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A B S T R A C T  
 

 

In multi-element deposits, different blocks are blended together to create a product with a 

predetermined quality. Generally, blending aims to obtain a special quality and quantity based on 
determining the processing plant or customer needs. However, blending causes different products 

based on the deposit properties. Thus, a block is blended with others to create one of many possible 
products. The present study aims to develop a mixed integer programming model for the production 

scheduling of iron ore mines. The model can consider different destinations for mine blocks. Each 

destination has its own specifications for the main element (Fe) and other existing elements such as 
sulfur and phosphorous. For this purpose, ten different scenarios were evaluated to investigate the 

effect of multiple products on production scheduling and Net Present Value (NPV) of the related 

project. Among the four selected scenarios, the mine was scheduled based on single product while 
multiple products were considered in scheduling in other scenarios. Based on the results, the maximum 

NPV in scenarios with multiple products is approximately 15% higher than that of the single product 

scenarios. 

doi: 10.5829/ije.2018.31.01a.23 
 

 
1. INTRODUCTION1 
 

Production scheduling in mines is regarded as a 

management problem involved in finding the best time 

to extract and determine the appropriate destination to 

send the material. The mine planner has faced with 

some constraints such as available ore reserve, mining 

and processing capacities, slope and access constraint. 

In most mining operations, especially in multi-element 

deposits, another constraint which should be 

emphasized is the specified quality of the mine product. 

Thus, blocks with different characteristics should be 

blended to meet the required quality. All these 

constraints are essential for achieving the best 

production schedule. These constraints play a 

significant role in production scheduling. However, the 

main question raised here is the possibility of 

optimizing mine products. In multi-element deposits, 

blending different blocks allows to produce multiple 

products instead of a single product.  

Several attempts have been made in mine production 

scheduling based on blending constraints. Peng [1] used 
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linear programming (LP) for production scheduling in 

coal mines in order to minimize the production costs. 

Fytas and Calder [2] introduced a combination of 

simulation for long-term production and LP for short-

term production planning for the purpose of maximizing 

profit to meet certain productivity. White and Olson [3] 

implemented an LP model to optimize fleet dispatching 

in an open-pit mines in line with blending constraints. 

Sundar and Temeng [4, 5] applied LP to optimize 

production schedule by considering blending 

constraints. Osanloo et al. [6] used mixed integer 

programming (MIP) for production scheduling based on 

grade uncertainty. The grade distribution function in 

each block was implemented as a stochastic input in the 

model. Smith [7] applied stochastic programming for 

production scheduling in a uranium mine. Rahman and 

Asad [8] presented a model for short-term production 

scheduling in a limestone mine in order to decrease 

production costs. 

A large number of researchers like Zuckerberg, 

Askari-Nasab, and Osanloo [9-11] used mixed integer 

linear programming (MILP) in scheduling the production 

of open pit mines by regarding blending constraints. 

Other scholars like Kumral and Dowd [12]used multi-
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objective simulated annealing optimization for short-

term production scheduling in mines. Samanta et al. [13] 

implemented a meta-heuristic approach for planning 

grade control in a bauxite deposit. Souza et al. [14] 

introduced a heuristic model for short- term production 

scheduling in open-pit mines based on blending 

requirements. Asad [15] used a heuristic approach for 

planning the long- term production of a cement quarry 

by considering blending constraints. In addition, some 

utilized heuristic and meta-heuristic approaches for 

production scheduling in open-pit mines based on 

blending constraints [16-18]. Rahmanpour and Osanloo 

[19] used stimulation methods to production planning 

with the objective of controlling quantity and quality of 

the factory input, in addition to decrease distraction of 

the mine’s short-term production planning from the 

objectives of the long-term plan. 

Kakaei and Ataei [20] represented a new approach 

for determining the optimum cut-off grade in multi-

product open pit mines through using the imperialist 

competitive algorithm. 

Kakha and Monjezi [21] represent a model to 

determine the pushbacks in two-element deposits, 

considering the effect of two elements in the block 

economic value. 

By considering all the above-mentioned studies, the 

effect of having multiple products instead of a single 

product has been less emphasized for studying the effect 

of the existing elements. Therefore, the present study 

aimed to develop a new mathematical model to 

investigate the effect of involving more than one 

destination in production planning, where each 

destination has its own specification. The current model 

can optimize the production planning based on the 

requirements of each destination for maximizing NPV 

based on blending demands in each destination.  
 

 

2. MULTI-ELEMENT DEPOSITS 
 

In multi-element deposits, the quality of mine product 

relies on different elements which may exist in the 

orebody. Thus, the cut-off grade is not regarded as the 

only criterion which determines the destination of 

blocks. The quality of these minerals in mine product is 

a function of grades of different existing elements. In 

this situation, different blocks with various 

characteristics are blended so that the resulting mixture 

can satisfy the required quantity and quality of the 

consumable product. Therefore, the effect of the 

associated elements on the product quality should be 

emphasized. Iron ore, coal, phosphate, and bauxite are 

regarded as some example of these minerals.  

Based on the genesis of the orebody, some elements 

such as phosphorus (P), silica (SiO2), alumina (Al2O3) 

and sulfur (S) influencing the production quality could 

be accompanied with iron (Fe) in Iron ore mines. Ash, 

sulfur, and BTU (British Thermal Unit) content are 

effective in coal. In addition, phosphate based product 

quality relies on the percentage of phosphate, clay and a 

variety of rare elements. 

In this paper, the calculations were done for iron ore 

mines while the relations could be modified and used 

for other multi-element deposits. The payment for the 

product is based on a consistent grade in iron ore mines 

in its iron content as well as the content of other 

elements which are divided into the following groups: 

- Useful minerals: In this group, the main 

components include lime and manganese compounds. 

Lime causes a reduction in the flux (a material which 

removes unwanted materials or cleans another material 

is called a flux) requirement which can decrease cost 

and energy consumption. Manganese increases the 

economic value of the ore, removes sulfur, and prevents 

the steel from cracking. In addition, manganese enters 

the cast iron or steel compounds and improves their 

quality. 

- Undesirable minerals: The elements related to this 

group cause penalties when they exceed the acceptable 

limits. There are two kinds of impurities in this group. 

The first is related to those which enter the steel 

compound and compromise the quality of the final 

product such as copper (Cu), tin (Sn), chromium (Cr), 

vanadium (V) and molybdenum (Mo). These impurities 

lead to a reduction in mechanical properties and the 

fluidity. 

The second group includes zinc (Zn), lead (Pb), 

titanium dioxide (TiO2), sodium oxide (Na2O), 

potassium oxide (K2O), arsenic (As), phosphorus (P), 

sulfur (S), chlorine (Cl) and fluorine (F), which creates 

some trouble in the steel production process or have 

emissions which are related to environmental pollution. 
The value of the produced material depends on the 

grade of Fe and other elements which are obtained 

based on the destination or customer requirements. 

Steel factories are the main consumer of the iron ore 

and about 98% of world iron ore production is used to 

make iron in the form of steel. According to the design 

criteria, each factory requires iron ore based on the 

determined characteristics. The homogeneity of the feed 

is important for steel factories because of the efficiency 

on the chemical and physical properties of the feed. 

Sometimes, the customers' contracts heavily penalize 

the material found to include an excessive amount of the 

deleterious elements and the existence of useful 

elements has some benefits for mine production. 

 
 
3. PRODUCTION SCHEDULING MODEL 
 
A MIP model is developed for blending in production 

scheduling for multi-element deposits which consider 

grades related to different existing elements in blocks. 
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In this model, it is possible to have multiple destinations 

to send the mine raw material instead of single 

destination. In order to have more than one destination 

for mine product, the number of blending plans should 

be related to the number of destinations. Each extracted 

block is controlled by the blending plans. If the quality 

of the block can satisfy only one of plans, the revenue of 

mentioned block is calculated and accordingly the 

destination and time of block extraction are declared. 

However, the destination which maximizes the income 

is declared if the block can be used in several blending 

plans. Figure 1 illustrates the schematic path of ore 

blocks. The extracted blocks can participate in the 

blending plan of each destination, within the possible 

plans, the model selects the extraction period and 

destination which creates the maximum benefit. 

In this model, a procedure was defined to achieve 

the required blending requirements based on the 

production of an iron ore mine. The model determines 

the best destination/customer for all extracted blocks in 

each period. The objective function of the model 

(Equation (1)) is defined as the maximization of the 

discounted profits in order to minimize the deviation 

between the produced blend and requested blend in all 

destinations, along the mining periods. 

𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒 𝑍 = ∑ ∑ ∑ [( 𝑥𝑏
𝑦𝑑

 × 𝐼𝑏
𝑦𝑑

) −𝐷
𝑑=1

𝐵
𝑏=1

𝑌
𝑦=1

( 𝑥𝑏
𝑦𝑑

× 𝐶𝑏
𝑦𝑑

)]  
(1) 

where, Z represents the total NPV of the project ($), Y 

indicates a set of mining periods, B is a set of potential 

ore blocks, D shows a set of destinations, b is regarded 

as block identifier, y means the period identifier, and d 

displays the destination identifier,𝑥𝑏
𝑦𝑑

is the decision 

variable of block b (if extracted in period y for 

destination d, it is equal to 1, otherwise it is 0), 𝐼𝑏
𝑦𝑑

is 

considered as the income of block b when it is extracted 

in period y and sent to destination d ($/ton), and 𝐶𝑏
𝑦𝑑

 

presents the related cost of block b if extracted in period 

y and sent to destination d ($/ton). 

 

 

1 2 I

Blending Site

Mine Pit

Working Section

Destination 1 Destination 2 Destination Z

 
Figure 1. The schematic path of blocks in the model 

The constraints related to this model include mining 

and destination capacity, slope constraint and 

maximum/minimum eligible grade of the elements.  

Each destination includes a criterion to accept the Fe 

in the minimum grade. If the Fe content of the mine 

product fails to satisfy the criterion, the customer has 

the right for rejection. Therefore, it should be checked 

whether the mine product can meet the minimum 

acceptable grade of the destination. This constraint is 

given in Equation (2). 

∑ 𝑥𝑏
𝑦𝑑

(𝑔𝑏
𝐹𝑒 − 𝑔𝑚𝑖𝑛

𝐹𝑒 ) ≥ 0 ∀ 𝑑 ∈ 𝐷 𝑎𝑛𝑑 𝑦 ∈ 𝑌𝑏∈𝐵   (2) 

where𝑔𝑏
𝐹𝑒  represents Fe grade in block b (%) and 

𝑔𝑚𝑖𝑛
𝐹𝑒 indicates the minimum acceptable grade of Fe (%). 

In addition, the maximum grade of Fe should be 

checked due to the limitation in the contract of selling 

the raw material and the saving opportunity to blend the 

high and low grade material to obtain more valuable 

product. The maximum grade of product which should 

not exceed the acceptable limits in the contract is 

checked by Equation (3). In this equation 𝑔𝑚𝑎𝑥
𝐹𝑒 is the 

maximum acceptable grade of Fe (%). 

∑ 𝑥𝑏
𝑦𝑑

(𝑔𝑀𝑎𝑥
𝐹𝑒 − 𝑔𝑏

𝐹𝑒) ≥ 0 ∀𝑑 ∈ 𝐷 𝑎𝑛𝑑   𝑦 ∈ 𝑌𝑏∈𝐵   (3) 

Equations (4) and (5) control the maximum acceptable 

grades of S and P. The existence of the undesirable 

elements if the limit is exceeded can imposesome 

penalties. Thus, it is important to check the grade of 

these elements in the mine product and maintain them 

as low as possible with respect tothe acceptable limits.  

∑ 𝑥𝑏
𝑦𝑑

(𝑔𝑀𝑎𝑥
𝑆 − 𝑔𝑏

𝑆) ≥ 0𝑏∈𝐵  ∀ 𝑑 ∈ 𝐷 𝑎𝑛𝑑 𝑦 ∈ 𝑌  (4) 

∑ 𝑥𝑏
𝑦𝑑

(𝑔𝑀𝑎𝑥
𝑃 − 𝑔𝑏

𝑃) ≥ 0 𝑏∈𝐵  ∀ 𝑑 ∈ 𝐷 𝑎𝑛𝑑 𝑦 ∈ 𝑌  (5) 

where 𝑔𝑏
𝑆  represents the S gradein block b (%), 𝑔𝑏

𝑃 

indicates the P grade in block b (%), 𝑔𝑚𝑎𝑥
𝑆  means the 

maximum acceptable grade of S (%), and 𝑔𝑚𝑎𝑥
𝑃 is 

regarded as the maximum acceptable grade of P (%). 

Based on Equation (6), an extracted block is used 

only for a particular destination in production periods 

and each block is extracted once. The block is used in 

the production scheduling several times without 

considering the constraint. Therefore, some constraints 

are required to assure that the block has been extracted 

once. 

∑ ∑ 𝑥𝑏
𝑦𝑑

𝑑∈𝐷𝑦∈𝑌 = 1     ∀𝑏 ∈ 𝐵  (6) 

The mining capacity is regarded as another constraint 

which may influence the production scheduling. During 

mining planning, it is worth noting that the production 

in each period should not exceed the maximum capacity 

of the mine. This criterion is represented in Equation 

(7). 

{
∑ ∑ (𝑥𝑏

𝑦𝑑
× 𝑋𝑏)𝑑∈𝐷𝑏∈𝐵 ≤ 𝑀𝑐      ∀𝑦 ∈ 𝑌  (7) 



M. Jamshidi and M. Osanloo / IJE TRANSACTIONS A: Basics  Vol. 31, No. 1, (January 2018)   173-180                              176 
 

where𝑋𝑏 indicates the weight of block b (ton) and 

𝑀𝐶 represents the mining capacity (tons/year). 

The destination capacity is another constraint by 

which the total block material sent to each destination in 

different periods should not exceed the destination 

capacity. This constraint is displayed by Equation (8). 

∑ (𝑥𝑏
𝑦𝑑

× 𝑂𝑏
𝑦𝑑

) ≤𝑏∈𝐵 𝐷𝑐   ∀𝑑 ∈ 𝐷 𝑎𝑛𝑑  𝑦 ∈ 𝑌  (8) 

where,𝑂𝑏
𝑦𝑑

representsore tonnage of block b extracted in 

period t and sent to destination d and 𝐷𝐶 indicates the 

destination capacity (tons/year) 

In each period, the upper blocks should be extracted 

before the planned blocks. Therefore, Equation 9 is 

related to the slope and priority constraints which allow 

underlying blocks to be mined only after the blocks on 

the top. 

∑ 𝑥𝑏
𝑦𝑑

𝑑∈𝐷 ≤ ∑ ∑ 𝑥
𝑏′
𝑦́𝑑

𝑑∈𝐷𝑡≤𝑡́ ∀𝑏 ∈ 𝐵 𝑎𝑛𝑑  𝑦 ∈ 𝑌  (9) 

In this equation b’ and y’ are the block and period 

identifier respectively. 

 

 

4. RESULT AND DISCUSSION 
 

The block model starts with the input data of different 

elements including main mineral and the inter-

correlated elements such as S and P. Since the quality of 

mine product is important in short-term planning, the 

block model is divided into some pushbacks, and the 

presented model is implemented on the push back 2 

including 3000 blocks with the dimension of 10×10×15 

meters. Each block involves information about the 

content of P, S and Fe. Figure 2 illustrates the model 

procedure. The input data of the model includes block 

model of the deposit and the required blending 

specifications of each destination. The destinations need 

some determined characteristics of the material at a 

specific price.  

The block properties are evaluated based on the 

destination criteria. In this regard, the economic value of 

each block is calculated for each destination and is 

checked to see which destination requirements meet the 

block blending. For the blocks that are possible to use 

only in one blending plan, other constraints such as 

slope and capacity constraint are checked and the 

destination and extraction period is demonstrated if the 

block meets the constraints. However, the destination 

maximizing the NPV is selected as the final destination 

for ore block if the block characteristics allow to use it 

in some of the blending plans.  

Figures 3-5 represent the ton-grade curve of the 

deposit for Fe, S and P. As shown in Figure 3, the 

deposit consists of a high amount of Fe which makes it 

possible to find some quotations compatible to the 

average grade of the deposit. 

The block model is fed into NPV scheduler to 

determine the final pit limit and pushbacks. In this case, 

6 push backs are determined (Figure 6). Each push back 

contains about 18 Mt of ore. In the present study, the 

push back 2 is selected for production planning in order 

to determine the destination of blocks based on the 

proposed model. 

Quotes for Iranian iron ores in April 2017 were 

considered to determine the destination for mine 

product. There are different requests according to Fe 

and other elements content based on the declared quotes 

for iron ore. 
 

 

Input Data
(Block Model + Destination 

Specification)

Create Economic Block Model for each 
destination 

Generate MIP model considering all 
constrains 

Solve MIP model

Report mine schedul
 

Figure 2.The procedure of the MIP model 

 
 

 
Figure 3.Ton-grade curve of Fe 

 
 

 
Figure 4.Ton-grade curve of P 
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Figure 5.Ton-grade curve of S 

 

 

 
Figure 6. Six push backs of the mine 

 

 

Each destination searches for a specified raw 

material based on its own design specification or lack of 

feed material in a certain grade. A set of these quotes 

are declared in the international markets, among which 

some are used as a destination for mine product. Table 1 

represents the possible quotes which should be 

considered as a destination for the iron ore deposit in the 

present study. 

Table 2 displays the optimization parameters. The 

total prices in Table 1 are used for delivery at the same 

port. Thus, the shipping cost of all the 

destinations/customers assumed to be the same. In the 

present study, a 3-year scheduling period was 

considered. The annual ore production is about 

6,000,000 tons. The production scheduling of the mine 

was conducted in ten different scenarios. Only one 

destination was considered in the scenarios 1-4. Two 

destinations were regarded for the mine product among 

the scenarios 5-7. 
 

 

TABLE 1. Blending specification of the destinations [23] 

Parameter Unit 
Destination  

No. 1 No. 2 No. 3 No. 4 

Max grade of Fe % 62 60 57 54 

Min Fe % 61 58 55 53 

Max P % 0.2 0.2 0.3 0.3 

Max S % 0.2 0.2 0.3 0.3 

Price ($/ton) 54.7 48.4 38 29.3 
 

 

TABLE 2. Costs and recovery 

Item Unit Value 

Mining costs $/ton 4.5 

Crushing and grinding costs $/ton 1.9 

Environmental costs $/ton 0.01 

Engineering costs $/ton 0.1 

Blending costs $/ton 0.1 

Royalties and government taxes $/ton 0.005 

Waste Removal Cost $/ton 2.8 

Freight cost of ore $/ton 10 

Mining Recovery % 95 

 

 

Three destinations were considered in scenarios 8 and 9 

while four destinations were selected in scenario 10. 

Table 3 indicates a summary of these scenarios.  
The production scheduling of the considered push 

backs was performed for all the scenarios. Table 4 

represents the results. Among the single destination 

scenarios (1-4), the maximum NPV is related to 

scenario 2 in which the grade of Fe is about 58-60%. 

Thus, it is important to find the most appropriate 

destination for mine product by the production 

scheduling where a single destination is regarded as the 

target of production. 

 

 
TABLE 3. The scenarios of production scheduling 

Scenario Number of Destination Fe (%) S (%) P (%) 

1 1 61-62 0.2 0.2 

2 1 58-60 0.2 0.2 

3 1 55-57 0.3 0.3 

4 1 53-54 0.3 0.3 

5 2 
61-62 0.2 0.2 

58-60 0.2 0.2 

6 2 
61-62 0.2 0.2 

55-57 0.3 0.3 

7 2 
61-62 0.2 0.2 

53-54 0.3 0.3 

8 3 

61-62 0.2 0.2 

55-57 0.3 0.3 

53-54 0.3 0.3 

9 3 

61-62 0.2 0.2 

58-60 0.2 0.2 

55-57 0.3 0.3 

10 4 

61-62 0.2 0.2 

58-60 0.2 0.2 

55-57 0.3 0.3 

53-54 0.3 0.3 

 

0.4

0.45

0.5

0.55

0.6

0

5000

10000

15000

20000

40 42 44 46 48 50 52 54 56 58 60 62

%
 

Th
o

u
sa

n
d

s 
To

n
 

Fe COG 

Tonnage Ave S



M. Jamshidi and M. Osanloo / IJE TRANSACTIONS A: Basics  Vol. 31, No. 1, (January 2018)   173-180                              178 
 

TABLE 4. The result of production scheduling scenarios 

Scenario NPV ($) 

1 361,489,771  

2 395,995,433  

3 164,900,748  

4 38,055,320  

5 414,163,252  

6 404,685,062  

7 247,136,415  

8 310,508,066  

9 457,297,638  

10 396,649,745  

 

 

The NPV of the project improved significantly in most 

cases among the scenarios with multiple destinations 

and accordingly multiple blending plans. The NPV in 

scenario 9 is about 15% higher than NPV in scenario 2. 

Therefore, it is important to use the opportunities to 

make a plan not just for a single destination, but for 

blending different blocks in order to produce multiple 

products. Figure 7 illustrates a cross-sectional view of 

the excavation patterns resulting from scenario 9. In 

addition, the destination of each block determined by 

the model is demonstrated in Figure 7. 
 

 

  
(a) (b) 

  
(c) (d) 

Figure 7.A schematic plan of the block destination for 

scenario 9 at different levels , (a) 1925, (b) 1900, (c) 1875, and 

(d) 1850 

More selling opportunities can contribute to more 

options in production scheduling which makes possible 

to use more material in the mine products. Further, the 

mine planner involves a wider range of products in 

cases where more selling opportunities are taken into 

consideration. Furthermore, a mine planner with more 

flexibility can manage blending different blocks in order 

to produce a range of profitable products. 
 

 

5. CONCLUSION 
 

Generally, production scheduling aims to maximize the 

NPV related to the project. Production scheduling can 

determine which blocks should be extracted in each 

period by considering the related constraints. Regarding 

some ore minerals such as iron ore, coal, and cement 

manufacture feed material, there is an inherent task of 

blending different materials to provide a product which 

meets the customers’ requirements, along with some 

common constraints. Blending is essential for 

maintaining the mine output as close as possible to the 

consumer’s inquiries.  
In this study, the modeling and scheduling 

optimization for iron ore blending was conducted by 

considering different scenarios in production scheduling 

in order to investigate the effect of having multiple 

destinations instead of a single destination for mine 

product.  

To this aim, a mixed integer programming model 

was developed for production scheduling of a mine 

when the destination number for the mine products 

exceeds one. The model was implemented to maximize 

net present value (NPV) in each period of production. 

Blending constraints were considered, along with 

common constraints involved in production scheduling. 

Regarding the production of multiple destinations, 

maintaining the quality of each product as close as the 

specified characteristics of each customer/destination 

should be emphasized. In the developed model, the 

mine blocks are blended together in order to select the 

best destination for each block which can maximize the 

NPV. In this case, the destination of the block is not 

separately selected but different blending cases are 

examined, among which the best is selected for sending 

the blocks. 
Ten scenarios were used for production scheduling 

of the mine by considering different destinations for 

mine products. Among the four scenarios, only one 

destination was regarded for mine product while 

multiple destinations were considered in six scenarios. 

In those cases, where the production scheduling is 

performed for a single destination, the maximum NPV 

is $ 395,995,433 in the scenario in which the grade of 

Fe ranged from 58-60%. In the scenarios with multiple 

destinations, the maximum NPV is $ 457,297,638, 
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which is about 15% more than the maximum NPV in 

single destination scenarios. 

Based on the proposed model, it is possible to 

construct a plan, not just for a single product, but for 

multiple products, by considering that the blocks can be 

blended together. In conclusion, the planner can select 

the best alternative among destinations and send the 

block to the destination which can provide more benefit 

and consequently maximum NPV for mine project. 

The model can consider all the existing elements in 

the block model and represent a production scheduling 

that in addition to maximizing the NPV, blend the 

blocks in a manner that the required specifications of all 

the destination to be met.  
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هچكيد
 

 

مشخص حاصل شود. به طور  تیفیمحصول با ک کیتا  شوند¬یمخلوط م گریکدیمختلف با  های¬بلوک ،یمعادن چند عنصر در

 یازهاین اییکارخانه فرآور ازیشده که بر اساس ن نییتع تیو کم تیفیک کیبه  دنهاباهدفرسی¬معمول، اختلاط بلوک

محصولات  ره،یذخ اتیبا توجه به خصوص توان¬یبا انجام اختلاط م هاست ک یدر حال نی. اشود¬کنندگاناستانجاممی¬مصرف

مدل  کیمقاله،  نی. در ادیرا فراهم نما یمحصولات متنوع تواند¬یم گرید های¬بلوک با بلوک کیبینمود و ترک دیتول یمختلف

 های¬محصولات و بلوک یابر یارائه شده است که در آن مقاصد مختلف معادن سنگ آهن یمختلط برا حیعدد صح یزری¬برنامه

 ری)آهن( و سا یعنصر اصل یبرا یا-شده فیمشخصات تعر یمقاصد دارا نیاز ا کی. هر شود¬یدر نظر گرفته م یماده معدن

مقاصد چندگانه در  ریتاثمختلف در نظر گرفته شده تا  یویمنظور، ده سنار نیا یگوگرد و فسفر هستند. برا ریعناصر همراه نظ

در نظر  یمحصولات معدن یمقصد برا کیتنها  و،یشود. در چهار سنار یپروژه، بررس ید و ارزش خالص فعلیتول یزری¬برنامه

 یحاصل، ارزش خالص فعل جیوارد شده است. بر اساس نتا دیتول یزری¬مقاصد چندگانه در برنامه و،یگرفته شده و در شش سنار

 .است شتریب یدر حالات تک محصول یفعلارزش خالص  نهیشیاز ب 15چندگانه، حدود % در مقاصد نهیشیب

doi: 10.5829/ije.2018.31.01a.23 

 

 

 

 


