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ABSTRACT The mining sector’s sustainability is contingent upon operational efficiency improvements.
This has resulted in significant improvements in industrial energy efficiency, resulting in reduced emissions
and resource waste. Indian mine ventilation fans were discovered to be energy guzzlers, paving the way for
more efficient driving techniques. A thorough investigation of cost savings, energy savings, and pollution
reductions associated with different airflow scenarios utilizing Tandsi underground coal mine ventilation
networks were conducted. Two applications of ventilation-on-demand were investigated: dynamic and
steady-speed reduction. Economic feasibility suggests that variable speed drives operating at medium voltage
(3.3 kV) may be utilized in ventilation-on-demand systems. With the adoption of ventilation-on-demand
solutions, a total yearly electrical energy savings of 1070618 kWhmight be accomplished. The estimated cost
savings are 119588 US $, with a payback period of seven months on average. Emissions of greenhouse gases
have been reduced by around 37% annually. A variable speed drive operating at medium voltage (3.3 kV)
may be placed on the Tandsi mine ventilation fan to improve efficiency and decrease emissions. These audits
identify underutilized resources that may be used to increase mining sustainability and profitability.

14 INDEX TERMS Energy efficiency, VOD, ventilation network, energy savings, VSD, ventilation fan.

I. INTRODUCTION15

Growing economies consume more materials and energy16

[1], [2]. Global industrial energy consumption will rise17

by 1.4% per year [3]. Environmental and energy security18

issues require intelligent energy solutions [4], [5]. Increas-19

ing operational effectiveness is a 21st-century norm [6]. The20

economy’s strength depends on companies’ biggest clients21

taking proactive energy efficiency measures [7]. India and22

South Africa’s prosperity comes from natural mining23

resources and the long-term effects of mining [8]. Accord-24

ing to research, the mining industry uses outdated methods25

that disregard sustainability [9], [10]. The global mining sec-26

tor is using more efficient equipment like low voltage vari-27

able speed drives on pumping systems, ventilation fans, and28

The associate editor coordinating the review of this manuscript and

approving it for publication was Javed Iqbal .

cooling systems [11]. Experiments reduced the cost of low 29

voltage VSDs [12]. VSDs save money in complex industrial 30

systems [14]. The best-case study results come from cyclical 31

systems with part-load scenarios [14]. Variable speed drives 32

can save 25 to 50% of mining’s energy [15]. Mine ventilation 33

networks ensure a safe, productive work environment [16]. 34

Subterraneanwork areasmust have enough airflow to exhaust 35

and dilute harmful particles [17]. 36

Bulk air cooler and booster fan ventilation networks use 37

surface or subterranean suction fans and transport air under- 38

ground. Bulk air coolers cool mine ventilation air [13]. Before 39

reaching the operating areas, air passes through the main and 40

auxiliary booster fans [18]. Surface or subsurface refrigera- 41

tion systems cool bulk air coolers. Variable speed drives in 42

refrigeration and chiller facilities are successful, according 43

to research [9]. Intake guide vanes, variable speed drives, 44

and better-designed fan blades improve mine ventilation [19]. 45
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Mines regulate fan airflow volume with intake guide vanes46

(IGVs) and consistent speed [20]. IGVs offer energy ben-47

efits but increase frictional resistance and decrease pres-48

sure [21]. Overusing centrifugal fans or impellers causes49

cracked blades [22]. Construction has successfully installed50

VSDs with tiny fans [13]. Built-in HVAC systems meet peak51

loads [23]. Idle and half-load save energy.52

Redesigning fan blades saved energy [17]. Blade replace-53

ment is impractical due to initial and payback costs [18].54

Medium voltage variable speed drives were not used in any55

of these methods via dynamic ventilation-on-demand (VOD)56

that ensures smooth airflow for underground mining oper-57

ations [26], [27], [28]. Simulation, modeling, and dynamic58

control enable ventilation-on-demand (VOD) [29]. South59

African mines run at maximum airflow regardless of output60

needs [30]. All ventilation fans run full-time [31]. Return61

airways lose 28% of subterranean airflow [32]. 74% of intake62

air is lost through ducting and ventilation doorways in deep-63

level gold mines [33]. Considering the above, it is prudent to64

estimate a leakage rate of 28%oversupplied and underutilized65

mine ventilation in the working zones [33], [34]. Modulation66

and leak repair can reduce airflow leaks and improve airflow67

use. Dynamic and static ventilation on-demand increases air-68

flow. Dynamic VOD applications control airflow.69

Using the cyclical nature of mining airflow needs to change70

shifts [30]. Static VOD applications reduce mine ventilation71

network flow [20]. Establishing actual airflow needs and72

meeting them after leaks are fixed can achieve this [35]. This73

is the first-time leak repair has allowed a decrease in airflow,74

resulting in energy savings and lower emissions. MV VSDs75

can regulate primary mine ventilation fans for adequate air-76

flow underground [35]. Both dynamic and static control may77

be needed to manage ventilation [36]. Using MV VSD to78

control fan speed improves airflow management [29]. Pilot-79

scale VSD experiments in Canada showed variable airflow’s80

benefits in goldmines [37]. However, these technologies have81

not been deployed in South African mine ventilation net-82

works or MV VSDs [38]. Previous research focused on small83

capacity motors, such as chiller, compressor, pump, and fan84

motors [9].85

According to VOD and TOU, a theoretical model was86

developed and solved to determine the optimal fan speeds for87

a South African mine. VOD is successful in this minimiza-88

tion model when energy efficiency and load management89

are used. Taking TOU energy prices into account regulates90

ventilation fan speed, resulting in a dynamic fan power pro-91

file [30]. The load-shifting control saves energy during peak92

loads and other times. The optimizer reduces energy costs93

while ignoring ventilation and GHG emissions [1]. Using and94

regulating VSDs, which reduce airflow volume, can increase95

energy efficiency in building services [23]. Changeable cir-96

cumstances usually increased savings. Cost-saving measures97

for Indianmine ventilation networks should include static and98

dynamic applications.99

It is normal practice to operate main ventilation fans with100

constant speed and airflow rate in Indian underground coal101

mines, irrespective of the need for the production process. 102

They are also built to handle the greatest possible airflow 103

requirements for the period of their operational stage. Instead 104

of continuing to run fans at full speed all the time, the idea 105

is to gradually adjust their speeds (according to demand) to 106

enable variable airflow. Therefore, this study is important to 107

implement the idea of ventilation on demand (VOD) by using 108

VSD to implement energy efficiency initiatives. 109

This study focused on a 3.3 kV, 250 kW motor for Tandsi 110

Mine’s primary ventilation fan. Fans with 1000 kW or more 111

were not evaluated. South Africa’s political, socioeconomic, 112

and physical characteristics make VOD on mine ventilation 113

networks underappreciated [39], [40]. Directorate General of 114

Mines Safety, Govt. of India prohibits demand ventilation in 115

Indian underground coal mines. 116

This study evaluates two VSD implementations in the 117

Indian Tandsi underground coal mine. Energy consumption 118

and cost savings are estimated to assess the main mine venti- 119

lation fan’s energy consumption, GHG emissions, and finan- 120

cial viability. 121

The following sections make up the remainder of this 122

article. Section II describes the fundamental theory regrad- 123

ing primary ventilation fan performance, characteristics of 124

medium voltage 3.3 kV variable speed drive, and its finan- 125

cial feasibility towards installation with 3.3kV, 250 kW 126

electric motor to drive primary ventilation fan of Tandsi 127

Mine. A VOD potential analysis in Indian underground coal 128

mine can be found in Section III. In Section V, the study is 129

concluded. 130

II. FUNDAMENTAL THEORY 131

A. FAN PERFORMANCE CHARACTERISTIC 132

With a fixed blade angle centrifugal fan at a constant speed, 133

it’s important to understand how changing speed affects ven- 134

tilation fans [37]. Primary mine ventilation fans are centrifu- 135

gal [41], [42]. Each primary ventilation fan’s performance 136

is described by the OEM’s performance curve [31] in terms 137

of the static pressure needed to provide a given airflow vol- 138

ume [43]. Variable intake guide vane angles or speeds affect 139

fan efficiency, system resistance, and other performance [44]. 140

Figure 1 shows the characteristic curve of a Mine Ventila- 141

tion Fan Model No. APG-2500 installed at India’s Tandsi 142

Mine. M/s Suburban Industrial Works, Kolkata, India (Orig- 143

inal Equipment Manufacturer), made this curve. Decreased 144

fan speed under a given system resistance reduces air pres- 145

sure and power [45]. Pressure and airflow rate explain under- 146

lying principles. Equation (1) shows main ventilation fan 147

efficiency. Static efficiency is defined as the ration of air 148

power to shaft power [31]. Static air power is the product 149

of static pressure and fan speed [41]. Equation (1) links 150

pressure and airflow volume. VOD requires the fan to meet 151

demand [30], [31]. Modeling VOD requires calculating air- 152

flow volume and power. Static efficiency is calculated as 153

follows: 154

ηs =
Pa
Psh
=
m(H1 − H2)

ρPsh
=
Q(H1 − H2)

Psh
(1) 155
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where ηs is the static efficiency (%); Pa is the air power (kW);156

Psh is the shaft power (kW); m is the airflow mass flow rate157

(kg/s); (H1 − H2) is the pressure difference from initial to158

output conditions in (kPa); ρ is the air density in (kg/m3);159

Q is the airflow volume in (m3/s).160

Airflow volume and power are linked by fan affinity161

laws [37]. The laws link fan speed, shaft power, and fan162

pressure. The affinity laws are:163

P1
P2
=

(
N1

N2

)3

(2)164

H1

H2
=

(
N1

N2

)2

(3)165

Q1

Q2
=

N1

N2
(4)166

where P denotes the power (kW), N denotes the speed of167

the fan (rpm), H denotes the pressure (kPa), and Q denotes168

the airflow volume (m3/s). Subscripts 1 and 2 are initial and169

output conditions respectfully.170

Equation (4) shows that airflow volume ratio is propor-171

tional to fan speed ratio. A small reduction in fan speed causes172

significant power loss [10].173

Variable speed drives control fan motors and change174

airflow volume [30]. This affects the cubic power-airflow175

relationship [11], [12]. Regulating fan speed to provide a176

predefined airflow volume calculates shaft power.177

FIGURE 1. Fan characteristic curve of main ventilation fan installed at
Tandsi UG mine.

B. CHARACTERISTICS OF VARIABLE SPEED DRIVE178

Variable speed drives use PWM to vary electricmotor current,179

voltage, and frequency. These outputs can regulate motor180

torque, speed, and power [46]. Variable duty point mod-181

ulation provides the most efficient variable load manage-182

ment [47]. Conventional IGV controls eliminate friction and183

pressure drop by opening IGVs to 100% and regulating flow 184

with VSDs [10]. Motor current load losses of 2% to 3% result 185

in 97% to 98% VSD efficiency [37]. VSDs reduce GHG 186

emissions and life-cycle costs [10]. VSDs help industries 187

reduce energy costs [6]. Many successful case studies have 188

been conducted on boilers, conveyor systems, refrigeration 189

systems, and pumping systems [48], [49]. The relationship is 190

established between motor power and rated speed in terms of 191

their respective proportions [12]. 192

C. FINANCIAL FEASIBILITY 193

Before deployment, the financial viability of installing VSDs 194

should be carefully assessed [6]. Payback period (PBP) and 195

ROI are used to evaluate energy projects [50]. Efficiency 196

experts Nehler and Rasmussen found that the PBP con- 197

tributes most to project feasibility [51]. This also applied to 198

South Africa’s multinational mining companies [10]. In this 199

research, the PBP was used to determine a project’s viability. 200

Equation (5) determines a project’s PBP [12]. 201

PBP =
CTE
CTS

(5) 202

where PBP is the annual payback period, CTE is the annual 203

project expenditure (US$) (including the capital, installa- 204

tion, and commissioning costs), and CTS is the annual cost 205

savings (US$). 206

In South Africa, overall cost savings are calculated using 207

energy savings and electricity tariffs due to TOU power pric- 208

ing [52]. Energy projects with PBPs less than one-third of 209

an electric motor’s life expectancy are feasible. Electrical 210

motors in mine ventilation fans have a 25-year lifespan [53]. 211

Energy projects using fan motors with a PBP of less than 212

eight years will be financially viable. International case stud- 213

ies show that VSD utilization initiatives have PBPs of less 214

than two years [48]. This meets South Africa’s mining sec- 215

tor’s feasibility criterion [10]. Technological advances and 216

increased use of VSD have reduced costs in the past five 217

years [12]. Low voltage VSD applications have benefited 218

the industry [6]. Although 3.3 kV VSDs have become less 219

expensive (US$/kW), their deployment has been limited [48]. 220

Table 2 shows the prices of 3.3 kV VSDs for Indian mine 221

ventilation fans. 222

VSD projects on high-capacity motors become more prac- 223

tical. Due to limited demand, MV VSDs are more expensive 224

in South Africa [10]. This shows the importance of evaluating 225

VOD in South African mining. Due to low demand, 3.3kV 226

VSD is expensive in India. The Indian Mining Sector’s VOD 227

potential must be evaluated. 228

MV or LV VSDs are chosen based on the controlled 229

equipment’s supply voltage and rating [12]. For optimal con- 230

trol in medium voltage mining systems, only MV VSDs 231

may be installed [24]. LV VSDs cannot be installed on 232

mine ventilation fans [6]. When comparing LV and MV 233

VSD installations, the payback time should be used as the 234

deciding factor [51]. Modern MV VSD manufacturers have 235

solved significant technical issues [12]. Technical issues are 236
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unnecessary if the MV VSD drive is installed and commis-237

sioned properly [10].238

Manufacturers offer extended maintenance plans and guar-239

antees to keep MV VSDs running for at least five years [54].240

Manufacturers surveyed offer mine workers free training and241

quick help for five years. Before capital-intensive ventures,242

low-hanging fruit initiatives should be implemented [51].243

III. VOD POTENTIAL244

The ventilation networks of the Tandsi mine were examined245

as part of the evaluation of VOD potential. The Tandsi Mine246

ventilation networks’ service delivery and energy usage were247

assessed. The ventilation networks were of varying sizes to248

allow for a complete evaluation of VSD use in a nationwide249

setting. Tandsi UG coal mines with different degrees of com-250

plexity and production rates were included in the study.251

A. TANDSI MINE VENTILATION NETWORKS252

When planning ventilation, three coal mining shifts must be253

considered. Each change requires airflow, but for different254

reasons [55]. Each shift drills, charges, blasts, and loads. Dur-255

ing shifts, main ventilation fans and underground booster fans256

ventilate subterranean working areas. This ensures that tem-257

perature and particle matter requirements are met [56]. Haz-258

ardous particles (toxic blasting gases and dust) are neutralized259

and expelled between shifts for 2 hours [30]. Miners leave the260

production face and move to the main shaft haulage area until261

the clearing period is over or they leave the mine [21]. Many262

writers have examined ways to improve mine ventilation net-263

works [41]. Du Plessis et al. used IGV control to reduce264

costs in South African mines [24]. Chatterjee et al. created265

a theoretical VOD optimizer based on TOU power prices to266

account for actual airflow needs [31]. No research has been267

done on the viability of MV VSDs in South African and268

Indian mines [21]. Many writers stressed the need for such269

research to determine cost savings and emission reductions270

associated with primary mine ventilation fans [37].271

B. TANDSI MINE ENERGY AUDIT272

Energy audits are the first step in assessing energy projects.273

[57]. An energy audit is a thorough method for evaluating and274

analyzing systems to identify potential energy savings [58].275

Energy consumed by different equipment used in Tandsi276

UG coal mine was audited to evaluate their annual percentage277

share of energy consumption [59].278

In table 1, themine ventilation fan represents 17.33% of the279

total energy consumed in the TandsiMine. InstallingVSDs on280

mine ventilation networks can reduce costs by 25 to 50% [15].281

South African mines typically operate under constant airflow282

conditions that provide maximum volume [30]. Indian mine283

ventilation fans run 24/7 at full capacity [31]. Primary venti-284

lation was audited to assess and characterize an Indian mine’s285

(Tandsi UG coal mine) ventilation network.286

Historical data on the ventilation network of the Tandsi287

underground coal mine were combined with fan perfor-288

mance curves and other system parameters to analyze and289

characterize present operations [14], [54]. Fan load and 290

energy use should indicate flow modification [14]. Equa- 291

tion (6) can be used to calculate a primary ventilation fan’s 292

energy consumption [60]. 293

EFan = (T o)(LF )(WF ) (6) 294

where EFan is fan motor energy consumption (kWh), To 295

denotes working hours (h), LF indicates load factor (per- 296

centage), and WF denotes maximum rated power of fan 297

motor (kW). Load factor is defined as the ratio of measured 298

capacity to motor-rated capacity [58]. 299

TABLE 1. Annul percentage share of energy consumption [59].

Equation (6) determined the mine’s load factor. Table 2 300

shows the load factor’s key finding. The fan motor’s static 301

efficiency is 85% at 250 kW. The assessed fan accounted for 302

22% of the mine’s annual energy consumption. The mine’s 303

primary fan is a centrifugal, backward-inclined fan with 304

a 3.3 kV supply voltage. The primary ventilation fan has 305

IGV (Inlet Guide Vane) control. Several vanes were stuck 306

in many IGVs. High vibrations damaged these vanes’ IGV 307

control mechanism. The primary ventilation fan wasn’t vari- 308

able speed. In India, the potential for VOD via VSD on the 309

primary mine ventilation fan has neither been studied nor 310

implemented. Lack of knowledge about VSD implementation 311

and evaluation may account for its absence in VOD [15]. 312

South Africa’s cheap power prices meant mine workers didn’t 313

prioritize energy efficiency [52]. As a result, energy conser- 314

vation measures were overlooked, as is the case now [21]. 315

Most employees were willing to install VSDs as part of VOD 316

efforts if the financial benefits were shown in a PBP. In India, 317

electricity costs are higher for coal mines, so management 318

is exploring installing 3.3 kV VSD on the main ventilation 319

fan. Using VSD technology, the Tandsi mine’s VOD poten- 320

tial can be assessed. Table 2 ’s power load factors indicate 321

inefficient operations that can be mitigated by VSD airflow 322

volume modulation. Tandsi Mine’s load factor is below 80%. 323

Inefficient IGV control of themine ventilation fan led to a low 324

power load factor. Low factor means variable airflow control 325

93528 VOLUME 10, 2022



M. Kumar et al.: Energy Savings Through VOD Analysis in Indian Underground Coal Mine

can improve operational efficiency. Thus, VSDs are in high326

demand. VSDs must be financially viable.327

TABLE 2. Electrical characterization of tandsi mine ventilation network.

C. SAVING CALCULATIONS328

Estimates of savings should be as precise and cautious as pos-329

sible [61]. Numerous techniques exist for calculating VSD330

savings on pump and fan motors [58]. This research used a331

simplified technique to calculate energy savings [12]. This332

method is ideal for evaluating complex systems like mine333

ventilation networks [12]. Equation (7) can be used to cal-334

culate energy savings from installing MV VSDs on mine335

ventilation fans [24].336

ESFan = (T o)(SPF )(WF ) (7)337

where ESFan is the energy saved (kWh); To is the running338

hours (h), SPF is the energy savings percentage (%) for an339

anticipated decrease in airflow, and WF is the fan motor’s340

maximum rated capacity (kW).341

Energy conservation reduces coal-fired power plant GHG342

emissions [62]. More than 65% of India’s energy comes343

from coal. South Africa’s GHG emissions grew by 20%344

between 2000 and 2009, so energy savings may contribute345

to a paradigm shift toward sustainable growth [63]. Equa-346

tion (8) can be used to estimate GHG emission reductions347

from energy savings [6].348

ERGHG = ESFan
∑

(F%×EF ) (8)349

where ERGHG denotes annual reductions in CO2, SO2, and350

NOx GHG emissions (kg), ESFan denotes electrical energy351

savings (kWh), F% denotes the percentage of fuel used to352

generate electricity (%), and EF denotes coal-fired electricity353

generation emission factors (kg/kWh). CO2, SO2, and NOx354

have 0.990, 0.00825, and 0.00411 (kg/kWh) emission fac-355

tors [70]. When evaluating Indian underground coal mines’356

VOD potential, consider emission reductions.357

IV. RESULTS358

The next part evaluates VOD in Indian coal mines via 3.3 kV359

VSDs, using all study data. VSD adoption can save energy,360

reduce costs, and reduce GHG emissions. Equations (6) - (8)361

were used to evaluate the effects of varying airflow volume.362

Finally, financial indicators were computed for each airflow363

volume scenario to determine its feasibility.364

A. VOD POTENTIAL IN INDIAN UNDERGROUND COAL 365

MINE 366

VOD potential can be assessed in dynamic and static con- 367

trol applications [10], [48]. VOD meets the varying airflow 368

requirements of various mining operations throughout a typ- 369

ical mining day [31]. VOD creates a dynamic daily air- 370

flow profile and fan speed/energy profile. In some cases, 371

underground airflow is oversupplied or inefficiently used, 372

requiring constant speed reductions [41], [32]. Inadequate 373

underground seals, deteriorated ducting, improper circuit 374

design, and unforeseeable mining changes cause low airflow 375

utilization [41], [27]. 28 percent of ventilation fan airflow is 376

lost to return airways in South African mines [32]. Installing 377

ventilation seals that direct airflow to underground work 378

areas increases airflow efficiency. After that, South African 379

mines can reduce supplied airflow by 28% while maintaining 380

service [16], [21]. Any change to the underground ventila- 381

tion network’s configuration affects system resistance and 382

energy consumption [41]. To illustrate the theoretical max- 383

imum potential of VOD applications calculated using affin- 384

ity law equations, the system resistance was assumed to 385

remain constant. Changes in the underground ventilation net- 386

work configuration will reduce energy savings. In a dynamic, 387

expansive environment, it’s impossible to eliminate all 388

leaks [16]. This must be considered, along with pilot case 389

study results versus theoretical energy savings and emission 390

reductions. Constant speed applications must be examined 391

before assessing VOD’s potential in Indian mines. 392

Table 4 shows the fan’s energy consumption at Tandsi UG. 393

Under different airflow conditions, the fan’s energy consump- 394

tion was estimated. As mentioned, the drop in airflow may 395

be due to an overstock or subterranean ventilation sealing 396

improving airflow use (28 percent leakages). Construction of 397

subterranean seals at mines should reduce airflow as planned. 398

TABLE 3. Typical 3.3 kV MV VSD costs (US$) in India.

Table 3 shows that the overall cost of the MV VSDs 399

includes installation, commissioning, bypass panels, five- 400

yearmaintenance, andwarranty, and building new substations 401
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to house the MV VSDs. The only cost is running the mine’s402

fan. The standby fan was omitted; it will be added and oper-403

ated by MV VSDs to provide ventilation redundancy. Sub-404

terranean airflow seal costs were not included. Each mine’s405

ventilation network determines how many airflow seals are406

needed. Airflow seal prices and requirements vary greatly.407

Tandsi UG mine cost savings should be weighed against MV408

VSDand airflow seal expenses [10]. As technology improves,409

MV VSD costs have dropped [64].410

TABLE 4. VSD installation cost for Tandsi UG coal mine.

Certain countries, like the EU, have implemented min-411

imum energy performance requirements to encourage MV412

VSD installation [64]. Adoption ofMVVSDs in SouthAfrica413

will depend on project finances [10] [65]. The solution incor-414

porates redundancy and flexibility in case of MVVSD failure415

or maintenance. Most mines examined have standby fans as a416

backup in case a VSD fails. Most primary ventilation fans use417

direct online (DOL) or liquid resistance starters [24]. After418

installing MV VSDs, these starters are connected to bypass419

panels as a backup. Bypass panels make switching beginning420

techniques easy [12]. MV VSDs provide gentle starting and421

stopping, enough torque, and cooling [10].422

This research chose a 10%-28% decrease in airflow to423

determine the greatest possible savings from sealing and424

repairing subterranean airflow leaks [32]. Under different air-425

flow conditions, the savings and payback times of installing426

MVVSD on the mine’s major ventilation fan were evaluated.427

Table 5 summarizes adding 3.3 kVVSDs and reducing supply428

airflow. Tandsi UG coal mine can save 1070618 kWh/year by429

reducing airflow by 28%. 1060 tonnes of CO2 will be avoided430

annually. Similar reductions in sulfur dioxide and nitrogen431

oxide emissions will be made. Constant speed applications432

at Tandsi mine could save $1,19588 annually, with a seven-433

month payback. Each airflow reduction scenario had a shorter434

payback time than the benchmarked 24 months, indicating435

they were feasible.436

The findings suggest that medium voltage 3.3 kV VSDs437

could be installed on main ventilation fan motors in Indian438

underground coal mines for constant speed applications.439

Table 5 shows that MV VSD savings and financial feasibility440

increase when airflow and fan speed are reduced. This441

research assumed a maximum airflow decrease of 28%,442

but the literature shows subterranean airflow utilisation can443

be improved by 50% [30], [66]. Kocsis researched Cana-444

dian mines and found best practises. A 20% leakage rate is445

reasonable, highlighting the potential in South Africa and446

internationally [67]. By fully opening the IGVs, the pres- 447

sure drop associated with IGV control is reduced. These 448

savings are hard to measure, so they weren’t included [68]. 449

Assessing VOD potential in South African mines should 450

include dynamic applications. During underground min- 451

ing operations, these applications need a dynamic airflow 452

profile [31], [41]. 453

TABLE 5. Evaluation of VOD potential for constant speed applications.

Normal volumetric airflow in South African deep-level 454

mines is 3 to 6 m3/s per kt of rock mined monthly, 455

or 0.12 m3/s per tonne mined daily [55]. Per mine and shift, 456

mining requirements vary. Each mine has a unique setting, 457

scale, depth, mining strategy, and complexity [35]. Dynamic 458

VOD applications should define airflow needs to demon- 459

strate feasibility [31]. For this large-scale assessment, it was 460

assumed that VOD airflow requirements meet the necessary 461

air-cooling power, heat load rejection capability, and dilution 462

factors for safe and productive mining [31], [55]. 463

This research needs 5.25 m3/s per kt/month of airflow. [69] 464

gives the average airflow requirements for a 200 kt/month 465

mining operation. If the airflow requirements for dynamic 466

VOD are met, energy savings of 30 percent over constant 467

speed applications are possible (Table 5 ). Foreign manu- 468

facturers promise savings like the suggested profile [70]. 469

Manufacturers say dynamic VOD can save 40% on elec- 470

tricity [70]. This potential is affected by fan characteris- 471

tics, ventilation network system resistance, and network 472

complexity [23], [71]. 473
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Ventilation controls at production faces are needed to474

ensure adequate airflow underground [72]. Dynamic VOD475

applications can be controlled using predefined fan speed476

profiles or real-time subsurface airflow measurements [30].477

Real-time control was omitted because it’s capital intensive.478

Table 5 estimates savings from applying VOD dynamically to479

mine ventilation fans. This excludes the energy savings from480

constant-speed applications. Due to lower airflow reduction,481

constant speed applications have a lower average airflow482

reduction potential.483

By implementing the dynamic VOD application, an esti-484

mated energy savings of 544110 kWh/year may be realized485

on the Tandsi underground coal mine with a 12% decrease486

in airflow, resulting in an estimated carbon dioxide emission487

reduction of 539 tonnes per year. Dynamic VOD can save488

up to $60777 annually, with a 14-month payback. Dynamic489

VOD applications are impractical when airflow decreases are490

less than 12%. These applications surpassed the 24-month491

industry standard. With the declining cost of MV VSDs and492

technological advances, these projects may become feasible493

soon [10]. Dynamic VOD is possible with airflow reductions494

of more than 12% or when combined with static VOD. When495

MV VSDs are installed in Indian coal mine ventilation net-496

works, dynamic VOD applications are possible.497

B. POTENTIAL DISCUSSION498

Amining ventilation network can use both constant speed and499

dynamic VOD. This must be done scientifically and realis-500

tically to show implementation capabilities and limitations.501

A conservative mix of these applications was chosen for this502

research, resulting in a 22% decrease in total airflow. The best503

practice airflow leakage percentage for Canadian mines is504

20% [67]. South African mines don’t have an optimal airflow505

leakage percent yet. South African mines may lose 28% of506

their airflow [32]. Subterranean airflow leaks may reduce507

airflow by 10%. The dynamic VOD application with a 12%508

airflow reduction was also included in the combined analysis.509

A constant speed application to a mine would reduce airflow510

by 10% after leaks were sealed; a dynamic VOD application511

to the Tandsi mine would reduce airflow by an additional 12%512

and possible energy savings of 31.85%.513

The combined sites would save 544110 kWh/year and514

539 tons/year of CO2. Similar reductions in SO2 and NOx515

emissions will be 5 and 2 tons/year. Constant speed and516

dynamic applications can save 60777$ annually, with a517

14-months payback. As part of the VOD potential, Tandsi518

Mine could install MV (3.3 kV) VSDs. If VSDs aren’t519

planned and built with redundancy in mind, they introduce520

restrictions [12].521

In the event of a VSD failure, the system should have522

enough redundancy to keep running for the duration of the523

outage. For optimal performance, the MV VSD should also524

be protected from natural factors [73]. With careful planning525

and design, these limitations can be overcome. Due to the526

need for redundancy, this effort will have aminimal impact on527

mining operations.While theMVVSD is being used to install528

TABLE 6. Evaluation of VOD potential for dynamic applications.

the backup fan, one fan may continue to run. This criterion 529

for mine ventilation redundancy is specified by the South 530

African Department of Mineral Resources [18]. By installing 531

MV VSDs on primary mine ventilation fans, it is possible to 532

overcome most of the limitations currently associated with 533

this installation method. 534

V. CONCLUSION 535

When medium voltage VSD was used in conjunction with 536

VOD methods, it was discovered that main ventilation fan of 537

the Tandsi mine had significant efficiency potential. The pri- 538

mary mine ventilation fan had significant static and dynamic 539

application potential, according to a comprehensive energy 540

assessment of the Tandsi mine ventilation network. Both 541

applications had payback periods of less than two years, 542

whichwas a positive financial metric.When both applications 543

are used in a methodical manner, researchers found that the 544

best results can be achieved. A total of 1070618 kWh of elec- 545

tricity could be saved each year by installing MVVSD on the 546

Tandsi mine ventilation fan motor. After that, it’s estimated 547
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that the total cost savings will be recovered in seven months.548

GHG emissions, including carbon dioxide, Sulphur dioxide,549

and nitrogen oxide, would be reduced by an average of 37%550

compared to current operations. There are some limitations551

imposed by installing MV VSDs, but their practicality and552

benefits outweigh them. With the installation of MV VSDs553

on mine ventilation fans, Indian mines have a distinct VOD554

potential for both applications. Promoters of energy conser-555

vation should take a close look at these and other efforts to556

improve operational efficiency. This would have a positive557

impact on the global economy, as well as on the environ-558

ment. Ventilation network installation and analysis will be an559

important future area of research for MV VSD applications560

in the Indian mining industry. In the future, MV VSDs will561

also be installed on mine winders, compressors, and hoist-562

ing systems for increased efficiency. It is possible that new563

control methods could be developed to improve operational564

efficiency for combined IGVs and MV VSD technology.565
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