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Abstract 
The procurement of ores and metals necessitates consideration of the sustainability of both the product 
and of the producer. Current trends in procurement practices move toward assuring the lowest 
environmental, social and economic impacts feasible. In order to ensure a high level of sustainability in 
the raw materials acquired, the practices and methods of the producers must be evaluated. To this end 
different assessment models may be used. This report aims to, through an investigation of 
contemporary assessment models; develop an assessment model which facilitates the sustainable 
procurement of ores and metals with a reduced need for compliance from the assessed parties. The 
evaluation is carried out based on the triple bottom line (TBL) definition of sustainability and considers 
the practices and needs of the ores and metals industry. A number of desirable traits were found in the 
models evaluated. A design for a novel assessment model is proposed for scoring ore and metal 
producers. The proposed model features recommendations for weighing methods and specifications for 
impact indicators, measurement methods, and grading methods. 
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Sammanfattning 
Malm- och metallindustri arbetar allt mer med hållbar utveckling. Detta kräver metoder för att 
säkerställa att potentiella underleverantörer använder sig av procedurer och strategier som anses sunda 
ur ett hållbarhetsperspektiv. För att undersöka detta finns etablerade bedömningsmodeller. Syftet med 
denna rapport är att utvärdera dessa modeller för få en grund på vilken en ny modell, anpassad för 
malm- och metallindustrin, kan utformas. Denna nya modell utformas för att minska krav av stora 
eftergifter från de aktörer som undersöks. Utvärderingen baseras på ”triple bottom line” -definitionen 
av hållbar utveckling och tar hänsyn till behoven som finns i industrin, och de metoder som redan 
används. Arbetet resulterade i att ett antal egenskaper som är önskvärda för en bedömningsmodell 
identifierades. Med dessa egenskaper i beaktande utformades en ny bedömningsmodell med 
rekommendationer för viktning av betyg och specifikationer för mätpunkter, mätmetoder, och 
betygsmodeller. 
 
 
Nyckelord: Hållbarhetsbedömning, Triple Bottom Line, GHG, Malm och Metall 
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1. Introduction 
1.1 Background  
 
The procurement of metals and minerals necessitates consideration of the sustainability of both the 
product and the producer. Current trends in procurement practices move toward assuring the lowest 
environmental, social and economic impacts feasible. Through sustainable procurement, as defined in 
ISO 20400, companies may contribute to sustainable development to a substantial degree. In order to 
ensure a high level of sustainability in the raw materials acquired, the practices and methods of the 
producers of must be evaluated. To this end different assessment models may be used [1].  
Since the release of the Brundtland report in 1987, and following the early work of the World 
Commission on Environment and Development, the practice of organized sustainability assessment has 
become more frequent and more standardized [2] [3]. Because of this, an increasing number of 
methods, with different scopes and varying areas of application, have been developed. This report 
considers the more standardized and formal assessment methods known as “top-down” methods that 
are applicable to the assessment of metals and minerals. “Top-down” methods use a set group of impact 
indicators, often with auditing assurance, reported at regular frequency. Such methods are suitable for 
the assessment of entities with defined organizational and legal boundaries, thus making them an apt 
choice for the assessment of companies and their products [4]. Studies show this type of assessment, 
while not always sufficient on its own, to be a potent tool in guiding decision making towards greater 
sustainability [4] [5]. 
In this report a triple bottom line (TBL) approach towards sustainability is used. Due to it being well 
recognized and well established it can be a useful tool towards sustainability. The TBL approach is a 
method for evaluating sustainability with basis in three areas: social, environmental and economic [6].  
However, the TBL definition of sustainability has been criticized for being a pathway through which 
companies may ignore or bypass key sustainability issues. Sridhar (2011) suggests that companies may 
handpick metrics that are easily measured and presented in a manner that favors the company [7]. This 
criticism signals the need for assessment methods with stringent review of suitable impact indicators 
when using the TBL definition of sustainability. Furthermore, to allow for sustainable procurement, 
methods that allow for ease of comparison between different potential suppliers are required [6].  
Environmental sustainability is determined by the impact of things such as emissions, energy use, and 
consumption of raw materials. These emissions include (but are not limited to) carbon dioxide (carbon 
footprint), water pollution (water footprint), NOx and SOx gases (acidification), waste production, and 
dust. By reducing the production of emissions and/or recapturing those that escape, as well as 
decreasing the energy- and raw material consumption, the environmental sustainability of the plant will 
increase [6].   
Social sustainability is defined by the impact the company has on the social well-being of the immediate 
area around it. This can be measured by assessing the occurrence of child labor, the effect the production 
site has on the lifestyle of the indigenous people and hazardous environments built by the company to 
forward production. The most common failure of social sustainability is unfair or dangerous working 
conditions for the employees and this can often be measured by accidents on-site or by sick-leave 
numbers.  
Economic sustainability is based on the wellbeing of the company. A company in control of its economy 
is more likely to endure hard times and thus keep supporting the workers via employment. A volatile 
company with low stability will also leave the buyer in risk of not having product available for purchase.  
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Some factors of sustainable production, such as the involvement in local politics, are hard to place into 
only one of these criteria, but should still affect the sustainability rating of the company. The 
involvement of the company in local politics can negatively affect both the social and economic 
sustainability of the area, especially in areas plagued by corruption. 
1.2 Objective 
The purpose of the project is to produce an assessment method to enable reliable and accurate ratings 
for suppliers of ore and minerals. 
In order to properly assess the quality of a supplier in regard to their sustainability it is important to 
have access to reliable data; unfortunately, this is not the case today. With many big multinational 
companies dominating the market it is hard to find emission data for the individual processing plants 
or extraction sites. All the data is instead presented for the company as a whole. This makes it very hard 
to evaluate the quality of the product in question.  
This project aims to find a set of guidelines or a checklist which can be used to identify the level of 
sustainability at a plant level without the need for company supplied data. This can be done in several 
ways. By defining a set of impact factors a method can be found or constructed that is relevant for the 
sustainable procurement of ores and minerals.  
This assessment aims to cover all aspects of sustainable development, environmental, social, and 
economic, included in the triple bottom line approach.   
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2 Literature review 
 

Assessing the sustainability of organizations, processes and products is of ever increasing importance 
in modern society. There are many assessment models and methodologies currently in use in society, 
industry and academia. In this literature review a number of leading methodologies, standards, and 
techniques that may be used to gauge the environmental footprint of ores and metals are examined. 
However, with the investigation of different impact categories, especially with the utilization of different 
assessment models, problems making an overall judgment arise. In order to combat these difficulties of 
comprehensive evaluation, this review also considers different weighing methods. 
This review is largely based upon the findings of, and recommendations made by, the European 
Commission – Joint Research Centre – Institute for Environment and Sustainability (JRC-IES). 
However, while the work carried out at JRC-IES makes a clear distinction between the assessment of 
products and the assessment of organizations, no such distinction is made in this report. Rather, as 
many models, standards, techniques, and methodologies applicable to the assessment of ores and 
metals as possible are considered. Special attention was given to models designed to make value 
judgements and to models with high applicability to the ores and metals industry. 
2.1 Contemporary assessment models 
The following assessment models are summarized in this review: 

 Global Reporting Initiative (GRI) 
 International Reference Life Cycle Data System (ILCD) 
 Greenhouse Gas Protocol (GHG) 
 ISO 14000: Environmental Management 
 Publicly Available Specification 2050 (PAS2050) 
 Materials Sustainability Index (MSI) 
 IKEA WAY (IWAY) 
 Dow Jones Sustainability Index (DJSI)  

2.1.1 Global Reporting Initiative (GRI) 
The GRI is a reporting framework which dictates what performance indicators and reporting principles 
should be used by organizations in order to measure and report their environmental, social and 
economic impact. It is a large network with many types of shareholders involved and is intended for 
both business-to-business and business-to-consumer use. The goal of the GRI is to allow for balanced, 
reasonable, and transparent reporting of environmental, social, and economic performance. The scope 
of a GRI-report varies with the type of organization and there are specific performance indicators meant 
for use in special sectors, such as metals and mining. All sustainability impacts relevant to the 
operations of the organization should be reported on, using the GRI-reporting framework. For 
environmental assessment, a GRI-report includes resource inputs (such as water and energy), waste 
output (such as emissions and landfill), effects on biodiversity, environmental compliance, and 
environmental expenditures.  In order to secure a high standard of reporting, the following reporting 
principles are used: 
For report content: 

 Materiality  (Topics that are important to the business and its stakeholders) 
 Stakeholder inclusiveness 
 Sustainability context 
 Completeness 
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For report quality: 

 Balance 
 Comparability 
 Accuracy 
 Timeliness 
 Clarity 
 Reliability 

 
A GRI-report should include the rationale of the reporting organization and the manner in which they 
applied these principles in order to ensure a high standard of reporting [8] [9] [10]. 
2.1.2 International Reference Life Cycle Data System (ILCD) 
With the goal of ensuring high quality life cycle data and impact assessment that display high 
consistency and high reproducibility, the ILCD was developed following instructions from the European 
Commission. The development was carried out through peer-review and in accordance with such 
standards as ISO 14040 and 14044. To facilitate the development, and the deployment, of the ILCD, 
collaborations with the World Business Council for Sustainable Development (WBCSD) and United 
Nations Environment Program (UNEP) have been instituted. 
The ILCD puts a heavy emphasis on producing reliable life cycle assessments. This is done through the 
ILCD Handbook and the ILCD Data Network. ILCD-based assessments produce more quality-assured 
and more specific results than the broad ISO-standards the ILCD was developed in accordance with. 
Exhaustive provisions for assessment of either products or organizations are provided in the technical 
guidance documents found in the ILCD Handbook. Investigated impact categories are: 

 Climate change 
 Acidification, Eutrophication 
 Ozone depletion 
 Summer smog 
 Land use (including biodiversity) 
 Material and energy resource depletion 
 Human toxicity (Respiratory inorganics, Carcinogens, Non-carcinogens) 

 
The ILCD provides recommendation for midpoint assessment models to use: 

 Accumulated Exceedance model (acidification, terrestrial eutrophication) 
 EUTREND model (aquatic eutrophication) 
 USEtox model (Eco toxicity) 

 
If there are categories relevant to the investigated product or organization, but not present in the list 
above, the ILCD is open to include these as well [9] [11]. 
2.1.3 Greenhouse Gas Protocol (GHG) 
The GHG Protocol is centered on six greenhouse gases, which are the six greenhouse gases covered by 
the Kyoto Protocol. These are carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), 
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and Sulphur hexafluoride (SF6). It was 
developed by the World Resources Institute (WRI) and World Business Council on Sustainable 
Development (WBCSD). The goal of this project is to set the global standard for how to measure, 
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manage, and report greenhouse gas emissions. The GHG protocol is the basis of many other assessment 
models, such as ISO 14064-I: Specification with Guidance at the Organization Level for Quantification 
and Reporting of Greenhouse Gas Emissions and Removals. 
The stated objectives of the Protocol are to: 

 Provide a credible and transparent approach for quantifying and reporting GHG reductions 
from GHG projects; 

 Enhance the credibility of GHG project accounting through the application of common 
accounting concepts, procedures, and principles; and 

 Provide a platform for harmonization among different project-based GHG initiatives and 
programs 

 
In measuring the emission of greenhouse gases the protocol makes the following distinction between 
direct and indirect emissions: 

 Emissions from sources that are owned or controlled by the reporting entity are direct 
emissions. 

 Emissions that are a consequence of the activities of the reporting entity, but originate from 
sources owned or controlled by another entity, are indirect emissions. 

 
These types of emissions are then further categorized into three scopes: 

 Scope 1: All direct GHG emissions. 
 Scope 2: Indirect GHG emissions from consumption of purchased electricity, heat or steam. 
 Scope 3: Other indirect emissions, such as the extraction and production of purchased 

materials and fuels, transport-related activities in vehicles not owned or controlled by the 
reporting entity, electricity-related activities (e.g. T&D losses) not covered in Scope 2, 
outsourced activities, waste disposal, etc. 

 
In order to aid the reporting of greenhouse gases, the GHG Protocol and the associated calculation tools 
make use of “emission factors”. These are factors which relate the amount of emitted greenhouse gases 
to the volume of a certain activity carried out by the reporting entity. Such factors are averages based 
on public data sets. The factors are occasionally sector specific. If reporting entities are unable to 
produce reliable values for factors specific to their enterprise, default values are provided. However, the 
GHG protocol recommends users to, whenever possible, produce and employ custom values, this for 
the sake of accounting for variations in industrial processes over time and over different regions. 
The GHG Protocol aims to measure and quantify climate change. However, it does so only in measuring 
CO2 and CO2 equivalents. Phenomena which are difficult or impractical to compare with CO2 may 
therefore be measured in an insufficient manner [8] [9] [12]. 
2.1.4 ISO 14000-series: Environmental Management 
The International Organization for Standardization (ISO) 14000 standards are methods of 
environmental management for companies and organizations. The standards include everything from 
core objectives of environmental management to specific reporting standards of greenhouse gases and 
emissions, all to simplify the work for companies that want to show their commitment to environmental 
sustainability.  
The ISO 14000 series consists of several documents with different approaches on environmental 
management: 
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 ISO 14001 specifies the basic standards required for a successful environmental management 
system 

 ISO 14040 series specifies studies of life cycle analysis (LCA) and how they should be carried 
out  

 ISO 14060 series specifies the greenhouse gas emissions and carbon footprint of organizations 
and products  

While ISO standards do not function as standalone assessment models, they may act as cornerstones 
and useful tools in the formation of other assessment models. The main use of the ISO standard is to 
make sure that all companies choosing this method of reporting follow exactly the same guidelines and 
procedures. This ensures fair comparison between products in the same category and promotes quality 
product assessment via standardized tests rather than personal or corporate preference, furthering a 
fair trade market [8] [9] [13].  
2.1.5 Publicly Available Specification 2050 (PAS 2050) 
Based on the previously mentioned ISO standards, 14040 and 14044, the PAS 2050 aims to specify the 
life cycle emissions of greenhouse gases for goods and services. To further the work of the ISO standards 
the PAS includes business to consumer (B2C) factors, data requirements, what greenhouse gases should 
be included, and the emissions from changes in land use due to the product. This gives the PAS method 
a more in depth approach to the GHG emissions associated with the product and its life cycle than the 
ISO standard alone. 
The PAS 2050 standard also has methods to identify GHG gas reduction opportunities, which makes it 
more useful for companies aiming to not only assess their environmental impact, but reduce it. By 
employing a complete LCA approach with cradle to grave and recycling standards PAS 2050 will give a 
complete assessment of the environmental GHG impact of the product [9] [14].  
2.1.6 IKEA WAY (IWAY)  
IKEA is a multinational logistics and design company mainly focused on furniture and furnishing 
details. Since almost all production of IKEA products is performed in separate factories, often owned 
by separate companies, it is very important for IKEA to have a reliable evaluation system to ensure the 
suppliers follow the ethics and morals of IKEA, this is done via the IKEA WAY (IWAY). IWAY is the 
minimum standard used by IKEA to evaluate suppliers and their sustainability according to TBL. In 
order to achieve IWAY certification the supplier must follow a set of baseline sustainability rules:  

 Child labor  must not be used in the production (A proof of age is required for all workers)  
 Forced or bonded labor  must not be used in the production 
 No severe environmental pollution. 
 No severe safety hazards. 
 Fair wages according to local law must be paid to all workers in a timely manner.  
 A transparent a reliable system for records of working hours and wages. 
 Insurance covering medical treatment for work-related accidents for all workers. 

The IWAY standard also requires the suppliers to follow all laws regarding corruption, emissions, 
chemical spills, waste treatment and security. This is often seen as a reasonable baseline for a 
sustainable company ethic. These requirements vary wildly in different parts of the world and therefore 
IKEA has set their own baseline in order to compensate for the lack of legislation in some areas of the 
world. However, if the IKEA baseline is in conflict with the local legislation, the IWAY states that the 
local legislation should always have priority [15].  
2.1.7 Materials Sustainability Index (MSI) 
NIKE is a sports equipment company operating worldwide. In order to evaluate the raw materials used 
in their products they have started using the Materials sustainability index (MSI) to give ratings of 
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sustainability to the supplying companies.  MSI is used by NIKE to evaluate the raw materials and 
working conditions of their suppliers. It utilizes a LCA approach to sustainability and evaluates many 
factors to set an index value for the cradle to gate process. Meaning it measures the environmental 
impact of the whole production process, including raw material extraction and final packaging and 
delivery, but not the end of life impacts when use is discontinued.  
The MSI method weighs four impact areas for its environmental sustainability assessment: 

 Chemistry 
 Energy and GHG  intensity 
 Water and land use intensity 
 Physical waste 

All these major categories are then divided into subgroups with individual weighing factors totaling a 
maximum of 50 points. Using the vast dataset collected from peer reviewed sources the MSI standard 
has constructed a polynomial equation to determine how well a supplier conforms to the ideals 
measured by the impact areas.  
Here percentage based scores are multiplied with the weighing factors and summed up to create the 
final score for the product. This creates an anchor in real data to give an index fit for comparison 
between companies, but not for measuring the sustainability of the industry [16].  
2.1.8 Dow Jones Sustainability Index (DJSI)  
The Dow Jones sustainability index (DJSI) is a sustainability assessment model developed by S&P Dow 
Jones Indices. The assessments are collected in the DJSI World Index consisting of the 2500 largest 
companies on the stock market. Of these companies, only the top 10% from each industry will be 
thoroughly evaluated by DJSI. This places large focus on the companies that do make the list and it is 
therefore a very sought after position to increase market share globally by shoving one's sustainable 
practices.  
The model is based on TBL and borrows from other assessment techniques like GHG and GRI when it 
comes to formulating and choosing criteria to measure. The DJSI aims to evaluate the overall 
sustainability of the companies. However, the model has a low approval rating among sustainability 
evaluators. Only 48% deem DJSI to be a good model for an overall sustainability rating [17].  
The Economic evaluation is based on: 

 Corporate Governance/Management 
 Risk and Crisis Management 
 Anti-crime policy/measures 
 Code of Conduct/Compliance/Corruption and Bribery 

Many factors of the DJSI are sector specific, meaning they vary between companies in different 
industries to accurately depict sustainability. This includes what questions are asked and how the 
answers are weighed. Even the total weighing factor of the economic sustainability versus the 
environmental sustainability will shift between industries. Due diligence assured by Reprisk who 
specializes in due diligence reporting for all kinds of companies [18]. 
The DJSI world Index is measured every year from March to October and presented as the following 
year’s list. For the companies on the list the evaluation is ongoing and to remain on the list improvement 
from previous years is required.  
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2.1.9 Best Available Technology (BAT) 
By comparing the techniques used in the production site to those considered the best available 
technology (BAT) a simple assessment of the environmental sustainability can be done. Due to the 
widely different techniques for refining used in the industry this approach could turn out to require a 
very extensive evaluation of what technologies are BAT for the used technique.  
2.2 Evaluation of Assessment Models 
Assessment models used to facilitate the procurement of metals and minerals may be assessed through 
a number of criteria. The criteria used to evaluate existing models, and their respective rationales, in 
this report are: 

 Good indicator of overall sustainability 
 High rate of reproducibility  
 Low dependency on non-public data 
 High degree of overall comparability  

 
With the basis in these criteria, and in the work carried out by JRC-IES, a number methodological 
consideration may be produced.  In this section these considerations are applied to the assessment 
models summarized in the literature review (section 2.1). The methodological considerations used in 
this report are: 

 Impact indicators covered - In order to make a proper assessment the most important social, 
environmental and economic indicators, pertaining to the mines and metal industries, must 
be covered. 

 Scope - The part of the lifecycle that is the focus of the assessment model. For ores and metals 
procurement the main focus should be on cradle to gate, since the full LCA will have to handle 
all possible uses for the product.   

 System Boundaries - The system boundary dictates which processes and practices should be 
included or excluded from the study, with regards to subsidiaries, hired workers, joint projects 
etc. Well defined boundaries expedite the assessment process, and increases precision in the 
assessment. 

 Data Requirements - Primary data collection, and the dependency thereon, should be 
standardized and made evident. Well-defined and unambiguous directives for required 
measurements are essential in achieving a high rate of reproducibility and a high degree of 
comparability. Potential secondary-data1 requirements should be stated. 

 Tracking of Progress - To further sustainable development the method should have a system 
for tracking the progress of the measured sustainability, since most processes are not yet truly 
sustainable. Furthermore, a broader basis for assessment is obtained when data from 
consecutive reporting cycles is investigated.  

 Applicability to the assessment of ores and metals - The main focus of the assessment must be 
relevant to the procurement of ores and metals. Emphasizing immaterial issues may lessen 
the attention given to factors more significant to the assessment of ores and metals. Moreover, 
concerns and impacts relevant to metal and mining industries must not be omitted. 

These methodological considerations are applied to the evaluated assessment models (table 1-9). An 
overview of the evaluated models is presented in table 10.  
  

                                                                 
1 Secondary data is taken to mean data not directly collected or measured from the processes and practices being assessed. Rather, secondary data is retrieved from alternative sources such as peer-review literature and databases. 
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2.2.1 Global Reporting Initiative (GRI) 
Table 1 – GRI 

Methodological 
consideration: 

Implementation 

Impact indicators All relevant environmental, social and economic impact categories should 
be reported on. Nevertheless, any impact indicator may be omitted if a 
reason for the omission is given 

Scope Includes provisions for reporting greenhouse gas emissions in scope 1, 2 
and 3. Users are instructed to account for impacts of activities over which 
the company has control or significant influence 

System Boundaries System and organizational boundaries are set based on equity share or 
operational control criteria. Preference is given to equity share criteria if 
both are applicable 

Data Requirements Does not dictate whether to use collected primary data or to present data 
derived from secondary sources. However, it specifies that data should be 
collected from all aspects over which the company has control or significant 
impact  

Tracking of progress Recommends reporting trends using current and at least two previous 
reporting intervals 

Applicability  Features a special subset of guidelines, including relevant impact 
categories, for the metal and mining industries 

 
The GRI reporting standard has isolated important areas of impact for each of the three sustainability 
categories. For environmental sustainability the impact indicators are materials, energy, water, 
biodiversity, emissions, waste, compliance, and transport. 
For the Social sustainability the categories measured are labor practices and decent work, human rights, 
society, and product responsibility. 
And for the economic sustainability the categories are economic performance, market presence, indirect 
economic impacts, and procurement practices. 
With these categories the GRI covers most of the important impact categories for sustainability. But 
since GRI puts focus on the materiality of the issue for the company, not all of these impact categories 
are mandatory reporting points.  
Despite this lack of need of compliance the GRI organization has grown quickly and the big database of 
G3 and G4 reports form a foundation for comparison of company’s sustainability practice.  
  



 10  
 

2.2.2 International Reference Life Cycle Data System (ILCD) 
Table 2 – ILCD  

Methodological 
consideration: 

Implementation 

Impact indicators All relevant emissions should be covered. Guidance and recommendations 
of metrics at both midpoint and endpoint levels are provided. Specialized 
impact categories relevant the investigated entity may be incorporated 

Scope Full life cycle (cradle-to-grave) analysis 
System Boundaries All relevant processes from raw-material acquisition through end-of-life 

activities. Omissions should be noted and a reason for omission given 
Data Requirements Primary data is preferred. The use of secondary data is allowed if the data 

is demonstrated to be representative of  the investigated processes and 
activities 

Tracking of progress No requirements for tracking of progress 
Applicability  No special guidance pertaining to metal and mining industries is provided, 

but relevant aspects may be incorporated 
The ILCD has a system to assure quality of data provided and supplies recommended methods for 
measuring the relevant emissions with midpoint models. For very specialized industries additional 
impact indicators may be added to the investigation to give a more complete image of the sustainability 
of the company. ILCD focuses on environmental sustainability with basis in the ISO 14000 standards 
and is therefore only applicable to environmental sustainability. 
2.2.3 Greenhouse Gas Protocol (GHG) 
Table 3 – GHG  

Methodological 
consideration: 

Implementation 

Impact indicators Climate change, measured through CO2-equivalent  
Scope Scope 1, 2 and 3 
System Boundaries System and organizational boundaries are set based on equity share or 

operational control criteria. The system boundaries may vary over the 
different scopes investigated. 

Data Requirements Scopes 1 and 2 requires the collection of primary data. Scope 3 allows for 
secondary data, which should be sourced from internationally recognized, 
government, or peer-reviewed sources. 

Tracking of progress Instructions for choosing a base year, which acts as a basis for comparisons, 
are provided. A policy for recalculation of base year levels is required.  

Applicability  Greenhouse gas emissions are the sole point of investigation, leaving many 
areas of interest not examined. 
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The GHG protocol offers specific instructions on gathering data and calculating emissions. Sector-
specific guidance is provided for calculating emissions. The standard is widely recognized and forms the 
basis for many other assessment models. 
The GHG protocol is only used for greenhouse gas emissions and is therefore not applicable to economic 
or social sustainability assessment. 
2.2.4 ISO 14000-series: Environmental Management 
 
Table 4 – ISO 14000 

Methodological 
consideration: 

Implementation 

Impact indicators Water footprint, GHG, eco-design, carbon footprint, etc.  
Scope Full LCA 
System Boundaries Allows for both cradle-to-gate and cradle-to-grave investigations to be 

carried out 
Data Requirements Requires primary data to be measured from production sites. To this end  
Tracking of progress “Helps improve on measured impact indicators”  
Applicability  Designed to be used by all industries 

 
The ISO 14000 standard is not used for economic and social sustainability assessment. However, there 
are other ISO-standards used for social sustainability assessment. 
2.2.5 Publicly Available Specification 2050 (PAS 2050) 
Table 5 – PAS 2050 

Methodological 
consideration: 

Implementation 

Impact indicators GHG-emissions 
Scope Full LCA, including GHG from land use 
System Boundaries Raw materials, energy, capital goods, manufacturing, operation, transport, 

storage, and final disposal 
Data Requirements Secondary data in conjunction with primary data 
Tracking of progress Not available 
Applicability  Measures all relevant GHG emissions for a production site, but does not 

cover their impact on acidification/eutrophication. Lacking important 
measurements.  

 
Based on the GHG protocol it has inherently good measurement practices for GHG emissions and builds 
on that to include a system for full LCA for the products in question. 
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The PAS 2050 standard focuses solely on GHG emissions and is therefore not applicable to economic 
or social sustainability assessment. 
2.2.6 Materials Sustainability Index (MSI) 
Table 6 – MSI  

Methodological 
consideration: 

Implementation 

Impact indicators Measures a set of impact indicators divided into 4 areas: Chemistry, GHG 
intensity, Water and Land Use Intensity, and Physical waste.  

Scope Cradle to Gate life cycle.  
System Boundaries Not specified 
Data Requirements Secondary Data for “Generic materials”.  When neither primary nor 

secondary data is available a value is estimated based on professional 
experience and judgement.  

Tracking of progress No requirements for tracking of progress 
Applicability  Constructed for textile and clothing industry, but the impact indicators are 

relevant to the environmental sustainability of ores and metals.  
 
The MSI model utilizes a data comparison approach to give ratings to materials. This model could be 
expanded to include environmental and economic sustainability from a dataset standpoint. The 
environmental comparison would be based on the supplied data from all available reliable sources and 
require the standardization of emission per unit of produced product. These values could then be used 
to determine in what end of the spectrum a new supplier would place and evaluate their comparative 
sustainability accordingly. However, such a method only gives a score relative to other producers and 
does not take into consideration what is or is not truly sustainable. In such an assessment little-to-no 
incentive is given for producers with the lowest levels environmental impact (and, thus, the highest 
score) to improve, given that their own level of environmental impact is what defines the upper end of 
the scoring spectrum. Nevertheless, such a method is a useful tool in making a comparison between 
producers, and communicating the results of such a comparison.  
As a model for assessing social sustainability this method is useful.  Injuries at the workplace are 
sometimes an unavoidable part of the industry and should not be the base of a pass or fail rating. To 
evaluate the health and safety conditions of the workplace the process developed by the MSI can be used 
in order to make value judgements. By comparing the frequency of incidents at the workplace to the 
norm in the industry a comparative value can be found between companies and a number of incidents 
that is acceptable can be found. 
The MSI can be used to give a value for economic, social and environmental sustainability by using its 
data management technique.   
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2.2.7 IKEA WAY (IWAY) 
Table 7 – IWAY  

Methodological 
consideration: 

Implementation 

Impact indicators Social labor indicators, anti-corruption, environmental indicators 
(emissions of gas, water, noise, contaminants, waste)  

Scope Cradle to gate  
System Boundaries All affiliates and subsidiaries 
Data Requirements Not specified 
Tracking of progress No requirements for tracking of progress 
Applicability  Constructed mainly to ensure a sustainable work environment for the 

laborers, and thus applicable to all industries. Environmental assessment 
lacking for evaluation of mining and metals.  

 
The IWAY standard is a baseline sustainability tool and only requires the company to not have excessive 
pollution and/or emissions during their process. No specific techniques or methodologies for this are 
stated and its use as an evaluation tool for environmental sustainability is therefore limited.  
IKEA also use the IWAY method to evaluate social sustainability for their suppliers, with a pass-fail 
system to evaluate child labor and forced labor. If any of these types of labor are found to be used at the 
supplier, the trade with the company will stop immediately until the problem is resolved. These pass/ 
fail criteria are known as baseline for what is acceptable. For working conditions and healthcare it is 
demanded that the company follow the laws and legislations in place regarding working hours, overtime 
pay, and hazardous working environment. For companies in countries with little to no legislation in this 
matter a baseline condition is set by IKEA. For this baseline evaluation, the company’s code of conduct 
is a natural starting point. If it can be ensured that the supplier shares the buyer’s vision and mindset 
on ethical issues a more sustainable social environment can be assumed. 
IWAY has its primary focus on the working conditions for the employees. This promotes economic and 
social sustainability by requiring that: 

 Fair wages according to local law must be paid to all workers in a timely manner. 
 A transparent a reliable system for records of working hours and wages. 
 Insurance covering medical treatment for work-related accidents for all workers. 
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2.2.8 Dow Jones Sustainability Index (DJSI) 
Table 8 – DJSI  

Methodological 
consideration: 

Implementation 

Impact indicators Economic indicators of major companies, crisis management, corporate 
governance 

Scope Varying from year to year 
System Boundaries Group wide sustainability 
Data Requirements Primary data from company 
Tracking of progress Yearly updates of improvements in sustainability 
Applicability  Useful to compare economic sustainability of big companies in different 

industries 
 
The DJSI is mainly used as an economic assessment model with focus on corporate governance and the 
economic well-being of the company. With this being said, it is important to note that the DJSI does not 
exclusively base its ratings on economic sustainability, impact indicators for environmental and social 
sustainability are also used, but to a lesser extent. By comparing companies from different industries in 
the DJSI world list, the DJSI has gained international fame among the biggest international companies 
due to its ability to compare companies across industry borders. The criteria for sustainability vary 
between industries as the questionnaires are specifically designed for each industry, this is meant to 
give a fair comparison between companies of different industries.  
2.2.9 Best Available Technology (BAT) 
Table 9 – BAT  

Methodological 
consideration: 

Implementation 

Impact indicators Environmental benchmarks for emissions when using BAT 
Scope Internal emissions 
System Boundaries Production site basis 
Data Requirements Not a developed model, but requires primary data 
Tracking of progress No requirements for tracking of progress 
Applicability  Currently low availability of BAT data for the non-ferrous metal 

industry prevents this method from being used.  
 
The BAT technique gives a reference point for the most sustainable technology available. It sets an 
absolute value for the lowest possible emission levels that can be reached with current technology. This 
is meant to cause companies to pursue the use of the best available technology to reduce their 
environmental impact.  
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The method is not designed to measure social sustainability, but can be used as a pass/fail system where 
the BAT represents a perfect score in work environment, occurrence of child labor, work related injuries, 
insurance policy etc. 
Since there are no absolute best values for most economic indicators the BAT is not viable as an 
economic assessment method.  
Currently there is not enough data available for the emissions levels of the processes associated with the 
procurement of ores and metals to utilize a BAT approach for environmental sustainability assessment. 
The large variation in the processes used for refining and extracting metals and ore is the main reason 
there has not been a study of BAT.  
2.2.10 Summary 
Table 10 – Summary table for comparison of assessment models 

 GRI ILCD GHG ISO:14000 PAS2050 MSI IWAY DJSI BAT 
Value Judgement2      Y Y Y  
Boundary NA GR GA NA NA GA GA NA NA 
Environment Y Y Y Y Y Y Y Y Y 
Social Y     Y Y Y  
Economic Y      Y Y  
Measurement methods A* A* Y A* A* Y  A*  
Sector relevant Y  Y Y Y   Y Y 
Low reliance on non-public data Y      Y  Y 

A* – Utilizes measurement methods from other assessment models such as GHG Y   – The feature is included in the model GA – Cradle to Gate GR – Cradle to Grave NA – Not Applicable to the model 
Different definitions of the concept of sustainability assessment may be found in literature. Pope et al. 
(2004) suggest that many methods and standards are “integrated assessments”, i.e. environmental 
impact assessments with social and economic aspects incorporated, rather than strictly sustainability 
assessments. This may be caused by a “triple bottom line” (TBL) approach to sustainability. Such 
assessment methods customarily quantify and, thereby, look to decrease the frequency and volume of 
activity that is not sustainable. However, a practice resulting in a decrease in “unsustainability” is not 
the same as a truly sustainable practice. There have been efforts to establish methods that assess 
whether or not an activity is truly sustainable, but such considerations are outside the scope of this 
report [4] [5].  
A substantial portion of the models investigated are based on a complete life cycle (cradle-to-grave) 
analysis of impacts. In order to perform a full LCA the producer has to evaluate all possible process 
steps taken by buyers of the product. This implies that these methods are more focused on companies 
operating in the final stage of production rather than solely in primary or secondary stage of production. 
Due to this reason implementing several of the procedures covered in this report into the procurement 
of ores and metals is complicated. This problem may be avoided in some models by reducing the scope 
of the investigation through not adhering to the full, instructed assessment procedure. I.e. the scope 
may be altered from cradle-to-grave into cradle-to-gate in a number of models. 
                                                                 
2 Value Judgement is the decision making process of deciding whether or not something is better than something else.  
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Further it is worth considering the impact of data quality on the usage of the assessment models. All 
these models rely on stringent data. However, this is not frequently available in the industry. Because 
of this, any method used will be reliant upon the compliancy of the company being assessed. In 
mitigating this issue, regular auditing and external assurance of suppliers is of great importance.  
Current established assessment models are mainly, as noted by Pope et al. (2004), environmental 
impact assessment with social and economic aspects incorporated [5]. These methods are therefore 
lacking in their capability of making thorough assessments of all aspects of sustainability. Since the 
social and economic aspects of sustainability are inherently different from the environmental aspect, 
they require a different approach to assessment. Tools for evaluating the economic practices of a 
company are well developed, and financial auditing is a well-established practice. These practices are, 
however, currently not well incorporated into comprehensive sustainability assessment models. 
Furthermore, the economic well-being of a company is not the sole indicator of sustainable economic 
practices.  A prosperous company may engage in economic activities that are detrimental to the ability 
of future generations to meet their needs, such as not having the economic capability of conducting a 
proper decommission of production sites, investing in companies that do not promote sustainable 
development, and business practices that do not favor the growth of the company over personal 
earnings for executives.  
2.3 Weighing models 
When assessing the overall environmental impact of advanced and manifold processes, such as the 
production of ores and metals, a large number of impact categories and performance indicators must 
be considered. The means and models of comparing these indicators in order to make overall value 
judgements may be arranged in three main categories: midpoint models, endpoint models, and 
integrated models [19] [20] [21]. 
2.3.1 Midpoint model 
This type of weighing model considers a number of midpoint effects, i.e. points in the cause-effect chain 
closely connected to the environmental mechanism examined. Typical examples of midpoint effects are 
acidification and ozone depletion. These models allow for characterization factors of these midpoint 
effects to be calculated, which reflect the relative importance of different environmental mechanisms 
[19] [20]. 
2.3.2 Endpoint model 
Studies which consider diverse impact categories may instead utilize the analysis and comparison of 
endpoint effects. These are effects further down the cause-effect chain, such as decrease in biodiversity, 
and cancer rates in humans. Endpoint characterization often requires more complex calculations and 
is sometimes based on significant assumptions. Furthermore, endpoint models will typically focus on a 
smaller number of mechanisms and pathways due to their more complicated, and often quantitative, 
nature [19] [20]. 
2.3.3 Integrated model 
Economists have developed weighing models based on the postulate that the true value of sustainability 
is what stakeholders are willing to pay for it. This is known as willingness-to-pay (WtP). Models based 
off of this concept allows for easily understood comparisons to be made. Panel discussions are often 
used in order to quantify the WtP of stakeholders. Other models, such as distance-to-target models, are 
at times presented alongside WtP models. In distance-to-target models, emissions and mechanisms 
that are the furthest from stated goals or closest to critical loads are considered the most important [19] 
[20] [21]. 
Midpoint, endpoint and integrated models all have their own strengths and weaknesses. There is no 
model, or type of model, that is always superior to other alternatives. The use of compound models, i.e. 
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models combining aspects from two or more types of model, may be beneficial. JRC-IES proposed 
combining a number of well-established models, spanning all three major types. When applying this 
solution to an EU data set covering a broad set of environmental interventions there was significant 
convergence, even between models of considerably different evaluation backgrounds. This does, 
however, necessitate the internal weighing between different models, which was done through panel 
discussion at JRC-IES. 
The three main categories presented in section 2.3 are not absolute. Most models have features 
generally ascribed to two or more of the main categories. Nevertheless, different types of models tend 
to be suitable for different applications. Endpoint models are considered to produce results that are 
more understandable, and are thus favored in instances where communicating informative results to 
stakeholders and decision makers is of great importance. However, the use of endpoint models has been 
criticized for its potentially large data uncertainty. This type of model puts greater requirements on data 
quality and the knowledge of the user. Midpoint models tend to produce more reliable results and be 
more encompassing, due to their more robust nature. Results from midpoint models are generally also, 
while not considered as easily construed, more easily validated (e.g. it is easier to measure a change in 
pH than it is to measure the number of affected species).  
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3. Method 
This project consisted of four distinct steps. Firstly, the current state of the ores and metals industry 
and the usage of assessment models were evaluated. Thereafter, the requirements for a useful model 
and the needs of the ores and metals industry were identified. Following this, the differences between 
the current state of assessment models and the state of assessment models necessary to further 
sustainable development in the industry were gauged. Lastly, with a basis in this comparison, 
suggestions for the development of a novel assessment model were made. This is presented and 
discussed in later chapters. Furthermore, a seminar with representatives from Jernkontoret and SGU 
was held at Kobolde & Partners where the interests of the ores and metals industry were discussed.  
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4. Results 
From this study it was found that the current state of assessment models applicable to the ores and 
metals industry was lacking. In order to determine what constitutes a useful assessment model the 
criteria proposed by the European Commission were taken into consideration. 
The combination of the exhaustive definition of sustainability and the sector-specific requirements for 
the assessment of ores and metals presents a challenge to existing assessment models. A majority of the 
models considered in this report do not offer a sufficiently wide basis for making an overall 
sustainability assessment. There are, however, a number of techniques, tools and impact indicators 
currently in use that are suitable for the assessment of ores and metals.  
The evaluation of assessment models carried out in section 2.2 allows a number of procedures suitable 
for the assessment of ores and metals to be derived and isolated. Through the combination of these, an 
assessment model that facilitates the procurement of ores and metals may be developed.  
An effective model should include:  

 Impact indicators with sector specific guidance for all three aspects of sustainability 
 Tracking of performance over consecutive reporting cycles 
 Clear system boundaries for measurement 
 Detailed information regarding measurement practice of impact indicators for sector specific 

processes 
 Calculation tools for emissions from standardized processes e.g. transportation and waste 

management 
 Conversion factors to standard impact indicators e.g. CO2 and SO2 equivalents 
 Benchmark and Baseline values for impact indicators to give reference points for rating 

In this section a suggestion for a new assessment model applicable to the procurement of ores and 
metals is made. This suggestion is based on the identified criteria for an effective model specified above.  
4.1 Impact Indicators 
The Impact Indicators that will be measured in the model are divided into the three subgroups 
according to TBL. For environmental sustainability the following impact indicators will be considered:  

 CO2-Equivalents 
 Acidification 
 Dust Management 
 Water Footprint 
 Waste Management 

For social sustainability the following impact indicators will be considered:  
 Child Labor 
 Forced Labor 
 Working Environment 
 Labor rights 
 Non-discrimination policy 
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For economic sustainability the following impact indicators will be considered:  
 Corporate Governance 
 Economic Performance 
 Corruption 
 Crisis Management 
 Anti-competitive behavior 

4.1.1 Impact Indicators Considered 
These are the Impact indicators which were not included in the constructed model, but were considered. 
All listed indicators are defined in the G4 sector disclosures for the metal and mining sector [22]. A 
short explanation of the reasoning to not include these impact indicators is stated below.  
Social 

 Resettlement – More of a one-time occurrence, not as good of an indicator for flaws in ethical 
practice.  

 Closure planning – Included in the economic impact indicator crisis management 
 Material Stewardship – More applicable to an industry-wide assessment, not for individual 

companies.  
 Training and Education – While important, is only a measurement of positive effect of the 

company, and thus not as important as infringements to human rights.  
 

Environmental 
 Energy – Is indirectly included in CO2-equivalents since the GHG takes energy production 

emissions into consideration.  
4.2 Measurement 
The evaluation of the chosen impact indicators will be performed using a number of measurement 
techniques. The system boundaries are to be considered as all operations that the assessed entity has 
significant control over. Since the impact indicators are inherently very different it is not feasible to use 
the same measurement models for all the indicators. The applicability of the constructed model is 
increased by adopting established measurement practices. Results should be documented and 
presented alongside results from earlier reporting cycles. This is done to visualize progress. 
4.2.1 Greenhouse Gas Protocol 
The GHG-protocol is an established model for measuring greenhouse gas emissions for all industries. 
The exact measurement practices can be found in the CO2 emission Guidance Document provided by 
the GHG [22]. The GHG-protocol measurement technique will be used to measure CO2 equivalents.  
4.2.2 Accumulated Exceedance Model 
The accumulated exceedance model is an established model for determining the level of emissions that 
is acceptable in a specific geographic location. For many emissions the location is of great importance. 
A company operating in a low-pollution area can release greater amounts of pollutants than a company 
operating in a high-pollution area without inflicting critical damage to the environment [23].The 
accumulated exceedance model will therefore be used to measure and determine baseline levels for 
acidification 
4.2.3 Management Plan Evaluation 
To evaluate the attitude the company has against unsustainable behavior an assessment of the 
company’s formulated policies and code of conduct can be used as measurement. If the company has a 
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stated plan for working towards a more sustainable practice, specified liable parties in case of incidents, 
and crisis management plans, it can be considered a passing measurement. In order to evaluate the 
company’s compliance with its policies the available data regarding the impact category should be 
disclosed when available. For example when evaluating non-discrimination, the number of reported 
cases of discrimination should be specified and preferably accompanies by an internal evaluation of how 
well the predetermined practices were followed.  
This measurement practice will be used for: Labor rights, non-discrimination policy, corporate 
governance, corruption, crisis management and anti-competitive behavior.  
4.2.4 Pass/Fail 
For some impact indicators only pass-or-fail measurement can accurately depict the situation of the 
company. When measuring indicators such as child labor the only acceptable measurement is that of 
no child labor in practice. Any instance of child labor should result in a failing measurement and thus a 
failing grade.  
This measurement practice will be used for: child labor and forced labor  
4.2.5 Data Collection 
For some impact indicators unique measurements are required. For these impact indicators data should 
be collected from the companies in order to be graded. This will include data regarding what processes 
are used and the internally measured emissions.  
This measurement practice will be used to measure waste production, dust management, water 
consumption, working environment, and economic performance. 
4.3 Grading 
For some impact indicators a grade based on one factor may be misleading and any grade given should 
thus be presented alongside all data collected in that category, even if it is not considered in the grading 
process. The impact indicators will be graded on a scale of zero to three where the grades are defined 
as: 
3: Excellent 
2: Exceeding Criteria 
1: Meeting Criteria 
0: Does not meet Criteria 
In order to decide on grading methods a basis was found in other industries and established methods.  
4.3.1 Best Available Technology 
For impact indicators where BAT-data is available it should also be used. Grading according to BAT is 
done for dust management since it is the only impact indicator where sufficient data is available. If the 
company is utilizing all the best available technology to reduce their dust emissions they should be given 
an “Excellent” (3) grade. With reduced use of available technology the grading lowers to a “Meeting 
criteria” (1) when approaching the legal upper limit of emissions. A company exceeding their legal 
emission quota should be given a failing grade (0).   
4.3.2 MSI-based Data Comparison 
Given that fact that no proven method exists which can determine whether or not a practice is truly 
overall sustainable, any assessment made can only illustrate if one practice is more or less sustainable 
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than another. In order to make a comparative assessment, resulting in a numerical score, a data 
comparison approach to grading may be used. Through the use of aggregate data of emissions in the 
relevant sector, a span between the highest and the lowest performance may be produced. This 
performance data must be normalized to units of produced product, e.g. the comparison between CO2 
equivalents amongst molybdenum producers should be carried out in kilogram CO2-equivalents per 
kilogram of molybdenum produced.  
To ensure that the grading is true to the state of the industry and trends in emissions, a trend function 
should be developed. Through the use of the trend function, a producer may be assessed in comparison 
to the industry at large, with a grade given based upon the relative performance of the assessed 
producer. The grade is dependent on which percentile in the relevant field the company is placed in.  
The trend function (figure 1) exemplifies the use of the MSI-type of data comparison. By comparing a 
company’s emissions to the trend function, the percentile it places in can be calculated. The trend 
function must have a reasonably good fit to the dataset. This is determined by the R-squared value which 
should be ≥0.97. In order to achieve this, the dataset may be divided into segments, each with their own 
trend function fitted to the segment.  
 

 
Figure 1 – CO2-equivalent emissions of Molybdenum producers and score based on trend function  
In Figure 1 score is plotted against kilograms of CO2-equivalent emissions per produced kilogram of 
molybdenum. The trend function was constructed using the MATLAB® curve fitting tool on a quasi-
randomly generated data set based on the CO2-equivalent emissions of Freeport-McMoRans 2014 
molybdenum production [24].  
4.3.3 Years of Meeting Pass/Fail Criteria 
In order to properly grade indicators based on a pass-or-fail measurement a system of reliability will be 
used. To achieve a top score the company must achieve a passing grade for several consecutive reporting 
periods. The amount of years of compliance required for the different grades should be based on the 
average management cycle (ca 5 years) to reward hard working companies for their improvement.  
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4.4 Weighing  
Currently, there is no scientific consensus regarding weighing of impact indicators against each other. 
Due to this there is no weighing model capable of impartial judgement. This has caused the industry to 
use highly varying methods for weighing their impact indicators. Weighing is primarily done on a case-
by-case basis. The most prevalent model for deciding on weighing factors between specific impact 
indicators is through panel discussion, often featuring experts in the relevant fields of study [16]. In 
political contexts the use of distance-to-target methods is prevalent.  
No set method for weighing is part of this mode as there is currently no suitable standard for weighing 
models. However, a number of recommendations are made. The weighing model used should be 
decided on a case-by-case basis and should therefore be decided on by the assessing entity. As such, any 
suggestion made here may be disregarded in favor of individual preference. The suggestions made here 
are meant to form a basis for weighing that may be used by assessing entities which do not have the 
capabilities to formulate their own weighing factors, or require guidance in doing so.  
4.4.1 Questionnaires and Panel Discussion 
A basis for weighing can be derived from the opinions held by management, stakeholders, and experts. 
This can be done via either panel discussion or by issuing a questionnaire. A frequently used rendition 
of such an approach is to quantify the individual importance of indicators by the allocation of a set 
number of points. The impact indicator with the highest average amount of points should be considered 
the most important. Internal weighing of the impact indicators is then done by comparing the calculated 
importance. An alternative method is to rank all the impact indicators in order of importance. This 
forces the evaluator to make a value judgement regarding the relative importance of impact indicators, 
as no two indicators can be ranked as equally important.   
4.4.2 Distance-to-target Weighing 
When using a distance-to-target approach, the issue that is the furthest from stated goals or closest to a 
critical load is considered the most important. This type of method emphasizes making improvements 
to the areas which require it the most. Furthermore, it makes for an assessment with low reliance on 
non-public data, due to stated goals being formulated within the public sphere. However, a distance-to-
target approach is not suitable for assessing impact indicators which are not independent of each other 
[21]. Since the impact indicators suggested in this report are independent of each other this does not 
pose a problem. 
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5. Discussion 
This report has reviewed contemporary assessment models and their applicability to the assessment of 
ores and metals. Advisable aspects and procedures have been recommended for the use in such 
assessments. Supposing the utilization of the recommended aspects and procedures, a number of issues 
must be considered.  
This report aims to produce a sustainability assessment model. In order to achieve this goal certain 
delimitations had to be made. In choosing only to study aspects of sustainability assessment applicable 
to the procurement of ores and metals many issues were omitted from this study. Examples of this are 
impact indicators such as biodiversity, and the large scope of full LCAs. Additionally, the assessment 
should ideally be possible to carry out without the compliance of the assessed organization. Because of 
this, aspects of sustainability assessment that require such compliance have been omitted. An example 
of this is process specific evaluation. Furthermore, only the primary production of metals is considered 
and all aspects of recycling and secondary production of metals are omitted. 
The designed model was constructed to adhere to criteria for a useful assessment model set in this 
report. Because of this it has inherent strengths and weaknesses. Firstly, the model is generally based 
on data which neither dictates what levels of emissions should be considered acceptable, nor what levels 
of emissions should be considered first-rate. This restricts any assessment made with the model to a 
comparative assessment. As such, any grading done will be relative to the performance of other 
organizations in the investigated field. A grade given by this model will only display whether the 
assessed entity is more or less sustainable than other organizations within the same field. Due to this, a 
producer whose emissions cause severe damage to the environment may still receive a positive grade if 
the other producers within the same field have comparable or even worse performance. Moreover, this 
approach to grading does not incentivize making improvements for the upper echelon of assessed 
organizations, since their own performance dictates the upper end of the grading spectrum. The model 
was designed in this way because of the scarcity of data which may dictate what should be considered 
acceptable and what should be considered first-rate. Additionally, this design allows for a lower reliance 
on data quality, as data dictating the upper and lower ends of the performance spectrum would need to 
be both exact and highly creditable.  Through the usage of pass-or-fail grading for certain indicators 
great emphasis may be placed on the practice of no transgressions.  
The impact indicators chosen are few in number. This restriction, in combination with the type of 
indicators chosen, gives the model a low reliance on non-public data. The model solely features well 
established and often reported on indicators. Data required to measure these impact indicators is 
customarily public. The low number of impact indicators used is both a blessing and a curse. On one 
hand it provides ease of use and a more equal reporting for all parties. But on the other hand some 
indicators of great importance to a specific field may be missed. Despite of this the chosen indicators 
were found to span most of the relevant data for the ores and metals industry. Furthermore, the 
indicators were chosen based on their quantifiability and a high degree of comparability.  
In order to ensure credibility, ease of use, and accurate measurements, the measurement methods were 
primarily chosen to be established methods. By choosing methods already widely in use, little-to-no 
transition in measurement practices is required for most organizations. The standardization of 
measurement practices makes for reliable and comparable measurements. As the different impact 
indicators are often inherently different and must, thus, be measured in completely different manners, 
established measurement methods were not available for all impact indicators. Because of this, some 
measurement methods had to be devised to measure the impact indicators without established 
measurement methods. This resulted in a specified measurement method for every impact indicator.  
The weighing of the graded impact indicators is an inherently subjective procedure. By choosing to 
permit idiosyncratic weighing factors and practices, this fact is affirmed. In issuing recommendations 
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rather than strict rules no restriction is placed on the potential users of the proposed model. A potential 
user who disagrees with established weighing factors may create their own and still use the model as a 
whole. 
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6. Conclusion 
The proposed sustainability assessment model is applicable to the procurement of ores and metals, and 
features a system for value judgement with a low reliance on non-public data. The impact indicators 
used in the assessment model are spread in three categories: environmental, social and economic.  
These indicators will be measured and graded in different ways. Besides, two weighing approaches have 
been suggested as supplementary to this sustainability assessment model. 
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7. Future Work 
The following areas of study should be considered for future work, since doing so would further the 
development of sustainability assessment. 

 Performance associated with BAT – If performance data for BAT was available the need for 
making solely comparative studies would decrease substantially. If the IPPC Bureau’s Best 
available techniques Reference document were expanded to include further process specific 
data process specific evaluations would be possible 

 Assessment of Recycling – To increase the scope of the assessment model an evaluation of the 
sustainability of recycling and secondary metal production needs to be done. This would allow 
for a full LCA of the sustainability of ores and metals. Moreover, the management of limited 
resources and recycling should be taken into consideration 

 Evaluate Improvement – Investigate whether the improvement of companies should be 
treated as a gradable criteria, and how that would affect the company’s development work 

 Performance data – The creation of aggregate datasets over industry sectors would expedite 
sustainability assessment  

 Evaluation of industry practice and needs – To create a useful assessment model the needs 
and interests of the industry must be evaluated to a higher degree 

 Weighing methods – further work must be invested into calculating the weighing factors on a 
more scientific basis, especially in the area of environmental sustainability 

 True Sustainability – In order to create an assessment model of what is truly sustainable the 
definition of sustainability needs to be updated. By deciding what emission levels are the 
planetary limits a true definition of what is sustainable can be set. This work is a long way 
down the line, but will be necessary  in the future   
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Appendix 
Quasi-random dataset generated using MATLAB® used for MSI data comparison.  

Plant Mo produced (kg) CO2Emissions (kg)  CH4Emissions (kg) CO2-eq per Mo 
(kg/kg) 

1 20196,2 1003003,1 56,7 49,7 
2 20925,9 1001950,5 15,6 47,9 
3 20624,8 1000039,6 221,5 48,8 
4 20005,8 1018211,6 296,9 51,3 
5 24394,1 1005893,0 120,5 41,4 
6 20405,5 1014110,1 596,0 50,4 
7 20890,7 1014996,0 77,0 48,7 
8 22851,7 1005244,2 584,6 44,6 
9 20613,9 1000269,7 405,9 49,0 
10 24097,0 1000551,3 452,8 42,0 
11 24679,0 1022683,3 338,9 41,8 
12 21942,8 1027084,6 840,7 47,8 
13 20760,5 1020816,4 378,2 49,6 
14 21077,6 1000001,4 524,6 48,1 
15 22863,7 1003586,3 436,3 44,4 
16 20941,0 1035095,0 1376,3 51,1 
17 22682,4 1009476,7 960,5 45,6 
18 24315,1 1003088,6 1781,5 43,1 
19 20641,0 1032362,7 62,0 50,1 
20 22203,9 1025071,8 1288,7 47,6 
21 20601,5 1041550,0 1140,9 51,9 
22 21390,6 1015701,0 2014,0 49,8 
23 38448,1 1011165,3 1018,3 27,0 
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24 22332,6 1000149,9 1809,1 46,8 
25 20435,3 1006334,0 989,7 50,5 
26 40387,8 1000023,0 2194,6 26,1 
27 22240,6 1003256,5 1318,6 46,6 
28 34881,8 1002172,3 605,6 29,2 
29 47643,6 1018951,9 882,8 21,9 
30 48093,5 1043969,1 570,1 22,0 
31 20000,1 1028206,7 2690,0 54,8 
32 20447,9 1000086,1 1914,2 51,2 
33 32051,4 1015320,9 24,8 31,7 
34 36137,4 1052184,4 2970,0 31,2 
35 20449,1 1007437,7 846,8 50,3 
36 31303,0 1022526,1 1082,9 33,5 
37 43570,1 1038506,7 2890,0 25,5 
38 24684,3 1000181,7 2693,1 43,2 
39 58450,4 1001648,6 442,9 17,3 
40 53333,7 1014672,6 3407,2 20,6 
41 46894,4 1002233,4 1013,5 21,9 
42 20123,3 1024032,8 3264,4 54,9 
43 31231,0 1000050,5 4258,7 35,4 
44 31041,4 1007311,3 765,1 33,1 
45 37613,9 1022189,4 3379,4 29,4 
46 21084,1 1008633,7 662,2 48,6 
47 54006,1 1007826,1 1293,4 19,3 
48 20001,7 1044552,7 2387,6 55,2 
49 34174,5 1053094,2 3541,9 33,4 
50 42316,9 1002261,3 2752,5 25,3 
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51 66989,4 1025369,3 4123,7 16,8 
52 70403,8 1056597,2 1112,0 15,4 
53 20063,6 1014815,9 73,1 50,7 
54 32117,7 1066487,2 1344,3 34,3 
55 28212,7 1013804,1 4569,9 40,0 
56 58082,4 1015356,3 2131,1 18,4 
57 68862,3 1041437,2 4204,5 16,6 
58 72005,7 1019816,4 4592,9 15,8 
59 32063,2 1055391,7 2303,5 34,7 
60 52712,0 1073852,5 3139,8 21,9 
61 31274,5 1003351,7 1972,7 33,7 
62 20762,1 1011085,2 2045,4 51,2 
63 27373,3 1052995,7 3349,6 41,5 
64 37380,4 1047964,4 769,7 28,5 
65 45427,2 1009688,0 2175,0 23,4 
66 41792,2 1060636,9 1310,5 26,2 
67 50296,8 1066571,5 1334,4 21,9 
68 26050,2 1020329,6 6051,3 45,0 
69 37347,7 1006373,4 3684,3 29,4 
70 43083,4 1014257,3 103,3 23,6 
71 55065,4 1021637,7 2707,0 19,8 
72 20303,6 1010910,3 1686,6 51,9 
73 23023,2 1056581,6 2872,1 49,0 
74 20212,4 1012100,3 5735,0 57,2 
75 22049,2 1072065,7 2394,0 51,3 
76 28265,4 1003636,4 5830,8 40,7 
77 20377,0 1079199,7 1218,2 54,5 
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78 26400,0 1041698,8 1101,0 40,5 
79 40716,4 1046246,4 7337,9 30,2 
80 62878,1 1050291,1 3258,6 18,0 
81 24645,9 1024415,7 1774,5 43,4 
82 78188,6 1039796,6 6693,1 15,4 
83 72310,1 1020048,4 2569,1 15,0 
84 59712,3 1089257,3 6467,4 20,9 
85 78497,4 1045964,6 5060,4 14,9 
86 68746,5 1022881,1 7440,1 17,6 
87 20402,6 1087498,4 859,2 54,4 
88 46328,2 1015233,0 942,0 22,4 
89 66673,1 1035528,9 6968,4 18,1 
90 48895,3 1062446,0 5191,0 24,4 
91 101098,4 1072444,9 4619,2 11,8 
92 77246,3 1021462,1 7625,0 15,7 
93 29671,5 1091890,7 2587,4 39,0 
94 20498,6 1054714,5 7813,2 61,0 
95 100817,2 1010423,7 7638,7 11,9 
96 47812,5 1021030,5 7879,2 25,5 
97 107894,2 1000573,0 6874,1 10,9 
98 25408,7 1015751,8 2627,6 42,6 
99 88614,8 1098580,3 6432,5 14,2 
100 69555,0 1086918,9 6876,5 18,1 
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