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ABSTRACT 

 

Mining is an important economic activity in many developed and developing countries and has 

the potential to shape and affect economies directly and indirectly. Zambia is regarded as a 

mining country because of the contribution of mining to its exports, domestic markets, 

employment, and opportunities for economic growth and diversification. Zambia produces 5 

percent of the world‟s copper production and it has been generally increasing since 2000. The 

increased production has led to quick depletion of ore reserves. The depletion of copper ore 

reserves would seriously threaten economic growth and stability. The copper resources available 

to existing mines in Zambia are estimated at 2.8 billion tonnes of ore ranging between 0.6 and 

4.0 percent copper. In addition, Zambia has potentially recoverable ores estimated at 1.6 billion 

tonnes ranging between 0.4 and 0.5% copper. In Zambia, economically recoverable copper 

deposits are those with grades more than 0.5% for surface mining and more than 1.5 percent for 

underground mining. In countries like Chile, Australia, and Canada, deposits at 0.4 percent and 

1.0 percent are economically extracted by surface and underground mining respectively. Because 

copper mining industry is an important economic activity for Zambia,  there is need to 

investigate possibilities of economically mining marginal copper ore reserves. The purpose of 

this research is therefore to investigate, analyse and determine Zambia‟s potential for mining low 

grade copper deposits. If economically mineable, the low-grade deposits will increase copper 

reserves from 2.8 billion to 4.4 billion tonnes. The additional resources would prolong mining 

for approximately 30 years. 

 

In order to determine techno-economic potential for mining Zambia‟s low grade copper deposits, 

the study had to review the existing data on low grade deposit through literature survey. The 

mineral resources classification and codes of reporting systems were evaluated and it was 

revealed that Zambia has not developed a code for the reporting of exploration results, mineral 

resources and mineral reserves. It is therefore recommended to employ modified United Nations 

Framework Classification (UNFC) to develop a Zambia‟s code. The study also analysed macro-

environmental factors affecting Zambia‟s potential for mining low grade copper ore deposits. 

PESTLE and SWOT analysis were used to evaluate the external and internal macro 

environmental factors. A more accurate multi-criteria decision making model for PESTLE 

analysis was developed and applied. The results indicate that the level of the macro environment 

is moderately favorable to mining of low grade copper ore deposits at the current situation. If 

Zambia has to attract credible investors in the mining sector, the country has to improve its 

macro-environment level. This can be achieved by addressing the country‟s weaknesses 

identified in the SWOT analysis.  

 

Kakosa South low grade copper ore deposit was selected as a case study. Kakosa is located about 

450km northwest of Lusaka, the capital city of Zambia. In Kakosa area, the footwall aquifer 

rocks comprising sandstone and conglomerates are thin and as such are not expected to represent 
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major aquifers while mining. Copper mineralisation occurs in the Hangingwall Quartzite (HWQ) 

and Oreshale. The orebody generally dips at shallow angles of 25
0
 to 35

0
. Based on UNFC, this 

study classified the Kakosa South copper deposit as G1.2; F2.0 and E3.0 translating into 

measured resources with possibility of qualifying into probable mineral reserves. The 

classification of rock mass was based on RQD, Q-System and RMR. From the drill-hole raw 

data, geological resource and block models were developed and the resource estimation was 

determined.  

 

In order to recommend a suitable mining system, different approaches which have been 

developed by various researchers were reviewed. After the review, Technique for Order 

Preference to Ideal Solution (TOPSIS) was modified and Fuzzy TOPSIS model was developed. 

The FTOPSIS model was used to select the suitable mining methods for Kakosa South copper 

ore deposit. The results indicated the open pit mining method as the optimal method followed by 

sublevel stoping and cut and fill. Thereafter, the mining systems were designed, including  open 

pit designing, determination of stripping sequence, and production scheduling. It was revealed 

that although Kakosa South deposit depth is suitable for open pit mining, its geometric shape 

allows high stripping ratio. It was therefore necessary to find a way of  reducing the amount of 

waste to be stripped. Considering the overall stripping ratio for the final open pit which is 

appropriately 1:16, it is proposed to extract the deposit by both open pit and underground 

mining. Sublevel stoping was recommended for underground mining. 

 

Based on the recommended ore mining methods and the estimated mining parameters, an 

economic analysis was carried out using DCF Model. DCF model applies Net Present Value 

(NPV) and Internal Rate of Return (IRR) in the evaluation. The results showed a negative NPV 

of US$102.1m and a negative IRR of 9.93%, meaning that the Kakosa South mining project is 

not viable with the current macro-environment. Because of the negative NPV, it was necessary to 

consider logical options to create a level of flexibility in the decision making of whether to 

abandon or defer the Kakosa mining project. The ROV model was applied and taking into 

consideration modifying and macro-environmental factors, the NPV and IRR were recalculated 

and results showed a positive NPV of US$4,579 and a positive IRR of 12.08%. The results 

indicated that Kakosa South mining project can be viable. It is concluded therefore that if 

Zambia addreses its weaknesses and improves its PESTLE factors indeces, coupled with the 

projected high copper price, the macro-environment would be conducive resulting in positive 

gross option value and it would be an opportune time to invest and commence mining of low 

grade copper ore deposits. Zambia has therefore, the potential of economically mining Kakosa 

and other similar low grade copper deposits. 

 

Keywords: Mining, low copper grade, economic potential 
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CHAPTER I 

 

INTRODUCTION 

 

1.1 Chapter overview 

 

This chapter presents an overview of mining as an important economic activity. Mining is a 

process of extracting different mineral ores from the earth. This research study therefore, focuses 

on extraction of low grade copper ore deposits. This chapter describes the types of copper 

deposits and global copper reserves. It highlights the anticipated high global demand for copper 

resulting in deficit in supply justifying the decision to research into techno-economic potential of 

mining low grade copper ore deposits. The research is particularly significant to mining countries 

like Zambia. Since the commencement of commercial mining in 1902, Zambia‟s economy has 

been dependent on mining copper. Copper production in Zambia has increased from 568,000 in 

1960 to about 800,000 tonnes in 2018. Because of high production, copper ore reserves have 

been depleting rapidly compelling the author to research on ways of economically mining low 

grade copper deposits. The primary research question is, “Can low grade copper deposit be 

mined cost-effectively and contribute to socio-economic development of Zambia? This chapter 

therefore outlines the research proposal framework including statement of the problem, purpose 

of the research, research objectives, significance of the research study and research methodology. 

For this study to be meaningful, it was decided to carry out a field study at a low grade copper 

deposit. Through contacts with Konkola Copper Mines (KCM) Plc, it was agreed to carry out 

research work at Kakosa copper deposit. This chapter also describes the general geology of the 

study area. Finally, a preview of the structure of the thesis is given at the end of the chapter to 

show how the various components of the research are related. 

 

1.2 Background 

 

Mining is an important economic activity in many developed and developing countries and has 

the potential to shape and affect economies directly and indirectly. Mining creates employment, 
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revenues, and opportunities for economic growth and diversification. The Geneva-based 

International Labour Organization (ILO, 2010) reported that there were 1.5 million people 

employed in the mining sector in developed nations, and 2.2 million in developing/emerging 

nations (Zeballos and Garry, 2010). In addition, artisanal and small-scale mining employs an 

estimated 25 million people worldwide and indirectly supports more than 150 million people 

(Hruschka and Echavarria, 2011). Mining takes place in more than 100 countries, with more than 

50 regarded by the World Bank as "mining countries" because of the importance of mining to 

their exports, domestic markets, or to employment (World Bank and International Finance 

Corporation, 2002). For example, in Canada mining contributed US$57 billion to the country‟s 

Gross Domestic Product (GDP) in 2014 and employed approximately 375,000 people. The 

industry accounted for 18.2 percent of the value of Canadian goods exports (Canadian Institute 

of Mining, 2015).  

 

Generically, mining is a process of extracting mineral fuels, nonmetallic and metallic ores from 

the earth. Metallic ores include ferrous and base metals. The base metals include lead, zinc, tin 

and copper. This research study focuses specifically on copper mining with reference to Zambia. 

 

1.3 Copper mining 

 

1.3.1 Types of copper deposits 

 

Copper occurs in many forms, but the circumstances that control how, when, and where it is 

deposited are highly variable. As a result, copper occurs in many different minerals. A copper 

ore deposit is a localized zone in the earth‟s crust that contains copper-bearing minerals in 

unusually large quantities. On average, the continental crust contains about 0.0058 percent 

copper, or 58 parts per million (United Nations Industrial Development Organization [UN IDO], 

1987). A deposit of copper-bearing minerals is classed as an ore reserve if there are sufficient 

quantities and concentrations of minerals to be extracted at a profit.  

 

Copper deposits are broadly classified on the basis of how the deposits were formed. Porphyry 

copper deposits, which are associated with igneous intrusions, yield about two-thirds of the 

http://www.miningfacts.org/Communities/What-is-Artisanal-and-Small-Scale-Mining/
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world's copper and are therefore the world's most important type of copper deposits. Large 

copper deposits of this type are found in mountainous regions of western North and South 

America. Another important type of copper deposit is the type contained in sedimentary rocks 

which accounts for approximately one-fourth of the world's identified copper resources. These 

deposits occur in such areas as the Central African copperbelt and the Zechstein basin of Eastern 

Europe (UN IDO, 1987). Copper ores are generally oxides or sulphides. Copper ore bodies are 

formed by a variety of geological processes. The process of ore formation is called ore genesis. 

Zambian copper ore bodies are mainly contained in sedimentary rocks. 

 

1.3.2 Copper reserves 

 

Copper reserves data are dynamic. Reserves may be reduced as ore is mined and/or the 

extraction feasibility diminishes, or they may continue to increase as additional deposits (known 

or recently discovered) are developed, or currently exploited deposits are more thoroughly 

explored and/or new technology or economic variables improve their economic feasibility. The 

amount of perceived copper reserves in an ore deposit is a function of copper price, mining 

technology, extraction and processing costs. 

 

Copper reserves may be considered as a working inventory of mining companies‟ supply of an 

economically extractable copper ore deposit. As such, the magnitude of that inventory is 

necessarily limited by many considerations, including cost of exploration, taxes, mining policies, 

and copper price. Reserves will be developed to the point of business needs and geologic 

limitations of economic ore grade and tonnage. Ore grade is the concentration of copper while 

the cut-off grade is the level below which copper within an ore-body does not contain sufficient 

value to economically justify processing into a final salable form. Determination of optimum cut-

off grade is important in estimation of reserve base. The initial mine cut-off grade is estimated or 

chosen during a mining feasibility study, but is subject to change due to improved mining 

technology (ore extraction and processing methods) and the price of copper, thus the lower the 

cut-off grade, the higher the reserves. 
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Because of improved mining technology, the extraction grade of copper ore has been decreasing, 

thereby increasing the copper ore reserves as indicated in Figure 1.1. 

 

 
 

Figure 1.1: Copper reserves and extraction copper grades from 1960 to 2015 (Biello, 2014). 

 

The United States Geological Survey reported a total reserve base of copper in potentially 

recoverable ores of 2.1 billion tonnes of which 720 million tonnes was considered economically 

recoverable (Biello, 2014). 

 

The United Nations Industrial Department Organisation (2005) reported a total reserve base of 

copper in potentially recoverable ores of 1.6 billion tonnes, of which 950 million tonnes was 

considered economically recoverable. In 2015, The United Nations Industrial Department 

Organisation (UN IDO) estimated global potentially recoverable ore of 3.1 billion tonnes of 

which about 1.86 billion tonnes was considered economically recoverable. This clearly shows 

that more than 40 percent of the copper reserves are in unrecoverable ores which are classified as 

sub-economical or economically potential low grade copper resources. Copper ore reserves 

distribution is indicated in Figure 1.2. 
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Figure 1.2: Distribution of copper ore reserves showing the percentage of reserves per country 

(The United Nations Industrial Department Organisation, 2005) 

 

1.3.3 Global importance of copper 

 

Copper has been useful since pre-historic tools that helped lift humanity out of the Stone Age 

and into the Copper Age (The United Nations Industrial Department Organisation, 2005). 

Copper was first used in coins and ornaments starting about 8000 B.C. By 3000 B.C., copper 

was being mixed with tin and other metals to create the alloy bronze. The excellent alloying 

properties of copper have made it invaluable when combined with other metals, such as zinc (to 

form brass), tin (to form bronze), or nickel. These alloys have desirable characteristics and, 

depending on their composition, are developed for highly specialised applications. 

 

Rare minerals like copper are critical to the country‟s economy, green energy and technology. 

Copper plays a pivotal role in people‟s lives; the modern lives require an enormous amount of 

copper (The United Nations Industrial Department Organisation, 2005). Copper is used in 

housing, transportation, electrical and consumer products. Copper is used in diverse ways in 

many areas of life and many technologies depend on copper and is an integral part of the modern 

civilisation. 
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Although copper is not the largest base-metal market (aluminum market is significantly larger), 

nor the most valuable of the primary base metals (nickel is worth several times more per 

kilogram), it is still arguably the most important base metal (Hamilton, 2009) and an effective 

economic indicator. For decades, copper has served as an effective barometer of the economic 

growth of a country or region. The amount of copper used can gauge a realistic prognosis of an 

area‟s economic vitality. This is because copper is such a greatly relied upon, highly valued and 

widely utilized metallic element within every aspect of any society undergoing a rapid growth 

phase, and process of advancing toward a more modern technology, whether in construction 

projects, infrastructure renewal, telecommunications modifications, medical and mining 

operations. 

 

1.3.4 Global copper supply and demand 

 

The world's production (supply) and consumption (demand) of copper have increased 

dramatically since 1995 (World Bank, 2016)). Since large developing countries entered the 

global market, the demand for copper has increased as indicated in Figure 1.3. 

 

 
 

Figure 1.3: Global copper production and demand from 1995 to 2020 (World Bank, 2017) 

                 Production 

 

      Demand 
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1.3.4.1  Copper supply 

 

In the long-term (2015 to 2035), copper is going to become increasingly expensive and hard to 

mine (International Copper Study Group, 2012). The production challenges faced by the major 

copper producers [Figure 1.4] could further exacerbate that problem. Rio Tinto, currently one of 

the copper major supplier noted that “supply growth will continue to be challenged” because of 

the following factors (International Copper Study Group, 2017): 

 An increasing proportion of potential new supply is located in riskier countries like Central 

African Republic, Democratic Republic of Congo, Afghanistan, Venezuela, and South Sudan 

(Resilience Index Annual Report, 2016) 

 More challenging environments subject to a lack of infrastructure imply an increase in the 

capital intensity of new projects 

 Recent supply has continued to underperform, with decreasing grades and disruptions 

impacting production 

 Major causes of supply disruption will continue, including technical complexity, project 

delays, and labour strikes 

 Production line problems will increase because of low copper ore grade. 

 Mines with low-production costs are quickly being depleted. 

 

The International Copper Study Group (ICSG, 2017) has also indicated that the average grade of 

new copper discoveries has decreased from 1.6 percent in 1990 to around 1.2 percent in 2016 

and is expected to fall to 1 percent by 2025 while the copper demand will rise slightly to more 

than 2 percent a year on average through 2020, probably catching up with production. According 

to ICSG (2012), the deficit will then widen as no new mines would come on stream, possibly 

creating a 500,000-tonnes deficit by 2020.  
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Figure 1.4: Copper world production showing the percentage per country (The International 

Copper Study Group, 2012) 

 

1.3.4.2  Copper demand  

 

The qualities of copper that have made it the material of choice for a variety of domestic, 

industrial, and high-technology applications have resulted in a steady rise in global copper 

consumption. United States Geological Survey (USGS, 2012), studies of copper consumption 

show some interesting trends for the 1990 to 2012 time period. Copper consumption in emerging 

economies, such as China and India, rose considerably, whereas the consumption rate in the 

United States fell slightly. Until 2002, the United States was the leading copper consumer and 

annually used about 16 percent of total world refined copper (about 2.4 million tonnes). In 2002, 

the United States was overtaken by China as the world's leading user of refined copper. The 

booming economy in China contributed to a quadrupling of its annual refined copper 

consumption during the 12 years from 2000 to 2012 [Figures 1.5], and in terms of consumption 

the world percentage stands at 36 percent [Figure 1.6].  
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Figure 1.5: Copper consumption trends from 1990 to 2012 (United States Geological Survey, 

2012) 

 

 

 

Figure 1.6: Percentage of copper consumption by geography (The International Copper Study 

Group, 2012) 
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Currently, global copper demand is growing by about 575,000 tonnes annually (USGS, 2012). 

Yale University (2016) has estimated that by 2100, global demand for copper will outstrip the 

amount extractable from the ground, as emerging nations continue their pursuit of modern 

lifestyles for billions of citizens, increases in copper demand are set to continue for decades to 

come. 

 

1.4 Copper mining in Zambia 

 

Zambia is regarded as a mining country because of the contribution of mining to its exports, 

domestic markets, employment, and opportunities for economic growth and diversification 

(World Bank and International Finance Corporation, 2016). All industries create spillover 

effects, known as multipliers, but the mining sector in Zambia generally creates a higher 

multiplier effect than other sectors. For example, the formal mining industry in Zambia, not only 

creates mining jobs but also generates indirect and induced employment by stimulating demand 

for goods and services and by fostering businesses which exist because of the presence of the 

mines. 

 

The economic report on Africa (World Bank, 2017) revealed that Zambia has available copper 

resources to existing mines estimated at 2.8 billion tonnes of ore ranging between 0.6 and 4 

percent copper. In additional, Zambia has potentially recoverable ores estimated at 1.6 billion 

ranging between 0.4 and 0.6 percent copper. Zambia has a potential reserve base of 45 million 

tonnes of copper.  

 

1.4.1 Copper production in Zambia 

 

Zambia is currently second to the Democratic Republic of the Congo, in terms of copper 

production in Africa. Zambia produces 5 percent of the world‟s copper production (World Bank, 

2017). Although copper production was affected by low copper prices and privatization of the 

mines in the 1990s, production has been increasing since 2000, as shown in Figure 1.7.  Owing 

to the increase in copper production, the projected lifespan of the industry will be shortened from 

60 years, as reported by the World Bank (2017). 
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Figure 1.7: Zambia‟s copper production in tonnes from 1985 to 2017 (World Bank, 2017). 

 

1.4.2 Importance of copper mining in Zambia 

 

Copper mining in Zambia has been an important activity since 1902 and has been a principal 

catalyser of industrial, social, and infrastructure development (Zambia Development Agency, 

2016). Copper accounts for 12 percent of the country‟s gross domestic product (GDP) and 75 

percent of total export value, as shown in Figure 1.8. The sector is also a significant source of 

formal employment, accounting for 1.4 percent of the employed population (Central Statistical 

Office, 2016). 
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Figure 1.8: Sector contributions to Zambia‟s total export value (Zambia Development Agency, 

2016). 

 

1.5 Statement of the problem 

 

In Zambia, economically recoverable copper deposits are those with grades more than 0.5 

percent for surface mining and more than 1.5 percent for underground mining. In countries such 

as Chile, Australia, and Canada, deposits at 0.4 percent and 1.0 percent are economically 

extracted by surface and underground mining respectively. Because copper mining industry is an 

important economic activity for Zambia, and that the country will continue depending on copper, 

there is need to investigate possibilities of economically mining marginal or sub-economic 

potential copper ore reserves. It has also become acceptable that future copper ore reserve of 

lower grade would play a vital role in mitigating the gap between supply and demand of copper 

(World, 2017). This research study therefore, will investigate the techno-economic potential of 

mining low grade copper ore deposits in Zambia. If economically mineable, the low-grade 

deposits would increase copper reserves from 2.8 billion to 4.4 billion tonnes. The additional 

resources would prolong mining in Zambia by approximately 30 years. 
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1.6 Justification  

 

Copper reserves are depletable resources, and hence with time, the mining industry in Zambia 

would cease due to recoverable copper reserves becoming exhausted. It is therefore imperative 

for Zambia to unlock more reserves and prolong the copper mining industry; to continue 

maintaining its position as the second largest copper producer in Africa, and the seventh largest 

in the world. 

 

1.6.1 Copper supply gap 

 

Globally, 22.5 million tonnes of copper reserves are being depleted annually, which is likely to 

result in copper shortage. Brown (2008) suggested that the world would experience critical 

copper supply gap within 25 years, based on what was considered a reasonable extrapolation of 2 

percent growth per year.
 
 Graedel (2014) calculated that by the year 2100, global demand for 

copper will outstrip the amount extractable from the ground. Brown‟s (2008) and Graedel‟s 

(2014) predictions are in line with the International Copper Study Group (ICSG, 2017), which 

showed that world refined copper balance projections indicate a deficit of about 170,000 for the 

year 2018, and the world copper production forecast indicated that beyond 2019, the supply gap 

would start widening as the demand for copper would be higher than copper production as 

indicated in Figures 1.9 (World Bank, 2017).  

 

 

Figure 1.9: Copper production demand and supply gap from 2017 to 2035 (World Bank, 2017). 
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The depletion of copper ore reserves would seriously threaten economic growth and stability for 

copper mining countries like Zambia. It has been predicted by the World Bank (2016) that the 

shortage will trigger a copper price increase, as indicated in Figure 1.10. The projected high 

copper price should be considered as an opportunity for Zambia‟s potential for mining low-grade 

copper ore deposits.  

 

 
Figure 1.10: Copper price projection from 2016 to 2025 (World Bank, 2016). 

 

1.7 Purpose of the research 

 

The purpose of this research study is designed from the statement of the problem as indicated in 

Figure 1.11. The purpose is formulated as a declarative statement that proposed what to 

investigate. 
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Figure 1.11: Showing the sequence of formulation of research proposal 

 

The purpose of this research is therefore to investigate, analyse and determine techno-economic 

potential of mining low grade copper deposits in Zambia with specific reference to Kakosa South 

deposit. If technical and economic factors are favourable, and an appropriate mining system is 

devised to economically exploit low grade copper ore deposits, it would result in: 

 

 Increased copper ore reserves; 

 Sustainability of the mining industry; 

 Higher copper production; 

 Economic growth, and 

 Contribute to socio-economic development. 

 

1.8 Research objectives 

 

The objectives were carefully developed as active statements on how the study would achieve 

the intended research outcomes. In turn the objectives determined the kind of questions and 

approaches to be used in data collection and analysis. 
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The main research objective therefore is to determine Zambia‟s potential for mining low grade 

copper ore deposits. The main objective would be attained by achieving the following six (6) 

sub-objectives:  

  

 To review frameworks and classifications of mineral resources and codes of reporting 

systems; 

 To analyse macro environmental factors affecting  Zambian mining industry; 

 To evaluate technical characteristics of Kakosa South copper ore deposit; 

 To select optimal extraction methods; 

 To design extraction systems for Kakosa South deposit, and 

 To analyse economic potential for mining low grade copper deposits. 

 

1.9 Research questions 

 

The primary question for this research is: 

 

How can technical and economic factors affecting mining of low grade copper ore deposits be 

analysed and applied in the designing of suitable mining system? To realise research sub-

objectives, the following secondary research questions are considered in this study: 

 

 Is there suitable classification framework of mineral resources to be used in Zambia? 

 What is the level of macro environment in Zambia? 

 What geological and technical parameters can be considered in evaluation of 

characteristics of Kakosa South deposit? 

 What suitable mining system can be employed to economically mine Kakosa South 

copper ore deposit? 

 What extraction system can be applied for Kakosa deposit? 

 Is there potential for economically mining Zambia‟s low grade copper ore deposits?  

 

Based on the primary research question and the research design of the study, the research 

hypothesis was conceptualised. The hypothesis considered possible outcomes of the study. 
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1.10 Research hypothesis 

 

The fundamental nature of the mining industry has been conservative, traditional and resistance 

to change especially in Africa and in particular Zambia. Productivity statistics have shown that 

the innovation rate of mining industry since 1980 increases by 2.3 percent per year as compared 

to other high-tech manufacturing sector which increases about 9.5 percent per year (Bartos, 

2007) as indicated in Figure 1.12. If this scenario can change and the mining industry start 

applying new mining technologies and innovations which have potential of increasing 

effectiveness and productivity, marginally economic resources can potentially be reserves. If 

Zambia can improve its macro environment level and with favourable mining modifying factors, 

the country has the potential for extraction of low grade copper deposits economically.  

 

 

 

 

Figure 1.12: Index of output per hour in high-tech manufacturing, total manufacturing and 

mining (Bartos, 2007). 
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1.11 Significance of the research study 

 

Classification of mineral resources and reserves depends on the level of geological knowledge, 

confidence of exploration information and consideration of the modifying factors which include 

mining and metallurgical techniques, economic, marketing, legal, environmental, social and 

governmental factors. The modifying factors determine the cut-off grade of minable reserves. 

Currently in Zambia, copper resources below 0.5 percent grade are regarded as sub-economic 

resources and are treated as unrecoverable. If the cut-off grade can be lowered to say 0.4 percent, 

1.6 billion tonnes reserves will be added to the current reserves. The additional reserves would 

prolong the mining life span in Zambia by 30 years and the copper mining industry would 

continue contribution to socio-economic development with the benefits spreading widely. It is 

therefore significant to carry out techno-economic potential for mining Zambia‟s low grade 

copper deposits research study.  

 

1.12 Research approach 

 

The research study was divided into two parts and six sub-objectives as shown in Figure 1.13. 

The development of the research methodology was therefore, based on the research sub 

objectives.  
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Figure 1.13: Research methodology flowchart showing the two parts of the research 

 

In order to achieve the research sub-objectives, the following approach was adopted: 

 

1. To achieve sub-objective 1, a qualitative research was conducted. This involved a detailed 

review of the existing literature on frameworks classification of mineral resources and 

codes of reporting systems. The study applied Universal Resource Locator (URL) as a tool 

to locate literature relevant to the subject. The relevant literature included: 

  

 Description and comparison of definitions of terminologies 

 Identification of merits and limitations of various classification systems 

 Selection of appropriate classification framework to be applied in Zambia and in 

particular for Kakosa deposit. 

 

 

Research methodology 

PART 1: Analysis of Zambia 

potential for mining low 

grade copper ore deposits  

 

PART 2: Case study of 

Kakosa South deposit 

Objective 1 Objective 2 

Qualitative and quantitative 

approaches 
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Qualitative and 

quantitative approaches 
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2. To achieve sub-objective 2 

The analysis of the macro environmental factors involved the application of PESTLE and 

SWOT analytical tools and a qualitative approach was initially used. A guided 

questionnaire was developed and the respondents were selectively identified and asked to 

rate PESTLE sub-factors. The results were computed using Excel© spreadsheet. 

 

The second approach involved the development of MCDM model for PESTLE analysis 

and application of DEMATEL software to rate the level of macro environment of Zambia. 

 

3. Methodology for objective 3 involved qualitative and quantitative approaches. 

The evaluation of technical parameters of Kakosa area included review of the existing 

literature mainly from KCM Technical Department and included review of historical work. 

The quantitative approach involved core logging and interpretation of drill holes raw data, 

classification of Kakosa South rock mass and development of geological and block models 

using surpac© software. 

 

4. To realise objective 4; selection of optimal extraction methods, qualitative and quantitative 

approaches were used. Initially the plan involved review of the existing approaches for 

selection of extraction methods, identification of limitations and selection of suitable 

approach.  Because the rock is anisotropic and inhomogeneous, a quantitative approach 

was applied to select optimum methods to be employed to extract Kakosa South deposit. 

Multi-criteria decision making model was developed and decision matrix was created.  

Crisp numbers were converted into fuzzy triangular numbers and formed an input into 

FTOPSIS matrix. Using FDM tool, the ranking of extraction methods was done and 

optimum methods were selected  

 

5. Objective 5, the designing of extraction systems was conducted by using Surpac© and 

Mineable Shape Optimiser software.  

 

6. Objective 6, the economic analysis was achieved by a literature review of the existing 

evaluation techniques and selection of appropriate technique. The evaluation involved the 
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application of software to determine the NPV and IRR, and real options value analysis. 

The following were used: 

 

 Discounted Cash Flow (DCF) model 

 DataDynamica Precision Financial Calculator software 

 

1.13 Scope of the research study 

 

Kakosa South copper deposit of Nchanga Mine in Chililabombwe was proposed as field study 

area for this research.  The area was proposed because it is a good example of low-grade copper 

deposit with the potential to be economically extracted if the technical and economic factors 

were convalesced. Kakosa South has copper resources estimated at 24.72 million tonnes at an 

average total copper grade of 1.17 percent (Konkola Copper Mines, 2016). The resources are 

currently not economically recoverable by underground mining. There are other similar low-

grade copper deposits in Zambia which contain about 1.6 billion tonnes of total resources (World 

Bank, 2017). 

 

The research study included review of mineral resources in Zambia, analysis of macro-

environment, collection of raw data from Kakosa area and analysis of the same using facilities at 

the University of Zambia and Konkola Copper Mines Technical Department. In order to achieve 

sub-objectives 2 and 4, models were developed and applied.    

 

1.14 Location of research study area 

 

Kakosa is located about 450 kilometers northwest of Lusaka, the capital city of Zambia. The 

Kakosa deposit lies about 4.0 km south of Konkola Mine and west of the 

Chingola/Chililabombwe highway as indicated in Figure 1.14. Kakosa copper ore deposit is part 

of Konkola Copper Mines (KCM) situated in the Zambian Copperbelt in the vicinity of the town 

of Chililabombwe. The Konkola mine is situated in Chililabombwe, approximately 26 km north 

of Chingola, and is the most northerly of the KCM‟s Zambian Copperbelt mines. 
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Figure 1.14: Location of research study area showing the coordinates of Kakosa South (Google 

Earth, 2018) 

 

1.15  General geology 

 

Konkola Copper Mines has a number of ore bodies including Nchanga, Chililabombwe, Saddle 

lode, Fitwaola and Kakosa. Konkola mining licence area is part of the Zambian Copperbelt 

which forms part of the Central African Copperbelt. This section therefore looks at the general 

geology of Zambia, the Zambian Copperbelt and Konkola mining area. 

 

1.15.1  General geology of Zambia 

 

The geology of Zambia is characterised by several Precambrian orogenic belts among which are 

the Kibaride, Irumide and Lufilian belts (Woodhead, 2013). Figure 1.15 depicts the general 
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geology of Zambia. The copper, cobalt and uranium deposits in Katanga are more specifically 

constrained in the Lufilian belt. 

 

 

 

Figure 1.15: Map showing general geology of Zambia (Woodhead, 2013) 

 

The outcropping rocks are composed from north to south of Neoproterozoic detrital and 

carbonate formations, magmatic inliers (Domes region, northern Zambia) and metamorphic 

complexes. 

 

These rocks were folded and thrusted during the Lufilian orogeny resulting from the 

amalgamation of the Congo and Kalahari cratons. The lithology in the Lufilian belt, Katanga and 

northern Zambia reveals the presence of a Palaeoproterozoic basement underneath a 

Neoproterozoic cover the Kundelungu Supergroup. Kundelungu Groups constitute the upper and 

lower parts of the Neoproterozoic Katangan Supergroup, and consist of conglomerates, 
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sandstones, mudrocks and carbonates. During deposition, the Katangan basin received sediments 

originating from both northern and southern sources. The Zambian stratigraphic column is 

shown in Figure 1.16. 

 

The Katanga Supergroup is a Neoproterozoic sequence of geological formations found in 

central Africa. The formation has rich stratiform copper-cobalt deposits mined extensively from 

the Central African Copperbelt in Zambia and the Democratic Republic of the Congo. 

 

 

 

Figure 1.16: Zambian stratigraphic column showing Lithostratigraphy (Woodhead, 2013) 

 

The Katanga Supergroup nonconformably overlies the Nchanga Granite (Woodhead, 2013). The 

Katangan Supergroup is divided into four metasedimentary series, from the oldest siliclastic and 

dolomitic Roan Group conglomerates, sandstones, and shales, to Nguba Group of mostly 

carbonates and carbon-rich shales, to the youngest, upper most Kundelungu Group including 

glacial metasediments and a cap carbonate.  The geology of Zambia is characterised by several 

https://en.wikipedia.org/wiki/Neoproterozoic
https://en.wikipedia.org/wiki/Geological_formation
https://en.wikipedia.org/wiki/Africa
https://en.wikipedia.org/w/index.php?title=Stratiform_copper-cobalt&action=edit&redlink=1
https://en.wikipedia.org/wiki/Copperbelt
https://en.wikipedia.org/wiki/Zambia
https://en.wikipedia.org/wiki/Democratic_Republic_of_the_Congo
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Precambrian orogenic belts among which the Kibaride, Irumide, a tectonic breccia separates 

the Mwashia from the Roan group. 

 

1.15.2  General geology of the Zambian Copperbelt 

 

The Zambian Copperbelt accounts for approximately 46 percent of the production and reserves 

of the Central African Copperbelt, the largest and highest grade sediment-hosted stratiform 

copper province known on Earth. Deposits in the Zambian Copperbelt are hosted by the 

Neoproterozoic Katangan Supergroup, a relatively thin (about 5Km) basinal succession of 

predominantly marginal marine and terrestrial metasedimentary rocks that lacks significant 

volumes of igneous rocks (Woodhead, 2013). The stratigraphic architecture of the Katangan 

Supergroup in the Zambian Copperbelt is comparable to that of Phanerozoic rift systems. The 

basal portion of the sequence (Lower Roan Group) contains continental sandstones and 

conglomerates deposited in a series of restricted subbasins controlled by extensional normal 

faults. These largely terrestrial sediments are abruptly overlain by a regionally extensive, 

variably organic rich marginal marine siltstone/shale (Copperbelt Orebody Member, or 'Ore 

Shale') that contains the majority of ore deposits. This horizon is overlain by laterally extensive 

marine carbonates and finer grained clastic rocks that evolved through time into a platformal 

sequence of mixed carbonate and clastic (Upper Roan Group) rocks with abundant evaporitic 

textures, including widespread breccias thought to record the former presence of salt, now 

dissolved. Rocks of the overlying Mwashia and Kundelungu Groups are dominantly shallow 

marine in origin. Figure 1.17 shows the general geology of the Zambian copperbelt and towns. 
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Figure 1.17: Map showing general geology of the Copperbelt (Woodhead, 2013) 

 

The most typical sulphide assemblage in the deposits is chalcopyrite-bornite with subsidiary 

chalcocite and pyrite. The Zambian Copperbelt is unusual among sediment-hosted stratiform 

copper districts in having abundant Co and low Ag, Zn, and Pb. The Cu-Co sulfide carrollite is 

widespread in the district, although cobalt is present in economic quantities in only some 

deposits on the western side of the district. The Zambian Copperbelt also contains ubiquitous, 

but volumetrically minor, Cu-U-Mo-(Au) mineralization in postfolding veins. 

 

1.15.3  General geology of the Konkola mining area 

 

The Konkola section of the Zambian Copperbelt comprises a near continuous, north-west 

aligned, close to 20 km long by 2 to 4Km wide ribbon of ore within the Neoproterozoic Lower 

Roan Subgroup. It extends from the northern margin of the regional 'Kafue Anticline' basement 

block [Figure 1.17], and is down-folded, to emerge again on the rim of the Konkola basement 

dome to the northwest. This mineralised ribbon includes, from south-east to north-west, the fault 

isolated Fitwaola, then Kirila Bombwe South and North (also collectively known as Konkola 

which includes Kakosa), Lubambe (previously Konkola North) and Musoshi as indicated in 

Figures 1.18 and 1.19 (Hitzman et al., 2012). 
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Figure 1.18: Longitudinal section through the Lubambe, Kakosa and Konkola deposits (Hitzman 

et al., 2012) 

 

 

 

Figure 1.19: Geology and mineral deposits of the Konkola mining area (Hitzman et al., 2012). 
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The Lubambe and Musoshi deposits are exposed on the southeastern, eastern and northeastern 

rim of the Konkola Dome (Hitzman et al., 2012). The Kirila Bombwe and down dip extension, 

Konkola Deeps deposits occur to the south-east, on the western margin of the Kirila Bombwe 

anticline, and are located about 20 km to the north-west of the Nchanga group of mines. Kakosa 

and Fitwaola represent an overthrust synclinal enclave within basement and footwall rocks, 6 

kilometers to the south-east of Kirila Bombwe South. 

 

'Kafue Anticline' basement block is locally represented by the WNW trending, 'semi-domal', 

Kirila Bombwe Anticline. Where the Lower Roan Subgroup laps onto and overlies basement 

along the western margin of the latter structure, it hosts the Kirila Bombwe and Fitwaola ore 

deposits. The Konkola Dome is largely composed of Palaeoproterozoic granioids. 

 

At Kirila Bombwe, the Lower Roan Subgroup succession (Selley et al., 2013) from the base 

where it unconformably overlies the Palaeo- to Mesoproterozoic basement complex comprises: 

  

a) Mindola carbonates or clastics formation or footwall formation (Selley et al., 2013) 

basal conglomerate are 0 to 300m thick comprise a matrix-poor conglomerate with 

slightly deformed quartz and quartzite boulders and a matrix of flattened sericite-granite 

boulders and layers of micaceous arenite. 

 

b) Footwall quartzite is 0 to 300m wide and is of light and dark grey meta-arenite, with 

gritty arkose and conglomerate layers. A 2m-thick 'aeolian quartzite' is inter-bedded with 

aqueous sandstones in the Kirila Bombwe mines, although further to the south thick 

aeolian inter-beds are more obvious. Pebbles and cobbles in this unit are dominantly 

quartzite and grey granite, in contrast to the overlying units which are markedly 

feldspathic. A grey argillaceous arenite, which is about 20m thick, occurs at the top of the 

footwall..quartzite. 

 

c) Porous conglomerate-sandstone unit, 15 to 50m thick and comprising a lower 9 to 21m 

thick of conglomerate grading upwards from boulders to pebbles, set in an arkosic matrix 

with dolomite and anhydrite cement, followed by a 3 to 30m thick, northward thinning, 
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band of dark grey sandy argillites, grey argillaceous arenite and pink arkose; 

 

d) Footwall conglomerate, [Figure 1.20], which is 0 to 3.5m thick (increasing in thickness to 

the north and absent to the south) and is composed of a highly porous arkose with 

partially rounded red feldspar clasts and rare white quartz pebbles. This unit is the 

transgressive base of the ore formation. Locally, mineralisation, mainly supergene, 

extends down into this unit and as much as 3m into the underlying Sandstone Unit, 

possibly reflecting the presence of original primary sulphides. 

 

Hanging-wall formation [Figure 1.20], which is above the Kirila Bombwe deposits comprises: 

 

a) Hanging-wall quartzite, locally referred to as the Arkose, 10 to 150m thick - hard, fine to 

medium grained, generally finely bedded argillaceous quartzite. The regional Rokana 

Evaporite Member position occurs at the base of this unit, but is absent at Kirila 

Bombwe, with the lowest member being the Nchanga quartzite member which ocuppies 

the whole of the unit. Copper and iron sulphides may be present near the base. 

 

b) Hangingwall aquifer, 15 to 75m thick - composed of interbedded siltstone, dolomitic 

sandstone and dolostone. 

 

c) Shale with grit, 40 to 160m thick - composed of feldspathic and dolomitic sandstones, 

interbedded with coarse grained calcareous sandstones to grit, forming a transition to the 

overlying Upper Roan Group, with increasing dolomitic interbeds upwards. 
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Figure 1.20: Cross-section through Konkola North deposit (Government of Republic of Zambia, 

2001) 

 

1.16 Structure of thesis 

 

This research study is structured into two parts: the overall techno-economic analysis of 

Zambia‟s potential for mining low grade copper ore deposits and the case study of Kakosa low 

grade copper ore deposit.  The thesis has been divided into eleven chapters, followed by 

reference and appendix sections. The outline is as follows: 

 

Chapter 1 serves as an introduction to this research study. The chapter provides background 

information elaborating the types and importance of copper especially to the mining countries. It 

also details the statement of the problem, the purpose of this research, objectives, significance of 

the study and the research methodology. The location and geology of the study area is 

summarised in this chapter. 
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Chapter 2 reviews the existing literature on mineral resources classification and codes of 

reporting systems. The chapter examines common classification frameworks and identifies 

limitations. The United Nations Framework Classification (UNFC) was recommended for use in 

the classification of Kakosa mineral resources. The UNFC was used because it is globally 

accepted system and facilities other classification systems to be aligned with it. It is also 

recommended that Zambia should adopt a modified UNFC framework for its mineral resources 

classification.  

 

Chapter 3 analyses the macro environmental factors affecting Zambia‟s potential of mining low 

grade copper ore deposits. PESTLE and SWOT analytical tools were used to analyse the macro 

environmental factors. In this chapter, PESTLE sub-factors were identified and evaluated using 

AHP. MCDM model was developed and applied in PESTLE analysis. DEMATEL software was 

used for pairwise comparison and rating of macro environment level of Zambia. 

 

Chapter 4 provides a detailed geology of the research study area and gives historical work. The 

classification of Kakosa mineral resources has been done in this chapter. The raw drill holes data 

has also been analysed in this chapter; and geological and block models developed. The chapter 

outlines the procedures applied in tonnage and grade estimation including the modeling of bulk 

densities of different Kakosa geological formations. 

 

Chapter 5 is devoted to Kakosa geotechnical analysis. Different types of rock mass classification 

methods were identified and applied. In this chapter, Kakosa deposit properties and 

characteristics were investigated and classified. 

 

Chapter 6 analyses the approaches for selection of optimum extraction methods. In this chapter, 

various approaches were reviewed identifying advantages and limitations. The TOPSIS model 

was modified and FTOPSIS approach was developed and applied in the selection of extraction 

methods for Kakosa deposit. 

 

Chapter 7 involved the selection of extraction methods for Kakosa South deposit using fuzzy 

TOPSIS model. 



32 

 

 

 

Chapter 8 designs the extraction systems for Kakosa South deposit. Two systems were proposed 

in this chapter, employing of both surface and underground mining. The designing concentrated 

more on open pit and transition to underground mining. The chapter explains that the detailed 

Kakosa South deposit exploration was done up to 250m, making it difficult to design an 

underground mining method. 

 

In Chapter 9, the economic analysis of Kakosa South mining project was carried out. The 

analysis included evaluation of techniques used in economic analysis of mining projects. In this 

chapter, DT, MCS and DCF models were analysed and DCF model was used because it is 

commonly used and DCF software was available. 

 

Chapter 10 reviews the Real Options Theory and applied Real Options Valuation model for 

further economic analysis. This is because of some deficiencies in the application of NPV for 

mining projects decision making. The inputs into DCF model were subjected to real options 

value analysis. 

 

In Chapter 11, the discussion, results and recommendations were summarised. The research 

contributions and future research work are also part of this chapter.   
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CHAPTER 2 

 

REVIEW OF MINERAL RESOURCES CLASSIFICATION AND 

CODES OF REPORTING SYSTEMS 

 

2.1 Introduction 

 

Because of high demand for copper and increased production, high grade copper reserves are fast 

being depleted leading to find ways of economically mining low grade copper reserves. In order 

to adequately investigate techno-economic potential of mining low grade copper ore deposits, it 

is necessary to study classifications of mineral resources and codes of reporting systems. Chapter 

two therefore reviews the fundamental frameworks of classification of mineral resources and 

reserves. The classification helps in determination of potential recoverable and economically 

recoverable mineral resources. The frameworks are later applied in chapter five to categorise 

Kakosa copper ore deposit, the focus area of this research study.  

 

Through literature review, it became evident that resource classification and reserve estimates 

which dictate the gross revenue of a mining project are a critical part of the economic evaluation 

of any mining project (Lauren, 2011). The resource classification and reserve estimation are also 

key factors in planning of the mining and processing technologies. 

 

As the demand for copper increases worldwide (as indicated in Section 1.3.4), ameliorated 

systems of evaluation, classification and reserve estimation should be employed as results dictate 

investment decisions. It has also become acceptable that future copper ore reserve of lower grade 

and deeper in the earth's crust would play a vital role in mitigating the gap between supply and 

demand of copper, therefore classification and reserve estimation systems should incorporate 

lower grades as finding new deposits with high grades would be rare. 

 

Chapter 2 also reviews codes and guidelines on reporting standards of mineral resources and 

reserves. International standards for the reporting of exploration results, mineral resources and 
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reserves are important for economic investments and marketing; this is cardinal especially for 

low grade deposits. 

 

2.2 Framework classification of mineral resources and reserves   

 

Throughout the twentieth century, many different systems were developed for resource 

classification, reflecting different physical; characteristics of the resources as well as the 

geographic and socio-economic diversity. The research study reviewed seven prominent 

classification systems worldwide (Lauren, 2011), these are: 

 

 Canadian Institute of Mining (CIM) framework classification; 

 Joint ore reserves committee (JORC) framework classification; 

 United States Geological Survey (USGS) framework classification; 

 United Nations framework classification (UNFC) for mineral reserves; 

 The Committee for Mineral Reserves International Reporting Standards (CRIRCO); 

 The Russian framework classification, and 

 The Society of Mining, Metallurgical, and Exploration Engineers framework 

classification 

 

The Committee for Mineral Reserves International Reporting Standards (CRIRCO), the Russian 

and the Society of Mining, Metallurgical, and Exploration Engineers classifications are aligned 

with United Nations framework classification (UNFC) for mineral reserves system, therefore for 

this study, four classification systems have been reviewed, these are: 

 

 CIM framework classification; 

 JORC framework classification; 

 USGS framework classification, and 

 UNFC for mineral reserves. 
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2.2.1 General description 

 

In principle, CIM and JORC classification frameworks are similar as indicated in Figures 2.1 and 

2.2. However, there are fundamental differences in how the different classes of resources are 

used in economic studies.  

 

 
 

Figure 2.1: Showing CIM relationship between mineral resources and mineral reserves (Lauren, 

2011) 
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Figure 2.2: Showing JORC's general relationship between exploration results, mineral resources 

and ore reserves (Lauren, 2011) 

 

The similarities of the definitions of resources of all classification systems are profoundly based 

on the definitions by CIM and JORC framework systems. The reason is CIM and JORC were the 

first to develop classification frameworks. Additionally, the resource classification into the 

different categories is similar and is based mainly on drilling and understanding of the geology. 

 

Generically and according to Lauren (2011), mineral deposits can be classified as: 

 Mineral resources that are potentially valuable, and for which reasonable prospects exist 

for eventual economic extraction, and 

 Mineral reserves or ore reserves those are valuable, legally, economically and technically 

feasible to extract. 

 

In common mining terminology, an "ore deposit" by definition must have an 'ore reserve', and 

may or may not have additional resources. Classification, because it is an economic function, is 

governed by statutes, regulations and industry best practice norms. 
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Mineral resources are subdivided into three categories as: 

 

 Inferred or reconnaissance (reasonably assumed, but not verified); 

 Indicated (reasonable level of confidence in terms of geological knowledge and 

modifying factors), and 

 Measured (high level of confidence in terms of geological knowledge and modifying 

factors). 

 

2.2.2 Canadian Institute of Mining framework classification 

 

The CIM definitions and guidelines provide standards for the classification of mineral resource 

and mineral reserve into various categories (CIM, 2010). The category to which a resource or 

reserve estimate is assigned depends on: 

 Level of confidence in the geological information available on the mineral deposit; 

 Quality and quantity of data available on the deposit; 

 Level of detail of the technical and economic information which has been generated 

about the deposit, and  

 Interpretation of the data and information. 

 

Mineral resources are sub-divided, in order of increasing geological confidence, into inferred, 

indicated and measured categories. An inferred mineral resource has a lower level of confidence 

than that applied to an indicated mineral resource and an indicated mineral resource has a lower 

level of confidence than a measured mineral resource (CIM, 2010).  

 

2.2.2.1  Generic definitions 

 

A mineral resource is a concentration or occurrence of base and precious metals, coal, and 

industrial minerals in or on the Earth‟s crust in such form and quantity and of such a grade or 

quality that it has reasonable prospects for economic extraction. The location, quantity, grade, 

geological characteristics and continuity of a mineral resource are known, estimated or 
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interpreted from specific geological evidence and knowledge (A Guide for Reporting 

Exploration Information, Mineral Resources and Mineral Reserves, 1999). 

 

The term mineral resource covers mineralisation and natural material of intrinsic economic 

interest which has been identified and estimated through exploration and sampling and within 

which mineral reserves may subsequently be defined by the consideration and application of 

political (government), economic, social, technical, legal and environmental (PESTLE) factors. 

The phrase “reasonable prospects for economic extraction” implies a judgement by the qualified 

person in respect of the technical and economic factors likely to influence the prospect of 

economic extraction. 

 

A mineral resource is an inventory of mineralisation that under realistically assumed and 

justifiable technical and economic conditions might become economically extractable. These 

assumptions must be presented explicitly in both public and technical reports. 

 

An inferred mineral resource is that part of a mineral resource for which quantity and grade or 

quality can be estimated on the basis of geological evidence and limited sampling and reasonably 

assumed, but not verified, geological and grade continuity. The estimate is based on limited 

information and sampling gathered through appropriate techniques from locations such as 

outcrops, trenches, pits, workings and drill holes (A Guide for Reporting Exploration 

Information, Mineral Resources and Mineral Reserves, 1999). 

 

Due to the uncertainty that may be attached to inferred mineral resources, it cannot be assumed 

that all or any part of an inferred mineral resource will be upgraded to an indicated or measured 

mineral resource as a result of continued exploration. Confidence in the estimate is insufficient to 

allow the meaningful application of technical and economic parameters or to enable an 

evaluation of economic viability worthy of public disclosure. Inferred mineral resources must be 

excluded from estimates forming the basis of feasibility or other economic studies. 

 

An Indicated Mineral Resource is that part of a Mineral Resource for which quantity, grade or 

quality, densities, shape and physical characteristics can be estimated with a level of confidence 
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sufficient to allow the appropriate application of technical and economic parameters, to support 

mine planning and evaluation of the economic viability of the deposit. The estimate is based on 

detailed and reliable exploration and testing information gathered through appropriate techniques 

from locations such as outcrops, trenches, pits, workings and drill holes that are spaced closely 

enough for geological and grade continuity to be reasonably assumed. 

 

Mineralisation may be classified as an Indicated Mineral Resource by the Qualified Person (QP) 

when the nature, quality, quantity and distribution of data are such as to allow confident 

interpretation of the geological framework and to reasonably assume the continuity of 

mineralization. The QP must recognize the importance of the Indicated Mineral Resource 

category to the advancement of the feasibility of the project. An Indicated Mineral Resource 

estimate is of sufficient quality to support a Preliminary Feasibility Study (PFS) which can serve 

as the basis for major development decisions. 

 

A Measured Mineral Resource is that part of a mineral resource for which quantity, grade or 

quality, densities, shape, and physical characteristics are so well established that they can be 

estimated with confidence sufficient to allow the appropriate application of technical and 

economic parameters, to support production planning and evaluation of the economic viability of 

the deposit. The estimate is based on detailed and reliable exploration, sampling and testing 

information gathered through appropriate techniques from locations such as outcrops, trenches, 

pits, workings and drill holes that are spaced closely enough to confirm both geological and 

grade continuity. 

 

Mineralisation or other natural material of economic interest may be classified as a Measured 

Mineral Resource by the QP when the nature, quality, quantity and distribution of data are such 

that the tonnage and grade of the mineralisation can be estimated to within close limits and that 

variation from the estimate would not significantly affect potential economic viability. This 

category requires a high level of confidence in, and understanding of, the geology and controls of 

the mineral deposit. 
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Mineral Reserves are sub-divided in order of increasing confidence into Probable Mineral 

Reserves and Proven Mineral Reserves. A Probable Mineral Reserve has a lower level of 

confidence than a Proven Mineral Reserve.  

 

A Mineral reserve is the economically mineable part of Indicated Mineral Resource 

demonstrated by at least a Preliminary Feasibility Study. This Study must include adequate 

information on mining, processing, metallurgical, economic and other relevant factors that 

demonstrate, at the time of reporting, that economic extraction can be justified. A mineral 

reserve includes diluting materials and allowances for losses that may occur when the material is 

mined. 

 

Mineral reserves are those parts of mineral resources which, after the application of all mining 

factors, result in an estimated tonnage and grade which, in the opinion of the qualified person 

making the estimates, is the basis of an economically viable project after taking account of all 

relevant processing, metallurgical, economic, marketing, legal, environment, socio-economic and 

government factors. Mineral reserves are inclusive of diluting material that will be mined in 

conjunction with the Mineral Reserves and delivered to the treatment plant or equivalent facility. 

The term „Mineral Reserve‟ need not necessarily signify that extraction facilities are in place or 

operative or that all governmental approvals have been received. It does signify that there are 

reasonable expectations of such approvals. 

 

A Probable Mineral Reserve is the economically mineable part of an Indicated and, in some 

circumstances, a Measured Mineral Resource demonstrated by at least a Preliminary Feasibility 

Study. This study must include adequate information on mining, processing, metallurgical, 

economic, and other relevant factors that demonstrate, at the time of reporting, that economic 

extraction can be justified. 

 

A Proven Mineral Reserve is the economically mineable part of a Measured Mineral Resource 

demonstrated by at least a feasibility study. This Study must include adequate information on 

mining, processing, metallurgical, economic, and other relevant factors that demonstrate, at the 

time of reporting, that economic extraction is justified.  
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Application of the Proven Mineral Reserve category implies that the QP has the highest degree 

of confidence in the estimate with the consequent expectation in the minds of the readers of the 

report. The term should be restricted to that part of the deposit where production planning is 

taking place and for which any variation in the estimate would not significantly affect potential 

economic viability. 

 

According to CIM (2010), technical reports dealing with estimates of mineral resources and 

mineral reserves must use only the terms and the definitions contained in CIM reports. 

 

2.2.2.2  Relationship between resources and reserves 

 

Figure 2.3 displays the relationship between the mineral resource and mineral reserve categories. 

The CIM definition standards provide for a direct relationship between Indicated Mineral 

Resources and Probable Mineral Reserves and between Measured Mineral Resources and Proven 

Mineral Reserves. In other words, the level of geo-scientific confidence for Probable Mineral 

Reserves is the same as that required for the in situ determination of Indicated Mineral Resources 

and for Proven Mineral Reserves is the same as that required for the in situ determination of 

Measured Mineral Resources. 
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Figure 2.3: Showing relationship between Mineral Reserves and Mineral Resources (CIM, 2010) 

 

2.2.2.3  CIM framework for classification of mineral resource  

 

The CIM framework classification of mineral resources is based on: 

 

 Geo-scientific information; 

 Technical factors, and 

 Economic factors. 

 

Figure 2.3 sets out the framework for classifying tonnage and grade estimates so as to reflect 

different levels of geological confidence and different degrees of technical and economic 

evaluation. 

 

According to CIM (2010) mineral resources can only be estimated by a QP, with input from 

persons in other disciplines, as necessary, on the basis of geo-scientific information and 

reasonable assumptions of technical and economic factors likely to influence the prospect of 

economic extraction. Mineral reserves, which are a modified sub-set of the Indicated and 
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Measured Mineral Resources (shown within the dashed outline in Figure 2.3), require 

consideration of factors affecting profitable extraction, including mining, processing, 

metallurgical, economic, marketing, legal, environmental, socio-economic and governmental 

factors, and should be estimated with input from a range of disciplines. Additional test work, e.g. 

metallurgy, mining, environmental is required to reclassify a resource as a reserve. 

 

In certain situations, Measured Mineral Resources could convert to Probable Mineral Reserves 

because of uncertainties associated with the modifying factors that are taken into account in the 

conversion from Mineral Resources to Mineral Reserves. This relationship is shown by the 

dashed arrow in Figure 2.3 (although the trend of the dashed arrow includes a vertical 

component, it does not, in this instance, imply a reduction in the level of geological knowledge 

or confidence). In such a situation these modifying factors should be fully explained. Under no 

circumstances can Indicated Resources convert directly to Proven Reserves. 

 

In certain situations, previously reported Mineral Reserves could revert to Mineral Resources. It 

is not intended that re-classification from Mineral Reserves to Mineral Resources should be 

applied as a result of changes expected to be of a short term or temporary nature, or where 

company management has made a deliberate decision to operate in the short term on a non-

economic basis. Examples of such situations might be a commodity price drop expected to be of 

short duration, mine emergency of a non-permanent nature, transport strike etc. 

 

2.2.3 Joint ore reserves committee framework classification 

 

As indicated in Section 2.2.1, in principle, classification frameworks and the definitions of 

resources for CIM and JORC are similar. Both CIM and JORC indicate that measured mineral 

resources may be converted to either proved mineral reserves or probable mineral reserves if 

there are uncertainties associated with modifying factors that are taken into account in the 

conversion from mineral resources to mineral reserves. The broken arrow in Figure 2.4 

demonstrates this relationship. Although the trend of the broken arrow includes a vertical 

component, it does not, in this instance, imply a reduction in the level of geo-scientific 

knowledge or confidence. In such a situation these modifying factors must be fully explained.  
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Figure 2.4: Showing relationship between Exploration Results, Mineral Resources and Mineral 

Reserves (JORC Code, 2004) 

 

Modifying factors that are taken into account in the conversion from mineral resources to 

mineral reserves include but not restricted to: 

 

 Geological; 

 Mining; 

 Metallurgical; 

 Marketing; 

 Infrastructure; 

 Economic; 

 Technological; 
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 Legal; 

 Environmental; 

 Social, and 

 Government factors. 

 

According to Riddler (1998), the categorisation of a mineral reserve by JORC is governed by the 

relevant level of confidence of the mineral resource. The confidence in the modifying factors 

applying to a Probable Mineral Reserve is lower than that applying to a Proved Mineral Reserve.  

 

2.2.3.1  JORC main definitions 

 

According to Camisani (1998), there are five major factors taken into consideration for analysing 

Mineral Resources and Mineral Reserves which fully comply with the guiding principles of the 

Joint Ore Reserves Committee (JORC) framework classification. These are: 

 

Geo-statistical implications: 

 

Geo-statistics provides the only basis for estimates with the lowest expected error variance, free 

of global and conditional biases and which, at the same time, can provide estimates of the 

confidence levels for the estimates. 

 

Geological background: 

 

The JORC Code requires the input of geological information on the style and nature of 

mineralisation, geological continuity and the model of mineralisation. This is also a prerequisite 

for any proper geo-statistical analysis. In particular, the spatial structure as estimated must be 

compatible with the geological model; also the use of any ore body subdivisions. Apart from any 

geo-statistical analyses, geological considerations must also convey proper weight in decisions 

concerning the classification of resources and reserves. 
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Tonnage and grade estimations: 

 

The JORC Code requires estimates of tonnages and grades for Resources and Reserves with 

confidence levels. This involves both accuracy, i.e. the absence of biases, and precision, i.e. 

limits of error. All of which are subject to requirements of reasonable and realistic prospect for 

eventual economic extraction and, where applicable, positive result from Feasibility Study. 

Confidence in the project will depend largely on the lower confidence limit for the grade. 

 

Cutting of high grades: 

 

The JORC Code calls for the disclosure of the nature and the net effects of any such adjustments. 

From a geo-statistical point of view, it is essential that where cutting or capping is done, the 

frequency distribution pattern be analysed properly in order to verify that any such high grade(s) 

cannot be accepted as normal member(s) of the data population. The cut-off grade is generated 

by considering commodity price, recoveries and geotechnical parameters.  

 

Validation: 

 

Where the resources and/or reserves are based on grade estimates for individual blocks, the 

JORC Code requires the geo-statistical technique used to be fully disclosed including search 

parameters and block sizes. It also calls for a validation of the appropriateness of the technique 

via validations based on production records, data from mined-out areas, etc. This implies 

reconciliation studies of previous block estimates based on the same technique with follow-up 

data inside the mined-out blocks, and/or simulation studies of standard blocks based on the 

available data grid and superimposed on comprehensive data in mined-out areas with similar 

follow-up comparisons. Alternatively, at least a theoretical confirmation of the expected absence 

of conditional biases in the block estimates should be disclosed. 
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2.2.4 United States Geological Survey framework classification 

 

2.2.4.1  McKelvey diagram 

 

A McKelvey diagram or McKelvey box [Figure 2.5] is a two-dimensional system that helps to 

explore the distinction between mineral resources and reserves and the differences that can exist 

within these two broad categories. The amount of any mineral on the Earth can be explained and 

described in terms of their resources and reserves; thus it is important to understand what both 

mean in order to understand how much of this material is accessible and usable (Rocky 

Mountain Institute, 2015).  

 

 
Figure 2.5: McKelvery diagram showing distinction between reserves and resources (Falkie, T. 

V., and V. E. McKelvey, 1986) 

 

A McKelvey diagram explores resources and reserves of different materials through the use of 

two distinct parameters. The first of these two parameters is the degree of certainty that a deposit 

actually exists. If the deposit has been found and accessed, it exists to an extremely high degree 

of certainty. However, if the material is currently being surveyed for, the degree of certainty can 

be fairly low. The degree of certainty is based on information gained about the geological, 
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physical, and chemical characteristics of a certain mineral and deposit including the metal grade, 

the amount of ore in the deposit (or tonnage), and the location and depth of the ore.  

 

The second parameter is the profitability of the deposit. This depends on the costs of extraction 

against income released from the ore. This parameter can vary widely with upgrades in 

technology, shifts in world prices, and the level of competition that exists for a certain resource. 

Profitability decreases if the material has to be transported long distances. 

 

These two parameters can be changed by other factors such as ownership and permission needed 

to access the material. They can be limited by environmental factors such as location within 

areas that may be environmentally significant 

 

In a McKelvey diagram [Figure 2.5], the two parameters explained above are used as axes or as a 

box diagram. The large rectangle represents the entire existing quantity of the given mineral, 

such as copper. The certainty of existence of a certain deposit decreases towards right of the 

diagram and profitability of extracting the resource decreases down the diagram.  

 

The box at the upper left of the diagram represents the reserves of a certain material. These 

reserves are economically feasible to recover and they are known to exist with a high degree of 

certainty. The bottom of this reserves box is bounded by the limit of commercial profitability 

(Rocky Mountain Institute, 2015).  

 

Anything below conditional resources is no longer economically feasible to recover. The right 

hand side of the reserves box shows the limited degree of certainty of existence. Anything 

beyond this line hypothetically exists, but is not known to exist. A reserve must have materials 

that have been identified and have been deemed profitable under current conditions. This box 

can be split into smaller boxes using the 3 P's of reserves: proven, probable, and possible.  

 

Proven reserves have a high probability of being economically viable. Probable contains proven 

reserves, and has a medium probability of being economically viable. Possible reserves contain 
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both proven and probable reserves and have a lower overall probability of being economically 

viable (Rocky Mountain Institute, 2015).  

 

Resources that have been identified but deemed uneconomic or unavailable are in a small box on 

the lower left hand side of the diagram. These resources are known as conditional 

resources. These materials may become reserves if conditions change. On the right hand side of 

the diagram are the hypothetical resources, which are simply resources that are known about 

minimally or not at all, but could end up being economic when discovered. 

 

Movement between these categories is possible - a conditional resource could become a reserve 

with improvements to technologies that could make the extraction economic. Conversely, a 

reserve could become a conditional resource if more restrictions are put on the material, or if the 

price of the material were to fall, making it less economically feasible. Successful exploration 

could bring hypothetical resources to either reserves or conditional resources. 

 

2.2.4.2  United States Geological Survey classification of resources and reserves   

 

According to United States Geological Survey (USGS, 2012), and similar to JORC and CIM, 

mineral resource classification is the classification of mineral resources based on an increasing 

level of geological knowledge and confidence.  

 

The principles of a resource/reserve classification by US Geological survey and US Bureau of 

mines for minerals are based on: 

 

 Probability of geologic identification of resources in undiscovered deposits and of 

technological development of economic extraction processes; 

 Weighing of total or multi-commodity resource availability against a particular need, and 

 Uniform classification of resources and reserves. 

 



50 

 

Based on the above principles, resources should be continuously reassessed in the light of new 

geologic knowledge, of progress in science and technology, and of shifts in economic and 

political conditions (United States Geological Survey, 2011). 

 

US Geological survey and US Bureau of mines urged that the resources and reserves should be 

classified from two standpoints:  

 Purely on geologic or physical/chemical characteristics; such as grade, quality, tonnage, 

thickness, and depth; and 

 Profitability analyses based on costs of extracting and marketing the material in a given 

economy at a given time. 

 

US Geological survey and US Bureau of mines proposed the following generic definitions for 

international adoption (Lauren, 2011 and Russell, 2013): 

 

 Resource as a concentration of naturally occurring solid, liquid, or gaseous material in or 

on the Earth's crust in such form and amount that economic extraction of a commodity 

from the concentration is currently or potentially feasible; 

 

 Original resource as the amount of a resource before production, and 

 

 Identified resources as resources whose location, grade, quality, and quantity are known 

or estimated from specific geologic evidence. Identified resources include economic, 

marginally economic, and sub-economic components [Table 2.1]. To reflect varying 

degrees of geologic certainty, these economic divisions can be subdivided into measured, 

indicated, and inferred (demonstrated is a term for the sum of measured plus indicated). 
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Table 2.1: Showing classification of ore reserves (Lauren, 2011 and Russell, 2013) 

 

 

Cumulative 

Production 

 

Identified Resources 

 

Undiscovered Resources 
 

Demonstrated 
 

 

Inferred 

 

Probability Range 
 

Measured 

 

Indicated 

 

Hypothetical 

 

Speculative 

Economic  

Reserves 

 

Inferred 

Reserves 

 

+ 
Marginally 

Economic 

 

Marginal Reserves 

 

Inferred 

Marginal 

Reserves 

Sub-

Economic 

 

Demonstrated 

Sub-economic Resources 

 

Inferred 

Sub-

economic 

Reserves 

+ 

Other 

Occurrences 

 

Includes non-conventional and low-grade materials 

 

Measured resources are computed from dimensions revealed in outcrops, trenches, workings, or 

drill holes; grade and (or) quality are computed from the results of detailed sampling. The sites 

for inspection, sampling, and measurement are spaced so closely and the geologic character is so 

well defined that size, shape, depth, and mineral content of the resource are well established. On 

the other hand, indicated resources are those with quantity and grade and (or) quality computed 

from information similar to that used for measured resources, but the sites for inspection, 

sampling, and measurement are farther apart or are otherwise less adequately spaced. The degree 

of assurance, although lower than that for measured resources, is high enough to assume 

continuity between points of observation. 

 

Inferred resource estimates are based on an assumed continuity beyond measured and (or) 

indicated resources, for which there is geologic evidence. Inferred resources may or may not be 

supported by samples or measurements. 
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Reserve base is that part of an identified resource that meets specified minimum technical and 

economic criteria related to current mining and production practices, including those for grade, 

quality, thickness, and depth. The reserve base is the in-place demonstrated (measured plus 

indicated) resource from which reserves are estimated. It may encompass those parts of the 

resources that have a reasonable potential for becoming economically available within planning 

horizons beyond those that assume proven technology and current economics. The reserve base 

includes those resources that are currently economic (reserves), marginally economic (marginal 

reserves), and some that are currently sub-economic (sub-economic resources). The term 

"geologic reserve" has been applied by others generally to the reserve-base category, but it also 

may include the inferred-reserve base category. 

 

Inferred reserve base is part of an identified resource from which inferred reserves are estimated. 

Quantitative estimates are based largely on knowledge of the geologic character of a deposit and 

for which there may be no samples or measurements. The estimates are based on an assumed 

continuity beyond the reserve base, for which there is geologic evidence to a degree of making 

reasonable assumptions. 

 

Reserves are part of the reserve base which could be economically extracted or produced at the 

time of determination. The term “reserves” need not signify that extraction facilities are in place 

and operative. Reserves include only recoverable materials; thus, terms such as "extractable 

reserves" and "recoverable reserves" are redundant and are not a part of this classification 

system. While marginal reserves are part of the reserve base which, at the time of determination, 

borders on being economically producible. Its essential characteristic is economic uncertainty. 

Included are resources that would be producible, given postulated changes in economic or 

technologic factors. 

 

Economic implies profitable extraction or production under established investment assumptions 

and analytically demonstrated, or assumed with reasonable certainty. 

 

Sub-economic resources are those part of identified resources that do not meet the economic 

criteria of reserves and marginal reserves. While undiscovered resources are resources of which 
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the existence is only postulated, comprising deposits that are separate from identified resources. 

Undiscovered resources may be postulated in deposits of such grade and physical location as to 

render them economic, marginally economic, or sub-economic. To reflect varying degrees of 

geologic certainty, undiscovered resources may be divided into two parts: 

 

 Hypothetical Resources: 

Undiscovered resources that are similar to known mineral bodies and that may be reasonably 

expected to exist in the same producing district or region under analogous geologic 

conditions. If exploration confirms their existence and reveals enough information about 

their quantity, grade, and quality, they will be reclassified as identified resources. 

 

 Speculative Resources: 

Undiscovered resources that may occur either in known types of deposits in favorable 

geologic settings where mineral discoveries have not been made, or in types of deposits as 

yet unrecognized for their economic potential. If exploration confirms their existence and 

reveals enough information about their quantity, grade, and quality, they will be reclassified 

as identified resources. 

 

2.2.5 United Nations framework classification for mineral resources and reserves 

 

United Nations Framework Classification (UNFC) for mineral reserves and resources was 

developed in 2007 and revised in 2010 by Expert Group on Resource Classification (EGRC) 

(Economic Commission for Europe, 2010). The main objective of UNFC is to enhance 

international cooperation in sustainable development by providing a 

generic classification framework for management of all energy and mineral resources worldwide. 

 

Justification for application of UNFC for mineral resources and reserves is: 

Global, generic, principles based system;  

 Based on three fundamental criteria 

 Applicable to both solid minerals and fluids 

 Facilitates global communications 
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Fully aligned with Committee for mineral reserves international reporting standards  

(CRIRSCO) Template, and facilitates other classification systems to be aligned with the 

UNFC and linked using bridging documents. 

The UNFC framework aims to serve the four principle needs; namely: 

 Application pertaining to energy and mineral studies; 

 Resources management functions; 

 Corporate business processes, and 

 Financial reporting standards. 

 

UNFC for mineral resources and reserves is a system in which quantities are classified on the 

basis of the three fundamental criteria of: 

 Geological knowledge (G axis); 

 Field project status and feasibility (F axis), and 

 Economic and social viability (E axis) as indicated in Figure 2.6. 

 

 

 

Figure 2.6: Basis of UNFC Framework system consisting three axes (Economic Commission for 

Europe, 2010) 

 

The UNFC consists of a three dimensional system with the following three axes: Geological 

Assessment, Feasibility Assessment and Economic viability as indicated in Figure 2.7. 
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Figure 2.7: Showing principal elements of the UNFC (Economic Commission for Europe, 2010) 

 

The process of geological assessment is generally conducted in stages of increasing details. The 

typical successive stages of geological investigation i.e. reconnaissance, prospecting, general 

exploration and detailed exploration, generate resource data with a clearly defined degrees of 

geological assurance. These four stages are therefore used as geological assessment categories in 

the classification. Feasibility assessment studies form an essential part of the process of assessing 

a mining project. The typical successive stages of feasibility assessment i.e. geological study as 

initial stage followed by prefeasibility study and feasibility study/mining report are well defined. 

The degree of economic viability (economic or sub-economic) is assessed in the course of 

prefeasibility and feasibility studies. A prefeasibility study provides a preliminary assessment 

with a lower level of accuracy than that of a feasibility study, by which economic viability is 

assessed in detail. 

 

2.2.5.1  UNFC coding system 

 

UNFC is a three digit code based system, the economic viability axis representing the first digit, 

the feasibility axis the second digit and the geologic axis the third digit. The three categories of 

economic viability have codes 1, 2 and 3 in decreasing order, similarly the three categories of 

feasibility study have also codes 1, 2, 3 and 4 while the four stages of geological assessment are 

represented by 4 codes i.e. 1 (detailed exploration), 2 (general exploration), 3 (prospecting) and 4 
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(reconnaissance). Thus the highest category of resources under UNFC system will have the code 

(111) and lowest category the code (344) as indicated in Figure 2.8. 

 

 

 

 

Figure 2.8: Showing UNFC three dimensional coding system (UNFC, 2010) 

 

Class 111 is of prime interest to an investor. It refers to quantities that are: economically and 

commercially recoverable (number 1 as the first digit); have been justified by means of a 

feasibility study or actual production to be technically recoverable (number 1 as the second 

digit); and are based on reasonably assured geology (detailed exploration) (number 1 as the third 

digit). 

 

Subcategories may be added under the main categories when required. Categories and sub-

categories shall be numbered as indicated in Figure 2.9. A sub-category shall be separated from 

the main category number by a decimal point, e.g. E1.1. In such cases the categories have to be 

Highest 

category [111] 

Lowest 

category 

[344] 

Marginal 

(Category 221 to 323) 
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separated by a semicolon to distinguish the different categories that are included in the codified 

unit, e.g. 1.1; 1 ;1 for the subcategory defined by E1.1, F1and G1.  The coding system improves 

the classification of resources and reserves. 

 

 

Figure 2.9: Showing sub-categories of total resources and reserves (UNFC, 2010) 

 

A single geological deposit or accumulation of a recoverable quantity may be subject to 

production by several separate and distinct projects that are at different stages of exploration or 

development. The estimated remaining recoverable quantities obtained through each such project 

may be categorized separately. The categories can be compared and defined according to 

Committee for Mineral Resources International Reporting Standards (CRIRSCO) and UNFC 

classification as indicated in Table 2.2. 
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Table 2.2: CRIRSCO terms and UNFC classification 

  

 

 

The various terms in Table 2.2 and Figure 2.9 are defined as follows: 

 

Total Mineral Resource  

 A concentration (or occurrence) of mineral of intrinsic economic interest.  

 Reasonable prospects for eventual economic extraction. 

 Location, grade, quantity, geological characteristic known, estimated or interpreted from 

specific geological evidence and knowledge.  

 

 (i) Measured Mineral Resource (331) 

 That part of mineral resource for which tonnage, densities, shape, physical 

characteristics, grade and mineral content can be estimated with a high level of 

confidence i.e. based on detailed exploration. 

 

(ii) Indicated Mineral Resource (332) 

 Tonnage, densities, shape, physical characteristic, grade and mineral content can be 

estimated with reasonable level of confidence based on exploration, sampling and 

testing information, location of borehole, pits etc. too widely spaced. 
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(iii) Inferred Mineral Resource (333) 

 Tonnage, grade and mineral content can be estimated with low level of confidence. 

Inferred from geological evidence. 

 

Mineral Reserve 

Economically mineable part of measured and/or indicated mineral resource. 

(i) Proved Mineral Reserves 

 Proved mineral reserves are the quantities defined by code 111 

 Economically mineable part of measured mineral resource. 

(ii) Probable Mineral Reserves  

 Probable mineral reserves are the quantities defined by codes 121 and 122 

 Economically mineable part of indicated or in some cases a measured mineral resource 

 

Other terms and definitions include: 

 

Reconnaissance Mineral Resource defined by code 334  

 Estimates based on regional geological studies and mapping, airborne and indirect 

Methods, preliminary field inspections as well as geological inference and extrapolation 

 

Prefeasibility Mineral Resource defined by codes 221 and 222  

 That part of an indicated and in some circumstances measured mineral resource that has 

been shown by prefeasibility study to be not economically mineable.  

 Possibly economically viable subject to changes in technological, economic, environmental 

and/or other relevant condition. 

 

Feasibility Mineral Resource defined by code 211  

 That part of measured mineral resource, which after feasibility study has been found to be 

economically not mineable.  
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 Possibly economically viable subject to changes in technological, economic, environmental 

and/or other relevant condition. 

 

2.2.5.2  UNFC framework system 

 

The system uses a numerical coding system as explained in Section 2.2.5.1. The combinations of 

these criteria create a three-dimensional system. The categories E1, F1 and G1 can further be 

defined into E1.1, F1.1 and G1.1 and additional sub-categories. 

The UNFC framework system therefore includes conditions in: 

 The economic and social domain; 

 The industrial domain (project and mine feasibility), and 

 The geological domain. 

 

The first set of categories (the E axis) designates the degree of favourability of social and 

economic conditions in establishing the commercial viability of the mine project, including 

consideration of market prices and relevant legal, regulatory, environmental and contractual 

conditions. The second set (the F axis) designates the maturity of studies and commitments 

necessary to implement mining plans or development projects.  The third set of categories (the G 

axis) designates the level of confidence in the geological knowledge and potential recoverability 

of the quantities. 

 

The categories and sub-categories are the building blocks of the system as shown in Figure 2.10, 

and are combined in the form of classes as indicated in Table 2.3.  
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Figure 2.10: Showing UNFC categories and examples of classes (UNFC, 2010)  

 

A class is uniquely defined by selecting from each of the three criteria a particular combination 

of a category or a sub‐category (or groups of categories/sub‐categories). Since the codes are 

always quoted in the same sequence (i.e. E; F; G), the letters may be dropped and just the 

numbers retained. The numerical code defining a class is then identical in all languages using 

Arabic numerals. 
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Table 2.3: Showing UNFC primary classes (UNFC, 2010) 
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Extracted 

 

Ore Production 

 

Waste Production 

  

Class 

 

Categories 

E F G 

Future recovery by mining 

operations 

 

Viablel mining projects 

1 1 1,2,3 

 

Potential future mining projects 

 

Potential mining 

2 2 1,2,3 

 

Non viable 

3 2 1,2,3 

 

Additional quantities associated with known deposits 

3 4 1,2,3 

Potential future recovery by 

successful exploration activiries 

 

Exploration projects 

3 3 4 

 

Additional quantities in place associated with potential deposits 

3 4 4 

 

Classifications other than the one shown in Table 2.3 can be generated by choosing appropriate 

combinations of categories, or by grouping or further subdividing the categories. This permits 

the harmonization of resource inventories that are developed on the basis of different 

classification systems. While there are no explicit restrictions on the possible combinations of E, 

F and G categories or sub‐categories, only a limited number will generally be applicable. For the 

more important combinations (classes and sub‐classes), specific labels are provided as a support 

to the numerical code. 
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2.3 Economic recoverable and potential recoverable mineral reserves 

 

The term “reserves” in most cases is used to describe the minerals that commercial recovery 

projects are forecast to produce. Classifications relating to the recovery of minerals often add the 

additional restriction that the quantity is known with a high level of confidence. 

 

In UNFC system, economic recoverable mineral reserves are defined as those which can be 

economically and technologically extracted. Economic recoverable mineral reserves are 

categorised into three sub-classes as indicated in Table 2.4:   

 

 Mineral reserves on production (coded 1; 1.1; 1); 

 Approved mineral reserves for development (coded 1; 1.2; 1 to 2), and 

 Justified mineral reserves for development (coded 1; 1.3; 1 to 2). 

 

While potential recoverable mineral reserves are potentially valuable, and legally feasible to 

extract, there would be uncertainties as to whether the reserves could be technically or 

economically extracted. Potential recoverable mineral reserves are categorised into two sub-

classes as indicated in Table 2.4: 

 

 Mineral reserves pending development  (coded 2;.2.1; 1 to 2), and 

 Mineral reserves with development on hold (coded 2; 2.2; 2 to 3). 

 

Because of the geological complexity surrounding mineral resource exploration, reserve figures 

are more of an approximation than an exact estimate. Estimates are typically revised as more 

information on the geological makeup of a particular reserve is uncovered. In addition, 

technological advances may increase the amount of mineral reserve that can be economically 

extracted. 

 

Potentially recoverable deposits include low grade copper ore deposits, which may be recovered 

in the future through projects that are contingent on one or more conditions yet to be fulfilled. 

Contingent projects are those for which the social, technological and economic conditions are 
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expected to be acceptable for implementation. Contingency is caused by the recovery project not 

being sufficiently matured to confirm technical and/or commercial feasibility, which can then 

provide the basis for a commitment to extract and sell the commodity at a commercial scale. 

 

Table 2.4: Classification of potential recoverable and economic recoverable deposits  
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In non-recoverable class [Table 2.4], neither the project nor the economic and social conditions 

are sufficiently matured to indicate a reasonable potential for commercial recovery and sale in 

the foreseeable future. Non-recoverable class is categorised into two sub-classes [Table 2.4]: 

 

 Development un-clarified (coded 3; 2.2; 1 to 3) 

 Development not viable (coded 3; 4; 1 to 3) 
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2.4 Codes and guidelines on reporting standards of mineral resources and 

reserves  

 

Apart from classification systems, there are many developed codes and guidelines on reporting 

standards of mineral resources and reserves (UNFC, 2010). These include: 

 

 Canadian Institute of Mining, Metallurgy and Petroleum guidelines; 

 Joint Ore Reserve Committee code of Australia; 

 South African Mineral Committee (SAMREC) code of South Africa; 

 Reporting code of United Kingdom and  Western Europe; 

 Society for Mining, Metallurgy and Exploration (SME) guidelines; 

 Certification code of Chile; 

 Committee for Mineral Resources International Reporting Standards (CRIRSCO), and 

 Chinese, Peru  and Russian codes. 

 

These are major codes which are acceptable worldwide for economic investments and market 

related reporting for mineral resources and reserves. 

 

2.4.1 Codes similarities 

 

In principle, the codes and guidelines on reporting standards of mineral resources and reserves  

are similar. The similarities are based on the reporting system by the CIM and Joint Ore JORC 

code systems. The reason is CIM and JORC were the first to develop codes. 

 

It is generally recommended, that mineral resources should be reported exclusive of mineral 

reserves. In some cases mineral resources are inclusive of mineral reserves (JORC Code, 2012) 

and, in other instances, mineral resources are reported additional to mineral reserves (UNFC, 

2010). However, whatever way is finally determined, that should be documented in the public 

report. For example a clarifying statement may be as follows: 

 Measured and indicated resources are inclusive of reserves or 
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 Measured and indicated resources are additional to reserves. 

 

2.4.2 Codes differences 

 

The fundamental difference in resource reporting is the determination of which class of resources 

may be used for economic studies. This is where the major codes vary. For example, the JORC 

Code recognizes that the confidence level for inferred resources is not normally sufficient to 

pursue economic viability studies and clearly states that inferred resources should only be used 

with caution if used in economic studies. There are some grey areas and definite ambiguity in the 

wording of how inferred resources can be used in economic studies to be in accordance with the 

JORC Code. 

 

The Society for Mining, Metallurgy and Exploration (SME) code states that inferred resources 

can be used in economic studies, and warns that caution should be integral to the study if this 

class of resource is being used. SAMREC states that caution must be exercised in any public 

disclosure if an inferred resource is used in economic studies. However; SAMREC further stated 

that inferred resources are not normally considered in economic studies. 

 

The CIM code clearly states that inferred mineral resources may not be used for economic 

studies that will be released to the public because of the low confidence and insufficient data. 

However, inferred mineral resources may be used for internal planning, but must be made clear 

in any reporting document by stating that inferred mineral resources were used. 

 

2.4.3 Zambia’s code and guidelines on reporting of exploration results, mineral resources 

and reserves  

 

Zambia has not developed a code for the reporting of exploration results, mineral resources and 

mineral reserves, only reporting requirements for exploration companies are outlined in the 

Mines and Minerals Development Act. These do not specify data standards/formats to ensure 

that the Geological Survey of Zambia (GSZ) and other government agencies, as well as 

subsequent explorers, can readily use the data and information contained in submitted reports. 
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Through the Ministry of Mines and Minerals Development Act, No. 11 of 2015, Section 25 (2), 

the country has outlined that a holder of an exploration licence shall keep full and accurate 

records, at the holder‟s office of the exploration operations which shall indicate: 

  

 The boreholes drilled;  

 The strata penetrated, with detailed logs of such strata;  

 The minerals discovered;  

 The results of any seismic survey or geo-chemical, geo-physical and remote sensing data 

analysis;  

 The result of any analysis or identification of minerals removed under section twenty-

two;  

 The geological interpretation of the records maintained under 1 to 5 inclusive;  

 The number of persons employed;  

 Any other exploration work;  

 The costs incurred for all exploration activities carried out by the holder under the 

exploration licence; and  

 Such other matters as may be prescribed. 

 

A holder of an exploration licence shall furnish to the Directors, at least once in every three 

months, digital and hard copies of the records, as may be prescribed. 

 

The Geological Survey of Zambia (GSZ) is responsible for undertaking preliminary exploration 

works, issuance of prospecting permits and licenses and mineral processing licenses. It also 

provides geological, geophysical and geochemical data on a countrywide basis, acts as the 

repository for all such data on Zambia, and provides support and advisory services to the public. 

 

Since Zambia has not developed a code, some mining companies like Konkola Copper Mines 

(KCM) use the South African Code for the reporting of exploration results, mineral resources 

and mineral reserves (SAMREC Code). 
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2.4.4 South African Code for the Reporting of Exploration Results, Mineral Resources 

and Mineral Reserves 

 

The process of developing a mining project or a mine, involves technical expertise, requires a 

substantial capital investment, is a long term investment and carries numerous risks. Unlike 

many other industries, it is based on depleting assets, the knowledge of which is imperfect prior 

to the commencement of extraction. To mitigate the risks and obtain support (financial, political, 

social etc.) for the investment, an understanding of the project/mine is required. It is therefore 

essential that the industry is able to communicate to the investment risks effectively and thus 

provide a level of trust and confidence for the investors and other stakeholders to allow project 

progression and a sustainable operation. Part of the communication is provided by the 

declaration of the mineral resources and reserves. The South African Code for the reporting of 

exploration results, mineral resources and mineral reserves (SAMREC, 2016) provides 

significant guidelines that inter alia provide a common understanding of the project/mine. With 

meaningful standards in place and enforced, sound decision can be made by various stakeholders 

in their participation in a project as well as the best way to progress it. 

 

The aim of the SAMREC Code is to maintain and develop the trust of investors and other 

interested and affected parties by promoting high standards of public reporting of mineral deposit 

estimates (mineral resources and mineral reserves) and of exploration progress, i.e., exploration 

results. The Code further advises the Competent Person (CP) to rather report „more information 

than the barest minimum‟. The SAMREC Code provides the guidelines that support these 

declarations, the sustainability of the industry and the efficient exploration of minerals. Further, 

the Code: 

 

 Provides minimum standards for reporting of Exploration Results, Mineral Resources and 

Mineral Reserves; 

 Adds credibility to declarations by project promoters and assists in comparisons because 

of a uniform basis of declaration; 

 Assists professionals providing them guidance; and 
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 Assists the Competent Person to demonstrate the legitimacy of the declaration and 

provides credibility to the Public Report. 

 

The SAMREC Code does not specify the technical details relating to exploration results, mineral 

resource and mineral reserve. The interpretation of the raw data, the geological interpretation, 

engineering design, infrastructure requirements, and governmental, social and environmental 

inputs all require the input of specialists. Because the geological model is open to interpretation 

and has a huge influence on the mine design and associated financial outlook of the mine or 

project, there is a need for guidelines. The SAMREC Code provides these guidelines and a 

mechanism to assist in the progression of mining projects which includes holding various 

registered professionals accountable for their work. 

 

Over and above undertaking the technical work, the Code requires the contributing professionals 

to justify and document their technical inputs and the process underlying the declaration of 

exploration results, Mineral resource and mineral reserve. This approach relies on the 

professional to be prepared to face their peers and being willing to take responsibility for the 

result. 

 

The code provides a comprehensive checklist of the various technical aspects that are required 

for exploration results, mineral resource and mineral reserve declaration. The use of the checklist 

for every declaration is considered best practice. If completed properly it can provide the 

Competent Person with assurance that there are no technical inputs or practices that have not 

been considered. It would also provide the users of the statement with the confidence that the 

declaration is fully compliant and can be completely relied upon. 

 

The SAMREC Code has definitions for Prefeasibility Study (PFS) and Feasibility Study (FS). 

This is appropriate as the minimum requirement for the declaration of a mineral reserve is a 

prefeasibility level study. The detailed requirements, although broadly understood are frequently 

selectively considered. To assist in providing a common understanding and reduce the 

ambiguity, the Code has provided some detail of the definitions of PFS and FS. 
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SAMREC has developed general terms of reference or scope of work and presentation format. 

The public report on exploration results, mineral resources and mineral reserves should include 

the title page, executive summary and table of contents. The details of the contents of SAMREC 

public report is presented in Appendix 1. 
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CHAPTER 3 

 

ANALYSIS OF MACRO ENVIRONMENTAL FACTORS 

AFFECTING ZAMBIA’S POTENTIAL FOR MINING LOW 

GRADE COPPER ORE DEPOSITS 

 

3.1 Introduction 

 

Zambia is regarded as a mining country because of the contribution of mining to its exports, 

domestic markets, employment, and opportunities for economic growth and diversification 

(World Bank and International Finance Corporation, 2002). All industries create spillover 

effects, known as multipliers, but the mining sector in Zambia generally creates a higher 

multiplier effect than other sectors. For example, the formal mining industry in Zambia not only 

creates mining jobs but also generates indirect and induced employment by stimulating demand 

for goods and services and by fostering businesses which exist because of the presence of the 

mines. 

 

The economic report on Africa (World Bank, 2017) revealed that the resources available to 

existing mines in Zambia are estimated at 2.8 billion tonnes of ore ranging between 0.6 and 4.0 

percent copper. In additional, Zambia has potentially recoverable ores estimated at 1.6 billion 

tonnes ranging between 0.4 and 0.6 percent copper. The additional resources would prolong 

mining for approximately 30 years. Macro environmental factors are among other factors which 

impede mining of low-grade copper deposits in Zambia. Zambia has not critically analysed its 

macro environmental factors which affect the potential of extracting low grade copper ore 

deposits. The analysis of macro environmental factors would enable Zambia to optimise its 

prospects of unlocking its mineral resources and competitively contribute to the future global 

production of copper. 

 

Therefore the purpose of this chapter is to analyse macro environmental factors affecting 

Zambia‟s potential for mining low grade copper ore deposits. Macro environmental factors were 
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historically less important in mining decision making but currently, these factors have become 

increasingly important and play a key role in selection of the type of mining opeartions. For 

example, new phenomena and concepts such as environmental protection, environmental health, 

socio-cultural, transparency, and accountability have become important parameters that need to 

be taken into account in investing and carrying out mining activities. Today, it is not possible for 

a mining company to survive in the long term without considering this dynamic process. A 

company cannot afford to make a mistake and also to carry out activities by chance in an 

expanding and highly unstable environment. As a result, while carrying out its operations, a 

company must increasingly take into account the environment within which it operates. To meet 

such needs, company decision-makers should adopt a strategic approach to the management of 

macro environmental events, occurrences, and operations. 

 

Strategic analysis involves the analysis of current factors relevant to the environmental within 

which the company carries out its operations (Ülgen and Mirze, 2007). In general terms, the 

concept of environment involves all types of factors affecting the activities of the mining 

company. In terms of the company, this comprises both internal and external environments. The 

internal environment involves the resources and capabilities of the company, whereas external 

environment involves factors beyond the control of the company but which, nevertheless, are 

relevant to- and affect the company. A basic characteristic of the factors affecting external 

environment is that they are a parameter (Dinçer, 2004). Therefore, it is difficult or impossible 

for companies to control and direct external factors. The external environment comprises the 

macro environment. The macro environment of a company consists of the political, economic, 

socio-cultural, technologic, ecologic, legal factors (Eren, 2002) that directly or indirectly affect 

the operations of the company (Ülgen and Mirze, 2007). Environmental analysis is important for 

developing a sustainable competitive advantage; identifying opportunities and threats; and 

providing opportunities for productive co-operation with other companies. 

 

3.2 Zambia as copper mining country 

 

As explained in Chapter 1, copper mining in Zambia has been an important economic activity 

since 1902.  Because of mining, Zambia in 1969, was classified a middle-income country, with 
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one of the highest Gross Domestic Products (GDPs) in Africa, three times that of Kenya, twice 

that of Egypt, and higher than Brazil, Malaysia, Turkey and South Korea (Lusaka Times, 2010). 

In 2016, Zambia was Africa‟s second largest producer of Copper (World Bank, 2017), it 

produced five percent of the word copper production. Figure 3.1 shows Zambia‟s copper 

production from 1969 to 2016. 

 

 

Figure 3.1: Graph showing copper production from 1969 to 2016 

 

3.3 PESTLE AND SWOT analytical tools 

 

A review of the literature revealed that different approaches and techniques are used for the 

analysis of macro environment (Lynch, 2009). The approaches include Business Process 

Modeling (BPM); Mission, Objective, Strategy and Tactics (MOST) analysis, strategic analysis; 

operational analysis; and Political, Economic, Social, Technological, Legal and Environmental 

(PESTLE) and Strengths, Weaknesses, Opportunities and Threats (SWOT) analysis.  

 

For this study PESTLE and SWOT analysis were applied to analyse the external and internal 

macro environmental factors that affect mining companies in Zambia. PESTLE and SWOT 

analysis were used because the tools offer broad and effective analysis of key areas of strategic 

planning and is suitable at the preliminary stage of the mining planning process. Since mining of 

low-grade deposits like Kakosa South is at feasibility study stage, it was appropriate to use 

PESTLE and SWOT analysis tools. 
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PESTLE and SWOT analysis has two basic functions for a mining company. The first is that it 

allows identification of the environment within which the company operates. The second basic 

function is that it provides data and information that will enable the company to predict 

situations and circumstances that it might encounter. PESTLE and SWOT analysis is therefore a 

precondition analysis, which should be utilised in strategic management (Dinçer, 2004). This 

study is confined to the macro environment currently existing in Zambia and which affect the 

potential for mining low grade copper ore deposits.  

 

3.4 Methodology 

 

PESTLE and SWOT were used to identify the key mining companies‟ external and internal 

macro environmental factors that are taken into account in determining the potential for mining 

low-grade copper deposits. A PESTLE framework is used to analyse the macro-environmental 

factors, while a SWOT framework is used as a matrix with external and internal environmental 

factors as shown in Table 3.1. 

 

Table 3.1: SWOT framework 

 

 

 

 

 

 

 

 

 

The PESTLE factors are related to SWOT factors in order to develop a framework as shown in 

Figure 3.2. The framework helped in SWOT analysis by applying the results of PESTLE 

analysis. Depending on the results, the PESTLE factor may manifest as favourable or 

 

Opportunities 
External 
factors 

Internal 
factors 

Favourable 
for potential mining of 

low-grade copper 
deposits in Zambia 

Unfavourable 
for potential mining of 

low-grade copper 
deposits in Zambia 

 

Threats 

 

Strengths 

 

Weaknesses 
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unfavourable; for example, a conducive political situation is strength while an unconducive 

situation is a threat, as indicated in Figure 3.2. 

 

 

 

Figure 3.2: Showing the relationship between PESTLE factors and SWOT framework 

 

3.5 PESTLE analysis 

 

The main PESTLE factors do not enable detailed analysis of the macro environment, therefore 

the initial stage that was carried out in the PESTLE analysis was identification of relevant sub-

factors. Clusters of sub-factors were identified as indicated in Table 3.2.  After identification of 

sub-factors, a PESTLE analysis was developed as indicated in Table 3.3. 
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Table 3.2: Identified PESTLE sub-factors affecting the potential of mining low grade deposits  

 

PESTLE 

factor 

Identified sub-factors PESTLE 

factor 

Identified sub-factors 

 

 

 

 

Political 

(P) 

P1: Political stability  

 

 

 

Economic 

(E) 

E1: Inconsistency in mining 

taxes 

P2: Nationalization of mines E2: Taxes and duties 

P3: Political interference E3: Investment policies 

P4: Transparency  E4: Inflation 

P5: Control of corruption E5: Exchange rates 

P6: Bureaucracy issues E6: GDP and GNP 

P7: Governance issues E7: Wage pattern 

P8:Trade restriction nd reforms E8: Cost of living 

P9: Fiscal policies E9: Trading practices 

P10: Leadership E10: Working practices 

 

 

 

 

Social 

(S) 

S1: Attitude towards work  

 

 

 

Technological 

(T) 

T1: Infrastructure  

S2: Employment levels T2: Geological mapping and 

survey  

S3: Income statistics T3: Mining machinery/software 

S4: Access to essential services T4:  Energy/auxiliary services 

S5: Cultural/social conventions T5: Technology transfer 

S6: Lifestyle and 

psychographics 

T6: Research and development 

S7: Cross-cultural 

communication 

T7: Production efficiency 

S8: Ethics and religion issues T8: Knowledge-based systems 

S9: Corporate social 

responsibility  

T9: Intellectual property/patents 

S10: Communities demands  T10: Skilled labour force 

 

 

 

 

Legal 

(L) 

L1: Mining Act and policies  

 

 

 

Environmental 

(En) 

En1: Environmental protection 

L2: Employment laws En2: Waste disposal 

L3: Taxation En3: Contamination levels 

L4: Compliance systems En4: Reclamation policies 

L5: Regulatory bodies En5: Cyclical weather 

L6: Import and export policies En6: Geographical location 

L7: Border-crossing regulations En7: Ecological consequences 

L8: Human rights En8: Climate 

L9: Mining guide/regulations En9: Water treatment 

L10: Technology legislation En10: Environmental expertise 
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Table 3.3: Developed PESTLE analysis matrix based on identified sub-factors in Table 3.2 

 

PESTLE analysis matrix 

PESTLE factors POL ECO SOC TEC LEG ENV 

 

 

 

 

PESTLE 

sub-factor score 

PI EI SI TI LI EN1 

P2 E2 S2 T2 L2 EN2 

P3 E3 S3 T3 L3 EN3 

P4 E4 S4 T4 L4 EN4 

P5 E5 S5 T5 L5 EN5 

P6 E6 S6 T6 L6 EN6 

P7 E7 S7 T7 L7 EN7 

P8 E8 S8 T8 L8 EN8 

P9 E9 S9 T9 L9 EN9 

P10 E10 S10 T10 L10 EN10 

 

3.5.1 Rating of PESTLE sub-factors 

 

A survey was conducted in Lusaka, the capital city of Zambia. A questionnaire (Appendix 2) 

was developed based on Tables 3.2 and 3.3. A face validation of the questionnaire was done 

involving three selected experts. The respondents were asked to rate each sub-factor on an 

integer scale ranging from 1 to 10, where a higher score indicates a better environment to invest 

in and mine low-grade copper ore deposits. Twenty representatives from large mining companies 

and institutions related to mining were identified. Fourteen responses were received and an 

average rate for each sub-factor was calculated. The ratings from the 14 responses were 

computed using Excel
®
 spreadsheets. Table 3.4 shows an example of the computation of political 

sub-factors, and the summary of computations for all PESTLE factors is shown in Tables 3.5. 
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3.5.2 Analysis of PESTLE sub-factors 

 

Table 3.4: Political sub-factors computation 

 

Sub 

factor Responses  Average 

PI 9 7 8 7 9 7 8 8 9 7 8 9 7 8 7.929 

P2 8 9 9 9 7 7 9 8 7 8 7 8 9 9 8.143 

P3 4 5 4 6 3 3 3 5 4 5 3 3 4 3 3.928 

P4 5 4 4 5 3 4 3 4 5 5 4 3 4 3 4 

P5 2 2 3 4 2 3 4 3 3 2 3 3 4 3 2.929 

P6 5 6 5 6 4 4 6 4 6 5 4 5 7 4 5.071 

P7 6 5 7 7 6 4 6 7 8 4 5 6 4 8 5.929 

P8 8 8 9 8 6 8 9 9 6 9 8 8 7 9 8 

P9 5 5 6 3 4 3 6 2 3 4 5 3 3 4 4 

P10 6 4 5 5 6 3 7 6 4 6 7 3 4 4 5 

 

Table 3.5: Rated PESTLE sub-factors 

 

Rating of PESTLE sub factors 

PESTLE factors POL ECO SOC TEC LEG ENV 

 

 

 

 

PESTLE 

sub-factor score 

8 3 3 2 6 3 

8 4 6 4 5 4 

4 8 5 2 4 3 

4 6 3 5 5 3 

3 6 7 3 6 6 

5 5 5 2 7 7 

6 6 4 3 3 5 

8 7 4 3 5 7 

4 7 4 2 6 4 

5 4 5 5 3 3 

Overall factor score 5.5 5.6 4.6 3.1 5.0 4.5 
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3.5.3 Analysis of main PESTLE factors 

 

Based on PESTLE analysis of sub-factors [Table 3.5], the main PESTLE factors were analysed 

and overall scores were evaluated to come up with suitable comments as indicated in Tables 3.6 

to 3.11. 

Table 3.6: Political factor overall score and comments 

 

PESTLE factor Overall score Comments 

 

Political 

 

5.5 

Zambia was highly rated on sub-factors P1, P2, and P8 

because of the country‟s political stability and open 

trade policies, but needs to improve on its corruption 

index, transparency, and management of national 

resources in order to enhance its investment 

attractiveness index. Zambia is currently ranked 30
th

 and 

5
th

 mining destination in the world and Africa 

respectively (Fraser Institute, 2017). 

 

Table 3.7: Economic factor overall score and comments. 

 

PESTLE factor Overall score Comments 

 

Economic 

 

5.6 

Zambia was well ranked on most economic factors 

because of low cost of living, availability of labour, and 

good trading practices. Nevertheless, Zambia needs to 

improve on factors E1, E2, and E10. The reasons for low 

rating being: 

 Lack of policy certainty around the implementation 

of the tax. Zambia has revised its taxation regime 7 

times between 2008 and 2017. 

 Unstable foreign exchange rates. 

These may affect investment attractiveness into the 

mining sector. 
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Table 3.8: Social factor overall score and comments 

 

PESTLE factor Overall score Comments 

 

Social 

 

4.6 

The country was ranked well on socio-economic and 

employment agreements but poorly rated on work 

attitude and access to essential services. The 

respondents attributed this due to lack of : 

 Good work ethics 

 Commitment towards work 

 Proper and adequate skills training 

 Adequate social and medical facilities for workers. 

 

Table 3.9: Technological factor overall score and comments 

 

PESTLE factor Overall score Comments 

 

Technological 

 

3.1 

Zambia was rated poorly on mining research and 

development, intellectual property, technology transfer, 

and infrastructure which are directly linked to mining. 

This is because of: 

 Inadequate research facilities in the country 

 Lack of modern analytical tools and mine software 

 Lack of research funds at both national and 

institutional levels 

 Lack of access roads in some parts of the country 

 Inadequate electricity supply 

 Conflicting policies on technology transfer and 

intellectual property. 
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Table 3.10: Legal factor overall score and comments. 

 

PESTLE Factor Overall score Comments 

 

Legal 

 

5.0 

The Zambian mining and employment laws were highly 

rated because the country has well-formulated mining, 

export, and import policies. Nevertheless, Zambia needs 

to address: 

 The challenges of border-crossing delays which 

affect transportation of copper 

 Taxation policies for mining companies 

 Legal system – to be more transparent, non-corrupt, 

timely, and efficient in order to improve the 

country‟s governance index. 

 

Table 3.11: Environmental factor overall score and comments. 

 

PESTLE Factor Overall score Comments 

 

Environmental 

 

4.5 

The country has good geographical location and climate 

but was poorly rated at environmental protection, 

contamination, reclamation, and water treatment at both 

national and company levels. This was attributed to lack 

of: 

 Enforcement of environmental laws;  

 Regulations not based on science, and 

 Poorly designed sanitation systems. 

 

Based on PESTLE sub-factors and factors analysis [Tables 3.5 to 3.11], a SWOT analysis was 

carried out. The PESTLE analysis framework was used to determine the SWOT external and 

internal factors [Table 3.12] which may directly or indirectly affect mining of low-grade copper 

ore deposits in Zambia. 

 



82 

 

 

Table 3.12: SWOT analysis showing Zambia‟s external and internal factors affecting mining 

sector 

 

Opportunities Threats 

 Good geographical location  Frequent changes in tax regime 

 Good climate  Unstable foreign exchange rate 

  No mining innovation (lack of research 

and development) 

Strengths Weaknesses 

 Political stability  Low corruption index 

 Open trade policy  Lack of transparency and fiscal 

management 

 Low cost of living  Poor work attitude 

 Availability of labour  Poor infrastructure 

 Good socio-economic and employment 

laws and policies 

 Inefficient legal system 

 Lack of modern mining technology 

  Inadequate essential services 

 

 

3.6 Conclusion 

 

A literature review revealed a predicted high global demand for copper. The high demand will 

result in a deficit in copper supply from the year 2019, and this will trigger high copper prices. 

This external factor will provide an opportunity for Zambia to explore the possibilities of 

economically extracting low-grade copper deposits. If Zambia can take advantage of its strengths 

to attract investors, address its weaknesses, and capitalize on its opportunities, the country has 

the potential to mine low-grade copper ore deposits.  
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3.7 Application of multi-criteria decision making model for PESTLE analysis 

 

Although the PESTLE analysis is a useful tool because it offers broad and effective analysis of 

key areas of strategic planning, and is suitable at the preliminary stage of mining planning 

process as it provides important foundational knowledge in, conceptual terms, for analysis of the 

macro environment, it has some limitations in terms of measurement and evaluation (Yüksel 

2012). The first problem encountered in the measurement and evaluation dimension of PESTLE 

analysis is that it does not adopt a quantitative approach to measurement. Since PESTLE factors 

generally have a qualitative structure, measurement cannot be generally made, or is otherwise 

qualitatively evaluated. Using such an evaluation, does not allow the factors constituting the 

external environment of the mining company to be objectively or rationally analysed. A second 

issue is that, although the conceptual dimension of PESTLE analysis prescribes a holistic 

approach (Dinçer, 2004), this is not reflected in the measurement and evaluation dimension. The 

analysed factors are generally measured and evaluated independently. However, effect degrees in 

practice, factors within the external environment would not be expected to have equal influence 

on commercial activities. While some of the factors have significant or critical effects on 

company operations or success, others might have a limited effect (Dinçer, 2004). Therefore, the 

factors and sub-factors in PESTLE analysis may differ in their relative importance. This requires 

the use of a technique that allows for measurement of the relative importance of factors and sub-

factors in evaluating the macro environment. Another issue that should be taken into account in a 

holistic perspective is the relations and interactions between PESTLE factors. Independent 

measurement and evaluation of each macro environmental PESTLE factor might not reflect the 

real situation. For example, it is not possible to consider legal arrangements or economic 

conditions in isolation from political conditions. As Eren (2002) reported, a political situation 

might give rise to economic and socio-cultural implications.  

 

The above mentioned limitations of the approach to PESTLE do not allow a detailed and 

objective analysis of the macro environment. Although the conceptual structure and nature of 

PESTLE analysis requires an integrated approach, the technical framework of PESTLE does not 

support this method. PESTLE analysis, as it stands, mainly provides a general idea about the 

macro environment and situation of a country or a company. PESTLE analysis should adopt an 
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approach based on the inter-dependence of the factors. Multiple-criteria decision-

making (MCDM) or multiple-criteria decision analysis (MCDA) model for PESTLE analysis 

addresses such limitations and adopts an approach based on the inter-dependence of PESTLE 

factors. 

 

3.7.1 Multi-criteria decision making model 

 

Multiple-criteria decision-making (MCDM) or multiple-criteria decision analysis (MCDA) is a 

sub-discipline of operational research that explicitly evaluates multiple conflicting criteria in 

decision making in settings such as mining, business and government. Conflicting criteria are 

typical in evaluating options: cost or price is usually one of the main criteria, and some measure 

of quality is typically another criterion, easily in conflict with the cost (Sharma, 2018).  

 

In portfolio management, the interest is in getting high returns but at the same time reducing the 

risks, but the stocks that have the potential of bringing high returns typically also carry high risks 

of losing money. In a mining industry, extraction cost and metal price are among the main 

fundamental conflicting criteria. 

 

In making the decision on whether to extract low grade ore deposits or not, there are many 

complex issues involving multiple criteria. Economic extraction becomes the main criteria to 

consider. Economic extraction analysis involves many factors including PESTLE factors, 

country‟s investment attractiveness, governance and economic performance indexes. 

 

Structuring complex problems well and considering multiple criteria explicitly lead to more 

informed and better decisions. There have been important advances in this field since the start of 

the modern multiple-criteria decision-making discipline in the early 1960s (Sharma, 2018). A 

variety of approaches and methods have been implemented and specialised decision-making 

softwares have been developed.  

 

MCDM is concerned with structuring and solving decision and planning problems involving 

multiple criteria. The purpose is to support decision-makers facing such problems. Typically, 
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there are no unique optimal solutions for such problems and it is necessary to use decision-

maker's preferences to differentiate between solutions. "Solving" can be interpreted in different 

ways. It could correspond to choosing the "best" alternative from a set of available alternatives 

(where "best" can be interpreted as "the most preferred alternative" of a decision-maker). 

Another interpretation of "solving" could be choosing a small set of good alternatives, or 

grouping alternatives into different preference sets.  

 

Application of multi-criteria decision making model (MCDMM) for PESTLE analysis was 

developed by Yüksel (2012). The model was developed to address problems encountered in the 

measurement and evaluation process of PESTLE analysis. Multi-criteria techniques identify a 

sector of the Decision Analysis (DA) that investigates methods and tools aimed at the 

simplification, starting from different criteria, of the decisional process related to the purpose of 

the choice, the classification, or the order of the options. The most used DA models are based on 

tools to support choices with multiple criteria: Multiple-Criteria Decision Analysis (MCDA) or 

Multiple-Criteria Decision Making (MCDM). These techniques overcame the classical methods, 

considered too strict with their linear optimization for single criterion and unsuitable for complex 

decisions. 

 

The application of pairwise comparison tool has been developed for complex decision making 

process (Koczkodaj and Szybowski, 2015).  The pairwise comparison technique has been widely 

used to tackle the subjective and objective judgments about qualitative and/or quantitative 

criteria in multi-criteria decision making (MCDM). 

 

Some widely-accepted decision-making processes include the Analytical Hierarchy Process 

(AHP), Analytic Network Process (ANP) and the Fuzzy Multiple Attribute Decision-Making 

(FMADM). The choice of the technique to be applied depends on the problem to be analysed 

(Ful¨, 2008). For this study, ANP and AHP were used to calculate interdependence and factors 

weights respectively for pairwise comparison analysis in the multi-criteria decision making 

model for PESTLE analysis for Zambia‟s potential of mining low grade copper deposits. 
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3.7.2 Pairwise comparison tool in MCDM model for PESTLE analysis 

 

The pairwise comparison is a tool to rank a set of decision-making criteria and rate the criteria on 

a relative scale of importance. Making decisions requires comparing alternatives with respect to 

a set of criteria. If there are more than two criteria, determining which criteria are more important 

can itself be a serious problem. One would like to be able to rank the criteria in order of 

importance, and to assign to the criteria some relative ranking indicating the degree of 

importance of each criterion with respect to the other criteria. 

 

It can be very difficult to rank and weight criteria. It can become insurmountable in complex 

problems because every criterion must be weighted with respect to every other criterion 

simultaneously; this is a problem that grows arithmetically. (For example, given 5 criteria, there 

are 4+3+2+1=10 relationships to consider, and for 10 criteria there are 45 relationships to 

consider). Pairwise comparison is one way to determine how to evaluate alternatives by 

providing an easy and reliable means to rate and rank decision-making criteria. It is often used to 

assign weights to design criteria in concept evaluation. 

 

Pairwise comparison is implemented in two stages: 

 Determine qualitatively which criteria are more important – i.e. establish a rank order of 

the criteria, and 

 Assign to each criterion a quantitative weight such that the qualitative rank order is 

satisfied. 

 

There are obvious problems with this approach. For example, the lowest ranked item in a 

pairwise comparison can often turn out to have a weight of zero. However, it cannot be assumed 

that zero importance implies omitting the criterion altogether. If that is done, then the entire 

pairwise comparison process has to be redone, and then some other criterion may end up having 

zero importance. Therefore, if there is a criterion that appears to have zero importance, borrow a 

fractional amount from other criteria and give it to that last-ranked criterion, just to make sure it 

counts for something. 
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Other strange effects can occur in pairwise comparison process. For example, it is possible to get 

a situation where given three criteria, say A, B, and C, it may be found that A is more important 

than B, that B is more important than C, and that C is more important than A. This is a 

paradoxical situation (known as Arrow‟s Paradox) in that it makes no sense. Generally, this 

happens when decision makers work individually rather than in teams. 

 

The advanced application of pairwise comparison tool has been developed for complex decision 

making process.  (PESTLE analysis is an example of a decision involving complex factors). One 

such widely-accepted decision-making process is the Analytic Hierarchy Process (AHP), a 

mathematical decision making technique that allows consideration of both qualitative and 

quantitative aspects of decisions. It reduces complex decisions to a series of pairwise 

comparisons, and then synthesizes the results. The divide-and conquer approach of AHP using 

pairwise comparison not only helps decision makers more quickly and easily choose the best 

alternative, but also provide a clear rationale for the choice (Ful¨, 2008).    

 

3.8 Methodology 

 

The approach of this analysis is to first identify PESTLE factors and sub-factors and then 

determine the inner dependence matrix of PESTLE factors that affect Zambia‟s potential for 

mining low grade copper deposits. The matrix shows the relationship among PESTLE factors 

and how they directly and indirectly relate to each other. To achieve this, the multi-criteria 

decision-making model for PESTLE analysis was used applying the following steps: 

 

 PESTLE factors and sub factors relevant to the objective that is “to determine the 

Zambia‟s potential for mining low grade copper deposits” were identified; 

 Decision Making Trial and Evaluation Laboratory (DEMATEL) was applied to 

determine the potential inter-dependences between PESTLE factors; 

 The local weights of independent PESTLE factors were then determined; 

 Inner dependence matrix of PESTLE factors based on the DEMATEL digraph were 

determined; 

 Interdependence weights by Analytic Network Process (ANP) were calculated; 
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 PESTLE factors weight by Analytic Hierarchy Process (AHP) were determined; 

 Global weights by multiplying the weights in step 5 by those in step 6 were determined, 

and 

 PESTLE factors were evaluated and macro environment level was calculated by 

multiplying global weights of factors with evaluated values. Depending on the value 

calculated, for the macro environment, the following decisions in Table 3.13 were made. 

 

Table 3.13: Macro environment level and decisions  

 

Macro environment level Decisions 

1.00 to 0.80 The macro environment is highly supportive of mining low grade 

copper ore deposits 

0.80 to 0.60 The macro environment is good for mining low grade copper ore 

deposits 

0.60 to 0.40 The macro environment is moderate for mining low grade copper 

ore deposits 

0.40 to 0 The macro environment is not supportive of mining low grade 

copper ore deposits 

 

The integrated structure of PESTLE factors and sub-factors were modeled by AHP technique. 

Relationships between PESTLE factors were determined by DEMATEL. Global weights of the 

sub-factors were calculated using ANP. The PESTLE analysis model determined the extent to 

which the macro environment of Zambia could affect its potential for mining low grade copper 

ore deposits. 

 

3.8.1 DEMATEL method  

 

The DEMATEL method was designed to study and resolve complicated and intertwined 

problems (Li and Tzeng, 2009). This method is one of the structural modeling techniques that 

can identify the interdependences among the elements of a problem through a casual diagram by 

representing the basic concept of contextual relationships and the strengths of the influences 
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among the factors. The procedure used for the DEMATEL method based on Tzeng et al. (2007), 

Liou, Tzeng, and Chang (2007), as follows: 

 

Step 1: Computation of the average matrix to find direct relation. 

 

Each respondent is asked to evaluate the direct influence between any two factors on an integer 

scale ranging from 0 to 4, where higher value indicates greater influence.. To take into account 

all opinions from H respondents, the average matrix a = [aij], is formed, where: 

 

              (Eq. 3.1) 

 

Xij represents the degree to which the respondent thinks factor i affects factor j. For I = j the 

diagonal elements are set to zero. For each respondent, an n x n non-negative matrix can be 

stated as X
k 

= [Xij 
k
], where, k is the number of respondents with 1 ≤ k ≤ H, and n is the number 

of factors. Thus, X
1
, X

2
, X

3
,……X

H
 are the matrices from H respondents (Yüksel, 2012) 

 

Step 2: Normalising the initial direct matrix a to get matrix D by dividing matrices with S, 

where: 

D is a normalized matrix 

S is standard deviation 

 

              (Eq. 3.2) 

 

Where each element in matrix D falls between 0 and 1 

 

Step 3: Calculation of the total relation matrix (T) 

 

Calculate the total relation matrix (T) as T = D (I - D)
-1

, where I is the identity matrix. Define r 

and c which can be nx1 and 1xn vectors representing the sum of rows and sum of columns of 

matrix T, respectively. Suppose ri be the sum of the ith row in matrix T, then ri summarises both 
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the direct and indirect effects of factor to the other factors. If ci denotes the sum of the jth column 

in matrix T, then cj shows both direct and indirect effects on factor j from the other factors. 

When j = i the sum (ri + cj) shows the total effects given and received by the factor. Thus (ri + cj) 

indicates the degree of importance that factor i plays in the entire system. In contrast, the 

reciprocal (ri - cj) depicts the net effect that factor i contributes to the system. Moreover, if (ri - cj) 

is positive, the factor is a net cause; if (ri - cj) is negative, the factor i is a net receiver (Liou et al., 

2007). 

 

The total influence or total relation can be summed up as: 

 

D
2
, D

3
, …, D

∞
, 

 

lim D
m 

= [0]nxn 
m →∞ 

 

[0]nxn is a n x n null matrix 

 
          ∞  

          m=1 

 

       = D (I + D + D
2 

+ … + D
m-1

) 

 

       = D (I – D)
-1  

(I – D) (I + D + + D
2
 + …+  D

m-1
) 

 

       = D (1 – D)
-1

 (I – D
m

) = D (I - D)
-1 

           (Eq. 3.3) 

 

I is the identity matrix, T is total relation matrix ([T]nxn). 

The sum of rows and sum of columns of the total relation T are computed as r and c n x 1 vectors 

 

        n  

[ri]nx1 =          tij  

                     j=1      nx1              (Eq. 3.4)  

 

        n  

[Cj]1xn =         tij  

                     j=1      1xn              (Eq. 3.5)  

 

∑ D
i 
= D + D

2
 +D

3
 … D

m
 

∑

  
 

∑
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The sum of the i
th

 row of the matrix T is [ri]nx1 and indicates the total effects, both direct and 

indirect, given by the factor I to other factors. Likewise, [Cj]1xn is the sum of the j
th

 column of the 

matrix T and donates the total effects, both direct and indirect, received by the factor j from other 

factors. Consequently, when j = I, the sum (cj + ri) which is called “prominence” gives an index 

representing the total effects both given and received by the factor i. In other words, (cj + ri)  

demonstrates the degree of the importance (total sum of the effects given and received) that the 

factor I plays in the system. In additional, the difference (cj - ri) which is called “relation” shows 

the net effect that the factor I contributes to in the system. When (cj - ri) is positive, the factor I is 

net causer and when (cj - ri) is negative the factor I is a net receiver (Tzeng et al., 2007). 

 

Step 4: Setting a threshold value to obtain the digraph 

 

Matrix T provides information on how one factor affects another, it is necessary for a decision 

maker to set up a threshold value to filter out some negligible effects. Only the effects greater 

than the threshold value are chosen and shown in the digraph. The digraph can be acquired by 

mapping the dataset of (r+c, r-c). 

 

3.8.2 Analytic Hierarchy Process 

 

The Analytic Hierarchy Process (AHP) is a method of measurement through pairwise 

comparisons and relies on the judgments of experts to derive priority scales. AHP method is used 

in multiple criteria decision-making processes related to different areas. AHP is regarded as the 

most convenient method for solving complicated problems, and was therefore used in several 

studies (Bayazit and Karpak, 2007; Cheng and Li, 2007). It is also used by decision makers and 

researchers, because it is a simple and powerful tool (Forman and Gass, 2001). In fact, the 

hierarchical structure of AHP methodology is able to measure and synthesise a variety of factors 

of a complex decision making process in a hierarchical manner, making it simple to combine the 

parts in a whole. 

 

The original assumption of AHP is independence of criteria (Saaty and Takizawa, 1986; Saaty, 

1996; Meade and Sarkis, 1998). However, many decision-making problems cannot always be 
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structured hierarchically; among the elements of a problem, there can be interaction and 

dependence (Saaty and Takizawa, 1986; Saaty, 1996; Lee and Kim, 2000; Yüksel and 

Dağdeviren, 2007). Structuring a problem that includes functional dependence and allows for 

feedback among clusters is defined as a network system. Saaty (2000) proposed the use of 

Analytical Network Process (ANP) to solve the problem of dependence among alternatives or 

criteria. The main difference between AHP and ANP is that ANP is capable of handling 

interrelationships between the decision levels and attributes by obtaining the composite weights 

through the development of a „„supermatrix”. The supermatrix is a partitioned matrix, where 

each sub matrix is formed of a set of relationships between two elements or clusters in a 

connection network structure (Shyur, 2006). In the literature, the process of ANP was defined in 

different steps (Bayazit and Karpak, 2007; Cheng and Li, 2007). Using the mathematical 

principle of pairwise comparison, every criterion is compared with the others to define the 

priority related to the element of the upper level that is used as reference for the comparison. 

The minimum number of compulsory components of the hierarchy for structuring the AHP 

model is three including:  

 

 The goal;  

 The alternatives to reach the goal, and  

 The criteria - to evaluate how the alternatives can satisfy the goal for each specific 

criterion. 

 

In applying AHP method, three steps are followed in order to compare every criterion with 

others and to obtain interdependence weights. 

 

Step 1: Based on independence among criteria, decision makers evaluate all criteria pairwise by 

responding to questions such as: “which criteria should be emphasized more in a macro 

environment, and by how much more?” The responses are evaluated according to Saaty‟s 1–9 

scale shown in Table 3.14. Each pair of criteria is judged only once. A reciprocal value is 

automatically assigned to the reverse comparison. Once the pairwise comparisons are completed, 

the local weight vector w1 is computed as the unique solution to equation 3.6. 
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Aw1 =λmaxw1           Eq. 3.6 

 

where λmax is the largest eigenvalue of the pairwise comparison matrix A. The obtained vector 

was further normalized by dividing each value by its column total to represent the normalized 

local weight vector w2. 

 

Table 3.14: Saaty‟s 1–9 scale for AHP (Saaty, 1996) 

 

Intensity of importance Definition Explanation 

1 Equal importance Two activities contribute equally to the 

objective 

3 Moderate importance Experience and judgement slightly favour 

one over another  

5 Strong importance Experience and judgement strongly  

favour one over another 

7 Very strong importance Activity is strongly favoured and its 

dominance is demonstrated in practice 

9 Absolute importance Importance of one over another affirmed 

on the highest possible order 

2,4,6,8 Intermediate values Used to represent compromise between 

the priorities listed above 

 

Reciprocal of the non-zero numbers above, if activity i has one of the above non-zero numbers 

assigned to it when compared with activity j, then j has the reciprocal value when compared with 

i 

 

Step 2: Involves resolving the effects of the interdependence that exists between the evaluation 

criteria. The impacts of all criteria on each other are also analyzed using pairwise comparisons. 

Different pairwise comparison matrices were formed for each of the criteria. These pairwise 

comparison matrices were needed to identify the relative impacts of the interdependent 
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relationships among the criteria. The normalized principal eigenvectors for these matrices were 

calculated and shown as column components in interdependence weight matrix of criteria B, 

where zeros were assigned to the eigenvector weights of the criteria, from which a given 

criterion is given. 

 

Step 3: The interdependence weights of the criteria were calculated by synthesizing the results 

from the previous two steps, as shown in equation 3.7. 

 

           Eq. 3.7 

 

3.8.3 PESTLE analysis applying multi-criteria decision making model 

 

Because of limitations of PESTLE and SWOT analysis method as explained in Section 3.8, the 

MCDM model was developed and applied to analyse the PESTLE factors affecting Zambia‟s 

potential for mining low grade copper deposits. The procedure for the MCDM model is indicated 

in Figure 3.3. The MCDM model included the application of pairwise comparison tool.  
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Figure 3.3: Procedure in application pairwise comparison tool 

 

In this study, PESTLE analysis applying MCDM model was used to determine to what extent 

macro environmental conditions are appropriate to realise Zambia‟s potential for mining low-

grade copper ore deposits. The study indicates the measurement and evaluation dimension of 

PESTLE analysis. The PESTLE factors and sub-factors were modeled in an analytical and 

systematic manner and the model made it possible to determine the positions and relative 

importance of all of the factors. With this model, PESTLE factors and sub-factors were measured 

more rationally and objectively with the AHP model. 

 

The main PESTLE factors do not enable detailed analysis of the macro environment; therefore 

the initial stage which was carried out was identification of relevant sub-factors. The sub-factors 

assisted in the rating of the main factors. A cluster of sub factors per factor was identified as 

indicated in Table 3.15.  

State the objective 

Structure the hierarchy 

Construct a set of n x n pairwise comparison matrices 

Establish priorities by making pairwise comparison 

Synthesis the pairwise comparison and obtain the overall priority 

ranking 

Evaluate the consistency for the entire hierarchy. The consistency 

ration (CR) is acceptable if it does not exceed 0.10. Repeat and 

revise the judgements if the CR is greater than 0.10 

Select the most suitable alternative / influential factor 
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Table 3.15: Identified PESTLE sub-factors for application of AHP model 

 

PESTLE 

Factor 

Identified sub-factors PESTLE 

Factor 

Identified sub-factors 

 

 

 

 

Political 

(P) 

P1: Political stability  

 

 

 

Economical 

(E) 

E1: Taxes and duties 

P2: Nationalisation of mines E2: Investment policies 

P3: Political interference E3: Inflation & exchange 

rates 

P4: Transparency and 

control of corruption 

E4: Wage pattern 

P5: Bureaucracy issues E5: Cost of living 

P6: Governance issues E6: Trading practices 

P7:Trade restriction and 

reforms 

 

 

 

 

Social 

(S) 

S1: Attitude towards work  

 

 

 

Technology 

(T) 

T1: Infrastructure  

S2: Employment levels T2: Geological mapping & 

survey  

S3: Income statistics T3: Mining machinery & 

software 

S4: Access to essential 

services 

T4:  Energy/auxiliary services 

S5: Cross-cultural concerns T5: Technology transfer 

S6: Ethics & religion issues T6: Research & Development 

S7: Communities demands T7: Skilled labour force 

 

 

 

 

Legal 

(L) 

L1: Mining Act and policies  

 

 

 

Environmental 

(En) 

En1: Environmental 

protection 

L2: Employment laws En2: Waste disposal 

L3: Taxation En3: Contamination levels 

L4: Regulatory bodies and 

compliance systems 

En4: Reclamation policies 

L5: Import and export 

policies 

L6: Human rights En5: Geographical location 

En6: Climate and cyclical 

weather 

En7: Water treatment 
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Secondly, the hierarchical structure of factors and sub-factors was formed, as seen in Figure 3.4. 

The hierarchy consists of three levels; the first level includes the objective function that is to 

“determine Zambia‟s potential for mining low-grade copper ore deposits”. The second level 

contains the six main factors of the PESTLE analysis. The second level also displays potential 

relationships between PESTLE factors. The third level consists of 40 su-factors clustered within 

the main factors. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4: The hierarchical structure 

 

3.8.3.1 Rating of PESTLE sub-factors 

 

For the application of MCDM model, questionnaires (Appendixes 2, 3 and 4) were developed 

and face validity was carried out. Six (06) mining engineering experts were identified as 

respondents by the author. The respondents were asked to evaluate the direct influence between 

any two factors on an integer scale ranging from 0 to 4, where higher value indicated greater 

influence. Xij represented the degree to which the respondent considered how factor i affects 

factor j. The average matrix to find direct relation was computed and initial direct-relation matrix 

(A) was formed as:  

POL1 

POL2 

POL3 

POL4 

POL5 

POL6 

POL7 

ECO1 

ECO2 

ECO3 

ECO4 

ECO5 

ECO6 

SOC1 

SOC2 

SOC3 

SOC4 

SOC5 

SOC6 

SOC7 

TEC1 

TEC2 

TEC3 

TEC4 

TEC5 

TEC6 

TEC7 

ENV1 

ENV2 

ENV3 

ENV4 

ENV5 

ENV6 

ENV7 

LEG1 

LEG2 

LEG3 

LEG4 

LEG5 

LEG6 

Zambia‟s potential for mining low grade copper ore deposits 

POL ECO SOC LEG ENV TEC 
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A = [0,1,3,1,2,1;4,0,2,3,3,2;3,4,0,4,2,3;3,3,1,0,1,1;3,1,2,1,0,1;3,2,2,3,2,0] 

 

Matrix A =  

 

0     1     3     1     2     1 

4     0     2     3     3     2 

3     4     0     4     2     3 

3     3     1     0     1     1 

3     1     2     1     0     1 

3     2     2     3     2     0 

 

Before normalising the initial matrix, the identity matrix (I) was developed. This is a square 

matrix in which all the elements of the principal diagonal are ones and all other elements are 

zeros. The effect of multiplying a given matrix by an identity matrix is to leave the given matrix 

unchanged. n × n matrices were used to represent linear transformations from an n-dimensional 

vector space to itself, In represents the identity function, regardless of the basis. The ith column 

of an identity matrix is the unit vector ei. It follows that the determinant of the identity matrix 

is 1 and the trace is n. 

Therefore, I = [1,0,0,0,0,0;0,1,0,0,0,0;0,0,1,0,0,0;0,0,0,1,0,0;0,0,0,0,1,0;0,0,0,0,0,1], thus: 

Matrix I = 

1     0     0     0     0     0 

0     1     0     0     0     0 

0     0     1     0     0     0 

0     0     0     1     0     0 

0     0     0     0     1     0 

0     0     0     0     0     1 

 

Based on developed initial direct relation matrix A, the data was normalised to determine matrix 

D. The matrix was developed by D = A / S. 

 

 

 

 

 

https://en.wikipedia.org/wiki/Linear_transformation
https://en.wikipedia.org/wiki/Identity_function
https://en.wikipedia.org/wiki/Basis_(linear_algebra)
https://en.wikipedia.org/wiki/Unit_vector
https://en.wikipedia.org/wiki/Determinant
https://en.wikipedia.org/wiki/Trace_(linear_algebra)
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Matrix D = A / S = 

    0           0.0625    0.1875    0.0625     0.125      0.0625 

   0.25        0           0.125      0.1875     0.1875    0.125 

   0.1875    0.25       0             0.25        0.125      0.1875 

   0.1875    0.1875   0.0625    0              0.0625    0.0625 

   0.1875    0.0625   0.125      0.0625      0            0.0625 

   0.1875    0.125     0.125      0.1875     0.125      0 

 

The total relation matrix T was computed by T = D (l – D)-1, DEMATEL software was used to 

compute matrix T.  

Matrix T = 

4.4953      4.2285    5.6766    4.4381    4.7729    3.4496 

10.1961    4.7656    6.5488    7.6234    7.1360    5.3833 

10.7002    9.0520    5.4849    9.4733    7.1711    6.8689 

7.3919     5.8802    4.3079    3.5601    4.2239    3.4913 

6.8173     3.9605    4.7984    4.1583    2.8619    3.2596 

8.6787     6.0884    5.9669    7.1458    5.8230    3.2328 

 

Computation of influences of PESTLE factors by summing up of rows and columns of matrix T 

to define r and c as shown in Table 3.16. 
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Table 3.16: Summation of rows and columns of matrix T 

 

 Matrix T Sum (r ) 
  
  
 T

 =
 D

 (
l 

–
D

)-
1

 

4.4953 4.2285 5.6766 4.438 4.7729 3.4496 27.0609 

10.1961 4.7656 6.5488 7.6234 7.1360 5.3833 41.6532 

10.7002 9.0520 5.4849 9.4733 7.1711 6.8689 68.7141 

7.3919 5.8802 4.3079 3.5601 4.2239 3.4913 28.8553 

6.8173 3.9605 4.7984 4.1583 2.8619 3.2596 25.856 

8.6787 6.0884 5.9669 7.1458 5.8230 3.2328 36.9356 

Sum (c) 48.2795 33.9752 32.7835 36.3989 31.9888 25.6855  

 

The sum of influence given and received among PESTLE factors is indicated in Table 3.17. 

 

Table 3.17: Summation of influence among PESTLE factors 

  c r c + r c - r 

Political 48.2795 27.0609 75.3404 21.2186 

Economic 33.9752 41.6532 75.6284 -7.678 

Social 32.7835 68.7141 101.4976 -35.9306 

Technology 36.3989 28.8553 65.2542 7.5436 

Environmental 31.9888 25.856 57.8448 6.1328 

Legal 25.6855 36.9356 62.6211 -11.2501 

 

The digraph [Figure 3.5] was developed by mapping the dataset of (r + c, r - c). Finally, the inner 

dependencies matrix of PESTLE factors based on the DEMATEL digraph was determined as 

shown in Appendix 5. The digraph was used for better capturing the causal relationship visibly 

between PESTLE factors as indicated in Figure 3.5. 
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Figure 3.5: The digraph showing relations (c - r) by net effect among PESTLE factors and 

(c + r) indicates the degree of prominence of a factor in the system 

 

3.9 DEMATEL results 

 

Table 3.17 indicated the sum of influence (c + r) which gives an index representing the total 

effects both given and received by other factors.  In additional, the difference (c - r) which is 

called “relation” shows the net effect that other factors contribute to in the system. When (c - r) 

is positive, that factor is net causer and when (c - r) is negative that factor is a net receiver. The 

results showed that currently in Zambia, social factors have high effect on PETLE factors 

meaning that social factors have high influence on the other domains. Social factors are followed 

by economic and legal factors, while political factors are prominently affected by other factors. 

That means political factors are highly influenced by ESTLE factors. The results also indicate 
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that social factors play high degree of importance in the entire system and are sensitive to change 

by other factors. Figure 3.5 also indicates that environmental factors are least influential in the 

entire systems. 

 

3.10 Pairwise comparison weighting 

 

Pairwise comparison is a tool to rank a set of decision-making criteria and rate the criteria on a 

relative scale of importance. The problem of deriving weights from pairwise comparison 

matrices has been treated extensively in the literature review. Most of the results are devoted to 

the case when the matrix under consideration is reciprocally symmetric (i.e., the i, j-th element of 

the matrix is reciprocal to its j, i-th element for each i and j). However, there are some 

applications of the framework when the underlying matrices are not reciprocally symmetric. In 

this research study, both statistical and axiomatic arguments were employed to derive weights 

from such matrices. Both of these approaches lead to geometric mean-type approximations. 

Numerical comparison of the obtained geometric mean-type solutions with Saaty's eigenvector 

method is also provided. 

 

The inner dependence matrix (ID) of the PESTLE factors was formed according to the weights 

[Tables 3.18 to 3.23] of the inner dependence of the factors, as follows: 

  

   0.638     0.538     0.900      0.166     0.117     0.414 

   0.186     0.228     0.100      0.166     0.021     0.024 

   0.077     0.053     0            0.167     0.264      0.039 

   0       0.064     0            0.167    0             0.188 

   0.099     0.117     0            0.167     0.598      0 

   0      0            0             0.167     0            0.335 

 

Inter-dependent weights of the PESTLE factors were calculated by multiplying the local weights 

by the inner-dependence matrix (ID) as follows: 

 

 

ID = 
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Table 3.18: Pairwise comparison matrix of political sub-factors and weights 

 

 P1 P2 P3 P4 P5 P6 P7 Computed 

Weights 

Normalised 

Weights 

P1 1 3 4 5 6 5 1/4 0.540 0.292 

P2 1/3 1 4 3 2 4 1/2 0.323 0.104 

P3 1/4 1/4 1 2 1/2 1/3 1/6 0.089 0.008 

P4 1/5 1/3 1/2 1 1/3 1/5 1/7 0.066 0.004 

P5 1/6 1/2 2 3 1 1/3 1/4 0.130 0.017 

P6 1/5 1/4 3 5 3 1 1/3 0.209 0.044 

P7 4 2 6 7 4 3 1 0.729 0.531 

CR = 0.10 

 

 

Table 3.19: Pairwise comparison matrix of economical sub-factors and weights 

 

 E1 E2 E3 E4 E5 E6 Computed 

Weights 

Normalised 

Weights 

E1 1 1/3 1/2 1/5 1/6 1/4 0.086 0.007 

E2 3 1 3 1/4 1/5 1/3 0.195 0.038 

E3 2 1/3 1 1/3 1/4 1/5 0.123 0.015 

E4 5 4 3 1 1/2 1/2 0.410 0.168 

E5 6 5 4 2 1 2 0.716 0.512 

E6 4 3 5 2 1/2 1 0.510 0.260 

CR = 0.05 

 

WPESTLE = 

POL 

ECO 

SOC 

TEC 

LEG 

ENV 

0.638    0.538    0.900    0.166    0.117    0.414 

0.186    0.228    0.100    0.166    0.021    0.024 

0.077    0.053    0           0.167    0.264     0.039 

0 0.064     0           0.167    0            0.188 

0.099    0.117    0           0.167    0.598     0 

0 0            0           0.167    0            0.335 

 

0.585 

0.163 

0.034 

0.060 

0.145 

0.013 

 

0.52

4 

0.16

2 

0.10

2 

0.02

2 

0.17

4 

0.01

4 

 

= = x 
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Table 3.20: Pairwise comparison matrix of social sub-factors and weights 

 

 S1 S2 S3 S4 S5 S6 S7 Computed 

Weights 

Normalised 

Weights 

S1 1 1/5 1/4 1/2 1/3 1/4 1/3 0.091 0.008 

S2 5 1 2 4 3 3 2 0.663 0.440 

S3 4 1/2 1 4 3 3 2 0.535 0.286 

S4 2 1/4 1/4 1 1/4 1/3 1/2 0.120 0.015 

S5 3 1/3 1/3 4 1 2 3 0.367 0.135 

S6 4 1/3 1/3 3 1/2 1 1/2 0.222 0.049 

S7 3 1/2 1/2 2 1/3 2 1 0.259 0.067 

CR = 0.06 

 

Table 3.21: Pairwise comparison matrix of technological sub-factors and weights 

 

 T1 T2 T3 T4 T5 T6 T7 Computed 

Weights 

Normalised 

Weights 

T1 1 1/3 1/4 2 1/2 2 1/5 0.136 0.018 

T2 3 1 1/2 4 1/2 3 1/4 0.254 0.065 

T3 4 2 1 3 3 4 1/3 0.428 0.183 

T4 1/2 1/4 1/3 1 1/3 1/2 1/4 0.094 0.009 

T5 2 2 1/3 3 1 2 1/5 0.245 0.060 

T6 1/2 1/3 1/4 2 1/2 1 1/6 0.109 0.012 

T7 5 4 3 4 5 6 1 0.808 0.653 

CR = 0.06 
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Table 3.22: Pairwise comparison matrix of legal sub-factors and weights 

 

 L1 L2 L3 L4 L5 L6 Computed 

Weights 

Normalised 

Weights 

L1 1 3 7 3 4 5 0.806 0.650 

L2 1/3 1 4 2 3 4 0.455 0.207 

L3 1/7 1/4 1 1/4 1/3 1/3 0.076 0.006 

L4 1/3 1/2 4 1 1/2 1/2 0.184 0.033 

L5 1/4 1/3 3 3 1 1/2 0.223 0.049 

L6 1/5 1/4 3 2 2 1 0.235 0.055 

CR = 0.097 

 

Table 3.23: Pairwise comparison matrix of environmental sub-factors and weights 

 

 EN1 EN 2 EN 3 EN 4 EN 5 EN 6 EN 7 Computed 

Weights 

Normalised 

Weights 

EN 1 1 1/3 1/2 2 1/6 1/4 2 0.130 0.017 

EN 2 3 1 1/4 1/2 1/6 1/3 2 0.154 0.024 

EN 3 2 4 1 2 1/6 1/4 1/2 0.203 0.041 

EN 4 1/2 2 1/2 1 1/5 1/6 1/2 0.112 0.013 

EN 5 6 6 6 5 1 2 7 0.782 0.611 

EN 6 4 3 4 6 1/2 1 6 0.524 0.275 

EN 7 1/2 1/2 2 2 1/7 1/6 1 0.138 0.019 

CR = 0.12 

 

Global weights were computed by multiplying the interdependent weights of the factors by the 

local weight factors. The results are shown in the last column of Table 3.24. 

 

 

 



106 

 

Table 3.24: Computed global weights of PESTLE sub-factors 

 

PESTLE factors Interdependent 

weights 

PESTLE 

sub-factors 

Local weights Global weights 

Political 0.524 P1 0.292 0.153 

  P2 0.104 0.054 

  P3 0.008 0.004 

  P4 0.004 0.002 

  P5 0.017 0.009 

  P6 0.044 0.023 

  P7 0.531 0.278 

Economic 0.162 E1 0.007 0.001 

  E2 0.038 0.006 

  E3 0.015 0.002 

  E4 0.168 0.027 

  E5 0.512 0.083 

  E6 0.260 0.042 

Social 0.102 S1 0.008 0.001 

  S2 0.440 0.045 

  S3 0.286 0.029 

  S4 0.015 0.002 

  S5 0.135 0.014 

  S6 0.049 0.005 

  S7 0.067 0.007 

Technological 0.022 T1 0.018 0.001 

  T2 0.065 0.001 

  T3 0.183 0.004 

  T4 0.009 0.001 

  T5 0.060 0.001 

  T6 0.012 0.001 

  T7 0.653 0.014 

Legal 0.174 L1 0.650 0.113 

  L2 0.207 0.036 

  L3 0.006 0.001 

  L4 0.033 0.006 

  L5 0.049 0.009 

  L6 0.055 0.010 

Environmental 0.014 EN1 0.017 0.001 

  EN2 0.024 0.001 

  EN3 0.041 0.001 

  EN4 0.013 0.001 

  EN5 0.611 0.009 

  EN6 0.275 0.004 

  EN7 0.019 0.001 
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The current situation of each sub-factor was determined according to the views of the expert 

team. The analysis used the scale in Table 3.25, adapted from Yüksel and Dağdeviren (2007 and 

2010). The results are shown in the third column of Table 3.32. The numerical values of the 

evaluations are given in the fourth column of Table 3.26. 

 

Table 3.25: Evaluation scale for sub-factors of PESTLE 

 

Levels of current situation of sub-factors Value of level 

 

Certainly acceptable (CE) 1.00 

Acceptable (AE)  0.75 

Partially acceptable (PA) 0.50 

Partially unacceptable (PU)  0.25 

Certainly unacceptable (CU)  0.00 

 

The evaluations and calculations performed in this step are given in Table 3.26.  
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Table 3.26: Computed macro environment level with the PESTEL analysis model 

 

PESTLE 

sub-factor 

Global 

Weights (GW) 

Evaluations Scale value (SV) Level of 

sub-factor 

P1 0.153 PA 0.50 0.0765 

P2 0.054 AE 0.75 0.0405 

P3 0.004 PU 0.25 0.0010 

P4 0.002 PU 0.25 0.0005 

P5 0.009 PA 0.50 0.0045 

P6 0.023 PA 0.50 0.0115 

P7 0.278 CE 1.00 0.2780 

E1 0.001 PU 0.25 0.0003 

E2 0.006 PA 0.50 0.0030 

E3 0.002 PU 0.25 0.0005 

E4 0.027 AE 0.75 0.0203 

E5 0.083 CE 1.00 0.0830 

E6 0.042 AE 0.75 0.0315 

S1 0.001 PU 0.25 0.0003 

S2 0.045 PU 0.25 0.0113 

S3 0.029 AE 0.75 0.0218 

S4 0.002 PU 0.25 0.0005 

S5 0.014 PA 0.50 0.0070 

S6 0.005 PA 0.50 0.0025 

S7 0.007 PA 0.50 0.0035 

T1 0.001 PU 0.25 0.0003 

T2 0.001 PU 0.25 0.0003 

T3 0.004 PU 0.25 0.0010 

T4 0.001 PU 0.25 0.0003 

T5 0.001 PA 0.50 0.0005 

T6 0.001 PU 0.25 0.0003 

T7 0.014 AE 0.75 0.0105 

L1 0.113 AE 0.75 0.0848 

L2 0.036 AE 0.75 0.0270 

L3 0.001 PU 0.25 0.0003 

L4 0.006 PA 0.50 0.0030 

L5 0.009 AE 0.75 0.0068 

L6 0.010 PA 0.50 0.0050 

EN1 0.001 PU 0.25 0.0003 

EN2 0.001 PU 0.25 0.0003 

EN3 0.001 PA 0.50 0.0005 

EN4 0.001 PA 0.50 0.0005 

EN5 0.009 CE 1.00 0.0090 

EN6 0.004 CE 1.00 0.0040 

EN7 0.001 PU 0.25 0.0003 

Macro environmental level = 0.5099 
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3.11 Pairwise comparison results 

 

In Table 3.26, the last column indicates the level of each PESTLE sub-factors that was calculated 

by multiplying global weights and scale values of evaluations. In the last line of Table 3.26, the 

total level of sub-factors that indicates the level of the macro environment of Zambia was given 

according to sub-factors. In this study, the total macro environment of Zambia is presented by 

the sum of the current levels of each sub-factor, calculated as 0.5099. The results indicate that 

the level of the macro environment is moderately favorable to mining of low grade copper ore 

deposits in Zambia at the current situation. 

 

3.12 Conclusion 

 

Zambia‟s macro environment level has been calculated at 0.50. According to evaluation scale 

(Table 3.25), 0.50 is described as partially acceptable. This level is not attractive for the investors 

to invest in the mining of low grade copper ore deposits. Large scale mining is risky and long 

term business. For Zambia to attract foreign direct investment, the country has to improve its 

macro environment level to acceptable level (0.75) or even better to certainly acceptable level 

(1.00). Apart from favourable attractive investment index, the country would create a conducive 

environment for the mining industry to operate in.   
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CHAPTER 4 

 

KAKOSA GEOLOGY AND RESOURCE MODELING 

 

4.1 Introduction 

 

4.1.1 Chapter overview 

 

The decision whether the deposit can be economically recoverable depends on many factors 

including geological and mineral resource modeling. This chapter therefore describes detailed 

geology of Kakosa area, classification of the deposit and resource estimation.  

 

The purpose of mineral resource estimation is to first assist in determining if the deposit is worth 

mining and, if so, to guide its later development. The ore deposit models are the underlying 

foundation for numerous consequent economic decisions and the correctness of those decisions 

will be directly dependent upon the accuracy of resource estimation. The ability to provide 

desirable resource estimates rests on the development of geological, geometrical, and geo–

statistical techniques of mineral deposit model construction. These factors have been considered 

in this chapter.  

 

4.1.2 Location of the Kakosa copper deposit 

 

The Kakosa copper ore deposit lies about four (4) kilometres south of Konkola Mine and west of 

the Chingola/Chililabombwe highway. Figure 4.1 shows the location of Kakosa deposit. 
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Figure 4.1: Location of the Kakosa copper deposit (Konkola Copper Mine, 2012) 

 

4.2 Geology of Kakosa  

 

The geology of Kakosa area is similar to that in the adjoining Konkola Mine [Figure 4.2] which 

has been developed, dewatered and mined to 950 metre-level at Number 1 Shaft and 600 metre-

level at Number 3 Shaft (Konkola Copper Mine, 2012). The new shaft Number 4 has been sank 

to about 1500m depth. In Kakosa area, the footwall aquifer rocks comprising sandstone and 

conglomerates are thin and as such are not expected to represent major aquifers while mining. 

Copper mineralisation occurs in the Hangingwall Quartzite (HWQ) and Oreshale. The orebody 

generally dips at shallow angles of 25 to 35 degrees. The hangingwall rocks above the HWQ are 

similar to Konkola Mine, represented by a sequence of dolomite and shale formations. The 

stratigraphy of Kakosa area is indicated in Table 4.1. 

 

Kakosa deposit 
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Table 4.1: Stratigraphy of Kakosa Area (Konkola Copper Mines, 2012) 

 

Lithology Description 

 Overburden 
Soil and weathered top rock with thickness of 7 to13m [Figure 

4.2] 

 Mwashia 
Grey coloured banded shale with some dolomite inter-beds with 

thickness of more than 55m 

Upper Roan Dolomite 
Laminated dolomitic argillite containing bands of reddish brown 

sandy material with average thickness of 95m 

Shale with Grit 
Grey shale and siltstone inter-bedded with white, pink and red 

gritty sandstone with average thickness of 140m 

Hanging Wall Aquifer 

(HWA) 

Highly vuggy, water bearing grey shale and siltstone inter-bedded 

with white, brown, weathered sandstone. It is also dolomitic. 

Average thickness 75m 

Hanging Wall Quartzite 

(HWQ) 

Pink, white very compact feldspathic quartzite, sandstone, arkose. 

Average thickness of 45m 

Ore Shale Unit 

(OSU) 

Dark Grey, sometimes yellow and brown phyllitic, banded Shale. 

Average thickness of 15m 

Footwall  Conglomerate 
Reddish brown highly weathered conglomerate with pink feldspar 

pebble with average thickness of 2m 

Footwall  Sandstone Reddish brown weathered sandstone with average thickness of 4m 

Porous Conglomerate 
Light Pink, compact conglomerate with pink feldspar pebble. 

Average thickness of 4m 

Argillaceous Sandstone 
Light greenish grey Inter-bedded shale and fine quartzite.  

Average thickness of 5.5 m 

Footwall Quartzite 
Grey, very compact and strong medium to fine grained quartzite. 

Thickness of more than50m 
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Figure 4.2: Kakosa and Fitwaola soil geochemistry analysis (Konkola Copper Mines, 2012) 

 

4.2.1 Geologic Structure 

 

The Kakosa deposit is gently folded in a syncline. The syncline plunges towards North-West. 

The North-East limb slowly flattens and follows a northward strike with few consecutive small 

synclinal and anticlinal structures (Konkola Copper Mines, 2012). 

 

4.2.2 Ore minerals 

 

Visually chalcocite, bornite and malachite are the three major ore minerals seen in the orebody. 

However, occasionally traces of cuprite, pseuodomalachite and cupriferous mica are found in ore 

shale unit. 

 

Basement anomaly 

Kakosa A Anomaly Fitwaola Orebody 

Kakosa B Anomaly 

Kakosa C Anomaly 
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4.2.3 Lithological control 

 

The orebody is localised within two horizons, namely HWQ and OSU. In HWQ, ore minerals are 

distributed in a disseminated or scattered fashion while in OSU, more frequently mineralisation 

follows the bedding planes. 

 

4.2.4 Structural control 

 

Kakosa area is covered by a small anticlinal structure in the Northern part of the area. This 

anticlinal structure plunges towards North-West. The central and southern part represents its 

southern limb. So far no major structural control has been observed for the orebody. However, 

there is a presence of a fault towards the south central part of the area. 

 

4.2.5 Historical work 

 

In 1965 a geochemical soil survey was carried out in Kakosa area. The geochemical analysis 

indicated possibility of copper mineralisation in the area. Thereafter, limited surface drilling 

indicated mineralisation at depth. Due to economic challenges, no follow up work was done. In 

2005, geochemical data was retrieved and reinterpreted. It indicated three prominent anomalies. 

A, B, C. In 2007, Initial ground truth drilling targeting B and C anomalies gave positive results 

and thereafter, a systematic drilling programme targeting these anomalies (B and C) commenced 

in 2008 to 2012. A total of 42,000 metres of core drilling was completed and preliminary 

geological model and resource estimation were done in 2012. 

 

4.2.6 Kakosa hydrology 

 

Kakosa hydrologic conductivity and aquifer characteristics based on Konkola Mine information 

was summaried as indicated in Table 4.2 and Figure 4.3. 
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Table 4.2 Konkola aquifer formation 

 

 

Number 

 

Stratigraphic Unit 

True Thickness 

(m) 

Recommended K 

(m/day) 

1 Contact of Upper Roan Dolomite and 

Shale with Grit 

20 1.57 

2 Shale with Grit Aquifer 30 0.62 

3 Hangingwall Aquifer 30 0.23 

4 Hangingwall quartzite 38 Aquitard? 

5 Ore Shale 25 Aquitard? 

6 Footwall Aquifer (Footwall 

Conglomerate, Footwall Sandstone and 

Porous Conglomerate 

 

7 

 

0.15 

7 Argillaceous sandstone 10 Aquitard 

8 Footwall Quartzite >100 Aquitard 

 

The hydrologic conductivity analysis indicated that: 

 The hanging wall aquifer is expected  to be dry  due to pronounced dewatering effect of 

Shaft 1 at Konkola mine. Measurements of 140 metres indicated no water, nevertheless, 

more work is required to accetain the absence of water. 

• The footwall aquifer at Kakosa is thin (7m) compared to Konkola ( 35-50m). Footwall 

aquifer may  not be  a major contributor to underground inflows as in the case of Konkola 

mine.  

• Footwall quartzite  aquifer is much below the Kakosa ore body and the development 

areas, therefore will not affect the Kakosa mine operations.  

 

Figure 4.3 shows the layout of Konkola and Kokosa areas indicating the completed drill-holes, 

the ore zone, stoped out areas and other physical features.   
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Figure 4.3: Layout of Konkola and Kakosa areas (Konkola Copper Mines, 2012) 

 

4.3 Classification framework of Kakosa copper deposit 

 

Reporting of Konkola Copper Mine (KCM) exploration results and classification of resources 

were conducted according to The South African Code for the Reporting of Exploration Results, 

Mineral Resources and Mineral Reserves (SAMREC Code) as described in Chapter 2, Section 

2.4.4. SAMREC is similar to Joint Ore Reserves Committee (JORC) framework classification of 

resources as described in Chapter 2 Section 2.2.3.  

 

The classification of Kakosa copper ore deposit was based on: 

 

 Geological information; 

 Technical interpretation of drill-hole data; 

 Tonnage and grade estimations, and 

 Experience and knowledge of the adjacent Konkola mine. 
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4.3.1 Drill-hole raw data 

 

The collection, gathering, and initial analysis of drill-hole data were the first steps during the 

Kakosa mineral resource modeling. Sufficient quality controls were conducted in order to 

achieve an adequate degree of confidence in the data. The overall process of Quality Assurance 

and Quality Control (QA/QC) encompassed field practices, sampling, assaying, and data 

management.  

 

Raw data for Kakosa were obtained from geotechnical information collected from drill-holes 

numbers KAK0001 to KAK0028, and KLB0134 to KLB140. Optimal drill hole spacing 

depended on the cost-benefit analysis. For Kakosa area, green exploration drill-holes were 

spaced at about 400m and then 200m spacing for mineral resource called inventory or potential 

mineralisation, and exploration drill-holes were spaced at 100 to 120m. The exploration drill-

holes aimed at decreasing the uncertainty of the resource model. 

 

Based on drill-holes information, interpretation and modeling, the Kakosa copper ore deposit 

was classified according to UNFC framework system as analysed in Section 5.4.4.  

 

4.4 Mineral resource estimation  

 

Resource estimation was used to determine and define the ore tonnage and grade of Kakosa 

geological deposit, from the developed block model. There are different estimation methods used 

for different scenarios dependent upon: 

 Ore boundaries; 

 Geological deposit geometry, and 

 Grade variability. 

 

Typical resource estimation involves the construction of a geological and resource model. The 

principal steps of computer resource estimation are: 

 



118 

 

 Creation, standardization and validation of the database; 

 Section plotting and interactive geological modeling; 

 Geostatistical analysis, and 

 Block modeling and block estimation. 

 

4.4.1 Geological modeling 

 

An orebody model serves as the geological basis of all resource estimation, an orebody modeling 

project starts with a critical review of existing drill-hole raw data as well as maps and plans with 

current geological interpretation. Drill-hole databases are set up to suit all the quantitative and 

qualitative information necessary to build a resource model. The creation of a geological model 

includes the following steps: 

 Computer-based 3D orebody modeling; 

 Sectional, longitudinal, 3D and multi-seam modeling, and 

 Geo-statistical analysis, variographic analysis of composite spatial continuity. 

 

4.4.2 Block model estimation 

 

Once the geological modeling is completed, the geological envelopes are divided into block 

models. Subsequently, the estimation of these blocks is done from "composites" that are point 

measures of the grade of ore in the rock. Several different mathematical methods can be used to 

do the estimation depending on the desired degree of precision, quality and quantity of data and 

of their nature. The methods include: 

 

 Nearest neighbuor techniques; 

 Inverse distance weighting method; 

 Conditional simulation; 

 Multiple point technique, and 

 Kriging. 
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The Kriging method was applied to estimate Kakosa resources because the method: 

 Generates optimal estimation for regionalised variance at un-sampled locations; 

 Estimates mineral resources with low value of error; 

 Captures geological knowledge in variogram; 

 Statistical approach allows uncertainty to be quantified, and 

 Gives the best linear unbiased prediction of the intermediate values. 

 

Kriging is a generic name of estimators used to interpolate spatial data (Krige, 1999), it includes: 

 

 Ordinary kriging; 

 Universal kriging; 

 Indicator kriging, and 

 Co-kriging. 

 

The choice of which kriging to use depends on the characteristics of the data and the type of 

spatial model desired. Ordinary kriging (OK) was used to estimate Kakosa resources because: 

 It is well accepted method by Konkola Copper Mines (KCM); 

 It is the most widely used kriging method in the mining industry; 

 It is easy to apply, and 

 The correlation results between the estimated value and the real value at locations are 

normally above 80 percent. 

 

4.4.2.1 Ordinary kriging 

 

Ordinary kriging is most appropriate when there is a spatially correlated distance or direction 

bias in the data. The method assumes an unknown constant mean and the data points need to be 

sampled from a phenomenon that is continuous in space. Important parameters include: 

 Appropriate transformation; 

 De-trending surface; 

 Covariance or semivariogram models, and 
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 Search neighborhoods. 

 

The ordinary kriging method uses a weighted average of neighbouring samples to estimate the 

„unknown‟ value at a given location. Weights are optimised using the semi-variogram model, the 

location of samples and all the relevant inter-relationships between the known and unknown 

values. The technique also provides a „standard error‟ which may be used to quantify confidence 

levels. 

 

The main result in kriging is concerned with estimation of the value (  based on the 

observed vales ( ). The general formula for kriging as an interpolator technique is 

formed as a weighted sum of the data (equation 4.1): 

 

 
 

Where: 

 

 is the measured value at the ith location 

 

 is the prediction location  

N is the number of measured values 

 

In kriging techniques, the weight,  does not depend solely on the distance to interpolate the 

location, but depends also on the overall spatial arrangement of the measured points. One of the 

main issues concerning ordinary kriging is whether the assumption of a constant mean is 

reasonable. Sometimes there are good scientific reasons to reject this assumption. However, as a 

simple prediction method, it has remarkable flexibility. 

 

 

 

Eq. 4.1 
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4.4.3 Tonnage and grade estimation 

 

Kakosa copper ore resource was estimated using surpac© software package (Geovia Surpac 

version 6.6.2). The strings and wireframes were created based on drill-holes data and developed 

block model. Ore-resource estimates included the determination of: 

 Tonnages of ore, and 

 Average grade. 

 

4.4.3.1 Tonnage estimation 

 

Ore-resource estimates for Kakosa deposit were based upon the results of exploration and 

analyses of the samples derived therefrom. As with all ore resource estimations, a thorough 

understanding of the geology is essential, including a practical model of the mineralisation 

structures, and the definition of the various ore types present. 

 

For the calculation of the volume and the tonnage of ore deposits there is a variety of available 

methods to choose from, each suited for a particular deposit. These methods fall into two 

categories; ore resource estimation on the basis of cross-sections and on the basis of 

longitudinal planar sections or level plans respectively. 

 

In calculating the true thickness, drill holes seldom penetrate an ore body perpendicular to strike 

and dip. The length of intersections therefore only indicates the apparent thickness which has to 

be converted into true thickness as the case with Kakosa drill-holes. 

 

Drilling perpendicular to the strike is the standard case. As a rule, a profile is drawn from which 

the true thickness can be graphically determined. For exact calculations, if the drill-hole length is 

Lβ , Mw is the true thickness given by equation 4.2:  

 

Mw = Lβ . sin [  – (α + β)] = Lβ . sin (α + β)                                                    Eq. 4.2 
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Where: 

α is the inclination angle of the drill hole at the intersection of the drill hole with the ore body 

and β is the dip angle of the ore body. 

 

If the drill hole is perpendicular, i.e. perpendicular at the point of intersection, then α is 90° and 

the relationship will become: 

 

 Mw = Lβ  x cos β                         Eq. 4.3 

 

Since (90
0
 + β) = cos β 

 

The tonnage is estimated by multiplying the volume and density of ore. The volume estimation 

was based on the block model. Since the grade establishes the difference between rock that may 

and may not be classed as ore, tonnage cannot be estimated without considering the question of 

grade. 

 

4.4.3.2 Grade estimation 

 

Geological modeling of mineral resources at Konkola Copper Mines (KCM) was based on 

historical cut-off grades of 0.5 percent total copper for open pit ore extraction, and 1.0 percent 

total copper for underground ore extraction.  The average copper grade for Kakosa deposit was 

based on assay results of drill-hole samples. Since Kakosa copper ore deposit is a marginal 

resource, there is need to carry out trade-out analysis instead of basing the grade on historical 

cut-off grades. 

 

4.4.3.3 Trade-off analysis 

 

Mining is a risky venture and investors do not like taking risks but where possible try to shorten 

the pay-back period and maximize profit. Since Kakosa copper ore deposit has low grade, there 

is need to carry out trade-off analysis between value and cut-off grade and authenticate why 

Kakosa deposit should be treated as a special case. 
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The application value-cutoff curves abet in the trade-off analysis between value and selection 

cut-off grade. Figure 4.4 shows the trade-off between risk and reward for two different copper 

price predictions. 

 

 

Figure 4.4: Relationship between the value and cut-off (Trigeorgis and Reuer, 2017) 

 

The mining company normally will select the cut-off grade that maximizes the value at the 

higher price, since it yields high overall profit. However, the analysis indicates that if a higher 

cut-off to maximize value at the lower price is selected, and the copper price increases, the profit 

will be above the anticipated, but if the lower cut-off that maximizes profit at the higher price is 

selected, and the lower price is obtained, then there will be a loss meaning the lower the cut-off 

the greater the risk. For Kakosa project, the evidence is there as indicated in Chapter 1 that the 

copper price will continue increasing from 2018 to 2030 and by 2025 the price will increase by 

about 50 percent as indicated in Section 1.6.1 and Figure 1.10. In this case, the lower cut-off 

grade for higher price should be selected, and the trade-off between risk and reward shown in 

Figure 4.4 should not directly be applicable to Kakosa project. The projected high copper price 

should be considered as an opportunity for investing in the Kakosa project as there is potential in 

economically mining the deposit.  
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Although the principle in mining ventures is to shorten the payback period for initial capital 

investment (ICI), and therefore commence initial operation in a low waste-to-ore and high-grade 

areas of the ore body in order to improve the initial cash flow, the case with Kakosa should be 

treated differently as the forecast is for future high value of the project. 

 

4.4.3.4 Density determination 

 

In-situ density must be modeled at the time of resource estimation. The predicted tonnage of the 

ore deposit is directly dependent on the tonnage factor or density applied to the modeled 

volumes. A geologic model is used to predict the mineralised volume, and this volume in turn is 

multiplied by its in-situ density to obtain an estimated tonnage for the deposit. 

 

Several factors affect bulk density determinations such as heterogeneity of the materials being 

sampled, the method of determination, the practice of determining dry or wet densities, rocks 

with voids in them (“vuggy” breccias, for example), the material consolidation, relationships 

between ore grade and densities, such as in massive sulfide deposits, and so on.  

 

Immersion methods are commonly used to determine the density of rock samples. The sample is 

weighed in air and then in water. Density is then determined by applying equation 4.4: 

 

 

 

Where Wair is the dry weight of the sample, and Wwater is the weight of the submerged sample. In 

practice, since it is advisable to obtain dry density measurements, a commonly used procedure 

involves: 

 

 Carefully weigh the sample as it was received from the field; 

Eq. 4.4 
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 Completely dry the sample on a conventional oven at (typically) 105 °C, and weigh 

again, the difference between the two weights provides an estimate of moisture content in 

the rock; 

 Submerge the sample in water (density 1.0 g/cm
3
) and record its weight, and 

 Apply equation 4.4 to determine the rock density. The impact of water absorption by the 

sample is a function of how porous the rock is, but it will always increase the density 

value, since water is replacing air within the specimen. To avoid measurement errors 

derived from the water absorbed by the rock during immersion, a more robust alternative 

for density measurements is to coat the sample with a wax of known density to seal the 

internal voids in the rock. 

 

The bulk density determination using the wax-coating method is a function of the dry and wet 

coated weights, dry uncoated weight, and the known wax density as indicated in equation 4.5: 

 

Density =  

 

Where Wair is the dry weight in air, prior to wax coating; Wcair is the dry weight of the coated 

sample; Wcwater is the weight of the coated sample in water, and δwax is the known density of the 

wax. 

 

4.4.3.4.1 Modeling of bulk densities of different Kakosa geological formations 

 

The spatial distribution of density measurements is also an important consideration. The density 

samples obtained must be representative in a spatial and geologic sense. Sample density may be 

correlated to sample grade. This is because most metals have a higher specific gravity than the 

host rock. If there is a sufficiently high concentration of metals (grade), then the density of the 

rock will be influenced by its metal content.  

 

Eq. 4.5 
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Certain geologic factors will also have an impact on the expected density. For example, in an 

open pit mine, barren material that must be removed to access the deposit may be lighter than 

consolidated rock (bedrock), since it may consist of gravels or loose highly weathered material. 

Certain types of host rocks are porous such as breccias with significant voids, which despite 

being favorable hosts for mineralisation and having generally good grade, will tend to be lighter. 

The type and intensity of alteration will also affect the in situ density values. Highly altered rock 

is friable, powdery in extreme cases, and generally lighter than unaltered rock. 

 

It is usually convenient to define density domains based on a combination of lithology, 

alteration, mineralogy, and average grades of the rock. There should be an adequate amount of 

density samples available to model density, which may be from 100 to 1000 per domain, 

depending on the size and type of the deposit. Therefore, whist evaluating the Kakosa deposit a 

systematic approach was taken up for the collection of samples, method selection and 

determination of bulk densities. 

 

4.4.3.4.2 Sampling procedure 

 

 The samples were collected from the recently drilled-hole cores as well as from selected old 

holes ; 

 An effort was given to cover maximum holes in both Kakosa South and Kakosa North area; 

 For each hole emphasis was given to collect enough numbers of samples from different 

formations randomly; 

 Samples were of approximately 4 x 4 x 4cm size, and 

 Bulk densities were determined from the KCM Mineralogy lababoratory at Nchanga in 

Chingola. 

 

4.4.3.4.3 Methodology 

 

The Bulk densities for all Kakosa samples were obtained by applying the Archimedes‟ principle. 

The Sartorius LA 310S analytical balance was used to weigh the samples. 
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Samples were taken and dried in an oven at a temperature of 105ºC for 12 hours to drive the 

moisture. The samples were then placed in a desiccator to cool. After cooling to room 

temperature the samples were suspended on a nylon string and weighed [Wair]. The samples were 

then dipped in melted wax to cover the whole sample taking care not to use excessive wax and 

samples were weighted [Wcair]. This was conducted to seal off all pores that are in the sample 

thus preventing immersion media [water] to get into the sample. The waxed sample was then 

immersed in water and weighed [Wcwater]. Applying equation 4.5, bulk densities were then 

calculated and the results are tabulated in Table 4.3. 

 

Table 4.3: Results showing average bulk densities for different Kakosa geological formations 

 

Formation Bulk Density (g/cm
3
) Number of samples Range (Bulk Density) 

   From To 

OV Soil 2.10 14 1.78 2.93 

SWG 2.35 29 2.06 2.60 

HWA 2.36 41 1.90 2.70 

HWQ 2.38 53 2.00 2.56 

OSU 2.34 48 2.00 2.89 

FWC 2.25 7 2.16 2.28 

FWSST 2.24 37 1.83 2.62 

PC 2.30 30 2.08 2.63 

AGSST 2.48 36 2.15 2.70 

FWQ 2.49 30 2.19 2.76 
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4.4.3.4.4 Interpretation 

 

From the results shown in Table 4.3, the following interpretations were made: 

 

 The formations HWQ, OSU, HWA have got maximum numbers of measurements as they 

are the most frequently encountered formations in the Kakosa area; 

 No marked difference was observed in the bulk densities between mineralized portion 

and non mineralised portion. This may be due to the smaller size of the samples; 

 The bulk densities are distributed all over the ore bodies and therefore, the values can be 

krigged along with the grade and can be used in final tonnage estimation; 

 In the tonnage estimation, each formation can be assigned their respective bulk densities 

so that the estimate can be more accurate, and 

 Tonnage figure may increase if afterwards an in situ bulk density is used for the 

calculations of the tonnage. 

 

4.4.3.4.5 Recommendation 

 

Based on the methodology and interpretation of the results, the following recommendations were 

made: 

 

 The sample collection for bulk density calculation should continue in any further drilling 

in Kakosa areas, and 

 Efforts should be made to collect as many samples as possible during the logging stage in 

an unbiased manner. This is because of the fact that the bulk density is a highly variable 

factor and enough data should be available to do a spatial estimate of bulk density. 

 

4.4.4 Kakosa South resources estimation 

 

Based on ore-body geological modeling and block model estimation, Kakosa South resource 

tonnage was estimated. The average total copper grade percentage (TCu%) was obtained from 

drill-hole assay results. Figure 4.5 and Table 4.4 indicate the Kakosa South resource estimations 
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in graph and tabular forms respectively, while Table 4.5 indicates the resource estimation at 

average grade. The research interest is on 0.5% and 1.0% COG.  

 

 

 
 

Figure 4.5: Graph showing the Kakosa South cut-off grade and tonnage 

 

 

Table 4.4: Kakosa South resource estimation at different cut-off grade 

 

Cut-off grade (COG %) Million Tonnage (MT) 

0.4 50.0 

0.5 48.5 

0.6 38.0 

0.8 32.0 

1.0 24.7 

1.1 23.0 

1.3 6.9 

1.5 2.5 
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Table 4.5: Kakosa South resource estimation indicating average grade and total copper 

 

COG (%) Tonnage Average Cu (%) TCu (Tonnes) 

0.5 48,500,000 0.65 315,250 

0.6 38,000,000 0.75 285,000 

0.8 32,000,000 0.97 310,400 

1.0 24,700,000 1.17 288,990 

1.1 23,000,000 1.31 230,000 

1.3 6,900,000 1.53 105.570 

1.5 2,500,000 1.75 43,750 
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CHAPTER 5 

 

TECHNICAL ANALYSIS AND MODELING OF KAKOSA 

DEPOSIT 

 

5.1 Introduction 

 

5.1.1 Chapter overview 

 

Selection of extraction method depends on many factors including: 

 Spatial characteristics; 

 Economic factors; 

 Environmental, and  

 Geotechnical factors. 

 

This chapter focuses on analysing geotechnical factors affecting Kakosa formations and 

modelling of Kakosa deposit. 

 

5.2 Kakosa geotechnical analysis 

 

In mining, geotechnical engineering uses principles of rock mechanics to investigate subsurface 

conditions; determine the relevant physical or mechanical properties of rock; evaluate stability of 

slopes; assess risks posed by site conditions. Geotechnical engineering provides a basis for 

understanding the characteristic behaviour of rock. In the feasibility and preliminary design 

stages of a project such as Kakosa project, comprehensive information related to the rock mass 

parameters, its stress and hydrologic characteristics is required. Thus rock mass classification 

proves helpful at this stage for assessing rock mass behaviour. The classification provides 

information about the composition, strength, deformation properties and characteristics of a rock 

mass required for mine designing and estimating the support requirements (Bieniawski, 1993). 

The behaviour of intact rock material or blocks is continuous while that of highly fractured rock 
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mass is discontinuous in nature. For any engineering design in rock mass, the engineering 

properties of rock material and discontinuities should be taken into consideration. Various 

parameters of greatest and different significance have to be considered in order to describe a rock 

mass satisfactorily for assuring rock mass stability. 

 

5.2.1 Rock mass classification 

 

Classification of rock mass improves the quality of site investigations by calling for a systematic 

identification and quantification of input data. A rational, quantified assessment is more valuable 

than a subjective or qualitative assessment. Classification provides a checklist of key parameters 

for each rock mass type (domain) i.e. it guides the rock mass characterization process. 

Classification results in quantitative information for design purposes and enables better 

engineering judgment and more effective communication on a project (Barton, Lien and Lunde, 

1974). A quantified classification assists proper and effective communication as a foundation for 

sound engineering judgment on a given project like Kakosa mining project. 

 

There are different types of rock mass classification methods including: 

 

 Rock Mass Rating (RMR); 

 Rock Mass Quality (RMQ) or Q-system; 

 Geological Strength Index (GSI); 

 Rock Structure Rating (RSR), and 

 Rock Load (RL), and 

 Schweizerischer Ingenieur- und Architekten-Verein (SIA 199). 

 

The characterisation systems can be grouped as qualitative and quantitative. Qualitative 

descriptive systems include GSI, RL and SIA 199 while Q, RMR, RSR and RQD systems are 

quantitative. Classification systems can also be classified on the basis of the aim of the rating 

systems: for stability assessment Q and RMR systems are used; Q gives no support limit while 

RMR system is meant to calculate stand-up time. To calculate the ground support design (liner 

thickness, bolt spacing etc.) Q system is used (to a minor extend also RMR System). To identify 
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and to determine the excavation class and support classes, SIA 199 system is used, and to 

determine the engineering design parameters only, GSI is used. 

 

5.3 Kakosa ore deposit 

 

Classification of rock mass for Kakosa formation was based on raw data obtained from drill-

holes numbers KAK0001 to KAK0028 and KLB0134 to KLB140. Five different methods were 

applied for comparison purpose:  

 

 Rock Quality Designation (RQD); 

 Rock Mass Quality or Q- System; 

 Rock Mass Rating (RMR); 

 Mining (Modified) Rock Mass Rating (MRMR), and 

 Design Rock Mass Strength (DRMS). 

 

5.3.1 Rock Quality Designation 

 

Rock-quality designation (RQD) is approximate measure of the degree of jointing or fractures in 

a rock mass, measured as a percentage of the drill core in lengths of 10 cm or more. High-quality 

rock has an RQD of greater than 75%, low quality of less than 50%. RQD forms a basic element 

in some of the most used rock mass classification systems: Rock Mass Rating system (RMR) 

and Q-system. RQD depends on the total core recovery (TCR) defined as: 

 

TCR = (Isum of pieces / Itot core run ) x 100% 

 

Where: 

Isum of pieces = sum of length of core pieces 

Itot core run = total of length of core run 

 

RQD is defined as the quotient, therefore: RQD =  (Isum of pieces > 100mm / Itot core run ) x 100% 

 

https://en.wikipedia.org/wiki/Rock_Mass_Rating_system
https://en.wikipedia.org/wiki/Q-system_(geotechnical_engineering)
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From the RQD index, the rock mass can be classified as indicated in Table 5.1. 

 

Table 5.1: Rock-quality designation classification (Barton, Lien and Lunde, 1974) 

 

RQD % Rock mass quality 

<25 Very poor 

25 – 50 Poor 

51 – 75 Fair (moderate rock) 

76 – 90 Good (Hard rock) 

91 – 100 Very good (competent rock) 

 

 

5.3.2 Rock Mass Quality or Q-System 

 

The Q-system is based on three fundamental requirements: 

 

 Classification of the relevant rock mass quality; 

 Choice of the optimum dimensions of the excavation with consideration given to its 

intended purpose and required factor of safety, and 

 Estimation of the appropriate support requirements for the excavation. 

 

The system incorporate parameters based on: 

 

 Geological; 

 Geometric, and 

 Design or engineering. 

 

The Q-system for rock mass classification is a quantitative classification system for estimates of 

underground excavation support, based on a numerical assessment of the rock mass quality using 

the following six parameters (Ginter and Duncan, 1993):  
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 Rock quality designation (RQD);  

 Number of joint sets (Jn);  

 Roughness of the most unfavourable joint or discontinuity (Jr); 

 Degree of alteration or filling along the weakest joint (Ja);  

 Water inflow (Jw), and 

 Stress condition given as the stress reduction factor (SRF); composed of:  

 Loosening load in the case of shear zones and clay bearing rock;  

 Rock stress in competent rock, and  

 Squeezing and swelling loads in plastic, incompetent rock.  

 

The above six parameters are grouped into three quotients to give the overall rock mass quality 

(Q), where: 

 

 
 

and where: 

 

 
 

 
 

 
 

Q-values vary on a logarithmic scale from 0.001 to a maximum of 1000. The Q-values will be 

higher where a boring machine is used to smooth the surface of the excavation. The Q-value, on 

the other hand, in the excavation blast method will be lower because of high over breaks and the 

development of new fractures. 
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5.3.3 Rock Mass Rating 

 

Several studies on rock mass classification have been conducted. Barton, Lien and Lunde (1974) 

developed Rock Mass Rating (RMR) centred on a two-parameter i.e. size-strength classification, 

which is based on rock  material strength and discontinuity spacing with regard to opening size 

and overburden stress. Later the system was improved to three-parameter RMR i.e. geological 

features of the rock mass, geometry and ground water, with regards to joint conditions.  

Bieniawski (1976) developed rock mass classification system called Geo-mechanics RMR based 

on case histories drawn from civil engineering. Bieniawski (1993) modified Geomechanics 

RMR. The modified RMR was based on six-parameters. The parameters are:  

 

 Uniaxial Compressive Strength of rock (Ja1); 

 Rock Quality Designation (Ja2); 

 Spacing of discontinuities (Ja3); 

 Condition of discontinuities (Ja4); 

 Ground water conditions (Ja5), and 

 Orientation of discontinuities (Ja6). 

 

Each of the six parameters is assigned a value corresponding to characteristic of rock. These 

values are derived from field surveys. The sum of the six parameters is the RMR value, which 

lies between 0 and 100 as indicated Table 5.2. 

 

RMR = Ja1 + Ja2 + Ja3 + Ja4 + Ja5 + Ja6 
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Table 5.2: RMR classes and rock quality (Ginter and Duncan, 1993) 

 

RMR Class Rock Quality 

0 - 20 5 Very poor 

21 - 40 4 Poor 

41 - 60 3 Fair 

61 - 80 2 Good 

81 – 100 1 Very good 

 

5.3.4 Mining Rock Mass Rating 

 

Laubscher and Jakubec (2001) developed MRMR system by modifying the RMR system. In the 

MRMR system, the stability and support are determined with the equation 5.1: 

 

RMR = IRS + RQD + SD + CD         Eq. 5.1 

 

Where: 

IRS = Intact Rock Strength; 

RQD = Rock Quality Designation; 

SD = Expression for the spacing of discontinuities, and 

CD = Condition of discontinuities. 

 

MRMR = RMR x adjustment factor 

Adjusting factor = factor to compensate for the method of excavation, orientation of 

discontinuities and excavation, induced stresses and future weathering. 

 

5.3.5 Design Rock Mass Strength 

 

Design Rock Mass Strength is used in MRMR classification under intact rock strength. Mining 

underground depends on an understanding of near wall rock behaviour as well as the ultimate 
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load bearing capacity of confined rock, and thus on a reliable strength criterion for the rock near 

and far from the excavation. The design of underground excavations and pillars depend on rock 

mass strength among other parameters. 

 

5.4 Kakosa rock mass classification and rock properties 

 

5.4.1 Kakosa geotechnical parameters 

 

Based on geotechnical analysis of Kakosa, the rock mass classification per rock type above and 

below the ore zone was classified as shown in Table 5.3. It was important to carry out rock mass 

classification for Kakosa formations in order to establish the quality of the rock mass by 

assigning rating values to a set of rock parameters. The quality of the rock is used in 

determination of suitable mining method and in designing the type of support to be applied in the 

excavations. Understanding the type of the rock quality is also essential in drilling and blasting 

designing.  

 

For Kakosa, RQD and Q-system were applied in the determination of the overall mass class as 

indicated in Table 5.3. Q-system may also be used in designing arched roof excavations, the 

system is equally important in the prediction of non-squeezing and squeezing ground conditions. 

RMR combines the most significant geologic parameters of influence and represents them with 

one overall comprehensive index of rock mass quality, which is used for the design and 

construction of mine excavations. RRMR was used for comparison purposes in terms of stability 

and support design especially in caving excavations. Rock mass strength is a key element in 

any rock excavation design, for both open-pits and underground excavations. It is one of the 

main inputs to be considered to assess stability. 
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Table 5.3: Kakosa rock mass classification showing overall class  

 

 

 

 

RQD 

 

Q 

Overall 

Rock 

Mass 

Class 

 

RMR 

(Q) 

 

Q
1
 

 

N
1
 

 

RMR 

(Laubscher) 

 

MRMR 

DRMS 

(K, 

MPa) 

 

HWQ 

Ave 82.2 18.2 Good 68.1 27.6 69.9 58.5 45.5 73.0 

Max 100.0 47.6 Very 

Good 

78.8 72.1 173.0 74.5 63.2 101.7 

Min 26.7 7.9 Fair 62.6 11.9 28.6 41.3 31.1 42.0 

 

OSU 

Ave 52.1 1.9 Poor 48.1 5.8 5.3 42.3 40.7 24.0 

Max 95.2 5.2 Fair 58.9 15.9 15.7 60.0 80.1 36.4 

Min 0.0 0.0 N/A 38.9 0.0 0.0 29.0 19.6 14.7 

 

FWSST 

Ave 40.4 3.9 Poor 55.8 5.9 12.9 45.6 38.2 37.0 

Max 82.3 5.4 Good 59.1 8.1 19.5 57.0 53.2 49.5 

Min 5.4 2.2 Poor 51.1 3.3 3.0 33.0 22.3 23.1 

 

PC 

Ave 55.0 29.7 Good 71.9 45.0 108.0 45.9 33.7 35.9 

Max 100.0 49.5 Very 

Good 

79.1 75.0 180.0 56.5 40.8 46.5 

Min 10.0 9.9 Fair 64.6 15.0 36.0 35.4 26.6 25.4 

 

ASST 

Ave 67.4 33.8 Good 56.7 38.2 56.7 53.0 42.9 38.8 

Max 94.1 81.1 Very 

Good 

74.9 71.0 112.9 73.0 58.5 42.2 

Min 6.3 9.8 Fair 20.1 14.9 30.4 39.9 30.0 30.6 

 

FWQ 

Ave 61.0 38.9 Good 48.2 32.6 31.2 59.0 51.2 65.7 

Max 95.3 97.7 Very 

Good 

65.1 69.0 38.1 64.5 64.5 83.7 

Min 10.2 8.5 Fair 16.1 12.9 24.4 54.0 40.6 48.5 
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5.4.2 Kakosa lithology and rock properties 

 

Lithology and rock properties were obtained from drill holes raw data and rock mass 

classification. The results are indicated in Table 5.4. 

 

Table 5.4: Lithology and rock properties 

 

Lithology 

 

Rock properties 

Hanging wall aquifer Porous rock with about 40% water in-flow 

Hangingwall quartzite Strong with few joints 

Upper ore shale Highly laminated and moderately strong 

Lower ore shale Laminated, highly weathered and weak 

Footwall sandstone Weathered sandstone and an aquifer with about 15% water in-flow 

Footwall quartzite Strong and competent 

Footwall aquifer Porous with about 45% water in-flow 

 

 

5.4.3 Kakosa South ore body characteristics 

 

Based on drill-holes data and geotechnical analysis, the following Kakosa South ore body 

characteristics were determined as indicated in Table 5.5: 
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Table 5.5: Ore body characteristics  

  

Parameter 

 

Description 

Ore body Relatively wide and tabular 

Depth 80m to 250m  (open-ended at depth) 

Footwall Competent quartzite 30m below ore shale  

Hanging wall  Competent quartzite above the ore body 

Inclination Range:  20
0 

to 35
0
 

Horizontal thickness 20m 

Vertical thickness 12m 

Grade >1.0% 

Strike length 1,170m 

Dip length 800m 

 

5.4.4 Classification of Kakosa copper ore deposit 

 

The classification of Kakosa copper deposit is based on United Nations Framework 

Classification (UNFC) for mineral reserves and resources. The UNFC system has been described 

in details in Section 2.2.5 of this thesis. 

 

Konkola Copper Mines (KCM) has generally conducted the process of geological assessment in 

stages of increasing details. The stages of geological investigation i.e. reconnaissance, 

prospecting, general exploration have generated resource data with certain degree of clear 

geological assurance. 

 

The data has been used for classification of Kakosa copper deposit based on UNFC‟s three digit 

code system as indicated in Table 5.6. 
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Table 5.6: Classification of Kakosa copper deposit 

 

 

Class 

 

Sub-class 

Category G 

Rating Overall 

 

 

Geological 

investigation 

 

Reconnaissance 1  

 

1.2 

Prospecting 1 

General exploration 1 

Detailed exploration 2 

Generate resource data 1 

  Category F 

  Rating Overall 

 

Field project status 

and feasibility 

 

Geological study 2  

 

2.0 

 

Prefeasibility study 1 

Feasibility study/mining report 2 

General field project status 3 

  Category F 

  Rating Overall 

 

Socio-economic 

viability 

External macro-environmental factors 4  

 

3 

Internal macro-environmental factors 3 

Resources/reserves 3 

 General perspective 2 

 

 

Classification of Kakosa copper deposit indicates the results of G1.2; F2.0 and E3.0. This is 

translated into Measured Resources with possibility of qualifying into probable mineral reserves 

and possibly economically viable project subject to the modifying factors. The modifying factors 

to determine the potential for mining the Kakosa resources economically include: 

 

 Ore extraction factors including the technique to be applied and technology; 

 Metallurgical and processing; 
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 Marketing including the copper price; 

 Economic factors including taxes; 

 Infrastructure; 

 Operational cost; 

 Legal and environmental factors, and 

 Social and governmental factors. 

 

The Kakosa deposit has reasonably estimated tonnage, densities, shape, physical characteristics, 

grade and mineral content based on reasonable level of confidence of the exploration, sampling 

and testing information, location of drill holes with reasonably widely spaced. 
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CHAPTER 6 

 

ANALYSIS OF APPROACHES FOR SELECTION OF MINING 

METHODS 

 

6.1 Introduction 

 

6.1.1 Chapter overview 

 

In order to recommend a suitable mining method to be employed to economically mine low-

grade copper ore deposits, it is important to review approaches for selection of mining methods. 

Selecting unsuitable mining method can make exploitation uneconomical even for high-grade 

ore bodies. This chapter therefore analyses different approaches which have been developed by 

different researchers to come up with an appropriate approach.  To analyse approaches for 

mining method selection, specific technical and economic parameters relevant to copper ore 

extraction, should be taken into consideration. 

 

6.1.2 Mining methods 

 

Mining methods can be divided into two:  

 Surface mining, and  

 Sub-surface (underground) mining.  

 

Surface mining is a broad category of mining in which rock overlying the mineral deposit (the 

overburden) is removed. Underground mining refers to various sub-surface mining 

techniques used to extract ore containing metals such as gold, silver, iron, copper, zinc, nickel, 

tin and lead. To date, there is no generally accepted standard classification of   underground 

mining methods. As a result, there are different mining classification systems including those 

based on the type of equipment employed in extraction of ore, economics of mining and 

generated excavation. Geo-mechanical classification is based on support offered to the generated 
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mine excavations and type of magnitude of rock displacement. Basically in geo-mechanical 

framework classification of mining methods (Table 6.1), stopes can be classified into three major 

groups: 

 

 Naturally or self-supported;  

 Supported by artificial means, and  

 Caving or unsupported stopes. 

 

In naturally supported stopes, which are also known as open stopes, the condition of ore and 

enclosing rocks permit large sized stopes where heavy blasting can be undertaken. In these 

stopes heavy-duty equipment can be deployed to deplete the reserves faster. In artificially 

supported stopes, use of support is mandatory, which in turn, reduces productivity and increase 

costs and depletes the reserves slowly. Unsupported mining methods are suitable where ores are 

weak and cavable. Despite inducing subsidence problems, unsupported methods can prove to be 

of high productivity if stopes are properly designed. Production in bulk can be obtained from 

these caving stoping methods. The author modified the classification systems and included 

general required conditions for each class as shown in Table 6.1.  
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Table 6.1: Geo-mechanical classification of underground mining methods 

 

 

Geo-mechanical classification of underground mining methods 

 

 

Naturally Supported 

 

 

Artificially Supported 

 

Unsupported 

 

Room-

and-

pillar 

 

 

Sublevel 

open 

stoping 

 

 

Shrinkage 

stoping 

 

Cut-

and-fill 

stoping 

 

VCR 

stoping 

 

Stull 

stoping 

 

Longhole 

mining 

 

Sublevel 

caving 

 

Block 

caving 

 

Hybrid and Variants methods 

 

General conditions General conditions General conditions 

 

Strong to moderate ore 

strength and competent 

country rock  

 

 

Moderate to weak ore strength 

and incompetent country rock 

 

Moderate to weak ore 

strength and cavable country 

rock 

 

Tabular 

Flat 

Thin 

Large 

size 

 

Tabular 

Steep 

Thick 

Large 

size 

 

Tabular 

Steep 

Thin 

Any size 

 

Variable 

shape 

Steep 

Thin 

Any size 

 

Tabular 

Steep 

Thick 

Large size 

 

Tabular 

Steep 

Thin 

Small 

size 

 

Tabular 

Flat 

Thin 

Large size 

 

Tabular 

to 

massive 

Steep 

Thick 

Large 

size 

 

Massive 

Steep 

Thick 

Large 

size 

 

Magnitudes of displacements in cap rock 

 
 

Strain energy – energy storage in near open void field  rock 

 

 

 

6.2 Selection of mining method 

 

Selection of the mining method is one of the most crucial and complicated decisions in the stage 

of designing mines especially for underground mining. The selection is vital in terms of the 

techno-economic parameters. The mining method has direct impact on safety, productivity, cost 
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and recovery. The selection is therefore based on geological, geotechnical, geographical and 

economical parameters. Others factors considered in the selection of the mining method include 

geometric configuration, disposition and orientation, value and spatial distribution of value. The 

mining method should provide high recovery of ore, provide safe working environment and 

efficiency properties. The mining method also dictates the level of technology and in turn affect 

the type of equipment required, cycle time and scheduling of operations. Each of these criteria 

can become the principal determining factor in mining method selection but the obvious 

predominance of one consideration should not preclude careful evaluation of all the parameters. 

Since there are many factors involved in the process of mining method selection, the evaluation 

process can be described as multi-criterion decision-making. Each ore body is unique with its 

own properties and engineering judgment, and there is no single appropriate mining method for 

each deposit. Usually two or more feasible methods are possible. Each method entails some 

inherent challenges. Therefore, a suitable method for a particular ore body is one that offers less 

operational challenges. Due to the high costs involved and environmental challenges, it is usually 

not possible to change the mining method after planning and commencing the operations. In 

most cases, mining method selection can be considered as an irreversible process. There are 

cases where due to selecting improper mining methods, mines had to close. It is therefore 

cardinal to select appropriate mining method.   

 

The selection process of mining methods has evolved over many years. Several methods have 

been developed in the past years. Initially the selection of mining methods was based primarily 

on operating experience at a similar type of mine and on methods already in use. In the recent 

years, a number of qualitative and quantitative studies have been carried out by various 

researchers to develop systematic approaches for selecting optimum mining method of various 

ore bodies based on the physical and mechanical characteristics of the deposit such as shape, 

grade, and geo-mechanical properties of the rock (Ooriad et al. 2018). The approaches [Table 

6.2] may be classified into three categories as: 

 

 Profile and checklist approaches; 

 Numerical ranking (scoring) approaches, and 

 Decision making models. 
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Table 6.2: Examples of approaches for selection of mining methods 

 

Year Developed by Category Approach 

1973 Boshkov and 

Wright 

Profile and 

checklist 

Qualitative system based on physical 

characteristics of deposits. 

1976 Morrison Profile and 

checklist 

Chart of physical characteristics for mining 

method selection 

1987 Hartman Profile and 

checklist 

A checklist based on the geometrical 

factors and ground conditions 

1981 Laubscher Numerical ranking A ranking based on a rock mass 

classification system to select an 

appropriate method for underground mines 

1993 Nicholas  Numerical ranking Quantitative system of ranking deposit 

characteristics of ore zone and rock. 

1995 Miller-Tait et al. Numerical ranking Modified the Nicholas system and 

suggested an UBC classification system 

1999 Bascetin and 

Kesimal, 

Decision-making 

model 

Introduced multi-criteria decision making 

techniques in selection of mining method 

2001 Karadogan et al. Decision-making 

model  

A model based on Yager system and 

Saaty‟s analytic hierarchy process (AHP) 

method and considering paired 

comparisons 

2004 Bitarafan and Ataei Decision-making 

model 

Based on Yager and Saaty‟s AHP and 

fuzzy method 

2006 Bascetin et al. Decision-making 

model 

Based on the Yager system, presented a 

computer program to select mining 

methods 

2008 Samimi Namin and 

Shahriar 

Decision-making 

model 

Model based on fuzzy decision making 

methods and applied the Fuzzy TOPSIS 

method 

2009 Naghadehi and 

Mikaeil 

Decision-making 

model 

Based on FAHP and considering 13 

parameters, developed a model for the 

MMS process for underground mining 

methods  

2010 Azadeh and 

Osanloo 

Decision-making 

model 

A modifying model of Nicholas technique 

in which only five mining methods had 

been considered 
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6.3 A review of approaches for selection of mining methods 

 

6.3.1 Profile and checklist approaches  

 

Profile and checklist approach is one of the developed approaches for selection of mining 

method. The approach is based on non-numerical data and depends on the interpretation of 

information observed in the field. The interpretation of information depends on the perceptions 

and understanding of observers. The approach is a qualitative system where profiles of the ore 

body and a list or chart of characteristics were developed to match a specific mining method. 

 

Mineral deposit profiles provide brief summaries of the types of mineral deposits and include 

descriptions of host rocks, mineralogy, alteration, tectonic setting and exploration guides. The 

different methods of grouping of the different deposit types have generated considerable 

discussion.  This reflects the difficulties in any subdivision of complex natural phenomena, 

particularly when some deposit types are end members of a continuum. Three generic profile 

classifications are: 

 

 Deposit profiles; 

 Host lithology, and 

 Location of the deposit. 

 

6.3.1.1  Limitations 

 

The profile and checklist methods are neither enough nor complete for selection of optimum 

mining method as it is not possible to design a methodology that will automatically choose a 

mining method for the orebody. 

 

6.3.2 Numerical ranking approaches 

 

Numerical ranking approaches such as Laubscher (1981), Nicholas (1993) and Miller-Tait et al. 

(1995) were developed to rate different mining methods based on rankings of specific input 
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parameters.  Numerical ranking also known as scoring approaches rely on ranking a finite 

number of geometric, geo-mechanical and geologic parameters to arrive at a rating value for 

different mining alternatives. This system provides a quantitative approach for selecting a mining 

method. 

 

The numerical ranking approaches rank deposit characteristics of ore geometry and rock 

mechanics characteristics of the ore zone, footwall and hangingwall. The ranking are then 

summed together with the higher rankings being the more favourable or likely mining methods. 

Each ranking consists of a number “0” to “4”. Thus the importance of a mining method for a 

certain criterion is indicated by numbers 3 and/or 4. The numbers of 1 and 2 indicate that the 

related mining method is probably suitable based on related criteria. In the case of number 0, a 

mining method is not rejected but it means that the related method is not applicable for that 

certain criterion. The most weight which may be obtained by a mining method is +48. The score 

of -49 is therefore used in order to reject a mining method which cannot be used for a specific 

condition of resource so that, the method would not have any chance for being selected. 

 

Numerical ranking approaches include Nicholas and University of British Columbia (UBC). 

UBC is a modified version of the Nicholas approach for selection of mining method. The UBC 

was developed by Miller-Tait et al. (1995) and the numbering system follows a very similar 

pattern to the Nicholas approach. A value, -10, was introduced to strongly discount a method 

without totally eliminating it as with the -49 value. Moreover, the rock mechanics ratings were 

adjusted to reflect improvements with ground support and monitoring techniques. The UBC 

selection process follows the general description of the ore body including: 

 

 Ore thickness; very narrow (0 to 3m) narrow (3 to 10m), intermediate (10 to 30m) 

thick (30 to 100m, very thick (more than 100m). UBC added a category of very 

narrow to the system; 

 Plunge; flat (less than 20 degrees), intermediate (30 to 55 degrees) and steep (more 

than 55 degrees); 

 Depth; shallow (0 to 100m), intermediate (100m to 600m), deep (more than 600m); 

 Grade distribution as uniform, gradational and erratic; 
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 Rock mass ratings (RMS); very weak (0 to 20), weak (20 to 40), moderate (40 to 60), 

strong (60 to 80) very strong (80 to 100), and 

 Rock substance strength (RSS) - uniaxial strength; very weak (less than 5), weak (5 to 

10) moderate (10 to 15), strong (more than 15). Rock mass rating consists of the 

Bieniawski‟s rock mass rating (CSIR). This rating classifies six parameter into a 

rating from 0 to 100 in which 0 is worst and 100 is the best. 

 

The UBC approach is based on Canadian conditions and mining laws. The UBC selection 

approach utilizes deposit depth primary to eliminate or restrict the use of open pit mining.  

The UBC version modifies all ranking and each characteristic except grade distribution and 

plunge. The Nicholas approach was modified in an attempt to put more emphasis on stope 

mining rather than mass mining techniques such as caving. The reason for this is that most 

Canadian underground mines utilise open stopping, room-and-pillar or cut-and-fill mining 

techniques. Improved rock support techniques, monitoring and the use of remote operated 

equipment make it possible to mine by open stopping techniques rather caving in poor ground 

conditions.  

 

6.3.2.1 Advantages and limitations 

 

Numerical ranking approaches are simple decision making tools which are used to select a 

mining method. These techniques enjoy a simple weighting system; therefore the application is 

not complicated. In addition, they use a small range of crisp numbers to assign the scores to 

mining alternatives. In these techniques thirteen mining parameters are taken into account as 

criteria. Each mining method is weighted based on these criteria each of which having some sub-

criteria, so that based on each sub criterion, scoring is assigned for each mining method. The 

ultimate weight of each mining method is obtained by adding those scores. In this way, all of the 

mining methods are prioritized  

 

The limitations of numerical ranking approaches are due mainly to the lack of a perfect 

methodology for weighting. In other words this technique is not able to obtain the weight of each 

mining method based on inconsistency ratio of assigned scores. Another limitation of these 
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techniques is lack of influential and important criteria in mining method selection process. 

Limited number of criteria and alternatives, ambiguity and simultaneous influence of criteria 

have been neglected in the decision making process. In the Nicholas approach, the deposit depth 

is considered an effective parameter in selecting the mining method, no point is considered for its 

influence. 

 

Further, only the geo-mechanical criteria of joint frequency, rock quality designation (RQD), 

rock substance strength (RSS) and the shear strength factor of joints in the ore deposit and its 

surrounding rocks are considered. In the UBC method, although the depth and the rock mass 

rating (RMR) score are added, this limitation is still binding. Criteria such as deposit dimensions, 

thickness changes or its uniformity, availability of expert personnel in extraction, recovery in any 

mining method, subsidence effects and underground water status, are neglected in both methods. 

This limitation also exists in the choices and alternatives of selection. In the scoring approach, 

ten mining methods are considered for selection. These methods in the order of increasing 

operating costs are: open pit mining, block caving, sublevel stoping, sublevel caving, longwall, 

room and pillar, shrinkage, cut and fill, top slicing and square-set. Although the traditional 

methods are divided into eighteen mining methods, each of which may include several different 

alternatives. Among the methods not included in the above list are the stope and pillar mining, 

vertical crater retreat mining, strip mining and novel mining methods such as hydraulic mining 

and borehole mining. Moreover, underground methods such as longwall may be performed in the 

retreat or advance mode and the ground control may be performed by caving or filling. Therefore 

choices in the mining method selection process are much more numerous than the ten considered 

methods. 

 

Considering the fact that parameters affecting selection of the mining method are divided into 

three classes of crisp (deterministic), linguistic and fuzzy parameters, the deterministic 

explanation in numerical ranking methods can be mentioned as the most important disadvantage, 

because in the method offered by Nicholas and the UBC method, parameters are explained by 

crisp values. But most of the statements introducing the mineral deposit are linguistic statements. 

For example, for the dip of an orebody, usually low dip (flat), moderate dip (intermediate) or 

high dip (steep) terms are used and for the cavability of the deposit hanging wall, the terms 
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appropriate, moderate or inappropriate cavability are used. Also criteria introducing a mineral 

deposit are divided into classes, which have no exact definition in boundary status and have 

some ambiguities. In numerical ranking methods, the influence of each parameter is verified 

separately and the mutual effects of parameters are ignored. For example, dip, thickness and 

depth parameters are simultaneously effective on determination of the open pit method. In 

numerical ranking methods, as the orebody‟s dip increases, the probability of choosing the open 

pit method decreases. When the thickness is increased, the decreasing score of the dip should 

compensate each other. For an inclined and thick deposit, the open pit method may be preferred. 

Also in these methods, all the criteria are assumed to have equal weights in decision making, but 

considering the status of each deposit makes such an assumption unrealistic. 

 

6.3.3 Decision making models 

 

Research on human judgements and decision making shows that the simplifications which we 

make to enable us to deal with complex problems sometimes do not work well. The human 

judgement tends to be biased in assessments of alternatives that can more readily be linked to 

what is familiar (the „representativeness heuristic‟), and to be unduly influenced by recent, 

memorable, or successful experience (the „availability heuristic‟).  

 

Considering these limitations and disadvantages, efforts have been made in order to develop 

decision making models for selecting the mining method. Among these efforts are studies of 

researchers such as Bascetin and Kesimal (1999), Karadogan et al. (2001), Bitarafan and Ataei 

(2004), Bascetin et al. (2006), Samimi Namin and Shahriar (2008), Naghadehi and Mikaeil 

(2009), Azadeh and Osanloo (2010). The studies included: 

 

 Introduction of multi-criteria decision making techniques in selection of mining method; 

 Development of a model based on Yager system and Saaty‟s analytic hierarchy process 

(AHP) method and considering paired comparisons; 

 Technique based on Yager and Saaty‟s AHP and fuzzy method; 

 Development of a computer program to select mining methods based on the Yager 

system; 
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 Based on FAHP and considering 13 parameters, developed a model for the mining 

methods selection process for underground mining methods; 

 A modifying model of Nicholas technique in which only five mining methods had been 

considered, and 

 Model based on fuzzy decision making methods and applied the Fuzzy TOPSIS method. 

 

Multiple Criteria Decision Analysis (MCDA) techniques are designed to help overcome the 

limitations by imposing a disciplined structure which directs attention to criteria in proportion to 

the weight which they deserve. MCDA is: 

 

 An advanced field of operations research and management science, devoted to the 

development of decision support tools methodologies to address complex decision problems 

involving multiple criteria goals or objectives of conflicting nature; 

 

 A valuable tool that can be applied to many complex decisions. It is most applicable to 

solving problems that are characterized as a choice among alternatives; 

 

 A decision analysis which is a systematic, quantitative and interactive approach to addressing 

and evaluating important choices confronted by mining companies, and 

 

 A tool which is applied for resolving a wide range of engineering problems such as mining 

projects i.e. planning. MCDM tools are commonly used as a solution for decision making 

problems. To find the most suitable alternative from among a number of possible ones, 

MCDM is applied based on a number of criteria.  

 

MCDM models include: 

 

 Yager‟s model; 

 Analytic Hierarchy Process (AHP); 

 Fuzzy Analytic Hierarchy Process (FAHP); 

 Preference Ranking Organisation Method for Enrichment Evaluation (PROMETHEE), and 
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 Technique for Order Preference to Ideal Solution (TOPSIS). 

 

6.3.3.1  Yager’s method 

 

Yager‟s method adopts the maximum and minimum (max-min) principle approach. The fuzzy 

set decision is the intersection of all criteria: 

 

μD (A) = Min {μC1 (Ai), μC2 (Ai), … , μCn (Ai)}. 

 

For all (Ai) ∈ A, and the optimal decision is yielded by μD 

(A*) = Max (μD, (Ai)),  

 

Where: Min-Max gives possibility to model different data in fuzzy set (∈) 

 A* is the optimal decision or desired alternative 

  Ai other alternative (of less important) 

. μD is the effect on the decision function 

C1, C2, to Cn are different criteria considered in decision making 

 μC1, μC2 to μCn are probabilities; indicating weighting in MCDA 

 

The major distinction in this method is that the importance of criteria is signified as exponential 

scalars. The foundation behind using weights as exponents is that the higher the importance of 

criteria, the larger the exponent giving the minimum rule. Equally, the less important a criterion 

the smaller its weight for α > 0 (Bascetin and Kesimal 1999): 

 

 

 

μD (A) = min {[μC1 (A)]
α1

, [μC2 (A)]
α2

,…,[μCn (A)]
αn

}
  
         (Eq. 6.1) 

 

Where: α is the degree of relevance 
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6.3.3.2  Analytic Hierarchy Process 

 

The Analytic Hierarchy Process (AHP) model was developed by Saaty (1980) as Multi-Criteria 

Decision Making (MCDM) tool. The model combines qualitative and quantitative aspects in the 

selection of a process and is used for setting priorities in a multifaceted unanticipated multi-

criteria challenging situation and it delivers a flexible and easy way of evaluating complex 

problems. The AHP is one of the most widely-used multi-attribute decision-making methods. 

The model has been useful in several decision anomalies which include software selection 

sourcing decisions. Its main distinction is the proficiency to cope with complex and hard 

structured problems of which no problematic mathematical models can handle (Ataei et al. 2008; 

Jamshidi et al. 2009). The AHP involves decomposing a complex MCDM problem into a multi-

level hierarchical structure of objectives, criteria and alternatives as indicated in Figure 6.1. 
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Indicator C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

 
Criterion 

 

Shape Thickness  

Depth 
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Ore Footwall Hanging 
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Ore Footwall 

           Ore                    RMR                   RSS 

 

Figure 6.1: The AHP multi-level hierarchical structure for mining methods selection (Ataei et al. 

2008) 

Mining method selection 
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Area mining Stope and pillar Cut and fill Room and pillar 
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The AHP technique is built on the pairwise comparison of modules with respect to qualities and 

substitutes. A pairwise comparison matrix n × n is created, where n is the number of elements to 

be equated. The method is applied for the hierarchy problem structuring. The problem is divided 

into three levels: problem statement, object identification to solve the problem and selection of 

evaluation criteria for each object. After the hierarchy structuring, the pairwise comparison 

matrix is created for each level where a small discrete scale from 1 to 9 [Table 6.3] is used for 

the assessment (Saaty, 1980). 

 

Table 6.3: Scale for pairwise comparison (Saaty, 1980) 

 

Relative intensity Definition Explanation 

1 Of equal value Two requirements are of equal value 

3 Slightly more value Experience slightly favours one 

requirement over another 

5 Essential or strong value Experience strongly favours one 

requirement over another 

7 Very strong value A requirement is strongly favoured and 

its dominance is demonstrated in 

practice 

9 Extreme value The evidence favouring one over 

another is of the highest possible order 

of affirmation 

2, 4, 6, 8 Intermediate values between 

two adjacent judgements 

When compromise is needed 

 

In order to find the comparative priorities of criteria or alternatives implied by this comparison, 

the comparative priorities are calculated using the theory of eigenvector and eigenvalues. Given 

A as the pair comparison matrix then: 

 

(A – λmax × I) × w = 0             (Eq. 6.2) 
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To calculate the eigenvalue „λmax‟ and eigenvector  w = (w1, w2 … , wn), weights can be 

estimated as relative priorities of criteria or alternatives. Since the comparison is based on the 

subjective evaluation, a consistency ratio is required to ensure the selection accuracy. λmax  is 

given by: 

 

                                                  (Eq. 6.3) 

 

where λmax is the maximal eigenvalue, and n is the matrix size, aij is an element of pairwise 

comparison matrix, wj and wi is the jth and ith element of eigenvalues. The Consistency Index 

(CI) of the comparison matrix is calculated using equation 6.4: 

 

       CI = (λmax - n) / (n - 1)              (Eq. 6.4) 

 

The consistency Ratio (CR) is calculated by equation 5.5: 

 

CR = C I / RI               (Eq. 6.5) 

 

where “RI” denotes random consistency index. Random consistency indices are given in Table 

6.4 (Saaty, 2000). 

 

Table 6.4: Consistency indices of randomly generated reciprocal matrices (Saaty, 2000) 

 

Order of 

matrix 

1,2 3 4 5 6 7 8 9 10 11 12 13 14 15 

R1 value 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.54 1.56 1.57 1.59 

 

As a general rule, a consistency ratio of 0.10 or less is considered acceptable. In practice, 

however, consistency ratios exceeding 0.10 occur frequently. 

 

 

 

https://www.sciencedirect.com/science/article/pii/S0886779808000758#tbl2
https://www.sciencedirect.com/science/article/pii/S0886779808000758#tbl2
https://www.sciencedirect.com/science/article/pii/S0886779808000758#bib25
https://www.sciencedirect.com/science/article/pii/S0886779808000758#bib25
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6.3.3.2.1  Limitations 

 

Although AHP is one of the most widely used multi-criteria decision-making model and has 

been useful in several decision anomalies, it has some limitations. The limitations include:  

 Restriction in the number of alternatives (number of extraction methods) and criteria. The 

model can only handle seven or less alternatives and nine or less criteria; 

 It has a huge computational procedure even for small problems, and  

 It has deficiencies in solution linear equations. 

 

Because of AHP limitations, Fuzzy Analytic Hierarchy Process (FAHP) was developed. 

 

6.3.3.3  Fuzzy Analytic Hierarchy Process 

 

FAHP was developed by Zadeh (1975). The model has been improved upon and found 

substantial applications in recent years (Naghadehi and Mikaeil, 2009). The vast majority of the 

applications use a crisp point estimate method such as the extent analysis or the fuzzy preference 

programming (FPP) based nonlinear method for fuzzy AHP priority derivation. 

 

Fuzzy Analytical Hierarchy Process (FAHP) is used in situations where AHP is not enough in 

deterministic evaluation. In the decision-making process, there are unquantifiable, incomplete 

and unobtainable information. To make a right decision on mining method selection, all known 

criteria related to the problem should be analyzed. Although an increasing in the number of 

related criteria makes the problem more complicated and more difficult to reach a solution, this 

may also increase the correctness of the decision made because of those criteria. Due to the 

arising complexity in the decision process, many conventional methods like profile and checklist, 

numerical ranking approaches and AHP are able to consider limited criteria and may be 

generally deficient. For this reason FAHP method is used for analysing decision models as a 

Fuzzy multiple criteria decision-making (FMCDM) process.  

 

The Fuzzy-AHP methodology extends Saaty‟s AHP by combining it with the fuzzy set theory. In 

the Fuzzy-AHP, fuzzy ratio scales are used to indicate the relative strength of the factors in the 
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corresponding criteria. Therefore, a fuzzy judgment matrix can be constructed. The final scores 

of alternatives are also represented by fuzzy numbers. The optimum alternative is obtained by 

ranking the fuzzy numbers using special algebra operators. 

 

The following three steps summarise the procedure of applying Fuzzy-AHP: 

 Construction of a hierarchical structure for the problem to be solved; 

 Establishment of the fuzzy judgment matrix and a fuzzy weight vector, and 

 Ranking of all alternatives and select the optimal one. 

 

In this methodology, all elements in the judgment matrix and weight vectors are represented by 

triangular fuzzy numbers. Using fuzzy numbers to indicate the relative contribution or impact of 

each alternative on a criterion, a fuzzy judgement vector is then obtained for each criterion. The 

fuzzy judgment matrix A is built with all the fuzzy judgement vectors. The weight vector W is 

used to represent the decision maker‟s opinion of the relative importance of each criterion during 

the decision process. 

 

A fuzzy number Where  expresses the meaning „about x‟. Each membership function is defined 

by three parameters of the symmetric triangular fuzzy number, (l, m, n).The parameters l, m, n 

denote the smallest possible value, the most promising value, and the largest possible value that 

describe a fuzzy event or left, middle and right points of the range over which the function is 

defined. Fuzzy membership function and the definition of a fuzzy number are shown in Figure 

6.2 and fuzzy function relationship is indicated in Table 6.5 (Naghadehi and Mikaeil, 2009).  

 

 

 

Figure 6.2: Fuzzy membership function and fuzzy number 
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Table 6.5: Fuzzy function and fuzzy number 

 

 
 

 

When the decision-maker faces a complex and uncertain problem and expresses his/her 

comparison judgments as uncertain ratios, such as „about two times more important‟, „between 

two and four times less important‟, etc., the standard AHP steps, and specially, eigenvalue 

prioritization approach, cannot be considered as straightforward procedures. Indeed, the 

assessment of local priorities, based on pair wise comparisons needs some prioritization method 

to be applied. FAHP is a problem-solving technique which is a combination of AHP process use 

of fuzzy logic and linguistic variables (Naghadehi and Mikaeil, 2009) as shown in Figure 6.3 

flow-sheet. 
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Figure 6.3: Fuzzy AHP logic Flow-sheet 

 

6.3.3.3.1 Limitations 

 

The extent analysis has been revealed to be invalid and the weights derived by this method do 

not represent the relative importance of decision criteria or alternatives. The FPP-based nonlinear 

priority method also turns out to be subject to significant drawbacks, one of which is that it may 

produce multiple, even conflict priority vectors for a fuzzy pairwise comparison matrix, leading 

to entirely different conclusions.  
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6.3.3.4  Preference Ranking Organization Method for Enrichment Evaluation Approach 

 

Preference Ranking Organization Method for Enrichment Evaluation (PROMETHEE) is an 

outranking method for a finite set of alternatives (Brans and Vincke, 1985). These options 

include the choice of an appropriate preference function and the weighting given to each 

variable. The preference function defines how one object is to be ranked relative to another, and 

translates the deviation between the evaluations of two samples on a single parameter into a 

preference degree. The preference degree represents an increasing function of the deviation; 

hence, smaller deviations will contribute to weaker degrees of preference and larger ones to 

stronger degrees of preference. Six preference functions represented by specific shapes are 

available in the PROMETHEE method. Each shape is dependent on two thresholds, Q and P. Q 

is an indifference threshold representing the largest deviation that is considered negligible, and 

the preference threshold P represents the smallest deviation that is considered as decisive [Figure 

6.4]. P cannot be smaller than Q. The Gaussian threshold S is a middle value that is only used 

with the Gaussian preference function (Brans and Vincke 1985). 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.4: Example of one of the six specific shape in the PROMETHEE method showing Q 

      and P thresholds in a preference function 
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The PROMETHEE method is based on the calculation of positive flow (Ф+
 ) and negative flow 

(Ф− ) for each alternative according to the given weight for each criterion. The positive 

outranking flow expresses how much each alternative is outranking all the others. The higher the 

positive flow (Ф+
 → 1), the better the alternative. The negative outranking flow expresses how 

much each alternative is outranked by all the others. The smaller the negative flow (Ф−
 → 0), the 

better the alternative. The PROMETHEE II complete ranking is based on a calculation of net 

outranking flow value (Ф) that represents the balance between the positive and negative 

outranking flows. The higher the net flow, the better the alternative (Brans and Mareschal, 1989 

and 1994, Anand and Kodali 2008). The stepwise procedure for achieving this outranking 

method is presented as: 

 

Step 1. Establishment of an impact matrix/double entry table. An impact matrix for the selected 

criteria ( j = 1 . . . n) and alternatives (i = 1 . . .m) can be established by using cardinal 

(quantitative) and ordinal (qualitative) data. 

 

Step 2. Application of the preference function P(a, b). For each criterion, the selected preference 

function P(a, b) is applied to decide how much the outcome a is preferred to b. 

 

Step 3. Calculation of an overall or global preference index Pi (a, b) that represents the intensity 

of preference of a over b as shown in equation 6.6. 

 

       Eq. 6.6 

 

Step 4. Calculation of outranking flows for each alternative a ∈ A: 

 

 Positive preference flow (outranking): 

 

 
 

 Negative preference flow (being outranked): 
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PROMETHEE I provides a partial ranking of the alternatives and more realistic information 

about incomparability, while PROMETHEE II provides a complete ranking of the alternatives by 

calculating the net flow: 

 

Ф
+
 (a) = 8 + (a) − Ф

−
 (a) 

 

Part of information about mutually incomparable alternatives is lost in the case of PROMETHEE 

II. 

 

Step 5. Comparison of outranking flows (PROMETHEE I): 

 

 

Ф
+ 

(a) > Ф
+ 

(b) and Ф
− 

(a) < Ф
−
 (b) 

 

   a     Ф
+ 

(a) > Ф
+ 

(b) and Ф
− 

(a) = Ф
−
 (b) 

 

                  Ф
+ 

(a) > Ф
+ 

(b) and Ф
− 

(a) < Ф
− 

(b) 

 

    a        Ф
+ 

(a) > Ф
+ 

(b) and Ф
− 

(a) = Ф
−
 (b) 

       

      

a R b otherwise 

 

(P, I, R represent preference, indifference and incomparability respectively). 

 

Both partial ranking (PROMETHEE I) and complete ranking (PROMETHEE II) of the set of 

considered alternatives can be proposed to the stakeholders in order to solve the decision-making 

problem. 

 

Finally, the relative positions of the alternatives in terms of contributions to the various criteria 

are given by the geometrical analysis for interactive aid (GAIA). 
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6.3.3.5 Technique for Order Preference to Ideal Solution 

 

Technique for Order Preference to Ideal Solution (TOPSIS) is one of the most widely used 

techniques of MCDM. Yoon and Hwang (1995) proposed this method for the first time. In 

TOPSIS method, the Concepts of the “ideal solution” and “ideal similarity” are used and 

alternatives are ranked based on similarity to the ideal solution. Thus, the alternative more 

similar to the ideal solution is more acceptable.  At the similarity ideal, the alternative distance 

from the positive ideal and negative ideal solution is measured and alternatives based on the 

distance from the anti-ideal solution to the total distance from positive ideal and negative ideal 

solution are evaluated and ranked (Yari et al., 2016; Yoon and Hwang, 1995). 

 

6.3.3.5.1 Fuzzy sets theory in ore extraction  

 

Most stages of mining operations deal with geo materials (rock and soil). These materials usually 

are anisotropic and inhomogeneous implying that geo materials do not have the same properties 

in different directions and locations. Therefoe, their behaviors such as deformability modulus, 

strength, brittleness, permeability and discontinuity frequency cannot be realized precisely 

(Ooriad et al., 2018). In mine resources, these geo materials (including ore and waste) also do not 

have a certain state in their geometric, geological and mechanical characteristics. Assigning the 

crisp numbers to these characteristics will therefore be complicated and imprecise. In order to 

model the uncertainty and imprecision in geo materials, it is therefore appropriate to use the 

fuzzy numbers. Although the computing process will be rather huge, using fuzzy numbers 

instead of crisp numbers, the uncertain state of geo materials will be modeled better. Fuzzy sets 

theory has a wide range of application in many parts of mining sciences (Ooriad et al., 2018), 

such as decision making in mining projects, mineral processing, blasting, rock mechanics, 

underground mining, tunneling and underground spaces studies, mineralogy, reserve evaluating, 

rock slope stability, acid mine drainage, engineering geology and subsidence in underground 

mines.  

 

In the TOPSIS method, accurate and definite values are applied in order to determine criteria and 

option weights (Mohammadi and Vafaei, 2013). However, in most cases, human thinking is 
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accompanied with indeterminacy, which influences decision making. Decision-making methods 

based on fuzzy theory are used for decisions hindered by uncertainty. The fuzzy theory is one of 

the modern techniques which can deal with the impreciseness of input data and domain 

knowledge by giving quick, simple and often sufficiently good approximations of the desired 

solutions (Hwang, C., and Yoon, K. 2012). This theory is able to convert most incorrect and 

enigmatic concepts, variables and systems into a mathematical form, and set the context for 

reasoning, deduction and decision-making at uncertainty conditions (Mohammadi and Vafaei, 

2013).  

 

When the TOPSIS and Fuzzy theory are used together, they form the FTOPSIS approach. 

Instead of using crisp numbers in the TOPSIS, it makes use of fuzzy numbers. These numbers 

allow for the performance of the computational analysis and rank the alternatives (Rudnik and 

Kacprzak, 2017). This method is based on multiple-criteria decision-making (MCDM), and the 

elements of decision-making matrix or the weights of criteria or both of them are evaluated by 

lingual variables presented by fuzzy numbers. This method is particularly suitable for solving the 

group decision-making problem under fuzzy environment (Torfi et al., 2012). 

 

The fuzzy TOPSIS procedure involves the following steps (Wang and Chang, 2007; Javanshirgiv 

et al., 2017; Nădăban, 2016; Rudnik and Kacpr-zak, 2017): 

 

Step 1. Identify the evaluation criteria and alternatives. 

 

Step 2. Choose the appropriate linguistic variables.  

Triangular fuzzy numbers can be used to represent linguistic variables as shown in Tables 6.6 

and 6.7, which can be used for the importance weight of the criteria and the evaluation of 

alternatives with respect to each criterion (Zadeh, 1975). 
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Table 6.6: Linguistic variables for the importance weight of each criterion 

 

Linguistic variables Fuzzy triangular 

Very low (VL) (0, 0.1, 0.3) 

Low (L) (0.1, 0.3, 0.5) 

Medium (M) (0.3, 0.5, 0.7) 

High (H) (0.5, 0.7, 0.9) 

Very High (VH) (0.7, 0.9, 1) 

 

Table 6.7: Linguistic variables for the ratings 

 

Linguistic variables Fuzzy triangular 

Very poor (VP) (0, 1, 3) 

Poor (P) (1, 3, 5) 

Fair (F) (3, 5, 7) 

Good (G) (5, 7, 9) 

Very Good (VG) (7, .9, 10) 

 

Step 3. Define the fuzzy decision matrix.  

A fuzzy multi-criteria decision-making problem can be concisely expressed in matrix format as 

indicated in equation 6.7. 

 

11     lj      lm 

     

il       ij     in 

 

ml    mj     mn 

 

Where ij  are linguistic variables that can be shown by triangular fuzzy numbers: 

 

   =  
(Eq. 6.7) 



169 

 

ij  = ( ,  

 

Step 4. Normalize the fuzzy decision matrix  [ ij] 

 

The decision matrix must first be normalized so that the elements become unit-free. 

The process is to transform different scales and units among various criteria into common 

measurable units to allow comparisons across the criteria. The vector normalization technique is 

used for computing element ij of the normalized decision matrix, which is given as the 

normalized fuzzy decision matrix. Linear scale transformation is used to transform the various 

criteria scales into a comparable scale. Therefore, it is possible to obtain the normalized fuzzy 

decision matrix denoted by  as in matrix equation 6.8. 

 

 = [ ij]mxn    i = 1, 2,…,m;  j = 1,2,…,n          

 

11     lj      lm 

     

il       ij     in 

 

ml    mj     mn 

 

where: 

 

ij =  ,  * ,      if  j           

 

 

ij =   *,  *,     if  j         

 

 

Here, B and C are the sets of benefit and cost criteria. Upon obtaining benefit and cost attributes, 

the discrimination between maximization or minimization criteria desired to be achieved by a 

decision maker would be possible. 

 

= 
 (Eq. 4.8) 

= 
 (Eq. 6.8) 
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Step 5. Establish criteria weighted matrix.  

It cannot be assumed that each evaluation criterion is of equal importance because the evaluation 

criteria have various meanings as in equation 6.9. 

 

, …,            (Eq. 6.9) 

 

Where   are linguistic variables that can be shown by triangular fuzzy numbers: 

 

 
 

Step 6. Compute the normalised weighted fuzzy decision matrix.  

The determination of the weight of each criterion provides the weighted normalised fuzzy 

decision matrix as in equation 6.10: 

 

11      l2      ln 

2l       22     2n 

 

ml      m2    mn 

 

where: ij =  ij .  

 

Step 7. Compute the fuzzy positive ideal solution (FPIS) and the fuzzy negative ideal solutions 

(FNIS). 

 

The FPIS indicates the most preferable alternative, and the FNIS indicates the least preferable 

alternative. Therefore FPIS (A+) and FNIS (A-) can be determined using equations 6.11 and 6.12 

(Chen, 2000 and Chen and Tzeng, 2006): 

 

*, * ,…, *},   * = { ij},  i = 1, 2,…,m;  j = 1,2,…, n   (Eq. 6.11) 

 
-
, 

-
 ,…, 

-
},   

-
 = { ij},  i = 1, 2,…,m;  j = 1,2,…, n       (Eq. 6.12) 

 

 = 

(Eq. 6.10) 
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Step 8. Compute the distance from each alternative to the FPIS and to the FNIS.  

The distance of each alternative from the FPIS and FNIS are calculated using equations 6.13 

to.16: 

 

 

 
 

 
 

 

 

 

 

Where d (.,.) is the distance measured between two fuzzy numbers. 

 

Step 9. Compute the closeness coefficient of each alternative.  

For each alternative Ai, the closeness coefficient (CCi) is calculated by applying equation 6.17: 

 

CCi =   ,     (Eq. 6.17) 

 

Step 10. Rank the alternatives.  

The alternative with highest closeness coefficient represents the best alternative. 

 

 

 

 

 

 

 

 

 

 

(Eq. 6.13) 

(Eq. 6.14) 

(Eq. 6.15) 

(Eq. 6.16) 
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CHAPTER 7 

 

SELECTION OF MINING METHODS FOR KAKOSA SOUTH 

DEPOSIT 

 

7.1 Introduction 

 

7.1.1 Chapter overview 

 

Selection of mining method depends on many factors including: 

 Spatial characteristics; 

 Geotechnical factors; 

 Economic, and 

 Environmental factors.  

 

In order to select a mining method for Kakosa copper ore deposit, it was necessary first to 

analyse the factors affecting the selection of the mining method. This chapter therefore analyses 

the Kakosa technical factors including spatial characteristics and rock classification of Kakosa 

formations. Based on Kakosa technical factors, fuzzy TOPSIS model was modified and applied 

to rank suitable methods to be used to mine the Kakosa ore deposit. After the method had been 

selected based on technical parameters, economic and environmental factors were then 

considered to determine the viability of mining the deposit. 

 

7.1.2 Kakosa South copper ore deposit 

 

Kakosa copper ore deposit consists of three anomalies; A (Kakosa Duplicate), B (Kakosa North) 

and C (Kakosa South) as indicated in Figures 7.1 and 7.2. 
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Figure 7.1: Konkola, Kokosa and Fitwaola copper resources (Konkola Copper Mines, 2012)  

 

 

 
 

Figure 7.2: Digitalized image of Kakosa copper Deposit showing the kakosa anomalies 
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7.2 Selection process of mining methods for Kakosa South copper deposit 

 

Selection of mining method for Kakosa South deposit was based on the fuzzy TOPSIS model as 

described in Chapter 6. In order to counter check the results of fuzzy TOPSIS, numerical ranking 

approach based on Nicholas modified method was used as a quick comparison. The fuzzy 

TOPSIS methodology was applied according to the flowchart presented in Figure 7.3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.3: Flowchart of the modified FTOPSIS model for mining method selection 

 

Tables 7.1 and 7.2 show the physical and mechanical characteristics of Kakosa deposit and are 

the input parameters or criteria. The rock formations and geometry of Kakosa deposit are 

indicated in Figures 7.4 and 7.5. 
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Table 7.1: Technical parameters of Kakosa deposit 

 

Parameter Description 

Hangingwall Quartzite (HWQ) Competent and about 40m thick 

Deposit shape Tabular and spoon shaped 

Ore Shale Unit (OSU) Weak to moderate 

Deposit dip 20
0
 to 35

0
 

Deposit width ±25m 

Average grade 1.17% TCu & 0.55% ASCu 

Ore uniform   Moderate 

Depth 80m to 250m (opened ended) 

Footwall Conglomerate and Sandstone (FCS)  Weak to moderate and about 7m thick 

Argillaceous Sandstone (AS) Moderate and about 10m thick 

Footwall quartzite  (FWQ) Competent and more than 100m thick 

 

 

Table 7.2: Summary of rock classification of Kakosa area 

 

 RQD Q RMS DRMS (MPa) 

HWQ 82.2 18.2 68.1 73.0 

OSU 52.1 1.9 48.1 24.0 

FCS 40.4 5.4 59.1 49.5 

AS 94.1 81.1 56.7 38.8 

FWQ 61.0 38.9 48.2 65.7 
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Figure 7.4: Kakosa South copper deposit showing different rock formations in XYZ axis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.5: Geometry of Kakosa South copper ore deposit 

 

Before the application of TOPSIS model, the linguistic and crisp values in Table 7.1 were 

converted to fuzzy numbers by the use of fuzzy triangular functions as shown in Table 7.3. The 

fuzzy numbers for Kakosa South parameters were used as input in the decision making model 

and matched against the criteria required for the mining method. 
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Table 7.3: Linguistic variables for the importance weight of each criterion 

 

Linguistic variables Fuzzy triangular 

Very low (0.0, 0.0, 0.1) 

Low (0.0, 0.1, 0.3) 

MoL low (0.1, 0.3, 0.5) 

Medium (0.3, 0.5, 0.7) 

MoL high (0.5, 0.7, 1.0) 

High (0.7, 0.9, 1.0) 

Very High (0.9, 1.0, 1.0) 

 

 

Traditional mining methods are divided into eighteen mining methods, each of which may 

include several different alternatives or variations. In order to select the most suitable mining 

method for Kakosa South deposit, eleven methods were considered for comparison and 

competition. The eleven methods were considered because of the software limitation in the 

number of alternatives. The eleven methods are universally accepted and are: 

 

 Open pit mining; 

 Room and pillar; 

 Stope and pillar; 

 Cut and fill stoping; 

 Sublevel stoping; 

 Sublevel caving; 

 Block caving; 

 Longwall mining; 

 Shrinkage stoping; 

 Square set stoping, and 

 Top slicing. 
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Among the methods not considered for Kakosa deposit include vertical crater retreat, strip 

mining and novel mining methods such as hydraulic mining and borehole mining. Mining 

methods such as longwall may be performed in retreat or advance mode and ground control may 

be performed by caving or filling. Therefore choices in the mining method selection process are 

much more numerous than the eleven considered methods. 

 

The eleven universal methods were entered into fuzzy decision making (FDM) model as 

alternatives. Criteria involved in the selection of the optimum mining method include suitability 

of deposit shape, grade distribution, deposit dip, deposit thickness, deposit depth, recovery, 

production capacity, rock mass classification parameters for hanging wall, ore body and footwall 

formations.  These parameters were entered into FDM as attributes. The attributes were based on 

Hartman (1987). The decision matrix for Kakosa South copper deposit was entered into the FDM 

model according to Tables 7.4 and 7.5. 

 

Table 7.4: Geometric and geo-mechanical input data for Kakosa South copper ore deposit 
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Table 7.5: Input data for Kakosa South copper ore deposit 

 

 Attribute name Ore 

RSS 

Footwall 

RSS 

Recovery Skilled 

personnel 

Output HQW RQD 

No. Attribute (Data) Linguistic Linguistic Deterministic Linguistic Deterministic Linguistic 

 Attribute weight Medium Medium High High MoL High Medium 

1 Block caving Medium Medium 90 Very low 90 Very high 

2 Cut & fill MoL low Medium 95 Medium 30 High 

3 Longwall Very high MoL high 95 Medium 40 Very high 

4 Open pit MoL high High 95 Very high 90 High 

5 Room & pillar Low Medium 60 MoL high 35 MoL low 

6 Shrinkage MoL low MoL high 85 MoL high 12 Very high 

7 Square set MoL high Low 95 Very low 8 High 

8 Stope & pillar Low Medium 60 MoL low 40 MoL low 

9 Sublevel caving MoL high Medium 85 MoL low 35 Very high 

10 Sublevel stoping Medium MoL high 85 MoL high 45 Low 

11 Top slicing Medium MoL low 95 Medium 10 High 

 

Table 7.6 indicates the scores obtained by each mining method in fuzzy decision making after 

the data was processed by the FDM model. The open pit mining method had a highest score of 

78.90, followed by sublevel stoping with the score of 66.88, and cut and fill with score of 60 46. 

As earlier stated, the scores obtained by each mining method were based on Kakosa South 

technical data only without consideration of economic data. 
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Table 7.6: FDM scores obtained by each mining method for Kakosa South deposit 

 

Rank Name Score 

1 Open pit 78.90 

2 Sublevel stoping 66.88 

3 Cut and fill 60.46 

4 Shrinkage 53.91 

5 Block caving 53.61 

6 Longwall 53.55 

7 Stope and pillar 51.96 

8 Sublevel caving 51.73 

9 Room and pillar 50.95 

10 Top slicing 37.91 

11 Square-set 28.03 

 

The mining method selection of an explored deposit like Kakosa South involves many 

parameters that are interrelated in that changes in some parameters affect the others. The fuzzy 

TOPSIS is one of the compensatory decision making method. In this method, decreasing the 

score of one parameter is compensated by increasing the score of other parameter(s) and vice 

versa.  

 

The modified UBC version of the Nicholas model) was further used for comparative purpose 

only as shown in Figure 7.6. This simplified approach also agrees with Fuzzy TOPSIS method in 

terms of ranking for the first two mining methods as shown in Table 7.7.  

 

 

 

 

 

 



181 

 

 

 

 

Figure 7.6: Ranking of mining methods by modified version of the Nicholas model 

 

Table 7.7: Scores of mining methods by Fuzzy TOPSIS and UBC 

 

 Open 

pit 

Sublevel 

stoping 

Cut 

and 

fill 

Shrinkage Block 

caving 

Longwal Stope 

and 

pillar 

Sublevel 

caving 

Room 

and 

pillar 

Top 

slicing 

Square 

set 

Fuzzy 

TOPSIS 

78.90 66.88 60.46 53.91 53.62 53.55 51.96 51.73 50.95 37.91 28.03 

 

UBC 

 

34 

 

32 

 

27 

 

-25 

 

28 

 

-25 

 

- 

 

29 

 

-84 

 

19 

 

15 

 

It can be seen that Open pit mining method was ranked first in both fuzzy TOPSIS and UBC 

selection approaches followed by sublevel stoping and cut and fill. The three mining methods are 

further evaluated in Chapter 8 for suitability of mining the Kakosa South ore deposit taking into 

consideration economic factors. 
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CHAPTER 8 

 

DESIGNING MINING METHODS FOR KAKOSA SOUTH 

COPPER ORE DEPOSIT 

 

1.1 Introduction 

 

8.1.1 Chapter overview 

 

The Kakosa South ore body is located at depth ranging from about 80 metres to deeper than 250 

metres below surface. Ore bodies at this depth are generally mined by open pit. This was 

confirmed by mining method selection process by fuzzy decision making model described in 

Chapter 7. The open pit mining method had a highest score of 78.90, followed by sublevel 

stoping with the score of 66.88 and cut-and-fill with score of 60.46. The results of fuzzy TOPSIS 

were also supported by modified version of the Nicholas model UBC as indicated in Chapter 7. 

This chapter therefore describes the proposed mining methods for Kakosa South copper deposit.   

 

Because Kakosa South copper ore deposit is low grade and spoon shaped ore body, there is need 

for careful planning and designing in order to reduce on waste to be removed and keep unit costs 

to a minimum. There are a number of factors that must be considered in the initial planning 

including: 

 Natural factors; 

 Geologic factors; 

 Technological factors, and 

 Economic factors. 
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8.2 Open pit mining 

 

The computation of proposed overall open pit profile for Kakosa South ore deposit was based on 

geotechnical and engineering design parameters. Taking into consideration that the overall pit 

profile is the function of rock massif and the working pit slope angle is a function of number of 

benches where the bench height is governed by the type and size of machinery and dilution 

factor.  

 

The technical aspects include practicability, type of equipment and safety while economic 

aspects include production scheduling, dilution, capital and operating costs. These aspects were 

modeled and applied by the Geovia Surpac software©. 

 

Designing the bench width requires consideration of adequate operating room for 

maneuverability of the mine machinery. A 0.5:1 pit slope between benches is used for design 

purposes. The desired overall slope angle was achieved by adjusting the width of the benches 

(Cummins and Hartman, 2014): 

 

Bench width  =   

 

            =    

 

Individual bench widths were adjusted to allow for ramps and lithology changes as long as the 

aggregate remains unchanged. For Kakosa South orebody being low grade copper ore deposit, it 

was decided to have open pit with higher benches because of the following advantages: 

 

 Blasting of greater blocks; 

 Larger machinery with more capacity (bulk mining equipment); 

 Less number of machinery; 
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 Less volume of traffic; 

 More productivity, and 

 Lower overall costs. 

 

Kakosa South deposit has estimated tonnage of 24.7 million tonnes at the cut-off grade of 1.0 

percent and 48.5 million tonnes at the cut-off grade of 0.5 percent as indicated in Section 4.4.4.  

Considering the two scenarios, 24.7 million tonnes would not be sufficient for long term mining 

but if Zambia improves its macro environment level as indicated in Chapter 3, 0.5 percent cut-off 

grade would be viable and as such, the service life of the haul-roads or ramps would be semi-

permanent to permanent. The gradient depended on the type of open pit mining machinery, 

safety and drainage system. For Kakosa South deposit, a higher gradient was proposed to reduce 

on the overall stripping ratio and help increase ore recovery. Since the ramp width is a function 

of the size of the machinery, the wider the berm and the ramp, the larger and more capacity the 

machinery to be employed. Because Kakosa South deposit is of low grade, it is recommended to 

apply bulk mining system to reduce on operating costs, bearing in mind the capital investment 

cost (CIC) for large machinery, the alternative is to go for second hand machines.  

 

Taking into consideration of geotechnical and engineering design parameters and application of 

open pit design software, the following open pit geometric was estimated [Table 8.1]: 

 

Table 8.1: Proposed Kakosa South open pit geometry 

 

Open pit design element Proposed dimension 

Bench height 12 – 15m 

Ramp width 25 – 30m 

Ramp gradient 10 – 12% 

Face angle 65 – 70
0
 

Min mining width 35 – 40m 
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A full scenario analysis of pit optimization, design, scheduling and costing for Kakosa deposit 

would be needed at later stage in order to determine the more cost effective over the life-of-mine 

(LOM). 

 

8.2.1 Stripping sequence 

 

There are generally three stripping techniques [Figure 8.1] applied in the removal of overburden 

and ore. The techniques are based on the stripping ratio. The stripping sequence therefore 

depends on the applied technique. The three techniques are: 

 

 Declining; 

 Increasing, and  

 Constant techniques. 

  

 
 

The declining stripping ratio technique requires that all the waste on the particular bench is 

removed to the pit limit, meaning that stripping of waste declines as the pit progresses (Figure 

8.1). This technique has the following advantages: 

 

Figure 8.1: Showing decline, increasing and constant stripping techniques 
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 Creating of more working space; 

 Easily accessibility of the ore on the subsequent bench; 

 Equipment can work on the same level thereby minimising the equipment requirement 

towards the end of the life of the mine, and 

 No dilution from waste blasting above the ore. 

   

Nevertheless, the main disadvantage of this technique is that the overall operating cost is high 

during the initial mining stage. For a mining venture, early profit is required to shorten the 

payback period of initial capital investment (ICI). 

 

In increasing stripping ratio technique, the pit is designed in such a way that the working slopes 

of the waste faces are parallel to the overall pit slope angle, therefore waste is removed as needed 

just to access the ore. In this technique, profit is maximised in the early initial period. This 

technique does not allow for bulk mining and is only applied where the geotechnical factors 

favour such mining without compromising the safety aspect. 

 

In constant stripping technique, the working slope of the waste faces starts at a shallow angle and 

increases as the pit deepens until the working slope equals the overall pit slope. In terms of 

sequence of waste removal, this method is a compromise between declining stripping ratio and 

increasing stripping ratio techniques. In constant stripping ratio technique, the equipment fleet 

size and lobour requirement tend to be relatively constant throughout the life of a mine. 

 

After analysing the geotechnical parameters of the Kakosa area, it is recommended to apply 

increasing stripping ratio technique for mining Kakosa South copper ore deposit [Figure 8.2], as 

opposed to declining and constant stripping ratio techniques. 
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Figure 8.2: Proposed interim Kakosa open pit applying increasing stripping ratio technique 

 

 

8.2.2 Kakosa South open pit design 

 

After deciding on a stripping technique, a series of string files were created and then wireframes 

were generated. The strings were linked to form the 3D surface outline. Applying the 

GeoviaSurpac© software 6.6 version, the solid wireframes were created to represent Kakosa 

South ore body.dtm, topography.dtm and proposed open pit.dtm as shown in Figure 8.3. Based 

on geotechnical parameters, the overall pit was established as indicated in Figure 8.4. 
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Figure 8.3: Kakosa South ore body, topography and proposed initial open pit 

 

 

 
 

Figure 8.4: Proposed overall open pit 
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8.2.3 Kakosa South open pit production schedule  

 

Having designed a preliminary overall open pit and using wireframes, the ore reserves, 

associated waste and stripping tonnages were determined. Applying proposed pit geometry and 

using increasing stripping ratio technique, the following production of waste and ore would be 

achieved from year 1 to year 17 as indicated in Table 8.2. The pit design and production 

schedule were based on the current modifying factors. It can be observed that in year 1 

approximately 22, 000 tonnes of waste would be stripped without extraction of ore. 

 

Table 8.2: Proposed production schedule for ore and waste 

 

 

Year 

Ore Copper  

Waste (Kt) 
Kt TCu (%) AsCu (%) 

1 0 0 0 22,000 

2 150 1.33 0.72 23,975 

3 260 1.28 0.65 28,923 

4 472 1.24 0.68 22,840 

5 500 1.18 0.68 6,432 

6 500 1.17 0.72 3,819 

7 500 1.17 0.72 2,203 

8 500 1.16 0.70 1,912 

9 500 1.13 0.67 1,235 

10 500 1.13 0.66 1,164 

11 500 1.13 0.64 891 

12 500 1.13 0.64 876 

13 500 1.11 0.66 633 

14 500 1.13 0.67 597 

15 500 1.19 0.75 409 

16 500 1.24 0.76 225 

17 370 1.27 0.84 76 

Total 7,252 18.99 11.16 118,211 
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8.3 Option of underground mining 

 

Although Kakosa South copper ore deposit depth is suitable for open pit mining, its geometric 

shape allows higher stripping ratio, it was therefore necessary to find a way of avoiding or 

reducing the amount of waste to be stripped. Considering the overall stripping ratio for the final 

open pit which is appropriately 1:16, and the proposed production schedule for ore and waste 

(Table 8.3), extracting the whole Kakosa South deposit by open mining may not be viable. 

 

The pre-feasibility engineering and the scoping engineering studies carried out at Kakosa 

indicate that the deposit has the potential to be mined by combined method of open pit and 

underground. Selection of mining method for Kakosa South copper ore deposit based on the 

fuzzy TOPSIS model indicated that it is feasible to exploit the ore below the interim open pit 

envelope using sub-level open stoping or cut and fill mining methods (Chapter 7, Section 7.2). 

Nevertheless, more information is required in order to design the underground mine. It is 

therefore necessary to carry out further feasibility engineering studies encompassing the 

geological-geotechnical exploration. The goal for further feasibility engineering studies is to 

analyse and compare the two different mining options, taking into consideration technical and 

economic aspects. It is important to note that the mine plan must consider the following issues: 

 

 Optimization of the open pit; 

 Open pit closure; 

 Possible interaction between the open pit and underground mining, and 

 Underground mining. 

 

8.3.1 Transition from open pit to underground mining 

 

In order to determine a schematic transition point from open pit to underground mining [Figure 

8.5], the maximum Kakosa South open pit depth was estimated based on stripping ratio. Once 

the maximum allowable stripping ratio is computed, the computation to determine an envelope 

fitting for the amount of overburden to be removed to extract the orebody up to maximum 
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allowable depth is then established. The resultant envelope that will be created by removing the 

overburden is known as overall pit envelope. The amount of overburden for Kakosa South 

deposit has been complicated by its spoon shaped. This has resulted in more waste rock to be 

removed. Applying surpac© software, and using wireframes representing a 3D of the ore body, 

volumes and tonnages were calculated which were used to determine the stripping ratio. The 

depth of the interim pit was determined to be at 250m [Figures 8.7 and 8.8]. 

 

 

Figure 8.5: A schematic transition from open pit to underground mining (Bakhtavar et al., 2009) 
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Figure 8.6: Proposed Kakosa South initial pit and transition depth 

 

 

 

 

Figure 8.7: Proposed Kakosa South open pit design 
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The planned transition from open pit to underground mining at Kakosa is expected to face a 

number of unique geotechnical challenges when underground mining commences due to the 

open pit direct above. The challenges include: 

 

1. Induced seismicity because of the vicinity of the open pit 

When the final pit is reached at appropriately 250m, the induced stresses are likely to be high 

and induced seismicity will be expected during underground mining operations, which 

eventually could generate rock bursts because of uneven distribution of stresses especially 

along the crown pillar. 

 

2. The design of crown pillar 

The crown pillar between the open pit and underground mining should take into 

consideration the stress concentration at the slope toes. The presence of the pit produces 

zones of stress concentrations and zones of low confinement. 

 

3. Simultaneous open pit and underground mine operation 

The economic and business requirements of Kakosa are such that a period of simultaneous 

open pit and underground mining would be required. Hence, at least for a certain period, a 

stable crown pillar must be maintained at the pit bottom as indicated in Figure 8.7. The pillar 

stability can initially be achieved by mining retreating towards the pillar. 

 

8.3.2 Proposed access design for underground mining  

 

Kakosa South open pit design has indicated high stripping ratio of up to 1:16 as shown in Table 

8.2. Because of high stripping ratio, it is recommended to extract the upper part of the deposit by 

open pit mining and then by underground mining. Taking into consideration the stripping ratio 

and technical parameters, the transition depth has been proposed to be at 250m. Normally such 

depths are accessed through decline or ramp systems which provide more flexibility than a 

vertical shaft. A vertical shaft restricts the size of equipment that could be used and often require 

dismantling the machines for transportation to underground and reassembling once underground. 

A decline/ramp system allows the equipment to travel between surface and the underground 
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workings with limited delay or constraint. The overall flexibility of man and material transport is 

greater in a decline/ramp system due to the absence of a shaft schedule and limited hoisting 

capacity. The use of a ramp allows employing of a large fleet of mobile machines. 

 

Access design based on the above mentioned considerations, a decline/ramp system is 

recommended to access the Kakosa South underground working. This is supported by the 

inclination and geometry of the of Kakosa South ore body which permit the application of a 

ramp system. The ramp would be connected to the main levels. Horizontal development will be 

essential to access the ore body from a ramp. A portal would be required to excavate through the 

highly weathered and soft top soil. The design and the position of the portal and the decline 

would rely on the interpretation of geotechnical data below 250m. The detailed design of the 

portal and the decline is not part of the scope of this study. Access excavations are customarily 

designed to suit the selected mining equipment and ventilation requirements. 

 

8.3.3 Proposed mining method for Kakosa South underground mining 

 

Given that Kakosa South deposit is a low grade copper ore deposit, gravity caving mining stope 

would be suitable. Caving is a bulk underground mining method, which allows large low-grade 

deposits to be mined economically. Because of Kakosa South geotechnical and geometry factors 

[Chapter 5], sublevel caving mining method is not practical because of the dip (20 to 35
0
), the 

depth (less than 250m), and the HWQ and FWQ formations are strong, which are not suitable for 

caving methods. Sublevel Open Stoping method which is ideal for Kakosa South deposit is 

usually considered as an alternate to sublevel caving when a lower dilution method is needed and 

where the rock is fairly competent. 

 

8.3.4 Sublevel Stoping  

 

Sublevel stoping generally is a large-scale mining method. The most common use of sublevel 

stoping mining method are sublevel open stoping [Figure 8.8], long-hole open stoping or blast-

hole stoping and vertical crater retreat (VCR). At KCM, sublevel open stoping with and without 

backfill is employed depending on the rock mass stability. Sublevel Open Stoping method is a 
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variation of short-hole bench mining, and is a large-scale open stoping method. In general this 

method is suitable and safe as the mining tends to retreat away from previously mined or 

unsupported areas. 

 

 

 

 

Figure 8.8: Generic sublevel stoping mining method 

 

Since sublevel open stope mining method can be used at a wide range of depths, usually up to a 

maximum depth of 1.2km, it is suitable for Kakosa South deposit which has an open-ended depth 

below 250m. Sublevel open stope mining method has many advantages including: 

 High recovery up to 100% and low dilution of less than 20%; 

 Pillars that are left in place can be removed once adjacent stopes have been backfilled; 

 Large scale blasting lowers costs; 

 Allows pre-drilling for larger and more efficient blasts; 
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 The early development can be done in ore rather than in waste; 

 Easily to mechanize and can use large equipment; 

 High productivity and efficiency, and 

 Easily ventilated. 

 

Nevertheless, sublevel open stope mining method has some disadvantages including: 

 Not a highly selective method; 

 Early production is low due to the lack of available draw-points near the slot, however   

production increases as new draw-points are reached; 

 Initial recovery is usually 35-50%, and 

 Requires extensive early orebody developments with high capital expenditures. 

 

At Konkola Copper Mine, Mechanised Sublevel Open Stoping (MSLOS) is employed to extract 

ore from underground. Other methods used include Post Pillar Cut and Fill, Room and Pillar and 

Drift and Fill mining methods. The main advantage of MSLOS is increased recovery while the 

main disadvantage is drilling stope holes from cross-cuts instead of trough drive resulting in 

increased dilution. 

 

8.3.5 Proposed development layout 

 

Because Kakosa South copper ore deposit has marginal and low grade resources, it requires 

optimization of mining operations. Drilling requires precision and should deviate less than 2% on 

any hole. The systematic draw-points should be designed with adequate spacing in order to 

guarantee uniform drawdown and maximum recovery. Undercutting is critical to the success of 

sublevel stope production due to its effects on loading efficiency and production blasting. 

Undercuts allow for creation of the funnels or draw-points.  The initial stope development 

consisting of driving raises, the vertical raises would be driven between the levels to allow for 

access and ventilation. Access raises are also driven to divide the stopes into blocks. Other 

developments include creation of sublevels and each level would be accessed by a ramp, 

development of haulage drift and ore passes. 

 

http://minewiki.engineering.queensu.ca/mediawiki/index.php/Sub-level_open_stoping#Drawpoints
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8.3.6 Equipment 

 

For Kakosa South deposit to be mined economically, it requires modern and high-efficiency 

equipment with less labour, automated and involving bulk mining operations. Sublevel open 

stoping mining method is versatile with the capacity to be highly mechanized. The method is 

able to utilise a wide range of equipment for drilling and mucking. 

 

8.3.7 Ground support system 

 

Sublevel open stope mining method allows for a wide array of pillars to offer support in the 

stoping operation. Rib pillars are installed as a support divider between horizontally adjacent 

stopes. Sill and crown pillars are also a key support in sublevel stoping, they are used between 

vertically adjacent stopes. Since Kakosa South is small (24.7MT at 1.0% COG and 48.5MT at 

0.5% COG), it is proposed to backfill and recover the pillars, depending on the cost of 

backfilling. Backfilling will permit up to 95 percent ore recovery. 

 

8.3.8 Cost distribution in sub-level open stope mining 

 

Figure 8.9 appropriately represents the breakdown of mining costs for a typical sublevel stoping, 

with development activities accounting for one third of total mining costs. It should also be noted 

that labour costs account for 40-50% of total mining cost of development operations. This can be 

reduced if automated drilling and mucking equipment are employed. In general, sublevel stoping 

is a high production, yet low-cost method (Nair, 2010).  It is a very popular method chosen when 

open pit mining activities are no longer economical like the case of Kakosa South copper ore 

deposit. 
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Figure 8.9: A breakdown of mining costs for a typical sublevel open stoping operation (Euler, 

2010) 

 

8.3.9 Mineable Shape Optimisation 

 

There are numerous factors that affect the open stope length and width dimensioning in sublevel 

stoping which include the principal stress directions, competence of the hanging wall, optimum 

drill pattern, orebody geometry and the drilling drift layout. For Kakosa deposit, the Mineable 

Shape Optimizer (MSO) was recommended for stope designing. The MSO is a tool used in 

strategic underground mine planning for quick generation of optimal stopes. It creates mineable 

stope shapes by grouping thin slices of the ore body within a shape framework. In other words, a 

two dimensional „stoping grid‟ is defined that will be applied throughout the ore body and MSO 

will optimize on the 3rd dimension i.e. the thickness of the ore body. 
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8.3.9.1  Mining input parameters for mineable shape optimisation 

 

The main objective on the stope optimization is the determination of the optimal cut-off grade. 

The input parameters are shown in Tables 8.3 and 8.4. 

 

Table 8.3: MSO input parameters 

 

Parameter Value 

Stope dimensions 20mH x 20mL 

Minimum and maximum stope width 5mW to 150mW 

Dip range 10
0
 to 90

0
 

Strike range -45
0
 to 45

0
 

Lithology 20m above ore zone 

Lithology 20m below ore zone 

Span (when HWQ comprises roof) 22m wide 

 

Based on RQD, Q and RMR, the overall rock mass classification of Kakosa area was estimated 

as explained in Sections 5.3 and 5.4. The overall rock mass classification is indicated in Table 

8.4. The rock mass classification is important in designing mining method and excavation 

support. 

 

Table 8.4: Overall rock mass classification of Kakosa area 

 

Formation Thickness (m) Overall classification Overall rating 

HWQ 45 2 Good 

OSU 15 3 – 4 Poor to fair 

FWSST 6 3 – 4 Poor to fair 

PC 4 2 - 3 Fair to good 

ASST 5.5 2 Good 

FWQ 58 1 - 2 Good to strong 
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8.3.10 Production scheduling 

 

The detailed production scheduling for Kakosa South underground ore extraction is not part the 

scope of this research. It is recommended for future work; nevertheless, Kakosa South being low 

grade copper ore deposit, holistic approach is required in order to extract ore at the lowest 

possible cost, subject to limitations imposed by other elements of the mining system. Primary 

considerations for Kakosa South are the size and shape of the ore body and the grade.  

 

8.4 Surface and underground infrastructure 

 

Kakosa requires an important amount of infrastructure including: 

 

 Main accesses; 

 Ventilation systems; 

 Main materials handling; 

 Crusher chambers;  

 Workshops; 

 Mine services including electrical distribution and stations, communication systems, 

water and compressed air supply; 

 Mine dewatering systems; 

 Offices and ablution facilities, and 

 Roads and parking areas. 

 

The location and geometry of this infrastructure must be reliable and adequately defined in order 

to allow an efficient operation and, at the same time, not to interfere with the mining. For Kakosa 

South mine, the workshops and service infrastructure will be located on the surface which 

reduces the capital cost. The underground workings would be ventilated through the main 

declines and a series of raised bore holes which would serve as intake airways and the return 

airways. All these issues should be reviewed and definitively defined at the end of the proposed 

feasibility engineering stage. In a case such as Kakosa‟s transition from open pit to underground 
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mining, where the deposit is of low grade and limitations in the technology are present, high 

quality feasibility engineering is of fundamental importance to achieve a successful project 

outcome in terms of safety, cost, performance and timing. 
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CHAPTER 9 

 

ECONOMIC ANALYSIS OF KAKOSA SOUTH MINING 

PROJECT USING DISCOUNTED CASH FLOW MODEL 

 

9.1 Introduction  

 

9.1.1 Chapter overview 

 

The results from the analysis of geotechnical parameters and pit designing in Chapter 8 provided 

data input into economic analysis. The data included the amount of waste to be moved, ore 

recovery; and other mining and economic parameters. With the availability of this data, it was 

possible to carry out an economic analysis. This chapter therefore, focuses on selection of an 

optimal evaluation technique and applying it for economic analysis of Kakosa mining project, 

thereby evaluating the potential for economically mining the Kakosa South deposit.  

 

After reviewing different techniques, Net Present Value (NPV) was selected because it is the 

most common technique applied when undertaking project evaluation and determining strategy 

of planning, extraction and processing of minearls. It is also simple to apply. For evaluation of 

Kakosa project, a discount rate that is equivalent to the cost of initial capital investment (ICI) 

plus associated risks was used. 

 

9.2 Evaluation of techniques 

 

Before investing and commencing of mining operations, it is important to carry out an economic 

analysis. The analysis is important as the mining industry is considered a risky business because 

of uncertainties about the ore deposits, fluctuation in copper prices, unstable exchange rate, and 

challenges in internal and external environmental issues. Given their risky nature, all mining 

projects require proper evaluation before investment decision is done. Selection and proper 

application of evaluation techniques is of paramount importance in mining projects because the 



203 

 

industry is extremely capital intensive with long payback period. Mine projects are long term and 

require many years of pre-mining development, and of production, before positive cash flow can 

be realised.  The major challenge for a valuation technique is to incorporate the effect of time 

and project risk. The project risks can be classified into two categories: 

 Internal source, and 

 External source. 

 

Internal sources associated with mining projects include: 

 Uncertainties related to ore body model; 

 Grade distributions; 

 Geotechnical parameters including ground condition; 

 Equipment capacities, and 

 Workforce and management. 

 

While external sources include: 

 Copper price; 

 Political and social risks; 

 Environmental concerns; 

 Taxation, and  

 Mining policy. 

 

The selection of the valuation methodology therefore, depends on the ability to correctly 

interpret sources of risks and other available information related to the mining project (Lilford 

and Minnit, 2005). There are a number of mining project evaluation techniques available which 

include: 

 

 Decision Trees (DT); 

 Monte Carlo Simulation (MCS), and 

 Discounted Cash Flow (DCF). 
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9.2.1 Decision Trees and Monte Carlo simulation 

 

DT analysis involves operations research and estimation of the probability of possible outcomes 

of a project by generating appropriate decision branches that have probabilities of their 

likelihood of occurrence (Lilford and Minnit, 2005). DT is simply a flowchart representing a 

classification of a system. While MCS technique is applied in the calculation of the outcomes of 

the project by using the marginal distribution of all the parameters used in the cash inflows and 

cash outflows. The technique uses statistical distributions such as normal, lognormal, triangular 

and uniform to evaluate the uncertainty in parameters within the project. Both DT and MCS 

techniques can be applied for comparing different projects in order to make a decision on the 

most viable project.  

 

Both DT and MCS were not applied in economic analysis of Kakosa mining project because in 

DT model, a small change in the data can lead to a large change in the structure of the 

optimal decision tree, this may result in relatively inaccurate outcomes. The other limitation of 

DT analysis is inadequacy in applying regression and predicting continuous values. While MCS 

was not applied because the Kakosa project is at prefeasibility study stage meaning that the input 

data may not be precise, this may result in wrong estimates as opposed to the use of ROA which 

takes into consideration uncertainties. The other limitation was the expense of developing a good 

simulation. 

 

9.2.2 Discounted Cash Flow Model 

 

Discounted Cash Flow Model (DCFM) is one of the most common methods used to evaluate a 

mine project (Edinburgh Business School, 2019) using the concept of the time value of money. 

All future cash flows are estimated and discounted by using cost of capital to give their present 

values (PVs). DCF is a valuation method used to estimate the attractiveness of an investment into 

a mining project. The method includes the effects of risk and time by adjusting the project net 

cash flow. The relationship between present value (PV) and future value (FV) is expressed in 

equation 9.1. 
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          Eq. 9.1 

 

Where: 

PV is Present Value for year n 

FV is Future Value for year n 

r is the interest rate used for discounting (as a decimal, so 0.10, not 10%) 

n is the number of years 

 

The model requires terminal value instead of estimating the cash flows to infinity. A simple 

annuity is used to estimate the terminal value. Although in DCF model, it is not realistic to 

estimate the cash flow beyond 10 years (Edinburgh Business School, 2019), the Kakosa project 

was tentatively for prefeasibility estimated for 17 years in line with the proposed production 

schedule. DCF analysis shows that changes in long-term growth rates have the greater impact on 

share valuation. Although the DCF model is commonly applied and is a useful tool, it has some 

limitations. Small changes in the input values have higher impact on the results. The valuation of 

how sensitive the results are to changes is also known as "sensitivity analysis". It is therefore 

necessary to constantly check the inputs as there are susceptible to error leading to changes in 

values. A single and unexpected change can make the DCF model outmoded.  Meaningful 

valuations depend on the ability to make reasonable cash flow projections.     

 

DCF model has many variations when it comes to cash flows and discounted rate. For example, 

free cash flow (FCF) can be calculated as: 

FCF = (Operating profit + depreciation + amortization) – (capital expenditure + cash taxes), or 

can be calculated by applying equation 9.2. 

 

PV =          Eq. 9.2 

 

Where: 

PV = present value 
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CF1 = cash flow in year 1 

k = discount rate 

TCF = the terminal year cash flow 

g = growth rate assumption in perpetuity beyond terminal year 

n = the number of period in the valuation model including the terminal year 

 

DCF model applies Net Present Value (NPV) and Internal Rate of Return (IRR) in the evaluation 

of a mining project. NPV is the difference between the present value of cash inflows and the 

present value of cash out flows. NPV analysis is sensitive which is dependable on the future cash 

flows. NPV is the most common parameter considered when undertaking project evaluation and 

determining strategy.  

 

9.3  Internal rate of return  

 

Internal rate of return (IRR) is sometimes referred to as "economic rate of return" or "discounted 

cash flow rate of return”. The internal rate of return can be defined as the break-even interest 

rate which equals the net present worth of a project in and out cash flows [Figure 9.1]. The term 

internal refers to the fact that the internal rate excludes external factors, such as inflation, the cost 

of capital, or various financial risks. It is also called the discounted cash flow rate of return and it 

is an interest rate. 
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Figure 9.1: Flowchart showing the process of defining IRR 

 

Internal rate of return is used to evaluate the attractiveness of a project or investment. If the IRR 

of a new project exceeds a company‟s required rate of return, that project is desirable. If IRR 

falls below the required rate of return, the project may be rejected or reserved as future potential 

mine venture depending on modifying factors. In other words the internal rate of return is a 

primary measure of an investment‟s rate of return. Internal rate of return is a discount rate that 

makes the net present value (NPV) of all cash flows from a particular project equal to zero 

[Figure 9.1]. If the value arrived at through DCF analysis is higher than the current cost of the 

investment then the project is viable.  

 

IRR is commonly determined by "guess and check" (though in simple cases it can be worked out 

directly). To calculate IRR using the formula, one would set NPV equal to zero and solve for the 

discount rate (r), which is the IRR. Because of the nature of the formula, however, IRR cannot be 

calculated analytically and must instead be calculated either through trial-and-error or using 

software programmed to calculate IRR. IRR is the interest rate (or discount rate) at which the 

net present value of all the cash flows (both positive and negative) from a project or investment 

equals zero. In other words, the rate at which cash inflows equal cash outflows is considered as 

indicated in Figure 9.2. 

 

https://investinganswers.com/node/5875
https://investinganswers.com/node/4904
https://investinganswers.com/node/926
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Figure 9.2: Graph showing the position of IRR when NPV is zero  

 

9.4 Determination of Net Present Value (NPV) for Kakosa mining project 

 

Discounted Cash Flow Model was applied for economic analysis of Kakosa project because the 

model is commonly used, easily computed and includes the effects of project risks (Singh, 2010). 

The model has also the option of flexibility and allows for real options valuation to be carried 

out. The financial evaluation for Kakosa project utilises a discount rate that is equivalent to the 

cost of ICI plus associated risks. The resulting NPV is a functional measure by which to compare 

investment alternatives for the Kakosa project. NPV can be determined by applying equations 

9.3 and 9.4.  

 

= +   +   + … +       Eq. 9.3 

Where: 

 

C=Cash flow 

r = Discount Rate 

T = Time 

 

 



209 

 

For all cash flows: 

 

= +          Eq. 9.4 

 

The following steps were followed when determining the NPV for Kakosa project based on the 

current macro environment: 

 

Step 1: Firstly, the Kakosa South resources were analysed and thereafter, geological and block 

models were developed as indicated in Chapter 4. 

 

Step 2: Taking into consideration technical parameters as described in Chapter 5, the mining 

methods were selected for Kakosa deposit as indicated in Chapter 7. The designing of the mining 

method and production scheduling were proposed in Chapter 8. Based on potentially extractable 

resources and proposed production scheduling, the quantity of reserves to be produced in each 

year was forecasted. 

 

Step 3: Based on global copper supply and demand as indicated in Chapter 1, the copper price 

was cautiously estimated and therefore the low price of US$6,500 was taken and applied across 

the entire NPV projection  

 

Step 4: Considering scenario 1 in Table 9.1, the revenue for each year was calculated by taking 

the tonnage produced each year and multiplying it by the copper price as summarised in Table 

9.2.  

 

Step 5: Forecasting operating costs for each year. 

Actual operating cost can be used if available, since Kakosa project is at prefeasibility study 

stage, KCM operating cost can be applied or a sensible gross margin for each year can be used, 

based on experience or prevailing general gross margin, normally ranging between 40% and 

60%. For Kakosa project, 60% was used because of the level of confidence of the Kakosa 

resources as was described in Chapter 2 and uncertainties in Chapter 3. 
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Step 6: Forecasting capital expenditure (CAPEX) and contingency for each year 

There are normally two types of CAPEX, initial and sustaining. CAPEX is provided by the 

company or estimated from the cost of capital equipment and other initial investment. A flat or 

weighted contingency cost is usually factored-in. For Kakosa project, CAPEX was estimated 

based on the mining methods and proposed equipment. 

 

Step 7: The free cash flow was estimated by subtracting the total operating costs and CAPEX 

from the total revenue. The summary of data input and revenue are indicated in Tables 9.1 and 

9.2 respectively for the year 2018 prevailing Zambia‟s macro environmental factors and 

traditional KCM cut-off grade of 1.0 percent for scenario 1; and in Table 10.1 for scenario 2. 

 

Step 8: Discount rate was decided upon based on the macro environment level as explained in 

Chapter 3. Normally a discount rate for Zambia ranges between 12 and 15 percent (World Bank, 

2017). For initial analysis (scenario 1), 15 percent was applied because of Zambia‟s high 

uncertainties as highlighted in Chapter 3; and 12 percent was used in economic analysis for 

option to defer as indicated in Section 10.8 (scenario 2). 

 

Step 9: Net Present Value (NPV) for Kakosa project 

There are a number of programs, web-based and online software used in the determination of 

NPV. These include: 

 GreenMatch© web-based NPV calculator; 

 Clear Tax NPV calculator; 

 Financial Mentor; 

 Online IRR NPV calculator; 

 Money-Zine©; 

 Excel Spread Sheet tool, and  

 DataDynamica© Precision Financial Calculator. 

 

The principle for calculating IRR and NPV is similar for all the programmes and software as 

explained in Sections 9.3 and 9.4. For Kakosa project, online DataDynamica© Precision 
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Financial Calculator (Appendix 6) was used because of its availability and it is commonly 

applied for quick calculations. The calculations were based on equation 9.7. 

 

    Eq. 9.7 

 

Table 9.1: Summary of input data for estimation of NPV for Kakosa South mining project for 

scenario 1 

 

Item Input data 

Flexibility to defer Year 2018 

Cut-off grade 1.0% 

Copper ore reserve estimates 24.7 MT 

Total copper (from Table 4.5) 288,990 Tonnes 

Total copper recovery at 90% 260,091  

Estimated copper price per tonne US$6,500  

Projected total revenue  US$1,696.435m 

Estimated total operation cost US$1,017.861m (60% of total revenue)  

Estimated total capital expenditure US$180m  

Discount rate (DR) 15% 
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Table 9.2: Summary of cash inflow and cash outflow for scenario 1 

 

Year Ore TCu (Kt) Revenue 

(US$000) 

Op. Cost 

(US$000) 

Capex 

(US$000) 

1 0 0 0 0 180,000 

2 150 1.33 8,645 5,187  

3 260 1.28 8,320 4,992  

4 472 1.24 8,060 4,836  

5 500 1.18 7,670 4,602  

6 500 1.17 7,605 4,563  

7 500 1.17 7,605 4,563  

8 500 1.16 7,540 4,524  

9 500 1.13 7,340 4,404  

10 500 1.13 7,340 4,404  

11 500 1.13 7,340 4,404  

12 500 1.13 7,340 4,404  

13 500 1.11 7,215 4,329  

14 500 1.13 7,340 4,404  

15 500 1.19 7,735 4,641  

16 500 1.24 8,060 4,836  

17 370 1.27 8,255 4,953  

Total 7,252 18.99 123,410 74,046 180,000 

 

 

9.5 Results 

 

The results of online DataDynamica© Precision Financial Calculator (Appendix 4) estimates are 

indicated in Table 9.3.  
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Table 9.3: NPV, IRR and TCF estimates for scenario 1 

 

Net Present Value (NPV) US$102,093,455 (negative) 

Internal Rate of Return (IRR) 9.93% (negative since IRR < cost of capital at 

DR of 15% (i.e. 9.93 < 15 )) 

Total Cash Flow (TCF) US$130,636 (negative) 

 

 

9.6 Conclusion 

 

The results of negative NPV, IRR and TCF indicate that Kakosa South mining project is not 

viable with the current macro-environment situation as analysed in Chapter 3. Since the Kakosa 

resources are marginal and currently not feasible but techno-economical potential to be 

economically mined, there are two options at this stage; either to abandon or carry out real 

options analysis (ROA) in order to investigate alternatives. This research study therefore opted to 

carry out ROA as indicated in Chapter 10. 
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CHAPTER 10 

 

REAL OPTIONS VALUE ANALYSIS OF KAKOSA PROJECT 
 

10.1 Introduction  

 

10.1.1 Chapter overview 

 

The results of financial analysis in Chapter 9 indicated a negative NPV. Because of the negative 

NPV, it was necessary to consider logical options to create a level of flexibility in the decision 

making of whether to abandon or defer the Kakosa mining project. This Chapter therefore, 

reviews the Real Options Theory (ROT) and the concept of flexibility to evaluate the alternatives 

of deferring, contracting or abandoning the project. 

 

Mining development projects are not static; they involve varying degrees of risks and 

uncertainties which includes: 

 Geological; 

 Mining; 

 Market, and 

 Macroeconomic risks. 

 

Mining ventures comprise indefinite factors and vacillation environment, therefore need for the 

mine management to be flexible in their operations. Operational flexibility (OF) therefore, is the 

ability to respond profitably to environmental fluctuations by shifting factors of production. 

Management can consider available options i.e. by waiting, expanding, contracting and 

abandoning.  
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10.2 Real options theory 

 

The ROT is a major framework in the theory of investment decision-making and takes into 

account all factors under uncertainty environment. It modifies Net Present Value (NPV) theory 

of investments. According to NPV theory, the future cash flow of an investment project is 

estimated and if there is uncertainty about the cash flow, the expected value is determined. The 

expected cash flow is discounted at the cost of capital for the corporation and the results are 

summed. If the NPV is positive, the project is worthwhile and should be pursued and if it is 

negative, the project should be abandoned. 

 

10.3 Limitations of the Net Present Value method 

 

Although NPV is one of the most used methods for mining project economic valuation, it is a 

basic method and does not take into consideration many variables.  Studies have shown 

(Trigeorgis and Reuer, 2017) that it is often inappropriate to determine the value of a mining 

project through the traditional DCF method.  

 

10.3.1 Discounting rate 

 

The main limitation of NPV is that the rate of return has to be determined.  If a higher rate of 

return is assumed, it can show false negative NPV; also if a lower rate of return is taken it will 

show the false profitability of the project and hence result in wrong decision making. 

 

10.3.2 Incomparable of mining projects 

 

NPV cannot be used to compare two projects. Considering the fact that many businesses have a 

fixed budget and sometimes have two project options, NPV cannot be used for comparing the 

two projects because of the size of the projects. 

 



216 

 

10.3.3 Multiple Assumptions 

 

The NPV method also makes a lot of assumptions in terms of inflows and outflows. There might 

be a lot of expenditure that will come to surface only when the project actually takes off.  Also 

the inflows may not always be as expected. 

 

10.3.4 Other NPV deficiencies 

 

The use of NPV technique for example is inappropriate for evaluation of mining projects because 

of its deficiencies which include: 

 Lack of provision for management flexibility; 

 Not incorporating its operational flexibility and future uncertainties; 

 Does not provide alternatives;  

 Modifying factors are not taken into consideration in the project evaluation, for example 

cautious is normally taken when deciding on the price and the same (low) price is used 

across the entire NPV projection, and 

 Often misapplied and ignores strategic values. 

 

10.4 Real options analysis 

 

Because of deficiencies of NPV technique, this study opted for the application of the real options 

analysis in valuation of mining projects and subsequently in decisions making. Real options 

analysis (ROA) or real options valuation (ROV) is most appropriate when an investment up front 

can be followed by a series of subsequent investments. The ROA applies the ROT which is 

based on logical financial options in capital investment.  

 

ROA is also suitable for valuation of marginal mining projects like Kakosa project which has 

sub-economic resources. ROA involves strategic planning and management flexibility. In 

principle, ROA is an expanded NPV which can be basically expressed as: 

 

Expanded NPV = Traditional NPV + ROV. 
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Real options analysis is a complex process involving identification of relevant input data, 

application of NPV model and valuation parameters as indicated in Figure 10.1. ROA is applied 

when the environment and market conditions relating to a particular project are highly volatile 

and flexible. Stable or rigid environments will not benefit much from ROA but instead DCF 

technique will be more appropriate. Similarly, ROA is applicable only when a firm's corporate 

strategy lends itself to flexibility, has sufficient information flow and has sufficient funds to 

cover potential downside risks associated with real options. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10.1: Process of Real Options Evaluation 

 

ROA is one of the modern methods for economic evaluation of projects and investment decisions 

under exogenous and endogenous uncertainties. Exogenous sources of uncertainty are those that 

are dictated by the deposit itself and internal company organisation. Endogenous sources are 

determined by outside considerations, such as business or market requirements (Trigeorgis and 

Reuer, 2017). Real options are choices a company‟s management makes to select projects, 

expand, change or mothballed operations based on changing economic, technological or market 

conditions as indicated Figure 10.1. ROA provides a tool to adapt and revise mining projects 

under uncertainty conditions. The method endeavours to find maximum mining project value by 

adding total cost as a function of production rate into ROV. Option theory emphasises 
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uncertainty and treats it correctly while DCF rule often does not. ROV helps to focus attention 

on nature of uncertainty and its implications. Managers often underestimate or ignore the extent 

of uncertainty and its implications. Option theory forces managers to address uncertainty. ROA 

or ROV is based on the managerial or operational flexibility. 

 

10.5 Managerial and operating flexibility 

 

According to The New Collins Dictionary and Thesaurus in One Volume (1989:382), flexibility 

is defined as “adaptability, adjustability, elasticity, responsiveness”. This definition is 

fundamental in understanding the concept of flexibility in ROT. The Zambian mining companies 

operate in a complex multiple-criteria business environment characterised by several 

uncertainties including copper price, exchange rate, taxation, power supply, operating costs and 

changes in PESTLE factors as discussed in Chapter 3. These are some of the most important 

sources of uncertainty in copper mining projects in Zambia. Real options ability to adjust, adapt 

or respond to such uncertainties is what is referred to as flexibility. 

 

There are two kinds of flexibility, namely managerial and operating. For this thesis, managerial 

flexibility at preliminary stage of mining project is defined as the capacity to timely 

commercialise the operations when the macro-environment is favourable for viability of the 

project. The macro-environmental factors include market and macro-economic (e.g. metal prices, 

inflation, electricity demand and taxation), support services, legal framework and appropriate 

technology.  Managerial or strategic flexibility is the organisation's capability to identify major 

changes in the external environment and take a quick action in response to those changes. It can 

also be defined as the management team‟s ability to adapt investment decisions, including timing 

and scale, to existing market conditions in real options analysis as opposed to preset assumptions 

and goals (Kazakidis and Scoble, 2003). For example, a mining company might use 

managerial flexibility in its operations in order to take advantage of rapidly rising mineral prices. 

 

Operational flexibility (OF) is also referred to as technical operating flexibility. It involves 

flexibility in the production operations, response to changing spatial and geologic conditions. OF 

is the company‟s ability to respond profitably to environmental fluctuations by shifting factors of 
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production and is defined as an index which integrates both the mix and volume flexibility 

(Kazakidis and Scoble, 2003) as indicated in equation 10.1: 

 

 

 

The OF is the additional NPV over the base case of a project that would be derived from 

exercising the alternatives made available by the flexibility obtained. However, the flexibility 

comes at premium that includes additional capital and/or operating cost. Therefore if the flexible 

option is not exercised, the NPV over the base case will decline, because of the additional costs 

incurred to acquire the operating flexibility. 

 

NPV makes no provision for this flexibility of the project and consequently undervalues its 

benefits as shown in Figure 10.2. The value of the flexibility can be captured by Real Options 

Analysis.  

 

 

 

Figure 10.2: NPV expected project value and expected value with flexibility 
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10.6 Real options value analysis for Kakosa mining project 

 

Kakosa copper ore deposit faces several uncertainties including lack of framework for 

classification of resources and undeveloped codes of reporting systems as described in Chapter 2, 

unstable PESTLE factors as described in Chapter 3, changing geological conditions as described 

in Chapter 4 and lack of technical approach for selection of mining method as described in 

Chapter 5. Feasibility study reports have to be adjusted to cope with these uncertainties. The 

ability to adjust, adapt or respond to new information, raw data and changes of PESTLE factors 

is expressed as operational flexibility. Kakosa deposit being a Greenfield project has to take into 

consideration all uncertainties before a decision can be made whether the project is viable or not 

as shown in Figure 10.3.  

 

 

 

     

 

 

 

Figure 10.3: Real options analysis for mining of Kakosa copper ore deposit 

 

Because of NPV deficiencies, the ROA technique was applied for Kakosa project. Real options 

are choices KCM Management can consider before making a decision whether to abandon 

Kakosa project or not. For Kakosa project, Real options will not refer to a derivative financial 

instrument, but take advantages of opportunities which may be realised. Real options would be 

based on modifying factors including: 

 

 Forecasted high copper demand and projected high price as discussed in Chapter 1; 

 Results of PESTLE analysis as discussed in Chapter 3; 

 Results of SWOT analysis as discussed in Chapter 3; 
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Factoring-in real options into Kakosa project evaluation affects the valuation of potential 

investments where NPV fails to account for potential benefits provided by real options. Using 

the ROV value analysis, the Management can estimate the opportunity cost of continuing with 

Kakosa project and make decision accordingly. 

 

If improved macro-environmental factors are taken into consideration in determining the real 

option for Kakosa mining project, it would clearly indicate that the option to defer is the most 

appropriate as shown in Figure 10.4. 

 

 
Figure 10.4: Real options for Kakosa mining project 

 

The recommendation to defer the Kakosa project is in line with the research work results of Smit 

and Trigeorgis (2004). Considering Figure 10.5, the positive gross option value (strategic value + 

flexibility value) may be realised at the maturity time when the macro-environment is right. With 

reference to Figure 10.5, the curve represents the current market value of the option to defer, at 

maturity, the value of this option would equal its NPV when positive (expanded NPV = > 0) or V 

> I. 
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Where: 

V = Present value of expanded cash inflows 

I = Present value of investment outlays 

 

 

Figure 10.5: Expanded NPV and option to defer (Smit and Trigeorgis, 2004). 

 

This scenario can simply be explained by considering a value of V of an investment opportunity 

as indicated in Figure 10.6.  If the value is for example 100 and after T years it could be 180 or 

60, taking investment (I) = 80: 

 

 

 

 

 

 

Figure 10.6: Simplified real options decision tree 
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10.7 Economic analysis for real option to defer the project 

 

Asumptions indicated in Table 10.1 (scenario 2) were considered for economic analysis for real 

option to defer the Kakosa South mining project from year 2018 to year 2025 when assumed 

improved macro environmental factors. 

 

Table 10.1: Summary of input data considered for scenario 2  

 

Item  Input data 

Flexibility to defer Year 2025 

Cut-off grade 0.5%   

Copper ore reserve estimates 48.5 MT  

Total copper (from Table 4.5) 315,250 Tonnes 

Total copper recovery at 90% 283,725  

Estimated copper price per tonne US$10,000  

Projected total revenue  US$2,837.250m 

Estimated total operation cost US$1,418.625m (40%  of total revenue)  

Estimated total capital expenditure US$1,920m  

Discount rate 12%  

 

10.8 Results 

 

The results for scenario 2 of online DataDynamica© Precision Financial Calculator (Appendix 6) 

estimates are indicated in Table 10.2. 

 

Table 10.2: NPV, IRR and TCF estimates applying real option model for scenario 2 

 

Net Present Value (NPV) US$4,579.830 (positive) 

Internal Rate of Return (IRR) 12.08% (breakeven since the DR is 12% ) 

Total Cash Flow (TCF) US$217,65m (negative) 
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10.9 Conclusion 

 

The results prove that evaluating a mining project applying NPV model has some limitations and 

does not take into consideration flexibility options. The results of real options analysis clearly 

indicate that Kakosa South mining project can be viable even at 0.5 percent cut off grade, if 

Zambia‟s macro-environment situation improves as recommended in Chapter 3; it is also 

forecasted that the price of copper is likely to increase to US$10,000 per tonne or more as 

explained in Chapter 1. Other recommendations are as indicated in Chapters 6 and 7. It can 

therefore be deduced that Kakosa South resources are conditional resources. Kakosa has 

resources that have a reasonable potential for becoming economically available within planning 

horizons beyond those that assume technology and current economics. The Kakosa South 

resources referred to in this study are those occurring from surface up to 250m deep.  The 

resources below 250m have not been verified, therefore are referred to as inferred as their 

presence are assumed on the basis of geological evidence and limited sampling. 
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CHAPTER 11 

 

CONCLUSION AND RECOMMENDATIONS 

 

11.1 Conclusion 

 

Zambia is regarded as a copper mining country because copper accounts for about 75 percent of 

the total export value and accounts for 12 percent of the country‟s GDP. The mining industry 

creates opportunities for economic growth and diversification. The dependence on copper has 

been threatened by the depletion of copper ore reserves owing to increase in copper production 

and non-discoveries of new deposits. Because copper mining industry has been an important 

economic activity for Zambia, this study investigated the possibilities of economically mining 

marginal or sub-economic potential copper ore resources. It has been concluded from this 

research study that if the mining industry in Zambia can economically mine copper resources 

with grades above 0.4 percent copper, there will be an increase of reserves from 2.8 billion to 4.4 

billion tonnes, the additional reserves would prolong the lifespan of the copper mining for 

approximately 30 years. 

 

To unlock the potential of mining low grade copper ore deposits, the study reviewed the mineral 

resources classification and codes of reporting systems in Chapter 2. It was revealed that Zambia 

has not developed a code for the reporting of exploration results, mineral resources and mineral 

reserves; only reporting requirements for exploration companies are outlined in the Mines and 

Minerals Development Act of 2015. The study therefore recommended that Zambia should 

develop a code appropriate to the Zambian situation. This study has recommended the 

application of modified UNFC model for classification of mineral resources and reserves and 

reporting system in Zambia.  

 

In Chapter 3, the study carried out analysis of macro environmental factors affecting Zambia‟s 

potential for mining low grade copper ore deposits. The PESTLE and SWOT analysis results 

indicated that Zambia has weaknesses which need to be addressed in order to attract investment 
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into the mining industry. The weaknesses included low corruption index, lack of transparency in 

fiscal management, poor work attitude, poor infrastructure, inefficient legal system, inadequate 

essential services, unstable foreign exchange rate, and frequent changes in tax regime (revised 

taxation regime 7 times between 2008 and 2017). The application of multi-criteria decision 

making model for PESTLE analysis in Chapter 3 showed that currently, social factors have high 

effect on the other PETLE factors meaning that social factors have high influence on Zambia‟s 

potential for mining low grade copper ore deposits. Social factors are followed by economic and 

legal factors, while political factors are prominently affected by other factors. That means 

political factors are highly influenced by other ESTLE factors. The pairwise comparison results 

also indicated that social factors play high degree of importance in the entire system and are 

sensitive to change by other factors. The results of macro-environment analysis showed that 

Zambia‟s current level is at 0.5099, meaning that Zambia‟s macro environment is moderately 

favorable to mining of low grade copper ore deposits. To improve the macro-environmental 

level, the study recommended mitigation measures to address weaknesses and how to capitalise 

on strengths and opportunities. The forecasted high demand for copper and projected high copper 

prices are some of the opportunities Zambia can capitalize on in order to economically mine low 

grade copper deposits. It is also recommended that PESTLE and SWOT should be conducted as 

part of the National Development Plan every five years by applying the MCDM model 

developed by this study in order to monitor and evaluate the changes in macro-environment. 

 

The modeling of Kakosa South resources in Chapter 4 was based on geological and block 

models. The results indicated that at 0.5% cut off grade, the estimated tonnage was 48.5MT as 

compared to 24.7MT at 1.0% cut off grade. It can be concluded that at 0.4% the tonnage would 

be higher than 48.5MT. The classification based on UNFC indicated that Kakosa South copper 

deposit is in class G1.2; F2.0 and E3.0. It is therefore concluded that resources are in measured 

category with possibility of qualifying into probable mineral reserves. 

 

In order to mine Kakosa South resources, a mining method has to be identified. In Chapter 5, the 

study analysed different mining method selection approaches which have been developed by 

various researchers. The analysis identified limitations in all approaches. The study therefore 

modified the FTOPSIS model for the selection of optimal mining methods. In Chapter 7, 
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FTOPSIS model was applied to select optimal mining methods for Kakosa deposit.  The data 

was processed by the FDM model. The results indicated that open pit mining as optimal method 

with the score of 78.90, followed by sublevel stoping with the score of 66.88, and cut and fill 

with the score of 60 46. After analysing the geotechnical parameters of the Kakosa area and pit 

designing in Chapter 8, it is recommended to apply the increasing stripping ratio technique for 

mining Kakosa South copper ore deposit as opposed to declining and constant stripping ratio 

techniques. Because of its unfavourable geometric shape, allowing high stripping ratio of 1:16, 

the study indicated that the deposit has the potential to be mined by combined methods of open 

pit and underground mining. Applying surpac© software, and using wireframes representing a 

3D of the ore body, the depth of the interim pit was determined to be at 250m with the cut-off 

grade of 1.0 percent for scenario 1 and cut-off grade of 0.5 percent for scenario 2, thereafter 

transit from open pit to underground mining employing sub-level stoping. 

 

In Chapter 9, an economic analysis of Kakosa South mining project was carried out. There are a 

number of mining project evaluation techniques available which include Decision Trees (DT), 

Monte Carlo Simulation (MCS) and Discounted Cash Flow (DCF). These techniques were 

reviewed and DCF model which applies Net Present Value (NPV) and Internal Rate of Return 

(IRR) and commonly used for valuation of mining projects was employed for Kakosa project. 

The results of online DataDynamica© Precision Financial Calculator computed a negative NPV 

of US$102,093,455 and a negative IRR of 9.93%. According to these results, Kakosa South 

mining project is not viable with the current macro-environment. Although NPV is one of the 

most used methods for mining project economic valuation, this study revealed that NPV does not 

take into consideration many valuables.  Because of DT, MCS and DCF theory deficiency, the 

study had to model strategic planning and managerial flexibility.  

 

In Chapter 10, the study considered logical options to create a level of flexibility in the decision 

making of whether to abandon or defer the Kakosa mining project. The Real Options Theory and 

the concept of flexibility were therefore reviewed and modified to evaluate the alternatives of 

deferring, contracting or abandoning the project. Taking into consideration modifying and 

macro-environmental factors, the NPV and IRR were recalculated by applying the ROV method. 

The results showed positive NPV of US4,579,830 and positive IRR of 12.08%. It was concluded 
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that despite the negative results of DCF, the Kakosa South mining project can be viable if 

Zambia‟s macro-environment situation improves. If Zambia addreses its weaknesses and 

improves its PESTLE factors indexes coupled with the projected high copper price, the macro-

environment would be conducive resulting in positive gross option value and it would be an 

opportune time to invest and commence mining of low grade copper ore deposits. It is therefore 

recommended to defer Kakosa project and other similar projects in Zambia until  the 

environment is favourable for the mining industry. 

 

From the data analysis and discussion presented in this thesis, it can be deduced that Zambia has 

the potential for economically mining low grade copper ore deposits if the macro environment 

level is improved from 0.50 to above 0.70. 

 

11.2 Research work and contributions  

 

The following summaries were research work conducted and contributions to the mining 

engineering body of knowledge: 

 

1. The research study reviewed mineral resources and reserves classification frameworks; and 

the study revealed that Zambia has not developed its own framework. It was recommended 

that Zambia should develop its own classification framework which should be aligned to the 

UNFC system, because the UNFC system is global and uses 3D digit codes. 

 

2. For the first time, a MCDM model was developed and applied for analysing PESTLE factors 

affecting the potential for mining Zambia‟s low grade copper ore deposits. 

 

3. The research study, for the first time, analysed the macro-environment of Zambia and applied 

the  MCDM model to rank  the macro-environment level of Zambia 

 

4. The research carried out a comprehensive study of Kakosa South deposit (a Greenfield 

mining project), and classified it as G1.2; F2.0 and E3.0 translating into measured resources 

with a possibility of qualifying into probable reserves. The study included:  



229 

 

a) Classification of rock mass for different formations using RQD and Q-system; 

b) Modeling of bulk densities for different rock formations by applying the Archimedes‟ 

principle; 

c) Estimation of mineral resources using a modified UNFC system; 

d) Modified TOPSIS model and applied it for selection of mining methods; 

e) Proposed and designed mining method, and 

f) Modified ROV model and applied it for economic analysis of Kasoka South deposit. 

 

11.3 Recommendation for further research work 

 

The Kakosa South exploration work was planned for near surface deposits. This was based on 

nearby geological profile of Fitwaola, where a similar deposit was extracted by open pit mining. 

Because of this assumption, the Kakosa exploration holes were drilled up to 250m deep. As 

result of this,  the deposit below 250m, is not well defined. The resource modeling indicates that 

the Kakosa South deposit extends deeper below 250m, it is therefore recommended to carry out 

additional exploration. The raw drill holes data would be used for technical analysis, selection 

and designing of the mining method, production scheduling, and selection of mine equipment. 

These factors would be part of the input in carrying out economic analysis, and determination of 

potential for mining Kakosa South deposit below 250m. This will improve the understanding of 

techno-economic potential for mining similar Zambia‟s low grade copper ore deposits by 

underground mining methods.  
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APPENDIX 1 
 

Details of the contents of SAMREC public report. 

 

1. Introduction, terms of reference and scope of work;  

  Sources of information  

  Units and currency  

  Site inspection or field involvement of Competent Person (CP)  

  Disclaimers and reliance on other experts or third-party information. 

 

2. Project Outline;  

  Property description  

  Property location  

  Country profile  

  Legal aspects and permitting  

  Royalties and liabilities. 

 

3. Accessibility, Physiography, Climate, Local Resources and Infrastructure;  

  Topography, elevation, fauna and flora  

  Climate  

  Access  

  Proximity to population centres  

  General infrastructure 

 

4. Project History;  

  Previous ownership  

  Previous exploration and/or project/mine development (compliance or noncompliance 

with the SAMREC Code or other international reporting code should be presented)  

 Previous Mineral Resource estimates (compliance or noncompliance with the 

SAMREC Code or other international reporting code should be presented)  
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  Previous Mineral Reserve estimates (compliance or noncompliance with the SAMREC 

Code or other international reporting code should be presented)  

  Previous production.  

 

5. Geological Setting, Mineralisation and Deposit Types; 

  Geological setting  

  Nature of, and controls on, mineralisation  

  Geological models  

  Nature of deposits on the property  

  Deposit types and mineralisation. 

 

6. Exploration Data/Information required to be included in the SAMREC report: 

  Remote sensing data and interpretations  

  Geophysics  

  Mapping  

  Structural studies  

  Drilling  

  Sampling  

  Database management  

  Quality Assurance and Quality Control (QA/QC) analysis  

  Survey data verification, audits and reviews  

  Metallurgical sampling and testwork 

 

7. Mineral Resource Estimates; 

  Estimation and modelling techniques  

  Mineral Resource classification criteria  

  Reasonable prospects for eventual economic extraction  

  Mineral Resource statement  

  Mineral Resource reconciliation. 
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8. Technical Studies; 

  Geotechnical and geohydrology  

  Mine design and schedule  

  Metallurgical (processing/recovery)  

  Project infrastructure  

  Market studies and contracts  

  Environmental studies  

  Legal and permitting  

  Taxation  

  Social or community Impact  

  Mine closure  

  Risk assessment  

  Capital and operating costs  

  Economic criteria  

  Economic analysis 

 

9. Mineral Reserve Estimates; 

  Estimation and modelling techniques  

  Mineral Reserve classification criteria  

  Mineral Reserve statement  

  Mineral Reserve reconciliation. 

 

10. Other Relevant Data and Information;  

  Adjacent properties  

  Risk assessments. 

 

11. Interpretation and Conclusions; 

The CP Summarises the relevant results and interpretations of the information and 

analysis being reported. The CP also discusses any significant risks and uncertainties that 

could reasonably be expected to affect the reliability or confidence in the Exploration 
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Results, Mineral Resource or Mineral Reserve estimates, or projected economic 

outcomes. Discuss any reasonably foreseeable impacts of these risks and uncertainties to 

the project's potential economic viability or continued viability. A Competent Person 

Report (CPR) concerning exploration information should include the conclusions of the 

CP. 

 

12. Recommendations; 

The CP Provides particulars of recommended work programmes and a breakdown of 

costs for each phase. If successive phases of work are recommended, each phase should 

culminate in a decision point. The recommendations should not apply to more than two 

phases of work. The recommendations should state whether advancing to a subsequent 

phase is contingent on positive results in the previous phase. In some specific cases, the 

CP may not be in a position to make meaningful recommendations for further work. 

Generally, these situations will be limited to properties under development or in 

production where material exploration activities and engineering studies have largely 

concluded. In such cases, the CP should explain why they are not making further 

recommendations. 

 

13. References; 

  Include a detailed list of all references cited in the CPR. 

 

14.  Appendices; 

  Supporting information 

  Glossary of terms  

  Abbreviations  

  Compliance statement and certificate of competence  

  Consent form (if relevant). 

 

15. Date and Signature Page: 

The CPR should have a signature page (at either the beginning or end of the CPR). The 

effective date of the CPR and date of signing should be on the signature page. 
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APPENDIX 2 
 

Questionnaire for rating PESTLE sub-factors  

 

 

Mining Company/Institution: ………………………………………  Date: …………………… 

 

In order to determine the potential for mining Zambia‟s low grade copper ore deposits, there is 

need to evaluate the PESTLE factors, to achieve this, please assist by rating each PESTLE sub-

factor on a scale of 1 to 10. A higher score indicates a better environment, that is 1 means not 

favourable at all and 10 that the factor is highly favourable and supportive.  

 

This survey is part of the research project being done in the Department of Mining Engineering, 

School of Mines, The University of Zambia. The purpose of rating the sub-factors is to carry out 

a PESTLE analysis and use the PESTLE analysis framework to determine the SWOT factors 

which may directly or indirect affect the mining of low-grade deposits in Zambia. 

 

Please note that there is no right or wrong answer as all responses will be normalised. 

 

 

Thank you for your response. 

 

 

 

S. F. Kangwa 

Researcher 
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Please tick (√) the weight of each sub-factor 
 

PESTLE factors Rating 

Political sub-factors 1 2 3 4 5 6 7 8 9 10 

Political stability           

Nationalization of mines           

Political interference           

Transparency            

Control of corruption           

Bureaucracy issues           

Governance issues           

Trade restriction nd reforms           

Fiscal policies           

Leadership           

Economic sub-factors           

Inconsistency in mining taxes           

Taxes and duties           

Investment policies           

Inflation           

Exchange rates           

GDP and GNP           

Wage pattern           

Cost of living           

Trading practices           

Working practices           

Social sub-factors           

Attitude towards work           

Employment levels           

Income statistics           

Access to essential services           

Cultural/social conventions           

Lifestyle and psychographics           

cultural communication           

Ethics and religion issues           

Corporate social 

responsibility  

          

Communities demands            
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PESTLE factors Rating 

Technological sub-factors 1 2 3 4 5 6 7 8 9 10 

Infrastructure            

Geological mapping            

Mining machinery/software           

Energy/auxiliary services           

Technology transfer           

Research and development           

Production efficiency           

Knowledge-based systems           

Intellectual property/patents           

Skilled labour force           

Legal sub-factors           

Mining Act and policies           

Employment laws           

Taxation           

Compliance systems           

Regulatory bodies           

Import and export policies           

Border-crossing regulations           

Human rights           

Mining guide/regulations           

Technology legislation           

Environmental sub-factors           

Environmental protection           

Waste disposal           

Contamination levels           

Reclamation policies           

Cyclical weather           

Geographical location           

Ecological consequences           

Climate           

Water treatment           

Environmental expertise           

 

Please make comments if any: 

………………………………………………………………………………………………………

……………………………………………………………………………………………………… 

 

Thank you for your time 
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APPENDIX 3 

 

Questionnaire for criteria pairwise comparison of PESTLE factors  

 

 

Mining Company/Institution: ………………………………………  Date: …………………… 

 

Based on your expertise and experience, indicate your preference for each criterion over others 

in determining potential for mining Zambia‟s low grade copper deposits by applying an integer 

scale ranging from 1 to 4. For example, you may regard political to be 3 times more important 

than economic in ranking your decision. This means that political factors are emphasized more 

than economic factors by 3 times and inverse of figure of 1/3 of economic importance to political 

factors assuming no dependence. Now please complete the preference ranking table below. The 

ranking is to show how many times a factor in a row is more important than each of the factor in 

a column. Your preference ranking can be fractional and the inverse will apply. 

 

Please note that there is no right or wrong answer as all responses will be normalised. 

 

Thank you for your response. 

 

 

S. F. Kangwa 

Researcher 

 

 

 

PESTLE factors POL ECO SOC TEL LEG ENV 

Political (POL) 1      

Economic (ECO)  1     

Social (SOC)   1    

Technological (TEL)    1   

Legal (LEG)     1  

Environmental (ENV)      1 
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APPENDIX 4 

 

Questionnaire for development of inner dependence matrix of PESTLE 

factors 

 

 

 

Mining Company/Institution: ………………………………………  Date: …………………… 

 

Based on your expertise and experience, rank the influence of PESTLE factors with respect to 

one factor in determining the potential for mining Zambia‟s low grade copper deposits by 

applying an integer scale ranging from 1 to 9. For example, you can consider the influence of 

economic, social and legal factors with respect to political factor.  You may regard political to be 

4 times more important than economic in ranking your decision, 2 and 3 times more than social 

and legal respectively and the inverse of 1/4, 1/2 and 1/3 would apply. This means that political 

factors are emphasized more than economic, social and legal factors by 4, 2 and 3 times. The 

inverse importance of 1/4, 1/2 and 1/3 would apply to political by economic, social and legal 

respectively. Now please complete the ranking tables below. 

 

Please note that there is no right or wrong answer as all responses will be normalised. 

 

Thank you for your response. 

 

 

 

S. F. Kangwa 

Researcher 
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Applying an integer scale ranging from 1 to 9, rate the influence of economic, social and legal 

criteria with respect to political sub-factors 

 

PESTLE factors POL ECO SOC LEG 

Political (POL) 1    

Economic (ECO)  1   

Social (SOC)   1  

Legal (LEG)    1 

 

 

Applying an integer scale ranging from 1 to 9, rate the influence of political, social, 

technological and legal criteria with respect to economic sub-factors 

 

PESTLE factors POL ECO SOC TEC LEG 

Political (POL) 1     

Economic (ECO)  1    

Social (SOC)   1   

Technological (TEC)    1  

Legal (LEG)     1 

 

 

Applying an integer scale ranging from 1 to 9, rate the influence of political and economic 

criteria with respect to social sub-factors 

 

PESTLE factors POL ECO 

Political (POL) 1  

Economic (ECO)  1 

 

 

Applying an integer scale ranging from 1 to 9, rate the influence of political, economic, social, 

technological and environmental criteria with respect to legal sub-factors 

 

PESTLE factors POL ECO SOC TEC ENV 

Political (POL) 1     

Economic (ECO)  1    

Social (SOC)   1   

Technological (TEC)    1  

Environmental (ENV)     1 
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Applying an integer scale ranging from 1 to 9, rate the influence of political, economic, social, 

technological and environmental criteria with respect to environmental sub-factors 

 

PESTLE factors POL ECO SOC LEG 

Political (POL) 1    

Economic (ECO)  1   

Social (SOC)   1  

Legal (LEG)    1 

 

 

Please make comments if any:  

 

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

……………………………………………………………………………………………………… 

 

Thank you for your time 
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APPENDIX 5 

Pairwise comparison and Inner dependencies matrices 

 

Appendix 5.1: Pairwise comparison matrix of PESTLE factors by assuming no dependence 

 

PESTLE factors POL ECO SOC TEL LEG ENV Computed 

Weights 

Normalised 

Weights 

Political (POL) 1 5 3 2 3 3 0.765 0.585 

Economic (ECO) 1/5 1 4 4 1/2 3 0.404 0.163 

Social (SOC) 1/3 1/4 1 1/3 1/2 4 0.183 0.034 

Technological (TEL) 1/2 1/4 3 1 1/2 2 0.245 0.060 

Legal (LEG) 1/3 2 2 2 1 3 0.381 0.145 

Environmental (ENV) 1/3 1/3 1/4 1/2 1/3 1 0.115 0.013 

CR = 0.15 

 

Appendix 5.2: The inner dependence matrix of the factors with respect to political factors 

 

PESTLE factors POL ECO SOC LEG Computed weights Normalised weights 

Political (POL) 1 4 2 3 0.799 0.638 

Economic (ECO) 1/4 1 5 1/2 0.431 0.186 

Social (SOC) 1/2 1/5 1 2 0.278 0.077 

Legal (LEG) 1/3 2 1/2 1 0.314 0.099 

CR = 0.38 
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Appendix 5.3: The inner dependence matrix of the factors with respect to economic factors 

 

PESTLE factors POL ECO SOC TEC LEG Computed 

Weights 

Normalised 

Weights 

Political (POL) 1 4 2 2 3 0.734 0.538 

Economic (ECO) 1/4 1 5 4 1/2 0.478 0.228 

Social (SOC) 1/2 1/5 1 1/3 2 0.232 0.053 

Technological (TEC) 1/2 1/4 3 1 1/2 0.254 0.064 

Legal (LEG) 1/3 2 1/2 2 1 0.342 0.117 

CR = 0.29 

 

Appendix 5.4: The inner dependence matrix of the factors with respect to social factors 

 

PESTLE factors POL ECO Computed weights Normalised weights 

Political (POL) 1 3 0.9487 0.900 

Economic (ECO) 1/3 1 0.3162 0.100 

CR = 0 

 

Appendix 5.5: The inner dependence matrix of the factors with respect to legal factors 

 

PESTLE factors POL ECO SOC TEC ENV Computed 

Weights 

Normalised 

Weights 

Political (POL) 1 2 3 2 2 0.643 0.414 

Economic (ECO) 1/2 1 1/2 1/3 1/4 0.156 0.024 

Social (SOC) 1/3 2 1 1/5 1/2 0.198 0.039 

Technological (TEC) 1/2 3 5 1 1/3 0.433 0.188 

Environmental (ENV) 1/2 4 2 3 1 0.579 0.335 

CR = 0.13 
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Appendix 5.6: The inner dependence matrix of the factors with respect to environmental factors 

 

PESTLE factors POL ECO SOC LEG Computed 

Weights 

Normalised 

Weights 

Political (POL) 1 4 1/2 1/3 0.342 0.117 

Economic (ECO) 1/4 1 1/4 1/3 0.146 0.021 

Social (SOC) 2 4 1 1/2 0.514 0.264 

Legal (LEG) 3 3 2 1 0.773 0.598 

CR = 0.07 
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APPENDIX 6 

 

IRR and NPV online DataDynamica© Precision Financial Calculator 

 

Scenario 1 

 

 

 

Scenario 2 

 

 


