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PREFACE 

 

The 1st International Seminar on Mineral and Coal Technology (ISMCT 2021) was held for the first 

time in Bandung, Indonesia on the 23rd–24th June 2021. The seminar theme is “Sustainable 

Development on Mining, Processing, and Environment” and presented four distinguished keynote 

speakers, namely Dr. Ir. Ridwan Djamaluddin, M.Sc. as Directorate General of Mineral and Coal, 

Ministry of Energy and Mineral Resources Republic of Indonesia (MEMR); Prof. Dr. Aleksandar 

Nikoloski from Murdoch University, Australia; Dr. Kazuyuki Murakami from JCOAL, Japan; and Cristian 

Bolda, BCSEng (Mech) from Leigh Creek Energy, Australia. The seminar also performed 10 Invited 

speakers from institutions, namely the Research Institute of Soil Science and Agrochemistry, 

Uzbekistan; GOLD ISMIA-UNDP; Mine Reclamation Corporation, South Korea; TNB Fuel, Malaysia; 

Research and Development Center for Mineral and Coal Technology (tekMIRA); PT. Vale Indonesia; 

PT. Amman Mineral Nusa Tenggara; PT. Indo Tambang Megah; PT PLN (Persero); and PT. Timah Tbk. 

The participant of the seminar included academics, researchers, practitioners, professionals, and 

government personnel that came from Murdoch University, Australia; Center for Ceramics; Ministry 

of Industry Republic of Indonesia; Indonesia Institute of Sciences (LIPI); tekMIRA-MEMR; Center for 

Applied Nuclear Science and Technology (PSTNT)- BATAN; The Laboratory of Fuel and Engineering 

Design (BTBRD-BPPT); Centre for Pulp and Paper-Ministry of Industry; PT. PLN (Persero); Research 

Center for Maritime Affairs Republic of Indonesia; PT Multi Nitrotama Kimia; University of Indonesia 

(UI), Universitas Pembangunan Nasional Veteran Jakarta (UPN Jakarta), Universitas Pembangunan 

Nasional Veteran Jogjakarta (UPN Jogjakarta), University of Gadjah Mada (UGM), University of 

Padjadjaran (UNPAD), University of Trisakti (USAKTI), University of Jenderal Achmad Yani (UNJANI), 

Polytechnic of Energy and Mining (PEP), and Technology Institute of Sumatera (ITERA).  

Due to pandemic Covid-19, the seminar was held virtually and was conducted within two days. The 

first day seminar was divided into three sessions, the first session was the opening ceremony which 

began with the ISMCT report from Head of Research and Development Agency of Energy and Mineral 

Resources, and opening remarks from the Minister of Energy and Mineral Resources that belongs to 

the first session. The second session came from two keynote speakers and the third session was a 

parallel oral presentation which was divided into five virtual rooms based on the presentation theme, 

i.e., room A (Mineral); Room B (Coal); Room C (Mining); Room D (Environment) and Room E (Techno-

economics and Policy). Each room was guided by a moderator and operator. Parallel session in each 

room was initiated with the speak from the invited speaker, followed by the oral presentation from 

an average of 10 presenters per room with assigned time for 15 minutes per presenter (10 minutes 

presentation and 5 minutes discussion). The second day was divided into three sessions, the first 

session was a keynote speech served by two keynote speakers, and the second session was the parallel 

session. The third session was the closing speech from the chairman of the committee and ended with 

the announcement the of the best presenter.  

Around 103 selected manuscripts were presented in the seminar. Such an amount was chosen from 

137 manuscripts that had been received by the committee and screened by the ISMCT editorial team. 

All manuscripts have been peer-reviewed with triple-blind review by three reviewers for each 

manuscript. Of 103 presented manuscripts around 88 papers have been accepted by the editorial 

team and submitted to IOP Conference Series: Earth and Environmental Science (EES) for further 

processing prior to publishing them. 
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The ISMCT 2021 has been successfully organized by R&D Centre for Mineral and Coal Technology 

(tekMIRA) and has brought together practitioners, researchers, academics, regulators, professionals 

and civil society to meet and collaborate on sustainable development and technology innovation in 

the fields of mineral, coal and mining industry, processing, environment and techno-economics and 

policy. 

Thanks to the Minister of Energy and Mineral Resources, the Research and Development Agency of 

Energy and Mineral Resources and the directorate General of Mineral and Coal - Ministry of Energy 

and Mineral Resources Republic of Indonesia for the support. Special appreciations to the organizing 

committee and the editor team who have well coordination, and has given effort in organizing the 

seminar and the process of papers publishing. 

 

Editors Team, 
 
1. Prof. Dr. Datin Fatia Umar  
2. Ir. Tatang Wahyudi, MSc  
3. Dra. Sri Handayani, MSc  
4. Dr. M. Ikhlasul Amal 
5. Dr. Yudi Nugraha Thaha 
6. Prof. Dr. Binarko Santoso  
7. Dr. Robi Kurniawan 
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Steering Committee 
 

Head of R&D Agency for Energy and Mineral Resources,  
Director of Directorate General of Mineral and Coal, DGMC 

Special Staff for Mineral and Coal Governance Acceleration, MEMR 
Head of R&D Centre for Mineral and Coal Technology (tekMIRA) 

Director of Mineral and Coal Program Development, DGMC 
Director of Mineral and Coal Engineering and Environment, DGMC 

Head of Sub-Directorate of Investment and Cooperation Development for Mineral and Coal, DGMC 
Chairman of Associations of Indonesian Mining Professionals (PERHAPI), 

Chairman of Indonesian Association of Geologists (IAGI), 
Chairman of Indonesian Metallurgical Professionals Association (APMI), 

Chairman of Majalah Tambang (Tambang Magazine), 
Chairman od Association of Indonesian Processing and Refining Industry Companies (AP3I), 

Chairman of Indonesian Mining Association (IMA), 
Chairman of Indonesian Coal Mining Association (APBI), and 

Indonesian Mining Services Association (ASPINDO). 
 
 

Organizing Committee 

Dr. Agus Wahyudi, S.Si., M.T., Chairman 
Willy Hermawan, S.T., M.T., Vice Chairman 

Weningsulistri, S.Si., M.Si., Secretary 
Hasniati Astika, S.T., Secretary 

Wulandari Surono, S.Si., Treasurer 
Silti Salinita, S.T., Treasurer 

Nia Rosnia, S.Si., M.Si., Committee 
Purwo Subagiyo, S.E., Committee 
Dr. Ir. Zulfahmi, M.T., Committee 

Ir. Nendaryono Madiutomo, M.T., Committee 
Dr. Miftahul Huda, M.Eng, Committee 

Isyatun Rodliyah, S.Si., M.T., Committee 
Ir. Budhy Agung, M.T., Committee 

Dipl. Ing. Pichiato, Committee 
Muhammad Ade Andriansyah Efendi, M.Eng., Committee 

Deni Nurul Kamal, A.Md., Committee 
Marsen Alimano, S.T., M.T., Committee 

Hasudungan Eric Mamby, M.T., Committee 
Hairunnisa, M.Si., Committee 

Bachtiar Efendi, A.Md. Committee 
Zetana Gunani Nazarulloh, S.Ds., Committee 
Ginanjar Aji Sudarsono, S.Kom., Committee 

Andrie Mulyana, A.Md., Committee 
Titin Siti Fatimah, M.Si., Committee 

Andina Septiarani, S.Si., M.I.L., Committee 
Novan Adhitya Putra, S.Kom., Committee 

Sumaryadi, A.Md., Committee 
Hanny Fariany Fauziah, S.S., Committee 
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expert referees to the professional and scientific standards expected of a proceedings journal 
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 Conference submission management system:  
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 Number of submissions received: 137 papers 
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 Average number of reviews per paper: three reviewers 
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 Any additional info on review process: Review description need to check:  

1. Paper template (Title, affiliation, abstract, paper content, figure and table format, 
equation, references)  

2. Originality  
3. Novelty  
4. Paper quality  
5. Language quality (structure and grammar)  

 Contact person for queries:  
Name : Dr. Agus Wahyudi, M.T. 
Affiliation: R&D Centre for Mineral and Coal Technology (Tekmira), Ministry of Energy and 
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Impacts of increasing the airflow rate on load-haul-dump heat 

spread at an underground mine 
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Department of Mining Engineering, Faculty of Earth and Energy Technology, Trisakti 

University, Jl. Kyai Tapa No. 1 Jakarta 11440, Indonesia 

*Corresponding author’s e-mail: ririnyulianti@trisakti.ac.id 

Abstract. In the mining process, mining companies use various mining equipment to extract 
valuable materials. One of them is a load-haul-dump (LHD) machine. Although this equipment 
is very helpful in the production process, it also has drawbacks. This equipment emits heat that 
can affect air temperature in the mine tunnel and cause a decrease in the comfort of mineworkers, 
which then impacts the mine productivity. One of the methods that can be carried out to 
overcome this problem is to increase the amount of airflow by changing the ventilation network. 
Therefore, this study aims to determine the impacts of increasing airflow on the heat spread of 
the operated LHD machines. The results of this study are to provide a method for reduced 
temperature visually and can be used as a recommendation for temperature reduction in the 
future. To examine the heat spreading, the researchers applied a tunnel model made using CFD 

software that is ANSYS Fluent and use VentSim software to simulate the network changes. The 
results indicated that the increase of the airflow rate could reduce the temperature on the work 
front when the LHD machines are operating and can affect the heat spread. 

1.  Introduction 

PT. Cibaliung Sumberdaya (PT. CSD) applies an underground mining method to extract valuable 

material in the form of gold from the ground. The underground mining method highly requires mine 

ventilation to deliver and supply fresh air from the surface to meet the respiratory needs of humans and 

equipment in the mine. Ventilation is also useful for diluting impurity gases and regulating the 

temperature in the work area so that mineworkers can work comfortably. 

In the mining process, PT. CSD uses a variety of mining equipment to assist the process of extracting 

valuable materials. One of the equipment used is the load-haul-dump (LHD) machine used for the 

mucking process. These LHD machines are very helpful in the mine production process. However, it 

also has drawbacks that sufficiently affect the comfort of mineworkers, in which it generates pretty high 

heat and can potentially increase the temperature in the tunnel. Various ways can be carried out to 

minimize the temperature increase caused by the operation of the LHD machines. One of them is to 

increase the airflow to the work front by changing the ventilation network [1,2]. Mine ventilation is an 

effort to control airflow from the surface into the underground for the need of workers and equipment 

used. The circulated fresh air can remove dust and toxic gases and lower the temperature. Air is flown 

into the mine using natural and artificial ventilation [3]. 

Therefore, this study aims to determine the impact of increasing the airflow to the heat spread of the 

operated LHD machine. The results of this study are expected to provide a method for reducing 

temperature visually and can be used as a recommendation for temperature reduction in the future. 
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2.  Literature review 

2.1.  Previous research 

This study closely follows previous research on thermal management strategy using CFD [1], which 

discusses various variables effect on underground mine air temperature including mining machine and 

airflow rate. This study mostly agrees with its content while also made a model to do a visual 

observation. 

2.2.  Research location 

The research location of this study is one of the underground mining fronts owned by PT. CSD, namely 

the XC-13 VT NRTH work front in the Cikoneng block. This work front is at about 200 m depth from 

the surface and 1700 m from the portal. This work front has a tunnel width of 4.632 m, a height of 5.065 

m, a length of 68.9 m, and a horseshoe shape. Furthermore, this work front implements a blow 

ventilation system that uses a vent duct to channel the air. The source of the air comes from a 37-kW 

forcing fan installed in another location. This vent duct has a length of 49.94 m and a diameter of 0.7 m 

[4,5]. 

2.3.  The calculation of air requirements 

The calculation of the air demand in the mine refers to the Decree of the Director-General of Minerals 

and Coal of the Ministry of Energy and Mineral Resources No.185.K/37.04/DJB/2019, which states that 

the volume of supplied clean air must be calculated based on the largest number of workers at a work 

location with a minimum requirement of 0.03 m3/s when the working process occurs and as much as 

0.05 m3/s for each horsepower of operating diesel equipment. On the mining front at PT. CSD, one of 

the activities carried out is a mucking that uses 1 LHD machine and one worker. The LHD machine with 

the greatest power in PT. CSD is Tamrock 006 with a power of 202 Hp. By referring to the Decree of 

the Director-General aforementioned, the total air demand on the work front for mucking activities is as 

follows. 

 

Air requirement for equipment used  = 202 Hp x 0.05 m3/s = 10.4 m3/s  (1) 

Air requirement for humans (workers) = 1 person x 0.03 m3/s = 0.03 m3/s  (2) 

Total air requirement = 10.4 m3/s + 0.03 m3/s    (3) 

2.4.  The calculation of the heat generated by diesel equipment 

The internal combustion of diesel equipment has an efficiency of 1/3 compared to electrical equipment   

[6]. Therefore, diesel equipment generates about three times as much heat as electrical equipment for 

the same workload. To calculate the heat generated by diesel equipment, we can use the following 

equation [6,7]. 

 

q
ed= 

f
m

 x f
t
 x q

d
 x Pd=34% x 36% x 2.9 

kW

kW
 X 150 kW=53.244 kW  (4) 

 

The mechanical efficiency of diesel equipment is 34% [6], while the efficiency of using the LHD engine 

of PT. CSD is 36% [8]. 

2.5.  The calculation of heat increases due to diesel equipment 

The heat released by the diesel engine into the mine ventilation air only affects the location where the 

equipment works [6]. The heat gained due to diesel equipment can be calculated using the following 

equation [6].  
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∆td= 
fm x ft x qd x Pd

ρa x Ce x Q
= 

34% x 36% x 2.9 
kW

kW
 x 150 kW

1.1774 kg/m3 x 1.0057 kJ/kg.℃ x 2.97 m3/s
=15.139℃  (5) 

 

Where: 

qd = equivalent energy released by diesel fuel (2.9 kW/kW) 

fm = mechanical efficiency  

Pd = the rating in kW of the equipment engine 

ft = equipment utilization efficiency 

qed  = heat generated by diesel equipment (kW) 

Δtd = change in temperature due to diesel equipment (°C) 

ρa = density of air (kg/m3) 

Ce = specific heat of air (kJ/m.°C) 

Q = airflow rate (m3/s) 

 

On the calculation above, the ρa and Ce data refer to air properties table at atmospheric pressure for 

a temperature of 300 °K. Meanwhile, the Q data is the measured airflow rate on the work front [6]. The 

operation of the LHD machine in the work front can theoretically increase the temperature to 15.139°C 

for one work cycle of the equipment [6,9], which is 4 hours [4,8]. 

3.  Materials and methods 

CFD software is used to analyze the impact of increasing airflow on the heat spread of the operated 

LHD machines. The amount of airflow is changed by modifying the ventilation network using VentSim 

software. All the data used in this study is secondary data obtained from existing research [4,5,10]. A 

percent error calculation was conducted for validating the model. Based on the CFD research for mining 

applications, the percent error of 20% is still acceptable due to limited data and the accuracy of data 

obtained from the field, so that is normal to have a percent error calculation of up to 20% [11]. The 

percent error is calculated as follows. 

 

%error= [(
S -T

S
) x 100%]     (6) 

 

Where: 

S = Data generated from simulation 

T = Data from theoretical calculation 

 

The CFD software that is used in this research is ANSYS Fluent. The geometry modeling of the 

tunnel and vent duct follows the work front conditions with the geometry of the simplified LHD Toro 

006 shape [12–14]. The specifications of the geometry in this study are presented in Table 1 and Figure 

1. 

Table 1. The data concerning tunnel geometry. 

 

 

 

 

 

 

 

 

 

Geometry Specification 

Tunnel Geometry 

Length: 68.9 m 

Width: 4.632 m 

Height: 5.065 m 

Vent Duct Geometry 

Diameter: 0.7 m 

Length: 49.94 m 

Width: 8.608 m 

LHD Geometry 
Width: 1.9 m 

Height: 1.66 m 
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Figure 1. The geometry of the work front tunnel. 

 

In addition, the mesh used is a mesh that is automatically generated by the meshing software, which 

produces a tetrahedral mesh shape. In the boundary setting, the tunnel exit path is chosen as the outflow 

due to the unknown temperature and pressure at the air outlet through the tunnel [12]. Meanwhile, the 

air velocity and temperature refer to measured [4,5,10], and the heat flux on the body and exhaust of the 

LHD machine is one-third of the kW rating of the LHD machine [1] divided by the surface volume. 

For the data concerning the solver setting, it is mostly in the default setting. The turbulence model 

used is the standard k-epsilon turbulent model, which is the most efficient and most widely used in 

underground mine ventilation airflow modeling using computational fluid dynamics (CFD) [1,11,15–

18]. 

In this research, to accommodate an increasing airflow rate, a ventilation network changes were 

conducted. The ventilation network changes are simulated using VentSim software. 

4.  Results 

4.1.  Temperature spread in initial conditions 

According to the theoretical calculation results, when the LHD Toro 006 is operated, the air temperature 

after 4 hours of operation will be 47.472°C. The data of this theoretical calculation are later be used to 

carry out the percent error calculation to find out whether the model that has been made can be used to 

reflect the actual tunnel conditions on the work front. 

 

 

(a) 

 

 

(b) 

 
(c) 

Figure 2. The temperature spread on the work front in the initial conditions (a) and (c) and actual 

ventilation network (b). 
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Figure 2(a) shows the temperature spread in the initial conditions when the LHD machine is operated. 

The measurement points are at a distance of 1 m, 5 m, 10 m, to 65 m with multiples of every 5 m from 

the end of the tunnel. When the LHD machine is operated, the heat is concentrated on its body, especially 

the rear where the exhaust of the LHD machine is located. The spread of heat rotates following the 

airflow as the air travels to the tunnel’s exit.  

 

 
Figure 3. Temperature on initial airflow rate. 

 

Figure 3 shows the temperature of the tunnel in every 1 m distance based on when the LHD is 

operated. The heat distribution is centered at the end of the tunnel where the LHD is operated. The 

hottest point is at a distance of 8-11 m where the exhaust of the LHD machine is located. 

According to the simulation results, the average temperature on the work front is 47.519°C. The 

percent error ratio is calculated and compared with the theoritical calculation data as follows. 

 

%error= [(
47.519-47.472

47.519
) x 100%] =0.098%      

 

With a percent error value of 0.098%, the model is considered to reflect the actual work front tunnel 

conditions and can be used to examine the heat spread. 

4.2.  Temperature spread when the airflow rate is increased 

The airflow rate on the ventilation network has changed to reduce the increase in temperature. The 

airflow is adjusted to the air requirement for the mucking process, which is 10.43 m3/s. Therefore, the 

theoretical increase in temperature can be calculated as follows. 
 

∆td =  
34% x 36% x 2.9 

kW

kW
  x 150 kW

1.1774 kg/m3 x 1.0057 kJ/kg.℃ x 10.43 m3/s
 = 4.31 ℃    

 

When the airflow rate is increased, the air temperature, after the LHD machine operated for 4 hours, 

theoretically will be 36.643°C. That is very different from the initial conditions, which is 47°C. Changes 

in the ventilation network can be conducted using the VentSim software. After that, the modeling is 

carried out. 
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Using the VentSim software, the ventilation network changes are carried out by cutting the previous 

vent duct and adding a booster fan close to the work front to force the air. More air is channeled to the 

work front. After that, the temperature distribution modeling is carried out. 

In Figure 4(a), it can be seen the temperature distribution when the airflow rate is increased. The 

measurement points are the same as the initial condition, namely at a distance of 1 m, 5 m, 10 m to 65 

m with multiples of every 5 m from the end of the tunnel. When the airflow rate is increased, the heat 

spread is similar to the initial conditions, in which the heat is concentrated at the end of the tunnel where 

the LHD machine is operated. The rear of the LHD machine has the hottest because it is the location of 

the LHD machine exhaust.  

 

 

(a) 

 

 

(b) 

 
(c) 

Figure 4. The temperature spread on the work front when the airflow rate is increased (a) and (c) 

and changes to the ventilation network (b). 

 

 

Figure 5. The graph of the temperature when the airflow rate increased. 

However, when comparing Figure 4(c) to Figure 2(c), when the LHD is operated, the hot air seems 

not gathered but is carried further away. It is because firmer air can make hot air be carried away faster. 
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Figure 5 shows the temperature graph from the model made based on when the LHD is operated at 

every 1 m distance. It is known that when the airflow rate is increased, the heat distribution is similar to 

the initial condition, which is centered at the end of the tunnel where the LHD is operated. The hottest 

point is at a distance of 8-11 m, where the exhaust of the LHD machine is located. 

According to the simulation results, the average temperature on the work front is 37.062°C. The 

percent error ratio is calculated and compared with the theoretical calculation data, which is 36.643°C 

with the maximum percent error of 20%. The calculation of the percent error is shown as follows. 

 

%error= [(
37.062 - 36.64

37.062
)  x 100%] = 1.13%    

 

With a percent error value of 1.13%, the model reflects the actual work front tunnel conditions when the 

airflow rate is increased. 

5.  Discussion 

From the theoretical calculations and simulations that have been carried out, the increase of the airflow 

rate impacts the decrease in temperature of the work face. The temperature spread is centered at the end 

of the tunnel where the LHD machine is operated. The hottest point was at a distance of 8-11 m, where 

the exhaust of the LHD machine is located. The difference is that the average temperature is lower when 

the airflow rate is increased. 

 

 
Figure 6. The graph of the difference in temperature spread in the initial conditions 

and when the airflow rate is increased. 

 

6.  Conclusion 

From this study, it can be concluded that, from the simulation results, increasing the airflow rate impacts 

the decrease of the temperature on the work front when the LHD machine is operated, which is from 

47.519°C to 37.062°C. Furthermore, it also affects the temperature spread on the work front because, 

although temperature spread is similar graphically, it has a much lower temperature. This research has 

limitations by using secondary data. It would be better if the field data were self-measured. The 

simulation can be more detailed, even expanded on larger location in an underground mine and more 

variables as a consideration such as dust, gas content, etc. 
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