

3. The bled carcasses are conveyed to where dressing and evisceration take place. 
4. After evisceration and chilling the carcass cutting and boning often takes place. 
 

A considerable amount of water is used within the slaughterhouses to wash the blood away 
as the meat is cut up.  The blood in the water results in this effluent having a high organic 
matter.  Another waste produced is the waste removed from the intestines of the animals.  
Many operations lack the technology to process the waste from intestines, which results in 
rumen matter from intestines becoming part of the effluent stream.  In the worst cases, this 
material is simply flushed into freshwater bodies. 
 
Sources:  Clay (2004), Hansen et al (undated),  

3.3.3.2 Key Environmental Impacts  

Environmental impacts from bovine meat production arise from three main sources, the 
production of feed grains (as detailed in sections on wheat and maize), maintenance of 
bovine animals and thirdly the slaughtering process.   

Table 3.3  Summary of key environmental impacts for imported bovine meat 

Impact Rank Summary Comments Data 
Climate 
Change 

*** Methane emitted from 
enteric fermentation by 
ruminants 
 
CO2 emissions due to land-
use changes, especially as 
a result of deforestation 
caused by expansion of 
pastures. 

 *** 

Biodiversity *** Rearing of beef cattle 
requires clearance and 
removal of habitat over an 
extended area, where land 
was typically undisturbed. 
 

 ** 

Human 
Health 

-    

Natural 
Resources 

** Degradation of water quality 
during the slaughter 
process and pesticide use 
on pastures.   

 * 

 
Impacts from the maintenance of bovine animals are:  
 

• Climate change:  The main source of GHG emissions is enteric fermentation in 
cattle’s stomachs, which leads to emissions of the methane.  A smaller amount of 
methane is released from the management of cattle manure; emissions are lower 
when manure degrades aerobically e.g. in the field rather than if the manure is stored 
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anaerobically e.g. in a slurry lagoon.  There will also be emissions of the GHG nitrous 
oxide from nitrogen in manures that are deposited in the field and from any inorganic 
nitrogen applied to fertilise the grazing land.  Conversion of land for grazing can also 
lead to carbon emissions.  These can be extremely high if conversion involves 
deforestation.  It is estimated that GHG emissions may be as high as 36 kg CO2eq 
per kg of beef 13. 

• Biodiversity:  It is estimated that converting land for grazing destroys an area of the 
world’s rainforest larger than New York State (127,000 km2) each year.  Conversion 
of rain forest to grazing land leads to a serious loss in biodiversity. 

• Soil quality:  Land quality / degradation: Maintaining pastureland in areas that have 
been converted often requires tillage, chemical fertilisers and pesticides.  Continuous 
grazing causes plants to produce more leaf biomass and less root biomass.  This can 
result in topsoil loss.  Subak (1999) estimated the topsoil loss of beef production to be 
between 2,000 and 4,000 tonnes per km2 per kg of beef.  This is high compared with 
erosion from basic crops calculated at about 400 tonnes per km2 (Sundquist, 2005).   

• Water use:  It has been estimated that producing 1 kg of boneless beef in the USA 
requires 3,682 litres of water (for consumption by beef cattle, irrigation of pastures 
and crops, and carcass processing). 

• Water pollution:  There is increasing concern over the harmful effects on surface 
water and groundwater quality of pesticides used to maintain or improve pasture 
areas. 

 
Slaughtering of Bovine Animals 
 

• Climate change:  Energy consumption (and hence GHG emissions) in an abattoir 
depends on the range of activities carried out there; e.g. rendering will add 
substantially to overall energy consumption.  Around 80% to 85% of an abattoir’s total 
energy need is for steam or hot water, which is usually produced on site.   

• Water pollution:  Process effluent normally has high organic loads (due to the 
presence of blood, fat, manure and undigested stomach content), high levels of fat, 
fluctuations in pH, high levels of nitrogen, phosphorous and salt.  This can lead to 
pollution of watercourses if not treated properly before discharge.   

 
Sources: Fiala (2006), Clay (2004), Gold (2004), Hansen et al (undated), Fanelli (2007), 
Sundquist (2005), Subak (1999), Steinfeld (2006) 

3.3.3.3 Impacts in Key Exporting Countries  

Brazil 
 
The centre for International Forestry Research has linked the increase in deforestation of 
Brazilian rainforest with the growth in international demand for Brazilian beef.  The majority of 
forest area lost in the Brazilian Amazon eventually becomes pastureland.  The most recent 
census figures available are that the area of land devoted to crops in 1995-96 was 5,608,000 
hectares while the figure for pasture was 33,579,000 hectares.  Since this time cattle 
expansion has more than doubled, from 26 million in 1990 to 57 million in 2002 (Kaimowitz 
undated). 

                                                 
13 The National Institute of Livestock and Grassland Science in Tsukuba, Japan has calculated that a kilogram of 
beef leads to the emissions of greenhouse gases with a warming potential equivalent to 36.4 kilograms of carbon 
dioxide. 
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Australia 
 
The Australian Vegetarian Society released figures showing that in Australia meat uses twice 
the quantity of water that rice does.  No figures could be found for beef specifically, however, 
the evidence already found above would support the fact that beef cattle are a large user of 
water.  Water use is a particular issue of concern for Australia, because of low rainfall. 
 
Sources:  The Vegetarian/Vegan Society of Queensland (undated), Kaimowitz (undated) 
 

3.3.4 Cocoa 

3.3.4.1 General Description of Processing 

Cocoa is the dried and partially fermented fatty seed of the cacao tree from which chocolate 
is made.  Up to 95 per cent of global cocoa production comes from small farms of less than 5 
Hectares14 and farmed in tropical environments.  The Cacao tree can grow up to15 metres, 
its natural habitat being the lower storey of the evergreen rainforest.  It is however very 
sensitive to heat, soil moisture levels and humidity and is only grown within 10 degrees north 
or south of the equator15.  It is therefore primarily produced in Latin America (Belize, Mexico, 
Ecuador, Peru, Costa Rica and Brazil), West Africa (Cote d’Ivoire, Cameroon, Ghana, 
Nigeria, and Sao Tome), and Indonesia (Sulawesi, Central Sumatra).   
 
West Africa is known for the production of higher quality cocoa, with lower yields than 
achieved in Asia.  Cote d’Ivoire and Ghana are the two countries with the greatest amount of 
land in cocoa production worldwide and they are also among the three largest cocoa 
producers.  In 2000 7.5 million hectares of land were plated to cocoa worldwide (FAO 2002 
as cited in Clay; 2004). 
 
Most smallholder farmers use a variable system of production referred to as ‘‘agro-forestry’’, 
whereby forests are selectively thinned so that cocoa and other trees (e.g. fruit trees) can be 
planted beneath the remaining canopy (May et al. 1993, as cited in Clay 2004).  ‘‘Planted 
shade’’ refers to systems where there is greater intercropping of cacao trees with fruit, 
commercial timber, or fast-growing shade trees to various degrees.  At the other end of the 
spectrum full-sun cocoa production uses no shade trees and is becoming increasingly 
common in some cocoa growing regions due to the higher yields that can be produced.   
 
Trees will start bearing the cocoa pods in the third year after planting depending on variety 
and whether grafting has been used.  A tree can produce beans for 25 years with well-
prepared land and careful management.  Due to the growth pattern of the cocoa pod around 
the trunk and branches of the tree mechanical harvesting is not possible and is therefore 
done by hand several times a year. 
 
A cocoa pod has a rough leathery husk about 3 cm thick, surrounding a pulp with 30 to 50 
large seeds or cocoa beans.  These are manually extracted and then left to ferment during 
which chemical changes take place inside the pod leading to enhancement of cocoa flavour.  
They are then dried, either in the sun or mechanically, to reduce the moisture content from 
60% to around 7.5%16.  Average harvests are around 1 t/ha but newer varieties can produce 
up to 4.5 t/ha.  Typically a farmer sells these dried beans to a local buying agent who 

                                                 
14 http://www.treecrops.org/crops/cocoa.asp 
15 http://www.cocoainitiative.org/ 
16 http://www.icco.org/ 

http://www.cocoainitiative.org/
http://www.icco.org/
http://www.icco.org/
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aggregates the cocoa and ships it for further sale to wholesalers or processors.  The largest 
chocolate processor is in the Netherlands (Clay; 2004).   
 
Sources: Clay (2004) 

3.3.4.2 Key Environmental Impacts 

Table 3.4  Summary of key environmental impacts for Cocoa  

Impact Rank Summary Comments Data 
Climate 
Change 

* Tropical forests are cleared 
to plant cacao trees. 

Most of the leading 
processors are now involved 
in sustainable training 
schemes to encourage the 
use of previously used cacao 
fields and agro-forestry rather 
than no-shade. 

** 

Biodiversity * The biodiversity spectrum is 
reduced in comparison to 
virgin forest, but still 
preferable to alternative land 
uses such as farmland. 

Encouraging the use of rustic 
cacao can provide 
biodiversity corridors 
between the remaining 
pockets of forest. 

*** 

Human 
Health 

- The high fat content of the 
bean may absorb toxic 
substances such as the 
pesticides used on the plant.  
These could transfer to 
humans. 

Due to the prevalence of 
small farmers in production, 
very few pesticides and other 
inorganic inputs are used at 
present.  This may change if 
the price of chocolate rises. 

* 

Natural 
Resources 

-/* Soil erosion can be a 
problem after the forest is 
cleared and before the 
cacao trees establish 
themselves. 

No comment * 

 
The main impacts from cocoa production, much of which is still small scale, are: 
 

• Climate change:  The main impact on climate change is if tropical forests are cleared 
to plant cacoa trees, as this leads to large releases of carbon.  Some production 
areas have already used all available forest, but there is still concern that cocoa 
expansion will continue contributing to deforestation in pristine areas of Indonesia and 
Cameroon (Franzen; 2007). 

• Biodiversity:  Impacts on biodiversity vary substantially depending on the production 
method used.  If full-sun production methods are used, then rainforest is cleared 
completely, which leads to dramatically lower levels of plant and animal diversity as 
habitat is removed.  However, if forests are just thinned to allow growing of cocoa 
trees (rustic shade and cabruca systems), then impacts on diversity are reduced.  
Siebert (2002) finds that cocoa grown in Central Sulawesi (Indonesia) under primary, 
secondary or agroforestry shade has higher biodiversity than full-sun cocoa, and 
fewer weeds.  Kessler et al (2005), report that forest gardens in Central Sulawesi that 
retain some original canopy trees with cocoa have a greater richness of tree species 
than secondary forests or cocoa plantations.  Rustic shade and cabruca systems 
have been found to be ecologically preferable to other land uses such as farmland.  
Most of the leading cocoa processors are now involved in sustainable training 
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schemes to encourage the use of previously used cacao fields and agroforestry 
rather than no-shade/full-sun cultivation methods. 

• Human health:  50% of the cocoa bean is fat and, as most organisms store toxic 
substances in fat, cocoa is particularly vulnerable to pesticide residues (Clay; 2004).  
However, due to the prevalence of small farmers in production, very few pesticides 
and other inorganic inputs are used at present, and there is a heavy reliance on 
traditional insect control methods, such as weeding, pruning and disposal of waste.  
This may change if the price of chocolate rises. 

• Soil quality:  Due to low soil cover and reduced inputs from the removed canopy, soil 
erosion is very likely in cleared areas until the trees are established. 

 
Sources: Franzen (2007), Siebert (2002), Kessler et al (2005), Clay (2004)  

3.3.4.3 Impacts in Key Exporting Countries  

Ghana  
 
In 2000 Ghana had around 1.5 million hectares in production and produced 436,600 metric 
tons of cocoa (Franzen et al, 2007).  Both traditional cocoa farming where cocoa is cultivated 
under shade, and intensive cocoa farming under no shade are practiced. 
 
Farm inputs such as fertilisers and pesticides are used on all farms to various extents but as 
many farmers cannot afford pesticides there is a heavy reliance on traditional insect control 
methods, such as weeding, pruning, and disposal of waste, which are associated with the 
production of higher quality cocoa (Franzen; 2007).  Studies in Ghana indicate that cocoa 
farming could serve both as a threat to biodiversity and also an opportunity for biodiversity 
conservation depending on the farming practice.  The shaded cocoa farms provide habitat for 
a variety of birds, mammals and butterflies so can therefore play a major role in the strategic 
conservation of forest remnants and the development of forest corridors.  The un-shaded 
cocoa farms, however, do not contribute much to biodiversity conservation (Ofori-Frimpong 
et al; 2006).   
 
Most of Ghana’s appropriate land has been converted to cocoa production so there is little 
room to expand.  Furthermore a government-controlled marketing board still controls 
producer prices and taxes farmers based on production.  According to Hardner et al as cited 
in Clay (2004) these are the wrong incentives to encourage more sustainable production. 

Côte d'Ivoire 
 
In 2000 Cote d’Ivoire had an estimated 2.4 million hectares in cocoa and produced1.4 million 
metric tons (Franzen et al; 2007) currently accounting for almost 40 percent of global cocoa 
production (Deibert; 2007).  It is the Côte d'Ivoire's primary export, counting for over a third of 
its exports or 1.4 billion dollars of revenue annually in the south and 30 million dollars in the 
South.  In addition, a quarter of the population work in some aspect of the cocoa trade.  
There is little remaining forest for any further expansion, as the original forest remains only in 
patchy fragments (Franzen et al; 2007). 
 
There is some concern regarding child and slave labour on cacao farms in Côte d'Ivoire 
(Bales; 2007).  Young boys whose ages range from 12 to 16 have apparently been sold into 
slave labour and are forced to work in cocoa farms in order to harvest the beans under 
inhumane conditions and extreme abuse17 

                                                 
17 http://www.american.edu/ted/chocolate-slave.htm; accessed 6/02/08 

http://www.american.edu/ted/chocolate-slave.htm
http://www.american.edu/ted/chocolate-slave.htm


Environmental Impacts of Significant Natural Resource Trade Flows into the EU              AEA/ED05444/Issue 6 
 
 

AEA Energy & Environment  24 

 
There is some speculation into cocoa profits being used to fund the continuing conflict in the 
Ivory Coast.  A Global Witness report (2007) accuses the country’s president, Laurent 
Gbagbo, and his entourage, who retain control of the national cocoa and financial 
institutions, of using at least 20bn CFA (US$38.5m) of cocoa revenues to finance their war 
effort. 

Nigeria 
 
Studies have found that nutrients and metal pollution levels were very low on cocoa and 
rubber farms.  Furthermore, agricultural benefits have been reported where cocoa is shown 
to prevent soil erosion on farms, cause only low levels of depletion in soil nutrients, and 
cause little to no surface water pollution (Okuneye et al.2003 as cited in Franzen et al, 2007).  
However, it was concluded that this is because of farmers' low levels of use of 
agrochemicals.  The same report warned that attempts to make agrochemicals more 
available and accessible to farmers in future might portend negative environmental impacts.   
 
Sources: Franzen et al (2007), Ofori-frimpong et al (2006), Clay (2004), Deibert (2007), 
Bales (2007) 
 

3.3.5 Coffee 

3.3.5.1 General Description of Processing 

Coffee trees grow best in tropical climates taking about three or four years to mature 
(produce flowers and fruits) after planting.  Each coffee tree will have two flowering seasons 
a year.  The maximum yield of fruit is likely to be between the fifth and tenth year and the 
tree may bear fruit for about 30 years. 
 
There are three different farming systems for growing coffee: 
 

1. Rustic coffee systems and traditional polyculture systems:  Coffee grows in the lower 
strata and replaces other shrub-like plants.  In the upper strata the original tree cover 
is widely maintained while in the more sophisticated systems leguminous shade trees 
are interplanted. 

2. Transitional shaded systems (polyculture/monoculture):  Shade is a central 
component of the systems, to try and mimic the conditions of natural systems.  Shade 
trees species are selected because of their growth characteristics and contributions 
to the system. 

3. Unshaded monocultures:  These are characterised by high external inputs in terms of 
irrigation, pesticides, fertilisers, machinery, mechanised harvesting, processing and 
drying practices.  Production is cost intensive but delivers high yields.   

 
Coffee beans are the seeds of fruits, which resemble cherries, with a red skin when ripe.  
Each cherry generally contains two coffee beans, which when removed from the fruit must be 
dried before they can be roasted.  There are two methods for drying the coffee beans, known 
as the dry and wet methods.  When the process is complete the unroasted coffee beans are 
known as green coffee. 
 
The dry method of drying the coffee beans is the oldest and simplest method, which requires 
little machinery.  There are variations to how the drying method of drying the coffee beans is 
carried out depending on the size of the plantation, the facilities available and the final quality 
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desired.  However, the basic steps are cleaning, drying and hulling.  Harvested cherries are 
usually sorted and cleaned, to separate the unripe, overripe and damaged cherries to 
remove any dirt.  This is commonly done by hand, using a large sieve.  To dry the coffee 
cherries they are spread out in the sun, where they are raked or turned by hand to ensure 
even drying.  This process can take up to 4 weeks before the cherries are dried to the 
optimum 12.5% moisture content, depending on the weather conditions (on larger 
plantations, machine-drying is sometimes used to speed up this process).  The dried cherries 
are stored in bulk in special silos until they are sent to the mill where hulling, sorting, grading 
and bagging take place.  All the outer layers of the dried cherry are removed in one step by 
the hulling machine.  This dry method is used for about 95% of the Arabica coffee produces 
in Brazil.  This method is not practical in very rainy regions, where the humidity of the 
atmosphere is too high or where it rains frequently during harvesting. 
 
The wet method for drying the coffee beans requires the use of specific equipment and 
substantial quantities of water.  When this method is properly carried out it ensures that the 
intrinsic quality of the coffee bean are better preserved, so as to produce a green coffee 
which is homogeneous and has few defective beans.  The key difference between the dry 
method for processing coffee beans and the wet method is that the pulp of the fruit is 
separated from the beans before the drying stage.  The extraction of the beans from the 
outside fruit is done by machine.  The beans are then past along vibrating screens to 
separate them from any unpulped or imperfectly pulped cherries.  From the screens, the 
separated beans then pass through water-washing channels and on to a large fermentation 
tank.  Pulping by machine normally leaves some residual flesh adhering to the parchment 
surrounding the beans.  This has to be completely removed to avoid contamination of the 
coffee beans and they are therefore placed into large fermentation tanks in which the 
residual on the beans is broken down by natural enzymes. 
 
After the drying process the green coffee beans have no flavour or aroma.  The flavour and 
aroma of the coffee comes from the roasting of the beans.  The roasting of the beans is not 
taken into account in this review. 
 
Source:  ICO (2001), Clay (2004) 

3.3.5.2 Key Environmental Impacts 

As with cocoa, the system used for coffee production significantly influences environmental 
impacts.  The three types of system are rustic, where original tree cover is maintained and 
coffee grows in the lower strata replacing other shrub like plants; transitional shaded systems 
where shade tree species are planted alongside coffee on cleared land to mimic natural 
systems and unshaded (full sun coffee systems).  The range of environmental impacts from 
growing coffee plants and producing green coffee beans (dried unroasted coffee) are: 
 

• Climate change:  If there is conversion of forest to coffee production this will lead to 
carbon emissions.  In many coffee producing countries, artificial drying is used to 
avoid area-intensive and less-controllable sun drying of coffee, and there will be CO2 
emissions if fossil fuels are used to fire the ovens.   

• Biodiversity:  The impact on biodiversity of growing coffee is dependent on the type 
of farming system used to grow the coffee.  Increasingly, this is unshaded 
monoculture plantations and if this involves the conversion of natural forestland, then 
there will be a large loss in biodiversity.  Biodiversity in unshaded plantations is lower 
than that for other types of coffee plantation a consequence of the application of 
pesticides and herbicides.  Studies in Columbia and Mexico indicate that full-sun, 
unshaded monocrop plantations support 90% fewer bird species than shade-grown 
coffee. 
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• Soil quality:  The impact on land quality is dependent on the farming system used to 
grow the coffee.  In the rustic/traditional system and the transitional shaded system, 
the sensitivity to erosion is low, due to soil cover by mulch and canopy.  However, in 
the unshaded coffee plantations, erosion is elevated due to the missing tree canopy 
and the cleared soil. 

• Air pollution:  There can be local air pollution if old, inefficient ovens are used for the 
drying process.   

• Water use:  In the ‘wet’ processing method, water is required to remove the pulp from 
the bean after harvesting.  This process consumes up to 67 litres of water per kg 
coffee. 

• Water pollution:  If the wet processing method is used, then wastewater containing 
organic substance and sugars left on the pulp give the water a high biological oxygen 
demand (BOD) and a very low pH.  This can cause pollution of local waterways if not 
treated effectively before being discharged. 

 
Sources: ICO (2001), Defra (2006) 
 

Table 3.5  Summary of key environmental impacts for imported coffee 

Impact Rank Summary Comments Data
Climate 
Change 

** Cultivation of coffee requires land 
use change over an extended 
area that reduces the land’s 
capacity for continuing removal 
and storage of greenhouse gases. 

Assessment is based on 
unshaded monoculture 
coffee plantations 

** 

Biodiversity ** Monoculture unshaded coffee 
plantations are low in biodiversity 
and input of pesticides keep 
biodiversity levels low. 

Reduced biodiversity 
impacts are seen with 
traditional polyculture 
system and transitional 
shaded system. 

** 

Human 
Health 

* No information found on human 
health effects from coffee 
cultivations.  However, as 
pesticides are used in cultivation, 
it is likely that there will be some 
effects on human health from 
water pollution from the pesticides 
and to the employees applying the 
pesticides. 

Assessment is based on 
unshaded monoculture 
coffee plantations 

* 

Natural 
Resources 

** Unshaded plantations result in soil 
erosion.  Processing of coffee 
beans by ‘wet’ method using large 
quantities of water and pollutes 
water. 

Assessment is based on 
unshaded monoculture 
coffee plantations and ‘wet’ 
processing method. 

** 
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3.3.5.3 Impacts in Key Exporting Countries 

Brazil 
 
Brazil is one of the countries where shade-grown coffee has given way to unshaded 
monoculture coffee.  Estimates suggest that half of coffee produced in northern Latin 
America has been converted to unshaded monoculture by 1990.  Full-sun coffee productions 
results in lower populations of predaceous insects, increased solar radiation, and reduced 
nutrient cycling resulting in this type of coffee production being dependent on agrochemicals.   

Vietnam 
 
After the 1975 reunion of North and South Vietnam the area of land dedicated to coffee 
cultivation in Vietnam greatly increased (the cultivation of Coffea Canephora increase by a 
factor of 10 in Central Highlands).  To determine the sustainability of the rapidly expanding 
Robusta coffee sector in Central Vietnam a 5-year development project was undertaken, 
called ‘Land Evaluation for Land Use Planning and Development of Sustainable Agriculture 
in the Central Highlands of South Vietnam’.   
 
As a result of the increase in coffee production (exports increased from 9.2 thousand tonnes 
in 1985 to 355 thousand tonnes in 1997) a number of environmental impacts were 
experienced within Vietnam.  Such environmental impacts include deforestation, land 
degradation and a reduction in groundwater levels.  It has been estimated that forest area 
has declined by 19% from 1982 to 1996 and been converted to coffee plantations.  Land 
degradation is also a problem, as a result of coffee plantations being grown on land that is 
not best suited to growing coffee.  In addition, an excessive coffee area in combination with 
over-irrigation is thought to be depleting groundwater resources. 
 
Sources: D'haeze (2005), Clay (2004) 
 

3.3.6 Crustaceans (shrimps) 

Shrimps have been taken as an example for examination from the more general trade flow 
category of crustaceans and molluscs 

3.3.6.1 General Description of Processing 

World aquaculture has grown tremendously during the last 50 years from a production of less 
than a million tonnes in the early 1950s to 59.4 million tonnes by 2004 with a value of  
US$ 70.3 billion (FAO18).  Shrimp is either caught in the wild or farmed, dominating 
aquaculture by value (Clay; 2004) and produced in either fresh or sea/brackish water.  From 
1997 to 2004, farmed shrimp production grew at 15 percent per year to reach 2.5 million 
tonnes or 41 percent of total shrimp production.  (Stevens, 2007) 
 
Shrimp farming includes three phases: a hatchery from the egg to the post-larval (PL) stage, 
a shrimp-raising farm and a processing workshop.  There are three distinct types of shrimp 
farming: extensive, semi-intensive and intensive.  These classification depend on the 
stocking density, type of feed used, the rate of water exchange and whether aeration is used 
to increase the oxygen levels of the water. 
 
                                                 
18 http://www.fao.org/fishery/topic/13831 Trends in aquaculture development 
 

http://www.fao.org/fishery/topic/13831
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Extensive:  
• Less than 5 shrimp/cubic meter of water (m3). 
• Dependant on tidal water 
• Few inputs including food 
• Shrimp are harvested by draining the ponds and catching the shrimp as they pass 

through the break in the dam 
• Production is less than 1000kgs/ha 

Semi-intensive 
• Stocking density between 2.5 and 20 shrimp/m3 
• Regular shaped ponds or dykes are constructed 
• Supplemental feeding is needed and prophylactic medicines are used 
• Production averages 1000 to 2000kgs/ha/yr 

Intensive 
• Stocking density above 20 shrimp/m3 
• Small ponds 
• Shrimp are constantly fed  
• Water is aerated to maintain sufficient oxygen levels 
• Production can be anywhere from 3000-50 000kgs/ha/yr 

 
Common to all of these systems is the reliance on wild brood stock for the post-larvae (PL) to 
stock the ponds.  The extensive systems still rely on wild-caught PL in those areas where 
hatcheries are not demanded by law. 
 
Wild shrimp are caught by trawlers with large drag nets either along the sea bed or through 
deep water and are either processed on board or frozen on board and processed once 
landed. 
 
Processing of farmed shrimp - in all cases the shrimp are washed, drained and placed on a 
bed of ice.  They are then moved to the processing facility whether on or off farm.  Here, 
depending on the market they are packaged for fresh sales, or put into cold buffer storage 
with heads and bodies removed.  This waste is 40% of the total weight of the shrimp and can 
be processed into animal or fish feed, but is often discarded. 
 
Sources: UNIDO, 1990; Clay, 2004, Stevens, 2007 

3.3.6.2 Key Environmental Impacts 

About 60% of shrimp are currently caught in the wild, and 40% are farmed (aquaculture) in 
either fresh or sea/brackish water (Stevens 2007).  Farming may be intensive, semi-intensive 
or extensive.   

• Climate change:  Mangrove forests are highly effective carbon sinks and may have 
the highest net carbon storage of any natural ecosystem.  Conversion of a mangrove 
forest to a shrimp pond changes a carbon sink into a carbon source, liberating the 
accumulated carbon back into the atmosphere - but 50 times faster than it was 
sequestered (Warne; 2007). 

• Biodiversity and depletion of wild fish stocks:  Shrimp trawling can catch over 400 
non-shrimp species, which are discarded back into the sea or processed into fish 
meal (EJF; 2004).  This may lead to as much as 3 kg of wasted fish or non-fish 
species for every 1 kg of shrimp (WWF; 2006), thus depleting stocks of these 
species.  The Kemp's ridley turtle is now critically endangered because its population 
has declined due to human exploitation and because it gets trapped in shrimp nets19.  
Shrimp stocks may become depleted as juveniles or shrimp fry are most often 

                                                 
19 http://www.wwf.org.uk/core/wildlife/fs_0000000025.asp; accessed 29 January 2008 

http://www.wwf.org.uk/core/wildlife/fs_0000000025.asp
http://www.wwf.org.uk/core/wildlife/fs_0000000025.asp
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caught.  Farmed shrimp are fed fishmeal, which may contribute to falling fish stocks 
due to the very high levels of feeding.  As farmers are never certain of the number of 
shrimp they have, feeding is indiscriminate with as much as a third not eaten.  
Varieties of shrimp are moved across the world so as to take advantage of their traits, 
but it is now becoming apparent that many of the introductions and movements of 
aquatic animals have been responsible for the introduction, establishment and spread 
of aquatic animal pathogen species.  Combined with this problem of importing new 
pathogens is the potential for interbreeding with, and displacement of, native species.  
This has unknown effects on the genetic diversity and ecology of native fauna.   

• Human health:  Concerns surrounding the misuse of chemicals in shrimp farming 
include their persistence, toxicity and possible effects on the health of farm workers 
and consumers. 

• Habitat loss and degradation:  Shrimp farming has been closely linked with 
reductions in mangrove swamps across the tropics and the Network of Aquaculture 
Centres in Asia-Pacific (NACA) report that between 20% and 50% of all current 
mangrove deforestation is due to shrimp farming.  Destruction of mangroves has left 
coastal areas exposed to erosion, flooding and storm damage, altered natural 
drainage patterns, increased salt intrusion and removed critical habitats for many 
aquatic and terrestrial species, with serious implications for biodiversity, conservation 
and food security.  Other habitats also at risk include salt marshes, freshwater 
wetlands, non-mangrove coastal forests, neighbouring coastal and marine 
ecosystems e.g. seagrass beds and coral reefs.  This is due, in part, to pollution from 
the shrimp farms, but also to the loss of mangroves and other wetland habitats, which 
act as natural filters for terrestrial pollutants and sediments.   

Table 3.6  Summary of key environmental impacts for imported crustaceans 

Impact Rank Summary Comments Data 
Climate 
Change 

*** Destruction of mangroves is 
reducing a carbon sink 

No comment ** 

Biodiversity *** A large amount of bycatch in 
wild shrimp fishing is caught, 
affecting fish stocks. 
 
Fishstocks are further depleted 
by feeding fishmeal to the 
shrimps 

Bycatch has been reduced 
using different nets 

*** 

Human 
Health 

*/** Use of banned chemicals may 
affect human health 

Imports from China and 
Thailand have been 
banned in the past  

* 

Natural 
Resources 

-/** Water is polluted by the effluent 
from the ponds 
 
Habitat conversion is prevalent 
affecting mangroves, salt 
marshes and other wetland 
habitats 

Mainly caused by intensive 
practices 

** 

 
• Water pollution:  Waste from processing that is discarded into local watercourses 

can spread disease and cause nutrient loading and reduce available oxygen in the 
water.  Shrimp are soaked in an antioxidant (metabisulfite) to increase shelf life.  After 
soaking, this chemical is dumped.  Its impact has not been studied, but as it is used to 
limit bacterial growth on shrimps, it is likely to do the same in natural ecosystems.  
Effluent from the shrimp ponds can also cause water pollution.   

Sources: Clay (2004), Warne (2007), WWF (2006), NACA 
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3.3.6.3 Impacts in Key Exporting Countries 

China 
 
China is the world’s main producer of shrimp at around 1.3 million tonnes (Josepeit; 2004).  
Akiami paste shrimp and southern rough shrimp are important to the Chinese market.  There 
are several reports of the presence of banned chemicals in shrimp imports from China but 
there is little detail available on the types of chemicals and the extent of their potential 
damage. 

India 
 
Indian aquaculture has grown by a six and half times over the last twenty years, with 
freshwater aquaculture contributing over 95 percent of the total aquaculture production.  The 
production of carp in freshwater and shrimps in brackish water form the major areas of 
activity (FAO20).  Giant river prawn (Macrobrachium rosenbergii) annual production of over 30 000 
tonnes has been achieved through the use of monoculture practices.  In addition, the sector 
has witnessed increased interest in diversification with the inclusion of high-valued species, 
including medium and minor carps, catfishes, murrels etc. 
 
In many areas, shrimp farms have developed in clusters along creeks and estuarine 
watercourses, such as the Kandaleru creek in Andhra Pradesh.  It is being found that this 
intense management system can impact estuarine water quality to levels unacceptable for 
shrimp farming.  This issue has demanded that research needs to be conducted not merely 
into the carrying capacity of each area of a shrimp farm as well as with relation to 
neighbouring farms. 
 
In 2005 the Indian Government passed The Coastal Aquaculture Authority Act, 2005 (24 of 
2005) which established the Coastal Aquaculture Authority for regulating coastal 
aquaculture.  Its remit is to ensure that coastal aquaculture does not cause any detriment to 
the environment21. 
 
The presence of white spot syndrome in1994–1995 drastically reduced prawn-farming 
activity.  As a consequence a more cautious approach has been adopted including moderate 
stocking densities and good management.  This is to such a degree that even though the 
issues mentioned in the main part of this report did pose some concern in India, the FAO 
believes these “were isolated instances with the bulk of farming (now) conforming to eco-
requirements.” 
 

Argentina 
 
Argentina shrimp landings reached 33 876 tonnes for the cumulative period January-July 
2007 which is a record high figure for the past 19 years22.  The development level of the 
aquaculture in Argentina is still low, having increased production from 450 tons in 1990 to 
1,200 tons in 1999.  The main produce is rainbow trout, which represents about 95 per cent 
of farmed fish.  Freshwater shrimp is becoming more important with about 22 tons produced 
in 1998 (FAO23). 
 
                                                 
20 http://www.fao.org/fishery/countrysector/naso_india; accessed 29 January 2008 
21 http://aquaculture.tn.nic.in/; accessed 29 January 2008 
22 http://www.globefish.org/index.php?id=4300&easysitestatid=-412838870; accessed 29 January 2008 
23 http://www.fao.org/fi/fcp/en/ARG/profile.htm; accessed 29 January 2008 

http://aquaculture.tn.nic.in/compendium_act.pdf
http://aquaculture.tn.nic.in/compendium_act.pdf
http://www.fao.org/fishery/countrysector/naso_india
http://aquaculture.tn.nic.in/
http://www.globefish.org/index.php?id=4300&easysitestatid=-412838870
http://www.fao.org/fi/fcp/en/ARG/profile.htm
http://www.fao.org/fi/fcp/en/ARG/profile.htm
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Sources:  UNIDO 1999, Aquaculture Authority News; Volume 1number 1 2002, Josepeit 
(2004) 

3.3.7 Fish 

3.3.7.1 General Description of Processing 

Fishing is the activity of hunting for fish by hooking, trapping or gathering.  Fishing is both a 
recreational activity and a commercial industry.  Commercial fishing provides a large quantity 
of food to many countries around the world. 
 
Commercial fishing methods have become very efficient using large nets and sea-going 
processing factories.  Fishing methods vary depending on the region and the species being 
fished for.  A commercial fishing company may vary from one man with a small boat to a 
huge fleet of trawlers processing tons of fish every day. 
 
Total world consumption of fish is increasing, with estimates that 179 million tonnes of fish 
will be consumed by 2015, up from 47 million tonnes in 2002.  Most of this new demand will 
be met by aquaculture.  Currently, nearly one-third of fish eaten in the world is produced by 
aquaculture. 
 
Aquaculture is the cultivation of aquatic organisms under controlled conditions.  Particular 
kinds of aquaculture include algaculture (the production of kelp/seaweed and other algae), 
fish farming, shrimp farming, shellfish farming, and the growing of cultured pearls. 
 
Sources: Clay (2004) 
 

3.3.7.2 Key Environmental Impacts 

Fish may be caught in the wild or farmed (aquaculture).  Key environmental impacts from 
wild fishing are: 
 

• Climate change:  Fuel is consumed on fishing boats to power the boat and to 
preserve and freeze fish during transportation.  GHG emissions from this fuel 
consumption are moderately high when considered on a per tonne of fish basis.  
Different fishing methods/targeting different fishing species can substantially reduce 
fuel consumption.  For example, Thane (2004) reported that energy consumption 
could be reduced by a factor of 15 by substituting beam trawl with Danish seine in the 
Danish flatfish fishery. 
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Table 3.7  Summary of key environmental impacts for imported fish 

Impact Rank Summary Comments Data
Climate 
Change 

** Fishing process requires 
carbon-based fuels, which are 
partially converted in to 
greenhouse gases, 
generating medium levels of 
greenhouse gas emissions. 

This assessment is for 
the fishing of wild fish 
stocks. 

** 

Biodiversity **/ 
*** 

The over fishing of wild fish 
stocks directly impacts the 
biodiversity of fish over an 
extended area.  The breeding 
of aquaculture and wild fish is 
decreasing the numbers of 
true wild fish in the seas. 

No comment *** 

Human 
Health 

-  No comment - 

Natural 
Resources 

*** Shipping emissions and anti-
fouling paints degrade water 
quality.  The seabed is 
damaged as a result of 
bottom tending fishing gear. 

No comment * 

 
• Biodiversity/fish stocks: Monitoring of world fish stocks (SOFIA, 2006) suggests 

that  
 3% of marine stocks are under exploited; 
 21% of marine stocks are moderately exploited; 
 52% of marine stocks are fully exploited (which means they are being fished at 

their maximum biological productivity); 
 16% of marine stocks are over exploited; 
 7% of marine stocks are (?) depleted; 
 1% of marine stocks are recovering from depletion. 

 
Regions with fish stocks that are in the greatest need of recovery include the 
northeast Atlantic, the Mediterranean Sea and the Black Sea, followed by the 
northwest Atlantic, the southeast Atlantic, the southeast Pacific and the southern 
ocean.  Seven of the top ten marine fish species, which together account for about 
30% of all captured fish, are fully exploited or overexploited.  The landing of demersal 
species (fish species that live near or on the bottom of the sea) has been decreasing 
since the 1980s, as many stocks are seriously depleted.  North Sea cod has been 
fished to the lowest levels ever recorded with stocks declining from around 250,000 
tonnes in early the 1970s to fewer than 40,000 tonnes in 2001.  Protection measures 
were put in place in 2001, such as the closure of large areas in the North Sea to 
protect the stock from being fished on spawning grounds. 
 
Biodiversity may also be threatened by the introduction of non-native species.  When 
ships load up with seawater ballast in one area, they also take in a sample of the 
local marine life.  When the ballast water is discharged at the ship’s destination, the 
marine life that has survived is in a new ecosystem.  There are many examples 
where the movement of marine life has resulted in the decline of native species and 
the International Maritime Organisation has identified this issue as one of the greatest 
threats to the world’s oceans (ICES, 2003). 
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• Biodiversity/habitat disturbance:  Fisheries using bottom-tending fishing gear inflict 

damage to the seabed. 
• Water pollution:  Pollution of the sea can occur from the release of biocides from 

anti-fouling paint that prevents algae and other organisms growing on the hull of 
vessels.  Discarding unwanted younger fish and unwanted species, most of which are 
already dead or dying, can also lead to pollution problems.   

• Water use:  Fish processing requires large amounts of water, primarily for washing 
and cleaning purposes, but also as media for storage and refrigeration of fish 
products before and during processing. 

 
Key environmental impacts from aquaculture include: 
 

• Biodiversity:  Aquaculture is thought to relieve the pressure on wild fish stocks.  
However, the aquaculture industry requires fishmeal and fish oil for the diet of 
carnivorous fish and is, in fact, the predominant consumer of fish oil.  Therefore, this 
may be placing additional pressure on fish stocks.  Other ways in which fish farming 
may contribute to the decline of wild fish stocks are as a result of sea lice and other 
diseases spread by the farmed fish.  There are also fears that interbreeding of 
escaped aquaculture fish breeding with wild fish may reduce the hardiness of wild 
fish.   

• Water pollution:  Waste from faeces and uneaten food results in increased nitrogen 
and phosphorus released into marine environments (marine aquaculture).  Such 
nutrient pollution leads to eutrophication that often results in increased plant growth 
e.g. of phytoplankton populations, which reduces light availability below the surface 
and, as a result, threatens seaweed and eelgrass communities.  Other sources of 
pollution are the toxic antifoulants used on cages (some of which are known to 
accumulate in the tissues of fatty fish), and antibiotics and insecticides used in the 
fish farms.  These chemicals become dispersed into the wider marine environment, 
but their ecological impacts have not been studied.   

 
Sources:  IFC (2007), Frid et al (2003), Thrane et al (2004), Thrane et al (2006), Clay (2004), 
FAO (2007), FAO (2005), SOFIA (2006), Ziegler et al (2003), ICES (2003)  

3.3.7.3 Impacts in Key Exporting Countries 

Norway 
 
Norwegian fisheries have regulated discarding, by banning discards and forcing the landing 
of all unwanted by catch. 
 
The over fishing of cod stocks and subsequent quotas applied to fishing in the North Sea will 
impact Norwegian fisheries.  Norwegian aquaculture has expanded over the past ten to 
fifteen years from 7,500 tons in 1980 to 160,000 tons in 1991. 

China 
 
Global per capita fish consumption has increased over the past four decades, rising from 
9.0kg in 1961 to an estimated 16.5kg in 2003.  China has been responsible for most of this 
increase with its estimated share of world fish production grew from 21% in 1994 to 34% in 
2003. 
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Aquaculture accounts for over 31 percent of the China’s aquatic products.  The 
environmental impacts reported from aquaculture in China are: 

 Increased emission of inorganic nutrient salts in seawater, leading to high 
intensity of red tide (an event in which estuarine, marine, or fresh water 
algae accumulate rapidly) and changes the offshore composition and 
distribution of the biotic populations. 

 Increased threat to the remaining mangrove forests 
 Destroyed habitats of indigenous animal and plant species 
 Increased risk of salinisation of soil and underground water 

 

3.3.8 Maize  

3.3.8.1 General Description of Processing 

Maize (Zea mays) has become the most widely grown cereal crop across both the developed 
and developing world with 0.13 billion (IPNI; 2007) hectares planted worldwide.  Maize grows 
easily in the temperate climates of North America and Western Europe, producing an 
average of 7 tons per hectare (t/ha).  Maize prefers warm drier climates where the mean 
daily temperature is greater than 19°C or where the summer mean is greater than 23°C.  As 
it has a shallow root system, it depends on good soil and air moisture rates with the highest 
harvesting rates (10t/ha) attained under irrigation (du Plessis J; 2003). 
 
The cultivation of maize is similar to other arable crops such as wheat and barley with 
comparable field operations.  Conventionally the seed-bed is prepared by ploughing followed 
by discing.  However, more recently low and no tillage is becoming more widespread 
whereby the seeds are planted directly into the former crop’s stubble thereby maintaining a 
cover protecting the soil from erosion.  Fertiliser, chemical or manure based, as well as 
pesticides are applied to the crop as it grows.  The maize is then either left in the field to dry 
once it has matured or cut and dried in large mechanical drying facilities on farm before 
being moved to silos.  Maize has a high demand for water and nutrients compared to many 
other arable crops, and typically requires more chemical inputs (than for example soybeans 
or winter wheat) (Ackerman et al, 2003).   
 
Produced both as a subsistence and commercial crop, its uses are diverse.  In developed 
countries most maize is used as animal feed and is thus consumed as a second cycle 
product in the form of meat, eggs, and dairy products.  Further, once the starch has 
undergone an enzymatic conversion products such as sorbitol, dextrine, sorbic and lactic 
acid are formed and used as ingredients in items such as beer, ice cream, syrup, shoe 
polish, glue, fireworks, ink, batteries, mustard, cosmetics, aspirin and paint (du Plessis J; 
2003).  More recently it is being processed into a transport fuel – bio-ethanol. 
 
Sources: IPNI (2007), du Plessis J (2003), Ackerman et al (2003) 

3.3.8.2 Key Environmental Impacts 

Key impacts from maize production are: 
 

• Climate change: Nitrogenous fertilisers used on maize lead to emissions of the GHG 
nitrous oxide.   

• Biodiversity:  Questions surround gene transfer between GM maize and wild 
species, and effects on non-targeted organisms.  Maize can also have a negative 
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impact on wildlife habitats, biodiversity and the conservation of genetic resources 
(Runge C; 2002).   

• Human health:  Atrazine, a common herbicide used on maize crops, is an endocrine 
disrupter and possible human carcinogen (it causes cancer in rats).  Exposure to 
atrazine creates risks for farm workers, consumers of maize products and users of 
groundwater downstream from farm areas.  Chlorpyrifos, the most common 
insecticide used on cornfields, is a neurotoxin that poses risks for children who are 
exposed to it at high levels (Ackerman et al; 2003). 

• Soil degradation:  Maize can facilitate soil erosion as the large amount of soil tillage 
traditionally associated with seedbed preparation and weed control mean high rates 
of oxidation (breakdown) in the soil’s organic matter.  Furthermore, maize is relatively 
slow at establishing ground cover in the spring, leaving the soil more vulnerable to 
wind and water erosion.  The roots of maize plants are coarse and deeply penetrating 
which, while helping to improve the structure of deeper soil layers, is less effective in 
stabilising surface soil than the fine, shallow roots of crops such as perennial grass 
species and winter cereals.  (EEA, 2003; Scheidleder, 1997) 

• Water pollution:  Excessive fertiliser application applied in the hope of higher yields 
causes runoff of excess nitrogen and phosphate.  This causes eutrophication and is a 
threat to sensitive ecosystems and species, particularly in the water.  (Ackerman et al; 
2003).  Run-off herbicides and pesticides can also cause water pollution. 

 
Sources: Runge C (2002), Ackerman et al (2003), EEA (2003), Scheidleder (1997) 

Table 3.8  Summary of key environmental impacts for imported maize 

Impact Rank Summary Comments Data 
Climate 
Change 

** High input rates demand 
high use of fossil fuels for 
machinery and fertiliser 
production 

Low till or no till 
agriculture and crop 
rotations with leguminous 
crops 

* 

Biodiversity */** Monocultures have a 
negative impact on seed 
genetic diversity and 
biodiversity.  GM maize may 
impact wild maize species 

Use of rotations, fallow 
land, smaller field sizes 

** 

Human 
Health 

* Pesticide and insecticide use 
(Atrazine and chlorpyrifos) 
can impact farm workers 

Use of integrated pest 
management 

* 

Natural 
Resources 

*/** High nutrient and water 
demands causing nitrate 
leaching leading to 
eutrophication 
High soil erosion rates due 
to amount and timings of 
operations 

Use of rotations with 
nitrogen fixing crops, use 
of mulches/low tillage to 
reduce run off.  Use of 
precision technology 
allowing targeting of 
nutrients 

** 

 

3.3.8.3 Impacts in Key Exporting Countries 

Argentina 
 
Atrazine is the most common herbicide used on maize crops, even though it has been 
banned in some countries.  According to its manufacturers Atanor it is used to “control wide-
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leaf underbrush and annual grass in corn24”.  This herbicide has been linked to widespread 
groundwater contamination in Argentina, particularly in the Humid Pampas area (Bedmar et 
al; 2004).   
 
Argentina is the second leading producing country of genetically modified (GM) maize in the 
world (Gewin V; 2003).  There are concerns about the use of GM maize because 
interspecific hybridisation and introgression or the movement of a gene (gene flow) from one 
species into the gene pool of another is common (Altieri M; 2002).  This provides a basis for 
expecting gene flow between transgenic crops and wild relatives to create new herbicide 
resistant weeds.  Transgenic crops can also allow transgenes to escape into free-living 
populations of local varieties as demonstrated in Oaxaca, Mexico (Quist, Chapela; 2001).  
This could reduce the agricultural gene pool and dilute the natural sustainability of 
domesticated plant species. 
 
The potential environmental advantages of GM maze are a reduction in chemical inputs.  Bt 
maize for example is said to reduce the need for pesticides, particularly reducing spraying for 
corn-borer infestations.   

Serbia 
 
It is still common to intercrop maize crops with white beans and pumpkins in Serbia; this can 
improve the conservation of water, and adds a spatial diversity to species across the 
landscape.  Furthermore it distributes the labour requirements more evenly through the 
growing season, and allows complimentary interactions that can boost yields and profits 
(Ghaffarzadeh M; 1999).  Traditional intercropping is likely to be limited to farms where 
cultivation is less mechanised as more space is required between crops.  Strip intercropping, 
is the adaptation of this system to contemporary, mechanized agricultural practices.  The 
multiple crops are grown in narrow, adjacent strips that allow interaction between the 
different species, but also allow management with modern equipment.   
 
Sources: Bedmer et al (2004), Gewin V (2003), Altieri M (2002), Quist, Chapela (2001), 
Ghaffarzadeh M (1999) 
 

3.3.9 Milk and milk products 

3.3.9.1 General Description of Processing 

Dairy farming involves the production and processing of milk.  Processing may be either on-
site or transported to a dairy factory.  Most dairy farms sell the male calves born by their 
cows, usually for veal production, or breeding depending on the quality of the Bull calf, rather 
than raising non-milk-producing stock.  Many dairy farms also grow their own feed, including 
maize, lucerne and grass – used as hay and/or silage.  Additional dietary supplements are 
added to the feed to increase milk production.  In Australia and New Zealand, most dairy 
cattle are extensively grazed and use relatively little additional feed.  Similarly in Switzerland, 
cattle are generally grazed in pasture and are only reliant on feed for a relatively short period 
in the winter, when they are tied in stalls. 

                                                 
24 
http://www.atanor.com.ar/eng/export_business/agrochemicals/herbicides/atrazine.php?contacto=paraguay&id=3 
(Accessed on 21/1/08) 

http://www.atanor.com.ar/eng/export_business/agrochemicals/herbicides/atrazine.php?contacto=paraguay&id=3
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Cheese 
Cheese is chiefly made by coagulating milk protein (casein) in a manner that traps milk solids 
and milk fat into a curd matrix.  This curd matrix is then consolidated to express the liquid 
fraction or cheese whey.  This contains those milk solids that are not held in the curd mass, 
in particular most of the milk sugar (lactose) and a number of soluble proteins.   

Butter 
The butter-making process, whether by batch or continuous methods, consists of the 
following steps: 

• preparation of the cream; 
• destabilisation and breakdown of the fat and water emulsion; 
• aggregation and concentration of the fat particles; 
• formation of a stable emulsion; 
• packaging and storage; 
• distribution. 

 
There are two principal types of butter produced: lactic, ripened or cultured butter where a 
culture is added to the mix; and sweet cream butter made without the addition of a culture.  
Both are produced with or without salt added. 

Milk Powder 
Milk used for making milk powder is not pasteurised before use.  The milk is preheated in 
tubular heat exchangers before being dried and then fed to an evaporator to increase the 
concentration of total solids.  The milk concentrate is then pumped to the atomiser of a drying 
chamber where it is dispersed as a fine fog-like mist into a rapidly moving hot air stream, 
causing the individual mist droplets to instantly evaporate.  Milk powder falls to the bottom of 
the chamber, from where it is removed.  Finer milk powder particles are carried out of the 
chamber along with the hot air stream and collected in cyclone separators. 
 
Dairy processing industries in the major dairy producing countries have undergone 
rationalisation, with a trend towards fewer but larger plants operated by fewer people.  As a 
result, in the United States, Europe, Australia and New Zealand most dairy processing plants 
are quite large. 

3.3.9.2 Key Environmental Impacts 

Impacts from milk production and production of milk products production arise from 
maintenance of pasture land, production of feeds for cows (see sections on wheat, maize 
and soybeans), from dairy cows themselves, and from processing of the milk and its 
transformation into milk products such as butter and cheese.   
 
Key impacts from farming of diary cows are:   
 

• Climate change: Dairy cattle emit methane (CH4) as a by-product of rumen 
fermentation. 

• Biodiversity: High fertiliser use in conventional silage production systems used to 
feed dairy cattle can lead to a greater sward density which, together with earlier and 
more frequent cutting, is believed to have negative consequences for ground nesting 
birds (MacDonald, 2007, as cited in Foster et al, 2007).  Less intensive use of 
fertilisers for hay production results in later cutting dates for mown swards.  This 
reduces damage to nesting sites and lower stocking densities during grazing reduces 
the likelihood of nests being destroyed by trampling.   
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Table 3.9  Summary of key environmental impacts for imported milk 

Impact Rank Summary Comments Data
Climate 
Change 

*** All elements of the dairy 
production have 
impacts on climate 
change, from methane 
emissions through 
rumination, to carbon 
sequestration in pasture 
management and high 
energy use in 
processing 

 *** 

Biodiversity * Little information on 
direct impacts 

Increased sediment loading 
particularly in New Zealand has 
been shown to affect marine 
specie populations.  

* 

Human 
Health 

- Pollution of waterways 
can affect human 
activities further 
downstream.  Inclusion 
of antibiotics and other 
chemical residues in 
the milk may affect 
human health. 
Toxic pesticides from 
feed growth may 
accumulate within 
humans. 

 * 

Natural 
Resources 

*/** Effluent discharge into 
waterways and high 
water usage during 
processing affect 
available water 
resources and can 
cause eutrophication 

N pollution may be improved by 
using grass grown with 
moderate fertiliser application 
and maize based energy 
supplement formulated to 
provide low degradable protein 
and with N intakes of less than 
400g/d for average yielding 
cows. 
 

** 

 
• Human health:  Toxic pesticides, some of which biodegrade very slowly, can 

accumulate in body tissues and are harmful to ecosystems and to human health.  
Pesticides can end up in agricultural products, groundwater and surface waters, and, 
in extreme cases, can enter the human food chain through milk. 

• Water pollution: Over application of fertilisers or manure (solid or slurry) to the soil 
can lead to pollution of groundwater and local watercourses.  Some of the 
phosphorus in dairy manure is water-soluble, so what is not sequestered is at risk of 
being washed off by heavy rains into streams and rivers.  At high levels, it can result 
in rapid algae growth when it reaches lakes and reservoirs.  Runaway algae growth 
can kill fish through oxygen depletion and the production of phytotoxins (Texas A&M 
University, 2005).  To increase animal production, cattle (especially dairy cows) are 
offered increasingly higher amounts of nitrogen (N) and phosphorous (P), but the 
efficiency with which they are converted to animal product is low, leading to excess N 
and P excretion.  (Kebreab et al, no date). 
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• Air pollution:  Cattle, and particularly dairy cattle, are one of the major contributors to 
nitrogen (N) pollution in the atmosphere, e.g. through ammonia which volatilises from 
urinary nitrogen.  Ammonia contributes to acidification and eutrophication.   

 
Impacts from processing include: 
 

• Climate change:  Dairies have a relatively high level of energy consumption; steam 
is used for heat treatment processes (pasteurisation, sterilisation, drying etc) and 
electricity purchased from the grid is used for cooling and equipment operation.  
There may also be fugitive losses of GHGs and HFCs from refrigeration systems. 

• Human health:  Discharge of effluent into a waterway can pose a health threat to 
downstream users, since disease-causing micro-organisms can be transmitted via 
water.  Such micro-organisms make water unsafe for drinking or recreational use. 

• Air pollution:  Use of fossil fuels to meet a dairy’s energy requirements will lead to 
emissions of combustion-related pollutants. 

• Water use:  Water is used principally for cleaning equipment and work areas to 
maintain hygienic conditions, and accounts for a large proportion of total water use.  
Rates of water consumption will vary, but a reasonably efficient plant will use between 
1.3 litres and 2.5 litres water/kg of milk intake.  Due to the higher costs of water and 
effluent disposal that have now been imposed in some countries to reflect 
environmental costs, considerable reduction in water consumption has been achieved 
(UNEP; 2000).   

• Water pollution:  Most of the water used for processing ultimately becomes effluent, 
which is usually treated to some degree on site before being discharged to municipal 
sewerage systems, if available, or used for land irrigation.  The effluent contains: milk 
and milk products that have been lost from the process, detergents, and acidic and 
caustic cleaning agents.  The high BOD of the effluent (which is greater than that of 
manure) can pose a threat to plant and animal life within a waterway.  Untreated 
whey, a by-product from cheese making, has a high concentration of organic matter, 
which can lead to pollution of rivers and streams, and also creates bad odours.  
However, in recent years, the recovery of the lactose and protein content in whey has 
become technically and economically viable. 

• Wastes:  Wastes consist of oily sludge from gearboxes of moving machines, 
laboratory waste, cooling agents, oily paper filters, batteries, paint cans, etc.  If these 
are not disposed of properly, the hazardous nature of some of these wastes can 
cause pollution problems.   

 
Sources: MacDonald (2007), Foster et al (2007), Texas A&M University (2005), Kebreab et 
al (undated), UNEP (2000) 

3.3.9.3 Impacts in Key Exporting Countries 

New Zealand 
 
About a sixth of New Zealand’s exports of goods and services come from the dairy industry – 
mainly through the export of milk powder, cheese, casein and butter.  There are over four 
million dairy cows, mostly Holstein-Friesian or Jerseys, about 80% of which are in the North 
Island25. 
 
The Resource Management Act (1991) was created to provide a framework to promote the 
sustainable management of natural and physical resources.  Regional Councils apply the 

                                                 
25 http://www.teara.govt.nz/NewZealandInBrief/Economy/2/en; accessed 30/01/08 

http://www.teara.govt.nz/NewZealandInBrief/Economy/2/en
http://www.teara.govt.nz/NewZealandInBrief/Economy/2/en
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Resource Management Act (1991) with guidelines, recommendations and regulations for the 
acceptable management of effluent. 
 
Agricultural run-off (mainly sediment, fertilisers and nutrients) is a major pollutant of some 
rivers, and to a lesser extent of estuaries and coastal waters.  Sandy estuaries have been 
building up sediment at the rate of 3–6 millimetres a year, and muddy ones at 2–5 millimetres 
a year.  This amounts to a total increase in the sediment layer over the past 100 years of 
between 20 and 60 centimetres.   
 
Accelerated erosion affects life in the ocean by covering it in sediment.  In some areas of the 
South Island, reef sponges, kelp forests, weed beds and fish nursery grounds have been lost 
because of increased sediment.  Seagrasses in harbours and estuaries have also 
disappeared because of declining water clarity, linked to sedimentation. 
 
Conscious of the pollution caused by dairy farms (cow numbers rose 34% between 1994 and 
2002), environmentalists signed an accord with the dairy industry in 2003 to try and improve 
water quality by fencing and planting around rivers26. 

Australia 
 
The Australian dairy industry is Australia's largest processed food industry, and ranks in the 
top four of the nation's rural industries.  The climate and natural resources allow production 
based on year-round pasture grazing.  With over two million dairy cows, producing around 10 
billion litres of milk each year, roughly half of which is exported.  These exports include 
cheese, milk powder, butter, casein and whey powder adding up to a value of AUSD3 
billion27. 
 

3.3.10 Rice 

3.3.10.1 General Description of Processing 

Rice is the staple food for nearly half the world’s population.  (Bindraban and Hengsdijk; 
2004).  Grown in various climates ranging from tropical and subtropical to temperate, the 
tropics are the major area of cultivation.  The different types of rice production methods were 
developed in response to particular climatic and topographic characteristics of the localities.  
Broadly speaking these can be divided into two types: upland rice relies on rainfall while 
lowland rice tends to be produced on flat areas with irrigation.  Both use a range of inputs 
including fertilisers and pesticides (Clay; 2004).  The irrigated sector generates more than 75 
percent of total rice production and claims more than half of the water extracted for human 
activities in Asia.  In 2002 the estimated global rice acreage was 152 million ha (Mha) (Roy 
and Misra; 2002). 
 
The largest impact on rice has been the Green Revolution; a new approach to farming in the 
1960s which has more than tripled yields in 25 years.  (Fanslow; 2007).  This new technology 
included genetic improvements and improved management practices, using pesticides and 
fertilisers to produce higher yields.  Scientists aimed for averages of 5.5 tonnes per hectare 
(t/ha) and it became possible to produce up to three crops per year (Clay; 2004). 
Rice is particularly important in Asia, which accounts for 90 percent of the world’s acreage 
and produces 91 percent of global production.  Much rice production in Asia is still based on 

                                                 
26http://www.teara.govt.nz/EarthSeaAndSky/OceanStudyAndConservation/MarineConservation/6/en; accessed 30/01/08 
27 http://www.dairy.com.au/industry/; accessed 30/01/08 

http://www.teara.govt.nz/EarthSeaAndSky/OceanStudyAndConservation/MarineConservation/6/en
http://www.dairy.com.au/industry/
http://www.dairy.com.au/industry/
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low mechanisation and high labour input.  Whereas in the USA and Australia production is 
far more high tech and mechanical.  American rice farmers have managed to reduce the time 
spent in the field to 14 man-hours per hectare, whereas some Asian countries continue to 
require 600 man-hours per hectare28. 
 
There are many different varieties of rice loosely divided into white, black, red and brown 
finished products.  Within these there are different grades.  Common steps in processing 
include cleaning, husking, separating, milling, grading and bagging.  White rice usually takes 
two to three cycles depending on the degree of milling. 
 
Rice bran is a by-product of processing, which can be used as a medicinal supplement and 
as a food supplement.  The bran is also burnt where there are no available markets. 
 
Once the husk and bran have been removed, most rice is sold in its raw form.  Some further 
processing does take place, converting the raw rice into crackers, noodles, canned products, 
milk substitutes, vinegar and wine (Clay; 2004). 
 
Sources: Bindraban and Hengsdijk (2004), Clay; (2004), Roy and Misra (2002), Fanslow 
(2007) 

3.3.10.2 Key Environmental Impacts 

Key Impacts from rice production are: 
 

• Climate change:  Irrigated rice farming is a major source of methane, accounting for 
about a fifth of total anthropogenic methane emissions.  The area used for irrigated 
rice is projected to increase by about 10% by 2030 (2002a).  However, emissions 
may grow more slowly because an increasing share of rice will be grown with better 
controlled irrigation and nutrient management, and rice varieties may be used which 
emit less methane.  In irrigated rice, a lot of nitrous oxide (from inorganic nitrogen 
fertilizer) can be emitted when the soil dries after the application of urea and is then 
flooded.  Continuous water maintenance after applications of urea fertilizer on dry soil 
can significantly reduce nitrous oxide emissions.   

• Biodiversity loss:  Production gains due to the Green Revolution have reduced 
habitat conversion.  However, biodiversity within the rice farming system has also 
reduced.  This includes the disappearance of nitrogen-fixing algae, which leads to 
increased applications of inorganic fertilizer.  As maximising yield has been the 
predominant aim over recent years, use of other varieties of rice has been 
discouraged, thereby shrinking the gene base, even though many of these have 
inherent pesticide resistance. 

• Human health:  Pesticide poisoning of farmers and farm workers is an important 
issue.  Pesticides still in use include chlordane, DBCP, DDT, dinoseb and HCH.  The 
continuous presence of water can encourage the occurrence of disease, such as 
malaria.   

• Water pollution:  The Green Revolution introduced the use of pesticides and 
inorganic fertilizers and, in some cases, the inefficient use of these products has led 
to increased pollution of streams, rivers and groundwater systems through run-off 
from fields.  Only 30% of applied urea is taken up by the rice plants with the 
remaining lost to volatilisation and denitrification.  This leads to eutrophication of the 
water and a high daytime water alkalinity. 

• Soil degradation:  The continuous flooding of rice fields without an adequate drying 
period has negative effects on soil chemical and biological processes, such as a 

                                                 
28 http://www.amrice.com/6-0.cfm (accessed 24/01/2007) 

http://www.amrice.com/6-0.cfm
http://www.amrice.com/6-0.cfm
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retarded rate of humus decomposition, a decreased rate of soil nitrogen 
mineralisation, salinity build up and water logging.   

Table 3.10  Summary of key environmental impacts for imported rice 

Impact Rank Summary Comments Data 
Climate 
Change 

*** Rice paddies produce a 
fifth of total anthropogenic 
methane emissions 

Different forms of irrigation are 
being investigated to reduce 
the amount of time of complete 
submergence.  This includes 
short dry fallow or rotation with 
an upland crop to permit 
organic matter to be 
decomposed under aerobic 
conditions before subjecting 
the soil to anaerobic conditions 
for irrigated rice cultivation. 

*** 

Biodiversity * Due to high fertiliser and 
pesticide input levels, the 
previously fertile aquatic 
environment in the rice 
paddies has become much 
reduced. 

Reduction in inputs using 
natural predators and nitrogen 
fixing crops as substitutes 

** 

Human 
Health 

** High levels of dangerous 
pesticides cause poisoning 
of farmers and workers. 

Reduction in pesticide use, 
and take up of integrated pest 
management (IPM) 

** 

Natural 
Resources 

** Potentially unsustainable 
particularly in irrigated 
areas as other users 
compete for water. 
The creation of terraces 
and paddies involved 
transformation of the land, 
including sealing of the soil 
at the base of the paddies. 

No comment ** 

 
Sources: FAO (2002 a and b, 2004 and 2006); Clay (2004)  

3.3.10.3 Impacts in Key Exporting Countries 

USA 
 
Rice production is a highly technical and mechanised business and is predominantly 
irrigated.  Laser guidance schemes determine where water control levees are placed, heavy 
machinery creates the beds, and seeds are sown by grain drills or cast by plane.  A constant 
water depth of 2-3 inches is maintained throughout the growing season and fertilisers are 
applied from the air.  Once the crop has matured and the water is drained from the fields, a 
combiner is used to cut the rice where it is then transported to drying facilities until at a 
suitable level for storage before being transferred to a rice mill. 
 
Rice is grown in six states, but three states – Arkansas, California and Louisiana – together 
account for about 80 percent of U.S. rice acreage and production.  In Texas, rice is a flood-
irrigated crop grown in coastal prairies and marshes.  In addition to its agricultural value, rice 
is linked to a surrogate wetland system that provides some of the ecological services that 
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have been lost, as natural wetlands have given way to residential and commercial 
development. 

Thailand 
 
Thailand is the world’s largest exporter of rice, with 7.5 million tonnes of their 27 million tonne 
harvest exported in 2003, with average yields of 2.9t/ha.   
 
Rice is grown across the country on some 10 million ha of land, but predominantly in the 
northeast and Central Plains or "rice bowl" where the main surplus is grown.  About 25% of 
rice lands are irrigated, while the rest are rain-fed.  Rice farmers are generally subsistence 
farmers, selling only their excess production.   
 
The processing side is very developed with 900 mills using new technologies on their 
processing and packaging lines.  As average yields still lag behind other countries schemes 
such as the “Rice Seed Bank” and Rice Centre have been established to improve access to 
better varieties of rice. 
 
Studies in Thailand indicate that pesticide residues exist in over 90 percent of soil, river 
sediment, fish and shellfish samples due to rice farming.  They estimate that nearly 40 000 
farmers in Thailand suffer from some form of poisoning every year costing over $300 000 
annually.   

India 
 
The rice harvesting area in India is the world's largest with 136 million tonnes produced in 
2006), with an average yield of 3.1t/ha.  Indian rice cultivation is found in all states, but West 
Bengal, Uttar Pradesh, Madhya Pradesh, Orissa and Bihar are the major producing states.  
About 600 improved varieties of indica rice have been released for cultivation since 1965, but 
Basmati rice is still planted over large areas.  Rice-based production systems provide the 
main income and employment for more than 50 million households.   
 
India is traditionally an exporter of high quality rice (Basmati or Super Fine Parmal) but since 
2001, has released parboiled rice for exports  
 
• Climate Change: The fact that methane from rice fields is a primary climate change issue 

is not new, but it has recently come to light that India’s field emission data has been 
underestimated in some areas such as West Bengal where 6 million hectares of rice are 
harvested annually.  In the summer of 2003-04 peak methane was recorded at 
16.5mg/m2 with winter rates at 12.5mg/sqm/hr.  This has been attributed to the presence 
of higher organic carbon in the soil in the eastern region, where a major coal field belt has 
high carbon content .  These emission rates are 8 times what has been previously 
recorded in other parts of the country such as on low carbon fields in Uttar Pradesh. 

 
Sources: Nature (2008); Nigam (2004), Alston et al (2000), FAOSTAT , Rice Today (2002), 
Vanichanont (2004) 

3.3.11 Soybeans 

3.3.11.1 General Description of Processing 

All soy-based foods come from the soybean, a type of legume.  The plant is usually found in 
temperate or tropical regions, as it needs a warm summer to grown successfully.  Like other 
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legumes, soy plants help to fix nitrogen in the soil and therefore are best grown in rotation 
with other crops, such as cereals and vegetables. 
 
In most countries, soybeans are planted in rows.  Different varieties of soybean require 
differing times to mature (US soybeans 95-120 days, Brazil 115-145).  The beans come from 
a dozen pods attached to the main stem, with each pod containing three to four soybeans.  
Harvesting is often mechanised like many over parts of soybean cultivation (i.e. preparation 
of soil for planting, cultivation and application of chemicals).  Once a year the soybeans are 
harvested and threshed mostly by combines that move through the fields, cutting the stalks 
and separating the grain from the pod and the rest of the plant. 
 
The part of the soybean processing that is carried out locally, is drying to reduce the moisture 
content and blowing or screening to clean the beans of stems, dirt etc.  Soybeans processing 
includes dehulling and flaking the beans and then separating the soybean meal or cake from 
the oil.  A given weight of soybeans will produce 18-19 percent (by weight) oil and 73-74 
percent meal, or 35 percent protein by gross weight.  This varies depending on the quality 
and the variety of the bean.  The oil is used primarily for human consumption and the meal is 
used primarily for animal feed. 
 
The United States exports about 35 percent of its raw soybeans before processing.  
However, Argentina and Brazil for example add value to their crop by processing about 80 to 
85 percent of their soybeans. 
 
Less than 2% of biodiesel is currently made from soybean oil.  The expansion of soy 
production is mainly due to the demand from Europe for animal feed, but there is increasing 
interest in soya as a biodiesel feedstock.  Displacing 5% of diesel fuel by 2010 would require 
about 60% of US soy production, and over 100% of projected EU oilseed (rape and 
sunflower) production.   
 
Sources:  SAFE (1999), Clay (2004) 
 

3.3.11.2 Key Environmental Impacts 

The range of environmental impacts from growing and processing soybeans include: 
 

• Climate change:  Clearance of native vegetation (particularly forests) for soybean 
production leads to carbon emissions.  There is also an impact from the use of 
energy intensive fertilisers although, as soybeans are nitrogen-fixing legumes, 
nitrogen is not commonly applied, so nitrous oxide emissions are lower than that for 
other crops such as wheat or maize.   

• Biodiversity:  The increasing global demand for soybeans has led to an increase in 
the area planted – by 26% from 57 million ha in 1990 to 77 million ha in 2002.  In 
countries exporting to the EU, expansion of soybean planting has been in areas of 
native vegetation, rainforest and, more commonly in Brazil, bush savannah leading to 
loss of biodiversity.  In addition, there may be impacts on biodiversity from limestone 
extraction - in Brazil between 4 and 6 tonnes per hectare of lime is added to the soil 
to neutralise acidity in soybean plantations (Clay 2004). 

• Soil erosion:  Soya production in the Cerrado in Brazil is estimated to lead to 
average annual soil losses of 8 tonnes/ha.  This loss of soil organic matter is a 
serious problem in the soya-producing areas of Brazil due to the warm climate and 
dry winters.  In the midwest of the United States of America, the rate of erosion per 
hectare has fallen.  However, the rate is still a few times greater than is sustainable 
(Clay 2004). 
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• Water pollution:  Runoff resulting from soybean production can include high levels of 
agrochemicals, suspended soil and organic matter.  These can be major sources of 
freshwater and groundwater contamination (Fritsche et al., 2006).  The amount of 
nitrogen flowing into the Gulf of Mexico has tripled over the past 50 years (Nierenberg 
2001), largely due to the expansion of corn and soybean crops, which can lose 
between 30 and 50 times more nitrogen than land planted in hay, alfalfa and grass 
(Randall 2001).  For example, nitrogen loss from soybean crops in the USA is 
typically between 13 kg/ha and 26 kg/ha.   

• Water use:  The crop is mainly grown under rain-fed conditions, but supplemental 
irrigation is increasingly used.   

 
Sources:  Bickel et al (2003), Fritsche (2006), Clay (2004), Randall (2001), Nierenberg 
(2001) 

Table 3.11  Summary of key environmental impacts for imported Soybean 

Impact Rank Summary Comments Data
Climate 
change 

**/*** Cultivation process requires land 
use change over an extended 
area that removes the land’s 
capacity for continuing removal 
and storage of greenhouse 
gases.  Cultivation process 
requires inputs of fertilisers that 
result directly in the emission of 
high levels of greenhouse gases.

No comment *** 

Biodiversity *** Cultivation process requires 
complete and irreversible 
clearance and removal of habitat 
over extended area, when the 
land was typically previously 
untouched. 

No comment *** 

Human 
health 

* No information found on human 
health effects from soybean 
cultivations.  However, as 
pesticides are used in cultivation, 
it is likely that there will be some 
effects on human health from 
water pollution from the 
pesticides and to the employees 
applying the pesticides. 

No comment * 

Natural 
resources 

*/** Pesticide and fertiliser use 
degrading water sources. 
 

No comment * 

 

3.3.11.3 Impacts in Key Exporting Countries 

Brazil  
 
Casson (2003) provides information on the increase in soybean plantations in Brazil: 
‘soybean area has increased eight-fold in Brazil from 1.3 million ha in 1970 to 16.3 million ha 
in 2002…’ She presents evidence that 45% of this expansion was in the Centre West states; 
‘(this) expansion was largely accomplished through the wholesale clearing and conversion of 
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virgin savannah land (the Cerrado eco-region).’  From 2000 to 2005, the area planted with 
soybeans increased by 69%.  With growing domestic and international demands for biofuels, 
this trend is projected to accelerate until at least 2020.  The USDA predicts that Brazil’s 
soybean area could potentially increase three-fold over the next 50 years.  Part of this 
expansion is thought to be possible through the use of genetically-modified organisms 
(GMOs), adoption of high yield varieties and intensified investment in the transportation 
infrastructure.  Most of this soybean expansion is expected to occur in the Cerrado region, 
followed by the Amazon basin.   
 
The continued expansion of soybean cultivation in Brazil is likely to further exacerbate the 
soil erosion problem. 

United States 
 
In the US Soybeans are grown predominantly in the Midwestern states of Illinois, Iowa, 
Minnesota, Nebraska, South Dakota, Ohio, Missouri, Kansas and Indiana.  Thus the 
ecoregions most affected by the production of biofuels are the Central Tall Grasslands, 
Upper Midwest forest-savanna transition, Central forest-grasslands transition, Central and 
Southern mixed grasslands, Central U.S.  hardwood forests, and Southern Great Lakes 
forests.  However, the native vegetation of these five ecoregions disappeared almost entirely 
by the early to mid-19th century. 

Paraguay 
 
In Paraguay, soybean plantations have increased rapidly in a global 200 ecoregion known as 
the Atlantic forests (USDA 2001), while soybean plantations have been increasingly 
encroaching upon the Chaco ecoregion and the Yungas ‘cloudforest’ in Argentina (Schnepf 
et al.  2001; Greenpeace 2002) 
 
Sources: Bickel et al (2003), Fritsche (2006), Casson (2003),Schnepf et al (2001), 
Greenpeace (2002) 

3.3.12 Sugar 

This section concentrates on sugar production for consumption as sugar, and comments on 
impacts refer to production practices in those countries exporting sugar to the EU (Mauritius, 
Fiji and Guyana).  The cultivation of sugar cane in countries which then go on to process this 
it bioethanol is discussed in Section 3.4.2 on bioethanol. 

3.3.12.1 General Description of Processing 

Sugar cane is mostly grown in monocrop plantations in tropical lowland climates.  The 
sugarcane requires intense sunlight and if rainwater is not constant throughout the year then 
irrigation is needed.   
 
After the sugar cane is cut the cane needs to be crushed within 24 hours.  Crushing 
efficiency is the most important factor in a good sugar yield, with every possible drop of juice 
needs to be squeezed from the cane.  To extract the juice the sugar cane is crushed, this 
crushing process breaks up the hard nodes of the cane and flattens the stems. 
 
The juice is collected, filtered and sometimes treated and then boiled to drive off the excess 
water.  The dried cane residue produces a fuel called bagasse, which is often used to fuel 
the boiling process.  The remaining liquid is allowed to set into a solid mass known as 
jaggery, gur, chancaca or panela.  The yield of gur from sugar cane depends mostly on the 
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quality of the cane and the efficiency of the extraction of juice.  High quality cane has good 
juice content with high sugar levels (20%+).  Poor quality cane or cane that has been 
harvested early, may have similar juice content but the sugar levels will be reduced. 
 
Large-scale sugar processors add lime to the juice in order to coagulate impurities, which 
then settle out.  The juice is then neutralised with sulphur dioxide.  Small-scale producers 
add a variety of clarificants to the juice including wood ash.  All of these have the effect of 
settling out impurities.  Many producers also add sodium hydrogen sulphate at the final 
stages of boiling to release sulphur dioxide into the juice and lightens the colour of the final 
product. 
 
At the end of the boiling process the juice is removed from the heat and the pans of juice are 
usually stirred rapidly to incorporate air and promote an even crystallisation. 
 
Sources: Practical Action (no date) 
 

3.3.12.2 Key Environmental Impacts 

The ranges of environmental impacts from sugar cane production and processing into sugar 
include:  
 

• Climate change:  Energy is required to process the sugar cane and bagasse, 
derived from sugar cane waste, is often used to augment other fuels helping to 
minimise fossil-fuel based CO2 emissions from processing29. 

• Biodiversity:  Land clearance for sugar cane is mainly historical, but there are areas 
of expansion in some countries (for examples see Section 3.4.2 on bioethanol).  
Sugar-cane plantations are situated in the most biodiverse regions of the planet, i.e. 
tropical rainforests, entire natural habitats of islands and fragile coastal wetlands.  
Use of pesticides and herbicides in combination with monocultures restricts 
biodiversity.  The crop can be planted in wetland areas that are drained and 
reclaimed.  This can result in redistribution of water flows and subsidence due to 
shrinkage.  If untreated effluent from sugar processing (vinasses) is released into 
waterways it can have an impact on aquatic biodiversity.   

• Human health:  Emissions, particularly of particulates from burning sugar cane fields 
to clear the understorey at harvest, have been shown to have effects on human 
respiratory systems (Cançado et al, 2006;.Arbex et al, 2007).  Herbicide and pesticide 
use are also a potential hazard.   

• Soil erosion:  Soil erosion can vary significantly (from 0.1 tonnes/ha/year to 109 
tonnes/ha/year) depending on local conditions (e.g. the steepness of slopes, annual 
rainfall, land management and harvesting system.  However, it is generally limited 
compared to conventional agricultural crops such as corn and soybeans, but higher 
than pasture.  Soil erosion where sugar cane is planted on slopes can be a problem.  
Over irrigation, inadequate drainage and cultivation in a flood plain or where sea-
water intrusion occurs can cause salinisation.  An estimated 40% of the cane-growing 
areas of Pakistan have salinity problems. 

• Soil quality: Over time, the continual removal of cane from fields gradually reduces 
soil fertility and forces growers to rely increasingly on fertilisers to replace it.   

• Water pollution:  Silt from eroded soils and nutrients from applied fertilisers make 
their way into local water supplies.  Pollution from pesticides, caused by drift from 
spraying or by percolation of water through the soil, is also an issue.  In addition, 
water pollution is a large environmental threat when processing the sugar cane 

                                                 
29 See Section 3.4.2 on bioethanol for a further discussion of climate change impacts relating to the use of 
bioethanol. 
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because large quantities of effluent are released once or twice a year when cleaning 
the processing plants.  This is especially a problem in those countries that have weak 
environmental laws and large amounts of matter are released, which is usually 
discharged straight into streams.  Cane-mill effluent is rich in organic matter and the 
decomposition of this matter reduces the oxygen level in the water, which affects 
natural biochemical processes and the species inhabiting those freshwater systems. 

• Water use:  Sugar cane consumes significant amounts of water, requiring about 
1,500-2,000 mm/ha/year.  It is generally only grown in areas of high rainfall where it 
can be rain fed, and in these cases the impact on water use is not high.  Impacts 
could be higher if growing areas are expanded into drier regions and irrigation is 
used.  Water is also used at the processing stage to wash the cane after harvesting 
(10 m3 for each tonne of cane). 

 
Sources: Cheesman (2005), WWF (2005), Clay (2004), Smeets et al (2006), Arbex et al 
(2007), Cançado et al (2006) 
 

Table 3.12   Summary of key environmental impacts for imported sugar cane 

Impact Rank Summary Comments Data 
Climate 
Change 

* Burning of fuel required for cane 
processing operations, causing 
direct emission of greenhouse 
gases. 

No comment ** 

Biodiversity */ ** Emissions from sugar cane 
processing have the potential to 
directly impact on biodiversity in the 
area immediately surrounding the 
production site, by release of 
effluent from sugar cane plants. 

No comment ** 

Human 
Health 

* Some deterioration of air quality 
due to emissions from sugar cane 
burning. 

No comment ** 

Natural 
Resources 

** Sugarcane cultivation is associated 
with medium levels of irreversible 
degradation of soils and local water 
sources. 

No comment ** 

 
 

3.3.13 Tea 

3.3.13.1 General Description of Processing 

The following is a brief run through of the processing and an indication of where 
environmental impacts might occur.  Labourers are involved in planting, transplanting, 
weeding and mixing and applying pesticides. 
 
Tea is grown both on small farms (0.5 hectares to several hectares) in several countries and 
on large estates (hundreds to thousands of hectares in size).  Cultivated tea is generally a 
tropical highland crop where it will receive cooler temperatures.  Cultivation involves growing 
the tea bush from cuttings and tendering in special nursery beds until they are ready to be 
transplanted at 12 - 15 months.  The shrub itself totally covers the ground and is deep 
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rooted, therefore retaining soil.  The tea bushes are trained into a fan shape with a flat top 
called  ‘plucking plateau’.  It is allowed to grow about 1 meter high (ease of picking).  It is 
generally a monoculture crop planted in contour rows on highland slopes, this affects 
biodiversity.  One plant takes approximately four years to come to maturity, all the while 
needing conservation.  Tea bushes produce for 40 years or more, depending on variety 
dependant on variety.  This stage involves agrochemical use and use of water resources.   
 
So in the planting out stage in tea fields the bushes need to grow to maturity (takes 3 – 5 
years) before picking commences.  Leaf collection is a manual process where plucking the 
top two leaves and the bud, within a week to ten days the bushes grow new shoots.  All 
stages up to this point expose humans to agrochemicals. 
 
Preparation, these stages occur within factories and affect the atmosphere more rather than 
land.  Withering takes 10 to 20 hours and its main purpose is to bring down internal moisture 
of the leaf by 65 – 67%.  The Leaf Maceration process involves cutting up the leaves in order 
to expose the cell contents to atmospheric oxygen ready for fermentation.  Drying stops 
fermentation and introduces a stable product of low moisture content (3 – 3.3%) that can be 
shipped and stored.   
 
In Less Developed Countries (LDCs) exports were up 54% in 2003-05 compared to 1993-95 
(UNCTAD, 2007), bringing with it inevitable increased production in some of the tea 
producing countries, for example China. 
 
Sources: Clay (2004), Nath (1999), UNCTAD (2007) 
 

3.3.13.2 Key Environmental Impacts 

The range of environmental impacts from tea plantation and processing is given below.   
 

• Climate change:  In many tea-producing countries, tea is dried using firewood, 
though some processors also use gas and oil.  If deforestation is occurring as a result 
of this fuel wood use (which has been observed in some countries), then this will lead 
to enhanced carbon emissions.   

• Biodiversity:  The habitats in the upland areas where tea is grown, tend to be those 
with higher biodiversity.  As a consequence of changing the land’s use to tea growing, 
biodiversity is invariably affected. 

• Human health:  Lack of proper knowledge about the hazards, precautions and 
antidotes of pesticides among tea labourers means that the risks of exposure to 
pesticides are high.  (Bhuyan & Sarma, 2004). 

• Air pollution:  There may be local air pollution arisings from the use of wood and 
other fossil fuels used for drying, particularly if old, inefficient equipment is used.   

• Water pollution:  There is some evidence of pesticide leaching into surface waters 
and water systems.  This leads to contamination of water, which directly impact water 
ecosystems and, indirectly, through potable water, humans.   

• Soil erosion:  The tea shrub is deep-rooted.  However, in the 3 –5 years it takes to 
mature, the ground’s surface is exposed and, therefore, soil erosion occurs. 

• Soil quality:  Decades of intensive cultivation leaves soil fertility greatly depleted.  
Soil biota losses can be as high as 70% and acidification pH levels as low as 3.8 
(Bennack et al., 2002). 

• Waste:  The only waste from the process is the organic tea waste.  This is mixed with 
lime, which alters the pH.  It is spread to land where it can be a valuable soil 
amendment for other crops (Clay, 2004). 
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Sources: FAO, 1987, Bennack et al.  2002, Clay, 2004, Bhuyan & Sarma, 2004 

Table 3.13  Summary of key environmental impacts for imported tea 

Impact Rank Summary Comments Data
Climate 
Change 

** No gases are 
emitted during 
picking.  Drying 
methods include 
burning of wood 
therefore CO2 
emissions from 
combustion. 

High emissions of greenhouse 
gases occur due to the drying 
process involving combustion of 
fossil fuels or wood.  Clearing of 
forests releases previously locked 
carbon. 

** 

Biodiversity ** Monoculture does 
not promote 
diversity; 
increasing land use 
change adding to 
disturbing of 
habitats; polluted 
water from 
pesticide use.   

Production process requires 
complete and irreversible clearance 
or removal of habitat over an 
extended area, where the land is 
typically likely to host significant 
biodiversity. 

** 

Human 
Health 

* Risk to workers 
from pesticides 

Direct inhalation of pesticides and in 
some cases direct contact in mixing 
pesticides 

** 

Natural 
Resources 

** Disturbance of land 
and degradation of 
land and water 
quality.   

The commodity itself is renewable 
however part of the process involves 
depletion of fossil fuel and fuel wood 
resources.  Degradation of soils is 
mainly irreversible 

* 

 

3.3.13.3 Impacts in Key Exporting Countries 

India  
 
The collapse in prices and rising labour costs means that many tea estates in the Himalayan 
region have had to close (Ramesh, 2007) or lay off many workers; this has obvious socio-
economic and human repercussions.   

China 
 
China is the home of tea.  Tea of almost 1,000 varieties is grown in more than 20 provinces.  
It was booming, but the industry now faces many challenges. 
Organic agriculture is featuring more and more in China; this involves a long-term 
commitment to soil fertility, particularly addressing soil erosion and degradation or 
desertification and a reduction of external energy consumption and water requirements. 

Sri Lanka 
 
Sri Lanka is the world third largest tea producer.  The situation of soil erosion in the upland, 
where tea is planted, worsens through the years because of expansion of tea production for 
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economic development.  Deforestation for fuel and for agricultural use has caused the 
original forest covering of 50% in 1930, reduce to 30% in 2000 (Lee, 2004).   
  
Human health: In conventional agriculture there is widespread misuse of agro-chemical 
fertilisers, herbicide and pesticides due to lack of awareness 
Land use: soil erosion and degradation or desertification is still a major issue in Sri Lanka 
where conventional farming is still the standard 
 
Sources: Gesimba et al (2005), Ramesh (2007),Dale (2007), IFAD (2007) 
 

3.3.14 Wheat  

3.3.14.1 General Description of Processing 

Wheat is a grass with a very swollen grain that when ground, produces a flour that is suitable 
for bread and biscuits.  Wheat is cultivated worldwide and globally it is the most important 
human food grain and ranks second in total production as a cereal crop behind maize. 
 
Wheat grows well in fairly dry and mild climates.  The weather conditions influence when 
wheat is planted - winter wheat is planted from September to November, with spring wheat 
being planted from early March to mid-April. 
 
The steps for growing wheat are much the same across the world, with the only differences 
being the size of the farm and the level of mechanization.  Firstly, wheat farmers prepare 
their fields by ploughing the soil, which breaks up the surface of the soil and allows moisture 
to soak into the ground where it is stored for the next crop.  Long narrow channels called 
furrows are dug and seeds dropped into the furrows and then they are covered with soil.  
Fertiliser can also be dropped into the furrow at the same time.  While the wheat is growing, 
farmers protect the wheat from diseases, insect pests and weeds.  Rust is the most 
destructive wheat disease.  Rust is a fungus that grows on wheat plant and produces small, 
rust-colour spots on the leaves and stems. 
 
Processing of wheat commences with harvesting and threshing.  It includes drying the grain, 
removing the husks and any other foreign matter, and removing the bran. 
 
There are different classes of wheat and for this report the focus was on durum wheat.  
Durum wheat is the hardest of all wheat, which is high in protein content and gluten strength 
making it good for pasta and bread.  Most of the durum grown today is amber durum and 
there is also red durum, which is used mostly for livestock feed. 
 
Sources: Clay (2004) 
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3.3.14.2 Key Environmental Impacts 

Table 3.14  Summary of key environmental impacts for imported wheat 

Impact Rank Summary Comments Data
Climate 
Change 

** Cultivation process requires land use 
change resulting in low levels of 
carbon release in the form of 
greenhouse gases. 

No comment * 

Biodiversity * The production process requires 
clearance of land to a monoculture, 
however, such clearance is in 
previously disturbed areas or are 
essentially reversible in a short 
timeframe. 

No comment * 

Human 
Health 

* No information found on human 
health effects from wheat 
cultivations.  However, as pesticides 
are used in cultivation and with 
wheat being grown on more land 
then any other crop, it is likely that 
there will be some effects on human 
health from water pollution from the 
pesticides and to the employees 
applying the pesticides. 

No comment * 

Natural 
Resources 

*/** The cultivation process is associated 
with medium levels of irreversible 
degradation of water resources, in 
countries where rainwater is low and 
irrigation is needed. 

No comment * 

 
Environmental impacts associated with the wheat life cycle include: 
 

• Land take / habitat conversion:  Wheat is grown on more land than any other single 
crop.  Therefore, historically, the main environmental impact from wheat was habitat 
conversion.  Conversion of habitat for wheat cultivation is still occurring and is a 
particular issue within the United States where subsidies make wheat production 
profitable in marginal areas that would not otherwise have been farmed.   

• Land quality / degradation:  Wheat production can dramatically affect soil conditions 
and nutrient cycles.  Continuous cropping of wheat often depletes nutrients in the 
soils and, if high levels of irrigation are required, there may be problems of soil 
salinisation, which at low levels reduces yields and eventually can make soils unfit for 
any type of cultivation.  Cultivation of wheat has led to the conversion of previously 
fertile areas into dust bowls and deserts, as in North Africa in the first millennium and 
North America in the early 20th century.   

• Water use:  Wheat has a lower water requirement than maize, soy and rice and in 
the main countries exporting to the EU is not generally irrigated.  However, because 
many countries see wheat as a strategic crop and want to be self-sufficient in its 
production, the crop is often grown in areas with insufficient rainfall to support it.  In 
such cases, substantial areas may be irrigated (e.g. India) and, due to the large areas 
grown, wheat is the second most irrigated crop globally.   

• Water pollution:  High irrigation results in pollution of waterways due to runoff with 
silt from soil erosion and surface water pollution due to agrochemicals.  Although the 
quantities of agrochemicals used per hectare are not large, because wheat is grown 
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on so much land, the total quantities of chemicals used are high.  There is a high risk, 
if soil is not protected from erosion that these chemicals will subsequently end up in 
runoff, which then enters freshwater systems. 

 
Sources:  Clay (2004), WWF (2005) 
 

3.4 Agricultural non-food products 

3.4.1 Key Environmental Impacts 

The impacts in the four 6th EAP priority areas of the production of the agricultural non-food 
products studied are summarised in 15.  In this category, a number of ‘processed materials 
(bioethanol, cotton fabrics, leather and chemical wood pulp) were studied alongside the 
primary feedstock (cotton, wood); feedstock for bioethanol, (wheat maize and sugar cane 
were studied as food products).  Natural rubber production contains some primary 
processing.   
 

• Climate change: The most significant impacts occur where deforestation is 
occurring, in the case of palm oil, rainforest and peatlands are being cleared in SE 
Asia to allow the establishment of palm oil plantations and in the case of tobacco, 
deforestation occurs to provide fuel wood for curing the tobacco in some countries.  
Of the processed materials, the production of chemical wood pulp is energy intensive, 
but the climate change impact of this energy use is mitigated as a substantial 
proportion of the heat can be supplied by the biomass based ‘black liquor’ waste 
produced from the process.  There is also substantial use of hydroelectricity in key 
exporting countries.  Energy use for producing bioethanol can also, for some 
feedstock such as sugar cane, be based on biomass residues.  Cotton and leather 
production have fairly high heat requirements, and combustion of fossil fuels to 
supply this heat leads to moderate emissions of greenhouse gases.   

 
• Biodiversity:  Several of the commodities were assessed as having a significant or 

high impact.  In the case of palm oil, this is because many of the habitats under threat 
from palm-oil expansion are areas of high biodiversity and several species in these 
areas are under threat.  Similarly, deforestation to support tobacco farming will lead to 
a loss of biodiversity.  In the case of cotton, high water use (leading to depletion of 
water bodies and draining of wetland systems) and degradation of soil quality (due to 
nutrient depletion, high pesticide use and salinisation) have all had direct impacts on 
biodiversity, particularly in Uzbekistan, which is one of the main exporting countries.  
For processed products, cotton fabrics, leather, natural rubber and wood pulp, there 
may be impacts on aquatic biodiversity if effluent is insufficiently treated before it is 
released into water bodies.  In the case of natural rubber, while rubber tree 
plantations recreate some of the functions of a natural forest, the level of biodiversity 
is small compared with primary forest.  However, for the main source countries for the 
EU, rubber plantations are not expanding. 

 
• Human health:  Impacts are high for cotton due to high levels of pesticide use, 

several of which are hazardous, when appropriate protective measures are not taken, 
which can lead to poisoning and death.  In the case of tobacco, workers, particularly 
those who do not wear gloves or protective clothing, are susceptible to green tobacco 
sickness (GTS), which is a type of nicotine poisoning.  In the case of rubber, 
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particulate and polycyclic aromatic hydrocarbons (PAH) emissions from woodburning 
to cure the rubber may impact on worker health.   

 
• Natural resources:  Impacts are high for cotton production where the high water 

needs of the crop can lead to depletion of water resources.  Significant amounts of 
water are also used for production of cotton fabrics, leather and chemical wood pulp. 
Pollution from wastewater or effluents from the processing of cotton, leather, rubber, 
wood pulp and palm oil was identified as an issue.  Effluents have a high biological or 
chemical oxygen demand (BOD or COD) and, for cotton, leather and wood pulp, 
contain a number of chemical pollutants.  Impacts depend on whether the effluent has 
been sufficiently treated before release, but have been reported in some source 
countries for each of the pollutants.   

 

Table 3.15 Assessment of environmental impacts from agricultural non-food products 

 
Climate 
Change Biodiversity Human Health

Natural 
Resources 

Bioethanol ** ** * * 
Cotton  ** *** *** *** 
Cotton fabrics, woven ** *** *** *** 
Leather * / ** *p *p ** 
Natural rubber * / ** * / ** * * 
Palm oil *** *** *p * 
Tobacco *** ** / *** ** ** 
Wood, simply worked * / ** ** - / * * 
Wood pulp (chemical) ** ** - / * ** 
 
Notes:  
(i) For processed commodities, the rating includes all impacts up to the production stage, i.e. impacts 
from production of the primary commodity are also included.   
(ii) p indicates potential impact; no direct information found in literature but information on other 
impacts, e.g. pesticides or chemicals used during production, suggests that impacts are likely. 
 

3.4.2 Bioethanol 

3.4.2.1 General Description of Processing 

In considering the environmental impacts of biofuels we focus here on ethanol based biofuels 
since, as discussed in the Trade Flows report, there were not significant external imports of 
biodiesel to EU countries30.  Feedstock for ethanol production can be divided into three 
general types: 1) sugar crops such as sugar cane and sugar beet; 2) starchy crops 
commonly corn and wheat; and 3) cellulosic materials such as wood and Miscanthus.   
 
Imports of ethanol to EU from main source countries (Brazil in particular) largely use sugar 
cane as a feedstock.  In the United States, the second major global producer of ethanol, the 
main feedstock is corn (maize).  Cellulosic ethanol is under development for a second 
generation of biofuels that would potential greatly improve the efficiency of the conversion 
processes.   
                                                 
30 Since the reference year used for trade data for this study 2005, imports of biodiesel have increased greatly 
from the United States. Please see Appendix 2 of the Trade Flows report for further discussion of biofuel related 
EU imports. 
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For harvesting and production of key biofuel feedstocks, see also the sections on sugar 
cane, maize and wheat in this report.  After harvesting, sugar cane is transported to 
production plants and crushed to extract a juice of water and sucrose.  The sucrose is 
concentrated by boiling off the water, often using bagasse the dried cane residue, as fuel.  In 
the case of maize the starch, which represents about 50 per cent of the kernel, is separated 
from other components before hydrolysis converts it to sugars. 
 
The subsequent steps in large-scale production of ethanol are: microbial fermentation, 
distillation of further water to make it useable as a fuel and dehydration to purify.  The 
ethanol can also be denatured by addition of benzene to make it undrinkable for duty 
purposes.  Ethanol production from cereals produces the by-product distillers’ dried grains 
with solubles (DDGS), which is suitable for animal feed.   
 
The produced ethanol can be use in ethanol-only engines, blended with petrol in different 
proportions depending on engine specifications or used in the production of ETBE (ethyl 
tertiary butyl ether), which is then blended with petrol (with the mixture containing about 
ethanol of 2.5%).   
 
Sources: Rashid & Altaf (2008), Bradley & Runnion (undated) 
 

3.4.2.2 Key Environmental Impacts 

The following points focus on the main environmental impacts of bioethanol processing but 
also include some specific issues related to the expansion of feedstock cultivation for ethanol 
production in source countries.  Key feedstock (sugar cane, maize and wheat) is covered 
elsewhere. 

• Climate change:  During the bioethanol processing stage, GHG emissions in terms 
of quantity and type depend on the energy source.  Over the lifecycle, GHG 
emissions greatly depend on feedstock variables (ethanol based on sugar cane 
performs much better than maize or wheat-based ethanol) and location (tropical 
feedstock generally has more favourable energy ratios than temperate feedstock).  
There is a debate on whether biofuel expansion will cause deforestation and, 
therefore, high levels of carbon release.  Development of cellulosic ethanol is 
expected to have lower GHG emissions per unit than sugar and starch-based 
ethanol. 

• Biodiversity:  No data are available for the processing phase.  Key biodiversity 
concerns are mainly at the feedstock production stage.  For example there is concern 
that expansion of sugar cane plantations in Brazil, is resulting indirectly in clearance 
of savannah and possibly rain forest by displacing soybean plantations and ranching, 
which are then expanding into these areas. Monoculture plantations may result in the 
gradual loss of biodiversity and there are concerns that expansion of production will 
threaten biodiversity rich areas.  

•  Human health:  Air emissions from sugar-cane field burning have been associated 
with respiratory diseases in sugar-cane regions.  Such burning is now being phased 
out in Brazil. 

• Air pollution:  Volatile organic compounds (VOCs), some hazardous air pollutants, 
NOx and CO can be emitted from maize-based ethanol production processes.  For 
production based on sugar cane, air emissions arise from the burning of bagasse to 
fuel processing.   

• Land degradation:  No data are available for the processing stage.  Key issues 
relate to demand for land for production of feedstock.   
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• Water use and pollution:  Ethanol production uses significant quantities of water in 
the agricultural and industrial processing phases.  Ethanol processing is a source of 
large quantities of wastewater that can cause pollution of surface and groundwater by 
industrial effluents, depending on the treatment standards in place. 

 

Table 3.16  Summary of key environmental impacts for Ethanol processing and 
feedstocks 

Impact Rank Summary Comments Data 
Climate 
Change 

** GHG emissions 
from fertiliser used 
for feedstock 
inputs and fuel 
used in 
processing.  
Biofuel expansion 
has potential for 
land use change 
resulting in a high 
level of carbon 
release.   

GHG emissions vary considerably 
according to feedstock variables 
(e.g. source energy for fertilizers 
used in cultivation), production 
variables (e.g. fuel used in 
processing) and location (tropical 
production tends to have better 
energy balance than temperate 
production).   

** 

Biodiversity ** Monoculture 
plantations for 
biofuel feedstocks 
results in gradual 
loss of 
biodiversity.  
Expansion of land 
for biofuel 
production, could 
also threaten 
biodiversity rich 
areas. 

Variation according to type of 
cultivation of feedstock and by 
location.   

** 

Human 
Health 

* Air emissions from 
sugarcane burning 
have been 
associated with 
respiratory 
diseases in sugar-
cane regions.   

Variation by location and 
agricultural practices.  References 
found refer to Brazilian sugar cane 
production where burning is now 
being phased out.   

** 

Natural 
Resources 

* Significant 
quantities of water 
used in agricultural 
and processing 
phases.  Large 
demand for land 
for production of 
feedstocks.  Soil 
erosion associated 
with sugar cane 
production. 

Extent of degradation of water 
resources and soils is dependent 
on location, agricultural practices 
and type of feedstock.  
Development of cellulosic ethanol 
may ease demand for land. 

** 

 
The overall environment impacts of ethanol production are dominated by feedstock 
cultivation and harvesting issues rather than processing issues.  This is reflected in there 
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being few sources of data identified for impacts from the processing phase.  Ethanol 
imported to the EU from top source countries of Brazil, Guatemala and Pakistan31  is sugar 
cane based which, as stated above, performs better than other feedstock in terms of GHG 
emissions.  For the EU’s main trading partner, Brazil, there is particular concern over 
potential expansion of feedstock cultivation into rainforest areas.  While it is argued that 
these areas are not suitable for sugar cane cultivation, there are concerns that expansion of 
sugar cane pushing soybean production into the Amazon region.  Furthermore, expansion of 
sugar cane production into the Cerrado region is being promoted due to improvements in 
yields. 
 
Outlines of ethanol production and key impacts in the three top source countries for EU 
imports are given below.  The Trade Flows report explains that the trade statistics do not 
distinguish between ethanol for biofuel and other uses.  Therefore, the top three source 
countries given here are for all imports to EU of undenatured ethanol (defined as “Un-
denatured ethyl alcohol” in trade statistics). 
 

3.4.2.3 Impacts in Key Exporting Countries 

Brazil 
 
Brazil is currently the largest global producer of ethanol.  In general, Brazil is considered 
more suitable for ethanol production than temperate countries, for example corn based 
ethanol in the US, due to its climate providing a long growing season and the availability of 
water supplies.  The Proalcohol Programme started by the Government in the mid 1970s and 
involving various subsidies and guaranteed purchase volumes was a key factor in 
development of the Brazilian ethanol industry.  Ethanol is produced from sugar cane and 
over 80 percent is consumed domestically.  There are several hundred ethanol production 
plants mainly concentrated in the south near Sao Paulo and in the northeast.  Production is 
expanding fast and there are plans to investment in new ethanol facilities to provide for 
exports to Japan, the US and Europe.  Imported Brazilian ethanol can cost significantly less 
than EU produced ethanol from sugar beet and wheat.  Key environmental issues for the 
Brazilian industry are given below.   
 

• Climate Change: Brazil's sugarcane-based ethanol performs favourably compared to 
corn based or sugar beet based ethanol in terms of its energy balance and reductions 
of greenhouse gas emissions.  Improvements in these results have been particularly 
due to the increase in sugar cane yield in Brazil over recent years and the use of 
bagasse to fuel ethanol plants instead of fossil fuels.  A key concern is the potential 
expansion of feedstock cultivation into rainforest areas causing deforestation and 
release of stored carbon (as noted above, it is countered that rainforest areas in 
Brazil are not suitable for sugar cane cultivation). 

• Air Pollution: Burning of sugarcane fields causes significant air emissions in the 
major sugar cane producing areas, contributing to acidification of soils.  This practice 
is now being phased out over coming decades by agreement between state and 
industry. 

• Land Degradation: Soil erosion in sugar-cane areas including in the main ethanol 
industry area of Sao Paulo is common.   

                                                 
31 Since 2005 (the reference year used in this project), Pakistan’s preferential trade status with the EU has been 
lost due to WTO obligations resulting in a large reduction in ethanol trade with the EU. 
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• Biodiversity: Loss of biodiversity is a long-term effect of monoculture in sugar cane 
production.  Concerns focus on the potential expansion of sugar cane production into 
biodiversity rich rainforest areas.   

• Human Health: Air emissions from sugarcane burning have been associated with 
human respiratory diseases in sugar-cane regions.   

 

Pakistan 
 
Ethanol production in Pakistan is based on sugar cane.  Around 20 ethanol distilleries were 
operating in 2005 with installed alcohol production capacity of about 500 million litres.  In 
2005, the reference year used for trade data in this study, Pakistan was the second largest 
EU source of ethanol.  However, since then preferential trade status with the EU has been 
lost due to WTO obligations and there has been an investigation into complaints of dumping.  
This has resulted in a large reduction in trade with the EU and the closure of some ethanol 
distilleries.   

Guatemala 
 
Guatemala is currently the main sugar cane producer among Caribbean and Central 
American countries and has high ethanol production and export potential.  Since the early 
1980s, land area for sugar cane production has more than doubled (to about 197,000 
hectares) and production levels have more than tripled.  There are four ethanol distilleries in 
the country with a total production capacity of 500,000 litres of ethanol per day and the 
country is planning to expand production of sugar cane fuel ethanol. 
 
Key environmental issues cited in references relate to sugar cane production rather than 
ethanol processing directly: 
 

• Water use and pollution: Water use is a significant issue as about 60 percent of 
sugar cane area is irrigated.  There is limited water availability, particularly in the 
south where sugar cane is produced.  There are examples of overexploitation of 
water supplies at upstream locations, including by sugar mills, which have restricted 
supply to downstream users, mainly small farmers.  The environmental impacts on 
water quality can also be felt in the wetlands downstream from sugar cane areas.  
These wetlands downstream from sugar cane areas are severely affected by the 
water pollutants. 

• Biodiversity: There has been rapid deforestation.  About 36 percent of Guatemala is 
forested and there has been a loss of about 17 percent of forest cover since 1990.   

 
Sources: Amaral & Kutas (2007), UNCTAD (2007), Cançado et al (2006), Goldemberg 
(2006), Moreira (2007), Rashid.& Altaf (2008) 
 

3.4.3 Cotton 

3.4.3.1 General Description of Processing: 

After cotton is planted it takes about 100 days for the plants to mature and produce fruits.  
The cotton plants flower and fruit at different times making harvesting a continual process.  
When the fruits, or bolls are mature they burst to reveal masses of soft white fibres attached 
to seeds.  The bolls also contain shorter fibres known as linters, which are used industrially 
for making water-soluble polymers and paper. 
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The cotton is picked either manually or mechanically.  Manual picking is labour intensive and 
time-consuming and therefore may be expensive.  However, it generally produces quality lint 
with limited amount of waste.  Mechanical picking can collect unwanted leaves, which means 
the cotton requires additional cleaning to obtain quality lint.  Cotton is increasingly grown as 
irrigated cotton, as although it is more expensive than dry land cotton (which relies on 
rainfall), it generally produces higher quality lint with higher yield potential.   
 
Most of the seeds are separated from the fibres by a mechanical process known as ginning 
and are sewn together in bales.  These are then shipped to textile spinning and weaving mills 
for thread and fabric production.  The shorter fibres that are not removed during the ginning 
process are later cut to provide linters, which are used in felts, upholstery, mattresses, twine, 
wicks, carpets etc. 
 
Another by-product of cotton production is oil from cottonseed.  This semi-drying, edible oil is 
used for salad or cooking oil. 
 
Cotton is an important fibre in textile production, being used in 40% of textile products, while 
synthetic fibres take up the remaining 55%.  During the period 1997-2001, international trade 
in cotton products constitutes 2% of the global merchandise trade value. 
 
Sources: Clay (2004) 

3.4.3.2 Key Environmental Impacts 

Table 3.17  Summary of key environmental impacts for imported cotton lint 

Impact Rank Summary Comments Data 
Climate 
Change 

** Much of the land for cotton cultivation 
has been in production for generation.  
There are areas of land that are still 
being converted, resulting in low levels 
of GHG emissions being released. 

No comments ** 

Biodiversity *** Biodiversity of freshwater sources is 
impacted due to extraction of large 
amounts of water for irrigation and 
pollution of water sources by 
pesticides. 

No comments *** 

Human 
Health 

*** Cotton cultivation requires large 
quantities of pesticides to be applied, 
this does result in death of workers 
due to inadequate protection 

No comments *** 

Natural 
Resources 

*** Cotton cultivation results in irreversible 
damage to soil and water supplies.  
Large amounts of water required, in 
many countries this is over and above 
rainfall amounts. 

No comments *** 

 
The range of environmental impacts from growing cotton include: 
 

• Biodiversity:  There are a number of impacts on biodiversity from depletion of water 
resources, degradation of land due to salinisation, conversion of natural habitats 
where cotton production is expanding and the broad spectrum of pesticides used.   



Environmental Impacts of Significant Natural Resource Trade Flows into the EU              AEA/ED05444/Issue 6 
 
 

AEA Energy & Environment  60 

• Human health:  Globally, cotton accounts for 11% of all pesticides used each year, 
even though the area of production is only 2.4% of the world’s arable land.  Of 
common pesticides used on cotton, five are classified as extremely hazardous, eight 
as highly hazardous and twenty are moderately hazardous.  It has been estimated 
that pesticides used in cotton production could be responsible for 20,000 deaths and 
3 million poisonings every year (Clay 2004).  In addition to direct impacts on workers, 
there may also be impacts to local populations from polluted water runoff, drift or 
spayed mist. 

• Land use change:  While in the major cotton producing and exporting countries 
cotton production has been established for many years, there are areas that have 
been converted more recently (e.g. in central south America, cotton fields have 
replaced the once hardwood forest, coastal savannas, evergreen forests and coastal 
mangrove swamps in the coastal plains between Mexico and Panama.  As well as 
direct conversion of land for cotton production, habitats may also be lost through the 
construction of dams to create reservoirs for irrigation water supplies. 

• Soil quality:  Attempts to eliminate some pests through the use of pesticides over the 
last half-century has resulted in severe reduction in soil quality and fertility as soil 
micro-organisms that help to return organic material to the soil have been affected by 
the pesticides.  Salinisation from irrigated cotton production also causes the 
degradation and eventual abandonment of productive land.   

• Water use:  Estimates indicate that cotton is the largest user of water among all 
agricultural commodities requiring about 550 litres to 950 litres/m2 of planted area, 
which equates to about 7,000 litres to 29,000 litres/kg of cotton produced.  In many 
cotton-producing areas, surface waters are diverted to irrigate cotton; fresh water is 
often transported along a number of open canals to the area requiring irrigation.  Most 
cotton-irrigation systems rely on traditional flooding techniques.  Globally, irrigation 
efficiency of all types is lower than 40%, meaning that 60% of the fresh water does 
not make it to the irrigation site.  About 84% of the water footprint of cotton 
consumption in the EU25 region is located outside Europe, with major impacts 
particularly in India and Uzbekistan (Chapagain et al 2005).  Water requirements are 
often greater than annual rainfall resulting in a net depletion of water resources.   

Table 3.18 Water required for cotton irrigation in Uzbekistan, United States and Brazil 
between 1997-2001 

 Uzbekistan United States Brazil 
Water consumed 999 mm 419 mm 551 mm 
Of which was rainwater   19 mm 311 mm 542 mm 
 

• Water pollution:  Runoff from cotton fields contaminates rivers, lakes and wetlands 
with suspended solids, pesticides, fertilisers and salts.  Underwater aquifers can also 
be contaminated with chemicals, pesticides or salts from cotton production. 

 
Sources: Banuri (1998), Chapagain et al (2005a), Kooistra et al (2006), Clay (2004), 
Chapagain et al (2005b) 

3.4.3.3 Impacts in Key Exporting Countries 

Uzbekistan 
 
Uzbekistan is the second largest exporter of cotton in the world, with the export of around 
800,000 tonnes each year.  The income from this industry is vital to the country's economy, 
representing around 60% of hard currency export earnings. 
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• Water use:  The environmental implication of large quantities of water being used 

within the cotton production process is that river water is being diverted away from 
the Aral Sea.  The Aral Sea has now been reduced to 15% of its former volume, with 
most of the water being used for cotton irrigation.  The vast quantities of water 
required is particularly damaging for Uzbekistan because only 19mm of this 999mm is 
rainwater.  Therefore, the remaining 980mm is taken from water reserves, such as 
the Aral Sea. 

• Biodiversity: As a consequence of the large volume of water diverted from the Aral 
Sea, its 24 native species have disappeared and a significant majority of the County’s 
wetland ecosystems have dried out. 

• Human Health:  Health problems associated with the pesticide and salt residues 
borne on the wind from the dried out Aral Sea bed. 

  
Sources: EJF (2005) 
 

3.4.4 Cotton Fabric 

3.4.4.1 General Description of Woven Cotton Fabrics 

The textile industry is comprised of a diverse group of establishments that produce and/or 
process textile-related products (fibre, yarn, fabric) for further processing into apparel, home 
furnishings, and industrial goods.  Textile establishments receive and prepare fibres; 
transform fibres into yarn, thread, or webbing; convert the yarn into fabric or related products; 
and dye and finish these materials.  The three main steps required to produce woven cotton 
fabric are: 
 

1) Yarn formation 
2) Fabric formation 
3) Wet processing 

 
A summary of each of these steps is provided below.   

Yarn Formation: Textile fibres are converted into yarn by grouping and twisting operations 
that bind them together.  Cotton fibres and other natural fibres must first be cleaned to 
remove impurities, and then undergo a series of brushing steps in order to soften and align 
the fibres.  These processing steps to produce yarn include: 

• Opening/Blending – opening the compressed bales of cotton, sorting the fibres based 
on grade, and cleaning and fluffing the cotton  

• Carding – brushing the fibres so that they align into thin sheets in preparation for 
spinning 

• Combing – brushing the fibres with even finer brushes to produce a finer, cleaner 
‘comb sliver’ 

• Drawing – combining the slivers into a rope-like strand 
• Drafting – Stretching the yarn over a frame to twist and wind the yard on a rotating 

spindle 
• Spinning – Spinning all the fibres together into either spun yarns or filament yarns. 

 
Fabric Formation: Weaving is the most common means of forming fabric from yarn.  
Weaving is performed on modern looms, which interlace one set of yarns with another set 
oriented crosswise.  Before weaving, the yarn is passed through a sizing solution that forms 
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a protective coating on the yarn to prevent snagging during the weaving process.  Starch and 
Polyvinyl alcohol (PVA) are the most common sizing agents for cotton yarns.  PVA is 
becoming increasingly popular because it can be recycled, unlike starch.  After sizing is 
applied, the wound yarn is mounted on a loom – the processing at this stage includes 
shedding, picking, battening, and taking up operations.   
 
Wet Processing: Wet processing is a necessary step in which the fabrics pass through a 
number of water-intensive stages to enhance the appearance and durability of the fabrics.  
Wet processing (also known as finishing) is broken down into four stages: fabric preparation, 
dyeing, printing, and finishing.  These four stages basically treat the grey goods with 
chemical baths and require additional washing, rinsing and drying.   
 
Wet processing is the most significant in terms of waste generation and environmental 
impacts.  Natural fibres, such as cotton, often require more processing steps than manmade 
fabrics.  Some mills have integrated wet processing on site, but most ship the unfinished 
textiles to separate dyeing and finishing mills.   
 
Sources:  US EPA (1997), Claudio (2007), Babu (2007) 

3.4.4.2 Key Environmental Impacts 

Table 3.19  Summary of key environmental impacts for woven cotton fabrics 
(excluding production of cotton lint) 

Impact Rank Summary Comments Data
Climate 
Change 

** Energy required to heat and 
cool chemical baths and dry 
fabrics and yarns leads to 
CO2 emissions. 

Difficult to find data on energy 
consumed for woven cotton 
fabric specifically, but overall 
the textile industry is a not 
insignificant consumer  of 
energy.   

* 

Biodiversity *** No impacts on biodiversity 
are mentioned as a result 
specifically from weaving 
cotton fabric 

No comment * 

Human 
Health 

*** Some negative impacts on 
the health of mill workers 
relating to poor air quality 
and localised air pollution.  
Wastewater that is disposed 
of incorrectly is very 
hazardous to human health. 

In Pakistan, the yarn-spinning 
sector is usually equipped with 
self-contained waste recovery 
units, which reduce particulate 
emissions to reduce health risk 
to workers. 

* 

Natural 
Resources 

*** High use of water and 
potential degradation of 
water quality.  High amount 
of wastewater produced 
which contains a high 
amount of contaminants. 

The problem of wastewater from 
cotton fabric production is a 
huge issue in China due to the 
scale of the industry and the 
lack of up-to-date wastewater 
treatment facilities.   

** 

 
Environmental impacts from producing woven cotton fabric include.   

  
• Climate change:  :  Significant energy consuming processes in the wet processing 

(finishing) stage for fabrics are heating and cooling of the different chemical baths, 
drying of fabrics and yarns; in the textile mill a good ventilation system is necessary, 
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which is also a significant energy consumer.  There are few data specifically on 
energy consumption required for cotton fabric weaving, as opposed to the textile 
industry generally, but the latter is a relatively significant energy consumer.   

• Human health:  Several specific areas of cotton fabric production have implications 
for human health.  Sanding denim for manufacturing jeans is often done by hand and 
results in a blue dust that is an irritant to the lungs.  Although air pollution from cotton 
fabric manufacturing is not widespread, when it does occur it is very localised and 
can be harmful to the workers’ health (Banuri, 1998). 

• Water use:  Manufacturing cotton fabric is an especially water-intensive process.  
The most intensive stage of which is dyeing the cotton.  For example, to dye 1 kg of 
cotton with reactive dyes requires between 70 litres and 150 litres of water (Babu, 
2007).  Water use can be reduced by the use of pad batch (cold) dyeing, which also 
reduces energy consumption, the use of chemicals and the amount of labour 
required.   

• Wastewater:  The woven cotton fabric industry is responsible for generating a huge 
amount of wastewater – a dyeing facility alone is estimated to produce between 4.5 
and 9 million litres of wastewater per day (Snowden-Swan, 1995).  This water 
contains a large range of contaminants that must be treated prior to disposal.  About 
50% of the water pollution in the industry is due to wastewater from de-sizing, which 
has a high biological oxygen demand (BOD) that renders it unusable (Babu, 2007).  
The toxic residues found in the wastewater can have implications for human health if 
disposed of incorrectly (it can cause problems of the central nervous system, 
respiratory system and skin, as well as head-aches, dizziness and eye irritation).  
Waste water with a high BOD can have significant negative effects on aquatic life if it 
enters rivers or other water bodies before it is treated to reduce the BOD.  

• Waste:  The production of woven cotton fabrics results in hazardous waste, primarily 
from the use of solvents in cleaning knit goods.  Spent solvents may include 
tetrachloroethylene and trichloroethylene (EPA, 1997). 

• Noise pollution:  Noise pollution is a long-standing problem of the textile industry in 
general and cotton weaving mills in particular.  The noise in many workshops is 
higher than 90 dB and the noise in weaving rooms can reach between 100 and 105 
dB (IISD, 2004).  To reduce this problem, some workshops have taken sound-
absorbing, silencing and insulating measures, and have replaced shuttle looms that 
are responsible for a good deal of noise. 

 
There is considerable scope for using less toxic chemicals in the different steps of the wet 
processing stage.  For instance, hydrogen peroxide can be used as a replacement for 
enzymes in order to de-size starch.  Using this method does not result in hydrolysed starch 
as a waste.  Using copper-free dyes can reduce the presence of metals in the wastewater 
(EPA, 1997). 
 
Sources: US EPA (1997), Snowden-Swan (1995), Claudio (2007), Banuri (1998), Babu 
(2007), US DoE website, IISD (2004) 

3.4.4.3 Impacts in Key Exporting Countries 

China  
 
The textile industry has become an increasingly important industry in China in recent years, 
as the production of textiles has moved from countries like the US to countries with lower 
labour costs like China.  China is now the largest consumer and producer of cotton and 
cotton fabric in the world (USDA).  This shift in production has also shifted the environmental 
impacts that result from the production of woven cotton fabrics.   
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The textile industry is one of the major contributors of industrial wastewater in China and 
contributes about 6% of the total wastewater.  Within the textile industry, cotton fabric 
production is responsible for 80% of the wastewater (IISD, 2004).  Also according to the IISD 
report, 69 million tonnes of wastewater generated by the textile industry in China were 
discharged directly into the sea in 1997.  This amount was reduced to 27 million tonnes by 
2002, despite the growth in the textile industry. 
 
One reason why the environmental impacts from the cotton industry in China are worse than 
elsewhere is that the industry still lags behind in terms of overall technological level.  In the 
cotton textile industry in China, only one third of the cotton spinning equipment is up to the 
technological standards of the 1990s, while the rest is at 1980s and 1970s levels (IISD, 
2004). 
 
The Chinese government has recently been implementing stricter controls over industrial 
pollution, so the situation is improving.  In June 2006 the Chinese government issued a five-
year plan for modernising the domestic textile and clothing industries.  The plan includes 
using alternative fibres and reducing energy consumption in the industry.  They aim to use 
new technologies to protect the environment and improve the efficiency of energy 
consumption.  Even so, the environmental problems are still very severe when looking at the 
cotton industry in China as a whole. 
 
In addition to the environmental impacts of the textile industry, there are social implications 
due to the growth of the industry in China.  The labour costs of mill workers in China are 
considerably lower than in the US, with Chinese workers often making as little as 12-18 cents 
per hour, and the working conditions in Chinese mills can often be quite poor (Claudio, 
2007). 

Pakistan 
 
The production of cotton and cotton products together form the largest and most important 
economic sector in Pakistan.  In 1998, Pakistan was the fifth largest producer of cotton in the 
world and the largest exporter of cotton yarn.  Cotton and cotton products comprised about 
10% of the country’s GDP and 55% of the country’s foreign earnings (Banuri, 1998). 
 
As one of the main producers of cotton products, Pakistan faces the same environmental 
impacts as the industry faces overall.  The main source of pollution from the industry in 
Pakistan is the discharge of untreated effluents into water bodies and soils.  Liquid effluents 
from washing, dyeing, and bleaching operations contain organic and inorganic chemicals, as 
well as suspended solids like grease.   
 
In addition to the problem of water pollution, localised air pollution can be a problem, in 
particular for mill workers.  The industry in Pakistan, however, mitigates this problem by 
equipping the yarn-spinning sector with self-contained waste recovery units which reduce 
particulate emissions and health risk to workers.   

Turkey 
 
The textile industry is also an important one in Turkey, where it accounts for one-tenth of the 
GNP created in the country and over one-third of the exports.  The industry constitutes the 
value-added share of one-sixth of the manufacturing sector overall (Kocak, 2006).   
 
There is no evidence indicating that the environmental impacts of the woven cotton industry 
are more severe in Turkey than elsewhere.  As the industry has developed, Turkey has 
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progressed in environmental-friendly production standards and in complying with 
international specifications. 
 
Sources: Kocak (2006), Claudio (2007), USDA, Emerging Textiles website, IISD (2004) 
Sources: Banuri (1998), USDA 
 

3.4.5 Leather 

3.4.5.1 General Description of Processing 

There are a number of processes whereby the skin of an animal can be turned into leather.  
Below are the main stages: 
 

1. Curing:  The hides are removed from the carcass and salted to prevent decay.  After 
salting, water in the hide is removed and they are dried for 3 to 6 days.  The raw 
hides are then sold to tanneries.   

2. Soaking:  For the tanning process to work properly, the dry salted hides must be 
washed free of the salt.  This is done by soaking the hides in water, where chemical 
wetting agents and disinfectants are usually added. 

3. De-hairing:  The hair is removed from the hides by soaking the hides in chemicals, 
which looses the hair root from the hides.   

4. Fleshing:  Excess flesh, fat and muscle is removed from the hides. 
5. De-liming:  The chemicals used to de-hair the hide are removed by washing the 

hides, normally in ammonium sulphate or ammonium chloride. 
6. Pickling:  The hides are placed in an acid environment so they will be ready to accept 

the tanning materials, because chrome-tanning agents are not soluble under alkaline 
conditions.   

7. Tanning:  The raw collagen fibres of the hides must be treated so they are no longer 
susceptible to rotting.  Adding tanning agents (chrome, vegetable), to the hides does 
this. 

8. Wringing:  Excess moisture must be removed from the hides, placing each hide 
through two large rollers does this. 

9. Splitting:  The hides are split into the desired thickness. 
10. Shaving:  Using a shaving machine, the thickness of the hides must be made uniform 

all over the hide 
11. Re-tanning:  This process is done to impart special end-use properties with other 

tanning chemicals. 
12. Colouring:  Dyes are added to very hot water and are penetrated with the desired 

colour 
13. Fatliquoring:  Wet chemical operations, which determine how soft the leather will be. 

 
Sources: Rich Leather (undated) 
 

3.4.5.2 Key Environmental Impacts 

Environmental impacts from the leather process are: 
 

• Climate change:  Tanneries have a substantial requirement for heat, which is 
generally produced from fossil fuels.  In European tanneries, energy consumption can 
range from 9.2 to 42 GJ/tonne of raw hide (COTANCE, 2002). 
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• Human health:  Potential hazard to human health from handling, storing, transporting 
and packaging of chemicals. 

• Water pollution:  Tannery wastewater has a high pollution loading.  Chemicals used 
in the process include acids and alkalis, a large amount of common salt and sodium 
sulphide.  Wastewater has a high chemical oxygen demand and high levels of total 
solids, chloride and sulphates.   

• Water use:  Conventional leather processing uses between 25 litres and 30 litres of 
water per kg of hide processed. 

• Waste:  Between about 20% and 25% of the raw (salted) bovine hide weight and 
12% to 15% of raw salted goat and sheep skins are transformed into leather.  Most of 
the remaining weight is lost to waste of various kinds, with 1 tonne of raw hide 
generating about 600 kg of solid waste. 

 
Sources: Saravanabhavan et al (2007), World Bank Group (1998), COTANCE (2002), Ludvik 
(2000), US EPA (1997) 
 

Table 3.20  Summary of key environmental impacts for imported leather 

Impact Rank Summary Comments Data 
Climate 
Change 

*/** The production process itself causes 
the direct emission of low levels of 
greenhouse gases, as a result of on-
site boilers to produce hot water. 

No comment * 

Biodiversity * No information could be found on the 
impact the leather manufacturing 
process has on biodiversity.  Due to 
the deterioration in water quality 
however, it is likely that biodiversity will 
be affected. 

No comment * 

Human 
Health 

* Some deterioration of air quality due to 
emissions. 

No comment * 

Natural 
Resources 

** Production process is associated with 
high levels of irreversible degradation 
of water resources. 

No comment *** 

 

3.4.6 Natural Rubber   

3.4.6.1 General Description of Processing  

Rubber was originally sourced from the wild trees in the Amazon.  Natural rubber that is 
globally traded is sourced from plantations.  Plantations of natural rubber are established 
from clear-cutting tropical forests to create a monocrop stand of rubber trees on a grid 
pattern, which aids with harvesting. 
 
Traditional rubber trees can take eight to fifteen years to mature before they can be tapped 
and have a productive life of thirty years or more.  There are new clonal varieties, which can 
be tapped within five years of planting, produce two or three times as much rubber, and can 
substantially increase net income.  Some clonal varieties are however, susceptible to leaf 
blights that reduce production, but they perform better then traditional varieties on poorer 
soils and areas with higher rainfall.   
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Trees are tapped for their sap a couple of times each week.  Tapping rubber involves making 
an incision in the bark, collecting the sap from the incision into a cup, and emptying the cup 
into a container.  When the container is full, a solution of ammonia (5 percent by volume) is 
added.  Further processing of rubber normally takes place away from the plantation.  The 
primary stage consists of processing latex and coagulum into sheets, crumb rubbers, or latex 
concentrate, and this creates large quantities of effluent.  In general 25 to 40 cubic metres of 
wastewater is produced for each metric ton of rubber produced 
 
Sources:  epobio (2006), Clay (2004) 
 
 

3.4.6.2 Key Environmental Impacts 

Table 3.21   Summary of key environmental impacts for imported natural rubber 

Impact Rank Summary Comments Data 
Climate 
Change 

*/** Cultivation process requires land use 
change over an extended area that 
reduces the land’s capacity for 
continuing removal and storage of 
greenhouse gases. 

No comment * 

Biodiversity */** Process requires clearance of land, 
where the land is typically undisturbed 
and hosts significant biodiversity.  
Effluent produced from rubber 
processing will impact directly on 
biodiversity of water life if regulations 
not in place. 

No comment ** 

Human 
Health 

* Some deterioration of air quality due to 
air emission from burning wood, having 
implications for workers health. 

No comment * 

Natural 
Resources 

* Deterioration in quality of water in 
marine and freshwater ecosystems, 
due to effluent from rubber processing.  

No comment * 

 
The range of environmental impacts from natural rubber production is given below.  The 
majority of environmental impacts can be attributed to the processing phase of the liquid sap 
into natural rubber. 

 
• Biodiversity:  Rubber tree plantations recreate some of the functions of a natural 

forest, but the level of biodiversity is small in comparison to primary forest.  The 
release of insufficiently treated effluent into freshwater can also have biodiversity 
impacts. 

• Human health:  Where wood is burnt to dry the rubber sheets, there may be high 
concentrations of particulates and hazardous compounds such as PAHs (polycyclic 
aromatic hydrocarbons), which can have impacts on the health of workers.   

• Water pollution:  Converting the liquid sap to latex produces between about 25 m3 
and 40 m3 of wastewater per tonne of rubber.  It contains dissolved organic solids that 
readily oxidise, so creating a significant biochemical oxygen demand (BOD) in water 
bodies.  Effluents from vulcanisation of latex into rubber can contain lead or zinc 
oxide.  The latter is toxic to invertebrates and many freshwater and marine species.  
In some countries, emissions of effluent from rubber processing and vulcanising 
plants are not well regulated. 
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• Land quality / degradation:  Soil erosion can occur when soil is exposed after 
clearing of the land and before rubber trees are established.   Soil erosion is an issue 
in China as rubber trees have been planted in hilly areas because this is where the 
tropical conditions that rubber tree like are.  These hilly areas are subject to erosion 
and the planting of rubber trees has accelerated this erosion. 

• Land take / habitat conversion:  There is little evidence of land clearance for rubber 
production for export due to the synthetic substitutes that are now available.   

 
Sources: epobio (2006), Clay (2004) 

3.4.6.3 Impacts in Key Exporting Countries  

Indonesia 
 
In Indonesia ‘slash-and-burn’ modes of agro-ecology have been practiced sustainable for 
many hundreds of years.  However, the system only works well with small population 
densities on nutrient poor and fragile soils.  It is being found that intensive practices are 
resulting in air pollution, deforestation and climate change.   Those areas left are turned into 
grassland, which is difficult to turn into productive secondary forest, and is mostly useless for 
animal fodder.  Untreated effluent from rubber processing plants is also a problem, often 
reducing water quality to undrinkable standards. 

Thailand 
 
In Thailand a study was undertaken to look at the environmental impacts of natural rubber.  
The issues highlighted were not those associated with cultivation, but the processing of the 
natural rubber.  Of particular concern was the drying of the rubber sheets and the smoke 
particles that came from fuel wood burning because of the presence of hazardous 
components such as PAHs.  The levels of PAH concentration is very high in the workspace, 
which could result in implications for workers’ health.  The other issue raised was that 
treatment of wastewater was not dealt with properly. 
 
Sources: Tekasakul (2006), Frodsham (2000) 
 

3.4.7 Palm Oil 

3.4.7.1 General Description of Processing  

Palm oil is one of the world's most popular vegetable oils.  It is used in thousands of 
everyday products, from margarine and bread to lipstick and soap, and is consumed by a 
billion people around the world. 
 
Palm oil seedlings are planted in fields after about one year of growth in a nursery.  The palm 
starts to flower in two and a half to three years and continue to produce flowers for three to 
as many as forty to fifty years.  However, new technology is changing this cycle, with tissue 
culture decreasing the time required to produce young plants in nurseries.  These new 
varieties generally have improved productivity but are shorter lived. 
 
The fruit of the palm is a central hard-shelled nut surrounded by an outer pulp (mesocarp), 
which contains the palm oil that is traded.  The nut contains the palm kernel, from which a 
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different type of oil, palm kernel oil, is extracted by pressing; this leaves a proteinaceous 
residue that is a valuable animal feed - palm kernel cake. 
 
The high and increasing yields of the oil palm have led to a rapidly expanding world industry, 
now based in the tropical areas of Asia, Africa, and America.  Its origin is believed to have 
been in Africa, but the most productive parts of the industry at present are in Malaysia and 
Indonesia, which provide most of the oil entering international trade. 
 
Sources: Clay (2004) 
 

3.4.7.2 Key Environmental Impacts 

Table 3.22   Summary of key environmental impacts for imported palm oil 

Impact Rank Summary Comments Data 
Climate 
Change 

*** Palm oil plantations are 
monoculture plantations that are 
situated in rainforests and peat 
lands.  This land use change 
results in a high level of carbon 
released in the form of 
greenhouse gases. 

No comments *** 

Biodiversity *** Monoculture plantation requires 
the complete and irreversible 
clearance of habitat over an 
extended area, where the land 
was previously undisturbed and 
hosted significant biodiversity. 

No comments *** 

Human 
Health 

* Extensive use of herbicide has a 
significant health impact on the 
plantation workers.   

No comments ** 

Natural 
Resources 

* Soil erosion due to complete 
clearance of land.  Water 
pollution from the palm mill oil 
effluent released from processing 
plants. 

No comments ** 

 
Impacts from palm oil production include: 
 

• Climate change:  Drainage and burning of peat land to create new land for palm-oil 
plantations releases GHGs to the atmosphere. 

• Biodiversity:  The area most suited to palm oil is lowland, evergreen, tropical 
rainforest, which supports the highest biodiversity of any terrestrial ecosystem.  
Clearance for palm oil plantations reduces this biodiversity.  Animals endangered by 
the clearing of rainforest in SE Asia include the Sumatran tiger, Sumatran and 
Bornean orang-utans, Asian elephant and Sumatran rhinoceros.  The growth in palm-
oil plantations, as well as the addition of roads, means that forests are fragmented, 
which hinders migration patterns and blocks travel corridors.  This fragmentation also 
makes animals accessible to illegal poaching and hunting. 

• Human health:  The most commonly used weedkiller in southeast Asia’s oil palm 
plantations is paraquat dichloride.  This herbicide is very toxic and may be fatal if 
inhaled, ingested or absorbed through the skin.  Its effects are irreversible.  Workers 
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are regularly exposed to this substance during handling, mixing, spraying and working 
in freshly sprayed fields. 

• Soil erosion:  Land clearing causes topsoil erosion and increases the sediment loads 
in rivers and stream.  For example, soil erosion is five to seven times greater during 
clearance, while sediment loads in river increase by a factor of four (Wakker 2005).  
Soil erosion is especially problematic when oil palms are planted on steep slopes and 
at high altitude.   

• Water use:  Oil palm is grown only in areas of high rainfall.  Therefore, the impact on 
water use in not high. 

• Water pollution:  Palm oil needs to be processed within 24 hours of harvest, so the 
majority of processing facilities are close to plantations.  Palm oil mill effluent (POME) 
a mixture of water, crushed shells and a small amount of fat residue has a high 
biological oxygen demand.  If released from treatment basins, e.g. during heavy rain 
or intensive production, this may have significant negative effects on aquatic life if it 
enters rivers. 

 
Sources: Wakker (2005) 

3.4.7.3 Impacts in Key Exporting Countries 

Indonesia/ Malaysia 
 
It is thought that Indonesia will become the largest producer of Natural Rubber during 2010-
2015 and by 2020 will be producing 44% of the world’s palm oil.  However, Malaysia is likely 
to remain the world's largest exporter, because its domestic consumption of palm oil is so 
much less than that of Indonesia. 
 
Illegal logging occurs in 37 of the 41 national parks in Indonesia (UNEP 2007).  This UNEP 
2007 report found that forests in Indonesia and Malaysia are being felled so quickly that 98% 
could be gone by 2022. 
 
The Centre for Science in the Public Interest report provided examples of the impact that the 
rainforest deforestation can have on biodiversity.  The Centre reported that 12,600 square 
miles of rainforest had been destroyed in Indonesia and Malaysia up to 2002 due to oil palm 
plantations, this could have supported: 
• Bornean and Sumatran orang-utans: 33 to 55 viable breeding subpopulations of 500 

animals each 
• Sumatran rhinoceros:  550-650 (remaining population is 400) 
• Asian elephant: 200-550 elephant families 
• Sumatran tiger:  400-670 tigers (current remaining population is 250) 

Papua New Guinea 
 
The development of the palm oil sector in Papua New Guinea (PNG) has been less dramatic 
compared with Indonesia and Malaysia.  However, the mature area of the PNG palm oil 
plantations almost doubled from 46,000 to 73,000 hectares between 1990 and 2000.  It is 
expected that there will be increasing foreign investment in this area in the coming years. 
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3.4.8 Tobacco 

3.4.8.1 General Description of Processing  

Tobacco is a tall perennial herbaceous flowering plant that belongs to the solanaceae or 
nightshade family.  It is the world's most widely cultivated non-food crop and is chosen by 
farmers because of its performance under widely varying climatic and soil conditions. 
 
Tobacco is an indigenous crop of the Americas, which is cultivated for its leaves.  Tobacco 
production in the United States and in some other developed countries the processing is 
done mechanically.  However, the mechanical process is expensive and not viable in most 
parts of the world.  Therefore, for the majority of producers, tobacco growing is still a labour 
intensive job.  The reason for this is that the tobacco seedlings have to be transferred from a 
greenhouse/enclosed area of the field to the open field one at a time, with there being up to 
25,000 seedlings planted per hectare.  Also when the plant reaches a specific height, the top 
is pinched off to improve leaf quality and quantity.  For a period of five to six weeks, growers 
continue to remove new growth on the plant to ensure that the selected leaves grow to full 
size and mature evenly.  On average, growers must tend between 250,000 and 400,000 
individual leaves per hectare. 
 
Curing is the final step in the production of tobacco.  The curing process reduces the 
moisture content in the tobacco leaf from approximately 80% to about 20% to preserve the 
tobacco.  There are four curing methods used for curing tobacco grown for commercial 
purposes:  flue curing, fire-curing, air-curing and sun-curing.  After curing, tobacco is allowed 
to age for six months to two years.  The tobacco is then rolled in cigars, shredded for use in 
cigarettes and pipes, or processed for chewing or snuff.   
 
Sources: Clay (2004) 
 

3.4.8.2 Key Environmental Impacts 

The range of environmental impacts from tobacco cultivation and production is given below.   
 

• Climate change:  Deforestation to supply wood for curing will lead to net emissions 
of CO2. 

• Human health:  Workers on tobacco farms, particularly those who do not wear 
gloves or protective clothing are susceptible to green tobacco sickness (GTS), which 
is a type of nicotine poisoning cause by the absorption of nicotine through the skin.  
GTS symptoms include nausea, vomiting, weakness, headache, dizziness, 
abdominal cramps and difficulty in breathing, as well as fluctuations in blood pressure 
and heart rates.  High levels of pesticide application are recommended for tobacco 
plants - up to sixteen applications of pesticide are recommended during one, three-
month growing period and workers health may be at risk if appropriate procedures 
are not followed.  A survey of tobacco growers in southern Brazil found that 55% 
were not using the protective clothing recommended by the lead companies.   

• Deforestation:  A lot of wood can be used as fuel to dry (cure) the tobacco, but is 
also used as poles for building curing barns.  The level of damage to forests from 
curing varies widely depending on the country.  China, for instance, uses mostly coal, 
but in Africa around 5% of all deforestation is caused through tobacco cultivation.  In 
Malawi, where the ancient dry forests of the highlands are particularly under threat, 
tobacco accounts for 20% of deforestation.   
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• Soil quality:  Tobacco has a high uptake of soil nutrients, partly due to the practice of 
topping the plants to stimulate leaf growth and ensure higher nicotine content.  This 
can deplete the soil of nutrients. 

 
Sources: Campaign for Tobacco Free Kids (2001), ASH (2004), Clay (2004), Smokefree 
(undated), Geist (1997) 
 

Table 3.23  Summary of key environmental impacts for imported tobacco 

Impact Rank Summary Comments Data 
Climate 
Change 

*** Wood is used for the curing of 
tobacco.  This results in land use 
change over an extended area that 
removes the land’s capacity for 
continuing removal and storage of 
greenhouse gases.   
 
High input of fertiliser is likely to 
result in high emission levels of 
greenhouse gases. 

Not applicable for air 
curing and sun-curing. 

*** 

Biodiversity **/*** A consequence of using wood for 
curing tobacco is the destruction of 
primary forest, causing the loss of 
rich bio-diverse ecosystems. 

Not applicable for air 
curing and sun-curing. 

* 

Human 
Health 

** Serious illness as a result of picking 
tobacco leaves, without use of 
protective clothing. 

No comment *** 

Natural 
Resources 

** Degradation of soil nutrients as 
tobacco plant has high uptake. 

No comment *** 

 

3.4.8.3 Impacts in Key Exporting Countries 

Brazil 

The Tobacco Free Kids organisation, has reported on the impacts on human health of 
picking tobacco.  A set of school students who were interviewed by the government revealed 
that children helped apply agrochemicals, with eighteen of the minors interviewed had been 
hospitalised due to contact with the agrochemicals.  The tobacco leaf companies themselves 
in particular regions are asking schools to rearrange schedules to allow children to help their 
families in the fields.  The Serviço Brasileiro de Justiça e Paz (SEJUP), a Brazilian 
nongovernmental organisation, estimates that as many as 300,000 people are poisoned by 
agricultural pesticides in Brazil each year. 

Malawi 

Malawi is one of the countries where deforestation has been identified as critical, with a high 
percentage of tobacco-related deforestation.  In one region of the Namweran highlands in 
Malawi, nearly 80 percent of all the wood cut down is used for tobacco, even though tobacco 
farmers make up a mere 3 percent of the farmers in the area.  The government and tobacco 
industry has responded to this situation by providing farmers with tree seedlings to 
encourage reforestation.  However, despite government recommendations to have 10 
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percent of farmland planted with trees, studies by the Extension Service of Malawi found that 
80 percent of estate farmers had failed to follow this advice. 
 
Sources:  Campaign for Tobacco Free Kids (2001), Geist (1997) 
 

3.4.9 Wood 

3.4.9.1 General Description of Processing 

The section focuses on the provision of simply worked softwood (from coniferous trees) from 
temperate and boreal forests, as this was the largest trade flow (by volume). 
 
The logging process in temperate (from the tropics towards the pole, up until latitudes of 
around 50°) and boreal forests (between latitudes of 50°N to 70°N) is generally large –scale 
clear felling operations, with high levels of mechanisation.  Logging may be either: 
 

• Tree–length logging – trees are felled and then delimbed and topped at the stump.  It 
is cut into suitable lengths (bucked) and taken away.  The slash (and the nutrients it 
contains) is left in the cut area.   

• Full tree logging – trees are felled and transported to the roadside with top and limbs 
intact.  These are removed at the landing. 

• Cut to length logging – trees are felled delimbed, cut to length and sorted at the 
stump area, leaving limbs and tops in the forest. 

 
Cut timber is transported by road, rail or river back to the sawmill, where they are sorted by 
species, size and end use (if this has not already occurred), and then debarked.  They are 
then sawn to size, and dried to remove naturally occurring moisture in the timber.  This may 
be air-drying or in kilns.  Fossil fuels or waste wood waste can bye used to provide heat in 
the kilns; electricity is also required for the ventilation system.  The lumber may then be 
planed to give a uniform width and thickness before transporting of the finished lumber to 
market.   
 
Post logging, there will be reforestation.  This may either be natural regeneration or 
replanting by dropping seeds or manual planting of seedlings.  For replanting (and also in 
some cases with natural regeneration, there may be some type of treatment to make it easier 
for soils to establish themselves.  This can include  
 

• Controlled burning of logging debris and other woody material on the site to reduce 
future fire risk and release nutrients.   

• Spraying herbicides to eliminate competing seedlings and brush and speed the 
growth of the planted seedlings  

• Ground preparation e.g. loosening topsoil or breaking up the forest floor to improve 
conditions for seed germination.  Wet areas may be drained if soil saturation affects 
seedling survival / growth potential.   

 
After some time, forest stands are ready for pre-commercial thinning to improve their 
structure and condition.  Once the trees are large enough, they may be thinned and the wood 
sold if there is a market for the small diameter wood.  Fertiliser may be applied to boost tree 
growth and in some areas, there is aerial spraying against insect pests.   
 
Source: FAO (1999) 
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3.4.9.2 Key Environmental Impacts 

Table 3.24  Summary of key environmental impacts of wood production 

Impact Rank Summary Comments Data 
Climate 
Change 

* / ** Some emissions from fossil 
fuel use in harvesting and 
transportation. 

Will be high if forests are 
not replanted, as a 
carbon store has been 
destroyed  

*** 

Biodiversity ** Can damage and destroy 
habitats.  Soil erosion can 
have adverse impacts on 
aquatic biodiversity.  
Replacement of ancient 
forest with monoculture 
stands will reduce 
biodiversity 

Many impacts can be 
mitigated if guidelines on 
sustainable management 
are followed 

** 

Human 
Health 

- / * Can be some occupational 
injuries and deaths due to 
nature of logging operations 

  

Natural 
Resources 

* Potential pollution of 
watercourses and depletion 
of ground water.  Soil quality 
may be reduced. 

Some impacts can be 
mitigated if guidelines on 
sustainable management 
are followed 

 

 
The main environmental impacts from timber production are given below: 
 

• Climate change:  Forests hold a significant standing stock of global carbon in forest 
vegetation, dead wood and soils and litter), estimated at 638 Gt for 2005, which is 
more than the amount of carbon in the entire atmosphere.  It is estimated that 
deforestation contributed globally to approximately 20 per cent of annual greenhouse 
gas emissions in the 1990s.  Once deforestation has taken place, land is often then 
subsequently converted to agricultural activity.  Where forests are managed 
sustainably, i.e. they are replanted after trees are felled, there should, in the longer 
term be little contribution to climate change.  If the wood is used as wood products, 
then the carbon sequestered by the tree may continue to be sequestered for many 
years.  There will however by some CO2 emissions from fuels used for logging and 
transport machinery, and for drying of timber.  The use of sustainably produced wood 
as a fuel can help mitigate climate change by replacing fossil fuels.   

• Biodiversity:  Logging, particularly clear felling, can damage and in some cases 
destroy key habitats such as nesting sites, including old hollow trees and feeding and 
breeding grounds.  It also alters the structure and species composition of the forest.   
Road building for access to timber in frontier forests can open up previously 
inaccessible areas and lead to additional clearance of land for other activities with 
subsequent impacts on biodiversity.  They also cause habitat fragmentation,  

• Human health:  Occupational risks for loggers can be relatively high as they work 
with heavy power equipment on uneven and sometimes unstable terrain, and often in 
extreme environmental conditions.  Injuries may happen on remote sites, far from 
professional emergency treatment. 

• Soil quality:  Removal of forest residues (e.g. limbs and the brash form trees) can 
lead to a loss of nutrients).  The use of heavy machinery can cause soil compaction, 
and if soils are saturated at the time of logging, can cause ruts and change drainage 
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patterns.  Harvesting on steep slopes can lead to soil erosion.  Log skidding and 
logging–road construction can also lead to soil erosion  

• Water resources: Felling, particularly clear felling, removes the intercepting canopy 
allowing more precipitation, which can lead to more storm run off and flash flooding.  
Overall, there is likely to be decreased infiltration of water (due e.g. to soil 
compaction), which can reduce groundwater recharge and lower the water table.    

• Water pollution:  Fuels, hydraulic fluids, lubricant and stump treatment chemicals 
can cause contamination of ground and surface waters if there are leaks during 
storage or harvesting operations, or they are disposed of improperly.  Pollution during 
harvesting operations may occur from leakage of.  Soil erosion can increase 
sediment loads in stream, reducing light penetration and having adverse effects on 
fish spawning and bottom organisms (benthos).  Floating of logs and improper 
disposal of slash and other organic debris can also increase turbidity and may 
accelerate eutrophication.    

 
Sources: Forest Service (undated); FAO (undated), FAO (2005), IPCC (2007) 
 

3.4.9.3 Impacts in Key Exporting Countries 

Belarus 

The area of forested land in Belarus amounts to 9.4 million hectares, 98% of which is natural 
and 81% of which is under a management plan32.  Two-fifths of the forest is conifer with 75% 
of the total being available for supply – very little is undisturbed by man.   
 
Of particular note is the Bialowieza Primeval Forest an area reported to be Europe’s best-
kept and therefore most important lowland forest.  Estimates suggest there are over 5,500 
different species of plants, 3,500 different types of mushrooms and over 25,000 different 
types of animals, including 15,000 types of insects.  The number of bird species is estimated 
at 250.   
 
Logging of trees outside of the forests’ protected areas threatens this rich diversity indeed 
Belarus has recently begun large scale logging on their side of the Bialowieza Forest which 
is designated as a National Park.  Transportation by rail of toxic substances through the 
forest poses a threat not only to the natural environment but also local inhabitants33. 

Ukraine 

The Ukraine’s forested area amounts to 9.6 million hectares of which 54% is natural.  It is all 
reportedly under a management plan.34 
 
Two-thirds of the forest area is available for supply with the remainder largely falling into the 
category of conservation or protected area.  In recent years there has been considerable 
reforestation to protect the soil from wind and water erosion. 
 

                                                 
32 http://www.fao.org/DOCREP/004/Y1997E/y1997e10.htm#TopOfPage 
 
33 State of Europe’s Forest Protection, WWF, April 2003 
34 http://www.fao.org/DOCREP/004/Y1997E/y1997e10.htm#TopOfPage 

http://www.fao.org/DOCREP/004/Y1997E/y1997e10.htm#TopOfPage
http://www.fao.org/DOCREP/004/Y1997E/y1997e10.htm#TopOfPage
http://www.fao.org/DOCREP/004/Y1997E/y1997e10.htm#TopOfPage
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3.4.9.4 End-of-life 

Wood that is not of a quality to be reused as reclaimed timber can be recycled into the 
following: 
 
• Mulch – can be used to prevent soil erosion, enrich soils, help limit water loss and 

moderate soil temperature change. 
• Composting Agent – sawdust and chipped wood can be used as a bulking agent to 

improve air flow and decomposition. 
• Pet Bedding/Equestrian Surfacing - Untreated material can be used for pet bedding, and 

can also be used in all weather exercise rings for horses. 
• Chipboard and Medium Density Fibreboard (MDF) – these are produced by mixing 

chipped wood with a resin and applying heat and / or pressure to form a board. 
• Chipped or formed into pellets for use as a fuel  
 

3.4.10 Wood Pulp (Chemical) 

3.4.10.1 General Description of Chemical Wood Pulping 

The overall goal of wood pulping is to separate the fibres from the material.  The remaining 
components (hemicellulose and lignin) must be treated and constitute the major potential 
sources of pollution in chemical pulping.  The process of making chemical wood pulp begins 
with timber cut into small wood chips, which are fed into digesters where the chemicals are 
added.  The mixture is then heated to release lignin, the natural material that binds the fibres 
together plus hemicellulose and some wood resins.  This process breaks down the lignin 
without degrading the cellulose fibres and results in a stronger product.   
 
After being heated in the digester, the resulting pulp is rinsed in order to remove the added 
chemicals and lignin, known as black liquor.  The black liquor is further processed to recover 
pulping chemicals.  In modern mills the majority of the chemicals are recovered and can be 
re-used in the digesters while the residue becomes bio-fuel for the power plant.   
 
If the pulp is going to be used for producing white paper, then the next step is to bleach the 
pulp in order to remove the dark colour and any residual lignin.  The pulp will remain 
unbleached if it is to be used for natural brown paper.  In a so-called ‘integrated mill’ the pulp 
is fed directly to a paper machine.  If it is sold elsewhere as a raw material, the resulting pulp 
is dried, finished, baled, and shipped to customers. 
 
The two most common chemical pulping processes are acid (sulphite) and alkaline (kraft).  
Kraft pulping is a group of processes which use chemical agents Na2S and NaOH to dissolve 
lignin and separate fibres.  The Kraft process accounts for about 80% of the world pulp 
production.  High Yield Sulphite Pulping (HYSP) is a process derived from basic sulphite 
pulping but involves less steam pollution.  The raw acid is SO2 dissolved in water, generally 
mixed with combined SO2.   
 
Sources:  FAO (1998), Asia Pacific Resources International Holdings Limited (APRIL), 
Gielen (2006), EC (2001) 
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3.4.10.2 Key Environmental Impacts 

 
The range of environmental impacts from processing chemical wood pulp is given below.  
The environmental impacts from producing wood are described in Section 3.4.9. 

Table 3.25  Summary of key environmental impacts for the processing of chemical 
wood pulp 

Impact Rank Summary Comments Data
Climate 
Change 

** Pulp & paper industry 
relies heavily on 
bioenergy so CO2 
intensity is not high.    

Although mechanical pulping requires a 
lot of energy, chemical pulping yields 
black liquor, which can be incinerated 
to produce heat and power – mills can 
actually be net energy producers.   

** 

Biodiversity ** Effluent from 
chemical pulping mills 
known to have 
negative impacts on 
fish and marine 
ecosystems 

Growing trees specifically for the pulp 
and paper industry is known to have 
implications for biodiversity.  The 
problem with effluent from mills 
(primarily due to pulp bleaching) is 
improving as mills move toward using 
ECF bleach. 

** 

Human 
Health 

- / * Strong sulphuric 
odour from Kraft 
process 

Not proven to cause problems for 
human health, but is a considerable 
nuisance.  Rating reflects rating for 
wood production  

* 

Natural 
Resources 

** High use of water and 
potential degradation 
of water quality.   

This problem is improving as old mills 
close and are replaced with closed-loop 
mills which process and re-use 
chemicals rather than discharging them 
into rivers/lakes.  In countries with strict 
regulations there is minimal potential for 
water pollution.   

** 

 
• Climate change:  Chemical pulping yields black liquor, which can be incinerated to 

produce heat and power.  This means that the industry is heavily reliant on bioenergy, 
but while it is relatively energy intensive, the CO2 intensity of the energy is not very 
high.   

•  Human health:  Where the Kraft process is used, there is an unpleasant odour due 
to sulphur compounds used.  The malodourous gases are normally H2S, methyl 
mercaptane, dimethyl-sulphide, and dimethyl-disulphide.  Depending on the gas, 
some of these malodourous gases can be diluted and burnt in the recovery boiler or 
scrubbed.  Although this is not known to have an impact on human health, the odour 
can be a considerable nuisance and is almost impossible to eliminate completely. 

• Water use:  The pulping industry requires a huge amount of water to process the 
fibres (estimated at between 160 and 205 tonnes of water to produce one tonne of 
pulp in more inefficient mills (Friends of the Earth).  The EC (2001) report estimates 
that water consumption in mills in the EU varies between 15 and 100 m3/tonne. 

• Water pollution:  Chemical pulp mills are often located near bodies of water and in 
some countries there is a problem with the release of organic materials into rivers or 
lakes.  Potential problems associated with pulp-mill effluents include increased 
sedimentation and turbidity, increased water temperature, loss of habitat diversity and 
possible concentrations of toxic material.  The sources of water pollution are effluents 
from the bleaching stage and the condensates from the evaporation plant.  Water 
pollution can be minimised where environmental regulation sets (and enforces) strict 
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limits for discharges, which are met by using modern efficient effluent treatment plant 
at the pulp mill.  In the EU, for instance, strict ranges of emissions into water are 
enforced so water pollution is not a significant problem. 

• Air pollution:  There are emissions of particulates, hydrogen sulphide, oxides of 
sulphur and oxides of nitrogen from pulp mills.  Micro-pollutants include chloroform, 
dioxins and furans, other organo-chlorines and other volatile organics. 

• Waste:  The chemical pulp industry generates a significant amount of wastewater 
treatment sludge, some of which is very hazardous.  EC (2001) estimates that in the 
EU about 43 kg of dry waste solids are produced for each tonne of pulp.  This 
includes sludge as well as wood ash, wood waste, hazardous waste, and other ash 
waste.  Landfill and surface impoundment disposal are most often used for sludge, 
but a significant number of mills dispose of sludge through land application, 
conversion to sludge-derived products or combustion for energy recovery (US EPA, 
1995). 

 
Sources: Gielen (2006), WHO (1999), Greenpeace, US EPA (1995), Friends of the Earth, EC 
(2001) 

3.4.10.3 Impacts in Key Exporting Countries 

Brazil  
 
The chemical wood pulp industry in Brazil has been growing in recent years and is expected 
to continue to grow and supply wood pulp to Europe in the future.  The IEA report in 2006 
notes that the pulp and paper industry in Brazil is one of the two most inefficient in the world 
(along with Canada) in terms of electricity use.  The report suggests that cheap hydroelectric 
power and the use of wood waste with low efficiency ratios could explain this low efficiency of 
the industry as a whole. 
 
It is difficult to find information on the environmental impacts of chemical wood pulping that 
are specific to Brazil, but from the limited information found it seems that the pulp industry in 
Brazil is quite modern and is trying to become more sustainable.  Whether or not they are 
succeeding in this is unclear.  This is certainly the case with the new Veracel Pulp Mill, which 
began operation in 2005 and is the largest single-line bleached eucalyptus pulp mill in the 
world.  Veracel claim that all of their pulp production is based on sustainably managed 
eucalyptus plantations.  The World Rainforest Movement, however, has claimed that 
Veracel’s practices have serious environmental and social implications.  The odour from the 
mill is a particular problem to local residents, who also complain that the mill has reduced the 
biodiversity of fish in nearby waterways.  The mill claims to only use Elemental Chlorine Free 
(ECF) bleach, but whether this is true is also questionable.   

United States 
 
According to the EPA report in 2002, bleached and unbleached kraft processes account for 
83 percent of the pulp produced in the United States.  Although this is not unique to the US, 
the water use and energy consumption in kraft pulp mills is very high, requiring 4,000-12,000 
gallons of water and 14-20 million Btu of energy to produce a ton of pulp, of which roughly 
half is from biomass-derived fuel from the pulping processes (EPA, 2002).  Reports in 2000 
indicated that the pulp, paper, and allied products industry was the largest consumer of 
process water and the third largest consumer of energy in the US.  However, since then the 
industry has reduced its energy consumption through better use of waste energy streams 
and installing energy saving devices such as variable speed motors and more efficient 
lighting (AIChE, 2006). 
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Other aspects of the chemical wood pulping industry in the US also operate in a much more 
environmentally friendly way than they did in the past.  The transition to ECF bleach is 
essentially complete in the US and Canada as ECF production now represents 96% of North 
American bleached chemical pulp production (AET).  Over the last decade, research has 
demonstrated that treated wastewater from well-managed pulp and paper mills using ECF 
bleaching is virtually free of dioxin and persistent bio-accumulative toxic substances.  The 
remaining chlorine containing organic substances resulting from ECF bleaching have a 
composition similar to those found in nature, degrade naturally and do not persist in the 
environment (AET). 

Canada 
 
As in the US, ECF bleach in Canada is now used in place of the more environmentally 
unfriendly alternatives.  However, the IEA report in 2006 notes that the pulp and paper 
industry in Canada is one of the two most inefficient in the world (along with Brazil) in terms 
of electricity use.  The report suggests that cheap hydroelectric power and the use of wood 
waste with low efficiency ratios could explain this low efficiency of the industry as a whole. 
 
According to National Resources Canada, there is considerable potential for energy use 
reduction in pulp and paper mills if they adopted the best practice technologies.  The best 
practice kraft pulping mill could be operated with 9.9 GJ/ADt process steam, 1.2 GJ/ADt 
process fossil fuel and 578 kWh/ADt process electricity.  Because the process steam and 
electricity demands can be met by burning the spent pulping liquor, the only purchased 
energy is the 1.2 GJ/ADt of fossil fuel needed.  The average existing kraft mill in Canada, 
however, purchases considerably more energy: 5.99 GJ/ADt of fossil fuel and 272 kWh/ADt 
of electricity.   
 
Sources: Francis (2002), Gielen (2006), Alliance for Environmental Technology, EPA (2002), 
AET website, AIChE, (2006), FAO (1998), WHO (1999), European Investment Bank website, 
World Rainforest Movement, Gielen (2006) 
 

3.5 Metals and minerals 

3.5.1 Key Environmental Impacts 

The commodities studied included some metal ores (zinc, copper, bauxite) phosphate rock 
which is processed to produce phosphorous, some refined metals (aluminium, iron and steel, 
gold, cadmium and mercury) and aggregates and the processed material, cement.  The 
assessment of the impacts of production of these commodities on the four 6th EAP priority 
areas are summarised in Table 3..   
 

• Climate change : The commodities fall into two distinct groups.  Energy use per 
tonne for extraction of the metal ores, aggregates, and phosphate rock is very low on 
a per tonne basis, leading to a low ranking for climate change.  For zinc and copper, 
some energy is used in the beneficiation stage (to concentrate the ore) leading to a 
higher rating.  However for the refined metals studied, the production of aluminium 
and of iron and steel is very energy intensive leading to high greenhouse gas 
emissions, with an additional contribution in the case of aluminium from releases of 
perfluorocarbons (PFCs) during the production process.  GHG emissions from 
aluminium production can be mitigated when hydro power is the source of electricity.  
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Gold has very high CO2 emissions on a per tonne basis due to the extremely low 
concentration of gold in the ore – typically only a few grams of gold are extracted per 
tonne of ore, so a considerable amount of fuel is used mining many thousands of 
tonnes of ore to produce a tonne of gold, leading to high CO2 emissions per tonne of 
gold.  The climate change impact of mercury is low, as the main sources for the EU 
are recovered mercury, of which there is a surplus due to the declining use of 
mercury.  Cadmium is produced as a by-product of zinc, copper and to a lesser 
extent lead production, as it is present as an impurity in the ores of these metals, so 
has a negligible climate change impact.  Cement which is also a processed 
commodity has a large climate change impact, both because CO2 is released 
(unavoidably) as part of the process and because of the large amount of fossil fuels 
required by cement kilns.   

 
• Biodiversity:  Direct effects on biodiversity come from habitat destruction as a result 

of establishing the mine or quarry.  Impacts can be mitigated by careful site selection, 
and underground disposal of processing waste (backfilling) and habitats can be 
partially or wholly restored by careful site rehabilitation.  While underground mining 
can reduce impacts, its feasibility depends amongst other things on the ore grade and 
size of deposit, Practices vary from country to country and may depend on the 
regulatory and enforcement regime.   In remote areas, creating access to allow 
exploitation of an orebody may also open up the area to inward migration and further 
development (e.g. clearance of land for housing and agricultural purposes), resulting 
in further loss of biodiversity.  Biodiversity can also be affected directly and indirectly 
by water and air pollution.  For example historically, fluoride emissions caused severe 
impacts on conifers and certain mammals near aluminium smelters, although 
improved production processes and better pollution abatement equipment have 
subsequently significantly reduced the extent of these impacts.  Pollutants such as 
dissolved metals in effluents can affect aquatic fauna and flora, and suspended solids 
can smother benthic flora, reduce light penetration and damage fish gills and 
invertebrates.  Suspended solids can also carry metals and minerals that dissolve in 
water and thus become bioavailable.   

 
• Human health: There are specific health issues for workers in the production of a 

number of the commodities.  In the production of aggregates, workers can suffer from 
lung silicosis if there is repeated and prolonged exposure to respirable crystalline 
silica.  Workers in the aluminium industry may suffer from pot room asthma; and the 
cement industry has a high accident rate (from burns and exposure to hazardous 
substances).   Cyanide and mercury are used in gold production in some parts of the 
world and pose hazards to both workers and communities downstream of gold mines.  
Air pollution from mining (typically particulates which may be contaminated with 
metals) can cause local air quality problems, and there can be health impacts from 
the emissions released during aluminium and iron and steel production (depending 
on the level of abatement at the plant).   

 
• Resource Depletion: All of the aggregates and metals are non-renewable resources.  

As discussed in Section 3.2, some regard depletion of non-renewable resources as 
an economic issue35, as estimates of reserves are affected by the price of the metal; if 
the price increases (e.g. as ‘reserves’ run low) then it becomes economic to mine 
reserves where the metal is more difficult to extract and estimates of reserves 
increase.  Estimates of reserve life are also affected by consumption rates.  However, 
others believe that depletion of the non-renewable resources is an environmental 
issue.  Table 3.26 shows reserves of the commodities studied at current production 

                                                 
35 For example depletion of non-renewable resources is not considered an environmental issue in the EC’s 
Thematic Strategy on the Sustainable Use of Natural Resources 
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rates based on a definition of reserves (that part of the reserve base that could 
currently be economically extracted) and the reserve base (that part of the resource 
which meets specified minimum physical and chemical criteria relating to current 
mining and production practices; it includes those that are currently economic 
(reserves) marginally economic and some of those that are currently subeconomic.   

 

Table 3. 26 Reserves (in years) at current production rates 

Commodity Reserves Reserve base 
Bauxite 140 180 
Cadmium  25 62 
Iron ore  83 189 
Gold  17 37 
Mercury  31 162 
Phosphate rock 127 352 
Zinc ore  18 48 
 
Sources: Based on data from USGS Minerals Commodities Summaries for 2008 accessed 
from http://minerals.usgs.gov/minerals/pubs/commodity/ on 10th March 2008. 
 

• Air Pollution: The main air pollutant from mining and quarrying is dust created during 
excavation and transport.  Depending on the type of ore being mined or rock being 
quarried, it can contain high levels of arsenic, lead, other heavy metals and 
radionuclides, although typically dust derived from aggregates production is inert and 
free of hazardous contaminants.  The coating of vegetation by dust can impede 
growth.  Refining of metals leads to emissions generally associated with combustion 
of fossil fuels (NOx, SO2 and particulates); SO2 may also be released directly from the 
concentration process.  Other pollutants are hydrogen fluoride and particulate 
fluorides, heavy metals and persistent organic pollutants (POPS) from aluminium 
smelting, dioxins and furans and a large range of metals from cement production, 
emissions of chlorides and fluorides from the agglomeration of iron ores. 

 
• Water pollution: Water pollution from the mining of some ores can be a severe 

pollution hazard.  In certain mines where the ore has a high sulphide content, 
drainage from mine workings and waste heaps can become highly acidic (a pH of 3 
or lower) and can contain high concentrations of dissolved heavy metals.  This is 
caused by contact between the sulphide, oxygen and water and is called acid mine 
drainage (AMD) or sometimes acid rock drainage.  Leaks, spills or seeps of acid 
solutions used in the extraction of metals from ores are additional potential sources of 
water pollution.  AMD can be minimised by reducing the exposure of sulphides to 
oxygen or water (e.g. minimising disturbed areas and isolating sulphide-bearing 
wastes).  In quarrying and production of bauxite ores and phosphate rock, the main 
water pollutant is suspended solids.   

 
• Water use: Water is required for the beneficiation process and for transport of some 

ore concentrates in pipelines from mines to ports.  Where good practice is 
implemented, the majority of water can be recycled.  Dewatering for mining 
operations can affect ground water but this is usually reversible when mining stops. 

 
• Waste: Wastes generated by mining include overburden and waste rock which is soil 

and rock removed in order to access an ore or mineral body and tailings, a mixture of 
the residual ore remaining after the mineral(s) of value have been extracted and 
residues of chemicals used in the beneficiation process to concentrate the ore.  

http://minerals.usgs.gov/minerals/pubs/commodity/
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Tailings may contain sub-economic concentrations of the metal(s) of interest and 
significant concentrations of other potentially hazardous metals and chemical 
contaminants.  Ores with a low metal content generate significant quantities of 
tailings.  Some overburden and waste rock is backfilled in previously excavated areas 
and when inert can be used in on-site construction e.g. of roads, but most is disposed 
of in piles near the mine sites.  Most mine tailings are disposed of in on-site 
impoundments.   

 
The main waste from cement production is cement kiln dust, a highly alkaline waste 
which may contain high concentrations of heavy metals and other toxics, requiring 
specialised disposal to prevent pollution of groundwater when landfilled. 
 

• Landscape impacts: Hard-rock quarrying and mining causes irreversible landscape 
alterations, although these can be partially mitigated through site rehabilitation.   

 

Table 3.27  Assessment of environmental impacts from metals and minerals  

Minerals and Metals 
Climate 
Change Biodiversity

Human 
Health 

Natural 
Resources 

Aggregates - */** ** * 
Aluminium *** */** ** ** 
Bauxite and other aluminium ores - */** * ** 
Cadmium - ** ** - 
Cement *** * ** ** 
Copper ores and concentrates * / ** * / ** *p ** 
Gold (unwrought or 
manufactured) *** * * / *** ** 
Iron and steel *** * / ** * * / ** 
Iron ores and concentrates - * / ** *p ** 
Mercury * ** ** * 
Phosphate rock * * / ** *p * 
Zinc ore and concentrates * / ** * / ** *p ** 
 
Notes:  
(i) For processed commodities, the rating includes all impacts up to and including the production 
stage, i.e. impacts from extraction of the raw material and processing and refining.   
(ii) p indicates potential impact; no direct information found in literature but information on other 
impacts suggests that impacts are likely. 
 

3.5.2 Aggregates 

3.5.2.1 General Description of Processing 

Aggregates are defined as “A granular material used in construction”.” (European Standard 
BSEN 12620: 2002).  There are two main types of natural aggregates: crushed rock, and 
sand and gravel.  Recycled aggregates are produced from construction and demolition 
waste, while secondary aggregates are derived from a range of industrial and mineral wastes 
such as power station ash, blast furnace slag, glass, china clay waste, slate waste and 
colliery spoil.  The diverse uses of aggregrates include a fill material, railway ballast, mixed 
with a binder to produce construction materials (e.g. with cement to make concrete and with 
tar to make asphalt) - and used in the construction of buildings, road and other structures.  
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Extra-EU trade is solely in natural aggregates.  Different processing methods are employed 
for rock versus sand and gravel.   
 
Rock: Rock material can be won by several methods: at or near the surface by earthmoving 
equipment, or further below the surface by drilling and blasting, or using rock-breaking 
equipment.  The generic processes are usually: overburden removal (including soil which 
may be stored on site for restoration or exported offsite), rock extraction, screening and 
grading.  Large rocks may require secondary fragmentation after extraction. 
 
Any blasting must be carefully designed and planned to minimise the risk of fly rock (pieces 
of material that are thrown clear of the blast site).  Blasted or dug material is then loaded and 
hauled onto transport (dump trucks and/or conveyors that can operate on a steep gradient) 
for removal to the surface/processing plant.  Blasted material within a hard rock quarry must 
be crushed several times before it is at a suitable size for use by industry.  Several stages of 
crushing and screening of mineral are employed to produce the final aggregate product.  
Crushed rock quarries are usually much larger and deeper than sand and gravel pits. 
 
Sand and gravel – land extraction: Sand and gravel are either extracted from wet pits (at 
depth), or dry (dewatered wet pits, or surface workings).  In wet pits, at depths of less than 
10 m, long-boom draglines are often used, the main disadvantage of these being a high loss 
of fines.  In deeper water, grab dredgers are used.  Given that initial capital investment in 
dredgers is high and the quarrying process is less efficient, most operators prefer to work 
sites dry and employ bilge pumps to temporarily lower the water table when workings would 
otherwise be flooded.   
 
Sand and gravel quarries generally include a simpler processing plant than a hard rock 
quarry.  The as-dug material in a sand and gravel resource is closer to industry specifications 
for final aggregate products and therefore requires less crushing.  However the material 
requires washing and/or screening to remove ‘fines’ (clay and silt particles).  The washing 
process also separates the sand particles from the gravel.  The gravel is graded into size 
ranges using a screen, in the same way that crushed rock aggregates are screened.  The 
sand is separated from the silt by classifying and then dewatered.  Oversized gravel is often 
also crushed to maximise the amount of saleable material. 
 
Sand and gravel – fluvial and marine extraction: Extraction is by ‘trail dredging’, where a 
suction pipe is pulled across the riverbed/seabed at slow speed, which leaves a groove 
about 2.5 m wide and 0.25 m deep and allows relatively thin deposits to be worked, leaving 
the substrata largely undisturbed. 
 
Processing of marine aggregates is no different in principle to processing of land-won sand 
and gravels.  Much less silt is present because of the washing action of the water.  However, 
marine-won materials must be washed with fresh water, to reduce salt to acceptable levels 
for use in concrete.  Saline water is discharged to the sea. 
 
Sources: NERC (2006), University of Leeds (2007), Aggregates Business Europe (2007). 
 

3.5.2.2 Key Environmental Impacts 

Environmental impacts from aggregates production vary depending on the type of aggregate 
being exploited and methods of extraction and processing employed.  The major difference 
between sand and gravel extraction and hard rock quarrying is the higher area required per 
tonne produced for the former due to the shallow depth of working.  This can be balanced by 
a greater ability to implement a programme of rolling restoration as extraction moves from 

http://www.bgs.ac.uk/planning4minerals/Glossary.htm#fines
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one area to the next in the shallow deposits (whereas hard rock quarries tend to be deep and 
restored in-toto when extraction finally comes to an end). 
 

• Climate change:  GHG emissions from aggregates production are very low 
compared with that for other metals and minerals.  Emissions are mainly from the use 
of fossil fuel in equipment/vehicles used to extract and transport quarried materials.   

• Biodiversity:  Potential impacts are through: habitat destruction as a result of 
establishing the quarry (which can be minimised through site selection and habitats 
can be wholly or partially restored through site restoration during and/or at the end of 
operations); water pollution (suspended solids smother benthic flora, reduce light 
penetration and damage fish gills and invertebrates; and affect water quality through 
minerals attached to particles); and Air pollution (coating of vegetation in dust from 
quarrying may impede growth, and dust particles may also carry heavy metals, 
although these are rare contaminants and infrequent at most quarrying operations).   

 

Table 3.28   Summary of key environmental impacts for imported aggregates 

Impact Rank Summary Comments Data 
Climate 
Change 

- Greenhouse gas emissions are 
very low compared with other 
metals and minerals, mainly 
from the use of fossil fuels in 
vehicles/equipment. 

Lower impact where source 
is close to destination and/or 
aggregates are transported 
by boat, e.g. dredging. 

*** 

Biodiversity */** Impacts from clearing of 
vegetation at site establishment.  
Potential downstream impacts 
due to water pollution. 

Entirely dependent on 
location and methods of 
extraction.  Habitats should 
be partially restored in 
rehabilitation phase. 

** 

Human 
Health 

- 
(dredg
ing) 
** 
(quarr
ying) 

Quarry workers: Noise and 
vibration, dust.  Risk of fly rock 
from explosions.  Silicosis from 
Respirable Crystalline Silica 
(RCS).   
 
Surrounding communities: Dust; 
noise and vibration from blasting 
if used. 

RCS is only relevant where 
siliceous materials are 
quarried.   
 
Quarries are often >1-2km 
from surrounding 
communities with little or no 
impact on residents. 

** 

Natural 
Resources 

* Very large resource and low rate 
of resource depletion.  
Extraction causes relatively 
minor deterioration of other 
natural resources.   

Impacts on other natural 
resources (e.g. water) can 
be mitigated by water 
recycling. 

** 

 
• Human health:  Respirable particles, i.e. those that are less than 10 µm in diameter 

(PM10), have the potential to cause effects on human health, including effects on the 
respiratory and cardiovascular systems.  Where respirable crystalline silica (RCS) is 
present in the rock being broken, repeated and prolonged (10+ years) occupational 
exposure to relatively high concentrations of RCS can cause the lung disease 
silicosis and can also be associated with lung cancer.  Other occupational health and 
safety risks, which are minimised if good practice is followed, include accidents 
associated with blasting and moving/fixed heavy plant.  Landslides triggered by 
quarrying activities may also be an issue in some locations.  The main impact on 
surrounding communities is dust (PM10).  Noise and vibration from blasting may also 
be an issue. 
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• Air pollution:  The main impact is dust, which may be generated from a range of 
activities including soil and overburden stripping, drilling and blasting, stockpiling, 
disposal of wastes, processing operations, loading and unloading, haulage, and site 
rehabilitation.  Dust impacts on biodiversity and human health and amenity.   

• Water pollution:  Impacts on surface and groundwater can occur in a number of 
ways.  For quarries (land extraction), aggregate washing (to remove fines and 
improve the quality of the product) and water erosion during periods of rainfall can 
create sediment-laden surface runoff that may be discharged to surface waters 
unless it is captured in sediment settling ponds.  If dewatering occurs (at quarries that 
extend below the water table), the pumped water is often discharged to surface 
waters, which can increase downstream erosion.  Fluvial dredging operations may 
also result in pollution of waters, depending on the concentration of fines.   

• Water use:  Although most water is recycled and re-used, some is consumed in plant 
washing and further consumption occurs when water is used for dust suppression 
(e.g. water sprayed on roadways to keep dust generation to a minimum).  Dewatering 
operations depress the water table, which may affect groundwater flows and water 
availability in surrounding wells.  Groundwater impacts are usually reversible, with 
water table rebound after extraction ceases.  Mitigation is possible through on-site 
water re-use/recycling. 

• Landscape and geodiversity:  Hard-rock quarrying causes irreversible landscape 
alterations (although these can be partially mitigated through site rehabilitation) and 
impacts on geodiversity (the range of rocks, fossils, minerals, soils, landforms and 
natural processes that make up the Earth's landscape and structure).  Minimal 
impacts from marine dredging. 

• Waste: Most quarries produce substantial amounts of fines and other waste that 
needs to be disposed of.  This is normally done on site.  

 
Other potential impacts include loss of amenity for local communities, through visual and 
noise and vibration impacts – both from quarrying and transport (haulage) operations.   
 
Sources: NERC (2006), University of Leeds (2007), Aggregates Business Europe (2007), 
Bleischwitz and Bahn-Walkowiak, (2006), Aasestad, K (ed.)(2007). 
 
Products containing aggregates, such as roads and buildings, can be recycled to again 
produce aggregates.  These "deposits" of recyclable aggregate tend to be concentrated near 
urban areas.  The supply of recycled aggregate depends on the physical decay and 
demolition of structures so production cannot be raised or lowered to meet demand for 
aggregates.  Bleischwitz and Bahn-Walkowiak (2006) note that there is no overarching EU 
policy on aggregates; EU policies are still fragmented into extraction, production, 
consumption and waste stages.  Although the Mining Waste Directive and Landfill Directive 
were assessed to be the main drivers for recycling of aggregates, the economic incentives 
for recycling are also increasing. 

3.5.2.3 Impacts in Key Exporting Countries 

Norway 
 
Norway was by far the largest source of extra-EU aggregates in 2005, exporting crushed 
rocks and sand and gravel, from both land and marine sources.  The Jelsa quarry near 
Stavanger in southern Norway is the largest aggregates operation in Northern Europe, with a 
yearly production of 3.5 million tonnes of screened aggregates. 
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The environmental impacts caused by quarrying operations in Norway are similar to those 
described above, although impacts may be mitigated by good environmental practices 
required by legislation and national guidance.  New quarries are subject to Environmental 
Impact Assessment and quarrying operations are regulated by the Norwegian Pollution 
Control Authority and must follow national policy guidance. 
 
Norway-specific information was found on the following environmental impacts: 

• Air Pollution: Emissions of particulates are 160 g/tonne Total Suspended Particles 
(TSP) and 60 g/tonne PM10 (Bleischwitz and Bahn-Walkowiak, 2006).  Heavy metals 
attached to particles may be emitted, but there are no data  on emissions. 

• Land degradation/landscape impacts: Several quarries are located in relatively 
pristine environments, e.g. the largest aggregates quarry in Norway is situated by 
Jelsa fjord, surrounded by undisturbed land.  These sites require careful management 
during operation and will require extensive rehabilitation at site closure to minimise 
potential long-term impacts on the landscape. 

• Water pollution: There is potential for direct water pollution arising from sediment run-
off from sites adjacent to waterways (e.g. fjords).  However the risks are mitigated by 
good sediment and erosion control practices. 

• Climate change and impacts from transport: The impacts from transport are reduced 
in several cases by having sites close enough to coast to export via conveyor belts 
from the mine directly to ships.   

Croatia 
 
In Croatia there are 253 sites producing crushed rock and  82 producing sand and gravel.  
The main material extracted for export to the EU is granite, largely destined for the EU-
funded “Corridor 5C” highway under construction between Poland and Greece, which 
requires a total of 6 million tonnes of aggregates. 
 
Key environmental impacts of aggregates extraction include: 

• Land degradation/landscape impacts: The situation is similar to that in Norway, with 
several quarries are located in relatively undisturbed coastal areas in Dalmatia, with 
potential biodiversity impacts and conflicts with tourism and surrounding land uses.   

• Water pollution: There is potential for direct water pollution arising from sediment run-
off from sites adjacent to waterways. 

• Waste disposal: Illegal disposal of municipal waste has been found to be occurring at 
some quarries. 

 
Several sources document cases of illegal quarrying in Croatia, where due consideration has 
not been given to biodiversity impacts at the site planning phase, regulation of impacts during 
quarry operation, or site restoration, thus exacerbating the impacts from quarrying.   

Ukraine 
 
Most quarries in Ukraine are geared towards production of higher-value decorative stone and 
stone slabs used in buildings, for example granite and marble.  There are 166 deposits of 
decorative stone under exploitation, mainly in the Zhytomir, Zakarpatsk, Kirovograd and 
Rovno regions.  Historically quarry operators have used explosives, which often yield no 
more than 30% saleable blocks of stone.  Aggregates may be produced as a by-product.  
However operators are increasingly moving to specialised machinery for example using 
diamond saws, which can yield 80% saleable blocks (and less production of aggregates).   
 
The companies operating quarries in Ukraine range from small Ukrainian outfits to large 
multinationals such as Lafarge, which is currently modernizing production facilities.  Ukraine 
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has recently prepared a draft “Strategy of Development and Reforming of the Mineral 
Resources Management System in Ukraine” to minimise the impacts from quarrying.  Key 
environmental impacts include: 

 
• Air pollution: UNECE (2007) identifies that industrial activities are a major source of 

air pollutants, and in 2004, 37% of industrial emissions were from mining and 
quarrying, from 224 sites.  However the impacts of quarrying are not separately 
identified.   

• Water pollution: Ukrainian legislation sets conditions on the storage and treatment of 
water at quarries prior to discharge to surface waters. 

• Landscape impacts: Quarrying in the Ukrainian Carpathian mountains has been 
identified as contributing to erosion, landslides, rock falls and mud-flows.  It appears 
that the quarrying was largely for building stone but aggregates are produced as a by-
product. 

 
Sources: UNECE (2007), OECD (2005), Demchyshyn (2002), Lafarge (2007), Aasestad, K.  
(2007), Bleischwitz and Bahn-Walkowiak (2006), Norsk Stein (2007), Kovačević (2007), 
Salopek and Bedekovic (2000), Mitoš-Svoboda (2006) 

3.5.2.4 End-of-Life 

Products containing aggregates, such as roads and buildings, can be recycled to again 
produce aggregates.  These "deposits" of recyclable aggregate tend to be concentrated near 
urban areas.  The supply of recycled aggregate depends on the physical decay and 
demolition of structures so production cannot be raised or lowered to meet demand for 
aggregates.  Bleischwitz and Bahn-Walkowiak (2006) note that there is no overarching EU 
policy on aggregates; EU policies are still fragmented into extraction, production, 
consumption and waste stages.  The Mining Waste Directive and Landfill Directive were 
assessed to be the main drivers for recycling of aggregates.  The economic incentives for 
recycling are also increasing. 
 

3.5.3 Aluminium 

3.5.3.1 General Description of Processing 

Section 3.5.4 describes the production of both bauxite and alumina, while this section 
focuses on the conversion of alumina to aluminium.   
 
Alumina (Al2O3) is extracted from bauxite by the Bayer process and aluminium is obtained 
from this purified ore by electrolysis via the Hall-Heroult process.  Electrolytic reduction of 
alumina occurs at a temperature of around 980°C in shallow cells or “pots” which are steel 
shells lined with carbon.  The carbon lining serves as the cathode while carbon electrodes 
serve as the anodes.  Molten cryolite (Na3AlF6) is both the electrolyte and the solvent for the 
alumina.   
 
The electrolytic reduction process can be represented as:  
 

2Al2O3 (alumina) + 3C (carbon from the electrode)  4Al (aluminium) + 3CO2 (carbon 
dioxide). 
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Aluminium forms at the cathode as a molten metal below the surface of the cryolite bath.  
The liquid is periodically removed and transferred to a furnace where solid ingots and/or 
alloys are produced. 
 
There are two main types of aluminium smelting technologies, known as “prebake” and 
“Söderberg”.  In the Söderberg technology, the anodes are delivered as a paste and bake in 
the pot itself, while in the prebaked technology the anodes are baked in a separate plant.  
Söderberg is the older technology being phased out in favour of prebake technology, which 
is a more enclosed process with fugitive emissions collected inside the cell and cleaned of 
particulates and gases in a wet or dry scrubbing system.  The prebake method also 
consumes less electricity. 

3.5.3.2 Key Environmental Impacts 

Table 3.29  Summary of key environmental impacts for imported aluminium 

Impact Rank Summary Comments Data
Climate 
Change 

*** Major impact through release 
of CO2 in electrolysis as well 
as electricity generation.  
PFCs are emitted during 
unplanned “anode effect” 
events in electrolysis.   

The industry is shifting to 
improved, energy efficient 
technologies and is reducing 
“anode effects” to avoid PFC 
emissions.  Several plants use low 
carbon electricity generated from 
renewables or nuclear power. 

*** 

Biodiversity */** Potential impacts at site 
establishment.  Impacts of 
hydrogen fluoride on 
conifers, mostly pre-1990s. 

Biodiversity impacts from air 
pollution have largely been 
reversed in the last decade 
following large emission 
reductions. 

** 

Human 
Health 

** Workers: “Pot room asthma” 
and impacts on lung function 
due to hydrogen fluoride, 
dust and SO2.  Fluorosis. 
 
Surrounding communities: 
Similar impacts including 
fluorosis. 

In modern plants, occupational 
exposure is reduced by PPE and 
minimising exposure duration.  
Emission of air pollutants is 
reduced by gas capture (inside 
plants) and abatement equipment 
such as scrubbers and electrostatic 
precipitators. 

*** 

Natural 
Resources 

** The main natural resource 
impacts are the use of non-
renewable substances and a 
deterioration in air quality; 
also the potential for water 
pollution. 

Impacts are reduced by recycling 
wastes such as spent potliners and 
by reducing emissions of air 
pollutants. 

* 

 
The environmental impacts of aluminium production are summarised below: 
  

• Climate change:  CO2 is released in the electrolysis process.  The perfluorocarbons 
(PFCs) CF4 and C2F6, which have an extremely high global warming potential (6,500 
times greater than CO2) are emitted during “anode effect” events when the level of 
aluminium oxide in the cell drops too low and the electrolytic bath itself begins to 
undergo electrolysis.  Also, aluminium smelting is highly energy intensive, resulting in 
high CO2 emissions where fossil fuels are used to generate electricity. 

• Biodiversity:  Impacts on biodiversity have been much reduced since the upgrades 
of most plants in the last two decades.  In Norway and Russia, fluoride emissions to 
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air have caused severe impacts on conifers and certain mammals near smelters.  
PAH-emissions into water still cause elevated PAH-levels in mussels and fish liver 
around some of the smelters.  However, the levels decrease rapidly when discharges 
of PAH are reduced or stopped, typically when a Söderberg production line is closed 
down. 

• Human health:  Occupational asthma in the aluminium industry, also called “pot-
room asthma”, has been the main health issue for workers for decades.  Hydrogen 
fluoride, dust and SO2 are the main air pollutants implicated in pot-room asthma and 
impaired lung function.  Pot-room workers may also be adversely affected by 
exposure to beryllium, which causes injury to lungs and skin through direct chemical 
toxic effects and its ability to induce antigenspecific sensitisation and granulomatous 
lung disease.  The health impacts on surrounding communities depend largely on the 
levels of air pollution, which in turn depend on the production method (prebake or 
Söderberg) and level of pollution abatement at the plant. 

• Air pollution:  Aluminium smelting produces emissions of gaseous hydrogen fluoride 
(HF) and particulate fluorides (due to the fluoride electrolyte used), SO2 (from sulphur 
in the reducing agents), NOx, heavy metals and persistent organic pollutants (POPs).  
Emissions are reduced by abatement equipment such as scrubbers and electrostatic 
precipitators.   

• Water pollution: Water discharges from aluminium plants generally contain small 
amounts of fluoride, suspended solids from site run-off and/or wet scrubbing, and 
polycyclic aromatic hydrocarbons (PAH), primarily from Soderberg production 
methods.  These can all have an impact on human health and biodiversity. 

• Water use:  Water is required for cooling purposes and also for wet scrubbers, if 
used.  Sea water is commonly used if available.   

• Waste:  Aluminium smelters generate a range of hazardous wastes, some of which 
can be recycled in the production process.  Spent potliners, in which significant 
concentrations of cyanide and fluoride may accumulate, can be used as a fuel in 
cement and lime kilns (optimal combustion effectively destroys the cyanide, with the 
fluoride reporting to the solid clinker).  Wastes that are not, or cannot be, recycled 
economically require specialised disposal in landfill sites with lining to prevent 
pollution of groundwater by leachate. 

 
Sources: Aasestad (2007), International Aluminium Institute (2007), Bergsdal et al (2004), 
US EPA (1998). 

3.5.3.3 Impacts in Key Exporting Countries 

Norway 

There are seven aluminium smelters in Norway with a total production capacity of around 1.4 
million tonnes per year.  There has been a shift away from Söderberg production methods 
towards prebaked technology: the share of aluminium produced by prebaked technology 
increased from 57% in 1990 to 80% in 2005 (Aasestad, 2007). 
 
Norway is part of the European Economic Area and thereby must implement and comply with 
EU-regulations.  All seven smelters are regulated by individual permits issued by the 
Norwegian Pollution Control Authority.  The permits are judged to be in accordance with the 
provisions of the IPPC Directive, including the requirement to use best available techniques 
(BAT).   
 
Generally, the production of aluminium in Norway has much lower environmental impacts 
than in other extra-EU source countries.  For example:  
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• Climate change: Emissions of the greenhouse gases CO2, CF4 and C2F6 from 

aluminium production in Norway fell by 62% from 1990 to 2005 (Norwegian Ministry 
of Foreign Affairs, 2006).  This was achieved through the shift towards prebaked 
technology and a focus on reducing the anode effect frequency in all pot lines.  All 
electricity used in the plants is hydroelectricity which generates no greenhouse 
gases.   

• Air pollution:  Under the permitting system, air emissions from all aluminium smelters 
are regulated by emission limits for dust, sulphur dioxide, polycyclic aromatic 
hydrocarbons (PAH), benzo(a)pyrene and fluorine.  Fluoride and sulphur dioxide gas 
cleaning processes have been continuously improved over the last few decades.  All 
plants in Norway have flue gas treatment, for example scrubbers, to reduce 
emissions of sulphur dioxide.  Fluoride emissions from the Norwegian aluminium 
industry are less than half that of world production, per unit of aluminium, and the 
Høyanger plant has the lowest specific fluoride emissions in the world. 

• Human health: Potroom asthma remains the most commonly reported occupational 
illness with 15 to 30 cases per year reported for many successive years, even with 
implementation of risk assessments and mitigation measures. 

• Biodiversity: Before 1990 severe damage to coniferous trees around smelters was 
observed, from emissions of fluoride gas.  However, gas collection and recycling 
systems and wet/dry scrubbers have largely eliminated the problem.  The fluoride 
level in pine needles has dropped virtually in the direct proportion to the reduction in 
emissions since 1990.  PAH-emissions into water recipients still cause elevated PAH-
levels in mussels and fish liver around some of the smelters.  However, the levels 
decrease rapidly when discharges of PAH are reduced or stopped, typically when a 
Söderberg production line is closed down. 

• Water pollution: Discharges to water are regulated by permit emission limits for PAH 
and suspended solids. 

• Socio-economic: Several smelting plants (for example those in Ardal, Hoyanger and 
Sunndalsora) are located in remote areas where job opportunities are otherwise 
scarce. 

Russia 
 
Russia is the world’s second largest aluminium producer after China, accounting for 11% of 
world production.  It is the world’s largest exporter of aluminium with 80% of home-produced 
aluminium exported.  There are more than 15 aluminium production plants in Russia, most of 
which are owned by RUSAL, the world’s largest producer.  Many of the plants have been in 
operation since the early- to mid- 20th century and have only been modernised in the last 
decade, with ongoing upgrades of plants and environmental management systems to meet 
international (e.g. ISO14001) standards. 
 
Key environmental impacts of aluminium production in Russia are: 
 

• Climate change: RUSAL uses hydroelectricity for 80% of its aluminium production.  
Most plants in Russia are being converted to more energy efficient technologies 
including modern Soderberg cells and automated alumina point feeders. 

• Human health: Residents near the Bratsk plant suffered from fluorosis, lung disease 
and asthma for many years, as a result of the high levels of hydrogen fluoride emitted 
from the plant.  Improvement in prevention of occupational illnesses (particularly 
fluorosis) is still a pressing issue for the Russian aluminium industry.  Annual 
incidence rates are up to 2.5 new cases per 1000 employees for the last 10 years, 
double the average for other non-ferrous metallurgic industries, although rates have 
shown a downwards trend in the last few years (Chashchin et al, 2007).   
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• Air pollution: Much of the literature focuses on problems at the RUSAL-owned 
Bratsk plant, where emissions of hydrogen fluoride had a major impact on nearby 
residents and forests for many decades.  In 1993 the plant was releasing 6-7kg 
fluoride per tonne of aluminium, while international standards called for 1kg.  In 1994 
the Russian Government initiated a resettlement programme, under which 643 
families had been resettled as at 2001.  The plant operations were modernised and 
received ISO14001 certification in 2004.  Emissions levels have since been further 
reduced by upgrading smelter operating technologies.   

 

Mozambique 
 
In 2006 Mozambique was Africa’s second largest producer of aluminium after South Africa.  
There is currently one aluminium production facility in Mozambique, being the Mozal 
(Mozambique Aluminium) plant in Beluluane Industrial Park in southern Mozambique.  The 
alumina feedstock is imported from Western Australia. 
 
The Mozal plant operates under the environmental and health and safety standards of its 
majority shareholders BHP Billiton, Mitsubishi and IDC.  Key environmental impacts of 
aluminium production at Mozal are: 
 

• Air pollution: Mozal operates well below the World Bank’s “zero harm” limit of 1kg 
fluoride per tonne of aluminium produced, with emissions of 0.3 kg/tonne in 2003-
2004.  scrubbers / SO2  

• Water pollution: Process water and site run-off are captured in a settlement pond.  
The water quality is monitored daily.  Prior to discharge to the Matola River, an 
acceptable concentration of fluoride is achieved through dilution rather than 
treatment.   

• Waste management: Mozal recently obtained the required permission of the 
Mozambican and South African governments to transfer spent potliners to cement 
producers in South Africa for use as a raw material. 

• Noise and amenity: The EIA predicted that residents would experience relatively low 
noise impacts from operations at the plant, as it is situated more than two kilometres 
from residents.  However it predicted high impacts from haulage operations on 
residents living next to the roads.   

• Socio-economic: The Mozal plant is the largest ever single private sector investment 
in Mozambique.  It has doubled Mozambique’s export earnings and has had a 
positive effect on employment in Mozambique, employing 1100 people (750 of whom 
are Mozambicans) and relying on more than 200 Mozambican suppliers.  
Infrastructure that has been developed as a result of Mozal and used by the local 
population includes a road upgrade, electricity supply grid and telecommunications 
station.  The Mozal Community Development Trust also funds a range of health and 
education initiatives in the area. 

 
All aluminium can be melted and recycled repeatedly without downcycling and property 
losses.  As recycling of aluminium requires only 5%-10% of the energy required for primary 
aluminium production, it reduces environmental impacts associated with electricity production 
as well as from the extraction and processing of raw materials.  The aluminium recycling 
industry is growing faster than the primary production industry, at an estimated annual rate of 
more than 4%.  About 11.6 million tonnes of old and new scrap were recycled in 1998 
worldwide, almost 40% of the global demand for aluminium.  Of this total, 17% came from 
packaging, 38% from transport, 32% from building and 13% from other products.  Increasing 
use of aluminium in cars, coupled with the recent EU ELV Directive, will mean higher rates of 
recovery from this sector in the coming years. 
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Sources: Mozal (2007), Environmental Management Services (2000), RUSAL (2007), BBC 
(2001), Chashchin et al (2007). 

3.5.3.4 End-of-Life 

About 11.6 million tonnes of old and new scrap were recycled in 1998 worldwide, almost 
40% of the global demand for aluminium.  Of this total, 17% came from packaging, 38% from 
transport, 32% from building and 13% from other products.  Increasing use of aluminium in 
cars, coupled with the recent EU ELV Directive, will mean higher rates of recovery from this 
sector in the coming years. 
 
The energy demand of recycling is only 5%-10% that of primary aluminium production, 
reducing environmental impacts from electricity production as well as from raw materials 
extraction and processing.  All aluminium can be melted and recycled repeatedly without 
downcycling and property losses.  The aluminium recycling industry is growing faster than 
the primary production industry, at an estimated annual rate of more than 4%. 
 
Source: Bergsdal et al (2004) 
 

3.5.4 Bauxite and Alumina 

3.5.4.1 General Description of Processing 

Aluminium ore, most commonly bauxite, is plentiful and occurs mainly in tropical and sub-
tropical areas of Africa, the West Indies, South America and Australia.  Bauxite is refined into 
aluminium oxide trihydrate (alumina) and then electrolytically reduced into metallic 
aluminium.  According to IAI’s (2007) international averaged figures, the production of 1 
tonne of aluminium requires the mining of 5.268 tonnes of bauxite which is then refined into 
1.923 tonnes of alumina. 
 
Bauxite mining and beneficiation (washing) of bauxite ores 
Eighty percent of world bauxite production is from surface mines.  On some surface deposits 
there is no overburden, and on others, 70 metres or more of rock and clay may cover the 
bauxite.  Deposits that are hardened may require blasting in order to release the ore.  Once 
the bauxite is loosened into manageable pieces it is generally loaded into trucks or railroad 
cars and transported to crushing or washing plants.   
 
Unlike the base metal ores, bauxite does not require complex processing because most 
bauxite mined is of an acceptable grade or can be improved by a relatively simple and 
inexpensive process of removing clay.  In many bauxites, clay is removed by some 
combination of washing, wet screening and cycloning.  Kilns may then be used to reduce the 
moisture content of the bauxite prior to shipping or alumina refining. 
 
Alumina refining  
Alumina is extracted from the bauxite by the Bayer refining process in four stages: 
 
1. Digestion - finely ground bauxite is fed into a steam-heated unit called a digester, where it 

is mixed under pressure with a hot solution of caustic soda.  The aluminium oxide of the 
bauxite and some of the silica react with the caustic soda forming a solution of sodium 
aluminate or green liquor and a precipitate of sodium aluminium silicate. 
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2. Clarification - in which the alumina-bearing green liquor is separated from the sand and 
red mud waste (from undissolved iron oxides and silica in the original bauxite).  Firstly, the 
coarse sand-sized waste is removed and washed to recover caustic soda; secondly, the 
red mud is separated out; and, thirdly the remaining green liquor is pumped through filters 
to remove any remaining impurities and then pumped to heat exchangers where it is 
cooled from 1000°C to around 650°-790°C.   

 
3. Precipitation - in this stage the alumina is precipitated from the liquor as crystals of 

alumina hydrate.  The green liquor solution is mixed with small amounts of fine crystalline 
alumina, which stimulates the precipitation of solid alumina hydrate, as the solution cools.  
When completed the solid alumina hydrate is passed on to the next stage and the 
remaining liquor, which contains caustic soda and some alumina, goes back to the 
digesters. 

 
4. Calcination - in the final stage the alumina hydrate is washed to remove any remaining 

liquor and dried.  Finally it is heated to about 1000°C to evaporate the water, leaving the 
alumina.   

 
Sources: International Aluminium Institute (2007), Bergsdal et al (2004).   
 

3.5.4.2 Key Environmental Impacts 

Table 3.30  Summary of key environmental impacts for imported bauxite and alumina 

Impact Rank Summary Comments Data 
Climate 
Change 

- 
(minin
g) 
* 
(alumi
na) 

Compared with other metals 
and minerals, greenhouse gas 
emissions are minimal from 
bauxite mining, mostly arising 
from the use of fossil fuels for 
machinery and in some cases 
from drying kilns, and are 
relatively low from alumina 
refining. 

The further processing stage 
to aluminium is highly energy 
intensive.   

*** 

Biodiversity */** Impacts are mostly due to 
habitat loss during 
establishment and operation of 
bauxite mines, 80% of which 
are surface mines.   

The impacts can be reduced 
by rehabilitation at mine 
closure. 

* 

Human 
Health 

* Some human health impacts 
from alumina refining were 
noted in Jamaica. 

No comment * 

Natural 
Resources 

** Aluminium ores are a large but 
finite resource.  Some impacts 
on other natural resources 
result from pollutants released 
to air and water during the 
production of both bauxite and 
alumina. 

Impacts on other resources 
(e.g. water) can be reduced 
by recycling. 

** 

 
Producing 1.0 t of aluminium requires on average the mining of 5.3 tonnes of bauxite which 
is then refined into 1.9 tonnes of alumina (IAI, 2007).   The key environmental impacts of 
bauxite mining and alumina production are  
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• Climate change:  GHG emissions from bauxite mining are low and mostly arise from 

the use of fossil fuels for machinery and, in some cases, from kilns used to reduce 
the moisture content of the bauxite prior to shipping.  Alumina refining is more 
energy-intensive as the alumina-bearing solution and later the crystalline alumina 
hydrate are calcined to around 1,000°C, but GHG emissions are still relatively low 
compared with the further processing stage to produce aluminium (see Section 
3.5.3).   

• Biodiversity:  Impacts are mostly due to habitat loss during the establishment and 
operation of bauxite mines, 80% of which are surface mines.  The impacts can be 
reduced by rehabilitation at mine closure. 

• Air pollution:  Particulates are the main air pollutants arising from bauxite mining, 
typically at a rate of 1 kg of particulates per tonne of bauxite.  Other air pollutants 
include CO, NOx, VOCs, and SO2 (DEWHA, 2007).  Production of alumina results in 
the emissions of the following particulate matter: NOx, SO2 and varying, but small 
amounts of, mercury that is often found in bauxite ores (IAI, 2007).   

• Water pollution:  The main water pollutant in bauxite mining is suspended solids.  In 
alumina refining, suspended solids and mercury from the bauxite ore may become 
entrained in process water during the digestion stage.  In the calcinating process, 
some pollutants (such as oil and grease) may also be discharged to waterways if not 
captured in water treatment structures. 

• Water use:  In bauxite mining, water is often used for dust suppression at the mine 
site and on haul roads.  It is also used in the process of removing clay from mined 
bauxite and in washing or wet screening processes.  In alumina refining, fresh water 
and/or sea water (if available) are used as a cooling agent in the refining process.   

• Waste:  As with other forms of mining, bauxite mining produces overburden soil and 
rock, although the amount is minimal in many mines where the bauxite is close to the 
surface.  The overburden materials can also be re-used in site rehabilitation.  The 
main solid by-product of the alumina extraction (Bayer) process is bauxite residue, 
otherwise known as red mud.  About 1-2 tonnes (dry weight) of red mud is produced 
per tonne of alumina.  Bauxite residue, largely comprised of iron and silicon 
impurities, is increasingly being recycled in other metal refining and industrial 
process.   

 
Sources: Bergsdal et al (2004), International Aluminium Institute (2007), DEWHA (2007). 

3.5.4.3 Impacts in Key Exporting Countries 

Guinea 

The West African nation of Guinea produced around 15 million tonnes (Mt) of bauxite in 2005 
(USGS, 2007).  Two of the main bauxite mining companies in Guinea are Alcoa and CBG 
whose operations are centred in the Boké region. 
 
Key environmental impacts of bauxite mining in Guinea include: 
 

• Biodiversity: While no information was found on the direct biodiversity impacts of 
bauxite mining in Guinea, Alcoa’s biodiversity initiatives include a programme to help 
protect chimpanzees in Guinea, and together with other aluminium producers and 
Conservation International, the development of an action plan for conserving 
biodiversity in the Boké region (Alcoa, 2008). 

• Socio-economic impacts, human health: Alcoa (2008) and CBG (2007) suggest 
that their operations have markedly improved living conditions in several villages in 
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Boké region in the form of infrastructure (water, electricity), employment and health 
care. 

Australia 

Australia has been the world’s leading bauxite and alumina producing country for many 
years, producing 60 Mt of bauxite in 2005 (USGS, 2007b).  The industry consists of five 
bauxite mines and seven alumina refineries.   
 
Key environmental impacts of bauxite mining in Australia are: 
 

• Climate change: All bauxite, alumina and aluminium production facilities are covered 
under a new Australian energy efficiency opportunity assessments scheme, with the 
aim of reducing greenhouse gas emissions. 

• Biodiversity: While little information could be found about the impacts on 
biodiversity, most of the bauxite mining companies publish information about their 
rehabilitation successes.  For example, Alcoa’s Western Australian ecological 
restoration programme was recognised as one of the best in the world by the United 
Nations Environment Programme.  96% of botanical richness (number of plant 
species) had been achieved in areas rehabilitated in 2004, and 100% of local 
mammal species, 90% of bird species and 78% of reptile species had recolonised the 
areas (Alcoa, 2005).   

• Air pollution: Australia’s National Pollutant Inventory (NPI) provides data on pollutant 
emissions from each bauxite mine.  Major air pollutants are particulate matter (PM10), 
carbon monoxide (CO), oxides of nitrogen (NOx), volatile organic compounds (VOCs) 
and sulphur dioxide (SO2); chromium and fluoride air pollutants are also emitted.  
Emissions of a number of air pollutants have decreased in recent years as a result of 
emission reduction activities, which also documented on the NPI website, including 
dust suppression and use of cleaner, more efficient vehicles (DWHA, 2007). 

• Water pollution: Potentially contaminated water used in ore concentrating processes 
is separated from uncontaminated run-off and treated in water control structures.  At 
Worsely, these structures have been designed to cope with extreme one in one 
thousand year rainfall events to minimise the risk of discharge (Worsely, 2007).   

• Water resources: The Australian bauxite mines are located in areas of low 
availability of freshwater and have implemented measures to recycle water and 
reduce water consumption (Alcoa, 2006; Worsely, 2007). 

• Waste: Most Australian deposits have a relatively low concentration of aluminium 
oxide (e.g. under 30%); the Darling Range bauxite in Western Australia is the lowest 
grade ore mined on a commercial scale anywhere in the world.  Typically, it takes 
seven tonnes of Western Australian bauxite to yield one tonne of aluminium, meaning 
that mining is less efficient and produces more waste than elsewhere in the world 
(DEWHA, 2001). 

Jamaica 

Jamaica produced 4.1 Mt of alumina in 2005 (USGS, 2007).   
 
A case study by McFarlane (1995) contains some useful information on environmental 
impacts of alumina production in Jamaica:  
 

• Human health: Domestic water wells in the vicinity of Jamaican alumina refineries 
were found to have elevated sodium and pH readings resulting from the percolation 
of caustic soda.  Sodium is associated with a higher incidence of hypertension.  As a 
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result of its genetic composition, the Jamaican population is particularly subject to 
hypertension, which can be aggravated by high levels of sodium. 
Also, dust from loading of alumina at the port has been implicated in respiratory 
complaints downwind of the port. 

• Water pollution: Disposal of red mud in mined-out ore bodies resulted in the 
percolation of caustic residues (sodium) into the underground aquifers in local areas.   

• Socio-economic impacts: The red mud ponds were 100-120 acres in size, which 
sterilised highly arable land.  After mine closures and rehabilitation the crops that 
could be grown were more limited, only tree crops and pasture where formerly annual 
crops were grown. 

 
A more recent source is Jamalco’s Sustainability Report (2005), which documents the 
company’s reductions in greenhouse gases, air pollutants (SO2 and NOx), water 
consumption and waste per unit of alumina produced in its refinery in Jamaica from 2001 to 
2004.  However, it also notes an incident involving dust from alumina stockpiles and loading 
at the port which resulting in compensation of local communities. 
 
In comparison to some of the Australian sites, much less bauxite (around 2.5 tonnes; 
Jamalco, 2005) is required to make a tonne of alumina, which means that less land is 
required for mining and less waste is produced. 
 
Sources: USGS (2006), McFarlane (1995), Jamalco (2005), USGS (2006), Bermúdez-Lugo, 
O.  (2007), Alcoa (2008), CBG Bauxite (2007).  USGS (2007b), DEWHA (2001), DEWHA 
(2007), Alcoa (2005), Alcoa (2006), Worsely (2007). 

3.5.4.4 End-of-Life 

Bauxite and alumina are the raw materials used to produce aluminium.  End-of-life issues are 
covered in the chapter on aluminium. 
 

3.5.5 Cadmium 

3.5.5.1 General Description of Processing 

Cadmium is present as an impurity in non-ferrous metals (zinc, lead and copper), iron and 
steel, fossil fuels, cement and phosphate fertilisers.  Currently it is only economical to 
produce cadmium metal as a by-product of the extraction, smelting and refining of zinc, lead 
and copper.  No cadmium ore is mined for the metal because more than enough is produced 
as a by-product. 
 
The bulk of cadmium is recovered from ores of zinc sulphide (ZnS), also known as zinc 
blende or sphalerite, in which the most common cadmium mineral, greenockite (CdS) is a 
significant impurity, making up as much as 2% of the ore.  All methods of zinc production 
begin with the conversion of ZnS into zinc oxide by roasting: the cadmium becomes 
concentrated in the fumes, which are then treated in various steps until a product is obtained 
containing over 99.9% cadmium.  Zinc producers who use the electrolytic process recover 
cadmium in a somewhat different way, but the principle is the same, beginning with the 
roasting of ZnS, followed by the treatment of the flue dusts.  A similar process is used to 
obtain cadmium from the flue dust collected at lead or copper smelters. 
 
Sources: International Cadmium Association (2006), Encyclopædia Britannica (2008). 
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3.5.5.2 Key Environmental Impacts  

No cadmium ore is mined for the metal because more than enough is produced as a by-
product of the extraction, smelting and refining of zinc and copper and to a lesser extent 
lead, as it is present as an impurity in the ores.  Impacts from extraction of zinc and copper 
ore is covered elsewhere in the report; this section discusses impacts which arise from the 
smelting of these metals, particularly those impacts related to cadmium.  However, as 
cadmium production is inextricably linked to zinc and copper production, they cannot be 
considered to arise solely from cadmium production, but are primarily a result of non-ferrous 
metal production.   
 

Table 3.31  Summary of key environmental impacts for imported cadmium 

Impact Rank Summary Comments Data 
Climate 
Change 

- Negligible impact as cadmium is 
a by-product of smelting other 
metals.  Greenhouse gas 
emissions are mainly from fossil 
fuel combustion in smelters. 

The impact can be 
reduced through the use of 
renewable energy. 

* 

Biodiversity ** Mining impacts can be attributed 
to the principal metals (mostly 
zinc and copper). 
Production of cadmium 
increases the concentration of 
bio-available cadmium, which is 
toxic. 

Localised effects, e.g. 
around smelters.  Globally, 
cadmium production 
makes a minimal 
contribution to exposure.   

*** 

Human 
Health 

** Cadmium production adversely 
affects the health of smelter 
workers and surrounding 
communities. 

As above. *** 

Natural 
Resources 

- Negligible impact on natural 
resources as cadmium is only 
produced as a by-product of 
other metals.   
The main application for 
cadmium is rechargeable NiCd 
batteries, which avoid the use of 
more resources and energy in 
producing non-rechargeable 
batteries. 

If cadmium were not 
processed as a commodity 
it would be a waste 
product of the non-ferrous 
metals industries. 

** 

 
• Climate change:  Cadmium production has a negligible impact as it is produced as a 

by-product of smelting other metals.   
• Biodiversity: Cadmium has been found to adversely effect aquatic and terrestrial 

plants, invertebrates and vertebrates at concentrations as low as 0.2 µg cadmium/litre 
in marine water and 2 mg/kg in soil.   

• Human health:  Cadmium is toxic and accumulates in the body, mainly in the liver 
and kidneys.  At high levels, it can reach a critical threshold and can lead to serious 
kidney malfunctioning.  While, globally, cadmium production and products make only 
a 0.3% contribution to human exposure to cadmium, in countries with a large non-
ferrous metals industry this can be a significant source.  People residing in the vicinity 
of smelters may be exposed to much higher levels (one to two orders of magnitude 
higher) of cadmium in air, water, soil and food, than the general population 
(Government of Canada, 1994).  There is evidence of increased incidence of lung 
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cancer following inhalation of cadmium compounds (mainly cadmium oxide dust and 
fumes, as well as cadmium) by smelter workers, but the increase may have been 
due, in part, to concurrent exposure to arsenic (Government of Canada, 1994).   

• Air pollution:  Emissions of cadmium from smelting base metal ore have decreased 
significantly from the 1980s to the late 1990s as a result of regulation and improved 
emission control technology.  Despite this, globally, non-ferrous metals production 
remains the main source of anthropogenic air emissions of cadmium. 

• Water pollution:  Cadmium is contained in the slag from refining operations and may 
be discharged to aquatic environments (e.g. non-ferrous metal industry is the main 
source of cadmium discharged to aquatic environments in Canada). (Government of 
Canada, 1994). 

• Waste:  As a by-product of non-ferrous metals production, cadmium represents the 
use of a material that would otherwise be a waste.  Indeed, many zinc/cadmium 
producers in Europe have recently shut down their cadmium refineries due to a 
reduction in demand and now dispose of cadmium-containing materials from zinc 
smelting as hazardous wastes (Morrow, 2005).   

 
Sources: UNEP (2006), Morrow, H.  (2005), Government of Canada (1994), Ayres et al 
(2002). 

3.5.5.3 Impacts in Key Exporting Countries 

Russia 

Russia produced 1000 tonnes of cadmium in 2005 (USGS, 2007b).  Norilsk Nickel produces 
90% of Russia's nickel and cadmium production and a majority of its copper output.  It 
operates three smelters in the Siberian city of Norilsk, host to the world’s largest heavy metal 
smelting complex.   
 
The literature on the environmental impacts of cadmium production in Russia focuses on 
Norilsk Nickel operations and it is therefore difficult to attribute effects specifically to cadmium 
production, as several heavy metals are produced.  Key environmental impacts include: 
 

• Biodiversity: The Norilsk smelting complex was found to have an impact on 
surrounding flora and fauna, particularly as a result of the acid rain formed from 
sulphur dioxide emissions.  The impacts were primarily localised rather than regional, 
and did not extend northward beyond 100 kilometres (Allen-Gil et al, 2003; BBC, 
2007). 

• Human health: Residents in Norilsk suffer from much higher rates of digestive, 
nervous and respiratory illnesses and more abortions and premature births than in 
other cities in the region.  Some estimates state that air pollution is responsible for 
37% of children's morbidity rates and 21.6% of adult morbidity (The Blacksmith 
Institute, 2007). 

• Air pollution: While it is difficult to separate impacts from the suite of industrial 
activities at Norilsk, it is true that some of the air pollutants result from Norilsk Nickel’s 
production of copper, from which cadmium is produced as a by-product.  Sulphur 
dioxide is the main air pollutant emitted from Norilsk Nickel’s three smelters; 
according to company records, the total amount emitted is almost two million tonnes 
per year, a reduction of only 16% since the late 1980s (BBC, 2007).  In 2006 the 
company reported investment of more than US$5m to upgrade its dust and gas 
recovery and pollution abatement systems (The Blacksmith Institute, 2007). 
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Mexico 

Production of cadmium in Mexico has been increasing since the late 1990s, reaching 1600 
tonnes in 2005 (USGS, 2007b). 
 
The principal Mexican producers of cadmium are the zinc producers Penoles and Grupo 
Mexico (USGS, 2007b) and Industrial Minera Mexico (Morrow, 2005).  These companies do 
not appear to report emissions data in their Annual Reports or on their websites, nor do they 
appear to publish separate sustainability or environmental reports. 
 
Several studies (e.g. UNEP, 2006) have examined the effects on biodiversity and human 
health of elevated levels of cadmium in the airshed and waterways of Mexico.  However 
these are not specifically linked to emissions from cadmium production. 
 

Canada 

Canada produced 1700 tonnes of cadmium in 2003, down from a high of 2100 tonnes in 
1998.  About 90% of Canadian production is exported (USGS, 2007b; Natural Resources 
Canada, 2004). 
 
Cadmium is produced at four zinc metallurgical plants: 

• Valleyfield – Canadian Electrolytic Zinc Limited 
• Kidd Creek – Falconbridge Limited 
• Flin Flon – Hudson Bay Mining and Smelting Co., Limited 
• Trail – Teck Cominco Limited. 

 
Sources of sphalerite (ZnS) ore include imports from the United States, from the Red Dog 
Mine in Alaska and Balmat Mine in upstate New York. 
 
The Canadian government has initiated a number of programmes targeting cadmium: 

• Inorganic cadmium compounds are included in the Toxic Substances Management 
Policy.  The focus is on pollution prevention from source and full life cycle 
management of the substances.  As such, the four plants have implemented pollution 
abatement measures to reduce emissions of cadmium. 

• The Great Lakes Bi-national Toxics Strategy between Canada and the United States 
also encourages emitters to undertake pollution prevention activities to reduce 
cadmium compounds and other persistent toxic substances. 

• Data on emissions to air and water for each of the four cadmium-producing plants are 
reported to Environment Canada and are published annually in the National Pollutant 
Release Inventory (NPRI). 

• The Government issues health warnings about limiting the consumption of certain 
foods found to be high in cadmium (e.g. oysters, moose), although this is not directly 
linked to cadmium production but to the range of cadmium sources in the 
environment. 

 
Key environmental impacts of cadmium production in Canada are: 

• Human health: As described, the Canadian government has initiated programmes 
and a regulatory regime that reduce the concentration of cadmium emissions in the 
environment as well as the impacts on human health. 

• Air pollution: In Canada, where there is extensive non-ferrous metal production, this 
sector is the main source of atmospheric cadmium emissions (Government of 
Canada, 1994).  A 2003 study by Li et al found that average cadmium concentrations 
in the air (particulate samples) at two Canadian Arctic sites, declined from 0.2 ng m−3 
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to 0.05 ng m−3 between the early 1970s and 2000.  Cadmium concentrations in the 
air at southern Canada sites were much higher (0.05 to 1.12 ng m−3) than those 
measured in the Arctic but also decreased by a factor of three to seven between 1973 
and 2000.  This decrease correlates with the reduction in anthropogenic emissions 
from the production of non-ferrous metals following the introduction of emission 
control technologies.  As for the four zinc plants that produce cadmium, the air 
pollutants emitted in 2006 as reported in the Canadian NPRI were, in descending 
order of emissions: sulphur dioxide (SO2), oxides of nitrogen (NOx) and particulates 
(TPM, PM10, PM2.5). 

• Water pollution: The non-ferrous metal industry is the main source of cadmium 
discharged to aquatic environments, from slag and solid waste residue or sludge from 
base metal smelters and refineries (Government of Canada, 1994). 

 
Sources: Environment Canada (2007), Government of Canada (1994), Natural Resources 
Canada (2004), Li et al (2003), UNEP (2006), USGS (2007b), UNEP (2006), Allen-Gil et al 
(2003), BBC (2007), The Blacksmith Institute (2007), USGS (2007a), USGS (2007b), 
UNEP (2006), Morrow (2005). 

3.5.5.4 End-of-Life 

By far the greatest use of cadmium today is in nickel-cadmium (NiCd) batteries (International 
Cadmium Association, 2006).  It is also electroplated onto iron, steel and other metal 
products to improve appearance and protect against corrosion.  Another important use is in 
the manufacture of yellow and red pigments. 
 
Of these uses, NiCd batteries are the easiest to recycle.  Some 10-15% of total Western 
World production of cadmium in from recycled materials, mostly from NiCd batteries (Natural 
Resources Canada, 2004).  Inappropriate disposal of NiCd batteries and other cadmium-
containing products to landfill has resulted in diffuse pollution from these products, 
highlighting the importance of collection and recycling programmes.   
 
A number of recent EU directives target the use and recycling of cadmium.  The End-of-Life 
Vehicle Directive and Restriction of Hazardous Substances in Electrical and Electronic 
Equipment (RoHS) Directive both require manufacturers to phase out the use of cadmium 
and other toxic substances, although cadmium plating of electronic components is exempt 
from RoHS.  Under the revised Battery Directive (2006/66), Member States are required to 
meet a target of recycling 75% of nickel-cadmium batteries by 2010, and manufacturers must 
finance the costs of battery-collection, treatment, and recycling programs.  Member States 
are required to transpose the rules into national laws by September 2008 and to have 
established battery treatment and recycling plans by one year later.  Thereafter, batteries 
would be banned from landfill sites except in special situations, and it would become illegal to 
sell most batteries that contained more than trace amounts of cadmium or mercury.   
 
However, initiatives banning the use of cadmium in products have a flow-on effect on waste 
management.  Due to the decline in demand for cadmium, many zinc/cadmium producers in 
Europe have shut down their cadmium refineries and now dispose of the cadmium-
containing materials from zinc smelting as hazardous wastes Morrow (2005). 
 
Sources: Natural Resources Canada (2004), Morrow (2005), Ayres (2002). 
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3.5.6 Cement 

3.5.6.1 General Description of Processing 

Cement clinker is a crystalline compound consisting mainly of calcium silicates (3CaO.SiO2 
and 2CaO.SiO2).  The chemical compounds to produce clinker are: lime (CaCO) from the 
conversion of calcium carbonate (CaCO3), and silicon oxide (SiO2), aluminium oxide (Al2O3) 
and iron oxide (Fe2O3) from “argillaceous minerals” (e.g. clay and shale for alumina and 
silica, iron ore for iron).   
 
Calcium carbonate (CaCO3) is sourced from limestone, formed over millions of years from 
the deposition of shells and skeletons, and usually extracted by bench mining involving 
blasting, or from marl or chalk, generally extracted without blasting.  Clay and shale are 
normally extracted at or near the surface using front end loaders. 
 
Clinker is produced in cement kilns at around 1450°C, the temperature at which the raw 
materials sinter (i.e. partially melt and fuse into small nodules).  Common cement, known as 
Portland cement, is made by grinding cooled clinker and mixing it with gypsum (a naturally 
occurring mineral, hydrated calcium sulphate) in a 95:5 ratio, in a cement mill.   
 
The process of clinker production is: quarrying, crushing and mixing of limestone and other 
raw materials, then the “rawmix” undergoes either a dry or wet process.  In the more energy 
efficient dry process, the rawmix is fed to a preheater/precalciner (optional) or directly to the 
kiln as a fine powder, while in the wet process water is added to the rawmix which is blended 
as a slurry prior to heating in the kiln.  Two types of kiln are in use: the vertical shaft kiln, or 
more energy efficient rotary kiln. 
 
The most common use of Portland cement is in the production of concrete, which consists of 
aggregate, cement and water.  It is also used in mortars (cement, sand and water) and 
grouts (cement and water).   
 
Sources: Murillo-Maikut (2007), Marlowe and Mansfield (2002), Environment Agency (2005). 

3.5.6.2 Key Environmental Impacts 

The assessment of impacts for cement includes the quarrying of raw materials and 
processing into cement clinkers or Portland cement.  The main environmental issue 
associated with cement production is emissions to air, both of greenhouse gases (CO2) and 
air pollutants.  Waste production and emissions to water are less significant.   
 

• Climate change:  The production of a tonne of Portland cement by the dry process 
emits almost one tonne of CO2.  About 50% of cement-related emissions originate 
from the process that converts limestone (CaCO3) to calcium oxide (CaO).  The 
remainder of the emissions come from fossil fuel combustion at cement 
manufacturing operations (about 40% of the industry’s emissions), transport of raw 
materials (about 5%) and combustion of fossil fuel required to produce the electricity 
consumed by cement manufacturing operations (about 5%) (Humphreys and 
Mahasenan, 2002).  Using wastes of biological origin as a fuel source in kilns can 
help to reduce CO2 emissions. 

• Biodiversity:  Potential impacts are mainly through habitat destruction as a result of 
establishing quarries and cement plants, mitigated through site selection and 
rehabilitation (e.g. if cement plants are located in industrial areas then impacts on 
biodiversity may be negligible). 
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Table 3.32  Summary of key environmental impacts for imported clement 

Impact Rank Summary Comments  Data 
Climate 
Change 

*** Globally, cement clinker 
production is the largest 
single CO2 source among 
industrial processes, 
contributing about 4% of total 
CO2 emissions (MNP, 2007). 
 
Emissions are mainly from:  
(a) conversion of limestone to 
calcium oxide in clinker 
production, and  
(b) fossil fuel combustion for 
heat in clinker manufacturing. 

(a) This is an essential 
chemical reaction with no 
mitigation possible.  However 
other materials can be partially 
substituted for clinker in 
cement.   
(b) Emissions are reduced by 
using efficient plant and 
alternative fuels. 
 
LCAs indicate concrete is more 
favourable than some other 
building materials for life-time 
energy usage and emissions.   

*** 

Biodiversity * Potential impacts if vegetation 
is cleared at site 
establishment.   
 
Toxic air pollutants affect 
wildlife as well as humans. 

Entirely dependent on the 
location of the quarries and 
cement plants.  Plants located 
in industrial areas may have 
negligible impacts on 
biodiversity.   

* 

Human 
Health 

** Workers: Relatively high 
accident rate including burns 
and exposure to hazardous 
substances. 
Surrounding communities: Air 
pollution; possibly noise from 
quarrying and cement 
production. 

In recent years the accident 
rate has improved and pollution 
abatement equipment has 
reduced particulate emissions. 

** 

Natural 
Resources 

** There is a large resource of 
raw materials for cement 
production, although 
quarrying has lead to 
localised depletion of 
limestone.   
The heat source in cement 
plants is almost exclusively 
fossil fuels, a non-renewable 
resource. 

Cement plants in Turkey, Egypt 
and China are largely 
dependent on coal and oil for 
fuel, but impacts could be 
mitigated through fuel 
switching, including the use of 
waste-derived fuels. 

** 

 
• Human health:  For workers involved in cement production, accident rates worldwide 

are high compared with other industrial activities, with risk including burns and 
exposure to hazardous substances (Marlowe and Mansfield, 2002).  Respirable 
crystalline silica (RCS) may be present in some of the raw materials.  Repeated and 
prolonged (10+ years) occupational exposure to relatively high concentrations of RCS 
can cause the lung disease silicosis; precautions in handling and use of materials 
containing RCS can reduce the risk36.  Workers in cement plants may also suffer 
health problems caused by exposure to high concentrations of SO2.  The main impact 
on surrounding communities is air pollution and, potentially, noise. 

                                                 
36 For example in the EU, the cement industry has signed a social dialogue agreement on “workers health 
protection through the good handling and use of crystalline silica and products containing it”. 
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• Air pollution:  The main emissions from clinker and cement production are 
particulates (from quarrying, crushing, storage stockpiles, and the kiln and grinding 
exhaust stacks), nitrogen oxides (NOx) (generated during fuel combustion in the kiln), 
sulphur dioxide (SO2) (from sulphur compounds in the raw materials and the fuel), 
organic compounds (such as volatile organic compounds (VOCs), polycyclic aromatic 
hydrocarbons (PAHs), dioxins and furans) and a large range of metals (including 
mercury and chromium).  Particulate, NOx and SO2 emissions may be reduced by 
pollution control equipment and choice of fuel.  Many of the organic compounds and 
metals are toxic to humans and other life.  The (trace) amounts emitted cannot easily 
be reduced.  The use of waste-derived fuels typically increases emissions of some of 
these pollutants. 

• Waste:  The wastes generated in cement production include overburden and other 
wastes from quarries as well as cement kiln dust (CKD), a fine-grained, highly 
alkaline waste removed from cement-kiln exhaust gas.  Much of the CKD is 
unreacted raw material that may be recycled back into the process.  However, the 
CKD produced may contain high concentrations of heavy metals and other toxics, 
requiring specialised disposal.  Cement plants are increasingly using waste-derived 
fuels such as tyres, solvents, plastics and organic chemical waste in kilns.  This 
utilises waste in a beneficial way, avoiding the impacts associated with alternative 
disposal methods for the waste, while reducing the consumption of fossil fuels.  If 
wastes of biological origin are used, then CO2 emissions from fossil sure sources 
used in cement production may be reduced and methane emissions from landilling of 
the wastes avoided. 

• Water pollution:  Quarrying may result in sediment-laden runoff discharging to 
surface waters unless captured in sediment settling ponds.  In some cement 
production operations, process wastewater with a high pH and suspended solids may 
be generated.  This must be treated prior to discharge or re-use.  If storm water 
contacts stockpiles of coal (used as a fuel in the kilns) and/or cement raw materials it 
should also be treated. 

• Water use: In cement production, water is mainly used for cooling purposes, and 
may be re-used/recycled on-site.   

 
Sources: Environment Agency (2005), Department of the Environment and Heritage (2006), 
International Finance Corporation (2007), Marlowe and Mansfield (2002).   

3.5.6.3 Impacts in Key Exporting Countries 

Combining tonnages for extra-EU imports of clinkers and Portland cement gives Turkey, 
Egypt and China as the top three source countries.   

Turkey – clinkers and Portland cement 

The cement industry is one of the most important industrial sectors in Turkey.  In 2005 there 
were 40 cement plants in Turkey with a total production of 47.4 million tonnes of cement in 
2006, an 11% increase from the 2005 volume of 42.8 million tonnes.  Clinker production was 
38.2 million tonnes in 2006 (36.4mt in 2005).  The volume of exports has declined in recent 
years to meet domestic demand. 
 
Over the last five or so years, as an EU candidate country Turkey has been on the path of 
harmonizing its environmental regulation and industrial best practice with those in the EU.  
Air quality and Environmental Impact Assessment legislation has been revised and made 
more stringent.   
 
Key environmental impacts of clinker and cement production in Turkey are: 
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• Air pollution: While historically the cement industry has been a major source of air 
pollution in Turkey, emissions have reduced in recent years in response to more 
stringent regulation.  There was a marked decrease in dust (particulate matter) 
emissions from 1999 to 2002, although emissions were still higher than in European 
plants.  SO2 emissions were lower and NO2 and CO emissions comparable with 
European plants (Atimtay, 2005).  A 2001 study of the stack emissions of 10 cement 
plants located in different areas of Turkey found that emissions of 19 trace elements 
including mercury, cadmium and lead were well below the limits set in the Turkish Air 
Quality Protection Regulation (Canpolat et al, 2002). 

• Climate change: Most cement plants are of slightly smaller capacity than modern 
plant in other countries and coal is used as fuel.  As a result the plants are less 
energy efficient and CO2 emissions from coal combustion are high (Atimtay, 2005). 

Egypt – clinkers 

Egypt is the world’s largest exporter of cement.  In 2006 Egypt’s 14 cement companies 
produced 35 million tonnes of cement clinker, which is expected to increase to 49 million 
tonnes in 2008 (Murillo-Maikut, 2007).   
 
In 1994, Egypt introduced the Environment Law no.  4-1994 which requires cement plants to 
monitor and keep records of pollutant emissions.  In 1996 the Government deregulated the 
industry and began to privatise state-run cement companies.  The plants in operation now 
range from those whose operations have changed little since the 1960s, using the less 
energy efficient wet process, to those among the most modern and least polluting plants 
worldwide, using the energy efficient dry process with preheater, precalciner and waste heat 
recovery. 
 
Key environmental impacts of clinker production in Egypt are: 

• Climate change: As mentioned, the energy efficiency of Egyptian cement plants 
varies greatly.  The main fuels used are oil and natural gas, with lower greenhouse 
gas emissions from gas. 

• Air pollution: Historically the cement industry was a significant source of air pollution 
in the Greater Cairo area.  In recent years emissions have reduced in response to 
more stringent regulation under the Environment Law and plant modernisation 
initiatives with the support of the Egyptian Environmental Affairs Agency.  Modernised 
and newly constructed plants make use of pollution abatement equipment such as 
electrostatic precipitators on stacks and bag filters on cement mills and at other parts 
of the production process to capture fugitive dust emissions. 

• Human health: A study in the cement industry in Egypt over the period 1991 to 1995 
found that 155 serious burns accidents occurred in a population of 3200 workers.  
More recently several plants have been brought up to international safety standards, 
with a significant reduction in accident rates (Marlowe and Mansfield, 2002).  The 
cement industry has also impacted on human health through air pollution, particularly 
in the Greater Cairo area, although air emissions have been reduced in recent years. 

China – clinkers 

China is the world’s largest producer of cement.  Production has grown at over 10% per year 
for the past two decades, largely in response to domestic demand.  In 2006, China produced 
1.24 billion tonnes of cement, almost half of total global output (Cho and Giannini-Spohn, 
2007). 
 
China’s cement industry is in transformation.  In 1999 the Chinese Government announced 
that it would close thousands of small or antiquated cement operations, for example those 
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using shaft kilns, although this has proved difficult to achieve.  In 2006 the Chinese 
Government issued the Circular on Opinions Concerning Accelerating the Restructuring of 
the Cement Industry and brought forward guidelines and objectives for the industry, including 
“to reduce the per unit energy consumption of cement production by 25%, by 2010”.  By the 
end of 2005, rotary kiln production in the Chinese cement industry accounted for 48% and 
the dry process 40% of production (Lei and Hejun, 2006). 
 
Key environmental impacts of clinker production in China are: 
 

• Climate change: In China, the share of CO2 from cement production in national total 
CO2 emissions is almost 9% (550 of a total of 6200 megatonnes CO2) (MNP, 2007).  
Energy efficiency in Chinese cement plants is still 43% below the world’s best, 
although on par with the global average.  The small and inefficient nature of many 
plants together with the fact that coal is almost exclusively used as the source of fuel 
result in high levels of greenhouse gas emissions.  Nevertheless, energy efficiency 
has increased by at least 20% since 1990 (Humphreys and Mahasenan, 2002; Lei 
and Hejun, 2006.) 

• Air pollution: In 2003, cement production was the third largest contributor to total 
mercury emissions in China, due largely to the consumption of coal, and was the 
largest single source of dioxins and furans (Cho and Giannini-Spohn, 2007).  Cement 
plants are responsible for over 40% of total industrial particulate emissions (Battelle, 
2002). 

• Human health: Ambient levels of total suspended particulates (TSP) and SO2 in 
Chinese are amongst the highest in the world, causing respiratory illness and 
premature death.  The contribution of TSP and SO2 from cement production in and 
around these cities exacerbates the problem (Battelle, 2002). 

• Socio-economic impacts:  The programme of plant closures has resulted in 
unemployment, an effect that is exacerbated by the labour intensive nature of 
Chinese cement plants (which employ up to ten times the labour of plants in other 
countries) and the fact that some of the closed plants are in rural areas (Cho and 
Giannini-Spohn, 2007). 

 
Sources: MNP (2007), Battelle (2002), Humphreys and Mahasenan, 2002, Cho and Giannini-
Spohn (2007), Lei and Hejun (2006), Atimtay (2005), Canpolat et al (2002), Kalafato el al 
(2001), Turkish Cement Manufacturers’ Association (2007), Egypt State Information Service 
(2007), Marlowe and Mansfield (2002), WBCSD (2001), Egyptian Cement Company (2007). 
 

3.5.6.4 End-of-Life 

Concrete, the main end-use of cement, can be recycled to provide an aggregate-like product 
as an ingredient in new concrete or in road base or other applications as a substitute for 
virgin quarried aggregate.  Concrete is inert and so does not pose the same problems as 
some other mineral-based products at the end-of-life stage.  However, concrete is second 
only to water as the most consumed substance on earth with nearly three tonnes used per 
person per year (Marlowe and Mansfield, 2002), and if not recycled, the sheer volume of 
construction and demolition waste and other wastes containing cement presents a major 
issue.  The EU Landfill Directive and economic incentives are the main drivers for the 
recycling of concrete. 
 
Sources: Marlowe and Mansfield, (2002) 
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3.5.7 Copper Ores and Concentrates 

3.5.7.1 General Description of Processing 

Mining practice varies from country to country and mine to mine however the general 
overview of the process is described here.   
 
Initially the overburden needs to be removed in order to get to the rock below.  Holes are 
then drilled, for blasting, to loosen the rock for the shovels.  Large shovels are powered by 
electricity or fossil fuels and will fill large trucks of approximate 240 tons volume.   
 
Ore then gets crushed, reducing the rocks to 8 inches or smaller.  Inside a mill, the ore is 
mixed with water in two rotating mills which use the larger rocks and 8-inch steel balls to 
reduce the ore to about 10 mm or smaller.  Then two ball mills grind the ore to about 0.2 mm 
with 3-inch steel balls, where water is added.  The copper ore slurry is then finally pumped to 
the flotation deck.   
 
The copper minerals and waste rock are separated at the mill using froth flotation.  The 
copper ore slurry from the grinding mills is mixed with milk of lime, this is further mixed with 
xthalates.  The copper ore is concentrated to an eventual value of over 28% copper.  Waste 
rock particles do not adhere to the bubbles and drop to the bottom of the tank.  The waste 
material that comes out of the bottom of the tanks at the tail end of this process is called 
"tailings." The ratio between waste rock and ore can vary, basically the higher the “stripping 
ratio” the higher the operating costs and the higher the amount of waste rock.   
 
The concentrated ore, now called copper concentrate, is dewatered and dried to about 10% 
moisture content.  Water is recovered from the tailings in another thickener.  The thickened 
tailings flow by gravity in large pipes to tailings ponds, where the solid material settles out 
and additional water is recovered and pumped back to the mill.   
 
Approximately 80% of the water used is recycled and re-used the rest is lost to evaporation 
and is sometimes used to keep haul roads damp to minimize dust.  When taken out of the 
concentrator, the copper ore concentrate may contain 20 to 50% copper.  However, the 
average is around 25%.  The rest of the concentrate is made of undesirable substances, 
mainly minerals from the ore gangue, but also chemical elements other than copper, which 
are in the ore itself.  These undesirable substances are called impurities or "slag." 
Pyrometallurgy, which uses heat, is the process employed to remove slag.  It is a three-step 
process of roasting, smelting and converting and is carried out in a plant called a "smelter".  
This stage is that which created the most air pollution.  A final process, refining, completes 
purification.   
 
Sources: Vugteveen 2003, Hoffman (undated) 
 
3.5.8 Key Environmental Impacts 

Key environmental impacts from the extraction and concentration of copper ores include:  
 

• Climate change:  Emissions from mining and concentration arise mainly from fuel 
use to dry the concentrates, but are relatively low per tonne.  For underground mines 
the energy required to ventilate the mine can be quite high leading to higher CO2 
emissions.  Overall, refining, smelting and transport are more significant.   

• Biodiversity:  For surface operations (open pits), the landscape is disturbed through 
the removal of topsoil and vegetation (including land cleared for the processing plant 
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and associated buildings and infrastructure), excavation and deposition of 
overburden, extraction of the ore and disposal of processing wastes.  Underground 
operations may have a smaller surface footprint (and, therefore, potential impact on 
biodiversity) particularly where wastes are returned to worked-out areas of the mine 
(backfilled).  Increased concentrations of copper from the dispersion of mine tailings 
into surface water sediments can affect biodiversity as the population density and 
abundance of species living in close contact with sedimentary environments falls 
when bio-available metal concentrations in sediments are high.  The suspended 
solids from tailings are directly harmful to fish gills, fish eggs and organisms that are 
photosynthetic, predatory or filter feeding.  Copper inhibits respiration in fish gills 

• Human health:  The crushing of the ore may produce a large amount of dust if not 
properly controlled.   

• Water pollution:  Water draining from surface and underground copper mines that 
are extracting sulphide-rich ore, may have a low pH (acidic) and be contaminated 
with significant concentrations of heavy metals and other problematic contaminants.  
The generation of acidic, metal-contaminated drainage may continue for many 
decades and require active treatment to prevent environmental impacts.  Effluents 
leaching from tailings may contain heavy metals such as lead, mercury and arsenic in 
dissolved or suspended form, and these can contaminate local watercourses.  Acids 
may be used to leach copper from certain ore types and these may pose a risk to 
surface and groundwater quality.   Acid mine drainage can be prevented by reducing 
exposure to oxygen or water.   

Table 3.33  Summary of key environmental impacts for imported copper ores and 
concentrates 

 

Impact Rank Summary Comments Data 
Climate 
Change 

*/** Mining machinery and 
transport emits CO2  
 

The majority of the energy use 
(and CO2) production occurs in  
the smelter and refining stage. 
Energy used for ventilation 
(necessary in underground 
mines) can increase CO2 
emissions 

* 

Biodiversity */** Biodiversity is affected by 
the increase in heavy 
metal concentrations.  The 
land surface where the 
mine is created is 
completely destroyed 

The areas where mines are 
crested are generally not very 
bio diverse and little habitation 

** 

Human 
Health 

* The mining stage has no 
major effects to human 
health.  Mild intake of dust 
particulates after blasting 
of rock and due to ore 
crushing stage  

The smelter stage again has 
adverse effects to human health 

* 

Natural 
Resources 

** Water is used in the 
process however 80% is 
recycled during each 
process.  The main issue 
related to water is 
contamination from waste 

Tailings represent a main 
problem as they contain heavy 
metals that leach into waters 
and soil.  In some countries 
where best practice is not 
implemented this causes major 
environmental problems 

** 
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• Air pollution:  There can be SO2 emissions from the dryers of the concentrator and 
some minor emissions from excavation and machinery use. 

• Water use:  Large volumes of water are typically required for making the copper-ore 
slurry.  However, where good practice is implemented, the majority of the water is 
recycled.  Surface water bodies can be affected by sediment accumulation. 

• Waste:  For certain ore types, the tailings (crushed ore residues) may contain a large 
amount of sulphur and act as a long-term source of acidic effluent that contains high 
concentrations of dissolved metals.  Other wastes include non-hazardous discarded 
rock wastes. 

 
Sources: UNEP (2001), Gaudry et al.  (2007), Guzman et al.  (1994), Qureshi et al.  (2001), 
Ayres et al.  (2001), US OTA (1988). 
 

3.5.8.1 Impacts in Key Exporting Countries 

Chile 
 
Chile, the world’s largest copper producer at 40% of world total (Alvarado et al.  1999), 
suffers from the above environmental impacts however the following are country specific 
impacts: 
 

 Climate change: Chile’s copper production energy consumption is examined in a 
paper by Alvarado et al.  1999, they concluded that by 2020 these would range from 
1214 t to 1037 t of CO2/t of refined copper.  CO2 emissions were estimated 
considering both fuel and electricity process requirements. 

 Biodiversity: Mining is concentrated in the northern provinces of Chile, a desert zone 
where there is little agriculture and no forestry.  Mines, especially large ones are 
usually located in remote areas, either at high altitude in the Andes Mountains or in 
the middle of the desert.  Mining projects are being set up in remote but non-desert 
areas, and in those cases it is necessary to require additional safeguards to protect 
the natural, and in many cases fragile, environment.  This is the case of mining 
projects situated in the Andean altiplano (high plateau areas). 

 Human health: From the mid 1980s onwards, public awareness about environmental 
issues began to develop and legal demands. 

 Biodiversity: Marine organisms such as fishes, invertebrates and algae, were 
seriously affected by El Salvador copper tailings, which were dumped in the oceans 
around Chile in the 1980s. However this practice has now ceased. Forest stands near 
copper mines which also have a smelter on site, can suffer much damage from SO2 
emissions from the smelter.  Tree mortality may extend over an area of tens of 
kilometres around the mine. 

 Waste: There are many pollution sources in the vicinity of copper mines due to the 
tailings.   

 Water resources: To extract the copper from the ore, a huge quantity of water must 
be used and it becomes contaminated with the same pollutants as the leaching 
effluents.   

 
Despite mining's importance in the country, its environmental impacts come way behind 
other activities or effects, such as desertification, erosion, urban growth and industrial 
pollution (Lagos, 1994a).   
 
Sources: Alvarado et al.  1999, Lagos 1997, Castillo et al.  1983 
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Indonesia 
 
In order to exemplify the environmental impacts of Copper mining in Indonesia, a country 
specific mine, the Freeport mine, will be scrutinised. 
 

 Waste: the main issues are from copper wastage and pollution, as it is most profitable 
for Freeport to process a huge amount of ore each day, 14% of the copper in the ore 
remains in tailings disposed of into the river.  Over three billion tons of tailings and up 
to three or four billion tons of waste rock will be generated throughout the life of the 
operations until closure around the year 2040.  In total, Freeport-Rio Tinto wastes 
53,000 tons of copper annually, released as Acid Rock Drainage (ARD) leachate and 
tailings into the river.  ARD occurs from the copper deposits containing metal sulfides, 
which when dug up, crushed and exposed to air and water, become unstable, 
creating a serious environmental problem.  Evidence suggests ARD pollution with 
levels of around 800 mg/L copper is entering groundwater in the mountains.  This rate 
of heavy metal pollution is more than a million times worse than achievable with 
standard mining industry pollution prevention practices.  This causes major 
environmental damage in groundwater and in the rivers and estuary downstream.   

 Biodiversity: Tailings toxicity and aquatic impacts include freshwater aquatic life being 
destroyed through pollution and habitat destruction in the watercourses.  The 
suspended solids from tailings (TSS) are directly harmful to fish gills, eggs, and 
organisms which are photosynthetic, predatory or filter feeding.  Copper inhibits 
respiration in fish gills.  Vegetation is smothered by tailings deposition, healthy plants 
are suffocated, trees die.  There is a risk to populations of locally threatened wildlife 
species that require the diversity of this natural jungle ecosystem to survive.  
Freeport-Rio Tinto's riverine tailings disposal will destroy between 21 – 63 km2 of 
mangrove forests due to sedimentation.  Estuary channels are already clogging with 
tailings, rapidly becoming more narrow and shallow.   

 
From this information we see that the Freeport-Rio Tinto operations at the Papua mine do 
not follow best practice methods and major environmental issues arise.  Mainly due to the 
tailings and other waste which make heavy metals including Cu bioavailable. 
 
Sources: Walhi 2006 

3.5.8.2 End-of-life 

Copper is used extensively, in products such as electric cables and wires, switches, 
plumbing and so on.  According to the International Copper Study Group (ICSG), copper is 
one of the most recycled of all metals.  In 1997, 37% of copper consumption came from 
recycled copper. 
 
The availability of copper scrap is linked with the quantity of copper-containing products and 
their life cycles.  Estimates of life cycles have been made for major products: copper used in 
electrical plants and machinery averages about 30 years, in non-electrical machinery about 
15 years, in housing 40 years or more, and in transportation about 10 years. 
Assuming an average life span of 30 years for most products, copper's truer recycling rate 
would be 85%.   
 
The book by Ayres et al (2002) advises that the recovery of copper from end-uses varies 
greatly from product to product.  Copper wire from electric power, telecommunications and 
railways is essentially 100% recovered.  On the other hand, in Japan copper from small 
electrical and electronic appliances is only about 20% recovered.  In the case of automobiles 
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the recovery fraction is 48%; for industrial machinery it is a little over 81%; for buildings it is a 
little over 68%.  Recovery in many other countries is less efficient.   
 
Sources: Ayres et al (2002) 
 

3.5.9 Gold 

3.5.9.1 General Description of Processing 

Extraction: 
There are two main methods of extracting gold from the ground: hard rock mining, which 
produces most of the world’s gold, and placer mining, which is generally only used in small-
scale (artisanal) mines.   
 
Hard rock mining involves excavating rock that contains veins of gold, often found several 
inches or feet wide in certain rock formations in a volcanic deposit and in certain bed layers 
in a sedimentary deposit.  Typically, holes are drilled in the rock to be broken, explosives are 
placed in the holes then detonated, and rock broken by the explosion is then removed using 
mechanized equipment.  Where ground conditions warrant, rock bolts and other means of 
ground support may then be installed and the cycle can be begun again with drilling.   
 
Placer mining refers to the mining of alluvial deposits (deposits of sand and gravel in 
modern or ancient stream beds) for minerals.  The name derives from Spanish, placer, 
meaning "sand bank".   
Gold, having been moved by stream flow from an original source such as a vein, is typically 
only a minuscule portion of the total deposit.  Excavation may be accomplished using water 
pressure (hydraulic mining), surface excavating equipment to create an open-pit or open-cast 
mine, or by various forms of tunnelling into ancient riverbeds.  In hydraulic mining, water 
cannons are used to strip away sandbanks or hillsides of loose gravel.  The materials are 
then run through a sluice (a wooden trough with ripples) to separate out the gold, which is 
heavier and does not move through the sluice as readily as other materials. 
 
Processing:  
Where the gold is present as discrete large particles, it can be directly smelted to form ingots 
(gold bars).  In cases where it is present in the ore as fine particles or it is fused with other 
materials in the host rock, the gold is subjected to cyanide leaching, recovery from the 
leach solution on activated carbon and electrowinning (concentration of dissolved ions onto 
electrodes placed in a solution).  The process involves mixing sodium cyanide solution with 
finely-ground rock that is contains gold and/or silver to form a gold cyanide and/or silver 
cyanide solution.  Zinc is added to the solution, precipitating out residual zinc, as well as the 
desirable silver and gold metals.  The zinc is removed with sulphuric acid, leaving a silver 
and/or gold sludge that is generally smelted into an ingot.  The gold is recovered from the 
leach solution by adsorption into the porous matrix of activated carbon.  The gold can be 
removed from the carbon by using a strong solution of caustic soda and cyanide, a process 
known as elution.  Gold is then plated out onto steel wool through electrowinning. 
 
An alternative method of processing gold, by mercury amalgamation, has mostly been 
phased out due to health and environmental concerns but it is still practiced in extra-EU 
source countries such as Indonesia, and in other countries where it has been officially 
prohibited but continues illegally (e.g. China). 
 
Sources: US EPA (1994), Cain (2005). 
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3.5.9.2 Key Environmental Impacts 

Table 3.34  Summary of key environmental impacts for imported gold 

Impact Rank Summary Comments Data
Climate 
Change 

*** Greenhouse gas emissions mainly 
result from the use of fossil fuels for 
extraction, processing and 
transport. 

Emissions can be 
reduced through the use 
of alternative fuels 

* 

Biodiversity * Impacts from clearing of vegetation 
at site establishment, and water 
pollutants including a range of toxic 
metals and processing substances. 

Entirely dependent on 
location and methods of 
extraction. 

** 

Human 
Health 

*/*** The main impact is from ingesting 
polluted water and/or food. 

Rating is based on deaths 
resulting from a spill of 
cyanide into a river. 

** 

Natural 
Resources 

** Generally, a large amount of rock 
or alluvial deposit must be removed 
to obtain very small amounts of 
gold, so the process is (natural) 
resource intensive.  Extraction may 
cause some deterioration of other 
natural resources, particularly 
through water pollution. 

 ** 

 
The key environmental impacts from gold mining are: 
  

• Climate change:  GHG emissions result mainly from the use of fossil fuels for 
extraction, processing and transport, (milling of the ore) and are high per tonne of 
gold produced (Mudd, 2007). 

• Biodiversity:  Potential impacts are through habitat destruction (as a result of 
establishing the mine) and water pollution (as suspended solids smother benthic 
flora, reduce light penetration and damage fish gills and invertebrates) and carry 
metals and minerals (that may dissolve in water and become bioavailable).  Some of 
these metals, such as mercury, bioaccumulate and biomagnify in the food chain.  The 
combination of acids and metal-bearing solutions produced from ores that contain 
sulphides can also have severe effects on the ecology of local watercourses. 

• Human health:  Mine workers are exposed to cyanide and other hazardous 
chemicals as well as air emissions of arsenic trioxide and sulphur dioxide.  Various 
metals (e.g. arsenic) discharged to surface and groundwater as a result of gold 
mining and processing are toxic and may, therefore, have adverse effects on human 
health37.   

• Air pollution:  The primary sources of air contamination are fugitive dust from mine 
pits and tailings impoundments.  During the active life of the mine, water or chemicals 
may be applied to these impoundments to control dust and prevent entrainment.  The 
potential contaminants are heavy metals and other toxics.  High temperature 
processing of some gold ores may also cause aerial releases of arsenic trioxide and 
sulphur dioxide. 

• Water pollution:  Gold mining and processing may result in the release of a range of 
pollutants to nearby surface waters and groundwater, including metals such as 
arsenic, cadmium, antimony, copper, lead and zinc, and toxic substances such as 
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cyanide and mercury37 that are used in processing.  Water pollution may occur 
through direct discharge of tailings from hard-rock mining into surface waters and/or 
by run-off from stockpiles and other site areas that contain excavated material.  The 
hydraulic mining method causes erosion that is likely to result in discharges of 
sediment-laden run-off to waterways downstream of the mining site.   

• Waste:  The main wastes produced from gold mining are overburden and tailings.  As 
the separation processes do not extract all the metals present, the tailings often 
contain various metals such as arsenic, cadmium, antimony, copper, lead and zinc, 
as well as residues of the chemicals used for extraction.   

 
Sources: Stephens and Ahern (2001), US EPA (1994), Mudd (2007) 

3.5.9.3 Impacts in Key Exporting Countries 

Outlines of aggregate quarrying operations and key impacts in three of the top source 
countries for EU imports of gold (South Africa, Indonesia) and gold ores (Greenland) are 
given below. 
 

South Africa 

South Africa is the world’s largest producer of gold, producing 295 tonnes in 2005 (USGS, 
2008).  Key environmental impacts of gold mining in South Africa include: 
 

• Water pollution: Gold mining in South Africa has resulted in vast volumes of tailings.  
Poor management of many tailings dams has resulted in the escape of seepage, 
adversely affecting soils and water quality, with elevated concentrations of copper, 
nickel and zinc (Rösner and van Schalkwyk, 2000).  The groundwater within a 
Johannesburg gold mining district was found to be acidified as a result of oxidation of 
pyrite (FeS2) contained within mine tailings dumps, and heavily contaminated with 
elevated concentrations of heavy metals.  Where the water table was close to the 
surface, the upper 20 cm of the soil profile was severely contaminated by copper, 
nickel and zinc due to capillary rise and evaporation of the ground water.  The 
polluted groundwater was discharging into streams in the area and contributed up to 
20% of stream discharge, causing a lowering of pH of the stream water (Naicker et al, 
2002). 

• Socio-economic impacts: Large areas affected by current or former gold mines 
have become unusable in their current state.  Some tailings dams have been partially 
or completely reclaimed leaving contaminated footprints.  Rösner and van Schalkwyk 
(2000) suggest that soil management measures such as liming are required to 
prevent the contaminant migration from the topsoil into the subsoil and groundwater 
as well as to provide suitable recultivation conditions to enable future productive use 
of the land. 

 
Sources: Naicker et al (2002), Rösner and van Schalkwyk (2000) 

Indonesia 

Indonesia produced about 140 tonnes of gold in 2005.  Most of this was a by-product of 
copper mining at the Grasberg Mine, the world’s leading gold producing mine which yielded 
                                                 
37 The use of mercury for gold extraction is generally banned in developed economies but was reported as an 
impact for some of the source countries exporting to the EU.  Similarly standards regulating exposure to 
hazardous chemicals and regulating discharges to water ate in place in developed economies, but were reported 
as issues in some of the source countries. 
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107 tonnes in 2005 (USGS, 2008).  Aspinall (2002) investigated the impacts of 270 small-
scale gold mines and processing plants in the Talawaan area, North Sulawesi that used the 
mercury amalgamation method to process gold. 
 
The study concluded that the key environmental impacts of the mines are: 
 

• Biodiversity: Fish and snails in nearby waterways were found to have elevated 
concentrations of mercury, at 1.41 and 3.56 mg/kg, far in excess of the standard 0.5 
mg/kg. 

• Human health: Aspinall suggests that the biggest impact on community health is 
mercury pollution, from ingesting polluted water and aquatic food sources. 

• Water pollution: The total discharge of mercury from small-scale gold mines to rivers 
in the Talawaan area was estimated at 150 kg per day.  The mercury concentration of 
water in the Tatelu River was found to be 0.006 mg/L and groundwater in the 
Talawaan area had a concentration of 0.005 mg/L, compared with the standard of 
0.001 mg/L.  In addition, non-regulated sluicing and pressure hose monitoring on 
riverbanks has caused pollution of waterways through sediment-laden runoff. 

 
Sources: USGS (2008), Aspinall (2002).   

Greenland 

Greenland exports gold ores from the Nalunaq mine, which is situated adjacent to the 
Kirkespir River, 8km upstream of Kirkespir Bay in southern Greenland.  Production started in 
2003 and two monitoring studies were carried out in 2004 and 2005 by Glahder and Asmund 
(2006) of the Danish National Environmental Research Institute.  Samples of water, flora and 
fauna near the site were analysed for 12 elements (mercury, cadmium, lead, zinc, copper, 
chromium, nickel, arsenic, selenium, cobalt, molybdenum and gold) and the results were 
compared with background levels. 
 
The study concluded that the key environmental impacts of the mine are: 
 

• Biodiversity: Both terrestrial and aquatic species are impacted by the mining 
operations.  In the Kirkespir Valley and Bay area, 5-16 times higher concentrations of 
copper, chromium, arsenic and cobalt were found in lichens around the mine and up 
to 1km from the road, an effect of dust from the road.  In Kirkespir Bay, seaweed had 
slightly elevated concentrations of zinc and copper at stations near the Kirkespir River 
and the loading pier, and elevated concentrations of chromium near the river.  This 
indicates that impacts come from both the mining area (e.g. mine water and crushing 
of waste rock) and the pier area (e.g. ore stockpiling and loading).    Resident Arctic 
char (a freshwater fish) had no elevated concentrations in their liver. 

• Water pollution: Slightly elevated concentrations of most of the pollutants are found 
within 5 4km of the coastline on each side of the river’s outfall. 

• Air pollution: The Kirkespir Valley is impacted by dust from the mine and also the 
haulage road that was partly built of waste rock.  The dust particles carry pollutants 
such as copper, chromium, arsenic and cobalt. 

 
Sources: Glahder and Asmund (2006), Kuo (2003) 
 

3.5.9.4 End-of-Life 

Gold is found in many products and commodities, from jewellery to electronics, with the vast 
majority (over 80% of total production) going to jewellery. An estimated 9% of gold is 



Environmental Impacts of Significant Natural Resource Trade Flows into the EU              AEA/ED05444/Issue 6 
 
 

AEA Energy & Environment  114 

estimated to go into the electronics industry38. Given the high value of gold it is normally 
recovered at end of life, even in the minute quantities found in electrical components in waste 
electrical and electronic equipment, and sold for reprocessing.  Nonetheless there is room for 
improvement in the collection and treatment of e-waste. Under the EU Directive on Waste 
Electrical and Electronic Equipment (WEEE), consumers are able to return products such as 
televisions and toasters free of charge to the manufacturer, who will have to recycle at least 
75% of the weight of every electronic/electrical product.  It is worth noting that 1 tonne of 
electronic scrap from personal computers contains more gold than that recovered from 17 
tonnes of gold ore, based on a yield from electronic scrap of 10.4 grams per tonne (g/t) 
compared with an average gold ore feed grade of 0.9 g/t (USGS, 2008).   
 

3.5.10 Iron and Steel 

Environmental impacts associated with the production of iron ore are discussed in Section 
3.5.11. 

3.5.10.1 General Description of Processing 

Steel is an alloy of iron and carbon.  Iron and steel are distinguished by their carbon content, 
between 2-5% for cast and pig ion and 0.05-2% for steel. 
 
Iron and steel production is a two-stage process: in iron production, iron ore is reduced or 
smelted with coke and limestone in a blast furnace (BF), producing molten iron which is 
either cast into pig iron or carried to the next stage as molten iron.  The processes involved 
are cokemaking, sinter or pellet making, blast furnace (BF) production and casting.  
Limestone is used in the blast furnace to form slags (metal oxides), which effectively mop up 
oxidised impurities, act as a thermal blanket to minimise heat loss, and help reduce erosion 
of the furnace lining.   
 
The second stage is steelmaking, in which impurities such as sulphur, phosphorus, and 
excess carbon are removed and alloying elements such as manganese, nickel, chromium 
and vanadium added to produce different forms of steel.  Steps include heating and reacting 
the iron and/or recycled steel in a Basic Oxygen Furnace (BOF) or Electric Arc Furnace 
(EAF), refining and alloying, and casting (solidification of molten steel, either by continuous 
casting or the less efficient batch casting).  BF and BOF are together known as the 
“integrated route”, as distinct from the EAF route. 
 
In the integrated route, coking coal is converted to coke, which is the source of carbon used 
to reduce iron ore to iron in the blast furnace.  Typically, it takes 1.5 tonnes of iron ore and 
about 450kg of coke to produce a tonne of pig iron.  The gases resulting from the reaction of 
coke and iron ore can be used as fuel for electricity or heating. 
 
Scrap (recycled steel) can be processed by either the integrated route (with scrap as 10-25% 
of input material) or EAF route (scrap at up to 100%).  Sources of scrap include “home scrap” 
from within the steel mill itself, “prompt scrap” from the production of finished goods including 
cuttings, and “obsolete scrap” from steel products at their end-of-life.  An advantage of EAF 
over BOF is that EAFs can be easily started and stopped on a regular basis to meet demand, 
whereas BOFs cannot readily be cooled and reheated.  However there is not enough scrap 
to meet demand and so both methods are used to produce steel.   
 

                                                 
38www.gesi.org/files/20080620_ghgm_ser_metalstoelectronics.pdf 
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The use of open-hearth furnaces as a steel producing method has been largely superseded 
by the BOF; it is 10 times slower than BOF and has far inferior environmental performance 
and labour conditions.  In 2003, only 3.2% of global crude steel production occurred in open-
hearth furnaces (IISI, 2005). 
 
Sources: IISI (2005), Environment Agency (2004) 
 
 

3.5.10.2 Key Environmental Impacts 

Table 3.35  Summary of key environmental impacts for imported iron and steel 

Impact Rank Summary Comments Data
Climate 
Change 

*** An energy intensive industry; 
global average of 1.7 tonnes of 
CO2 per tonne of crude steel 
produced. 

Emissions have been 
reduced in recent years 
through process 
improvements and increasing 
use of recycled steel in 
EAFs. 
Emissions can be further 
reduced through the use of 
low carbon fuels (e.g. 
renewables, nuclear) and by 
using process gases as fuel. 

*** 

Biodiversity */** Impacts from clearing of 
vegetation at site establishment.  
Potential impacts from air 
pollution. 

Impacts are entirely location-
dependent. 

* 

Human 
Health 

* The main impact is from air 
pollutants, which may include 
particulates and toxic substances 
such as dioxins and furans, 
PAHs and heavy metals. 

No comment ** 

Natural 
Resources 

*/ ** The raw materials (iron ore, coal, 
limestone) are relatively plentiful 
but are non-renewable.   
Iron and steel production causes 
relatively minor deterioration of 
other natural resources. 

Impacts on other natural 
resources (e.g. water) can be 
mitigated by recycling these 
resources at the plant. 

** 

 
The main environmental impacts from iron and steel production are summarised below; 
impacts from iron ore mining are contained in the following section.   
 

• Climate change:  Iron and steel production is an energy intensive industry.  In 2005, 
the global average for companies reporting to the International Iron and Steel Institute 
(IISI) and using a mix of production routes was 1.7 tonnes of CO2 per tonne of crude 
steel produced (IISI, 2005).  Modern production methods recover heat wherever 
possible and use process gases as fuel. 

• Biodiversity:  The main impacts are likely to be from air pollution and, possibly, 
water pollution.  Impacts of habitat destruction at the site establishment phase can 
usually be avoided through site selection. 

• Human health:  Many of the air pollutants emitted from iron and steel plants are toxic 
and impact on the health of plant workers and surrounding communities.  Inhalation 



Environmental Impacts of Significant Natural Resource Trade Flows into the EU              AEA/ED05444/Issue 6 
 
 

AEA Energy & Environment  116 

hazards for workers include fine particulate matter, iron oxide and silica dust that may 
be contaminated with heavy metals, and CO, SOx and VOCs.  Other occupational 
hazards include burns from high temperature materials, radiation from gamma ray 
testing of steel products and excessive noise, although these can be prevented by 
using suitable personal protection devices. 

• Air pollution:  Air pollutants include SO2 (mostly released during sintering and coke 
making), NOx (produced at many stages), particulate matter (generated from 
materials handling and combustion reactions), carbon monoxide (CO), heavy metals 
(such as mercury and cadmium), chlorides and fluorides (present in the ore and tend 
to be released as hydrofluoric and hydrochloric acid during sintering and pelletising 
processes), volatile organic compounds (VOCs), and dioxins and furans.  Emissions 
of NOx, CO, dioxins, and furans may be reduced by capturing and recirculating waste 
gases, and emissions of particulates, NOx and SO2 through the use of pollution 
abatement equipment. 

• Water pollution:  Contaminated wastewater can arise from: processes such as gas 
cleaning at coke-oven by-products plant, blast furnaces and basic oxygen steel 
making plant; from rainwater run-off where contaminated by materials stockpiles; 
cooling water (usually recycled); and water used to treat accidental releases of raw 
materials, products or waste materials.  Wastewater must be treated prior to 
discharge to reduce the concentration of pollutants such as PAHs and heavy metals 
from coal storage areas, and ammonia and phenols from coke ovens.   

• Water use: The volume of water consumed in the above processes can be reduced 
by on-site re-use and recycling.  More than 95% recycling of water is normally 
achievable at iron and steel plants (IFC, 2007). 

• Waste:  Slag is produced as a by-product of the integrated route.  Solidified slag can 
be used as a raw material in cement making or can be used like gravel as a finished 
product, thus displacing the use of raw materials (aggregates). 

 
Sources: IFC (2007), IISI (2005), Environment Agency (2004). 
 

3.5.10.3 Impacts in Key Exporting Countries 

Russia 

Russia is the world’s fourth largest producer of steel, producing 66 million tonnes (Mt) in 
2005 and 71 Mt in 2006 (IISI, 2007).  Production is concentrated at nine very large integrated 
metallurgical works located in the Urals, the northern part of European Russia and central 
and western Siberia.  Their combined output amounts to 85-90% of pig iron and steel 
production.  Around 30 smaller plants produce special steels, alloys and steel products.   
 
The Russian iron and steel industry is focussing on replacing outdated production equipment 
with BOF and EAF, continuous casting, process control and pollution control systems.  In 
2001, 24% of crude steel production occurred in inefficient and polluting open-hearth 
furnaces, declining to 20.4 in 2005 (Danish EPA, 2005; Shevelev, 2006).  This compares 
with only 3.2% globally. 
 
Key environmental impacts of iron and steel production in Russia are summarised below, 
with the plant upgrades and environmental management practices at Novolipetsk Steel, 
Severstal and other companies presented as examples: 
 

• Climate change: The continuing (but declining) use of open-hearth technology 
means that the energy intensity and greenhouse gas emissions of steel production in 
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Russia are much higher than in other parts of the world.  Novolipetsk Steel has 
completely phased out the use of open-hearth furnaces, as have other leading 
companies such as Mechel, Western-Siberian and Oskol (Mikhailov, 2001).  In the 
late 1990s, Severstal, whose portfolio includes the world’s largest blast furnace, 
developed a seven-year energy saving programme to reduce its energy inputs from 
7.3 to 6 giga-calories per ton.  Several companies have installed co-generation 
(combined heat and power) at their in-house generation plants.   

• Air pollution: Plant upgrades and gas-cleaning systems installed at Severstal plants 
resulted in a reduction in combustion emissions of 1.4 Mt per year.  Ambient 
concentrations of SO2, NO2 and carbon disulfide fell by 25-60% in the surrounding 
area (Mikhailov, 2001).  Similarly, at Novolipetsk Steel emissions were reduced by 
13% from 2000 to 2006 and air quality standards were exceeded by 3 pollutants 
(hydrogen sulphide, naphthalene and particulates), down from 8 air pollutants in 
2000. 
The iron and steel industry is responsible for the emission of heavy metals such as 
mercury that are present in iron ore concentrates and emitted to atmosphere in the 
blast furnace process.  Total emissions of mercury from pig iron production in Russia 
were calculated at around 1.8 tonnes in 2001 (0.039g mercury per tonne of pig iron) 
and 0.15 tonnes of mercury from Russian ironworks (0.001 to 0.007 g mercury per 
tonne of steel) (Danish EPA, 2005). 

• Water pollution and water resources: Through the modernisation programme 
implemented from 2000 to 2005, Novolipetsk Steel reduced its consumption of river 
water by 25%, reduced the volume of industrial effluents by 26% and the amount of 
pollutants discharged by 16%. 

• Waste: Novolipetsk Steel now treats and reuses over 95% of the wastes produced in 
iron and steel production. 

Ukraine 

Ukraine produced 40.9 Mt of steel in 2006 and 38.6 Mt in 2005 (IISI, 2007).   
 
As at 2003, many steel producers were still using obsolete techonology such as open-hearth 
steelmaking and a very low percentage of continuous casting, similar to the situation in 
Russia (Christmas, 2003).  However many plants are carrying out modernisation works.  
Atkins (2006) contains detailed information about existing and planned modernisation works 
and environmental impacts at the Alchevsk Iron and Steel Works (AMK).  This is a large 
plant that produced 10% of Ukraine’s total steel output in 2005, prior to the planned doubling 
of steelmaking capacity to 7.6 Mt per year.  The modernisation works are part-funded by the 
IFC/World Bank.   
 
The impacts of the AMK plant on climate change and air pollution are summarised below, as 
an example: 
 

• Climate change: AMK is replacing the open-hearth furnaces with two BOFs, which 
will dramatically reduce energy consumption and greenhouse gas emissions.  AMK 
also plans to construct a Combined Cycle Gas Turbine (CCGT) facility to produce 
electricity for the site using coke oven, blast furnace and BOF gases as fuel, which 
will also significantly reduce emissions.  Atkins (2006) calculated the carbon intensity 
of the plant as 2.2 tonnes CO2 per tonne of steel, which was projected to reduce to 
1.2 tonnes CO2 per tonne of steel following implementation of the CCGT plant and 
expansion of the site.  This would result in annual CO2 emission savings of 5.4 Mt per 
year. 

• Air pollution: The AMK site is surrounded by an air pollution Protection Zone, 
established in 1990 to provide a buffer between the steelworks (the main source of 
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pollution) and Alchevsk town.  In 2006 air quality within the Protection Zone met the 
limits which are set much higher than the Ukrainian national air quality standards.  
However, samples taken within Alchevsk town were found to be more than five times 
greater than the national standards for SO2 and particulates and were marginally 
above for NO2 and CO.  Modelling by Atkins (2006) predicted that emissions of these 
pollutants would decrease to between 27% and 54% of 2006 levels, following 
completion of site modernisation and expansion and implementation of the CCGT 
plant. 

Turkey 

In 2006 Turkey was the world’s 11th largest steel producer with a total production of 23.3 
million tonnes.  Around 70% of this is exported, the third largest exporting sector in the 
economy.   
 
In the early 1980s, three government-owned integrated steel producers controlled a 
substantial majority of the capacity.  These plants, recently privatized, are Kardemir, which 
began production in 1939, Erdemir (1965) and Isdemir (1977).  Over the past two decades, 
significant capacity has been added through private mini-mill (EAF) investments.  Production 
has increased more than fourfold since 1980. 
 
Turkey’s 16 EAF steel mills with annual production capacities of 60,000 to 2 million tonnes 
produce 72% of total steel production, which is much higher than the world average. 
 
EAFs meet 65% of their iron scrap needs by imports.  Similarly, 60% of the iron ore used in 
the integrated plants is also imported.   
 
There appears to be a gap in the literature on the environmental impacts of iron and steel 
production in Turkey.  The environmental impacts of iron and steel production in Turkey 
include: 
 

• Climate change: Most Turkish plants have improved the energy efficiency of their 
operations in the last two decades years.  Through the implementation of an energy 
tracking process and various energy saving projects, Erdemir improved its energy 
efficiency (consumption per unit of steel) by 38% between 1982 and 2004, which was 
awarded the second most efficient energy-saving project in 2004 by the Turkish 
Ministry of Energy (IISI, 2005).  The amount of energy used to produce steel in the 
EAF route is only 25% of that needed in the integrated route. 

• Air pollution: Emissions from EAFs are lower than from BF/BOF as the former uses 
mostly scrap, which gives off less emissions than iron ore processing. 

 
Sources: IISI (2005), IISI (2007), Turkish Iron and Steel Producers Association (2006), 
Turkish Foreign Economic Relations Council (2006), IISI (2007), Shevelev (2006), Mikhailov 
(2001), Danish Environmental Protection Agency (2005), Novolipetsk Steel (2007), 
Christmas (2003), IISI (2007), Atkins (2006). 

3.5.10.4 End-of-Life 

Steel is the most recycled material in the world; globally about 500 million tonnes of scrap 
were recycled in 2003 (IISI, 2005).  Steel's overall recycling rate of more than 67% is far 
higher than that of any other recycled material, capturing more than 1-1/4 times as much 
tonnage as all other materials combined.  Steel has the very valuable property of being 
recyclable again and again, as its desired properties can be obtained again through the 
production process.   
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As well as saving natural resources, recycling is also energy efficient, requiring only 25% of 
the energy used to produce primary steel in the integrated route (Birat et al, 2003).  Steel 
recycling is profitable and takes place within the market economy without the need for 
government subsidies or consumer levies.  One of the main uses of the steel is in the 
automotive industry which has achieved 90-98% recycling of steel, prompted by both 
economic incentives and the EU End of Life Vehicles Directive (Birat et al, 2003). 
 
Sources : IISI 92005), Birat et al (2003) 
 

3.5.11 Iron Ore 

3.5.11.1 General Description of Processing 

Iron ores are rocks and minerals that are rich in iron oxides from which metallic iron can be 
extracted.  These include magnetite (Fe3O4), hematite (Fe2O3), taconite, limonite or siderite.  
Hematite is also known as "natural ore".  The name refers to the early years of mining, when 
certain hematite ores contained 66% iron and could be fed directly into steel-making blast 
furnaces.  Taconite is a low-grade iron ore, containing up to 30% magnetite and hematite.  It 
is a silica-rich iron ore that is considered to be a low-grade deposit.  However, the iron-rich 
components of such deposits can be processed to produce a concentrate that is about 65% 
iron.  In addition to silicates, iron ores usually contain other impurities such as phosphorous, 
sulphur, sodium, potassium (alkalis), aluminium and sometimes titanium.   
 
Iron ore mining 
The two main methods of mining iron ore are: 
• Surface mining or open-pit mining: where iron ore lies close to the surface it can be 

uncovered by stripping away a layer of dirt, sometimes only a few feet thick.  The ore is 
mined from large open pits by progressive extraction along steps or benches using drilling 
and blasting.  Following blasting, the fractured ore is loaded by huge electrical shovels, 
hydraulic excavators, or front-end loaders onto large dump trucks. 

• Underground or shaft mining: where the iron ore is deep underground it can be removed 
by digging a shaft from the surface to the ore deposit, allowing miners to cut tunnels 
(drifts) that branch out from the shaft at various levels to access the veins of ore.  Cars or 
other conveyors carry the ore to the shaft, where it is hoisted to the surface. 

 
Beneficiation (extraction and concentration) of iron ores 
The beneficiation process involves crushing and screening of fragmented ore, grinding to 
smaller size particles, and finally concentration, in which gangue (sand and rock) are 
separated and removed from the iron.  Magnetite is magnetic and is easily beneficiated by 
separating it from the gangue materials with a magnet in a water suspension (as is taconite 
which contains magnetite).  Hematite ores are concentrated using conventional flotation, 
using a chemical reagent to make one or a group of minerals adhere to air bubbles and float 
to the surface for collection. 
 
A further step in the beneficiation process is agglomeration, usually involving pelletising or 
sintering of iron ore to enable its use in a blast furnace to produce pig iron and steel.  The 
agglomeration processes may be carried out at the iron and steel plant (e.g. in the EU), or in 
the case of some Australian exports, at the processing facilities attached to the iron ore mine.   
 
Sources: U.S.  Department of Energy (2007), Geosciences Australia (2007). 
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3.5.11.2 Key Environmental Impacts 

Table 3.36  Summary of key environmental impacts for imported iron ore 

Impact Ran
k 

Summary Comments Data 

Climate 
Change 

- Iron ore mining results in low 
levels of greenhouse gas 
emissions compared with 
other minerals and metals.  
The main emissions are CO2 
produced by fossil fuel usage 
in mine vehicles and 
machinery. 

No comment *** 

Biodiversity */** Potential impacts from habitat 
loss as well as flow-on effects 
through air and water pollution.  

Iron ore mining has been 
associated with habitat loss in 
Brazil. 

* 

Human 
Health 

* Very little data available. No comment -/* 

Natural 
Resources 

** Some degradation of natural 
resources, particularly through 
water pollution. 

Generation of AMD can be 
minimised through good 
practice. 

** 

 
The key environmental impacts of iron ore mining are summarised below: 
  

• Climate change:  Iron ore mining results in low levels of GHG emissions compared 
with mining other minerals and metals.  The main emissions are CO2, produced by 
fossil fuel usage in mine vehicles and machinery, and methane, which is sometimes 
released from underground mines.  The process of agglomeration (as a preparatory 
step for iron/steel production) also generates CO2 emissions. 

• Biodiversity:  Impacts include habitat loss at site establishment phase and indirect 
impacts resulting from increased access to undisturbed sites of high ecological value 
(as in Brazil).  Water pollution resulting from iron-ore mining activities has also had 
adverse impacts on biodiversity. 

• Air pollution:  Particulate matter (dust) is often produced from open pits, crushing 
and grinding operations, stockpiles and unsealed haul roads, and may also carry 
metals such as mercury.  Agglomeration results in emissions of chlorides and 
fluorides. 

• Water pollution:  Potential sources of water pollution from mining include drainage 
from surface and underground mines, wastewater from beneficiation and surface run-
off.  Acid mine drainage (AMD) is associated with some iron ore deposits, but is 
relatively rare compared to mining of other ores.  Other water pollutants include the 
fuel, lubricants and hydraulic oils consumed by plant and machinery, and explosives 
used to break up the rock, usually using a mixture of ammonium nitrate and fuel oil or 
trinitrotoluene (TNT) and nitro-glycerine. 

• Water use:  Water is used in beneficiation processes and may also be used for dust 
suppression at the mine (for example on stockpiles and unsealed haul roads).  Water 
usage can be reduced by recycling water on-site. 

• Waste:  The iron-ore wastes generated during extraction and beneficiation include 
large amounts of overburden from surface mining, and smaller amounts from 
underground mining, as well as tailings from beneficiation processes.   

 
Sources: U.S.  Department of Energy (2007), World Bank (1998), DEWHA (2007). 
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3.5.11.3 Impacts in Key Exporting Countries 

Brazil 

Brazil is the world’s leading producer of iron ore, producing 280 million (280,000,000) tonnes 
in 2005 (USGS, 2007).  Minas Gerais State produces the most iron ore.   
 
Key environmental impacts of iron ore mining in Brazil are: 
 

• Water pollution: Several of the iron ore mines are located in areas with torrential 
summer rain, which makes water management more difficult.  Mining and processing 
activities have been linked with discharge of iron ore and sediment-laden runoff to 
downstream watercourses. 

• Biodiversity: Impacts on biodiversity include deforestation indirectly associated with 
iron ore mining, direct impacts from water pollution, and ongoing impacts from 
inappropriate choice of species in rehabilitation, described in turn below:  
The Grande Carajas mine is located in the eastern Amazon and contains one of the 
world's largest deposits of iron ore.  Its operations, which began in the mid-1980s, 
required the construction of new road infrastructure and a railway.  This allowed easy 
access to many parts of the region and, with other factors, led to intensified in-
migration by loggers, ranchers, prospectors, small farmers and urban settlers, who 
cleared previously undisturbed land with high biodiversity value (Trottier, 2000, 
Treece, 1988). 
In Espírito Santo Bay, close to an abandoned discharge from an iron ore processing 
facility, the brown alga Sargassum vulgare C.  Agardh has been absent for over a 
decade.  Both the seabed and seashore macroalgal communities in the bayare 
covered with iron ore from the facility.  Iron-ore particles were shown to be a physical 
barrier to the reproduction, growth and net photosynthesis of Sargassum vulgare 
(Nassar et al., 2002). 
In the past, rehabilitation of iron ore mines in Brazil has often involved replanting of 
the mined area with exotic plants such as Eucalyptus species.  In the last decade 
revegetation projects have increasingly used native species (Griffith and Toy, 2004). 

• Socio-economic impacts: Similar to the impacts on biodiversity from deforestation, 
iron ore mining has been identified as having a negative impact on the Guaja, Brazil’s 
last purely nomadic, hunter-gatherer people, as a result of evictions and rapid 
deforestation (Treece, 1988). 

• Waste: On average, the iron ore mines in Minas Gerais produce about 1 tonne of 
waste for each tonne of ore (Griffith and Toy, 2004), which is less than the world 
average according to the World Bank (1998). 

 
Sources: Nassar et al., (2002), Griffith and Toy (2004), Trottier (2000), Treece (1988), USGS 
(2007) 

Ukraine 

Ukraine is the world’s fifth largest producer of iron ore (63 million tons in 2003) and exports 
about 15 per cent of its total output (USGS, 2007).  The largest iron ore deposits are located 
in Kriviy Rig, in Kremenchuk, and in Kerch and Belozerskie (Donetsk region), with total 
reserves estimated at 26 billion tonnes.   
 
Kriviy Rig city, located in Dnepropetrovsk oblast, is the centre iron ore mining in Ukraine.  It is 
situated in a densely populated industrial and mining belt, measuring about 140 kilometres 
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from north to south.  The iron ore mining and processing complex of Kriviy Rig comprises 
nine of the ten open pit iron ore mines in Ukraine as well as five ore-processing plants.   
 
Key environmental impacts of iron ore mining in Ukraine are: 
 

• Biodiversity: Although the literature does not specifically describe impacts on 
biodiversity in Ukraine, the combination of acids and metals released in AMD can 
have severe effects on the ecology of local watercourses, where metals can enter the 
food chain.   

• Air pollution: In the Kriviy Rig iron ore mining region, emissions of harmful 
substances into the atmosphere in 1997 reached 443 800 tonnes, of which 75.3 per 
cent were carbon monoxide, 16 per cent particulate matter, 6.5 per cent sulphur 
dioxide and 1.5 per cent nitrous oxide emissions. 

• Water pollution: The iron ore mines and processing plants produce almost 220 
million cubic metres of effluent a year.  Of this, 50 million cubic metres are directly 
pumped from mines.   

• Waste: The iron ore industry and other forms of mining in Kriviy Rig have generated 
large amounts of waste.  The Kriviy Rig complex is spread over 30 000 hectares, of 
which 26 per cent is covered by 3 billion cubic metres of tailings from mining 
operations.  Re-cultivated lands account for just 0.5 per cent of the total 1 700 
hectares of degraded land that was rehabilitated. 

  
Sources: USGS (2008), UNECE (2006). 

Australia 

Australia is the world’s second largest producer (263 billion tonnes in 2005) and largest 
exporter of iron ore (USGS, 2007).  Iron ore is won from 18 mines, all of which are open pit 
mines, from three main sources: pisolite "channel-iron" ore derived by mechanical erosion of 
primary banded-iron formations and accumulated in alluvial channels such as at Robe River, 
Western Australia; the dominant banded iron formation related ores such as at Newman, the 
Hamersley Range and Koolyanobbing, Western Australia, and massive magnetite ore such 
as at Savage River, Tasmania. 
 
All of the iron ore produced in Australia undergoes some form of concentration and some of it 
is agglomerated into pellets prior to export. 
 
Key environmental impacts of iron ore mining in Australia are: 
 

• Air pollution: Australia’s National Pollutant Inventory (NPI) provides data on pollutant 
emissions from each iron ore mine.  The most significant air pollutant by volume is 
particulate matter (PM10); others include carbon monoxide (CO), oxides of nitrogen 
(NOx), sulphur dioxide (SO2) and volatile organic compounds (VOCs); fluoride, 
manganese and zinc compounds may also be emitted.  Emissions of a number of air 
pollutants have decreased in recent years as a result of emission reduction activities, 
which also documented on the NPI website, including dust suppression and ‘cleaner 
production’ methods of processing (DWHA, 2007). 

• Water pollution: The NPI indicates that surface and process waters discharged from 
iron ore mines and processing facilities may contain high concentrations of other 
metals and minerals such as zinc, fluoride, lead, copper and chromium, depending on 
the composition of the ore (DWHA, 2007).  These metals are toxic in high 
concentrations. 

 
Sources: USGS (2007), USGS (2008), DEWHA (2007), Geoscience Australia (2007). 
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3.5.11.4 End-of-Life 

Almost all (98%) of the mined iron ore is used to produce iron and steel.  End-of-life issues 
are therefore covered in the chapter on iron and steel. 
 

3.5.12 Mercury 

3.5.12.1 General Description of Processing 

There are two main sources of mercury: 
1. Mining and processing of primary mercury ores;  
2. Recycling and production of secondary mercury, including recovery of mercury from 

mercury cell chlor-alkali plants and vinyl chloride monomer (VCM) processes, by-
product mercury from non-ferrous metals refining and the cleaning of natural gas, and 
recycled mercury from products and wastes. 

 
Mining and processing of primary mercury: 
There are more than 25 minerals known to contain mercury, but the principal ore is mercury 
sulphide, known as cinnibar.  Cinnibar usually occurs alone in rock deposits but is sometimes 
in association with gold, antimony, iron and zinc.  One source of cinnibar is as a by-product 
of large, low-grade mining operations. 
 
Mercury deposits are usually small and irregular, for example occurring as veinlets, which 
precludes large-scale highly mechanized mining methods.  The most common method of ore 
recovery is underground mining, using drilling and blasting followed by loading into ore cars.   
 
As most cinnibar as mined contains less than 1% mercury, various mineral processing 
methods such as shaking, screening, elutriation and floatation have been practiced to 
concentrate the ore.  The extraction of mercury from its ore is then essentially a distillation 
process.  Heat is applied to the sulphide ore in a furnace, where oxygen combines with the 
sulphur to form sulphur dioxide (SO2), and the mercury metal is liberated as a gas.  The 
gases are then passed through a series of U-shaped tubes to condense the mercury vapour 
to a liquid. 
 
Retorts are used to extract mercury in small mining operations or to burn soot collected in 
large furnaces.  Retorts can also be used to further remove impurities from the mercury, by 
multiple distillation. 
 
Recycling and production of secondary mercury: 
As an example of the processing steps, mercury in spent batteries is recycled at the Batrec 
plant in Switzerland in four stages, as follows (Beck, 2004): 

• Stage 1, Pyrolysis: After the batteries have been manually sorted to remove nickel-
cadmium and lead rechargeable batteries, they are fed into the shaft furnace.  The 
batteries are pyrolised at temperatures of up to 700° Celsius.  Water and mercury are 
vaporised in the process and pass together with carbonised organic components 
such as paper, plastic and cardboard into the after-burner, where the gases burn at 
over 1000° Celsius, thus destroying dioxins and furans.  The exhaust gases are then 
fed into the exhaust gas purification plant. 

• Stage 2: In the exhaust gas purification plant, exhaust gases are washed with 
circulating water as a wet chemical process and cooled to 4° Celsius.  Solid materials 
are washed out and the mercury condenses out as a metal.  The sludge which arises 
is further processed in the mercury distillation plant. 
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• Stage 3: Metal recovery: other metals such as iron, manganese, zinc, cadmium and 
lead are reduced and smelted in an induction furnace at a temperature of 1500° 
Celsius.  Non-reduced oxides remain as sludge. 

• Stage 4: Mercury distillation is conducted as batch process.  By heating to over 360° 
Celsius, the mercury contained in the waste sludge vaporises and condenses again 
as pure mercury in a condensation column.  The condensation unit is followed by and 
activated carbon filter, which removes the remaining traces of mercury from the 
exhaust-gas stream.   

 
Sources: UNEP (2006), Beck (2004), Encyclopaedia Britannica (2008).   
 

3.5.12.2 Key Environmental Impacts 

The main environmental impacts of mercury production are:  
 
• Climate change:  Mercury mining and reprocessing result in relatively minor 

emissions of GHGs, mostly from the use of fossil fuels in processing and recycling 
plants. 

• Biodiversity:  Mercury is also toxic to other forms of life.  Discharges of mercury to 
the atmosphere and to waterways have had significant impacts on ecosystems, 
particularly through biomagnification in fish (e.g. in Minimata, Japan).  However, the 
bulk of these discharges have been from chemical plants using mercury, rather than 
plants producing mercury. 

• Human health:  Mercury is a potent neurotoxin that bioaccumulates (builds up inside 
an organism) and biomagnifies (builds up along the food chain), so it presents a risk 
to many people, e.g. from eating fish.  However, as discussed above, the mining, 
processing and recycling of mercury itself are not significant contributors to mercury 
emissions to the environment and human exposure to mercury.  However, some of 
the subsequent uses of mercury are (for example artisanal production of gold 
extracted with mercury), which is (illegally) practised in China and South America.  
For workers in mercury processing plants, there are high risks of exposure to 
elemental  mercury vapours, which must be mitigated by the use of protective 
equipment.   

• Waste:  Mercury mining operations in China have left behind large amounts of 
unrehabilitated rock residue, containing low concentrations of mercury, which may be 
entrained in run-off water for years to come.  Recycling of the mercury itself is not a 
huge producer of mercury-contaminated waste, but the subsequent uses of mercury 
are (e.g. chlor-alkali plants, batteries containing mercury, dental amalgams). 

• Air pollution:  In mining and processing operations, sulphur dioxide (SO2) is the main 
air pollutant released during the extraction of mercury from the mercury sulphide ore 
(cinnibar).  Airborne mercury (emitted from mining, processing and recycling 
operations) makes a relatively small contribution to total mercury emissions, which 
are mostly from coal combustion and zinc smelting.  Recycling results in the emission 
of nitrogen oxides (NOx), carbon monoxide (CO), particulates and metals, such as 
zinc, that may also be present in the material being recycled. 

 
Sources: UNEP (2002), UNEP (2006), EPA (2007), Cain (2005), Beck (2004), Jiang (2006). 
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Table 3.37  Summary of key environmental impacts for imported mercury 

Impact Rank Summary Comments Data 
Climate 
Change 

* Relatively minor impact, mainly 
from fuel use in processing and 
recycling plants.   

No comment * 

Biodiversity ** Globally, the actual production of 
mercury makes a very small 
contribution to the level of mercury 
in the environment.   
 
Mercury mining can impact on 
biodiversity when vegetation is 
cleared at the site, and primary 
processing may also result in 
elevated levels of mercury in soil 
and water downstream of the site. 
 

Mining impacts are site 
specific according to 
mining practices and local 
ecosystem. 
 
Apart from mining impacts, 
it is difficult to pinpoint 
impacts to mercury 
production. 
 

* 

Human 
Health 

** Mercury producers: High risk of 
exposure to elemental mercury 
vapours. 
 
General population: Mercury in the 
form of methylmercury is a potent 
neurotoxin that bioaccumulates 
and biomagnifies, so it presents a 
risk to many people, e.g. from 
eating fish.   
 

Occupational exposure is 
minimised through the use 
of protective equipment.   
 
Globally, mercury 
production makes a very 
small contribution to 
human exposure to 
mercury. 
 

*** 

Natural 
Resources 

* The majority of mercury produced 
globally is from secondary sources 
(recycled); reduced demand for 
mercury and large amount of 
existing stocks has reduced 
primary production of mercury.   
 
Mercury mining in China has had 
adverse impacts on natural 
resources such as air, water and 
soil. 

Collection and recycling of 
mercury-containing 
products limits the demand 
for mercury mining. 
 

** 

 

3.5.12.3 Impacts in Key Exporting Countries 

Switzerland 

The mercury exported from Switzerland to the EU is recovered from spent products and 
waste from industrial processes, at the Batrec recycling plant located at Wimmis. 
 
Batrec began recycling batteries in 1992 and now processes 2500 tonnes of Swiss batteries 
and around 800 tonnes from other countries, mainly in the EU.  It has also expanded into the 
recycling of other mercury-containing wastes.  The Batrec plant has a processing capacity of 
5000 tonnes per year. 
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The plant complies with the ISO 14001 environmental standard and Batrec has produced an 
energy and materials balance for plant operations in 2003.  Key environmental statistics and 
impacts of mercury recycling operations at the plant include: 
 

• Air pollution: Batrec operates a low-emission system, in which the mercury 
condensation unit is followed by an activated carbon filter, which removes the 
remaining traces of mercury from the exhaust-gas stream to negligible levels.  The 
materials balance for 2003 indicates that 50 grams of mercury was emitted in the total 
exhaust gas volume of 8.3 million m3.  Other emissions were 2264kg NOx, 1315kg 
CO, 2.5kg particulates and 0.583kg zinc (Batrec, 2004). 

• Climate change: In 2003 the plant used 10.6 million kWh of energy (electricity, oil and 
natural gas) and discharged 2.5 million tonnes of CO2 to the atmosphere.   

• Water resources: In 2003, 26,000 m3 of potable water was used at the plant, a 17% 
reduction from the previous year.   

• Water pollution: Wastewater arising during the course of exhaust gas purification is 
filtered and cleansed of cyanide, fluoride and heavy metals.  The solid materials are 
returned to the pyrolysis process and the treated wastewater is discharged to the 
sewage system.  In 2003 the mercury content of the 7000m3 of wastewater 
discharged to sewer was 0.2 grams. 

• Waste: The volume of waste (slag) produced equates to 8% of the battery input.  The 
slag has very low metal content and is landfilled at special sites or used in road 
construction. 

China 

For several years China has been the leader in world production of primary (mined) mercury, 
producing 1,100 tonnes in 2006.  Mercury has historically been produced as a by-product of 
gold mining and from mercury mines in the Upper Yangtze, Kuniun-Qinling, Sanjiang, and 
South China metallogenic regions (USGS, 2006).  Wanshan, located in Guizhou Province, 
has the largest deposits of mercury in China.  Approximately 20,000 tonnes of mercury was 
produced there from the 1950s to 1990s (Jiang et al, 2006).   
 
The Chinese State Environmental Protection Administration has initiated a Prevention and 
Control Programme for mercury, which covers the production, use, import, export and 
disposal of mercury.  Mercury mining has been restricted in many areas, such as Wanshan, 
and in an effort to control a major source of mercury pollution, artisanal gold mining activities 
were banned in 1996 (but continue illegally) (Liu, 2006; .Jiang et al, 2006). 
 
The key environmental impacts of mercury mining and processing in China are: 

• Air Pollution: The largest sources of mercury emissions in China are from the 
smelting of zinc, lead, gold and copper (45%) and coal combustion (38%).  Mercury 
mining contributes 1.6% or 8.8 tons in 1999 (Streets et al, 2005).  Mercury emissions 
to air from mining in Guizhou Province were 11 tonnes in 1983 but had declined to 5 
tonnes by 1994 (Jiang et al, 2006).   

• Water pollution:  The mercury concentration in river water downstream of the 
Wanshan mines is elevated, at up to 680 mg/L (Jiang et al, 2006). 

• Human health and biodiversity: Jiang et al (2006) note that concentrations of mercury 
in soil around the Wanshan mines ranges from 24.3 to 348 mg/kg, which is 16 to 232 
times the maximum concentration allowed for soil in China.  The concentration of 
methylmercury in rice grains from Wanshan is higher than in surrounding regions, 
reaching 0.14 mg/kg (the World Health Organisation recommended safe intake level 
is 1.6 µg per kg body weight per week). 
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• Waste: More than 100 Mt of waste rock residue has been produced at disused 
mercury mines in Wanshan that have not been rehabilitated.  The residues will be a 
potential source of mercury for many years (Jiang et al, 2006). 

Russia 

Mercury production by recycling in Russia was estimated at 30 to 50 tonnes per year 
between 1996 and 2001 (Danish EPA, 2005).  The chlor-alkali industry, which had a capacity 
of 430,000 tonnes per year in 2005, is a major source of reprocessed mercury in Russia, 
amounting to up to 5 tonnes of  the mercury produced in 2005 (UNEP, 2006).  Russian 
companies that collect and recycle mercury include Mercom and Kubantsvetmet. 
 
Great quantities of mercury-containing wastes have accumulated in Russia.  About 650,000 
tonnes of wastes containing 0.02 to 75% mercury were estimated to be stored in 1999, with 
another 11,000 tonnes produced and stored annually.  In particular the non-ferrous industries 
have accumulated more than 63,000 tonnes of mercury-selenium slag (Danish EPA, 2005).  
Since 2004, several thousand tonnes of mining waste have been transported from Russia to 
Kyrgyzstan for reprocessing, after which the mercury is owned and marketed by Kyrgyzstan 
(UNEP, 2006). 
 
No information about the environmental impacts of Russian mercury production was found. 

USA 

There have been no active mercury mines in the US since 1990 (EPA, 2006).  The sources 
of mercury exported from the USA to the EU are recycled mercury from industry and spent 
products.  The chlor-alkali industry is a major source of reprocessed mercury in the USA, 
where regulations require that most mercury wastes be treated and the mercury recovered.  
In 2005 an estimated 35 to 60 tonnes of mercury was reprocessed from chlor-alkali plants in 
the USA, out of a world total of 90-140 tonnes (UNEP, 2006).   
 
In 2006, approximately 50 companies were listed as mercury recyclers; however, most of 
these companies collect mercury-containing consumer products, such as dental amalgam or 
fluorescent lamps, and move them on to larger companies with retorting facilities.  Therefore, 
only five companies account for the majority of secondary reclamation and production 
(USGS, 2007).  One of these operates the world’s largest commercial mercury recycling 
facility (Bethlehem Apparatus, 2008). 
 
Mercury production is quite tightly regulated in the US.  The larger mercury recycling 
companies require a permit to operate and are monitored and audited by the EPA, OSHA, 
DOT and State agencies.  These plants also report discharges to air, water and land to the 
EPA, which publishes aggregated data in the Toxics Release Inventory, at 
www.epa.gov/tri/tridata/index.  (However because the publicly available data is aggregated at 
the company level, discharges cannot be specifically attributed to mercury recycling 
processes.) 
 

• Human health:  The large recycling companies emphasise the safety of their 
processes.  For example, Mercury Waste Solutions (2008) states that its computer 
monitored, fully automated, continuous flow process eliminates human exposure to 
volatile mercury vapours, and that all processing is completed under EPA, OSHA, 
and State agency operating guidelines. 

• Water quality: Bethlehem Apparatus (2008) states that its wastewater treatment 
system removes trace amounts of mercury to below the EPA hazardous level of 20 
parts per billion. 

http://www.epa.gov/tri/tridata/index
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• Waste recovery: In 2006, Thermostat Recycling Corporation reported record 
collection of mercury thermostats.  The company collected 113,600 thermostats 
containing 490 kg of mercury, an increase of 29% and 32%, respectively, more than 
those of 2005 (USGS, 2006).   

• Waste disposal: Under the Resource Conservation and Recovery regulations, high 
concentration mercury wastes must be retorted for mercury recovery and reuse.  With 
the phasing out of many uses of mercury, State and Federal governments are 
investigating ways to manage and “retire” surplus mercury.  The US Federal 
Government has held surplus mercury stocks in store since 1994, which by 2006 
totalled nearly 6000 tonnes of mercury.  In addition there are unknown quantities in 
private stocks (EPA, 2006).   

 
Sources: EPA (2006), UNEP (2006), USGS (2006), USGS (2007), Mercury Waste Solutions 
(2008), AERC (2008), Bethlehem Apparatus (2008), Aasestad (2007), Norwegian Ministry of 
Foreign Affairs (2006), Christensen (2007) Streets et al (2005), USGS (2006), Liu (2006), 
Jiang et al (2006), Beck (2004), Batrec (2004), UNEP (2006), Danish EPA (2005).   
 

3.5.12.4 End-of-Life 

Mercury is primarily used in the EU in mercury-cell chlor-alkali plants to produce chlorine and 
sodium hydroxide, in which large quantities of mercury serve as a liquid cathode in the 
electrolytic process.  The process releases mercury to the environment with air emissions, 
water discharges, the sodium hydroxide and hydrogen products, and solid and liquid process 
wastes.  Human health and environmental concerns have caused an overall market shift 
toward non-mercury technology.  A voluntary phase-out of chlor-alkali production by 2020 
has been agreed by European companies.  The decommissioning of nearly 6 million metric 
tonnes of mercury cell capacity (as of 2005) in the EU will liberate up to 11,000 metric tonnes 
of mercury from the cells between now and 2020. 
 
End-of-life impacts of mercury have long been recognised as an important issue in the EU 
due to the toxicity and bioaccumulation of mercury.  The revised Batteries Directive requires 
systems to be established by 2009 to treat and recycle all batteries, after which time batteries 
would be banned from landfill and it would become illegal to sell most batteries that contain 
more than trace amounts of mercury or cadmium.   
 
With the phasing out of many uses of mercury, end-of-life may become more of an issue: 
with diminishing uses and economic drivers for recycling, less mercury will be recycled.  
Some governments (e.g. in the USA) hold surplus stocks of mercury, as a temporary 
measure.  In the longer term, surplus mercury will need to be treated and disposed of as 
hazardous waste.  In the EU, low concentrations of mercury in waste are generally permitted 
in normal landfills, while some Member States only allow waste with higher mercury 
concentrations to be deposited in landfills that are designed with enhanced release control 
technologies to limit mercury leaching and evaporation.  In Sweden, the only acceptable 
disposal of mercury waste now consists of “final storage” of the treated waste deep 
underground (UNEP, 2002). 
 
In 2006 the EU agreed a Mercury Strategy that calls for a ban on mercury exports from 2011, 
and is now in the process of adopting relevant legislation including a long-term “safe storage” 
requirement for mercury removed from decommissioned chlor-alkali plants, to prevent its 
resale and potential release to the biosphere.   
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3.5.13 Phosphate Rock 

3.5.13.1 General Description of Processing 

The process generally includes: mine development; extraction, handling; benefaction and 
waste disposal.  Here follows a breakdown of the process stages. 
 
Most phosphate rock production worldwide is extracted using opencast dragline or open-pit 
shovel/excavator mining methods.  Underground mining is still carried out in some countries 
although it is declining hence the focus of this report.  Surface phosphate rock mining 
operations can vary greatly in size, with extraction ranging from several thousand to more 
than 10 million tonnes of ore per year.  In many cases, operations supply feed to a nearby 
fertiliser-processing complex for the production of downstream concentrated fertiliser 
products.   
 
Mining consists of clearing the site of brush, initial removal of topsoil and overburden 
followed by matrix ore removal.  The land area affected by the surface operations may vary 
widely, depend on the ore body geometry and thickness and the ore extraction rate.  At 
similar extraction rates, mining of flat-lying thin ore bodies will affect a far wider area of land 
than the mining of thicker or steeply dipping ore bodies.  The depth of excavations may 
range from a few metres to more than 100 metres. 
 
From extraction to benefaction the phosphate rock will be handled via a slurry pipeline, 
carried in trucks or via conveyor belts.   
 
Beneficiation (or concentration) processes are generally used to upgrade the phosphate 
content by removing contaminants and barren material prior to further processing.  A few 
ores are of sufficiently high quality to require no further concentration.  The naturally 
occurring impurities contained in phosphate rock ore depend heavily on the type of deposit 
(sedimentary or igneous), associated minerals, and the extent of weathering.  Major 
impurities can include organic matter, clay and other fines, siliceous material, carbonates, 
and iron bearing minerals.  These characteristics influence the beneficiation processes 
employed.   
 
Firstly the mined ore is separated, relative to size, into clays, fine product, pebble product, 
and oversized debris.  The removal of fines such as clays and fine-grained aluminium and 
iron phosphates is usually conducted through a combination of crushing/grinding, scrubbing, 
water washing, screening, and/or hydro-cyclones.  The fines are disposed of either to rivers, 
mined out areas, or specially engineered storage impoundments.  Siliceous material, sand, 
may require an additional froth flotation stage for separation.  This is typically pumped to 
storage impoundments or mined-out areas for disposal. 
 
Sources: US EPA 1994, UNEP 2001 

3.5.13.2 Key Environmental Impacts 

The key environmental impacts of phosphate ores production are summarised below: 
  

• Climate change:  Emissions occur from the energy use in machinery in the 
benefaction process and transport of the raw material, but are relatively low.  
Methane released from some geological strata during mining is also possible.   

• Biodiversity:  The landscape is disturbed through the removal of topsoil and 
vegetation, excavation and deposition of overburden, disposal of processing wastes 



Environmental Impacts of Significant Natural Resource Trade Flows into the EU              AEA/ED05444/Issue 6 
 
 

AEA Energy & Environment  130 

and underground mining-induced surface subsidence.  The surrounding areas can 
potentially suffer from heavy metal accumulation, both in the soil and in water bodies. 

• Human health:  Phosphate rock contains a small amount of uranium, and mining, 
milling and transporting of phosphate ores expose workers and the public to 
enhanced natural radioactivity, although this is often still within the national 
permissible limit of background radiation set for mining and processing.  Air quality at 
the mines, due to high dust levels, is an issue for the workforce. 

• Air pollution:  The main pollutant of concern is dust that is produced during the 
extraction process. 

• Water use:  Large volumes of water are typically required by the mining and 
beneficiation activities.  This water consumption may lead to a fall in the level of the 
water table, affecting the surrounding ecosystem and the depletion of nearby surface 
water bodies.  The process water may be recovered and re-used. 

 Water pollution:  Water contamination may occur through spillage of ore slurries or 
brines from pipelines, from the mobilisation of fines by rain run-off from roads or 
stockpiles, and leaching of toxic minerals from overburden and processing wastes.  
Elevated sediment levels in surface water are caused largely by uncontrolled water 
run-off, mobilising the fines from disturbed areas. 

 Waste:  The volume and type of waste is dependant on the ore characteristics and 
the specific benefaction process used.  The major waste streams are low-grade rock 
from screening, clay fines, sand tailings and significant quantities of process water.  
The contaminated process water is disposed of by a number of means including 
discharge to rivers or other water bodies and disposal to engineered storage dams or 
mined-out areas.   

Sources: UNEP (2001), Gaudry et al.  (2007), Guzman et al.  (1994), Qureshi et al.  (2001) 

Table 3.38  Summary of key environmental impacts for imported phosphate 

Impact  Rank Summary Comments Data 
Climate 
Change 

* Exhaust emissions occur 
during both excavation and 
handling due to machinery 
use and transport 

Relatively to other mined 
metals and minerals phosphate 
extraction, impact on climate is 
low land-use change results in 
low levels of carbon release. 

* 

Biodiversity */** Mining severely impacts land 
once phosphate has been 
removed, leaving a 
landscape unsuitable for any 
other kind of industry or as 
residential land.  Noise and 
heavy metal bioavailability of 
heavy metals also affect 
biodiversity 

The land is striped of brush etc.  
therefore destroying existing 
the ecosystem however the 
location of these mines are not 
in particularly bio-diverse areas.  
indirect impact on biodiversity 
from heavy metal accumulation.  
Noise also affects fauna in the 
close surroundings 

** 

Human 
Health 

* Workforce is exposed to 
particulates from dust and 
emissions 

No comment * 

Natural 
Resources 

* The effect on water resources 
is substantial, firstly the 
excessive use of and 
secondly the pollution of.  
The quality of the air can be 
affected by the release of 
emissions such as dust and 
exhaust gases. 
 

Phosphates ore extraction is 
responsible for the degradation 
of water resources, air quality is 
affected during the extraction 
and benefaction process.  
Temporary fall in the water 
table affects surroundings. 

** 
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3.5.13.3 Impacts in Key Exporting Countries 

Morocco 

Morocco is located in northern Africa, and is the largest exporter and third-largest producer of 
phosphates worldwide. 
 
Open pit mining is employed widely in Morocco, underground mining is still carried out 
though it is on the decline.  The production process in Morocco is illustrated by operations of 
the Office Chérifien des Phosphates (OCP).  Opencast dragline mining involves initially 
drilling and blasting the overburden.  Bulldozers prepare the surface for draglines to remove 
the broken overburden and expose the ore.  The ore is excavated and trucks transport the 
ore to a screening plant for separation.  The screened ore is reclaimed from the stockpile and 
transferred by conveyor to the beneficiation plant.  The ore is washed and dried to remove 
clay fines and in some instances is subjected to calcination, to produce a concentrated 
phosphate rock.  The concentrated phosphate rock is transported by rail to the industrial 
complexes for further processing, or directly to port for export. 
 
Key environmental impacts of the phosphate industry in Morocco 
Water resources: Groundwater is pumped to the surface and used for rock washing.  
Morocco has an arid climate therefore the excessive use of groundwater means there is 
competition for it between farmers, miners and the environment itself.   
 
Waste: The Moroccan phosphate industry produces large amounts of inorganic wastes that 
are discharged into the Atlantic Ocean.  The major waste, called phosphogypsum and 
composed of calcium sulphate and other additional salts, is introduced into seawater in 
particulate form.  After dissolution of the particles, heavy metal concentrations can be 
influenced near the release point.  This is a clear pollution of the surrounding environment.  
This pollution is detected even at 6km from this site.  A study by Gaudry et al found a yearly 
flux of heavy metals introduced in the Atlantic Ocean.  Algae were used as bio-accumulators 
of heavy metals in order to significantly reveal the signal of the heavy metal pollution.  An 
increase of their concentrations in the marine environment affects the marine flora, fauna.  
The expected consequence is a possible accumulation of pollutants at the sediment interface 
and in various kinds of plants also expected are further accumulations in animals living along 
the littoral.  The amounts of heavy metals added to the marine environment are expected to 
increase in this region of Morocco. 

Russia 

Open pit mining is employed widely in Russia.  The most significant regions for mining 
phosphates in Russia were the Kola Peninsula and the region near the Arctic Circle.  
Therefore it is in these areas where environmental impacts of phosphate mining need 
scrutiny. 

Syria 

The state-owned General Company for Phosphates and Mines (GECOPHAM) produces 
phosphate rock at the 2 major Alsharqia and the Kneifis Mines.  In 2005, production 
increased to 3.85 Mt from 2.88 Mt in 2004 because Alsharqia’s capacity was increased to 
3.05 Mt/yr from 1.85 Mt/yr.   
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The rest 20% is locally used in making phosphoric acid and phosphate fertilizer in Homs 
Fertilizer.  The phosphate and especially the raw materials are being transported by railway 
to Tortuous' port 265 km away from mines.   
Natural resources: In a study of Syrian phosphate industry by Othman and Masri where the 
impact on the environment is based on evaluating naturally occurring radionuclide 
concentrations in the surrounding environment at the locations of this industry.  Air 
particulates, soil, water (river, lake and sea water), biota and plant samples were collected 
and analysed.  This is representative of the extent of distribution of phosphate dust and 
sediments.  The results showed that the distribution and enhancement of natural 
radionuclides in the surrounding environment in the three locations tested were mainly due to 
fallout of phosphate dust generated during loading and processing of phosphate ore.  The 
extent of contamination was related to climate conditions.   
 
Waste:  Radon gas and its daughters generated from phosphate ores were found to be the 
main source of enhanced concentrations of isotopes of Polonium and Lead in soil and leafy 
plants. 
 
Sources: Othman & Masri (2007), UNEP (2001), BMI (2008), Gaudry et al.  (2007), 
Encyclopaedia of the Nations (2007) 

3.5.13.4 End-of-life 

According to the report “Phosphate recycling in the phosphorus industry “ by Schipper et al, 
there are many industries producing phosphate waste streams, such as food and dairy 
processing, metal treatment and etching, electronics manufacturing and other processes that 
use phosphorus, phosphoric acid or phosphates.  A large variety of phosphate-containing 
wet and dry materials result from the treatment of these waste streams. 
 
Schipper et al concluded that there appears to be potential for phosphorus recycling, but 
there are many practical difficulties to be overcome.  Phosphorus from sewage sludge has 
excellent recycling potential, provided appropriate techniques for side-stream recovery are 
applied enabling recovery of a material that does not contain significant levels of copper and 
zinc contaminants.  As for existing streams of sewage sludge incineration ash, the high iron 
content of these makes recycling virtually impossible. 
 
Sources: Schipper et al.  2001 
 

3.5.14 Zinc 

3.5.14.1 General Description of Processing 

Over 95% of the world’s zinc is produced from the mineral sphalerite, also known as zinc 
blende (ZnS).  It is usually associated with other metals minerals, the most common being 
lead, copper and silver.  Apart from these metals the concentrate contains 25% or more 
sulphur as well as varying amounts of iron, manganese, chromium, cadmium and other 
metals. 
 
Zinc ores typically contain 5-40% zinc and so must be concentrated prior to smelting.  Zinc 
concentration is usually done at the mine site to keep transport costs to smelters as low as 
possible. 
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To concentrate the ore it is first crushed and then ground to enable optimal separation from 
the other minerals.  The ground ore is then subject to a flotation process, used to separate 
the zinc and other valuable sulphide minerals from the waste rock particles (tailings) to form 
a concentrate.  Ground ore, water and special chemicals are mixed and constantly agitated 
in banks of flotation cells.  Air is blown through the mixture in each cell, and the fine zinc 
sulphide particles stick to the bubbles, which rise to form a froth on the surface of the 
flotation cell.  The tailings sink and are removed from the bottom of the cell.  The froth is 
skimmed off and the resulting zinc sulphide concentrate is dried.  The concentrate typically 
contains more than 50% zinc and up to 90% of the zinc in the ore can be recovered. 
 
Sources: Geoscience Australia (2007). 

3.5.14.2 Key Environmental Impacts 

The key environmental impacts of zinc mining are: 
 

• Climate change:  The main emissions are carbon dioxide (CO2) produced by fossil 
fuel usage in mine vehicles and machinery; methane is also sometimes released from 
underground mines. 

• Biodiversity:  Impacts include habitat loss at site establishment phase as well as the 
potential for impacts through water pollution resulting from zinc mining and 
concentrating activities. 

• Human health:  Limited data are available.  The deposition of metals in residents’ 
potable tankwater may have resulted in some impacts on communities near the 
Century Zinc mine in Australia. 

• Air pollution:  Particulate matter (dust) is often produced from crushing and grinding 
operations, stockpiles and unsealed haul roads, and may carry metals such as 
cadmium, lead and zinc.  

• Water pollution:  The metals associated with the zinc ore (lead, copper and/or silver) 
as well as other metals such as iron, manganese, chromium and cadmium may be 
discharged in run-off or process waters from zinc mines.   

• Waste:  Wastes generated by lead-zinc mining operations include overburden and 
tailings, which may include base metals, sulphides and other elements found in the 
ore, as well as additives used in beneficiation operations.  Smaller amounts of 
overburden are generated from underground mining (the bulk of zinc mining) than 
surface mining.  This is often used in on-site construction for road building or other 
purposes.   

• Water use:  Water is used in beneficiation processes and in pipelines where they are 
used to transport zinc concentrates from mine to port.  Water may also be used for 
dust suppression at the mine (for example on stockpiles and unsealed haul roads).  
Water usage can be reduced by on-site recycling. 

 
Sources: Geoscience Australia (2007), Zinifex (2007). 
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Table 3.39  Summary of key environmental impacts for imported zinc 

Impact  Rank Summary Comments Data 
Climate 
Change 

*/** The main emissions are CO2 
produced by fossil fuel usage in 
mine vehicles and machinery. 

Emissions can be reduced 
through the use of 
alternative fuels 

*** 

Biodiversity */** Little data available; most zinc 
mines are underground which 
reduces impacts on biodiversity 
through habitat loss.   

No comment -/* 

Human 
Health 

*  Little data available; some 
impacts on surrounding 
communities in Australia through 
deposition of metals in tankwater 
supply. 

No comment * 

Natural 
Resources 

** Some degradation of natural 
resources, particularly through 
water pollution. 

Generation of AMD can be 
minimised through good 
practice. 

** 

 

3.5.14.3 Impacts in Key Exporting Countries 

Peru 

Peru produced 1.2 million tonnes (Mt) of zinc in 2006 (USGS, 2008).  The largest mine in 
Peru and one of the largest zinc/copper mines in the world is Antamina, located in the Andes 
mountain range. 
 
Key environmental impacts of the mine are: 
 

• Climate change: The mine is connected to the port by a pipeline 302 kilometres long 
that transports the zinc concentrates to the port for export.  The greenhouse gases 
resulting from transportation of ore by pipeline are lower than by road or rail. 

• Biodiversity: The mine is located adjacent to Huascaran National Park.  No 
information could be found about the direct impacts of the mine on biodiversity.  In 
2006 Antamina was awarded the national Sustainable Development Prize for a 
conservation project in the region to protect the highly threatened Polylepis forest 
habitat which is endemic to the Andes. 

• Socio-economic impacts: In 2006, negotiations with the Peruvian Ministry of Energy 
and Mines, local government, non-government organisations and local communities 
resulted in Antamina investing US$65 million (3.75% of operating profits) in a 
programme aimed at improving living conditions.  Antamina is one of the largest 
employers in the region, employing 1460 people, over 98% of whom are Peruvian 

• Water resources: At the site establishment phase, a lagoon called Laguna 
Conococha was drained in order to provide access to the zinc ore.  In the mining 
operations, water is used in the pipeline to transport the concentrates.  At the port, 
the water is treated to remove metals and other impurities and is then used to irrigate 
a 170 hectare tree farm.   

Australia 

In Australia, nine mines produce zinc together with one or more of silver, copper, lead and/or 
gold.  Zinc production totalled 1.37 Mt in 2005, second only to China (USGS, 2007).  The 
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second largest zinc mine in the world and largest in Australia is the Zinifex Century Mine, a 
zinc, lead and silver mine that produces more than 0.55 Mt of zinc concentrates per year.  
The mine is located 250 km north of Mt Isa, close to the Gulf of Carpentaria in north west 
Queensland.  Almost all of Australia’s zinc mines are underground operations except for 
Century, where open-pit methods are used to access the flat-lying ore body measuring 1.4 
by 1.2 kilometres with a final pit depth of 344 metres. 
 
Key environmental impacts of the mine are: 
 

• Climate change: Century Zinc’s operations resulted in the emission of 0.5 tonnes of 
CO2 per tonne of zinc concentrate produced.  This is almost double the figure for the 
Red Dog mine in Alaska (see below).  The high emissions were attributed to the need 
to use large equipment to strip away new areas of ground before the zinc could be 
won, whereas mining at Red Dog is being carried out in existing areas.  Century Zinc 
is required by the Australian Government to reduce its greenhouse gas emissions 
through participating in the Energy Efficiency Opportunities Program. 
The Century Zinc mine is connected to the port by a pipeline 304 kilometres long.  
The greenhouse gases resulting from transportation of ore by pipeline are lower than 
by road or rail.   

• Air pollution, human health: In 2007, levels of cadmium, lead and zinc in some 
residents’ rainwater tanks near the port facility were found to be above the 
recommended guidelines.  Zinifex responded by reducing dust emissions from the 
port site and offering residents a first flush system for their water tanks. 

• Water resources: Water is used in the beneficiation process and in the pipeline to 
transport the concentrates.  Due to ongoing drought conditions, the mine is largely 
reliant on bore water extracted from groundwater aquifers, which are being depleted.  
Water usage has increased over the last three years, to 9200 megalitres in 2006/07.  
A quarter of this was reused in a pastoral flood irrigation system. 

• Water pollution: Zinifex has identified AMD as a significant ongoing issue at the 
mine, with implications for water quality and long term rehabilitation of the site.  In 
2007, 273 tonnes of zinc concentrate were washed overboard Century’s transfer ship 
(used to transfer ore from the pipeline to offshore ships), during a cyclone.  
Subsequent studies by Charles Darwin University found that levels of zinc, cadmium, 
lead and copper in the area were elevated but below applicable guideline levels. 

United States of America 

The USA produced 700 million tonnes (Mt) of zinc in 2006 (USGS, 2008).  For many years 
the Red Dog zinc-lead mine in Alaska has been the largest zinc mine in the world, 
accounting for 75% of the USA’s production of zinc.   
 
Key environmental impacts of the Red Dog mine are: 
 

• Climate change: Mining operations resulted in the emission of 0.27 tonnes of CO2 
per tonne of zinc concentrate produced, which is around the average for zinc mines 
of 0.249 t/t 

• Biodiversity: The mine is located adjacent to a protected area, Cape Krusenstern 
National Monument, and the port is located in an important fishery.  No information 
could be found about the direct impacts of the mine on biodiversity. 

• Socio-economic impacts: The Red Dog mine is the largest employer in the region.  
It operates under a royalty agreement with NANA Regional Corporation, an Alaskan 
Native-owned corporation. 
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• Air pollution: The emission of metal-bearing fugitive dust was reduced in 2006 with 
the installation of bag-houses on the mine’s crusher and the coarse ore stockpile 
building. 

• Water pollution: It appears that the Red Dog mine has caused water pollution in the 
past.  In 1997, Cominco (the mine operator) agreed to pay a US$1.7 million civil 
penalty and spend more than $3 million on environmental protection projects to settle 
allegations that it committed hundreds of federal Clean Water Act violations at the 
Red Dog Mine and the mine's Chukchi Sea port (US EPA, 1997).  In 2004, five 
citizens from the Village of Kivalina filed a suit under the U.S.  Clean Water Act 
alleging numerous violations of water discharge permits.  The majority of the 
allegations were for total dissolved solids in the mine’s discharge, which were 
authorized under an order granted by the U.S.  Environmental Protection Agency.  In 
2006, a new and larger sand-filter facility, the final stage of water treatment prior to 
discharge, was installed to replace an older filtration facility.  The average 
concentrations of cadmium, lead and zinc in effluent from the mine were 0.0005 mg/L 
(permit limit 0.002), 0.006 mg/L (permit limit 0.081 mg/L), and 0.722mg/L (permit limit 
0.120), which translated into total discharges of 3kg, 3kg and 293kg, respectively 
(Teck Cominco, 2007). 

 
Sources: USGS (2008), Teck Cominco (2007), US EPA (1997), Teck Cominco (2007), Peru 
Support Group (2005), USGS (2007), USGS (2008), Zinifex Century Mine (2007), 
Geoscience Australia (2007). 
 

3.5.14.4 End-of-Life 

The main use for zinc is in the galvanising of steel.  It is also used as a constituent of brass, 
for electrical conductors, vulcanisation of rubber and in primers and paints.  When zinc 
coated steel scrap is recycled, there is a close link between the recycling routes for both the 
zinc and the steel (IZA-Europe, 1999).  Drivers for the recycling of steel are described in the 
chapter on Iron and Steel. 
 

3.6 Fossil fuels 

3.6.1 Key environmental impacts 

The impacts of fossil fuel production on the 6th EAP priority areas are summarised in Table 
3.40.  There is variation in the nature and extent of impacts between fossil fuel commodities 
according to raw materials and processes involved.  Impacts from coal have much in 
common with other minerals as outlined in Section 3.5 and differ between surface or 
underground coal mining.  Natural Gas and petroleum, which are often produced in 
association, have impacts that are to a great extent related, although some differences exist 
for example in the case of soil emissions, and there are marked differences between onshore 
and offshore extraction.  Fossil fuel based processed commodities, such as petroleum 
products, natural gas liquids, synthetic rubber and plastics have additional impacts related to 
pollutant emissions from the often complex production processes.  It is stressed that the 
extent of impacts outlined below will differ greatly for the same type of fossil fuel commodity 
between countries according to local conditions, the use of pollution control technologies, 
and the stringency of environmental standards and their enforcement.  It should also be 
noted that impacts in the use phase of fossil fuels are not considered here (as in the rest of 
this report) and that, in particular, greenhouse gas emissions are significant in this phase. 
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• Climate change: There are direct greenhouse gas emissions from the production of 
each of the primary fossil fuels.  In the case of coal, methane, which is formed in the 
coal formation process can be released during mining operations.  In the case of 
extraction of crude petroleum and natural gas the key issue for greenhouse gas 
emissions is the flaring, venting and other fugitive emission of methane and CO2.  
There are on-going initiatives to reduce flaring, such as the World Bank program, 
Global Gas Flaring Reduction.  Greenhouse gas emissions during production of fossil 
fuel based processed products derive from energy intensive refinery processes, 
although the level of emissions will depend on energy sources.   

• Biodiversity: Impacts on biodiversity may result from a variety of water pollution, 
land degradation and air emission impacts as outlined below.  For example, coal 
mining may impact on habitats through Acid Mine Drainage (AMD), lowering of 
groundwater or land disturbances from opencast quarrying.  Discharges from oil and 
gas operations of drilling wastes and produced water, and spills at sea or from 
pipelines during transportation, can have a variety of effects on benthic marine 
communities, mammals and birds.  High profile issues exist where large scale 
exploitation occurs in sensitive ecosystems, such as the development of new oil and 
gas fields in the arctic and sub-arctic wildernesses of Siberia.  Impacts on 
ecosystems from petroleum refinery processes may result from discharge of a range 
of process pollutants in wastewater.  Data availability for biodiversity impacts of fossil 
fuel operations is much more fragmented than for other types of impact.  Studies tend 
to be ad hoc and can show both hotspots and coldspots of diversity related to fossil 
fuel operations depending on the focus of the research. 

• Water pollution: A significant issue for each type of fossil fuel production.  For coal 
mining, water issues are consistent with other mineral extraction, notably acid mine 
drainage (AMD) and contamination of groundwater systems by saline or acidic water.  
For the oil and gas industry, key issues are the disposal of produced water which can 
contain heavy metals, aromatic hydrocarbons (such as benzene) and other potentially 
toxic compounds, and disposal of saltwater or oil-based drilling fluids can cause 
damage to groundwater at onshore sites or contaminate sea water at offshore sites.  
Unintentional releases of oil into marine and inland environments result from ship 
incidents, although the cumulative level of smaller spills and chronic leaks is much 
greater.  Petroleum refineries use significant amounts of water for processes and this 
water can become contaminated with a variety of hydrocarbon contaminants, 
solvents, heavy metals and other chemicals, thus requiring treatment prior to 
discharge or reuse.  Some major petroleum products such as naphtha, kerosenes 
and gas oils are classified as toxic to aquatic organisms.  Water emissions with a high 
nitrous content from refining and extraction of crude oil can have water eutrophication 
impacts.   

Table 3.40  Key impacts from fossil fuel trade flows 

Trade flow 
Climate 
change Biodiversity

Human 
Health 

Natural 
Resources 

Coal * / ** ** *** *** 
Crude petroleum * / ** ** *** ** 
Gas, natural and manufactured ** ** *** ** 
Liquefied propane and butane 
gas ** **  ***  *** 
Petroleum oils other than 
crude ** ** *** *** 
Synthetic rubber *** ** *** *** 
 
Note: For processed commodities such as petroleum oils, ratings reflect the total impacts from production and 
refining/processing.   
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• Land degradation: is an issue that cuts across fossil fuel types in that, typically for 

exploitation of major onshore resource fields, large land disturbances are required for 
resource extraction, processing operations and associated infrastructure for 
transportation (including laying of pipelines across long distances), accommodation 
and services.  Open cast coal mining has particular impacts on land and subsidence 
is a key issue for underground mining.  Furthermore, contaminated discharges from 
fossil fuel operations can have impacts on land quality.  Discharges of oil-based or 
saline drilling wastes and produced water from oil and gas extraction impact on soil 
quality.  There is also potential for increased concentrations of naturally occurring 
radioactive materials.  In the case of processed fossil fuel commodities, solid wastes 
generated by petroleum refineries such as spent catalysts, oily sludge and metal 
scrap can also cause soil contamination.  Decommissioning of extraction operations 
and refineries requires identification and removal of contaminated soils and without 
landscape renovation can leave visual scars. 

 
• Air pollution: Emissions of pollutants associated with fossil fuels are particulates 

from coal mining operations and volatile organic compounds (VOCs) and particulates 
from crude oil and gas operations.  For petroleum products, there can be sulphur 
dioxide (SO2) emissions due to the content of sulphur in crude oil, which can 
contribute to acidification Other emissions from petrochemical processing include 
particulates, odours and a variety of hazardous air pollutants.  In the case of synthetic 
rubber, hazardous air pollutants arise from monomers and solvents used in the 
production process.  Further air emissions derive from transportation of fossil fuels.   
Sea transport emits SO2 and NOx, while the use of long distance pipelines for 
transporting oil and gas products can be the source of fugitive emissions, in 
particular, where maintenance is poor. 

 
• Human Health: References to impacts on from fossil fuel operations are largely 

concerned with employee health and safety, and that of local communities.  In coal 
operations, particulate emissions from processing and combustion of waste dumps 
can contribute to poor air quality and thus impact on human health.  Employment in 
the oil and gas extraction industry is particularly hazardous in comparison to other 
industries in terms of mortality and injury from accidents (such as fires, explosions 
and blow outs), exposure to toxics (for example, the base materials and additives of 
synthetic rubber production) and chronic diseases.  Public health risks can arise from 
exposure to harmful discharges from the oil industry, for example, mercury 
contamination of fish.  Some studies have shown a correlation between leukaemia 
and the local communities of petroleum facilities. 

 
• Resource Depletion: Since fossil fuel commodity production is based on non-

renewable resources, estimates of reserves are a key element of assessing 
sustainability and the impact on natural resources. Proven recoverable world 
reserves range from about 150 years at current production rates for coal, to up to 
around 100 years for crude oil and 65 years for natural gas (EIA, 2007a) 

3.6.2 Coal 

3.6.2.1 General Description of Processing 

The two general categories of coal are: (1) hard coal, which includes bituminous, anthracite 
and other coals used for steam and power generation and coking coal, used to produce steel 
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and (2) brown coal (sub-bituminous and lignite), which is used mostly as onsite fuel.  Hard 
coal is the most relevant in terms of extra EU imports.   
 
The mode of extracting coal can be surface mining or underground mining depending on the 
depth and other characteristics of the coal seam.  Shallow horizontal deposits are mined by 
surface processes, of which strip mining is one of the most economical.  The overburden and 
coal are extracted in parallel strips along the coal deposit and spoil is deposited behind in the 
already mined areas (backfilling).  Opencast mining is undertaken for thicker seams using 
traditional quarrying techniques.   
 
Deeper coal seams use underground mining techniques, which vary according to site 
conditions.  Caving methods involve the progressive removal of coal while allowing the 
(controlled) progressive collapse of the overlying strata into the void created.  Longwall 
mining is a commonly used such technique.  Non-caving methods include the traditional 
room and pillar technique where coal pillars are left unworked in order to support the strata 
above the seam.  Strata failure associated with these methods can lead to localised surface 
subsidence rather than regional surface subsidence.  Both underground and surface mining 
requires the pumping of water from excavations to maintain dry working conditions. 
 
Extracted coal can be sold as mined but exported coal will usually be processed by crushing, 
screening and washing in a beneficiation plant to remove non- combustible material (ash 
content) and inorganic sulphur.  Wet physical processes, such as gravity separation and 
flotation, are used in beneficiation.  This produces fine waste material that is discharged as 
slurry (tailings) to a tailings impoundment, and coarse material that is collected as solid 
waste. 

3.6.2.2 Key Environmental Impacts 

The key environmental impacts identified from coal mining are.   
 
• Climate change:  Methane is emitted during mining.  Underground mining produces 

about twice the methane emissions of surface mining.  Some mitigation is possible 
through capture and use of methane.  Some CO2 emissions from underground 
combustion. 

• Biodiversity:  Acid mine drainage (AMD) can affect ecosystem health, lowering of 
groundwater can adversely affect rivers and wetlands, and cessation of pumping can 
give discharges of polluted water.  Land disturbances can impact habitats. 

• Human health:  High direct safety risks to mine workers.  Particulate emissions from 
coal processing and combustion of waste dumps can contribute to poor air quality 
and impact on human health. 

• Land degradation:  Major disturbance of land and potential degradation of soil 
quality (particularly for surface mining).  Large volumes of tailings and solid wastes 
generated.  Land subsidence is a key issue for underground mining.   

• Water pollution:  Through AMD and salinisation of groundwater, with possible 
impacts on natural resources such as fish stocks.   

• Resource depletion:  Estimates of proven recoverable coal reserves of about 150 
years at current production rates. 

 
Sources:  World Bank (1998), EBRDa, EBRDb. 
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Table 3.41  Summary of key environmental impacts for imported coal 

Impact Rank Summary Comments Data 
Climate 
Change 

*/** Methane emitted 
during mining.  Some 
CO2 emissions from 
underground 
combustion. 

Methane emission less for surface 
mining (Australia has more surface 
mine production than South Africa 
and Russia); for underground 
mines some mitigation possible 
through capture and use of 
methane.   

*** 

Biodiversity ** Acid mine drainage 
can affect ecosystem 
health; lowering of 
groundwater can 
adversely affect rivers 
and wetlands; 
cessation of pumping 
can give discharges of 
polluted water.  Land 
disturbances can 
impact habitats.   

Impact is site specific according to 
mining practices and local 
ecosystem.  Some location specific 
research available but overall 
impact is difficult to assess.   

* 

Human 
Health 

*** Direct risks to mine 
workers.  Particulate 
emissions from coal 
processing and 
combustion of waste 
dumps can contribute 
to poor air quality and 
thus impact on human 
health. 

Variation by country for 
occupational health risks.  Rating 
here based on poor record of 
Russia.  Non occupational health 
risks are lower and data less 
robust.   

** 

Natural 
Resources 

*** Major disturbance of 
land and potential 
degradation of land 
(particularly for surface 
mining) and water 
quality.  Can cause 
impacts on natural 
resources such as fish 
stocks. 

Extent of surface mining varies by 
country.  Australia has greatest 
proportion of surface mines among 
three countries studied. 

** 

 

3.6.2.3 Impacts in Key Exporting Countries 

South Africa 
 
In 2004 more than 99% of the South African coal output was bituminous coal and almost all 
its coal reserves are hard coal (bituminous and anthracite).  There are 69 coal mines in 
operation in South Africa, of which 25 operations use only surface mines, 14 combine 
surface and underground mining, and 30 are underground mines.  About 60 percent of South 
Africa’s coal production is from underground mines and 40 percent from surface mines.  70 
percent of South Africa’s recoverable coal reserves lie in the Highveld, Waterberg, and 
Witbank fields.  (CMM Global Overview, 2004). 
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The key environmental impacts in South Africa, especially from underground mining, arise 
because mines are relatively shallow.  The main impacts are: 
 

• Air Pollution: Coal washing results in large waste dumps, which may spontaneously 
combust (due to the presence of sulphide impurities and non-recovered coal in the 
waste) causing air pollution.  About 80 million tons of coal wastes are dumped 
annually in South Africa with risk of ignition and release of sulphur oxides over a long 
period.  The air quality of the Highveld was very poor but the gradual extinguishing of 
burning dumps has improved the situation.   

• Methane emissions:  Net emissions (i.e. subtracting methane recovered and used) in 
South Africa in 2000 were about 497 million cubic meters, mainly from underground 
mines. 

• Carbon dioxide emissions: Coal remaining in the pillars of underground mines may 
eventually ignite and collapse the roof, allowing the combustion products to escape.  
Some estimates suggest that as much carbon dioxide is emitted from this source 
annually as from the generation of electricity in South Africa. 

• Water pollution arises from abandoned mines and waste dumps.  Salinisation of 
water may occur by leaching of dissolved sulphates from waste dumps.  Acid mine 
drainage (AMD) is a comparatively small problem. 

• Land degradation impacts of opencast mining are considerable.  Large overburden 
dumps exist, often contaminated with waste coal.  Land impacts also occur from 
surface subsidence resulting from the collapse of underground mining structures.   

Russia 

Russia is 5th
 
in the world for coal production and in 2004 exported 79 million tons of coal.  70 

percent of production is hard coal and 30 percent brown coal.  Main areas of coal reserves 
are the Kuzbass, Kansko-Achinsky, Pechora, Irkutsk, and South-Yakutia basins.  In 2003 
there were 92 active underground mines producing a total of 93.1 million tonnes and 11 
active surface mines with a total production of 182.9 million tonnes. 
 
Key environmental impacts caused by Russian coal mining include: 
 

• Leaching from coal wastes contaminating soil, surface and ground water and 
endangering ecosystem health.  Komnitsas, K.  et al (2001) have carried out a study 
of these impacts in the Tula mining area and conclude that these wastes are long 
term sources of coal mine drainage and cause extensive contamination at the 
disposal sites39.   

• Air pollution: Emission of particulates arises from coal waste dumps.  The study by 
Rigina (2002) on mining impacts in the Kola Peninsula found that, although in the 
past the main mechanism of pollution was direct dumping into lakes, currently and in 
future, distribution of particulates during dust storms will be the main issue. 

• Methane emissions:  Net emissions in Russia in 2000 were about 2100 million cubic 
meters with 78 out of 92 underground mines considered ‘gassy’. 

• Human health impacts.  Occupational safety is very low according to World Bank 
assessments.  Mining disasters are frequent in Russia with five major accidents 
taking place in the last decade  In March 2007 methane gas exploded at a Kuzbass 
region coal mine in Siberia killing over 100 miners. 

• Socio-economic impacts on indigenous people: e.g., there are plans for two open 
cast coal mines in the Olski Region of Russia in the watershed of the Lankovaya 

                                                 
39 Earthfax (2008) examines alternatives for reducing, controlling, and recycling waste rock at a coal mine located 
in the Sakhalin region of the Russian Federation. 
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River.  The opening of these mines would have a direct impact on communities 
dependent on the Lankovaya watershed's salmon resources (insert ref). 

 

Australia 

During 2003-04, Australian hard coal production was around 286 million tonnes, over 70 
percent of total production.  Main deposits of both brown and black coal are located on the 
east coast in the states of Queensland, New South Wales, and Victoria.  Most coal is 
produced from open cut mines, but many of the new developments are in underground 
mines using longwall equipment.  Underground mines account for 59 percent of coal 
production in New South Wales but only 10 percent in Queensland. 
 
The two key impacts highlighted in the references reviewed to date are given below.  Rolfe 
(2005) argues that since the 1970s there has been major progress on addressing air 
pollution, water quality and land degradation and that currently most questions are focused 
on site rehabilitation.   

• Impacts of longwall coal mining: These include drying up of river beds due to 
cracking, drying up of aquifers, drainage of swamps, iron oxide pollution staining 
parts of the river red, methane gas leaking to the surface, cliff falls and release of 
wastewater into river systems and associated impacts on biodiversity, such as fish 
kills. 

• Land degradation and loss of amenity: This particularly applies to large scars on 
landscape from large open cast mining operations, for example, those at Leigh Creek 
in South Australia. 

 
Sources: CMM Global Overview (2004), Rolfe (2005), TEC (2007), Lloyd (2002), Bell et al 
(1999), Ashton et el (2001), Pone (undated), CMM Global Overview (2004), Irving & 
Tailakov, Komnitsas, K.  et al (2001), Rigina (2002), EarthFax (2008). 

3.6.2.4 End-of-Life 

The end-of-life of the coal exported to the EU would generally be as ash from coal-fired 
power plants.  Considerable amount of flue gas clean-up waste and ash are produced by 
power plants and are disposed of in landfill or recovered for use in cement production, 
structural fills, waste stabilization and other uses  The leachability of ash in landfill depends 
on a number of conditions including type of fly ash, soil factors and location (NREL, 1999). 

3.6.3 Crude petroleum oil 

3.6.3.1 General Description of Processing 

The overall lifecycle of crude oil exploration and production processes are briefly outlined 
below, although specific will vary according to location, in particular, between onshore and 
offshore production. 
 
Once promising hydrocarbon reserves have been identified through seismic and other 
surveys, exploratory bore holes are drilled to confirm presence and characteristics.  A steel 
casing is cemented into completed bore holes to provide structural integrity.  At sites 
confirmed as commercially viable, infrastructure and service facilities are constructed to 
support production, with specific requirements varying according to onshore or offshore 
location.   
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The development and production stage will involve extraction from the reservoir through the 
bore holes.  Primary recovery methods rely on underground pressure in the oil reservoir 
forcing the oil to the surface where valves regulate pressures and control flows.  When 
underground pressure falls over the lifetime of the well, secondary recovery may be used 
involving pumps or injection of water or gas into the reservoir.  Additionally, thermally 
enhanced oil recovery methods can be used to heat the oil to reduce viscosity and therefore 
aid extraction.  Steam injection is the most common form of thermally enhanced recovery but 
carbon dioxide injection, heating and chemicals are also used.  The proportion of 
commercially recoverable oil at any location will depend on permeability of the rocks, the 
strength of natural pressures (the gas present, pressure from adjacent water or gravity), and 
the viscosity of the oil.  Directly after extraction and before transportation crude oil is 
separated from the contained natural gas, water, and wastes using field separators.   
 
Finally, decommissioning at the end of a life of a facility will involve the permanent plugging 
of wells, removal of facilities and reclamation of land through re-vegetation and site 
monitoring. 
 
Sources: E &P Forum (1993), Bashat (2003). 

3.6.3.2 Key Environmental Impacts 

The key environmental impacts from crude petroleum (crude oil) production are: 
 
• Climate change:  Flaring and venting of natural gas during crude petroleum 

extraction causes significant GHG emissions.   
• Biodiversity:  Discharges of hydrocarbons, wastewater and solid waste to water and 

land have a variety of chronic effects on benthic marine communities, mammals and 
birds.  There may also be impacts from long distance pipeline routes on fragile 
ecosystems.  Possible depletion of surface and aquifer water sources can impact on 
ecosystems. 

• Human health:  Oil excavation industry employment is highly hazardous in terms of 
mortality and injury from accidents, and the risks of acute and chronic conditions from 
exposure to toxic chemicals.  There are also public health risks due to exposure to 
harmful discharges, e.g. mercury contamination of fish. 

• Air pollution:  As well as GHGs, flaring combustion produces substantial amounts of 
soot and carbon monoxide.  Fugitive emissions of crude oil also include VOCs. 

• Land degradation:  Soil contamination at onshore installations through discharges of 
hydrocarbons, water and mud, and there is the potential for increased concentrations 
of naturally occurring radioactive materials.  Development of infrastructure may cause 
deforestation and other land-quality impacts in wilderness areas.   

• Water use and pollution:  Large quantities of water are used during exploration, 
particularly at onshore sites.  Discharges of ‘produced water’ can contain heavy 
metals, poly-aromatic hydrocarbons and other potentially toxic compounds.  Onshore 
facilities discharge more produced water than offshore operations.  There are also 
impacts from oil spills and leaks during transportation.   

• Resource depletion:  The major crude-oil-producing countries have maintained 
reserve-to-production ratios of between about 20 years to 100 years. 

 
Sources: EIA (2007a), EIA (2007b), EIA (2007c) Sources: Grini (2003), Nilssen & Øren 
(2003), OLF (2006)40, NPCA (2006), NPCA (2005), WI (2006), Elvidge et al (2007), ESMAP 
(2003) 

                                                 
40 OLF (2006) is the most comprehensive source of quantitative data on Norwegian oil industry environmental 
impacts identified for this project.  
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Table 3.42  Summary of key environmental impacts for imported crude petroleum oil 

Impact Rank Summary Comments Data 
Climate 
Change 

*/** Flaring and venting of 
natural gas during oil 
extraction causes 
significant GHG 
emissions.   

Varies according to 
infrastructure available to make 
use of gas.  Russia and Nigeria 
emit largest volumes of flaring 
gas.   

*** 

Biodiversity ** Discharges of 
hydrocarbons, waste 
water and solid waste to 
water and land have a 
variety of chronic effects 
on benthic marine 
communities, mammals 
and birds.  Effects of 
pipeline routes on fragile 
ecosystems. 

Impact varies according to 
onshore/offshore location.  
Potentially significant impact of 
expansion in Arctic and sub-
Arctic Siberia and North Sea, but 
predictions are disputed.   

* 

Human 
Health 

*** Oil excavation 
employment highly 
hazardous in terms of 
mortality, injury and 
chronic diseases.  Public 
health risks due to 
exposure to harmful 
discharges, e.g. mercury 
contamination of fish. 

Varies according to health and 
safety standards and 
enforcement.  Working 
conditions in developing 
countries are, overall, more 
hazardous than in developed 
countries 

** 

Natural 
Resources 

** Land 
degradation/deforestation, 
soil contamination in 
wilderness areas.  Impact 
on water quality and 
possible depletion of 
water resources at 
onshore sites.  Impact on 
water quality and marine 
environment at offshore 
sites.  Multiple effects on 
natural resources of oil 
spills and leaks during 
transportation. 

Varies according to location and 
environment standards/planning 
rules.  E.g. Potentially significant 
impact of expansion into boreal 
forests in Russia.   

** 

 

3.6.3.3 Impacts in Key Exporting Countries 

Russian Federation 

Russia is the second largest exporter of oil in the world and the largest exporter to the EU.  In 
2006, Russian crude oil production reached 9.2 million barrels per day of which more than 5 
million barrels were exported (compared to exports of nearly 2 million barrels of refined 
products).  Most proven reserves are located in Western Siberia, between the Ural 
Mountains and the Central Siberian Plateau, although significant unexplored reserves are 
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known to exist in Eastern Siberia with substantial reserves in the Sakhalin area off the east 
coast of Russia.  The development of new oil fields is crucial to the continuing economic 
importance of Russia oil production in the next decades due to decreasing production form 
existing mature oil fields.  The current reserve to production ratio of Russia is 18 years. 
 
Few academic references were found on an initial search of key environmental impacts of 
crude oil production in Russia.  However, the specific issues highlighted in general 
references were: 
 

• Air Pollution: Russian oil wells flare more gas than any other country, about 50 billion 
cubic metres of gas per year.  This is a significant contribution to greenhouse gases 
and is reported to be responsible for death of migrating birds in Siberia. 

• Oil Spills and leakages: Major oil spills include the pipeline leaks near Usinsk in 1994 
and in the Byransk region in 2006.  However, it is reported that there is a general 
problem of inadequate maintenance of pipelines with consequent widespread chronic 
problems of corrosion and leakage.    

• Biodiversity: Concern from environmental groups centres on the biodiversity 
implications of large scale exploitation of reserves of oil (as well as other fossils fuels 
and minerals) in the Arctic and sub-Arctic wildernesses of Siberia.  Of particular 
concern are the ecosystems the boreal forests and Lake Baikal, which contains 
unique and fragile ecosystems as well as the islands off Siberia’s Pacific coast which 
are key breeding grounds for salmon.  Transneft proposes to build an oil pipeline from 
fields in western and central Siberia to the Pacific coast.  The two major 
environmental issues associated with the pipeline are the proximity of the route to 
Lake Baikal and the proposed oil terminal location on the Amur Bay near Vladivostok. 

 

Norway 

Projections for Norwegian oil and gas production indicate that it will remain at about the 
current level for the next 10 years.  Oil production is expected to drop, whereas gas 
production will rise.  The current reserve to production ratio of Norway according to the 
International Energy Outlook report 2007 is 9 years. 
 
Norway’s petroleum industry accounts for significant air emissions and discharges to sea of 
produced water and chemicals.  However, the Norwegian Ministry for Petroleum and Energy 
has set targets requiring zero harmful discharges to sea and a 30 per cent reduction of 
harmful emissions to air, applicable for existing and future installations.  These, according to 
SoE report (ref), make Norway's petroleum industry one of the least polluting in the world.  
The key existing environmental issues for the industry are: 
 

• Air emissions: The oil and gas industry in Norway is a significant source of 
greenhouse gas emissions with offshore oil activities an important source of 
emissions of carbon dioxide (CO2), nitrogen oxides (NOx), methane (CH4) and non-
methane volatile organic compounds (NMVOCs).  As oil fields age the quantity of 
produced water rises and more energy is needed to separate water from crude oil 
and to treat it or inject it into the formation, resulting in increased greenhouse gas 
emissions.  VOCs are emitted from shuttle tanker operations for which technologies 
have been developed to contribute to a significant reduction in VOC load to the 
environment.  The oil and gas industry is also a key source of acidifying emissions, 
although to link specific local effects, such as acidification of lakes and forests, to 
specific industry activities.   

• Water emissions: Produced water containing chemical additives, oil and dissolved 
organic compounds and traces of heavy metals.  Discharges to sea are expected to 
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increase from approximately 120 million m3 in 2002 to about 180 million m3 in 2008 
(although discharges of oil with produced water have been reduced in recent years).  
This increase is due not only to the increased water production from the existing 
mature fields on the Norwegian Continental Shelf (NCS) but also from the greater 
chemical requirements of newer  sea-bed developments. 

• Biodiversity: Water emissions (outlined above) have put pressure on the seabed 
environment near offshore installations.  Changes have occurred in species 
composition of benthic fauna across large areas of the seabed.  In general, effects 
are apparent in an area about 30 km2 of the seabed around installations.  Little is 
known about the long-term effects of these discharges.  As the industry expands 
further north on the NCS it will move into more vulnerable environments which are 
important areas for Norwegian fisheries (spawning grounds, nursery areas and 
fishing grounds) and include habitats and breeding areas for large seabird 
populations. 

• Decommissioning: A number of fixed offshore installations on the NCS will reach 
the end of their life over the next decade.  Dealing with environmental issues related 
to the removal process presents technological challenges.  Options include 
dismantling and dumping: plans to dump the Brent Spar, an oil storage buoy used in 
the British sector, caused considerable protest in 1995. 

 

Saudi Arabia 

Saudi Arabia’s proven oil reserves are about 260 billion barrels or around 20 per cent of 
global proven conventional oil reserves.  The current crude oil reserve to production ratio of 
2007 is 75 years.  It has over 100 oil and gas fields with over half of oil reserves contained in 
only eight fields, including the Ghawar which accounts for about half of the country’s total oil 
production capacity.  Saudi has the world’s largest crude oil production capacity, estimated at 
about 11 million barrels per day with plans to increase to 12 million by 2009. 
 
Oil spills and coastal pollution are the most commonly cited environmental impacts relating to 
the regional oil and gas industry.  The impact of oil spills and discharges from offshore 
facilities in the Persian Gulf have been on the increase and an estimated one million barrels 
of oil and waste products is dumped or spilled into the Gulf every year by shipping.  This 
poses a threat to the Gulf’s ecosystem which is already prone to contamination due to the 
relatively shallow depth.  Reefs along the Saudi coast are threatened by pollution from 
offshore hydrocarbon development and from de-ballasting of oil tankers and other ships in 
the region.  Saline wastewater from oil production processes dumped into the Gulf increases 
the salinity of the water and poses a threat to marine life.   
 
The Persian Gulf has experienced a number of large oil spills over the past 20 years.  During 
the Iran-Iraq war from 1980 to 1988, the attack of oil tankers in the Gulf resulted in thousands 
of barrels of oil spillage.  During the Persian Gulf War of 1991 the world's largest oil spill, 
estimated as 8 million barrels, polluted much of Saudi Arabia's Persian Gulf shoreline.  Some 
sections of the Saudi coast sediments were found to contain 7 percent oil.  The shallow 
areas affected were feeding grounds for birds and nursery areas for fish and shrimp in the 
Saudi fishing industry. 
 
Sources: EIA (2007a), EIA (2007b), EIA (2007c) Sources: Grini (2003), Nilssen & Øren 
(2003), OLF (2006)41, NPCA (2006), NPCA (2005), WI (2006), Elvidge et al (2007), ESMAP 
(2003) 
 
                                                 
41 OLF (2006) is the most comprehensive source of quantitative data on Norwegian oil industry environmental 
impacts identified for this project.  
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3.6.4 Gas, natural and manufactured 

3.6.4.1 General Description of Processing 

A brief explanation of natural gas exploration and production processes is given here, 
although it should be noted that specific details will vary considerably by location and type of 
gas well.  The exploration phase will begin with geological surveys and seismic exploration 
and can also include magnetic and gravitational measurement.  This is followed by drilling of 
exploratory wells in the most promising areas for petroleum formations.  Commercially viable 
wells are 'completed' by strengthening the well hole with casing, and installing the 
appropriate intake and wellhead equipment.  Natural gas in pressurized formations will 
naturally rise up to the surface although well treatment methods (injecting acid, water or 
gases into the well) can be used to increase the extraction rate for gas wells. 
 
There are three main types of wells from which natural gas is extracted: Natural gas 
produced from oil wells (“associated-dissolved”), wells containing little or no oil (“non-
associated”) and wells containing a liquid hydrocarbon condensate that needs to be 
separated from the natural gas during processing.  Completion details will differ depending 
on the type of well.   
 
Natural gas produced at the wellhead usually contains contaminants and natural gas liquids 
(NGL) and must be cleaned to quality standards (pipeline-quality natural gas generally 
contains at least 80 percent methane) before it can be safely transported in high-pressure, 
long-distance pipelines.  Therefore, cleaning processes take place at the wellhead other 
larger scale plants serving gas fields.  The number of stages and the type of techniques used 
in the process of creating pipeline-quality natural gas depends upon the source and 
characteristics of the wellhead production stream.  These stages include all or some of the 
following: Removal of oil; water; contaminants such as hydrogen sulphide, helium, and 
carbon dioxide; and (4) natural gas liquids.  In addition to these processes, it can be 
necessary to install scrubbers (to remove particle impurities) and heaters (to avoid formation 
of hydrates in the pipes) at or near the wellhead.   
 
Natural gas can be converted to liquefied natural gas (LNG) by cooling.  LNG is less than 0.2 
per cent of the volume of natural gas and therefore provides a cost-efficient means of 
storage and transport over long distances by ship, road or rail when pipelines are not an 
economic option.  Of the three top source countries for EU natural gas imports outlined 
below, Algeria is the key supplier of LNG.   
 
At the end of life of the natural gas well plugging will take place to prevent fluid migration 
within the wellbore, which could contaminate aquifers or surface water.  For offshore rigs, the 
structure must be decommissioned as well, which may involve complete, removal to an 
approved offshore location or reuse of the structure elsewhere. 
 
Sources: EIA (2006a), NGSA (2004), EPA (2000) 
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3.6.4.2 Key Environmental Impacts 

Table 3.43  Summary of key environmental impacts for natural gas 

Impact Rank Summary Comments Data 
Climate 
Change 

** Flaring, venting and 
fugitive GHG emissions from 
natural gas extraction, 
processing and transport 
can be significant.   

Varies according to standard of 
infrastructure.  Over lifecycle, 
GHG emissions are lowest of 
fossil fuels.  Many countries are 
involved in Global Gas Flaring 
Reduction (GGFR) program. 

*** 

Biodiversity ** Discharges of drilling 
wastes and produced 
water to land and sea 
have a variety of effects 
on flora and fauna.  
Effects of pipeline routes 
on fragile ecosystems. 

Impact varies according to 
onshore/offshore location.   
Development of gas fields and 
pipelines in wilderness areas 
and on sea bed can have 
particular impacts on sensitive 
habitats.   

** 

Human 
Health 

*** Gas Production can be 
highly hazardous in terms 
of employee health.  
Ignition of leaking 
methane can cause fires, 
explosions and blow outs.  
Some serious incidents 
involving the explosion of 
LNG. 

Improvements in safety 
standards and enforcement in 
some key producing countries.  
Less data found on indirect 
impacts on health through 
harmful emissions from 
processes. 

** 

Natural 
Resources 

** Land degradation through 
infrastructure 
development and laying of 
pipelines/deforestation, 
especially in wilderness 
areas.  Disposal of 
untreated produced water 
and drilling wastes may 
impact on soil quality.  
Possible impact on water 
quality at shallow offshore 
sites.   

Varies according to nature of 
local environment and 
standards, e.g. concerns about 
impact of Nord Stream under 
sea pipelines from Russia.   

** 

 
The key environmental impacts from natural gas production are: 

 
• Climate change:  Venting, flaring and fugitive emissions of methane and CO2 from 

natural gas production and transportation can be quite significant in aggregate 
although this will vary by technological and environmental standards.   

• Biodiversity:  Discharges of drilling wastes and produced water to land and sea have 
a variety of effects on flora and fauna.  Development of gas fields and pipelines in 
wilderness areas and offshore can have particular impacts on sensitive habitats.  
However, crude-oil production has a much greater potential for impacting on 
biodiversity than natural gas production.   

• Human health:  Gas production can be highly hazardous in terms of employee 
health.  Ignition of leaking methane can cause fires, explosions and blow outs.  There 
have been serious incidents involving the explosion of liquefied natural gas. 
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• Air pollution:  Small amounts of VOCs, NOx, SO2, CO and particulates result from 
natural-gas exploration, production and transportation activities. 

• Land degradation:  Land degradation occurs through infrastructure development 
and laying of pipelines/deforestation, especially in wilderness areas.  Disposal of 
drilling waste, especially saltwater or oil-based drilling fluids, can cause damage to 
soils.  Land degradation also occurs through the potential release of naturally 
occurring radioactive materials and some evidence of past PCB use. 

• Water use and pollution:  Disposal of saltwater or oil-based drilling fluids can cause 
damage to groundwater at onshore sites or contaminate shallow sea water at 
offshore sites.  Produced water is the largest volume waste stream generated by 
natural gas exploration and production activities, and disposal is a significant issue for 
the industry.   

• Resource depletion:  The world reserves-to-production ratio is estimated at 65 
years.  This varies between the Middle East (over 100 years), Russia (80 years), 
Africa (88 years) and central and South America (52 years). 

 
Sources: USGS (2005b), Elvidge (2007), Delucchi, M.A.  (2003), EIA (2007c), USGS 
(2005a), EIA (2007b), Delucchi, M.A.  (2003), TED (2002), Gelb (2006), EBRD (2005), EIA 
(2006), NPCA (2005) 

3.6.4.3 Impacts in Key Exporting Countries 

Russian Federation 

Russia holds the world’s largest natural gas reserves and is the largest natural gas producer 
and exporter.  The state-run natural gas monopoly, Gazprom, is responsible for nearly 90 
percent of Russia’s production.  Three major fields in Western Siberia (Urengoy, Yamburg, 
and Medvezh'ye) comprise more than 70 percent of Gazprom's natural gas production, 
however these fields are in decline.  New oil and gas reserves exist in Eastern Siberia, in the 
Arctic Sea, and on the Yamal Peninsula.  The recently discovered Shtokhman field, in the 
Barents Sea, contains significant reserves for future development.  Some specific issues 
highlighted in general references for the Russian Federation are given below: 
 

• Biodiversity: There is general concern for the biodiversity implications of large scale 
exploitation of newly explored reserves of oil and gas, in particular the impacts on 
sensitive ecosystems.  A key example is the impact of the Sakhalin II project in the 
Sea of Okhotsk on the Eastern Russian coast.  There have been concerns about 
drilling areas and pipeline routes threatening the feeding grounds of the endangered 
Western Pacific Gray Whale, the rich local fishery, and therefore the livelihoods of the 
local community.   

• Air Pollution: Leaks of methane from natural gas processing and transmission are 
high due to old or poorly maintained systems.  This is estimated at about 6 per cent 
compared to about 2 per cent in a modern well maintained system although little 
reliable information is available.  Estimates of total leakages range from 6 to 50 billion 
cubic metres per year.   

 
A Nord Stream gas pipeline extending from Russia across the Baltic Sea to Germany is 
currently proposed but the subject of controversy.  Environmental concerns about the 
pipeline are that it will disturb toxic materials on the sea bed and there will be impacts on bird 
and marine life in the Baltic Sea.  An environmental impact report is due. 
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Norway 

Norway is the eighth-largest natural gas producer in the world and third-largest net exporter.  
A small group of fields account for most natural gas production, with Troll, Sleipner Ost, 
Asgard, and Oseberg accounting for over 70 percent of the total.  In the long term, Norway 
plans to continue production by exploiting significant reserves in the Norwegian Sea and 
Barents Sea.  A network of natural gas pipeline connects with the rest of Europe, some 
directly from production facilities and via onshore processing facilities.  Projections for 
Norwegian oil and gas production indicate that it will remain at about the current level for the 
next 10 years.  Oil production is expected to drop, whereas gas production will rise.  The 
current the reserves to production ratio for gas is about 28 years.  Key impacts for Norwegian natural 
gas production cited in references are given below, although data is often given for oil and 
gas industries together: 
 

• Biodiversity: Emissions to water linked to both gas and oil offshore operations have 
put pressure on the seabed environment near offshore installations.  As the industry 
expands further north on the Norwegian Continental Shelf it will move into more 
vulnerable environments which are important areas for Norwegian fisheries 
(spawning grounds, nursery areas and fishing grounds) and include habitats and 
breeding areas for large seabird populations. 

• Air emissions: Gas and oil activities together account for a substantial proportion of 
Norway’s emissions to air.  In 2003, the industry generated 28 per cent of the 
country’s CO2 emissions, 23 per cent of its NOx emissions and 57 per cent of its 
NMVOC (look up) emissions.  There has been a downward trend in gas flaring from 
over recent year and Norway is a key participant in the World Bank GGFR program.  
Emissions of hazardous chemicals from the oil and gas industry have also been 
reduced in the last few years, and now only account for about one per cent of 
Norway’s total emissions.  The oil and gas industry is also a key source of acidifying 
emissions (second after coastal shipping and fishing vessels), although it is difficult to 
link specific local effects, such as acidification of lakes and forests, to specific industry 
activities.   

• Water emissions: Discharges of produced water from offshore production to sea are 
significant.  In 2003, about 14 per cent of the produced water was injected into the 
formation.  with the remainder discharged to the sea.  Although it is treated first, it still 
contains traces of oil and chemicals. 

Algeria 

Algeria's largest gas field is Hassi R'Mel which accounts for about a quarter of Algeria's total 
natural gas production.  The other natural gas fields, both associated and non-associated 
with oil, are in the south and southeast regions of the country.  Development of the In Salah 
region is crucial in Algeria's plan to increase its natural gas production.  It is the fourth largest 
exporter of LNG in the world. 
 
There are two natural gas pipeline connections with Europe: to Italy through the Trans-
Mediterranean pipeline and to Spain via Morocco through the Maghreb-Europe Gas (MEG) 
pipeline.  Proposed new natural gas pipelines include the Galsi, to Sardnia and Italy, the 
Medgaz to Spain and the Trans-Sahara pipelines linking the gas production operations of 
southern Nigeria to coastal Algerian natural gas pipeline terminals.   
 
The two key environmental issues given in references to Algeria natural gas sector are:  
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• Human Health: An explosion at the Skikda LNG liquefaction facility in 2004, 
precipitated by a leak, killed 27, injured 80 and destroyed three LNG trains.  
Produciton was reduced by 76 per cent for a year. 

• Air Pollution: Algeria has been a significant contributor to emissions from gas flaring.  
However, this has been reduced by 80 percent over the last ten years, in coordination 
with the World Bank program: Global Gas Flaring Reduction (GGFR).  Most of 
Algerian Natural gas has a low CO2 content but there are fields were the percentage 
of CO2 in the gas can be very high 

 
Sources: USGS (2005b), Elvidge (2007), Delucchi, M.A.  (2003), EIA (2007c), USGS 
(2005a), EIA (2007b), Delucchi, M.A.  (2003), TED (2002), Gelb (2006), EBRD (2005), EIA 
(2006), NPCA (2005) 
 

3.6.5 Liquefied propane and butane gas 

Propane and butane are among a number of natural gas liquids (NGL), also including ethane 
and pentanes, which are derived from petroleum products during oil or natural gas 
processing.  They have a variety of petrochemical industry, residential (cooking and heating), 
farm and transport end uses.  Propane and butane have been widely used to replace 
chlorofluorocarbons (CFCs) as a propellant in spray cans and as a refrigerant.  A mixture of 
propane and smaller quantities of butane, propylene, and butylene make up the fuel known 
as liquified petroleum gas (LPG).  Commonly this is 60 percent propane and 40 percent 
butane.   

3.6.5.1 General Description of Processing 

Propane and butane are produced as by-products of both natural gas processing and 
petroleum processing.  In this process, the removal of butane, propane, and ethane from the 
raw gas, is necessary to prevent their condensation in pipelines which causes operational 
problems.  These gases are separated from methane at a gas fractionation plant. 
 
In the crude petroleum refining process propane, butane and other components are 
separated from crude oil through distillation (fractionation) in distilling columns.  Fractions are 
treated in subsequent stages to convert them into useable products, for example, by 
alkylation, and the removal of impurities by hydrotreating. 
 
The propane gas recovered can be liquefied through high pressure or low temperatures (-
42°C) in which state it is about 270 times more compact.  Therefore, it can be more efficiently 
stored and transported as a liquid by pipeline, rail or road.  Distributors in recipient countries 
can then deliver to customers in bulk on in cylinders. 
 
Sources: EIA (undated), USDL (1999) 
 

3.6.5.2 Key Environmental Impacts 

The key environmental impacts from liquefied propane and butane gas production are given 
below.  Key sources of data on impacts refer to liquefied petroleum gas (LPG), which is 
made from propane and smaller quantities of butane and other natural gas liquids, or more 
generally to natural gas and petroleum refinery processes from which propane and butane 
are a by-product. 
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Table 3.44  Summary of key environmental impacts for Liquefied propane and butane 
gas 

Impact Rank Summary Comments Data 
Climate 
Change 

** Contributes to GHG emissions 
from crude oil and natural gas 
processing as a by product.   
GHG emissions of LPG in 
processing phase compare 
favourably with alternative 
fuels.   

LPG from oil performs 
worse than LPG from 
natural gas. 

*** 

Biodiversity ** Impacts related to crude oil and 
natural gas processes.  
Possible effects of LPG 
pipeline routes on ecosystems. 

Impact varies according to 
onshore/offshore location.   
 

** 

Human 
Health 

*** Hazardous nature of 
employment in crude oil and 
natural gas production.  LNG 
can be particular risk for fires 
and explosions.   

 *** 

Natural 
Resources 

*** Depletion of non renewable 
resource and land 
degradation/water pollution 
associated with crude oil and 
natural gas production and 
processing. 

Varies according to nature 
of local environment and 
local standards. 

** 

 
• Climate change:  In general, GHG emissions from propane and butane production at 

the refinery are greater than that for the extraction phase of crude oil and natural gas.  
GHG emissions from LPG in the processing phase compare favourably with those for 
alternative fuels.  LPG from oil performs worse than LPG from natural gas in terms of 
all upstream emissions (extraction and processing).   

• Biodiversity:  Emissions of contaminating substances to water and soil in refinery 
processes may have biodiversity impacts, although data were not found on specific 
impacts from propane and butane.  LPG pipeline routes could have an impact on 
ecosystems. 

• Human health:  Occupational hazard due to risk of explosion and fire from leak of 
propane in enclosed areas.  General risks to refinery employees and local 
communities of acute and chronic conditions through release of hazardous materials 
(see also section below on “petroleum oils other than crude”). 

• Air pollution:  There are emissions of air borne toxic substances and particulates 
from the upstream lifecycle phases of LPG.  Compared with some alternative 
transport fuels, emissions of toxic substances are reported to be greater than for 
diesel. 

• Land degradation:  Petroleum refineries generate solid wastes that can cause soil 
contamination. 

• Water use and pollution:  Refineries producing propane and butane as by-products 
generate water effluent which can have high salinity, oil contaminants and biological 
oxygen demand, and require treatment prior to discharge. 

 
Sources: Beer et al (undated), Delucchi (1999), Delucchi (2001), EPA (1999), IFP (2004), 
PGAC (undated). 
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3.6.5.3 Impacts in Key Exporting Countries 

Algeria 

Algeria is the most significant source country for EU imports of Liquid Petroleum Gas.  The 
value of global Algerian exports of LPG in 2005 was $3.3 billion from total hydrocarbon 
exports of $25.6 billion.  Sonatrach, the state owned oil and gas company, is responsible for 
LPG production and operates a number of fields, the most significant in LPG capacity being 
Hassi-R'Mel, Rhourde-Nouss and Alrar (east and west). 
 
Sonatrach has greatly expanded LPG production over the last decade including the Ohanet 
project in south east Algeria which started production in 2003 with capacity for 26,000 bbl/d 
of LPG and the In Amenas facility opened in 2006 with peak production capacity around 
50,000 bbl/d of condensate and LPG.   
 
A network of oil condensate and LPG pipelines (including the Alrar-Hassi-R'Mel pipeline 
running from the south-eastern fields) link Hassi R'mel and other fields with the separation 
complex and port at Arzew.  Facilities at Arzew are undergoing a major expansion with a 
planned annual output capacity of LPG of 3 million tonnes by 2010.   
  
No specific sources were found for environmental impacts relating specifically to propane, 
butane and LPG production in Algeria.  The key impact given in Section X for the natural gas 
industry in Algeria (which is the principle supplier of LPG) was air emissions due to flaring 
(now much reduced due to participantion in the Global Gas Flaring Reduction (GGFR) 
programme).   

Norway 

Norwegian sourced LPG is a by-product of the Norwegian Continental Shelf (NCS) oil and 
gas industry.  A number of North Sea gas plants came on stream in the 1970s and 80s, 
including Kårstø in 1985 near Stavanger.  Kårstø is now the world's third-largest LPG 
producing and storage hub exporting around 5m tonnes per year of LPG and 4 million of 
condensate, mainly to Europe.  Separated propane is stored in two large artificial rock 
caverns with a combined capacity of 90,000 tonnes.  There is also significant LPG 
processing capacity at the refinery and terminal at Mongstad.  The Nordic company Statoil is 
the largest European LPG producer with over half North Sea production and output of over 
7m tonnes per year.   
 
Production of LPG is also coming on line at the Snøhvit field in the Barents Sea.  Snøhvit 
field has planned annual export capacity of 747,000 tonnes of condensate and 247,000 
tonnes of LPG.   
 
No sources were found specifically focusing on environmental impacts from Norwegian LPG 
production.  Sections X and X outline general impacts from oil and gas production on the 
NCS, and highlight the contribution to greenhouse gas emissions, water pollution in the North 
Sea and related effects on the biodiversity of the marine environment.    
 
Sources: EIA (2006), EIA (2007a), EIA (2007b),  LPG World (2004), LPG World (2006), MPE 
(2006), USGS (2001), USGS (2005), WINNE (2001) 
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3.6.6 Petroleum oils other than crude 

3.6.6.1 General Description of Processing 

The overall lifecycle of crude oil exploration and production processes are briefly outlined 
below, although specific will vary according to location, in particular, between onshore and 
offshore production. 
 
Once promising hydrocarbon reserves have been identified through seismic and other 
surveys, exploratory bore holes are drilled to confirm presence and characteristics.  A steel 
casing is cemented into completed bore holes to provide structural integrity.  At sites 
confirmed as commercially viable, infrastructure and service facilities are constructed to 
support production, with specific requirements varying according to onshore or offshore 
location.   
 
The development and production stage will involve extraction from the reservoir through the 
bore holes.  Primary recovery methods rely on underground pressure in the oil reservoir 
forcing the oil to the surface where valves regulate pressures and control flows.  When 
underground pressure falls over the lifetime of the well, secondary recovery may be used 
involving pumps or injection of water or gas into the reservoir.  Additionally, thermally 
enhanced oil recovery methods can be used to heat the oil to reduce viscosity and therefore 
aid extraction.  Steam injection is the most common form of thermally enhanced recovery but 
carbon dioxide injection, heating and chemicals are also used.  The proportion of 
commercially recoverable oil at any location will depend on permeability of the rocks, the 
strength of natural pressures (the gas present, pressure from adjacent water or gravity), and 
the viscosity of the oil.  Directly after extraction and before transportation crude oil is 
separated from the contained natural gas, water, and wastes using field separators.   
 
Finally, decommissioning at the end of a life of a facility will involve the permanent plugging 
of wells, removal of facilities and reclamation of land through re-vegetation and site 
monitoring. 
 
Source: E &P Forum (1993), Bashat (2003). 
 
3.6.7 Key Environmental Impacts 

Imports to the EU under the overall category of petroleum oils other than crude (SITC code 
334) include a range of petroleum products resulting from oil refinery processes.  These 
products can be grouped into the categories of light distillates (gasoline, naptha), middle 
distillates (kerosene, diesel), heavy distillates and residues (fuel oil, lubricating oils, wax, tar).  
Therefore, the environmental impacts given below cover a range of different refining 
processes which vary according to specific products: 

 
• Climate change:  GHGs contributes to climate change due to energy intensive 

refinery processing, but severity is dependent on energy source and type of 
petroleum product.   

• Biodiversity:  Temperature of discharged wastewater can disrupt local marine 
ecosystems.  Direct discharge or leaching of wastes can impact on local ecosystems.  
Some main types of petroleum products can be toxic to aquatic organisms.  Refinery 
water emissions with high nitrous content can have significant water eutrophication 
impacts.   
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Table 3.45  Summary of key environmental impacts for crude petroleum 

Impact Rank Summary Comments Data
Climate 
Change 

** Flaring and venting of 
natural gas during oil 
extraction causes 
significant GHG emissions.  

Varies according to 
infrastructure available to make 
use of gas.  Russia and Nigeria 
emit largest volumes of flaring 
gas.   

*** 

Biodiversity ** Discharges of 
hydrocarbons, waste water 
and solid waste to water 
and land have a variety of 
chronic effects on benthic 
marine communities, 
mammals and birds.  
Effects of pipeline routes on 
fragile ecosystems. 

Impact varies according to 
onshore/offshore location.  
Potentially significant impact of 
expansion in Arctic and sub-
Arctic Siberia and North Sea, 
but predictions are disputed.   

* 

Human 
Health 

*** Oil excavation employment 
highly hazardous in terms 
of mortality, injury and 
chronic diseases.  Public 
health risks due to 
exposure to harmful 
discharges, e.g. mercury 
contamination of fish. 

Varies according to health and 
safety standards and 
enforcement.  Working 
conditions in developing 
countries are, overall, more 
hazardous than in developed 
countries 

*** 

Natural 
Resources 

*** Land 
degradation/deforestation, 
soil contamination in 
wilderness areas.  Impact 
on water quality and 
possible depletion of water 
resources at onshore sites.  
Impact on water quality and 
marine environment at 
offshore sites.  Multiple 
effects on natural resources 
of oil spills and leaks during 
transportation. 

Varies according to location and 
environment standards/planning 
rules.  E.g. Potentially 
significant impact of expansion 
into boreal forests in Russia.   

** 

 
• Human health:  Chronic hazards to refinery employees and local communities from 

exposure to hazardous materials.  There is research into links between leukaemia 
and some types of cancers, and the location of petroleum facilities.  Accident risks 
and noise levels at refineries can be significant. 

• Air emissions:  The petroleum refining process is responsible for substantial and 
varied air emissions.  Key emissions are SO2, CO and particulates.  There is 
particular contribution to acidification through SO2 emissions due to high content of 
sulphur in crude oil.   

• Land degradation:  Wastes generated by petroleum refineries such as spent 
catalysts, oily sludge and metal scrap can cause soil contamination.  
Decommissioning of refineries requires lengthy identification and removal of 
contaminated soils. 

• Water use and pollution:  Refineries use significant amounts of process water that 
can become contaminated with residual poly aromatic hydrocarbons, solvents, heavy 
metals and other chemicals prior to discharge.   
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The refining phase for petroleum products is a significant contributor to overall impacts due 
to the energy intensive processes that produce large amounts and varieties of pollutants (see 
for example, Koroneos et al, 2005).  In Russia, specific environmental issues are connected 
to the poor state of much of the industry infrastructure and frequently inadequate pollution 
control technologies.  There is a history of soil and groundwater contamination in the key 
refining area of the Volga River.  In Norway, discharges to water from refineries have 
decreased significantly since the 1980s, due to technical improvements.  Although refineries 
using North Sea crude oil generally have lower refinery SO2 emissions per unit than in 
southern Europe, there is greater vulnerability to acidification in Northern Europe.   

 

3.6.8 Impacts in Key Exporting Countries 

3.6.8.1 Russian Federation 

Russia is the second largest exporter of oil in the world and the largest exporter to the EU.  In 
2006, Russian crude oil production reached 9.2 million barrels per day of which more than 5 
million barrels were exported (compared to exports of nearly 2 million barrels of refined 
products).  Most proven reserves are located in Western Siberia, between the Ural 
Mountains and the Central Siberian Plateau, although significant unexplored reserves are 
known to exist in Eastern Siberia with substantial reserves in the Sakhalin area off the east 
coast of Russia.  The development of new oil fields is crucial to the continuing economic 
importance of Russia oil production in the next decades due to decreasing production form 
existing mature oil fields.  The current reserve to production ratio of Russia is 18 years. 
 
Few academic references were found on an initial search of key environmental impacts of 
crude oil production in Russia.  However, the specific issues highlighted in general 
references were: 
 

• Biodiversity: Concern from environmental groups centres on the biodiversity 
implications of large scale exploitation of reserves of oil (as well as other fossils fuels 
and minerals) in the Arctic and sub-Arctic wildernesses of Siberia.  Of particular 
concern are the ecosystems the boreal forests and Lake Baikal, which contains 
unique and fragile ecosystems as well as the islands off Siberia’s Pacific coast which 
are key breeding grounds for salmon.  Transneft proposes to build an oil pipeline from 
fields in western and central Siberia to the Pacific coast.  The two major 
environmental issues associated with the pipeline are the proximity of the route to 
Lake Baikal and the proposed oil terminal location on the Amur Bay near Vladivostok. 

• Air Pollution: Russian oil wells flare more gas than any other country, about 50 
billion cubic metres of gas per year.  This is a significant contribution to greenhouse 
gases and is reported to be responsible for death of migrating birds in Siberia. 

• Oil Spills and leakages: Major oil spills include the pipeline leaks near Usinsk in 
1994 and in the Byransk region in 2006.  However, it is reported that there is a 
general problem of inadequate maintenance of pipelines with consequent widespread 
chronic problems of corrosion and leakage.    

 

3.6.8.2 Norway 

Projections for Norwegian oil and gas production indicate that it will remain at about the 
current level for the next 10 years.  Oil production is expected to drop, whereas gas 
production will rise.  The current reserve to production ratio of Norway according to the 
International Energy Outlook report 2007 is 9 years. 
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Norway’s petroleum industry accounts for significant air emissions and discharges to sea of 
produced water and chemicals.  However, the Norwegian Ministry for Petroleum and Energy 
has set targets requiring zero harmful discharges to sea and a 30 per cent reduction of 
harmful emissions to air, applicable for existing and future installations.  These, according to 
SoE report (ref), make Norway's petroleum industry one of the least polluting in the world.  
The key existing environmental issues for the industry are: 
 

• Biodiversity: Water emissions (outlined above) have put pressure on the seabed 
environment near offshore installations.  Changes have occurred in species 
composition of benthic fauna across large areas of the seabed.  In general, effects 
are apparent in an area about 30 km2 of the seabed around installations.  Little is 
known about the long-term effects of these discharges.  As the industry expands 
further north on the NCS it will move into more vulnerable environments which are 
important areas for Norwegian fisheries (spawning grounds, nursery areas and 
fishing grounds) and include habitats and breeding areas for large seabird 
populations. 

• Air emissions: The oil and gas industry in Norway is a significant source of 
greenhouse gas emissions with offshore oil activities an important source of 
emissions of carbon dioxide (CO2), nitrogen oxides (NOx), methane (CH4) and non-
methane volatile organic compounds (NMVOCs).  As oil fields age the quantity of 
produced water rises and more energy is needed to separate water from crude oil 
and to treat it or inject it into the formation, resulting in increased greenhouse gas 
emissions.  VOCs are emitted from shuttle tanker operations for which technologies 
have been developed to contribute to a significant reduction in VOC load to the 
environment.  The oil and gas industry is also a key source of acidifying emissions, 
although to link specific local effects, such as acidification of lakes and forests, to 
specific industry activities.   

• Water emissions: Produced water containing chemical additives, oil and dissolved 
organic compounds and traces of heavy metals.  Discharges to sea are expected to 
increase from approximately 120 million m3 in 2002 to about 180 million m3 in 2008 
(although discharges of oil with produced water have been reduced in recent years).  
This increase is due not only to the increased water production from the existing 
mature fields on the Norwegian Continental Shelf (NCS) but also from the greater 
chemical requirements of newer  sea-bed developments. 

• Decommissioning: A number of fixed offshore installations on the NCS will reach 
the end of their life over the next decade.  Dealing with environmental issues related 
to the removal process presents technological challenges.  Options include 
dismantling and dumping: plans to dump the Brent Spar, an oil storage buoy used in 
the British sector, caused considerable protest in 1995. 

 

3.6.8.3 Saudi Arabia 

Saudi Arabia’s proven oil reserves are about 260 billion barrels or around 20 per cent of 
global proven conventional oil reserves.  The current crude oil reserve to production ratio of 
2007 is 75 years.  It has over 100 oil and gas fields with over half of oil reserves contained in 
only eight fields, including the Ghawar which accounts for about half of the country’s total oil 
production capacity.  Saudi has the world’s largest crude oil production capacity, estimated at 
about 11 million barrels per day with plans to increase to 12 million by 2009. 
 
Oil spills and coastal pollution are the most commonly cited environmental impacts relating to 
the regional oil and gas industry.  The impact of oil spills and discharges from offshore 
facilities in the Persian Gulf have been on the increase and an estimated one million barrels 
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of oil and waste products is dumped or spilled into the Gulf every year by shipping.  This 
poses a threat to the Gulf’s ecosystem which is already prone to contamination due to the 
relatively shallow depth.  Reefs along the Saudi coast are threatened by pollution from 
offshore hydrocarbon development and from de-ballasting of oil tankers and other ships in 
the region.  Saline wastewater from oil production processes dumped into the Gulf increases 
the salinity of the water and poses a threat to marine life.   
 
The Persian Gulf has experienced a number of large oil spills over the past 20 years.  During 
the Iran-Iraq war from 1980 to 1988, the attack of oil tankers in the Gulf resulted in thousands 
of barrels of oil spillage.  During the Persian Gulf War of 1991 the world's largest oil spill, 
estimated as 8 million barrels, polluted much of Saudi Arabia's Persian Gulf shoreline.  Some 
sections of the Saudi coast sediments were found to contain 7 percent oil.  The shallow 
areas affected were feeding grounds for birds and nursery areas for fish and shrimp in the 
Saudi fishing industry. 
 
Sources: EIA (2007a), EIA (2007c), EIA (2007b), WI (2006), Elvidge et al (2007), ESMAP 
(2003), Grini (2003), Nilssen & Øren (2003), OLF (2006)42, NPCA (2006), NPCA (2005) 

3.6.9 Synthetic Rubber 

3.6.9.1 General Description of Processing 

Synthetic rubber can be produced in many ways, although generally it is derived from 
petrochemical industry products.  Petrochemical plants will typically use refinery products 
(such as naphtha) and natural gas and produce various hydrocarbons monomers such as 
butadiene, styrene and ethylene.  In synthetic rubber production these monomers are mixed 
and reacted under controlled conditions to form polymers.  The thermoplastic resin resulting 
from polymerization is vulcanized by treated with heat and chemicals to form a thermoset 
which contributes to the resilience and elasticity associated with elastomers.  Most 
elastomers are made using petroleum, although other materials such as coke (made from 
coal) may also be used. 
 
A great variety of synthetic rubbers are produced of differing physical properties and grades.  
Thus processing may include integrating additives (such as reinforcement fibers, fillers and 
catalysts), using processing chemicals and creating alloys with other thermoplastics or 
natural rubber.   
 
In the case of SBR manufacture, butadiene is a by-product of petroleum refining and styrene 
is sourced either in the coking process or as a by-product of petroleum refining.  The two 
gases are mixed a catalyst in a reactor to form liquid latex.  The dry rubber in the liquid is 
coagulated into crumbs, washed, dried, and baled for transportation. 
 
Sources: EA (2001), IISRP (undated) 
 
 
 
 

                                                 
42 OLF (2006) is the most comprehensive source of quantitative data on Norwegian oil industry environmental 
impacts identified for this project.  
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3.6.9.2 Key Environmental Impacts 

Table 3.46  Summary of key environmental impacts for synthetic rubber 

Impact Rank Summary Comments Data
Climate 
Change 

*** GHG emissions during 
extraction of raw 
material, refining and 
product processing 
phases.  Energy 
intensive production 
processes. 

Varies according to pollution 
control technology and energy 
source at each production 
phase. 

*** 

Biodiversity  ** Likely ecosystem 
impacts from emissions 
of hazardous materials 
to water and soil in 
synthetic rubber 
processing.  Also 
impacts during 
extraction and refining 
phases of input 
materials.    

The extent of impacts will 
depend on local habitat and 
pollution control technologies at 
each production phase.   
 

* 

Human 
Health 

*** Hazardous substance 
emissions suspected to 
be carcinogens.  Base 
materials and additives 
can cause toxic effects. 

Studies have found some 
correlation between location of 
plants and incidence of serious 
disease of industry employees 
and local communities, but 
there is uncertainty about 
causal links. 

** 

Natural 
Resources 

*** Potential contamination 
of  water and soil 
through discharge of 
polluted wastewater 
(inc.  POPs).  Resource 
depletion of petroleum 
based raw materials. 

Variation in water and soil 
impacts according to specific 
processing details and 
environment standards.   

** 

 
The range of environmental impacts of the production phase of synthetic rubber is outlined 
below.  These are generic impacts across the variety of processes and product specifications 
including styrene-butadiene, poly-butadiene and ethylene-propylene based products. 

 
• Climate change:  Production of synthetic rubber is energy intensive, although this 

will vary between specific products.  Available data indicate that GHG emissions per 
kg are considerably greater than those for other fossil-fuel-based products assessed 
in this report and for natural rubber.   

• Biodiversity:  Potential impacts relate to the emission of hazardous substances to 
water and soil as outlined below.  Few data were found on ecosystem impacts.   

• Human health:  A number of hazardous substances emitted to the environment from 
synthetic rubber production are suspected to be human carcinogens.  Base materials, 
such as butadiene and styrene, and many of the additives can cause toxic effects 
following exposure. 

• Air emissions:  There is a great range of possible air emissions associated with 
synthetic rubber production.  Hazardous air pollutants derive from process monomers 
and solvents.   
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• Land degradation:  No specific studies were found for land degradation from 
synthetic rubber production.  However, discharge of contaminants from processes 
may cause soil contamination.  Production processes have used substances 
classified as persistent organic pollutants such as hexachlorobenzene (HCB).   

• Water use and pollution:  Water is used in processes throughout the production of 
synthetic rubber.  A great range of contaminants, including toxic substances such as 
benzene, acrylonitrile and metals, are derived from process raw materials and 
additives that may be discharged in wastewater.   

 

3.6.9.3 Impacts in Key Exporting Countries 

Outlines of production of synthetic rubbers in the three top source countries for EU imports 
are given below.  These are United States (37%), Russia (22%) and Japan (9%).   

United States 

U.S.  producers supply about one quarter of total world rubber consumption.  The synthetic 
rubber industry consisted of about 120 firms operating in the late 1990s.  Tyre and inner tube 
manufacturers accounted for about 35 percent of industry output but the remainder of the 
market was spread across a great range of fabricated rubber products.  This variety seems 
to be reflected in exports to the EU where the types of product vary across all the synthetic 
rubber sub groups although the most significant are clearly BR, SBR and EPDM. 
 
Most location specific references found on environmental impacts of synthetic rubber 
manufacturing referred to the US context with the key issue being discharge of hazardous 
substances and related health implications.  Environmental regulation over recent years has 
caused the industry to invest in pollution control technology.  EPA (1995b) outlines controls 
put in place on key synthetic rubber industry air emissions.  EPA (1995a) gives values for 
VOC emissions from SBR production.   

Russian Federation 

Synthetic rubber production facilities in Russia are mainly in the area of the Volga with some 
also in central and Siberian federal districts.  These are connected to petrochemical industry 
production of monomers in these regions.  However, many monomer production facilities 
have on outdated technology and are in need of modernisation.  The production of synthetic 
rubber is consolidated and centres on a small number of companies such as Kautschuk (with 
facilities at Sterlitamak in Bashkortostan and Krasnoyarsk in Siberia), 
Nischnekamskneftechim and Togliattikautschuk.  Russia is a major world producer of 
butadiene although other rubber products are also manufactured.  Exports to Europe and 
East Asia have increased significantly since the end of the Soviet period.  The types of 
synthetic rubber product exported to the EU vary across all sub groups although the most 
significant are clearly BR, Isophrene rubber and SBR. 
 
Information found on the rubber sector in Russia is mainly from industry sources43.  
References to environmental impacts centre on water and air emissions from the 
petrochemical industry in general rather than specifically on synthetic rubber production.   

                                                 
43 See for example chemical and petrochemical industry documents at: www.ccirbis.ru/doc.php?doc=698 and 
http://bimmacon.com/macro/obzor/hp/hp1261.htm  

http://www.ccirbis.ru/doc.php?doc=698
http://bimmacon.com/macro/obzor/hp/hp1261.htm
http://bimmacon.com/macro/obzor/hp/hp1261.htm
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Japan 

Japan accounted for around 9 percent of total imports of synthetic rubber into the EU.  
Imported products covered all synthetic rubber SITC sub groups with the most significant 
being BR, SBR and Chloroprene.  The Japanese synthetic rubber sector is well developed 
with leading company JSR (Formerly Japan Synthetic Rubber) a major global manufacturer 
among a number of other domestic producers.  Information found on the Japan production 
was dominated by industry based sources.  A number of technical papers and some 
environmental papers are available on The Society of Rubber Industry, Japan website (see 
general references below).   
 
Sources: EPA (1995a), EPA (1995b), The Society of Rubber Industry website  

3.6.9.4 End of Life 

A key end of life issue is the disposal of non-degradable synthetic rubber waste.  Disposal in 
landfill may result in leaching of constituent materials and breakdown products to water, soil 
and air.  Furthermore, incineration of tyres emits hazardous constituent chemicals.  Although 
existing thermoset elastomers cannot be technically recycled, efforts have focused on 
converting rubber waste to other uses such as highway asphalt production and waste-to-
energy applications.  Producers are developing new recyclable rubbers such as 
Thermoplastic Elastomers (TPEs). 
 

3.7 Transport Impacts 

The impact of transport of commodities from the country of origin to the EU was examined by 
combining the information on transport mode (from the Eurostat commodities transport 
database) for the top three exporting countries, with typical distances for the appropriate sea 
or road/rail journey and lifecycle data on the impacts of road, rail, ship and air transport.    
 
Figure 3.1 shows the volume of imports of each commodity into the EU.  Data on the mode 
of transport and transport volumes are given in Appendix 2 and are summarised in Figure 
3.2.  The classifications used in the transport database are somewhat broader than the SITC 
codes used in the assessments of trade flows and environmental impacts.  The 
correspondence is reasonably good in most cases, but is more approximate for others, and 
caution is needed in interpreting transport mode data in particular for: bananas, bovine meat, 
crustaceans, fresh fish, cotton fabrics, palm oil, aggregates, iron and steel, zinc ore and 
natural gas.  For a few commodities there is no equivalent classifications in the transport 
database that can be used to approximate SITC codes, in particular, where there are very 
small imported quantities, e.g. for cadmium, mercury and gold. 
 
Results were calculated for global warming impacts and acidification impacts (Figure 3.3, 
and in Figure 3.4 respectively) as fuel related emissions (of CO2, SO2 and NOx) were 
considered likely to be the most significant impacts from the transport stage.   
 
Impacts on a per tonne basis are a combination of both journey length and transport mode.  
Commodities with a higher climate change impact from transport are bovine meat, as a 
substantial proportion (75%) arrives by air; cotton, as almost 80% comes by road, and 
leather as about 40% comes by road and 40% by air.  Figure 3.3 also shows the total global 
warming impact associated with imports from the top three exporting countries.  In most 
cases these account for a significant proportion of total imports, so provide a good indication 
of the relative impacts from transport for each commodity group.  It is clear that iron ore and 
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coal dominate due to the much larger volumes of these commodities (Figure 3.1).  Crude oil 
and wood are also significant; in the case of crude oil, this again is due to the volume of 
imports, and in the case of wood due to a relatively high volume and relatively high impact 
per tonne.   
 
A full comparison of climate change impacts from transport of the commodities with impacts 
from production of the commodities could not be made as quantitative data on the climate 
change impacts of all commodities was not available.  However for those commodities where 
a comparison could be made, there were several - typically those with a very low to low 
climate change impact - where the impacts from transport were of the same magnitude or in 
some cases larger than impacts from commodity production.  
 
Other impacts from transport include: 
 

• Impacts on marine biodiversity from shipping through the use of biocides in anti-
fouling paint on the hull of vessels and the introduction of non-native, invasive 
species from ballast water which is discharged;  

• Noise from road, rail and air transport; 
• Land use for infrastructure (roads, railways, airports and ports) can lead to habitat 

fragmentation and loss of habitats and species; 
• Water pollution – run-off from roads contains substances such as fuel oil, which can 

contaminate nearby water courses; 
• Air pollutants such as nitrogen oxides and particulates, which contribute to poor air 

quality and can impact on human health. 
 
 

Figure 3.1 Commodities imports to EU from top three source countries (in tonnes) 
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Figure 3.4 A
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4 Prioritisation of Trade Flows  

The development of recommendations in this section builds on the work reported in Sections 
2 and 3 to consider the overall significance of environmental impacts of the 40 natural 
resource trade flows analysed and the policy context of addressing environmental impacts.  
First, a simple analysis of the relative importance of the selected trade flows to the EU in 
terms of environmental impacts and economic significance has been undertaken.  Second, a 
framework for scoping the coverage of trade flows by existing policies is outlined and the 
potential for new or reinforced policies is discussed.   
 

4.1 Significance of Environmental Impacts of Trade Flows 

To inform the discussion on prioritisation of trade flows, an assessment of the relative 
significance of environmental impacts of the analysed resource trade flows has been made in 
two ways.  First, a ranking of trade flows was made based only on the environmental impact 
ratings given to each of the 40 selected trade flows for the four impact categories (i.e the 
sum of ratings for climate change, biodiversity, human health and natural resources) in 
Section 3.  Second, the trade flows were ranked based on impact ratings multiplied by total 
volume of EU imports.  A summary of the ranking of trade flows by sector of using these two 
methods is given in Table 4.1.   
 
The need for caution regarding the use of ratings for environmental impacts, particularly due 
to variations in data availability and quality, and the difficulties of comparing impacts across 
commodities has been noted earlier.  It should also be noted that using this methodology the 
trade flows with highest overall environmental impact scores are those that have scored 
relatively highly in most impact categories and not those trade flows that may have a very 
high impact in only one or two impact categories.  Moreover, the scoring on which the 
analysis is based is for source countries with the most significant impacts and therefore 
overall scores may not reflect impacts in all source countries.  For these reasons the analysis 
here is necessarily tentative and simply intended to contribute to discussion on priority 
resource flows given these constraints.   
 
For food agricultural commodities the results indicate that crustaceans, bananas, rice and 
fish had the highest overall environmental impact scores.  When volumes of each trade flow 
imported into the EU are taken into account soybean and wheat are significantly boosted 
relative to other trade flows.   For the non-food agricultural commodities analysed the 
highest scoring for environmental impacts were cotton, cotton fabrics, tobacco and palm oil.  
However, the position of wood, chemical wood pulp and natural rubber is boosted when 
taking into account trade flows due to the large imported tonnages of these commodities.  
For both food and non-food agricultural commodities there was a greater spread of overall 
scores for environmental impacts compared to metal and minerals, and fossil fuels.  The 
variation may be a consequence of the more diverse nature of commodities and processes 
between the selected agricultural trade flows compared to the other sectors.    
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Table 4.1 Results of Priority Trade Flow Analysis: Commodities Ranked by Sector 
Environmental Impacts only Environmental impacts & EU import volume (multiplied)  

Rank Commodity Rank Commodity 

Food Agricultural Commodities 
1 Crustaceans  1 Soybean 
2 = Bananas 2 Wheat and wheat flour 
2 = Bovine meat 3 Bananas 
2 = Rice 4 Maize 
2 = Soybean 5 Coffee 
6 Fish, fresh, chilled, frozen 6 Sugar  
7 = Coffee 7 Crustaceans 
7 = Tea 8 Rice 
9 Maize 9 Cocoa 
10 Milk products 10 Fish, fresh, chilled, frozen 
10 = Sugar  11 Tea 
10 = Wheat and wheat flour 12 Milk Products 
13 Cocoa 13 Bovine Meat 
Non Food Agricultural Commodities 
1 Cotton 1 Wood 
1 = Cotton fabrics, woven  2 Chemical Wood Pulp 
3 Tobacco 3 Palm Oil 
4 Palm oil 4 Natural Rubber 
5 = Chemical wood pulp 5 Tobacco 
5 = Bioethanol 6 Cotton fabrics, woven  
7 Leather 7 Cotton 
8 Natural Rubber 8 Leather 
9 Wood 9 Bioethanol 
Metals and Minerals44 
1 Gold 1 Iron Ores and Concentrates 
2 Aluminium 2 Iron and Steel 
3 Cement 3 Cement 
4 Iron and Steel 4 Aggregates 
5 = Copper ores and concentrates 5 Bauxite and other aluminium ores 
5 = Zinc ore and concentrates 6 Aluminium 
5 = Mercury 7 Phosphate Rock 
8 = Aggregates 8 Copper Ores and Concentrates 
8 = Bauxite and other aluminium ores 9 Zinc Ore and Concentrates 
8 = Iron ores and concentrates 10 Cadmium 
8 = Phosphate rock 11 Mercury 
12 Cadmium   
Fossil Fuels 
1 Synthetic Rubber 1 Crude petroleum 
2 Liquefied propane and butane  2 Coal 
2 = Petroleum oils other than crude 3 Natural Gas 
4 Coal 4 Petroleum oils other than crude 
5 Natural Gas 5 Liquefied propane and butane  
6 Crude petroleum 6 Synthetic Rubber 

                                                 
44 Gold has been excluded from the ranking for “environmental impacts and EU import volume" due to insufficient 
data on EU imports. 
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For metals and minerals, trade flows with highest overall scores for environmental impact 
were gold, aluminium and cement, followed by iron and steel.  Taking into account the 
economic significance of trade flows into the EU greatly increased the importance of iron 
ores and iron and steel due to the high import volumes compared to some other metals and 
minerals which may have more severe per tonne impacts in source countries.   
 
Overall environmental impact scores for fossil fuels across all categories were higher than 
for other sectors.  Processed commodities (synthetic rubber, liquefied gases petroleum oils) 
were given higher overall scores than raw materials (crude petroleum, natural gas and coal) 
and this is consistent with impacts for raw material extraction being taken into account in 
these processed commodity scores.  However, when trade flow significance is included in 
the ranking the order changes significantly with crude petroleum and coal scoring highest.  
This reflects the much greater quantities of imports compared to processed fossil fuel 
commodities.   
 
Simple Multi Criteria Analysis was used to try to detect sensitivity of the commodity rankings 
to different relative weights being given to the impacts and volumes of trade flows to the EU.  
Details of methodology and results are given in Appendix 3.  The conclusion was that using a 
number of different relative weightings between impacts and trade flow volumes resulted in 
only marginal changes to the higher rankings given in Table 4.1 (Environmental impacts & 
EU import volume column).  The  top three commodities for the food, mineral and metals and 
fossil fuels sectors remained largely unchanged.  In the case of non food agricultural 
commodities, cotton fabrics and cotton were promoted into top three rankings below wood 
under all the weightings tested. 
 

4.2 Scoping of Policies 

This section addresses the question of policy initiatives that may be necessary to address 
environmental impacts of resource trade flows into the EU.  It is beyond the scope of this 
project to undertake a comprehensive assessment of the full range of current and possible 
policies related to the analysed trade flows and, in particular, the effectiveness of alternative 
policies for addressing their environmental impacts in source countries.  In this section we 
provide an overview framework of the scope of existing or potential policies of relevance to 
addressing the environmental impacts of trade flows to the EU.  Then we provide a number 
of overall observations and recommendations regarding the types of policy that should be 
considered for further development for different resource sectors.   
 
Types of policies in this context can be categorised in a number of ways as itemised below.  
As the question here concerns resource flows to the EU, we will limit consideration to those 
policies which the EU centrally or Member States have initiated or have some influence over, 
including policies flowing from international agreements to which the EU and Member States 
are a party.   
 

• Institutional Level: International, EU or Member State  
• Type of policy instrument: Economic45 (e.g. tariffs, product taxes), 

Administrative/legal (e.g. bans, health and safety standards), Voluntary and other 
schemes (e.g. sustainable product certification schemes, procurement policies, 
funding environmental programmes in source countries).   

• Focus of policy: Specific commodity (e.g. tobacco duty), Sectoral (e.g. food 
standards), General (e.g. preferential trading agreements) 

                                                 
45 In the context of environmental policy this especially refers to economic instruments that aim to internalise environmental 
externalities through taxes and charges.   
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• Main objective of policy: Economic (e.g. protectionist policies), Environmental (e.g. 
Clean Development Mechanism), Social (e.g. safe water schemes).  While the 
objective of a policy may not be primarily environmental, there may be direct or 
indirect effects on environmental impacts in a source country. 

• Location of policy: Exporting country (e.g. sustainable product certification), 
Importing country/region (direct trade arrangements or indirect measures affecting 
overall demand for a commodity within the EU, e.g. product taxes, policies to 
improve diet and cut tobacco use). 

 
Table 4.2 aims to give a framework for the scope and nature of existing policies relevant to 
resource trade flows and their environmental impacts, which encapsulates the policy 
categories outlined above.  The framework focuses on: (1) specific trade policies (2) other 
policies that influence the size and nature of the trade flows to the EU and (3) policies aimed 
at reducing environmental impact in source countries.  The framework does not aim to be 
comprehensive but rather to give examples of the type of policies in these categories for 
each of the four trade flow sectors.  Specific examples are also given for one priority trade 
flows for each sector (as identified in Section 4.1): crustaceans, cotton, cement and crude 
petroleum.   
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Table 4.2 Framework for Scoping of Policies 
Trade Flow Trade Policies Other policies influencing volume and nature of 

trade flow to EU 
Other policies aimed at reducing 
environmental impact in source countries 

 EU/Member State International EU/Member State International EU/Member State International 
Food-Agricultural Sector 
General Preferential trading 

agreements between EU 
and some developing 
regions e.g. ACP countries  
under Cotonou 
Agreement. 
EC certification rules on 
origin, food safety, and 
traceability. 
On-going discussion on 
policies in support of fair 
trade at EU and Member 
State level 
 
 

International rules under 
WTO limit scope of trade 
policy measures as an 
instrument of environmental 
policy 
International initiatives on fair 
trade and organic trade (e.g. 
bananas). 

Effect of reform of CAP and 
EU enlargement on imports: 
e.g. predicted to reduce cost 
of feeding grain to livestock 
and thus reduce EU soybean 
meal imports 

 EU Pesticides Initiative 
Programme (enables 
compliance with European 
food safety and traceability 
requirements) 
EU Action Plan on 
Agricultural Commodity 
Chains, Dependence and 
Poverty 
European Forum on 
Sustainable Rural 
Development 
Support for sustainable 
production certification 
schemes (e.g. FSC timber 
certification scheme). 

Consultative Group on 
International Agricultural 
Research (CGIAR) 
Alliance 
The FAO regional 
vegetable integrated 
pest management 
programme in South 
and Southeast Asia 
 
 

Crustaceans EC SANCO rules on 
origin, health-and-hygiene, 
and traceability are 
increasingly coming into 
effect.46  
 

 Advice on consumption of fish 
as part of  health promotion by 
Member State Agencies, e.g. 
UK Food Standards Agency. 

Certification schemes 
e.g. Marine Stewardship 
Council and Marine 
Aquarium Council 

 UN Water mechanism 
support 
Certification schemes 
e.g. Marine Stewardship 
Council and Marine 
Aquarium Council  
IMO Protocol on 
Preparedness, 
Response and Co-
operation to Pollution 
Incidents by Hazardous 
and Noxious 
Substances, 2000  

 
 
 
 
 
                                                 
7 For outline of import conditions and certification requirements for seafood and other fishery products see:  http://ec.europa.eu/food/international/trade/im_cond_fish_en.pdf  

http://ec.europa.eu/food/international/trade/im_cond_fish_en.pdf
http://ec.europa.eu/food/international/trade/im_cond_fish_en.pdf
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Trade Flow Trade Policies Other policies influencing volume and nature of 
trade flow to EU 

Other policies aimed at reducing 
environmental impact in source countries 

 EU/Member State International EU/Member State International EU/Member State International 
Non-food Agricultural Sector 
General Preferential trading 

agreements between EU 
and some developing 
regions. 
EU licensing scheme, 
“Forest Law Enforcement, 
Governance and Trade” 
(FLEGT)47, to certify the 
legality of imported timber. 

Some international 
agreements apply e.g. WHO 
Framework Convention on 
Tobacco Control (FCTC) 
requires the implementation 
of measures on illicit trade 

Effect of reform of CAP and 
EU enlargement on imports. 
Biofuel Directive Targets 
National level public health 
campaigns aimed at reducing 
consumption of tobacco. 
 

Some international 
agreements apply e.g. 
WHO Framework 
Convention on Tobacco 
Control (FCTC) requires 
measures on product 
regulation, labeling and 
advertising. 
Product certification 
schemes, e.g. Forest 
Stewardship Council 
(FSC) 

EU Action Plan on 
Agricultural Commodity 
Chains, Dependence and 
Poverty aims to enhance 
sustainable corporate 
practices in CDDCs 

Programmes in support 
of United Nations 
Forum on Forests 
(UNFF)  
Product certification 
schemes, e.g. Forest 
Stewardship Council 
(FSC) 

Cotton Imports from developing 
countries comes under 
EBA initiative and are tariff 
and quota free. 
FLEX:Compensating for 
export losses in ACP 
countries.   

Fair trade initiatives (first 
initiative for a non food 
product by Max Havelaar) 
Organic cotton promotion 
initiatives (e.g. Pan UK’s 
cotton programme). 
 

Subsidy of EU cotton 
producers (addressed in EU 
Action Plan on Agricultural 
Commodity Chains, 
Dependence and Poverty)48 

World cotton trade and 
production highly 
affected by government 
intervention, subsidies 
(inc.  export subsidies by 
US and China).   

EC aid programmes and 
projects for cotton have 
amounted to over  €260 
million since 200449 
Proposal for an EU-Africa 
partnership in support of 
cotton sector development50 
(associated with EU Action 
Plan on Agricultural 
Commodity Chains, 
Dependence and Poverty) 

FAO-EU integrated pest 
management (IPM) 
programme for cotton in 
Asia 
 
 

 

                                                 
47 For details see: http://ec.europa.eu/environment/forests/flegt.htm  
48 Following challenge of 2004 reform of EU support for cotton production, a public consultation on EU cotton policy was started at the end of June 2007. EU has now 
eliminated export subsidies on cotton and has removed all forms of trade-distorting support in the cotton sector. 
49 EC memorandum (MEMO/08/75, February 6th 2008) “Cotton: a development priority” 
50 For “Proposal for an EU-Africa partnership in support of cotton sector development” See http://trade.ec.europa.eu/doclib/docs/2004/march/tradoc_115806.pdf    

http://ec.europa.eu/environment/forests/flegt.htm
http://trade.ec.europa.eu/doclib/docs/2004/march/tradoc_115806.pdf
http://trade.ec.europa.eu/doclib/docs/2004/march/tradoc_115806.pdf
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Trade Flow Trade Policies Other policies influencing volume and nature of 

trade flow to EU 
Other policies aimed at reducing 
environmental impact in source countries 

 EU/Member State International EU/Member State International EU/Member State International 
Metals and Minerals 
General EU has generally low 

import duties and an open 
market for non-ferrous 
metals. 
Moves towards EU ban on 
mercury trade by 2010. 

 Mining Waste Directive, 
Landfill Directive, Waste 
Electrical and Electronic 
Equipment Directive,  
Restriction of Hazardous 
Substances in Electrical and 
Electronic Equipment 
Directive, Battery Directive, 
End of Life Vehicles Directive 
Economic incentives for 
recycling are increasing at 
Member State level. 

Certification schemes 
e.g. Initiative for 
Responsible Mining 
Assurance (IRMA) and 
Certified Green Gold 
program. 

The Extractive Industries 
Transparency Initiative 
(EITI)  
 

Mining related 
certification schemes 
e.g. Initiative for 
Responsible Mining 
Assurance (IRMA) 
Biodiversity offset 
schemes  e.g. Business 
and Biodiversity Offsets 
Programme (BBOP) 
 

Cement EU-Egypt Association 
Agreement (2004) 
dismantles EU customs 
duties and other charges, 
and accounts for 
significant increase in EU 
imports. 
 

 Mining Waste Directive, 
Landfill Directive 

Cement Sustainability 
Initiative (CSI) Agenda 
for Action 
 

 Cement Sustainability 
Initiative (CSI) Agenda 
for Action 
Construction-related 
certification schemes, 
e.g. US Green Building 
Council’s Leadership in 
Energy and 
Environmental Design 
certification  
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Trade Flow Trade Policies Other policies influencing volume and nature of 

trade flow to EU 
Other policies aimed at reducing 
environmental impact in source countries 

 EU/Member State International EU/Member State International EU/Member State International 
Fossil Fuel 
General   Directive on Electricity 

Production from Renewable 
Energy Sources 
Taxation on fossil fuels at 
Member State level 

Initiatives to support 
UNFCCC GHG emission 
targets (e.g. to meet 
renewable energy 
targets, promote energy 
security, promote 
biofuels, low carbon 
vehicles etc) will all 
impact on EU fossil fuel 
imports 

The Extractive Industries 
Transparency Initiative 
(EITI)  
 

Global Gas Flaring 
Reduction program 
(GGFR). 
Biodiversity offset 
schemes  e.g. Business 
and Biodiversity Offsets 
Programme (BBOP) 
 

Crude 
Petroleum 

Import tariff for biofuels 
compared to petroleum. 

 Biofuels Directive 
Directive on Electricity 
Production from Renewable 
Energy Sources 

Initiatives to support 
UNFCCC GHG emission 
targets.  As above. 

 Global Gas Flaring 
Reduction program 
(GGFR) 
IMO Protocol on 
Preparedness, 
Response and Co-
operation to Pollution 
Incidents by Hazardous 
and Noxious 
Substances, 2000  
Programme of 
International Petroleum 
Industry Environmental 
Conservation 
Association (IPIECA) 
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4.3 General Conclusions from Scoping of Policies 

The examples given in Table 4.2 illustrate the far reaching nature of policies relevant to 
natural resource trade flows and the complexity of assessing policy impacts and 
effectiveness, and thus the considerable task of developing robust recommendations on 
specific new or reinforced policy initiatives.  The conclusions given below aim to contribute to 
this task by outlining where there is potential for development of policies.  These are set out 
according to the three divisions of policy used in Table 4.2. 
 

4.3.1 Trade policies 

Trade liberalisation under WTO agreements limits the scope of policies directly related to 
trade such as the use of tariffs and quotas.  However, regulation of trade can have an 
environmental benefit where, for example, health standards for food imports or licensing 
schemes to control illegal imports (e.g. EU forest product licensing under the FLEGT 
scheme) may impact on production standards and sourcing in countries of origin.  The 
natural resource sectors where these types of schemes have most potential are food and 
non food agriculture. 
 
Thus the conclusion here is that direct trade policies are limited as a means of promoting 
specific sustainable production objectives in import source countries.  Although controls on 
health standards and illegal imports can have environmental benefits, trade arrangements 
under WTO are not on the whole environmentally driven and there are limits to direct trade 
policies with environmental impact reduction objectives.   

 

4.3.2 Policies influencing volume and nature of trade flows to EU 

Here we consider policies located in the EU which may influence trade flow volumes and 
characteristics.  These policies may not be specifically directed at trade but by influencing 
demand for products in the EU they can have a substantial impact on the level of specific 
imports, specification of products and their sources.  Although such policies may not be 
primarily motivated by sustainable consumption objectives (for example, some product 
taxes), there are increasing examples where the main or supplementary objective is 
environment or health related, for example, (i) the EU Directive on biofuels which is 
impacting on imports of agricultural feedstock and ethanol, (ii) public health campaigns 
designed to reduce tobacco consumption and (iii) the EU Directive on packaging and 
packaging waste which aims to reduce use of virgin raw materials for packaging.   
 
Eco labelling initiatives based on sustainability criteria, including those being developed 
under the EU eco-label scheme, are seen as a tool for driving sustainable consumption.  For 
products and raw materials that are imported into the EU, these schemes aim to have an 
impact on sustainable production in source countries, a key example being the Forest 
Stewardship Council’s timber certification scheme51.  Thus sustainable production 
certification is relevant to both influencing the nature of trade flows to the EU and reducing 
environmental impacts in source countries.  Others schemes are under development for 
agricultural products, in particular biofuel feedstock (e.g. the Roundtable on Sustainable 
Palm Oil and Better Sugar Cane Initiative).   

                                                 
51 It should be noted that forest product certification schemes (such as the Forest Stewardship Council label) currently mostly 
apply to forests in Europe and North America, and the level of certificated imports from outside the EU is low.  
 



Environmental Impacts of Significant Natural Resource Trade Flows into the EU              AEA/ED05444/Issue 5 
 

AEA Energy & Environment 175 

 
At present, examples of specific initiatives to promote sustainably sourced imports are at the 
level of specific commodities and largely apply to food and non food agricultural sectors (e.g. 
timber, cotton and coffee labelling schemes).  It is more complicated to apply these schemes 
to the metals and minerals sectors where these products are generally used in combination 
with other components in final consumer products.  Sustainability Certification is currently 
being explored in the mining sector, for example the Initiative for Responsible Mining 
Assurance (IRMA)52 although the focus is more at mine site level rather than the wider 
commodity supply chain.  Therefore, there is possible scope for development towards 'green 
metal and mineral’ commodity certification, which could be used as a driver for environmental 
improvements in source countries.   
 
Other examples of policies that can be aimed directly at increasing imports of sustainably 
sourced products include Government procurement policies (within EU procurement rules53). 
 
In conclusion, we suggest there is great potential in further considering policies that aim to 
reduce impact in source countries of natural resource trade flows through addressing 
patterns of consumption in the EU.  Such policies would be aimed at encouraging demand in 
the EU of products with lower environmental impacts and the sourcing of products from those 
locations with lower impacts.  This would include supporting sustainable production 
certifications schemes, product stewardship schemes, general consumer awareness and 
information on environmental impacts in source countries.  It would also include support for 
further development and promotion of competitive eco-design of products based on 
minimisation of resource use and environmental impacts of source materials. 
 
It should however be stressed that policies that changed consumption patterns for products 
currently imported into the EU would have socio-economic impacts in source countries, in 
particular commodity dependent developing countries.  Thus policy impact assessments 
would need to gauge these impacts and their effect on development goals.  This underlines 
the importance of not only driving change on the demand side but also supporting 
sustainable production and addressing environmental impacts on the supply side.   

 

4.3.3 Policies aimed at reducing environmental impact in source countries 

Key policies directly aimed at reducing environmental impacts and promoting sustainable 
production of EU imports refer here mainly to support for projects and programmes by 
Member State, EU level or international authorities, often in collaboration with NGOs, in 
source countries.  There are a great range of programmes in support of specific 
environmental, poverty reduction and development goals that aim to contribute to sustainable 
production of natural resources.  These include initiatives driven by international agreements, 
such as Biodiversity Action Plans derived from the Convention on Biological Diversity, and 
Clean Development Mechanism projects in developing countries in support of UNFCCC 
targets.  The basis of such projects is generally, therefore, to address specific impact 
categories (climate change, biodiversity, human health, natural resources) or overall 
objectives of sustainability within a region, rather than being only focused on the production 
of particular commodities.  However, specific commodities or sectors can be the focus of 
projects, especially in the case of commodity dependent developing countries, for example, 
the Proposal for an EU-Africa partnership in support of cotton sector development and the 
FAO-EU integrated pest management programme for cotton in Asia. 
 

                                                 
52 Further information on IRMA can be found at http://www.responsiblemining.net/ 
53 For discussion on scope of fair trade and ethical procurement for UK Government Departments see: 
http://www.ogc.gov.uk/documents/guidance_on_fair_and_ethical_trading.pdf 

http://www.responsiblemining.net/
http://www.ogc.gov.uk/documents/guidance_on_fair_and_ethical_trading.pdf
http://www.ogc.gov.uk/documents/guidance_on_fair_and_ethical_trading.pdf
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Initiation of such externally supported environmental projects and programmes are clearly 
more common in developing countries with agricultural economies than countries with 
economically richer sectors supplying metals, minerals and fossil fuels where external 
support is not seen as so necessary nor sought.  Thus there is likely to be less scope for EU 
policies addressing impacts in these sectors.  However, there is potential for support, for 
example through technology transfer (particularly for refined commodities in minerals and 
metals).   
 
There is also potential to support further development of the concept of biodiversity offsets in 
source countries.  This refers to the enhancement of biodiversity at one site to replace 
residual impacts on biodiversity at another site, so that (ideally) there is no net loss of 
biodiversity.  The Business and Biodiversity Offsets Programme (BBOP) 54 is an example of 
such as scheme with pilot projects in the mining and fossil fuel sectors, although in principle 
this concept can be applied to other sectors.  Applying this to imported commodities, while it 
would be expected that the source country would take responsibility to prevent and/or 
mitigate the principal biodiversity impacts, the residual impacts left after doing this could then 
be considered partly the responsibility of importers.  Thus offsets could be part of an overall 
package, working with suppliers to minimise impacts and then offsetting in the source 
country the residual impacts with EU importers taking some responsibility for addressing 
these impacts.   
         
The assessment of environmental impacts in source countries of the selected trade flows in 
this project demonstrated that climate change was more developed than other impact 
categories in terms of data availability and coordinated international framework for policy 
responses.  The understanding of issues and data availability for biodiversity, human health 
and natural resource issues was much more fragmented partly due to complexity of issues 
and breadth of impacts in these categories.  Consequently, a clear conclusion is that to 
establish a firm basis to assess policy prioritisation between resource trade flows in these 
impact categories requires a redoubling of efforts to establish more comprehensive 
understanding of impacts.  This would be achieved through a coordinated policy of data 
gathering and a more coordinated collation of results from the many and varied current 
research projects (something which this project is contributing towards).   
 
 
 
 

                                                 
54 For information see Business and Biodiversity Offset Program (BBOP): http://www.forest 
trends.org/biodiversityoffsetprogram/index.php  
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5 Conclusions 

5.1 Trade Flows 

Good data on trade flows is generally available on the commodities examined.  For the 
selected commodities it is clear that the EU is often a significant importer, and that a small 
number of countries usually account for a large proportion of imports.  There is usually a 
clear group of three to five leading source countries which account for most extra EU 
imports.  In a few cases one country dominates all others, such as Mauritius for raw cane 
sugar.  To some extent the leading countries reflect long standing trading partnerships and 
historical links with specific EU countries.  However, there are some examples of recent 
international developments affecting EU trade with particular source countries.   
 
There were a few clear examples where, due to re-exporting, key source countries for EU 
imports were not the country of origin and, therefore, were not the country where 
environmental impacts of production had occurred (e.g. Switzerland is a key source of tea 
imports into the EU).  These cases are generally clear to identify when making impact 
assessments.     
 
The maps given in Section 2 (Figures 2.1 to 2.4) indicate that for the selection of 
commodities assessed in all four sectors the range of EU import source countries is 
regionally diverse, covering all major continents.  Therefore, at the sector level there are no 
easy generalisations for specific source regions supplying the EU (although in the case of 
fossil fuels the number of key source countries is much narrower than for other sectors).      
 

5.2 Development of Methodology 

Previous studies examining the suitable use of resources have generally examined priority 
setting for materials on the resource side or examined products on the consumption side.  
Such studies have used various methodologies ranging from “top-down approaches” where 
impacts are determined from National Accounts Matrices extended by Environmental 
Accounts to “bottom-up” assessments where environmental impacts are determined from 
Life Cycle Assessments (LCAs) (e.g. Tukker et al, 2006).  This study had specific aims – to 
look at the impact outside the EU of trade flows of commodities into the EU, rather than for 
example, identifying the overall environmental impacts of materials and products used in the 
EU.   
 
The approach adopted in the study was to:  
 

• Compile trade data on the commodities identifying the main countries exporting to the 
EU. 

• Conduct a literature review to identify environmental impacts from production, 
wherever possible gathering country specific information (for main exporting 
countries) as well as generic information.  The literature was also used to identify 
areas where information on environmental impacts is lacking.  

• Using information gained from the literature review and expert judgement, assigned a 
score (from zero to three) to reflect the severity of potential impacts for each of the 40 
flows in four policy areas: climate change, biodiversity, human health and natural 
resources. 
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• Used the ratings together with data on the significance of the trade flow to identify 
which of the commodities studied had the most significant environmental impacts in 
their source countries overall. 

• Used data on transport modes and transport distances to examine environmental 
impacts of transporting commodities to the EU. 

 
Advantages of the methodology used in the study are:  
 

• Information was available on all of the commodities selected, and a rating could be 
given for each impact 

• Gathering information at the country specific as well as generic level was useful as it 
highlights how the severity of particular environmental impacts can vary significantly 
between countries.  Understanding the reasons for these variations can be useful in 
assessing how to address impacts with policies.  Reasons for differences include:  
- Availability of natural resources necessary to sustain commodity production 

(e.g. in areas where rainfall is not sufficient to support cotton production, there are 
severe impacts on water resources affecting both biodiversity and the local 
people); 

- Patterns of existing land use and existing ecosystems; whenever land use 
change is required for commodity production, impacts on biodiversity are very 
dependent on the existing land use; 

- Production mode and method: smaller scale production can reduce 
environmental impacts for some commodities (e.g. by preventing large areas of 
monoculture), but may also increase impacts due to less efficient production 
methods, or poorer regulation (e.g. small scale gold mining); 

- Level and quality of environmental regulation; regulation of extraction and 
production activities and regulation of use of e.g. herbicides and pesticides in 
agricultural production may vary significantly between countries.  Good regulation 
and proper monitoring of impacts can lessen the severity of impacts.    

 
The principal disadvantage of the approach is the subjective nature of the rating, where apart 
from climate change impacts for most commodities,  the rating is based on an assessment of 
the qualitative information found on commodities.  The project team made use of sector 
experts in helping to compile ratings, and is confident that ratings are consistent for 
commodities across a sector, it is less confident that ratings for a particular impact category 
are consistent between sectors.   
 
Of the four broad categories used to assess overall environmental impacts, the overall 
impact in three - biodiversity, human health and natural resources is the combination of a 
number of direct e.g. habitat destruction for biodiversity, and indirect impacts e.g. of air 
pollution and water pollution on biodiversity, and some impacts such as air pollution may 
impact on more than one category.  Assigning ratings for these categories thus requires 
consideration of the severity of impact in several categories.   
 
The other main problem encountered was a lack of information and data on which to base 
the ratings in some cases.  In general: 
 

• More information and more quantitative data were found on environmental impacts of 
metals, minerals and fossil fuels, than for the other commodities.   

• More information was also generally available for commodity production in developed 
countries as environmental reporting at both the national and company level is more 
developed than in developing and transition countries. 

• More comprehensive and comparable data was generally available for climate 
change, than biodiversity and natural resources, partly because these are much wider 
in definition. 
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The lack of quantitative data and the diverse nature of impacts means that it is difficult (apart 
from climate change) to assign the rating accurately on a per tonne basis.  This ideal would 
allow for a much more consistent estimate of the overall scale of impacts attributable to the 
volume of EU imports than has been possible in this project.   
 
Overall, the methodology has provided useful insights into the types of environmental 
impacts associated with commodities (see Section 5.3) and in particular has allowed the 
clear identification of impacts associated with production outside the EU, a key aim of the 
study.   

5.2.1 Recommendations for improving the methodology 

Recommendations for improving the methodology in future applications are to:  
 

• Refine the guidelines used for to assign ratings, involving a wider range of both sector 
experts and ‘impact’ experts, e.g. experts on biodiversity and on human health.   

 
• Include more quantitative criteria in the guidelines. 

 
• Ensure review of the ratings by a range of sector experts and ‘impact experts’; 

consider including experts from producer countries.  The study has highlighted a 
number of countries which supply a range of commodities, where it would be 
particularly useful to make links with appropriate experts.  This might also help in 
provision of more country specific data.  Development of a database of expertise 
within this project provides a basis for further inclusion of experts in this context. 

 
• Systematically examine sources of quantitative data which could be used to give a 

more quantitative basis for the ratings for biodiversity, human health and natural 
resources.  In the case of biodiversity, for example, a range of ad hoc studies exist on 
specific impacts of production at specific locations.  However, without a systematic 
examination of available studies it is difficult to interpret specific results for the 
purposes of assigning robust ratings.  Examples of areas which could be examined 
are: 

 
- Biodiversity:  use data on national production of commodities to determine 

where production is expanding.  For these countries identify regions where 
expansion is occurring and check against maps of biodiversity hotspots and 
areas of high conservation value. 

 
- Water resources – data on water requirements of many crops may be available; 

this would need to be mapped against water availability/scarcity, to identify 
whether commodity production is likely to cause pressure on water resources.  
This assessment might need to be carried out on a  – at minimum at country 
level, but probably at regional level as well. 

 
- Human health: for the EU and most developed countries, information is 

available on occupational accidents and fatalities.  The health and safety 
literature and occupational health literature should be examined to identify 
whether quantitative data is available at a disaggregated enough level (e.g. the 
agricultural sector may be reported as a whole) and for a wide enough range of 
countries to use a quantitative input to this rating.   

 
• For the agricultural sector, better data on characteristics of many tropical crops and 

on impacts from cultivation is needed; by contrast crops such as maize, soybeans, 
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wheat, rice are fairly well characterised and data is available on potential impacts 
from their cultivation.    

 
• There are typically a limited number of large production sites for metals and minerals; 

encouraging companies to collect and publish environmental data for specific 
production sites could help in assessment of these commodities.   

 

5.3 Impact Ratings for the Commodities 

The ratings assessed for each of the commodities are shown in the radar diagrams in Figure 
5.1, where the star rating have been converted to a numeric value (i.e * = 1) and then plotted.  
For processed commodities (such as iron and steel) the ratings include impacts of both 
production of the primary raw material and processing, hence values for processed materials 
are always at least as high as those for their raw material. 
 
For each of the sectors examined, there are often some generic issues, which are applicable 
to all or many of the commodities.  This is most clearly so in the ‘fossil fuels’ category, were 
oil and gas production are often closely linked so have similar types of impacts.  For minerals 
and metals, there are a large number of common impacts, e.g. there are large volumes of 
waste, acid drainage can lead to water pollution and fugitive dust can cause health problems.  
Processing of the mineral ores into metals tends to increase climate change impacts 
significantly and bring additional air and water pollution issues.  The pattern of impacts for 
agricultural products tended to vary between commodities more than for fossil fuels and 
minerals and metals, although this may partly reflect the more diverse nature of the 
commodities.   
 



Environmental Impacts of Significant Natural Resource Trade Flows into the EU              AEA/ED05444/Issue 5 
 

AEA Energy & Environment 181 

Figure 5.1  Impact ratings for commodities 
a) Food commodities 

 
b) Non-food commodities 
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Figure 5.1  Impact ratings for commodities (ct’d) 
 
c) Minerals and metals 

 
d) Fossil fuels 
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The variations shown in the severity of the impacts for commodities within each of the four 
sectors highlight the need for caution in generalising about the main impacts of the sectors, 
apart from perhaps fossil fuels.  This partly reflects the fact that a mixture of raw materials 
and processed materials were selected for study in each sector.  For example in the non-
food commodities, leather, cotton fabrics, bioethanol, and in the food commodities, meat and 
milk can be regarded as processed commodities as grass and feedstuffs are processed by 
the animal into a useful product. 
 

5.4 Impacts from Transport to the EU 

The main impacts from transport of commodities to the EU include climate change impacts 
and air pollution (from SO2, NOx and particulates) due to fuel use, and impacts on marine 
biodiversity from shipping and noise.   The largest climate change impacts arise from imports 
of iron ore and coal due to the large volumes imported. Crude oil and wood are also 
significant; in the case of crude oil, this again is due to the volume of imports, and in the case 
of wood due to a relatively high volume and relatively high impact per tonne, as much comes 
by road.   
 
A full comparison of climate change impacts from transport of the commodities with impacts 
from production of the commodities could not be made as quantitative data on the climate 
change impacts of all commodities was not available.  However for those commodities where 
a comparison could be made, there were several - typically those with a very low to low 
climate change impact - where the impacts from transport were of the same magnitude or in 
some cases larger than impacts from commodity production.  
 

5.5 Prioritisation of Resource Flows 

The overall environmental impact of each commodity was derived by summing the ratings for 
climate change, biodiversity, human health and natural resources.  The ranking of the 
commodities based on this overall environmental impact is shown as the first column in 
Table 5.1.  These overall environmental impact ratings were then multiplied by the total 
volume of EU imports to assess the trade flows likely to have the highest overall impacts in 
source countries (shown in the second column in Table 5.1).  So for example, while wheat is 
one of the agricultural commodities with a lower overall environmental impact, very large 
amounts are imported, so that the impact of the wheat trade flow is higher than for trade 
flows of many other commodities.   
 
The need for caution regarding the use of ratings for environmental impacts, particularly due 
to variations in data availability and quality, and the difficulties of comparing impacts across 
commodities has been noted earlier. Using this methodology the trade flows with highest 
overall environmental impact scores are those that have scored relatively highly in most 
impact categories and not those trade flows that may have a very high impact in only one or 
two impact categories. Moreover, the scoring on which the analysis is based is for source 
countries with the most significant impacts and therefore overall scores may not reflect 
impacts in all source countries. For these reasons the analysis here is necessarily tentative 
and simply intended to contribute to discussion on priority resource flows given these 
constraints.  It is only concerned with assessing environmental impacts outside the EC; 
including the impacts from activities which happen inside the EU such as further processing, 
incorporation into products, use and disposal is likely to give a different ranking.   
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Table 5.1 Provisional Prioritisation of Resource Flows Assessed in this Study 
 

Environmental Impacts only considered Environmental impacts & EU import volume 
considered 

Rank Commodity Rank Commodity 

Food Agricultural Commodities 
1 Crustaceans  1 Soybean 
2 = Bananas 2 Wheat and wheat flour 
2 = Bovine meat 3 Bananas 
2 = Rice 4 Maize 
2 = Soybean 5 Coffee 
6 Fish, fresh, chilled, frozen  6 Sugar  
7 = Coffee 7 Crustaceans 
7 = Tea 8 Rice 
9 Maize 9 Cocoa 
10 Milk products 10 Fish, fresh, chilled, frozen 
10 = Sugar  11 Tea 
10 = Wheat and wheat flour 12 Milk Products 
13 Cocoa 13 Bovine Meat 
Non Food Agricultural Commodities 
1 Cotton 1 Wood 
1 = Cotton fabrics, woven  2 Chemical Wood Pulp 
3 Tobacco 3 Palm Oil 
4 Palm oil 4 Natural Rubber 
5 = Chemical wood pulp 5 Tobacco 
5 = Bioethanol 6 Cotton fabrics, woven  
7 Leather 7 Cotton 
8 Natural Rubber 8 Leather 
9 Wood 9 Bioethanol 
Metals and Minerals55 
1 Gold 1 Iron ores and concentrates 
2 Aluminium 2 Iron and Steel 
3 Cement 3 Cement 
4 Iron and Steel 4 Aggregates 
5 = Copper ores and concentrates 5 Bauxite and other aluminium ores 
5 = Zinc ore and concentrates 6 Aluminium 
5 = Mercury 7 Phosphate Rock 
8 = Aggregates 8 Copper ores and concentrates 
8 = Bauxite and other aluminium ores 9 Zinc ores and concentrates 
8 = Iron ores and concentrates 10 Cadmium 
8 = Phosphate rock 11 Mercury 
12 Cadmium   
Fossil Fuels 
1 Synthetic Rubber 1 Crude petroleum 
2 Liquefied propane and butane  2 Coal 
2 = Petroleum oils other than crude 3 Natural Gas 
4 Coal 4 Petroleum oils other than crude 
5 Natural Gas 5 Liquefied propane and butane  
6 Crude petroleum 6 Synthetic Rubber 

                                                 
55 Gold has been excluded from the ranking for “environmental impacts and EU import volume" due to insufficient 
data on EU imports. 
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5.6 Policy Recommendations 

From the assessment of priority trade flows, scoping of policies and policy conclusions given 
in Section 4, key policy recommendations are as follows: 
 

Improvement of data availability to underpin decision making on policy initiatives: 
To establish a firm basis to assess policy prioritisation between significant natural 
resource trade flows requires a redoubling of efforts to establish a more comprehensive 
understanding of their impacts, in particular on biodiversity, human health and natural 
resources.  This would be achieved through a coordinated policy of data gathering and a 
more coordinated collation of results from the many and varied current research projects 
(something which this project is contributing towards). 
 
Further promotion of policies influencing patterns of consumption in the EU: We 
suggest there is great potential in further developing policies that aim to reduce impacts 
in source countries of natural resource trade flows through addressing volume and nature 
of trade flows to EU.  Such policies would be aimed at encouraging demand in the EU of 
products with lower environmental impacts and the sourcing of products from those 
locations with lower impacts.  This should include supporting: 
• Sustainable production certifications schemes and eco-labelling across an expanding 

range of imported commodities, .e.g. the development of certification for “green” 
metals; 

• Product stewardship schemes; 
• General consumer awareness and information on environmental impacts in source 

countries;  
• Eco-design of products based on minimisation of resource use and environmental 

impacts of source materials (link to “Design for Sustainability”);  
• Innovation designed to reduce physical flows of natural resources (e.g. development 

of the product service systems concept) ; 
• Sustainable Procurement policies; 
• Increased closed loop recycling (specifically refers to metals and minerals). 

 
Further promotion of policies aimed at reducing environmental impact in source 
countries: There exist a great range of programmes in source countries that support 
specific environmental, poverty reduction and development goals and contribute to 
sustainable production of natural resources.  The basis of such projects is generally to 
address specific impact categories (climate change, biodiversity, human health, natural 
resources) or overall objectives of sustainability within a region, rather than being only 
focused on the production of particular commodities.  However, there is potential to 
further target specific commodities or sectors.  This should include supporting: 

• Take up of existing sustainable production certification in source countries and 
development of new schemes for different commodities (linked to support for 
demand for certificated products in EU stated above); 

• Sustainable production schemes in commodity dependent developing countries 
(for example, the Proposal for an EU-Africa partnership in support of cotton 
sector development); 

• Capacity building in source countries in development of environmental standards 
and enforcement; 

• Technology transfer (particular for refined commodities in minerals and metals);  



Environmental Impacts of Significant Natural Resource Trade Flows into the EU              AEA/ED05444/Issue 5 
 

AEA Energy & Environment  186
  

• Further development of the concept of biodiversity offsets in source countries, 
with EU importers take some responsibility for addressing residual impacts (this 
is further explained in section 4.3.3). 

 

Investigation of scope for reducing environmental impact in source countries 
through trade policies: Direct trade policies as a means of promoting specific 
sustainable production objectives in import source countries are limited by WTO 
agreements for trade liberalisation.  However, there is some scope for further regulation 
of trade to have environmental benefits, particularly in the food and non food agricultural 
sectors.  For example, health standards for food imports or licensing schemes to control 
illegal imports of timber (e.g. EU forest product licensing under the FLEGT scheme) may 
impact on production standards and product sourcing in countries of origin.   
 
Need for full assessment of policy options for addressing impacts of natural 
resource trade flows: This project has focused chiefly on environmental impacts in 
source countries of significant natural resource trade flows into the EU.  Policy 
recommendations given here are based on initial scoping of policies of relevance to 
addressing these impacts.  Therefore, we recommend that thorough policy analysis is 
necessary to assess the potential of specific policy recommendations in the context of 
specific priority resource trade flows.  This would not only include assessing the 
effectiveness of a recommended policy in tackling the specified environmental impacts 
but also the wider socio-economic costs and benefits in source countries of implementing 
the policy. 
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Appendix 1 

Trends for Source of Imports  

 (Source: Eurostat Trade Database) 



Environmental Impacts of Significant Natural Resource Trade Flows into the EU              AEA/ED05444/Issue 5 
 

AEA Energy & Environment 213 



Environmental Impacts of Significant Natural Resource Trade Flows into the EU              AEA/ED05444/Issue 5 
 

AEA Energy & Environment                214 

Bananas (SITC 057.3) 
 

Bovine Meat, Fresh or Chilled (SITC 011.12) 

0

50

100

150

200

250

300

350

1999 2000 2001 2002 2003 2004 2005

Va
lu

e 
(M

ill
io

n 
Eu

ro
s)

ARGENTINA   

BRAZIL   

URUGUAY   

NAMIBIA   

BOTSWANA   

AUSTRALIA   

Cocoa (SITC 072) 

0
200
400
600
800

1000
1200
1400
1600
1800
2000

1999
  

2000
  

2001
  

2002
  

2003
  

2004
  

2005
  

V
al

ue
 (M

ill
io

n 
E

ur
o)

COTE D'IVOIRE   
CAMEROON   
GHANA   
INDONESIA  
MALAYSIA   
NIGERIA   

Coffee (SITC 071.11) 

0

200

400

600

800

1000

1200

1400

1999 2000 2001 2002 2003 2004 2005

Va
lu

e 
(M

ill
io

n 
Eu

ro
s)

BRAZIL   
COLOMBIA   
VIET-NAM
GUATEMALA   
HONDURAS   
PERU   
INDIA   
UGANDA   

 

-

100

200

300

400

500

600

700

1999 2000 2001 2002 2003 2004 2005

Va
lu

e 
(M

ill
io

n 
Eu

ro
s)

CAMEROON   

COLOMBIA   

COSTA RICA   

ECUADOR   

PANAMA  



Environmental Impacts of Significant Natural Resource Trade Flows into the EU              AEA/ED05444/Issue 5 
 

AEA Energy & Environment               215 

Fishery Products: Crustaceans (SITC 036) 

0

100

200

300

400

500

600

1999
  

2000
  

2001
  

2002
  

2003
  

2004
  

2005
  

Va
lu

e 
(M

ill
io

n 
Eu

ro
s)

ARGENTINA   
CHINA  
ECUADOR   
INDIA   
MOROCCO   
UNITED STATES   

Fishery Products: Chilled, Whole (SITC 034.1) 

-

200

400

600

800

1,000

1,200

1,400

1999 2000 2001 2002 2003 2004 2005

Va
lu

e 
(M

ill
io

n 
Eu

ro
s)

NORWAY (incl.SJ
excl.1995,1996)   
FAROE ISLANDS   

ICELAND   

MOROCCO   

NAMIBIA   

SOUTH AFRICA (incl. NA -
>1989)   

Maize (SITC 072) 

0

50

100

150

200

250

300

350

1999   2000   2001   2002   2003   2004   2005   

Va
lu

e 
(M

ill
io

n 
Eu

ro
)

ARGENTINA   

CHILE   

SERBIA AND
MONTENEGRO
(E//31/05/05)   
UKRAINE   

UNITED STATES   

SERBIA (EU data from
01/06/05 CS)  

Milk Products (SITC 022) 

0

10

20

30

40

50

60

70

80

1999 2000 2001 2002 2003 2004 2005

M
ill

io
n 

Eu
ro

s

AUSTRALIA   
SWITZERLAND  
MACEDONIA   
NORWAY 
NEW ZEALAND   
UNITED STATES   

 

 



Environmental Impacts of Significant Natural Resource Trade Flows into the EU              AEA/ED05444/Issue 5 
 

AEA Energy & Environment                216 

Rice (SITC 042)  
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Wheat (SITC 041)  
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Leather (SITC 611)  
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Aluminium Ores and Concentrates (SITC 285.1)  
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Ores and Concentrates of Precious Metals (SITC 289.19) (Gold n/a)  
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Natural calcium phosphates (SITC 272.31) 
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Natural gas, in the gaseous state (SITC343.2) 
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The following two tables give data for mode of transport for imports of the 40 commodities 
studied.  Please note that the transport volumes in Table A2.1 and associated percentages in 
Table A2.2 do not exactly correspond to the SITC codes used in the assessments of trade 
flows and environmental impacts, because, in the Eurostat database, transport data is 
reported by a slightly different classification, the Standard Goods Classification for Transport 
Statistics (NSTR).  Although these transport classifications are somewhat broader than SITC, 
the correspondence with SITC figures is reasonably good in most cases (see column 
“correspondence with comparable SITC code”) and in some cases correspondents exactly.   
 
There are, however, some commodities for which correspondence between NSTR and SITC 
codes is more approximate and caution is needed in interpreting transport mode data in 
particular for: bananas, bovine meat, crustaceans, fish, cotton fabrics, palm oil, aggregates, 
iron and steel, zinc ore and natural gas.  For a few commodities there were no equivalent 
NSTR codes that can be used to approximate SITC codes, in particular, where there are very 
small imported quantities, e.g. for cadmium, mercury and gold.   
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Table A2.1: EU 27 Imports from 3 top source countries by transport mode (1000 tonnes) 2005 

Goods 
Classification 
(NSTR) Sea Rail Road Air 

Fixed  
Mech-
anism56 

Inland 
water-
way 

Un-
known Total 

Correspondence with comparable SITC code 
(%)  

Other Fruits and Nuts, Fresh  Bananas (057.3) 
Ecuador 1246  40   36 1322 83 
Colombia 839  62 2   9 912 98 
Costa Rica 977 4 45   76 1102 57 
Meat, fresh, chilled or frozen Meat of bovine animals, fresh or chilled, boneless 

(011.12) and frozen, boneless (011.22) 
Argentina    88 0 5 7 13 113 59 
Brazil    392 7 36 2 122 559 32 
Uruguay    23 0 0.6 1 3 27.6 69 
Cocoa and Chocolate  Cocoa (072) 
Ivory Coast 488  61 17 134 700 101 
Ghana 265  19 97 381 103 
Nigeria 147  9 8 69 233 103 
Coffee            Coffee, not roasted, not decaffeinated (071.11) 
Brazil    682 6 29 2 6 725 99 
Vietnam 411 5 27 4 447 97 
Columbia 203 1 13 8 5 230 94 
Fish, inc Crustaceans and Molluscs (Fresh, Frozen, Dried, Salted or Smoked) Crustaceans (036) 
India 111  3 1 1 116 96 
China 280  36 3 319 22 
Argentina    152 1 14 2 2 171 38 
Fish, inc Crustaceans and Molluscs (Fresh, Frozen, Dried, Salted or Smoked) Fish, fresh, chilled, whole (034.1) 
Norway 387 4 295 10 12 708 88 
Iceland 195 0 20 13 12 240 80 
China 280 0.02 36 0.1 3 319 76 
         
         
         

                                                 
56 Fixed Mechanism refers to transports modes such as pipelines and conveyer belts. 
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Goods 
Classification 
(NSTR) Sea Rail Road Air 

Fixed  
Mech-
anism56 

Inland 
water-
way 

Un-
known Total 

Correspondence with comparable SITC code 
(%)  

Maize                Maize (044) 
Argentina    1521       1521 100 
Ukraine 340       340 100 
Serbia57  296 2 19   1  318 100 
Milk and Cream/Butter, Cheese & Other Diary Product  Milk Products (022, 023, 024) 
Switzerland 1  89    1 91 112 
New Zealand 36  4    59 99 101 
Australia 5   1       16 22 100 
Rice                Rice 042 
United States 145  1   27 83 256 113 
Thailand 227 2 13    14 256 100 
India 145   13     12 65 235 100 
Oil seed fats, oil nuts and oil kernels Total Soybean (222.2) 
Brazil   9503 0 8 0   7 9518 99 
United States 3386 1 8 0   9 3404 93 
Paraguay 951 1 1 0   3 956 99 
Raw Sugar                 Total Raw Cane Sugar (061.11) 
Mauritius 553  0.5     553.5 100 
Fiji 178       178 99 
Guyana 160             160 100 
Tea, Mate and Spice Tea (074) 
Kenya 87 1      88 101 
Switzerland   1     1 6400 
India 63   3 1     2 69 54 
Wheat, Spelt and Meslin Wheat, spelt and meslin, unmilled (041) 
United States 1744       1744 100 
Canada 1657       1657 100 
Ukraine 1924       1924 100 
          
          

                                                 
57 from 1.6.05 



Environmental Impacts of Significant Natural Resource Trade Flows into the EU              AEA/ED05444/Issue 5 
 

AEA Energy & Environment                228 

Goods 
Classification 
(NSTR) Sea Rail Road Air 

Fixed  
Mech-
anism56 

Inland 
water-
way 

Un-
known Total 

Correspondence with comparable SITC code 
(%)  

Cotton                 Total Cotton (263.1) 
Uzbekistan    22 4 45    1.5 73 80 
United States    59  3     62 74 
Brazil    39   3       0.5 43 94 
Textiles, Textile Articles and Man Made Fibres  Cotton Fabrics (652) 
China 86 1 6    1 94 89 
Pakistan    42  1     43 167 
Turkey 148   39       1 188 24 
Leather, Manufactures of Leather and Raw Hide and Skins Leather (611) 
Brazil 110  1 2    113 97 
Russia   47     47 100 
United States 44   1    45 98 
Rubber, Natural and Synthetic Technically Specified Natural Rubber (231.25) 

and Other Natural Rubber (231.29) 
Malaysia  281 23 20 0 1 30 355 85 
Indonesia  261 19 8 0 4 20 312 85 
Cote D'Ivoire  130 3 1 0 2 136 68 
Oil seeds and oleaginous fruit and nuts Total Palm Oil (422.21) 
Indonesia 1660 20 26   117 648 2471 40 
Malaysia 1504 11 82   95 853 2545 38 
Papua New 
Guinea 431     18 38 487 62 
Tobacco (Unmanufactured) Tobacco, wholly or partly stemmed/stripped 

(121.2) 
United States     46 0.4 15 0 13 74 83 
Brazil     83 3 24 0 47 157 72 
Malawi     33 0.6 5 0 7 46 79 
Wood and Cork Total Wood, rough and worked (247 and 248) 
Russia   5232 9162 4724 11  686 305 20120 98 
Belarus 201 911 767    36 1915 87 
Ukraine  20 842 929 0.1     3 1794 84 
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Goods 
Classification 
(NSTR) Sea Rail Road Air 

Fixed  
Mech-
anism56 

Inland 
water-
way 

Un-
known Total 

Correspondence with comparable SITC code 
(%)  

Paper Pulp                 Chemical Wood Pulp (251.5) 
Brazil 1493 105 54   45 703 2400 98 
United States 1889 29 193   8 215 2334 90 
Canada 1685 22 39     51 438 2235 81 
Crushed and Broken Stone, Pebbles, Macadam and Tarred Macadam  Aggregates (273.4) 
Norway 6234 728 93 4  23 2724 9806 125 
Croatia 1659  125     1784 154 
Ukraine   1079 129         1208 114 
Aluminium and Aluminium Alloys, Unwrought Aluminium (684) 
Norway 516 18 184   101 672 1491 115 
Russia 418 38 105   62 184 807 124 
Mozambique 540      28 568 100 
Bauxite                 Aluminium Ores and Concentrates (285.1) 
Guinea    9912 2      9914 92 
Australia    2767 23      2790 97 
China   437 1 6   170  614 99 
Cement         Cement (661.2) 
Turkey 4297  17    10 4324 99 
Egypt 3253       3253 99 
China 2750       2750 99 
Copper Ore                 Total Copper Ore (283) 
Chile 1107       1107 82 
Indonesia 724       724 97 
Peru 517             517 77 
Pig Iron and Crude Steel  Iron and Steel (67) 
Russia 2301 342 141   78 350 3212 280 
Ukraine 852 171 47   59 7 1136 429 
Turkey 32   2       5 39 7046 
Iron Ore         Total Iron Ore (281) 
Brazil  66220 106 322   10 6757 73415 95 
Russia  1007 8047 632    22 9708 94 
Ukraine  170 10168 678    192 11208 95 
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Goods 
Classification 
(NSTR) Sea Rail Road Air 

Fixed  
Mech-
anism56 

Inland 
water-
way 

Un-
known Total 

Correspondence with comparable SITC code 
(%)  

Phosphates, crude, natural 
Natural calcium phosphates… unground (272.31) 

and ground (272.32) 
Morocco     4061  226 30 28 4345 91 
Russian 
Federation  1082 244 51 524  1901 99 
Syrian Arab 
Republic     920 3 94 50  1067 83 
Other non ferrous ores Total Zinc Ore (287.5) 
Peru 468  2  413 9 3 895 91 
Australia 1146  149  121 33 27 1476 38 
United States 333 13 9   145 6 2 508 76 
Coal                 Total Coal, not agglomerated (321) 
South Africa 47826 1 9   379 3254 51469 100 
Russia 38412 5838 848 9  1630 404 47141 93 
Australia 24831     27 2270 27128 99 

Crude Petroleum 
Petroleum oils and oils obtained from bituminous 

minerals, crude (333) 
Russian 
Federation    

10220
9 888 119 211 69561 4029 177017 97 

Norway 88166  5771 2960 96897 100 
Saudi Arabia    49162  5182 2534 56878 100 
Gaseous Hydrocarbons, Liquid or Compressed Natural Gas in Gaseous State58 (343.20) 
Russian 
Federation  55 27 2938  3020 895 
Norway 240 2 1795  2037 937 
Algeria 822  582  1404 544 
  
  
  

                                                 
58 The most important EU imported source for Natural Gas is given in the SITC database as “Countries and territories not specified for commercial or military reasons” which 
account for 44 percent by volume.  
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Goods 
Classification 
(NSTR) Sea Rail Road Air 

Fixed  
Mech-
anism56 

Inland 
water-
way 

Un-
known Total 

Correspondence with comparable SITC code 
(%)  

Fuel Derivatives  Petroleum oils other than crude (334) 
Russia 32842 767 133 6 1240 166 4761 39915 101 
Libya 6003  5  111  186 6305 100 
Norway 4858  27 6 49 12 238 5190 100 
Saudi Arabia    4508     42 28 5 156 4739 100 
Rubber, Natural and Synthetic Synthetic Rubber (232) 
United States 226  55 1  1 20 303 99 
Russia 49 75 66     190 96 
Japan 64   13       2 79 99 

Source: Eurostat External Trade Database 
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Table A2.2 EU 27 Imports from 3 Top Source Countries by Transport Mode in 2005 (percentage)   

 Goods Classification (NSTR) Sea Rail Road Air
Fixed 
mechanism 

Inland 
waterway Unknown Total 

Other Fruits and Nuts, Fresh             
Ecuador 94.2 0.0 3.0 0.0 0.0 0.0 2.7 100.0
Colombia 92.0 0.0 6.8 0.2 0.0 0.0 1.0 100.0
Costa Rica 88.7 0.4 4.1 0.0 0.0 0.0 6.9 100.0
Meat, fresh, chilled or frozen 
Argentina    77.9 0.0 4.4 6.2 0.0 0.0 11.5 100.0
Brazil    70.1 1.3 6.4 0.4 0.0 0.0 21.8 100.0
Uruguay    83.3 0.0 2.2 3.6 0.0 0.0 10.9 100.0
Cocoa and Chocolate               
Ivory Coast 69.7 0.0 8.7 0.0 0.0 2.4 19.1 100.0
Ghana 69.6 0.0 5.0 0.0 0.0 0.0 25.5 100.0
Nigeria 63.1 0.0 3.9 0.0 0.0 3.4 29.6 100.0
Coffee          
Brazil    94.1 0.8 4.0 0.0 0.0 0.3 0.8 100.0
Vietnam 91.9 1.1 6.0 0.0 0.0 0.0 0.9 100.0
Columbia 88.3 0.4 5.7 0.0 0.0 3.5 2.2 100.0
Fish, inc Crustaceans and Molluscs (Fresh, Frozen, Dried, Salted or Smoked) 
India 95.7 0.0 2.6 0.9 0.0 0.0 0.9 100.0
China 87.8 0.0 11.3 0.0 0.0 0.0 0.9 100.0
Argentina    88.9 0.6 8.2 1.2 0.0 0.0 1.2 100.0
Fish, inc Crustaceans and Molluscs (Fresh, Frozen, Dried, Salted or Smoked) 
Norway 54.7 0.6 41.7 1.4 0.0 0.0 1.7 100.0
Iceland 81.3 0.0 8.3 5.4 0.0 0.0 5.0 100.0
China 87.7 0.0 11.3 0.0 0.0 0.0 0.9 100.0
Maize          
Argentina    100.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
Ukraine 100.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
Serbia (from 1.6.05) 93.1 0.6 6.0 0.0 0.0 0.3 0.0 100.0
Milk and Cream/Butter, Cheese & Other Diary Products         
Switzerland 1.1 0.0 97.8 0.0 0.0 0.0 1.1 100.0
New Zealand 36.4 0.0 4.0 0.0 0.0 0.0 59.6 100.0
Australia 22.7 0.0 4.5 0.0 0.0 0.0 72.7 100.0
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 Goods Classification (NSTR) Sea Rail Road Air
Fixed 
mechanism 

Inland 
waterway Unknown Total 

Rice          
United States 56.6 0.0 0.4 0.0 0.0 10.5 32.4 100.0
Thailand 88.7 0.8 5.1 0.0 0.0 0.0 5.5 100.0
India 61.7 0.0 5.5 0.0 0.0 5.1 27.7 100.0
Oil seed fats, oil nuts and oil kernels           
Brazil   99.8 0.0 0.1 0.0 0.0 0.0 0.1 100.0
United States 99.5 0.0 0.2 0.0 0.0 0.0 0.3 100.0
Paraguay 99.5 0.1 0.1 0.0 0.0 0.0 0.3 100.0
Raw Sugar                 
Mauritius 99.9 0.0 0.1 0.0 0.0 0.0 0.0 100.0
Fiji 100.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
Guyana 100.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
Tea, Mate and Spice               
Kenya 98.9 1.1 0.0 0.0 0.0 0.0 0.0 100.0
Switzerland 0.0 0.0 100.0 0.0 0.0 0.0 0.0 100.0
India 91.3 0.0 4.3 1.4 0.0 0.0 2.9 100.0
Wheat, Spelt and Meslin 
United States 100.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
Canada 100.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
Ukraine 100.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
Cotton                 
Uzbekistan    30.3 5.5 62.1 0.0 0.0 0.0 2.1 100.0
United States    95.2 0.0 4.8 0.0 0.0 0.0 0.0 100.0
Brazil    91.8 0.0 7.1 0.0 0.0 0.0 1.2 100.0
Textiles, Textile Articles and Man Made Fibres         
China 91.5 1.1 6.4 0.0 0.0 0.0 1.1 100.0
Pakistan    97.7 0.0 2.3 0.0 0.0 0.0 0.0 100.0
Turkey 78.7 0.0 20.7 0.0 0.0 0.0 0.5 100.0
Leather, Manufactures of Leather and Raw Hide and Skins       
Brazil 97.3 0.0 0.9 1.8 0.0 0.0 0.0 100.0
Russia 0.0 0.0 100.0 0.0 0.0 0.0 0.0 100.0
United States 97.8 0.0 0.0 2.2 0.0 0.0 0.0 100.0
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 Goods Classification (NSTR) Sea Rail Road Air
Fixed 
mechanism 

Inland 
waterway Unknown Total 

Rubber, Natural and Synthetic 
Malaysia  79.2 6.5 5.6 0.0 0.0 0.3 8.5 100.0
Indonesia  83.7 6.1 2.6 0.0 0.0 1.3 6.4 100.0
Cote D'Ivoire  95.6 2.2 0.7 0.0 0.0 0.0 1.5 100.0
Oil seeds and oleaginous fruit and nuts       
Indonesia 67.2 0.8 1.1 0.0 0.0 4.7 26.2 100.0
Malaysia 59.1 0.4 3.2 0.0 0.0 3.7 33.5 100.0
Papua New Guinea 88.5 0.0 0.0 0.0 0.0 3.7 7.8 100.0
Tobacco (Unmanufactured) 
 United States     61.8 0.5 20.2 0.0 0.0 0.0 17.5 100.0
 Brazil     52.9 1.9 15.3 0.0 0.0 0.0 29.9 100.0
 Malawi     72.4 1.3 11.0 0.0 0.0 0.0 15.4 100.0
Wood and Cork               
Russia   26.0 45.5 23.5 0.1 0.0 3.4 1.5 100.0
Belarus 10.5 47.6 40.1 0.0 0.0 0.0 1.9 100.0
Ukraine  1.1 46.9 51.8 0.0 0.0 0.0 0.2 100.0
Paper Pulp                 
Brazil 62.2 4.4 2.3 0.0 0.0 1.9 29.3 100.0
United States 80.9 1.2 8.3 0.0 0.0 0.3 9.2 100.0
Canada 75.4 1.0 1.7 0.0 0.0 2.3 19.6 100.0
Crushed and Broken Stone, Pebbles, Macadam and Tarred Macadam     
Norway 63.6 7.4 0.9 0.0 0.0 0.2 27.8 100.0
Croatia 93.0 0.0 7.0 0.0 0.0 0.0 0.0 100.0
Ukraine 0.0 89.3 10.7 0.0 0.0 0.0 0.0 100.0
Aluminium and Aluminium Alloys, 
Unwrought                 
Norway 34.6 1.2 12.3 0.0 0.0 6.8 45.1 100.0
Russia 51.8 4.7 13.0 0.0 0.0 7.7 22.8 100.0
Mozambique 95.1 0.0 0.0 0.0 0.0 0.0 4.9 100.0
Bauxite                
Guinea    100.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
Australia    99.2 0.8 0.0 0.0 0.0 0.0 0.0 100.0
China   71.2 0.2 1.0 0.0 0.0 27.7 0.0 100.0
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 Goods Classification (NSTR) Sea Rail Road Air
Fixed 
mechanism 

Inland 
waterway Unknown Total 

Cement                 
Turkey 99.4 0.0 0.4 0.0 0.0 0.0 0.2 100.0
Egypt 100.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
China 100.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
Copper Ore          
Chile 100.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
Indonesia 100.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
Peru 100.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
Pig Iron and Crude Steel         
Russia 71.6 10.6 4.4 0.0 0.0 2.4 10.9 100.0
Ukraine 75.0 15.1 4.1 0.0 0.0 5.2 0.6 100.0
Turkey 82.1 0.0 5.1 0.0 0.0 0.0 12.8 100.0
Iron Ore                 
Brazil  90.2 0.1 0.4 0.0 0.0 0.0 9.2 100.0
Russia  10.4 82.9 6.5 0.0 0.0 0.0 0.2 100.0
Ukraine  1.5 90.7 6.0 0.0 0.0 0.0 1.7 100.0
Phosphates, crude, natural 
Morocco     93.5 0.0 5.2 0.0 0.0 0.7 0.6 100.0
Russian Federation  56.9 12.8 2.7 0.0 0.0 27.6 0.0 100.0
Syrian Arab Republic     86.2 0.3 8.8 0.0 0.0 4.7 0.0 100.0
Other non ferrous ores         
Peru 52.3 0.0 0.2 0.0 46.1 1.0 0.3 100.0
Australia 77.6 0.0 10.1 0.0 8.2 2.2 1.8 100.0
United States 65.6 2.6 1.8 0.0 28.5 1.2 0.4 100.0
Coal                 
South Africa 92.9 0.0 0.0 0.0 0.0 0.7 6.3 100.0
Russia 81.5 12.4 1.8 0.0 0.0 3.5 0.9 100.0
Australia 91.5 0.0 0.0 0.0 0.0 0.1 8.4 100.0
Crude Petroleum 
Russian Federation    57.7 0.5 0.1 0.1 39.3 0.0 2.3 100.0
Norway 91.0 0.0 0.0 0.0 6.0 0.0 3.1 100.0
Saudi Arabia    86.4 0.0 0.0 0.0 9.1 0.0 4.5 100.0
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 Goods Classification (NSTR) Sea Rail Road Air
Fixed 
mechanism 

Inland 
waterway Unknown Total 

Gaseous Hydrocarbons, Liquid or Compressed 
Russian Federation 0.0 1.8 0.9 0.0 97.3 0.0 0.0 100.0
Norway 11.8 0.1 0.0 0.0 88.1 0.0 0.0 100.0
Algeria 58.5 0.0 0.0 0.0 41.5 0.0 0.0 100.0
Fuel Derivatives               
Russia 82.3 1.9 0.3 0.0 3.1 0.4 11.9 100.0
Libya 95.2 0.0 0.1 0.0 1.8 0.0 3.0 100.0
Norway 93.6 0.0 0.5 0.1 0.9 0.2 4.6 100.0
Saudi Arabia    95.1 0.0 0.0 0.9 0.6 0.1 3.3 100.0
Rubber, Natural and Synthetic 
United States 74.6 0.0 18.2 0.3 0.0 0.3 6.6 100.0
Russia 25.8 39.5 34.7 0.0 0.0 0.0 0.0 100.0
Japan 81.0 0.0 16.5 0.0 0.0 0.0 2.5 100.0
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Appendix 3 

Framework for Assessment of Priority Trade 

Flows  
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Table A3.1 below gives the full results for priority trade flows assessment, including those 
summarised in Table 4.1 in this report and further sensitivity analysis undertaken.  The key 
points to note are as follows: 
 

• ”Environmental impact only” rankings (in the left hand column) for each trade flow are 
based on the sum of star ratings for the four impact categories given in Section 3 of 
this report.  Thus the ranking for commodities that have undergone some processing 
combines the environmental impact of processing and raw material 
extraction/harvesting. 

• In the second from left column the significance of trade flows to the EU has been 
taken into account as well as environmental impacts.  Thus rankings are based on 
the sum of star ratings for the four impact categories multiplied by total EU import 
tonnages, as given in Table 2.1.   

• Simple Multi Criteria Analysis methodology was used to detect sensitivity of the 
commodity rankings to different relative weights being given to the impacts and 
volumes of trade flows to the EU.  Results are given in the third, fourth and fifth 
columns 

• In the third column, the ranking for each commodity is based on a weighting of 50% 
for impacts and 50% for trade flow volumes.  Thus, the ratio of the sum of star ratings 
for the four impact categories to the total possible score (12) makes up 50% of an 
overall score.  The trade flow volume part of the score is based on the ratio of 
tonnage imported into the EU of each commodity (as given in Table 2.1) to the 
commodity with the highest tonnage imported into the EU in the sector, For example, 
in the case of bananas the imported tonnage (3,785 thousand tonnes) is divided by 
the tonnage of the food agriculture commodity with highest volumes of EU imports 
which is soybean (10,869 thousand tonnes).  This makes up the second 50% the 
overall score. 

• In the fourth and fifth columns, the ranking for each commodity uses the same 
approach as above but is based on a weighting of (1) 60% for impacts and 40% for 
trade flow volumes and (2) 40% for impacts and 60% for trade flow volumes.   

• The analysis found that the changes made in relative weightings between impacts 
and trade flow volumes resulted in little change in the top three ranked commodities 
for the food, mineral and metals and fossil fuels sectors, For non food agricultural 
commodities, cotton fabrics and cotton were promoted into top three rankings below 
wood under all the weightings tested. 
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Table A3.1 Results of Priority Natural Resource Trade Flows Assessments 
Environmental Impacts Only Environmental Impacts * EU 

import tonnage 
Weighted Ranking 
Environmental Impacts (50%), 
Volume (50%) 

Weighted Ranking: 
Environmental Impacts (60%), 
Volume (40%) 

Weighted Ranking: Environmental 
Impacts (40%), Volume (60%) 

Food Agricultural Commodities 
 

  

Crustaceans Soybean Soybean Soybean Soybean 
Bananas Wheat and wheat flour Wheat and wheat flour Bananas Wheat and wheat flour 
Bovine Meat Bananas Bananas Wheat and wheat flour Bananas 
Rice Maize Crustaceans Crustaceans Rice 
Soybean Coffee Coffee Coffee Sugar  
Fish, fresh, chilled, frozen Sugar  Maize Rice Crustaceans 
Coffee Crustaceans Rice Maize Coffee 
Tea Rice Bovine Meat Bovine Meat Maize 
Maize Cocoa Fish, fresh, chilled, frozen Fish, fresh, chilled, frozen Fish, fresh, chilled, frozen 
Milk Products Fish, fresh, chilled, frozen Sugar  Tea Bovine Meat 
Sugar  Tea Tea Sugar raw and refined Tea 
Wheat and wheat flour Milk Products Milk Products Milk Products Cocoa 
Cocoa Bovine Meat Cocoa Cocoa Milk Products 
Non Food Agricultural Commodities 
 

  

Cotton Wood Wood Wood Wood 
Cotton fabrics, woven  Chemical Wood Pulp Cotton fabrics, woven  Cotton fabrics, woven  Cotton fabrics, woven  
Tobacco Palm Oil Cotton Cotton Cotton 
Palm Oil Natural Rubber Tobacco Tobacco Chemical Wood Pulp 
Bioethanol Tobacco Chemical Wood Pulp Palm Oil Tobacco 
Chemical Wood Pulp Cotton fabrics, woven  Palm Oil Chemical Wood Pulp Palm Oil 
Leather Cotton Bioethanol Bioethanol Bioethanol 
Natural Rubber Leather Leather Leather Leather 
Wood Bioethanol Natural Rubber Natural Rubber Natural Rubber 
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Environmental Impacts Only Environmental Impacts * EU 
import tonnage 

Weighted Ranking 
Environmental Impacts (50%), 
Volume (50%) 

Weighted Ranking: 
Environmental Impacts (60%), 
Volume (40%) 

Weighted Ranking: Environmental 
Impacts (40%), Volume (60%) 

Metal and minerals 
 

  

Gold (unwrought or Manufactured) Iron Ores and Concentrates Iron Ores and Concentrates Iron Ores and Concentrates Iron Ores and Concentrates 
Aluminium Iron and Steel Iron and Steel Iron and Steel Iron and Steel 
Cement Cement Cement Cement Cement 
Iron and Steel Aggregates Aluminium Aluminium Aluminium 
Cooper ores and concentrates Bauxite and other aluminium ores Cooper ores and concentrates Cooper ores and concentrates Aggregates 
Mercury Aluminium Zinc Ore and Concentrates Zinc Ore and Concentrates Bauxite and other aluminium ores 
Zinc Ore and Concentrates Phosphate Rock Mercury Mercury Cooper ores and concentrates 
Aggregates Cooper ores and concentrates Aggregates Aggregates Zinc Ore and Concentrates 
Bauxite and other aluminium ores Zinc Ore and Concentrates Bauxite and other aluminium ores Bauxite and other aluminium ores Mercury 
Iron Ores and Concentrates Cadmium Phosphate Rock Phosphate Rock Phosphate Rock 
Phosphate Rock Mercury Cadmium Cadmium Cadmium 
Cadmium      
Fossil Fuels 
 

  

Synthetic Rubber Crude petroleum Crude petroleum Crude petroleum Crude petroleum 
Liquefied propane and butane gas Coal Coal Coal Coal 
Petroleum oils other than crude Gas, natural and manufactured Gas, natural and manufactured Petroleum oils other than crude Gas, natural and manufactured 
Coal Petroleum oils other than crude Petroleum oils other than crude Gas, natural and manufactured Petroleum oils other than crude 
Gas, natural and manufactured Liquefied propane and butane gas Synthetic Rubber Synthetic Rubber Synthetic Rubber 
Crude petroleum Synthetic Rubber Liquefied propane and butane gas Liquefied propane and butane gas Liquefied propane and butane gas 
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 Appendix 4 

Guidelines for Rating Impacts 
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Table A4.1 Guidance used in study to assess significance of impacts 
 
*** High -  no known detrimental impacts 
** Significant ? for no data available or data insufficient to assess scale of impacts 
* Low  
 
Theme High (***) Significant  (**) Low (*) Comments 
Climate 
change 
 

One or more of the following criteria 
should be met: 
 
1. Production process requires fossil 

or other carbon based fuels and 
partially or wholly converts these 
fuels into greenhouse gases, 
generating high levels of 
greenhouse gas emissions (e.g. 
iron and steel or cement 
production).   

2. Production process requires other 
inputs that directly result in the 
emission of high levels of 
greenhouse gases (e.g. fertiliser 
inputs that generate N20). 

3. The production process itself 
causes the direct emission of high 
levels of greenhouse gases (e.g. 
release of methane from coal 
mining, methane from enteric 
fermentation, CO2 from cement 
production). 

4. Production process requires land 
use change that results in a high 
level of carbon release (carbon 
previously stored in flora and soils) 
in the form of greenhouse gases   

5. Production process requires land 
use change over an extended area 
that removes the land’s capacity 
for continuing removal and storage 
of greenhouse gases.   

 
 

One or more of the following criteria 
should be met: 
 
1. Production process requires fossil 

or other carbon based fuels and 
partially or wholly converts these 
fuels into greenhouse gases, 
generating medium levels of 
greenhouse gas emissions.   

2. Production process requires other 
inputs that directly result in the 
emission of medium levels of 
greenhouse gases. 

3. The production process itself 
causes the direct emission of 
medium levels of greenhouse 
gases. 

4. Production process requires land 
use change that results in a 
medium level of carbon release 
(carbon previously stored in flora 
and soils) in the form of 
greenhouse gases   

5. Production process requires land 
use change over an extended area 
that reduces (but does not remove 
entirely) the land’s capacity for 
continuing removal and storage of 
greenhouse gases.   

 
 

All of the following criteria (where 
relevant) should be met: 
 

1. If the production process 
requires fossil or other carbon 
based fuels, the partial or 
complete conversion into 
greenhouse gases only 
generates low levels of 
greenhouse gas emissions.   

2. Other inputs to the production 
process result only in the 
emission of low levels of 
greenhouse gases. 

3. The production process itself 
causes the direct emission of low 
levels or no greenhouse gases. 

4. If the production process 
requires land use change, this 
results in no or low levels of 
carbon release (carbon 
previously stored in flora and 
soils) in the form of greenhouse 
gases   

5. If the production process 
requires land use change over 
an extended area this does not 
negatively impact the land’s 
capacity for continuing removal 
and storage of greenhouse 
gases.   

 

This assessment was also based 
(from many but not all commodities) 
on quantitative information on GHG 
emissions per tonne of commodity 
taken from LCA databases 
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Theme High (***) Significant  (**) Low (*) Comments 
Biodiversity 
(simple 
definition) 

Destruction of habitat with high 
conservation value, protected areas, 
ecosystems identified as endangered 
or vulnerable; impacts observed on 
endangered species  

Activity directly (or indirectly via e.g. 
water pollution) results in significant 
reduction in biodiversity; impacts is 
generally irreversible 

Activity results in temporary decline in 
biodiversity or quality of habitat, which 
is reversible.  Or activity takes place in 
areas where biodiversity is already 
low, or land quality is already 
degraded 

Can be direct through destruction of 
habitat, but can also be indirect e.g. 
opening up pristine habitats by putting 
in infrastructure, fragmentation of 
habitats, or through water pollution 

Biodiversity 
(detailed 
criteria) 

One or more of the following criteria 
should be met: 
 
1. Production process requires 

complete and irreversible 
clearance or removal of habitat 
over an extended area, where the 
land is typically previously 
undisturbed and / or likely to host 
significant biodiversity. 

2. Process related emissions have 
the potential to directly impact on 
biodiversity over an extended area 
surrounding the production site 
(e.g. through widespread 
contamination of water and soils; 
aerial deposition of contaminants 
on flora). 

 

One or more of the following criteria 
should be met: 
 
1. Production process requires partial 

and reversible / temporary 
clearance of land or changes to 
habitat over an extended area, 
where the land is typically 
previously undisturbed and / or 
likely to host significant 
biodiversity. 

2. Process related emissions have 
the potential to directly impact on 
biodiversity in the area 
immediately surrounding the 
production site (e.g. through 
disposal of solid wastes soils; 
impact of noise and vibration on 
fauna). 

 
 
 

All of the following criteria (where 
relevant) should be met: 
 
1. Production process does not 

require clearance of land or 
changes to habitat, or if it does, 
such clearance and changes are 
typically in previously disturbed 
areas or are essentially reversible 
in a short timeframe. 

2. Process related emissions have 
little or no potential to directly 
impact on biodiversity in the area 
immediately surrounding the 
production site or over an 
extended area. 

 
 

 

Human 
health 

Fatalities or shortening of life caused 
by activity 

Serious illness accidents caused by 
activity; water or air pollution causing 
significant health impacts for a small 
number of people (i.e in very localised 
area) or less serious impacts for a 
larger number of people.  Activity 
been identified as a significant 
contribution to e.g. air pollution 

Some deterioration of air quality due 
to emissions.  Amenity type issues 

Impacts can be either direct (e.g. 
through health and safety type issues, 
or direct inhalation of pesticides) or 
indirect e.g. emissions are cause of 
poor air quality with subsequent 
effects on health. 
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Theme High (***) Significant  (**) Low (*) Comments 
Natural 
resources 
(general 
criteria) 

Significant deterioration in one or 
more natural resources which is likely 
to be irreversible (e.g. water 
resources, soil quality) 
 
Depletion of renewable resources to 
unsustainable levels (e.g. fish 
stocking levels) 
 

Degradation of land 
Deterioration in natural resources 

 Utilisation of natural resources.   
 

Natural 
resources 
(Detailed 
criteria) 

One or more of the following criteria 
should be met: 
 
1. Commodity itself is non-renewable 

(does not naturally replenish; 
cannot be reused or recycled; or 
reuse and recycling are such that 
majority of the commodity is not 
available for further use). 

2. Current production processes 
result in depletion of resource 
even if it is theoretically renewable, 
with exhaustion of supplies 
predicted in a short to medium 
timeframe (<50 years).   

3. Production process results in the 
consumption of significant 
quantities of non-renewable 
resources. 

4. Production process is associated 
with high levels of irreversible 
degradation of other natural 
resources (e.g. water and soils). 

 

One or more of the following criteria 
should be met: 
 
1. Commodity itself is renewable but 

natural replenishment, reuse and / 
or recycling are typically only 
partially achieved. 

2. Current production processes result 
in depletion of resource even if it is 
theoretically renewable, with 
exhaustion of supplies predicted in 
the long-term (>50 years).   

3. Production process results in the 
consumption of medium quantities 
of non-renewable resources. 

4. Production process is associated 
with medium levels of irreversible 
degradation of other natural 
resources (e.g. water and soils). 

 
 

All of the following criteria (where 
relevant) should be met: 
 
1. Commodity itself is renewable and 

natural replenishment, reuse and / 
or recycling sustain resources at a 
sustainable level. 

2. Current production processes 
prevent depletion of resources.   

3. Production process entails little or 
no consumption of non-renewable 
resources. 

4. Production process is associated 
with little or no irreversible 
degradation of other natural 
resources (e.g. water and soils) or 
where degradation exists it is 
reversible in the very short-term 
with no net impact on other natural 
resources. 
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