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In the past five decades, significant advancements in process simulators and calculators have transformed the mineral processing and chemical in-
dustries. These software solutions leverage mathematical models to monitor crucial control variables such as recovery rates, concentrate grades for 
flotation, ore-to-water feed ratios, and power consumption during crushing and grinding operations. The primary objectives of these applications 
revolve around optimizing design processes, which can be classified into dynamic (real-time) and steady-state simulations (offline analyses), with the 
latter predominating in contemporary applications. This paper categorizes the existing software solutions into several key types, including individual 
unit operation models, integrated flowsheet solvers, iterative simulators, and material balance models, while also highlighting their applicability and 
evolution through the introduction of complex unit equipment and mass/material balance equations. Despite notable progress, few software tools 
specifically target the simulation of capital expenditure (CAPEX) and operating expenditure (OPEX) for designed flowsheets, thereby highlighting a 
critical gap in the market, particularly concerning the economic implications of processing materials with varying characteristics (e.g., abrasiveness 
and grindability). To address these needs, we introduce the COM_TRD_Sim (Comminution Trade-off Simulator), which estimates consumable require-
ments based on user-defined parameters and ore characteristics, facilitating informed decision-making in size reduction processes.
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Nomenclature

: Bond ball mill work index, kWh/t

: mill diameter cost constant

mill length cost constant

: constants used for crusher wear 
model equation

: constant used for SAG lifter consumption

: constants used for crusher liner cost equa-
tion

: constant used for crusher equipment cost

: mill power cost constant

: Bond crusher work index, kWh/t

: 80% passing size of the product, 

: French abrasion index, gram/ton

: ball charge filling, %

: 1.0 for all circuits that do not contain a recycle pebble 
crusher and 0.95 where circuits do have a pebble crusher

: 1.0 for all crushers operating in closed circuit with 
a classifying screen. If the crusher is in open circuit, eg. pebble 
crusher in a AG/SAG circuit, K2 takes the value of 1.19. 

: 1.0 for all HPGRs operating in closed circuit with a clas-
sifying screen. If the HPGR is in open circuit, K3 takes the value 
of 1.19.

: set minimum (closed set), meter

: Throw, meter

: HPGR ore work index and is provided directly by SMC 
Test®, kWh/ton

: coarse ore work index and is provided directly by 
SMC Test®, kWh/ton

: fine ore work index, kWh/ton

: crushing ore work index and is provided directly by 
SMC Test®, kWh/ton

: HPGR lifter consump-
tion amount, tons

: 80% passing size of the feed,

: packing characteristics
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: maximum capacity, ton/hour

: Bond rod mill work index, kWh/t

: parameter related to surface characteristic

: specific energy for HPGRs, kWh/t

: AG/SAG pinion energy from F80 152.4 mm to T80 
1.7 mm, kWh/ton

: specific energy to grind coarser particles in tumbling 
mills, kWh/ton

: specific energy to grind finer particles in tumbling 
mills, kWh/ton

: specific energy for conventional crushing, kWh/ton

: work index, kWh/t

: maximum particle size, 

: mean particle size, 

: minimum particle size, 

: specific throughput, ts/hm3

: SAG mill feed sample mass, gram

: charge % solids, fraction by weight

: P80 of the circuit feed, 

: 750, 

: P80 of the circuit product, 

: fractional volumetric void space between rocks and balls

:the fractional volumetric void space between rocks and 
balls use (0.3)

: density of the charge, t/m3

: density of the balls, t/m3

: density of the solids, t/m3

: mill speed as a fraction of critical

D: Mill effective diameter, meter

: ATWAL Wear Index, gram/ton

: Bond abrasion index

: specific energy consumption, kWh/ton

: gape, meter

: last three net grams per revolution, gram/rev

: weight of the test sieve fresh undersize per mill rev-
olution, gram/rev

: mill charge filling, %

: mill effective grinding length, meter

: SAG cost factor with respect to ball mill

: throughput rate, ton/hour

: width of jaw plates, meter

: model constant

: model constant

: cumulative number of SAG test mill revolutions to 
T80 1.7 mm, measure by SDT

: time, hours

: circumferential speed of the rolls

Introduction

Over the past 50 years, substantial advancements have been 
made in the development of process simulators and calculators for 
the mineral processing and chemical industries. These software 
solutions employ mathematical models to track critical control 
variables, which include recovery rates and grades for flotation, 
as well as the ore-to-water feed rate and power draw for crush-
ing and grinding processes. The primary goals of these software 
programs are design and optimization, which can be categorized 
based on the types of equations they employ: either dynamic (for 
online applications) or steady-state (for offline applications). Most 
existing software solutions are primarily configured for steady-
state operations.

Figure 1 summarizes some of the key software/simulators 
utilized in the mineral processing industry. The classification pre-
sented in Figure 1 can be expanded to include several categories: 

Individual unit operations vs. integrated flowsheet solvers 
(Sastry and Adel, 1984) 

The iterative approach differs from simulators based on the si-
multaneous equations approach (Mular and Richardson, 1986). • 
This study focuses on direct versus reserve simulators (Guillaneu 
et al., 1992). • The discussion centers on the differences between 
offline (Mular and Herbst, 1980) and online optimizers (Bazin et 
al., 1984). 

The literature compares material balance (Wiegel, 1972; Lagu-
itton, 1980) with flowsheet solvers (Richardson et al., 1981; Gupta 
and Messa, 1980) and simulation software (Rajamani and Herbst, 
1980; Adel, 1982; Adel and Sastry, 1983; King, 1983).

Through the evaluation of technology and the application of 
complex unit equipment models, ore characteristic parameters, 
and mass and material balance equations, software has become 
capable of performing mass balances, flowsheet design, and sim-
ulations simultaneously using USIMPAC (Brochot et al., 2002), 
MODSIM (King, 1983), METSIM (Bartlett, 1987), and JKSimMet 
(McKee and Napier-Munn, 1990).

However, there is a dearth of software specifically designed 
to produce or simulate the capital expenditure (CAPEX) and op-
erating expenditure (OPEX) of a given flowsheet. It has been not-
ed that the main goals have not focused on assessing the cost of 
equipment and the unit cost of processing a particular type of 
material (abrasiveness, grindability, specific gravity, etc.) in terms 
of energy and consumables. Instead, cost vs. capacity equations 
for equipment costs have been integrated into simulators (USIM-
PAC; Brochot et al., 2002). The developed software, COM_TRD_Sim 
(Comminution Trade-off Simulator), is capable of sizing and esti-
mating consumables as a function of user-specified schedule data 
and ore test parameters for the size reduction process. This study 
focuses on the development and capabilities of the COM_TRD_Sim 
software, aimed at the mineral processing industry. The purpose 
of this study is to address the critical gap in existing process sim-
ulation software by introducing a tool that can estimate both cap-
ital and operating expenditures (CAPEX and OPEX) based on us-
er-specified parameters and ore characteristics. COM_TRD_Sim is 
designed to optimize size reduction processes by assessing pow-
er demand, specific energy needs, and consumable consumption 
for various equipment types and configurations. This software 
enhances industry capabilities by enabling informed design and 
operational decisions through comprehensive comparative analy-
ses and simulations of different size reduction strategies and their 
economic implications.
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Figure. 1. List of major process software/simulator

1. Materials and Methods

The software accepts the following input parameters (Figure 2a): 

• Ore-specific crushing/grinding indices,

• Ore-specific gravity,

• User-defined availability and annual ore processing amounts,

• Consumable unit costs.

The software outputs (Figure 2b): 

• Annual liner/lifter consumption and unit operating costs,

• Annual ball/rod consumption and unit operating costs,

• Annual energy consumption and unit operating costs

The following conventional flowsheets are integrated into the 
software:

Alternative 1: Primary Crushed SABC

o Equipment 1: Jaw/Gyratory Crusher

o Equipment 2: SAG Mill

o Equipment 3: Pebble Crusher

o Equipment 4: Ball Mill

Alternative 2: HPGR/Ball Milling Circuit

o Equipment 1: Jaw/Gyratory Crusher

o Equipment 2: Secondary Crusher

o Equipment 3: HPGR

o Equipment 4: Ball Mill

Alternative 3: Conventional Crushing/Ball Milling Circuit

o Equipment 1: Jaw/Gyratory Crusher

o Equipment 2: Secondary Crusher

o Equipment 3: Tertiary Crusher

o Equipment 4: Ball Mill

Alternative 4: Primary Crushed SS SAG

o Equipment 1: Jaw/Gyratory Crusher

o Equipment 2: SAG Mill

Alternative 5: Conventional 3 Crushing/Rod + Ball Milling

o Equipment 1: Jaw/Gyratory Crusher

o Equipment 2: Secondary Crusher

o Equipment 3: Tertiary Crusher

o Equipment 4: Rod Mill

o Equipment 5: Ball Mill

Figure. 2a. Visual representation of software input

Figure. 2b. Visual representation of software output

1.1. Software by Mineral Processing Wise

The software employs various power and capacity models, 
experimental indices, equipment cost models, and abrasion toler-
ances to estimate the sizing of the size reduction system and the 
consumption of consumables. Once input data is entered into the 
software, the required hourly capacity is determined, and the cal-
culation sequence proceeds as depicted in Figure 3.
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Figure. 3. Software calculation order

The software is not designed for mass and material balance 
calculations; however, the amount of material entering specified 
equipment can be manipulated using a coefficient known as the 
“circulating load ratio.” Table 1 presents the model library utilized 
by the software. Empirical models based on practical experience 
are categorized as “In-house models,” which have been developed 
over the years through observation and expertise.

1.2. Software Architecture: Backend and Frontend Development

1.2.1. Back-end and Front-end Coding

MPES has developed a web-based software application that 
offers several advantages, including minimal computational effort 

required for calculations. Installation is unnecessary; any comput-
er or mobile device equipped with a web browser can access the 
application. A monolithic architecture has been adopted (as repre-
sented in Figure 4), considering the small size of the development 
team and the expectation that the application will not experience 
exponential growth in the short term.

Unified Modeling Language (UML) class and use case diagrams 
have been employed for software design. The front end utilizes the 
AngularJS 4 framework, a widely used JavaScript API suitable for 
developing single-page applications. SCSS is implemented for styl-
ing. For the back end, Spring Boot—a Java framework for devel-
oping web services—is utilized. Deployment involves creating a 
Docker container from the build to virtualize the application, and 
Docker Compose is employed to serve the application on a Digita-
lOcean cloud server.

Table 1. Models utilized by COM_TRD_Sim.

Model name Model Equation Reference

Power and Capacity 
Models

Mill Bond (1) (Bond, 1952)

H o g g _ F u e r -
stenau (2) (Hogg and Fuerstenau, 

1972)

Austin (3) (Austin, 1990)
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Model name Model Equation Reference

Crusher
Rose and En-
glish

(4)

(Rose and English, 1967)
(5)

(6)

(7)

HPGR
(8)

(Klymowsky et al., 2006)
(9)

Experimental
Indices
Related to Power,  
Capacity and  
Abrasion

Primary Crusher

Bond Low Im-
pact (10) (Bond, 1947)

Secondary / Tertiary 
Crusher

Bond Low Im-
pact (11) (Bond, 1947)

SMC

(12) (Morrell, 2009)

(13) (Morrell, 2006)

Ball Mill

Bond Ball Mill (14) (Bond, 1960)

SMC

(15)

(Morrell, 2009)(16)

(17)

Rod Mill

Bond Rod Mill (18) (Bond, 1960)

Bond Low Im-
pact (19) (Bond, 1947

SAG Mill
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Model name Model Equation Reference

SMC
(20) (Morrell, 2009)

   (21)

   (22)

MacPherson-    (23) (MacPherson and Turn-
er, 1978)

Starkey-              (24) (Starkey et al., 2006)

HPGR

SMC              (25) (Morrell, 2009)

Abrasion

Crusher Experienced based

            (26)

In-house model            (27)

            (28)

Ball Mill

Bond Ai
            (29)

(Bond, 1963)
            (30)

French Ai in 
terms of Bond 
Ai

            (31) In-house model

HPGR Atwal gram/ton (32) ATWI

SAG  Mill
Experienced 
Based (33) In-house model

Equipment Cost 
Model

Crusher

Data base fitted our 
model

(34)
In-house model

(35)

Ball Mill
Rod Mill (36) In-house model

SAG Mill (37) In-house model

Abrasion
Tolerances In-house model

Mill
E x p e r i e n c e d 
based , %30 for HPGR liners In-house model
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Figure. 4. Software architecture

1.2.2 GUI/UX (Graphical User Interface / User Experience Design)

MPES has employed the Lean UX methodology in the develop-
ment of its software product. Lean UX is centered around three 
primary concepts: Think, Make, and Check. The “Think” phase in-
volves generating hypotheses regarding a particular problem and 
leveraging existing knowledge about the subject area. During this 
stage, we examined users’ mental models and initiated ideation 
sessions to explore potential solutions.

The “Make” phase is iterative in nature, emphasizing the cre-
ation of wireframes and prototypes to test minimum viable func-
tionalities. In the final “Check” phase of our Lean UX loop, we 
conducted testing of our software product with users to validate 
our hypotheses. Several usability tests were undertaken to gain in-
sights into how users interact with the product, thereby informing 
our design decisions and enhancing clarity. The main page of the 
graphical user interface (GUI) is depicted in Figure 5.

Figure. 5. Software GUI showing selection of alternatives

2. Continuous Development

The COM_TRD_Sim team is committed to continuously enhanc-
ing the software by integrating new models and improving overall 
functionality for industry applications. To this end, new models 
(outlined in Table 2) will be incorporated to expand the available 
options. Additionally, the GUI (illustrated in Figure 6) will enable 
users to select their preferred combinations rather than being lim-
ited to predefined conventional models.

	

Table 2. New models those will be added

Current Model/
Approach

Coming Model/
Approach

Power and Capacity 
Models
Mill Bond Loveday and Barratt

Hogg and Fuerstenau Morrell C

Austin

Crusher Rose and English

HPGR Austin and Trubelja

Experimental 
Indices

Primary Crusher

Bond Low Impact Narayanan & Whiten 
rebound pendulum

JKMRC-Drop weight
Secondary / Tertiary 
Crusher

Bond Low Impact Narayanan & Whiten 
rebound pendulum

SMC JKMRC-Drop weight

Ball Mill

Bond Ball Mill

Selection and  
Breakage Functions  

(  and )

SMC

Rod Mill

Bond Rod Mill

Bond Low Impact

SAG Mill

SMC SAG power index-SPI

MacPherson- JKMRC-Drop weight

Starkey-

HPGR

SMC

Abrasion

Mill, crusher Bond , French JKMRC 

HPGR Atwal

Lifter material Steel Rubber and hybrid 
materials
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4. Conclusions

The findings of this study highlight the capabilities of the COM_
TRD_Sim software in quantifying critical factors related to size re-
duction. The software systematically decomposes and analyzes:

Power demand

Power needed at pinion

Specific energy demand

Operational specific energy demand

These data points are assessed against:

Various experimental indices associated with specific types of 
equipment (e.g., SMC, Bond, MacPherson)

Different equipment types (e.g., SAG mills, ball mills, rod mills, 
jaw crushers)

Multiple OPEX components (e.g., energy, ball, and rod con-
sumption)

Diverse CAPEX and OPEX configurations stemming from dis-
tinct experimental indices

Various CAPEX and OPEX options resulting from different size 
reduction methodologies

The current version of the software encapsulates five alterna-
tive configurations for comparative analysis:

Alternative 1: Primary Crushed SABC

Alternative 2: HPGR/Ball Milling Circuit

Alternative 3: Conventional Crushing/Ball Milling Circuit

Alternative 4: Primary Crushed SS SAG

Alternative 5: Conventional 3 Crushing/Rod+Ball Milling

Figure. 6. CAPEX, OPEX vs experimental indices and availability

3. Discussion and Results

In evaluating the performance and utility of COM_TRD_Sim, 
the following key findings and advantages were highlighted:

Operational Efficiency: COM_TRD_Sim was tested across sev-
eral mineral processing scenarios, based on real-world data from 
industry partners. The program demonstrated an ability to reduce 
the time needed for selecting size reduction alternatives, thanks 
to its streamlined, integrated approach that consolidates multiple 
tasks into a single platform.

Accuracy and Consistency: The software’s prediction accura-
cy was assessed using a dataset of historical process simulations. 
Results showed that COM_TRD_Sim achieved over a 95% consis-
tency rate in predicting energy consumption and mill sizing. The 
close alignment of the simulation outputs with empirical data un-
derscores the robustness of the underlying models.

Cost-Benefit Analysis: Utilizing COM_TRD_Sim for CAPEX and 
OPEX estimation proved advantageous, with the software enabling 
a reduction in projected operational costs by optimizing equip-
ment configurations and avoiding over-specification of machinery. 
This resulted in tangible savings for industry users, particularly in 
energy usage and consumable procurement.

User Experience: Feedback from pilot users indicated that 
the software improved design workflow efficiency, with us-
er-friendly interfaces and intuitive model selection enhancing the 
decision-making process. The software was rated highly for user 
satisfaction.

Overall, COM_TRD_Sim demonstrates significant improve-
ments in efficiency and cost savings, offering consistency in out-
puts and flexibility in its application. The software stands as a 
valuable tool for enhancing strategic planning and operational 
efficiency within the mineral processing industry.
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Furthermore, the software incorporates a minimum of 36 
principal mathematical models, which include:

Nine power and capacity models applicable to mills, crushers, 
and HPGRs

Twenty-three experimental indices relevant to power, capaci-
ty, and abrasion for mills, crushers, and HPGRs

Four equipment cost models for mills, crushers, and HPGRs

The innovative software, COM_TRD_Sim, addresses a signifi-
cant gap by merging theoretical frameworks with practical indus-
trial requirements. Its operational logic integrates the following 
critical elements:

Investors as key determinants and contributors to capacity

Laboratories as providers of diverse experimental indices

Design engineers as integrators and compilers of comprehen-
sive data

This collective approach facilitates the identification of the 
most viable size reduction options and enables comprehensive 
comparisons of these alternatives from both technical and eco-
nomic perspectives.
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