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Abstract

The underground extraction of building stone, in addition to reducing the environmental
issues associated with surface mining, makes mining more cost-effective. Therefore, this
study focuses on the economic analysis of changing the mining method for building stone
from surface quarry mining to underground room and pillar mining. For this purpose, using
data from the Dehbid marble mine, an economic feasibility study of the method change was
carried out by determining the investment and operational costs and the revenue generated
in both extraction methods. The results indicate that, considering a discount rate of 25%,
the net present value (NPV) of the underground mining method is higher than that of the
surface mining method, with values of 101,000,000,000,000 Rial and 52,741,000,000,000
Rial, respectively. Furthermore, the internal rate of return (IRR) for underground mining
is also higher than for surface mining, with rates of 57.158% and 43.92%, respectively. In
both cases, the IRR exceeds the minimum required rate of return, which is 25%. Therefore,
based on these indicators, underground mining is more economical in this mine. On the
other hand, a comparison of the payback period shows that, for the quarry extraction
method, the payback period in normal and circular modes is 4 and 6 years, respectively,
whereas for the room and pillar mining method, the payback period is the same for both
modes and equals 3 years. Thus, considering the time value of money, underground stone
extraction using the room and pillar method in this mine can be more economical.
Keywords: Economic Analysis, Cost, Income, Building Stone Mine, Mining, Room and
Pillar Method.
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In Iran, building and decorative stone mines account for a significant share of the country's
mineral production, and therefore, they require technical growth and development to
improve mining conditions. High production costs, excessive wastes left in nature, and the

1. Introduction

use of outdated and unsuitable machinery are some of the major drawbacks of traditional
building stone mining methods like quarry. The room and pillar is one of the oldest
underground mining methods that can be used for the extraction of building stones.

In general, the advantages of underground mining methods for stone extraction
compared to surface mining include no need for waste removal before and during
extraction, elimination of waste dumps, reduction in the rate and amount of development
before extraction, no need for stabilizing slopes, preservation of the area's topography and
vegetation, and increased work efficiency by utilizing the temperature conditions in the
underground, especially in summer and winter.

Since underground mining methods have not yet been used in building stone mines in
Iran, this study is the first to investigate the feasibility of underground mining for building
stones in Iran. In fact, the main goal of this research is to assess the feasibility of switching
the mining method from quarry to the room and pillar mining method. For this purpose,
data and conditions from one of the mines in the Dehbid stone complex, one of the active
and well-known marble regions in Iran, were used. The feasibility study of underground
mining using the room and pillar method in this mine, compared to the quarry mining
method, was carried out in both technical and economic aspects. This article focuses on the
economic analysis of switching the mining method from quarry to room and pillar.

2. Materials and Methods

Dehbid marble is widely regarded as one of the highest-quality and most renowned marbles
globally, particularly distinguished by its exceptional color and texture. This stone is
extracted from several mines, with the present study being conducted at the Angorak
marble mine. The mine is situated in Khorrambid city (historically known as Dehbid), in
the northern region of Fars province, located in the southern part of Iran.

In order to conduct an economic evaluation of any mining project, it is crucial to first
determine the associated costs and then assess the feasibility of the proposed methods. In
this study, a comprehensive analysis of the investment, operational, and ongoing costs for
the Dehbid marble mine, utilizing both quarry and room and pillar mining methods, is
presented. The economic feasibility of these two methods is subsequently assessed using
the COMFAR software. Ultimately, the most economically viable extraction method is
identified based on key economic indicators. It is important to note that all cost estimates
were derived from field research and operational prices for 2023, based on data from the
nearest active mines in the region under study. As per the mining license, the marble
reserve of the specified mine is estimated at 1,160,000 tons. Consequently, the annual
production capacity is determined to be 80,000 tons, with the mine's operational lifespan
projected to be 15 years.

In this research, fundamental economic indicators, specifically the net present value
(NPV) of total investment and the internal rate of return (IRR), were employed to evaluate
the economic feasibility of the Dehbid mine using both quarry and room and pillar mining
methods. To achieve this, detailed tables for the economic analysis of the two mining
methods were first compiled and organized. Subsequently, the total investment and
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operational costs, along with their respective subcomponents, were calculated. The
economic computations and their corresponding analysis were then performed.

3. Discussion

The net present value (NPV) is a crucial financial metric used in investment project
analysis, enabling analysts to evaluate the profitability of a project by comparing the
present value of expected revenues to the initial costs. The findings of this study indicate
that the room-and-pillar method generates a higher NPV, suggesting that investing in this
method is more economically advantageous than the quarry method. Specifically, with the
25% discount rate applied in this study, the elevated NPV reflects the potential for greater
future returns in relation to the present costs of the project.

The internal rate of return (IRR) is the rate at which the NPV equals zero and reflects
the profitability of a project. With the room and pillar mining method, operational costs are
lower due to the absence of tailings removal, and higher-quality stone blocks are extracted
more efficiently, leading to increased sales revenue. As a result, the IRR for the room-and-
pillar method is expected to surpass that of the quarry method. In the case of the studied
mine, the room-and-pillar method proves more effective in attracting financial resources
and generating higher returns. A higher IRR typically indicates greater short-term
profitability and lower investment risk, with reduced operational costs and higher sales
revenue driving the increase in IRR.

In general, the shorter payback period for the room and pillar method, when compared
to the quarry method, can be attributed to several factors. These include lower operational
costs resulting from the use of simpler and fewer pieces of equipment in underground
mining, higher productivity and more targeted extraction of high-quality stones, and faster
revenue generation due to the quicker sale of the extracted stones. Additionally, the time
value of money is more effectively compensated in projects with a shorter payback period,
further enhancing the financial feasibility of the room-and-pillar method.

4. Conclusion

While surface mining of building stone utilizing the quarry method remains a prevalent
practice, the room and pillar mining method offers a compelling underground alternative
for stone extraction. Considering that underground mining for building stones has yet to be
implemented in Iran, this study endeavors to evaluate the feasibility of applying the room
and pillar method for underground stone mining, specifically at the Dehbid marble mine.
The findings are summarized as follows:

e At a discount rate of 25%, the net present value (NPV) for the underground mining
method (101,000,000,000,000 Rial) exceeds that of the surface mining method
(52,741,000,000,000 Rial). Consequently, based on this economic metric,
underground mining of building stone proves to be more financially viable.

o The internal rate of return (IRR) for both surface and underground mining methods
exceeds the minimum required rate of return (25%). However, the IRR for
underground mining (57.158%) surpasses that of surface mining (43.92%). This
suggests that, from a financial perspective, underground mining is the more
advantageous method.

e Sensitivity analysis conducted during the economic evaluation phase indicates that,
for the quarry method, sales revenue exerts the most significant impact on the IRR,
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while an increase in fixed assets has the least influence. In contrast, for the room-

and-pillar method, sales revenue and operational costs are the primary factors
affecting the IRR, with sales revenue having the greatest impact.

e A comparison of the payback periods reveals that, under the quarry method, the
payback period is 4 years in a normal scenario and 6 years in a circulating scenario.
Conversely, the payback period for the room-and-pillar method is consistent in both
scenarios, at 3 years. Thus, factoring in the time value of money, underground
mining via the room-and-pillar method proves to be the more cost-effective
approach.

Therefore, based on the analysis of nearly all economic indicators, it is evident that the

adoption of the room-and-pillar mining method over the quarry method in the Dehbid
marble mine is both economically viable and justifiable.
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Tab. 1: Time information of mining stages with quarry
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Tab. 2: General characteristics of quarry mining production
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Tab. 3: The amount of waste and ore in quarry mining
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Tab. 4: General information of quarry mining
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Tab. 5: Costs of buildings and facilities required for quarry mining
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Tab. 6: Costs of machinery required for quarry mining
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Tab. 7: The total investment costs of quarry mining
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Tab. 8: Labor costs required for quarry mining
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Tab. 9: Annual salary costs for quarry mining
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Tab. 10: Annual costs of quarry mining tools and consumables
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Tab. 11: The total operating costs of quarry mining
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Fig. 4: Input data into COMFAR software
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Fig. 5: Income and operating costs of quarry mining in COMFAR software
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Fig. 7: Diagram of normal payback period for quarry mining
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Fig. 8: Diagram of dynamic payback period for quarry mining
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Fig. 9: Diagram of total sales and production costs for quarry mining
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Fig. 10: Diagram of sensitivity analysis of internal rate of return (IRR) for quarry mining

S Jsis > COMFAR 3l 5 a8 a5 0 plon] oolasdl Juloos 51 ool cowsty olos gl
Uy OYNE Ve eeemvione s alog JS b Lals ag)) Y0 i35 55 58,8 45 )0 b sl 00
Lyl (IRR) 515 o33l ¢ opinped ool o3basdl Llod Jl gy (£pinsd odmd sl a5 ond

ol YD m 0diS Gl F5 JBlis 1 55,5 48 s s ZFY/AY

G195 Ry & e ] B! (o3l s e i VY Jgus
Tab. 12: Economic indicators of quarry mining
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Tab. 13: Time information of room and pillar mining stages
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Tab. 14: General characteristics of room and pillar mining production
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Tab. 15: Costs of buildings and facilities required for room and pillar mining
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Tab. 16: Costs of machinery required for room and pillar mining
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Tab. 17: The total investment costs of room and pillar mining
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Tab. 18: Labor costs required for room and pillar mining
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Tab. 19: Annual salary costs for room and pillar mining
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Tab. 20: Annual costs of room and pillar mining tools and consumables
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Tab. 21: The total operating costs of room and pillar mining
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Fig. 11: Investment costs of room and pillar mining in COMFAR software
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Tab. 22: Economic indicators of room and pillar mining
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Tab. 23: Economic comparison of quarry and room and pillar mining methods
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