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South Africa's national power utility, Eskom, initiated a Demand Side Management 

(DSM) drive to help alleviate the electricity supply shortage experienced in South 

Africa. The focus of this study is on a load-shifting intervention applied in the 

mining environment. Load shifting is an appealing way of reducing peak demand. 

The mining sector is one of the largest consumers of electricity in South Africa. The 

application of DSM in this sector has the potential of yielding significant electrical 

load shifting. Firstly, this helps Eskom because they are struggling to keep up their 

supply. Secondly, the mines also benefit because electrical load is shifted to less 

expensive off-peak times. Electricity cost as a percentage of the total cost of mining 

output is bound to increase considerably the next few years. 

An investigation was conducted into the potential ofperforming load shifting on complex 

underground rock winders the mining sector. This involved a thorough study on 

existing load-shifting applications on rock winder systems. Simulations were performed 

on rock winder systems in their different configurations at deep-level gold mines. The 

simulation results indicated that there was potential for the application ofload shifting. 
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ABSTRACT 

Tau Tona was selected as a case study. This decision was based on simulations 

. to establish which of the initially identified mines would be the best candidate for 

load shifting. Tau Tona has a complex underground rock winder system. Multiple 

rock winders feeding each other are used in a cascaded configuration. A potential 

load shifting target of 3' MW in the evening peak period was determined by means of 

simulation. 

The rock winder system was sequentially automated. An average evening peak 

demand load shift of 1 MW (or 4,2 MWh) was achieved. This translates to an 

average annual cost saving of R 240 000. If the load-shifting target of 3 MW could 

be obtained, the annual cost savings would increase by 30% to R 343 000. 

A study was also conducted on the feasibility of implementing maximum demand 

monitoring and control. Rock winders could be used in future to prevent the mines 

from exceeding their maximum demand. This is because rock winders consume very 

large amounts of electricity and can be stopped and restarted very quickly. 

Huge financial obligations can be prevented by making sure that the mines do not 

exceed their negotiated maximum demand. The necessary - and costly 

infrastructure to do this could not be procured during this study. 
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Eskom, Suid Afrika se nasionale elektrisiteitsverksaffer, dryf tans 'n DSM ("Demand 

Side Managenment" of aanvraag-kant-bestuur) program. Die doel hiervan is om die 

dreigende elektrisiteitstekort te help verlig. Hierdie studie fokus spesifiek op las

skuif toepassings in die myn-omgewing. Las-skuif is 'n doeltreffende metode om 

piek-elektristeits-las te venninder. 

Die mynwese sektor is een van die grootste verbruikers van elektrisiteit. Wesenlike 

las-skuif is moontlik deur DSM op hierdie sektor toe te pas. Dit sal lei tot voordele 

vir beide Eskom en die myne. Eerstens help dit om Eskom se probleme Lv.m. 

elektrisiteitsvoorsienings te verlig. Tweedens baat die myne ook daarby deurdat 

elektrisiteitsverbruik na goedkoper af-piek tye geskuif word. Dit is belangrik omdat 

elektrisiteit as 'n persentasie van die totale koste per produksie uitset aansienlik gaan 

toeneem in die volgende paar jaar. 

'n Studie is aangepak om die potensiaal van las-skuif toepassings op komplekse 

ondergrondse rotshysers in myne te bepaaL Dit het 'n omvangryke studie van bestaande 

las-skuif toepassing behels. Simulasies is verder gedoen op rotshysers in verskillende 

opstellings by diep-vlak-myne. Die resultate het gewys dat daar weI potensiaal was om 

las te skuif. 
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SAMEVAITING 

Die eerste gevalle-studie was by Tau Tona myn. Hierdie myn is gekies op grond van 

simulasies om te bepaal watter myne die beste kandidate vir las-skuif toepassings sou 

wees. Tau Tona het 'n komplekse ondergrondse rotshyserstelsel. Veelvoudige rotshysers 

voer mekaar in 'n kaskade opstelling. 'n Las-skuif potensiaal van 3 MW is bepaal deur 

middel van simulasie. 

Die rotshyserstelsel is toe gevolglike ge-outomatiseer. 'n Gemiddelde aand-piek las

skuif van 2,1 MW (of 4,2 MWh) is bereik. Dit impliseer jaarlikse kostebesparings 

van R 240 000. As die beplande las-skuif van 3 MW bereik kan word, sal die 

kostebesparing met 30% styg tot R 343 000. 

'n Studie is ook gedoen om te bepaal of maksimum aanvraag ("Maximum Demand 

(rvID)) monitering en beheer ook toegepas kan word deur rotshysers te gebruik. 

Rotshysers kan moontlik in die toekoms gebruik word om te verhoed dat 'n myn hul MD 

oorskry. Dit is moontlik omdat rotshysers baie hoe vlakke van elektrisiteit gebruik en 

ook omdat hulle redelik vinnig gestop kan word. Groot finansiele verpligtinge kan 

voorkom word deur te keer dat die myn hul MD oorskry. Die nodige (en duur) 

infrastruktuur om die MD monitering en beheer toe te pas kon nie tydens die verloop van 

die studie aangeskafword nie. 
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NOMENCLATURE 

RIO remote input output 

s second 

SCADA supervisory control and data acquisition 

SV sub vertical 

t tonne 

TOU time ofuse 

TV tertiary vertical 

USPTO United States patent and trademark office 

VT vertical transport 

WIPO world intellectual property organisation 

VARIABLES USED IN EQUATIONS 

total cycle time 

loading time 

hoisting time 

skips per hour 

skips per day 

production target 

skip size 

operational hours required 

rock winder idle hours 

average electrical energy consumption per hoist cycle Paverage kWh 

p average power consumption per hoist cycle 
average cycle 

P power consumption for n full-hoist cycles 
11 cycle 

t time duration for n full-hoist cycles 
n cycle 

t average time duration for a full-hoist cycle 
average cycle 
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NOMENCLATURE 

number of seconds within an hour tsec/hour 

n number of full-hoist cycles 

time duration between data samples 

p sum ofthe power consumed for n number of full-hoist cycles 
n sumcycle 
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Chapter 1: Introduction and Background 

CHAPTER 1: INTRODUCTION AND BACKGROUND 

Hendrina Power Station located in the south of Middleburg, South Africa. The photo was taken July 171h 

1998, courtesy of Christopher and Sally Gable. The electricity shortage in South Africa is well known, an 

overview of the electricity shortage crisis is provided in this chapter. 

Load shift through optimal control of complex underground rock winders Page 1 



Chapter 1: Introduction and Background 

1.1. ENERGY USAGE IN SOUTH AFRICA'S MINING SECTOR 

1.1.1 GLOBAL ENERGY OVERVIEW 

Worldwide there is a realisation of the challenge for sustainable energy supply [1]. There 

has been an increase in the demand for energy by developed and developing countries. It 

is estimated that the world primary energy needs will increase by 45% between the years 

2006 and 2030. This implies a year-on-year growth rate of 1,6% [2], [3]. 

Developing countries will account for more than two-thirds of the world energy 

consumption, due to their rapid population and economic growths [2]. Electricity 

demand in developing countries is steadily approaching the maximum supply capacity. 

The era of abundant energy supply has come to an end. One of the major global issues 

currently facing the world today is the worldwide need to conserve energy. Figure 1 

shows the historical and projected global energy consumption. 
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Figure 1: World historical and projected energy consumption by EIA (2006) [3]. 
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Chapter 1: Introduction and Background 

Electrical energy consumption IS estimated at 30% of the total world energy 

consumption. The contribution from electrical energy consumption is projected to 

mcrease as oil prices rise and availability declines - as observed over previous 

years [4]. 

The total energy consumption has increased worldwide from 299 x 109 Giga-joules 

( 299 x 10 9 GJ) in 1980 to 498 x 109 GJ in 2006 [3]. This represents a 60% increase in 

the world energy consumption over this 26 year period. In 2009, the forecast of world 

energy consumption is that there will be a further 70% increase over the next 

21 years [3]. 

1.1.2 SOUTH AFRICA IS ELECTRICITY DEMAND AND SUPPL Y SITUATION 

South Africa is considered a developing nation and is no exception to the challenge of 

sustainable energy. The mining industry has been the main contributor to the South 

African economy. This industry spurred the growth of other sectors in the economy 

such as manufacturing and agriculture [5]. In 2007 mining contributed 7,7% to the 

Gross Domestic Product (GDP) amounting to R 135,6 billion - an increase of 

R 16,2 billion compared with 2006 [6]. Figure 2 shows the consumption breakdown 

for each sector. 

Breakdown of South Africa's electriCity consumption 

Own use of 

Mining, 15% 

Industrial and 

Manufacturing, 


38% 


Figure 2: Breakdown ofthe electricity consumption in South Africa. 
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Chapter 1: Introduction and Background 

The mining and industrial/manufacturing sectors are responsible for 53% of the total 

electricity consumed in 2007 [5], [6]. Another main electricity consumer is the 

residential customers, accounting for 17% of the total electricity consumed in the 

same year. The residential sector is the second largest consumer of electricity m 

South Mrica and is responsible for the high peak demand periods [8]. 

It IS more practical to apply DSM interventions on the mmmg and 

industrial/manufacturing sectors. This is because significant results are achieved with 

minimal effort compared with residential consumers [9]. In 2001 South Africa was 

ranked as the 16th largest energy consumer in the world. The performances of the 

mining and manufacturing industries placed South Africa as the world's 25 th largest 

GDP in 2006 [7], [10]. 

South Africa is a country that possesses vast resources and various kinds of minerals. 

Figure 3 shows the types of energy sources converted to electrical energy over previous 

years in South Africa. In the year 2000, 79% of the total energy supplied to the country 

was derived from coal [1]. 

South Africa's historical energy supply 
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Figure 3: Evolution ofSouth Africa's energy supply from 1971 to 2007 [11}. 
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Chapter 1: Introduction and Background 

In the year 2000, it was estimated that the electricity consumption in South Africa 

would increase by 1000 megawatts (MW) per year. The generation capacity reserve 

margins were 25% of peak demand in the year 2002 [12]. Maximum electricity 

demand was expected to exceed Eskom's generation capacity during the peak periods 

of 2007 [13]. 

In 2006 the electricity reserve margins were down to 16% and in 2008 the reserve 

margins were only 8% to 10% of the peak demand [6]. According to international 

electricity regulations, minimum reserve margins must range between 15% and 20% 

levels for sustainable network reliability [12J, [14J. Reserve electricity generating 

capacity should be greater than 15% to help ensure reliability in the supply of 

electricity. 

Between October 2007 and February 2008, South Africa suffered numerous power 

outages and major interruptions in the supply of electricity [12]. The power outages 

resulted from load shedding that was implemented to manage the electricity shortage 

and ensure the stability of the grid [6J, [15]. 

The frequency of load shedding during this period attracted national attention, 

bringing the electricity shortage crisis to the foreground [12]. On 24 January 2008, 

maj or mining groups had to temporarily shut down their operations for safety 

considerations [6J. 

It has therefore become critical for South Africa to increase electricity generation 

capacity and for consumers to optimise their usage. The worldwide economic downturn 

resulted in South Africa's electricity consumption declining by 4,6% in March 2009 

compared with the previous year [16]. As the economy recovers it is expected that there 

will be an electricity shortage once again [17J. 

Load shift through optimal control of complex underground rock winders Page 5 



Chapter 1: Introduction and Background 

1.1.3 SOUTH AFRICA'S ROLE IN THE MINING SECTOR 

South Africa accounted for more than 10% of the world gold production in the year 

2008. Figure 4 shows South Africa's world ranking in the production and reserves of 

various mineral resources. The wealth of the country has been built on its vast 

resources, which comprise 41 % gold, 45% vanadium, 73% chrome, 80% manganese 

and 90% platinum metals in the world reserves [18]. 

South Africa's world ranking in mineral resources 
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Figure 4: South Africa's role in world mineral reserves andproductionfor 2007 [19]. 

South Africa produced approximately 49000 tonnes of gold from 1884 to 2001. This 

accounted for 35% of the total gold produced in the world [20]. In 2007 South Africa's 

mining industry was estimated to employ over 493 000 workers [21]. South Africa 

boasts some of the world ' s deepest mines, which are typically gold and diamond 

mines [22]. 
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Chapter 1: Introduction and Background 

According to the Chamber of Mines in 2007, South Africa was known as the world's 

largest producer of gold with a production of 393,7 tonnes [20J. Towards the end of 

2007, China took over as the world's largest gold producer, which had been a position 

held by South Africa for over a century [23]. 

Southern African regions contain numerous gold-bearing ore deposits existing at depths 

of almost 5 000 metres underground. Previous methods that have been used to reach 

deeper reefs, such as the sub vertical shaft systems, are no longer economically 

viable [22]. 

1.1.4 DEMAND SIDE MANAGEMENT (DSM) AND TARIFF STRUCTURES 

South Africa's national electricity utility, Eskom, has established within its ranks a 

Demand Side Management, (DSM), programme launched in 1992 [24]. This 

programme is designed to delay the requirement to invest in new power generation 

stations and to increase reserved capacity [1]. 

DSM encourages the consumers to alter their electricity consumption behaviour and 

increase awareness of electricity demand. The key functions of DSM are in planning, 

implementation and monitoring of the activities of end-users of electricity [18]. The 

demand for electricity is influenced by the season, time of day and the day of the 

week. 

Seasonal: The South African winter months of June, July and August showed the 

highest peaks in electrical demand. This can be attributed to a number of factors: 

• 	 Additional energy required to power heating equipment such as heaters and 

geysers [25J. 

• 	 During this season the country experiences longer nights and shorter days, 

resulting in longer lighting hours which increase electricity consumption. 
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Time of day: During a typical day there are two main periods where the electrical 

demand increases significantly. These periods are between 07hOO and 10hOO and 

between l8hOO and 20hOO. Figure 5 shows the electricity demand profile for a typical 

summer day (1 February - 15 April 2008 and 1 October - 15 December 2008), a 

typical winter day (15 May - 15 August 2008) as well as the peak demand day 

(14 July 2008) during the winter of 2008. 
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Figure 5: Electricity demand patterns 2008 (typical daily profile) [l2}. 

Day of week: During a typical day the main two periods of high demand have a 

negative impact on the supply side of electricity. This has the potential to apply load 

shedding during the high demand period for electricity. During weekdays the 

electrical demand increases significantly compared with weekends and public 

holidays. 

Eskom, the primary electricity utility of South Africa, has introduced the time of 

use (TOU) pricing structure tariffs to increase awareness of energy efficiency. There are 

a number of tariff structures introduced for specific customer requirements grouped into 

three different classes: urban tariffs, residential tariffs and rural tariffs [26]. The mining 

and industrial sectors fall in the urban tariff structure which consists of three sub-tariffs, 

the Night Save, Mega Flex and Mini Flex. 
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The majority of mines are considered energy intensive and therefore fall under the Mega 

Flex tariff structure. This tariff structure caters for industries and mines that operate 

24 hours a day [7]. Tau Tona mine, which was chosen for the case study, is on the Mega 

Flex tariff structure. A detailed description of the Mega Flex tariff structure is given in 

Appendix A. 

1.1.5 DSM INTERVENTION METHODS 

DSM interventions have an important role to play in the reduction of South Africa's 

electricity demand. These interventions optimise the electricity demand profile thereby 

effectively increasing the electricity reserve capacity. A number of electricity-intensive 

industries have changed their electricity consumption pattern. 

The industrial and mining industries, which generate great profit, were historically 

unconcerned about using the relatively cheap electricity sparingly. The international 

electricity cost survey for industrial consumers is shown in Figure 6 [12]. 
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Figure 6: Comparison ofworld electricity consumption and cost in 2008 [12j. 
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From this figure, it can be seen that South Africa's electricity for industrial use is 

amongst the cheapest in the world. Due to the low electricity costs, many of these 

industries could afford electricity because of their high profit margins. This did not assist 

the reduction of electricity demand, and other measures and programmes had to be 

developed to promote efficient use of energy. 

The quantity of electricity demand reduced by DSM initiatives is equivalent to the 

quantity of electricity that Eskom would have generated. Therefore DSM programmes 

can be considered as virtual power stations that supply electricity by reducing demand. A 

31,3% electricity tariff increase was implemented on the 1 July 2009 [27]; therefore, it is 

fmancially more important now to implement DSM interventions. The three most 

frequently used DSM interventions are: peak clipping, valley filling and load shifting 

[28]. These interventions are shown in Figure 7 and are briefly discussed. 

Peak Clipping Valley Filling Load Shifting 

Figure 7 : Commonly used DSM interventions. 

Peak clipping assists by reducing the need to build expensive power plants to satisfy 

the peak electricity demand [29]. This process is considered as the most efficient use 

of electricity and has a major impact on the environment, reducing greenhouse 

gas (GHG) emissions [30]. 

Valley filling encourages additional use of energy in the off-peak periods, which have 

the lowest electricity demand [31]. This form of load management allows the 

consumer to utilise electricity when it is at a lower cost [30]. 
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Load shifting is another form of load management, involving the migration of electricity 

demand from peak periods to periods of lesser electricity demand [32J. Load shifting 

will be implemented on rock winders this particular case study to reduce peak 

electricity demand. This will assist Eskom in increasing reserve margins and 

preventing possible future load shedding. 

Another DSM intervention to manage the consumption of electricity is knO\vn as 

maximum demand (MD). This is the highest average demand measured in power - i.e. 

kilowatts (kW) or apparent power i.e. kilovolt-amperes (kVA) determined over a 30

minute integrated period within a designated billing period for each premises or per point 

of delivery (POD) [26J. The application ofMD will be the secondary focus of this study. 

To further understand MD see Appendix B. 

1.2. SOUTH AFRICAN MINING WINDER SYSTEMS 

1.2.1 BACKGROUND ON SOUTH AFRICAN MINING WINDER SYSTEMS 

The mining industry in South Africa is conducting research into new technologies to 

make it feasible to mine at depths of 3 500 metres and possibly up to depths of 

5000 metres using a single-lift shaft [22J. Moab Khotsong is the world's deepest and 

longest single-lift shaft, with the longest winding cable. It is capable of achieving depths 

of 3 054 metres in 4 minutes uninterrupted. 

Savuka mine located in the North-West province was acknowledged as the deepest-mine 

with a descent of 3774 metres. In the year 2008 Tau Tona mine located in the same 

province surpassed this distance with a depth of 3 902 metres [33]. Moab Khotsong 

mine, Savuka mine and Tau Tona mine are part ofthe AngloGold Ashanti mining group. 
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Winder systems play a crucial role in the mining environment because they allow the 

mining operations to reach these depths. The shaft hoisting system is one of the crucial 

factors that deteImine the profitability and efficiency of the mine. The shaft is the 

bottleneck and many attempts have been made to increase capacity and efficiency. 

This requires the installation of larger skips that are capable of carrying payloads of up to 

60 tonnes [34]. To further understand the function of rock winder systems in the 

underground ore extraction process see Appendix C. 

1.2.2 WINDER SYSTEM COMPONENTS 

Figure 8: Typical layout ofa mine hoisting system. 

The mining winder system consists of smaller components that are critical to the winding 

process. Figure 8 illustrates a typical mining winder hoisting system and is used to defme 

its key components. The following components are defined for winder systems: 
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Skip (Conveyance) - A self dumping bucket used in a shaft for hoisting ore and rock. 

Winder cable - The basic purpose of the winder cable or hoisting rope is to 

connect the conveyance to the winder. 

Winder Motor - Electric motor that drives the winding operation. 

Winder A drum wound by the rope that will lower or raise the 

conveyance or skip between the surface and mining levels. 

Headgear - The headgear is installed over the shaft and its purpose is to 

support the sheave wheel over which the hoisting rope passes. 

Sheave Wheel - A pulley that that guides the winder cable down the shaft and 

suspends the conveyance. 

Shaft Tower - The shaft tower houses the headgear, sheave wheel and, 

typically, the winder operator 

1.2.3 TYPES OF WINDERS AND CONFIGURAnONS 

Rock winders in gold mines form an integral part of the ore transportation system 

because they are responsible for the vertical transport of workers, material and 

machinery. These resources are transported between the surface and different 

underground mining levels. After the rock is hoisted to the surface, the reef is transported 

to the gold plants where the gold is extracted and the waste is discarded, forming 

unsightly mine dumps. 

There are two fundamental types of hoists that are commonly used the drum hoist 

and the friction hoist. A number ofvariations of the hoisting mechanisms within each 

category are encountered [35]. The most frequently used type of hoisting system is 

the drum hoist, both single and double drum. In the mining industry there are three 

winder systems which are popular, namely: 

• Double-drum winder system (Drum hoist) 

• Blair multi-rope winder system (Drum hoist) 

• Koepe winder system (Friction hoist) 
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1.2.3.1. Double-drum winder system 

As the name suggests, the double-drum winder system consists of two drums. Figure 9 

shows the two drums on a single winder system. This winder system is suitable for 

deeper mine hoisting compared with the single-drum system. The winder rope is wound 

in opposite directions to allow the system to hoist one conveyance while lowering the 

other conveyance in a single rotation [36]. This characteristic is not unique and IS a 

significant improvement on the single-drum winder system. 

Conveyance 

Figure 9: Double-drum winder corifiguration. 

Figure 9 shows the configuration of the double-drum winder system. The double-drum 

winder system allows the conveyances to counterbalance each other. In a mining shaft 

the counterbalancing allows the conveyance to be positioned at different mining 

levels [22]. 
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1.2.3.2. Blair multi-rope (BMR) winder system 

The BMR winder system was introduced by a South African named Robert Blair in the 

latter part of 1950 [35]. The BMR winder system allowed the winder drum rope to be 

extended to two or more ropes. This was an improvement on the double-drum winder 

system. The BMR winder ensured that heavier loads can be hoisted at deeper level shafts 

and the use of this system is exclusive to deep-level mines. This in turn eliminated the 

requirement for multiple shafts on a mine [36]. 

Sheave Wheel 

Conveyance 

Drive Motor 

Figure 10: Blair Multi-rope winder configuration. 

Figure 10 illustrates a two-rope BMR winder system with a two-compartment drum. The 

winder drum of the BMR system can be designed and developed with two or more 

compartments. Each compartment consists of a rope, each of which is attached to the 

same conveyance. The sheave wheel is a pulley that balances the winder rope and allows 

the rope to pass over it during the winding process [37]. 
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The two-rope BMR handles the load of the conveyance, allowing each rope diameter to 

be smaller than that of a single-drum rope. In comparison with its equivalent 

counterparts, the drum diameter is smaller, making the BMR winder system favourable 

for deep-shaft mineral hoisting due to its physical characteristics. The BMR winder 

system was the fIrst hoist to reach a depth of 3 150 metres and hoist a load of 23 tonnes in 

a single wind [37]. 

1.2.3.3. Koepe winder system 

The Koepe (friction) winder systems are mounted at the top of the headgear, or on the 

ground above the mine shaft. Koepe hoisting systems consist of a single rope or multiple 

ropes connecting to the conveyances. Figure 11 shows a single rope Koepe winder 

system, which utilises the tail rope and weights to ensure adequate rope pressure on the 

Koepe drum and sheave wheel [35]. 

Drive Motor 

Tail rope 

Figure 11: Koepe winder system configuration. 
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The haulage rope is not attached or accumulated on the wheel but rather passes around it. 

The wheel consists of grooves coated with friction material to resist rope slippage. At the 

beginning of a hoist, the tail rope and weights compensate for the weight of the 

conveyance and hoisting rope that the driver motor must overcome [18J. 

Therefore the initial power rating is reduced by approximately 30% and the total power 

consumption for each hoist remains constant [18J, [38]. Throughout the shaft, the load 

balance remains constant, resulting in a lower starting torque. The Koepe system can 

hoist the same load as a drum hoist, but with a smaller motor [35J. Koepe winder 

systems operate at depths within the 1 800 metres range and can handle large payloads 

with an increase in the number ofwinder cables [37]. 

The rock winder system of Tau Tona gold mine will be considered as the case study for 

this study. Two out of the three rock winder systems discussed are contained in the case 

study. These are the Koepe and BMR rock winder systems. Further on in this study a 

detailed analysis of these rock winder systems will be provided. 
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1.3. ENERGY SAVINGS INITIATIVES USING WINDERS 

1.3.1 POTENTIAL FOR LOAD SHIFTING USING ROCK WINDERS 

South Africa's mining and industrial sectors account for approximately 60% of the 

maximum electricity demand during peak periods [39]. In the mining industry the rock 

winders are responsible for approximately 10% of the mine's electricity consumption. 

This is shown in Figure 12 along with other identified electricity consumers in the mining 

sector. 

Electricity Consumption in the Mining Sector 

Refrigeration, 22% 
in fans, 14% 

Rock winders, 
10% 

Pumping, 1 

Figure 12: Identified electricity consumers in the mining sector. 

South Africa's mmmg sector consumes 35005 GWh annually of the total electricity 

generated [40]. This means that approximately 3 500 GWh is consumed by the rock 

winders, thereby creating ample opportunities for applying DSM interventions to these 

systems. A study into the impact of DSM initiatives implemented on rock winders is 

conducted in this section. 
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A study was conducted on a selection of South African mines' rock winder systems. This 

study focused on cascade rock winder systems that consume large amounts of electricity 

as shown in Table 1. This table provides the total daily energy consumption of each rock 

winder system, with their associated production targets. 

Dally""Energy usage Total ......Mine RockWindelw hoIetIng(kWh/day) uull8 (kWbIda" taraet 

Main 45878 

1 Tau Tona Sub vertical 48666 111 986 9800 

Tertiary vertical 17442 

East 30625 

2 Mponeng West 30 625 89180 9000 

Underground 27930 

Main 36243 
3 Great Noligwa 57152 8400 


Sub vertical 20909 


Twin-shaft 51380 


4 South Deep I SV2 16601 80731 7800 


VECOR 12750 


N03 26750 

5 Tau Lekoa 40123 5667 

N04 13373 

Main 16878 
6 Kloot 4 shaft 21955 2000 

Sub vertical 5077 

Main 15190 
7 Kloot 7 shaft 20253 3000 

Sub vertical 5063 

Table 1: Electricity consumption ofselected rock winders on South African mines in 2008. 

The mines are listed in order of energy consumption of the rock winder systems, starting 

from highest to lowest. DSM potential is based on the presumption that the greater the 

daily energy consumption, the greater the achievable load-shift potential. 
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1.3.2 PREVIOUS LOAD-SHIFTING APPLICATlONS ON ROCK WINDERS 

Previously, efforts have been made in the mining sector to implement load shift during 

Eskom's peak periods. In this section an investigation is conducted to determine existing 

load-shifting applications in the mining industry with the use of rock winders. The load

shifting attempts using rock winders are discussed and recommendations for 

improvements are provided. 

Kloof7 shaft mine has a two-rock-winder cascade system that is capable of achieving its 

daily production target in 8 hours of rock-winder operations. Therefore the winders are 

idle for 16 hours daily. The only requirement for the mine to implement manual load 

shift was to remember to stop hoisting during peak periods. This was as a result of the 

8-hour winder operation to achieve the daily production target. These rock winders have 

low daily energy consumption; therefore it is not feasible to implement DSM 

interventions. 

Moab Khotsong mine has a three-rock-winder system - two of the rock winders are on 

surface and the other is underground. The production targets of the two surface rock 

winders are not dependent on each other. One of the rock winders on surface depends on 

the underground rock winder for its rock supply. 

Manual load shift using rock winders is implemented for both the morning and the 

evening load shift. The daily production targets for the winders are set to satisfy the 

implementation ofload. Rock hoisting is performed only in the off-peak periods. A real

time energy management system could be implemented on the rock \vinders to ensure the 

sustainability ofload shifting. 
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Tshepong mine has only one rock winder that is operated from the control-room. Manual 

load shifting in the evening peak period was implemented. The successful 

implementation of the evening load shift and sometimes morning load shift is dependent 

on the daily availability of rock as well as daily production targets. When there is rock 

available, the winder will be operated during any period of the day. 

These previous load shifting applications discussed are similar in the sense that they were 

all performed manually with inconsistent load shifting results. This is attributed to 

human error and the lack of a constant systematic approach to load shifting. There is a 

requirement for an automated, real-time rock winder operating system. 

Previous experience with regard to DSM pumping projects has shown that automated 

systems are superior when compared with manual systems. From the predicted DSM 

potential, automated systems achieved 96% while manual systems achieved only 60% of 

the proposed potential [41]. The rock winder automated system will take into account all 

the variables such as production targets, silo levels, mining production times, peak and 

off-peak periods. Automation of the rock winder systems will ensure the sustainability of 

load shifting. 

An Intellectual Property (IP) search was conducted using the United States Patent and 

Trademark Office (USPTO)i, World Intellectual Property Organisation (WIPO)2 and free 

patents online3
• No prior art was found specifically on winder DSM interventions. 

Patents that were found relating to winders were in terms of winder components and 

design specifications. 

I USPTO - www.uspto.gov 
2 WIPO - www.wipo.int 
3 www.freepatentsonline.com 
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An automated load shifting intervention with the application of rock winders was 

implemented in 2006 at the Kopanang mine. Load shifting was achieved by 

implementing REMS Winder software [36]. Kopanang mine has two single-lift BMR 

rock winders that hoist between 75 Level underground and the surface as shown 

Figure 13. 

Kopanang Mine 
Vaal River No 9 Gold Plant 

~GOLld-p~la-n-tL--L~~ 
Surface Level 

BMR01 Rock 
BMR02 Rock

Winder 
Winder 

Mining Operations Mining Operations at 75 

at 75 Level Level 

75 Level 

Figure 13: Kopanang mine rock winder system. 
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Load shifting using REMS Winder was successfully implemented for two single-lift shaft 

systems at Kopanang mine. REMS Winder software was incorporated and applied in the 

case study. The rock winders at Tau Tona mine are used as the case study of this study. 

Tau Tona mine's rock winders are in a cascaded shaft system as shown in Figure 14. 

Tau Tona Mine 

Surface 

64
Main Level 

Loading 

Level ---+t-':~J 


68 Level 
 SV 

97 
Level 

Loading __-+ 
Level 

102 Level 

TV 

Loading 
Level 

122 Level 

Figure 14: Tau Tona mine rock winder system. 

The rock winders in a cascade configuration are dependent on the operation of the rock 

winders feeding them. For example, the rock winder situated at the lower shaft will 

supply rock to the winder situated at the upper shaft. Each rock winder's hoisting 

schedule, maximum payload and production targets are considered the implementation 

of REMS Winder on a cascaded rock winder system. Each rock winder's performance 

must be monitored to ensure that daily hoisting targets are achieved with the 

implementation of evening peak load shifting. 
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The implementation of REMS Winder software at Kopanang mme was basic and 

straightforward to execute. This is because single-lift rock winders are not dependent on 

other rock winders to supply rock to them and are solely dependent on the mine's 

production. To implement REMS Winder on the rock winder system at Tau Tona mine 

presents a challenge because the production target of one rock winder has an influence on 

another rock winder's production target. 

1.4. OBJECTIVES OF THIS RESEARCH 

The main objective of this research is to develop a system that is capable of 

performing load shifting using complex underground rock winders. Shifting load in 

the peak periods will decrease operational costs without affecting production. The 

secondary objective of this research is to manage the mine's MD in order to minimise 

the possibility of exceeding the contractual MD. 

Chapter 1 of this dissertation provides an overview description of the global and 

South African energy usage. The contribution of the mining industry to the energy 

crisis in South Africa is also highlighted. There is an overview discussion of the 

influence that South Africa's mining sector has on the world's mineral resources. 

A background to mining winder systems is discussed as well as the different types of 

popular mining rock winders. The potential for the application of load shifting using 

rock winders at deep gold mines is discussed. A summary of previous load shifting 

applications on rock winders is also provided in this chapter. 

Chapter 2 focuses on the feasibility of applying load shifting on underground rock 

winder systems. Analyses of the mining rock winders' electrical consumption are 

conducted and simulations are performed. An investigation is conducted on MD control 

by inhibiting the operation of rock winders. 
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Chapter 3 involves the application of the information gathered in the previous two 

chapters. This chapter focuses on the case study chosen for this dissertation. The case 

study was done on Anglo Gold Ashanti's Tau Tona mine. REMS software was installed 

on the mine and load shifting was implemented, resulting in financial benefits. These 

results are compared with the simulated results. 

Chapter 4 is the conclusion of the dissertation, summarising the attained results as 

well as the shortcoming of the study. There is a discussion of the measures that must 

be performed to ensure that consistent results are achieved. Suggestions on how to 

improve load shift are discussed. Further work that has to be completed is 

highlighted. 

1.5. CONCLUSION 

The global and specifically the South African - energy shortage has been identified 

as having critical socio-economic components. The mining sector is one of the main 

consumers of electrical energy in South Africa. Demand Side Management presents 

opportunities to manage electricity usage effectively. 

Existing energy saving innovations using the rock winder were investigated and 

identified at different mines. The feasibility of DSM initiatives on rock winders and 

the consequences resulting from this intervention will follow in the next chapter. 
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CHAPTER 2: DSM ON CASCADING ROCK WINDERS 

d =355 c> 705 m 


Centralised winder operations at LKAB Kiruna Mine in Sweden, with a total installed motor power of 

58 MW for the mine winders. This photo was supplied courtesy of ABB Group (18 August 2009). This 

chapter will focus on DSM feasibility and application on cascade rock winder systems. 
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2.1. INTRODUCTION 

In the previous chapter the world-wide energy challenge and South African electricity 

crisis was highlighted. A load-shedding strategy was implemented by South Africa's 

electricity utility, Eskom, due to inadequate reserve margins. In South Africa the mining 

and industrial sectors are amongst the heaviest electricity consumers. These industries 

provide substantial electricity management opportunities with the application of Demand 

Side Management (DSM). 

Typical DSM interventions were discussed Section 1.1.5. Chapter 1 also gave an 

overview of typical mining operations. A detailed description of winder systems was 

provided and how they integrate into mining operations. A study into DSM initiatives 

applied at different mining sites was conducted 

2.2. DSM FEASIBILITY ON ROCK WINDERS 

2,2,1, PREAMBLE 

Currently in South Africa energy management is crucial and DSM aims to reduce 

critically high levels of electricity demand. Before the implementation of a DSM 

initiative, it is the responsibility of an Energy Services Company (ESCo) to determine the 

potential of doing load shifting or achieving improved energy efficiency. Thereafter, a 

cost-benefit analysis should be conducted to determine whether a specific DSM 

intervention is financially viable [42]. 

For a DSM project to be undertaken, it must be financially viable and present significant 

load-shifting potentiaL A thorough study has to be conducted before any solutions can be 

proposed. Furthermore, the ESCo must ensure that the data used to determine the 

potential for DSM application is reliable and accurate. If a DSM project is implemented 

successfully, but based on incorrect simulation data, the ESCo can incur financial 

penalties [43]. 
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In this section a study is conducted on complex underground rock winder systems, to 

determine the feasibility of applying DSM on these systems. In this section, important 

procedures and guidelines for the ESCo are discussed. The ESCo must adhere to these, 

in order to accurately and effectively determine the feasibility for DSM on complex rock 

winder systems. 

There are seven important guidelines for the ESCo specialising in DSM on cascaded rock 

winder systems (also see Figure 15), namely: 

1. 	 An initial rock winder investigation to justify further costly investigations into 

DSM feasibility. 

2. 	 Quantifying the daily energy consumption of the rock winder system. 

3. 	 Conducting a detailed power consumption audit. 

4. 	 Performing a mathematical simulation and analysis of the energy profile. 

5. 	 Proposing a detailed rock winder operational schedule. 

6. 	 Sourcing and commissioning simulation software and performing verification. 

7. 	 Performing simulation of a cascade rock winder system. 
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Single liII or 
independent rock 
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Optimised rock 
winder control Yes 

philosophy 

Figure 15: Flow chart used to determine the DSMfeasibility ofcomplex rock winder systems. 

Figure 15 shows a flow chart of the important guidelines previously mentioned. These 

guidelines are discussed in more detail in the following sections. Apart from the 

feasibility study on DSM application on rock winders, the potential for managing 

maximum demand (MD) through rock winder control will also be presented. 

2.2.2. ROCK WINDER ELECTRICAL ENERGY CONSUMPTION PROFILE 

An investigation on mining rock winder systems in general must be conducted in order to 

determine DSM potential on multiple rock winder systems. An investigation on rock 

winder systems was performed at deep-level mines; this is presented in the previous 

chapter, section 1.3.1. The daily energy consumption of the rock winders and the rock 

winder systems was investigated. In this section the electrical energy consumption of 

rock winders will be investigated further. 
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A generalised speed and torque graph of a Koepe rock winder during a hoist cycle is 

shown in Figure 16 as well as a generalised speed and torque graph of a Koepe rock 

winder shown in Figure 174
. There are five important segments within a hoist cycle 

which are shown in these figures. These figures will be used to further explain the key 

segments within a hoist cycle. These segments are listed as follows and shown in the 

following figures: 

1. Creep out 

2. Initial start 

3. Constant speed 

4. Termination 

5. Creep in 

These time segments will be discussed in more detail later in this section. 

Speed and torque cycles of a Koepe rock winder motor 

Figure 16: Typical Koepe rock winder hoist cycle (speed vs. time and torque vs. time [44]. 

The initial hoisting of the loaded skip from underground to the surface requires a larger 

amount of torque as shown in Figure 16. In a similar way to Figure 16, Figure 17 

illustrates the speed and power graph for a typical Koepe rock winder during a hoist 

cycle. 

4 Winder Controls (Pty) Ltd. 56 Stanley Street, Genniston, South Africa.(url: www.winder.co.za) 
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3 151 
I I)tE ) 

Time 

Speed and power cycles of a Koepe rock winder motor 

Figure 17: Typical Koepe rock winder hoist cycle (speed vs. time and power vs. time) [44]. 

The countelWeights of the conveyances have a direct impact on the electricity 

consumption of winder systems [45]. The five key segments shown in Figure 16 and 

Figure 17 are discussed in detail as follows. 

The creep-out segment (1) has a typical duration of 10 seconds. The skip is gradually 

released from the guard rails once it has offloaded or fully loaded. Thereafter the initial 

start segment (2) follows where the loaded skip is hoisted and the empty skip lowered. 

During this segment the power consumed by the winder motor reaches its maximum 

(see Figure 17) and requires maximum torque to lift the loaded skip (see Figure 16). 

Once the skips are in motion the winder motor power consumption reduces and the skips 

reach maximum speed at the end of the initial start segment (2). Once maximum speed 

has been reached, the skips travel at a constant speed (3). Power consumption increases 

slightly as the tail rope, which reduces the initial required torque, starts to hold back the 

loaded skip as it approaches the surface. During this segment the tail rope gradually adds 

onto the loaded skip thereby increasing the power consumption. 
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The termination segment (4) is where the winder motor is coming to a stop and the skips 

are approaching their docking stations. Vlhen the winder cycle terminates, electrical 

energy is regenerated back into the electrical network grid. This process transforms the 

winder motor into a generator. It is important to note that not all winder motors have the 

capability of regenerating energy back into the grid. 

The creep-in segment (6) is the fmal process involved in the hoisting cycle, and it takes 

approximately 10 seconds. In this final segment the skips are docked into the guard rails, 

thereafter the loaded skip is offloaded and the empty skip is loaded at the same time. 

Then the hoist cycle is completed and the process is repeated with the next hoist cycle. 

This confinns that a winder motor consumes a lot of energy when initiating a hoist. 

2.2.3. AUDITING A ROCK WINDER'S POWER CONSUMPTION 

In the previous section, the rock winder's electrical energy consumption during a hoisting 

cycle was discussed. In this section different methods are presented to assist the ESCo in 

determining the power consumption of rock winders during a hoist cycle. The power 

consumption of rock winder systems is dependent on a number of factors such as: 

• the winder motor; 

• efficiency of the winder motor; 

• vertical height of the hoist; 

• friction experienced in the shaft; 

• the mass of the conveyance and winder rope; and 

• the type or configuration of the rock winder. 

An accurate way of determining the average power consumption is to install electricity 

power loggers at the electricity feeder panels of the rock winder. The loggers measure 

the winder's power consumption as well as of any other auxiliaries that might be 

connected to the feeder. 
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Auxiliaries are not always accurately indicated on the electrical circuit diagrams of the 

mine. The connected auxiliaries must be identified and their consumption must be 

subtracted from the logged power consumption data, thereby revealing the winder's 

power consumption. Ifthe auxiliaries cannot be separated they are considered as the base 

load of the rock winder. 

This method was applied in the case study although it is time-consuming and requires the 

use of expensive measuring equipment. A simpler and less expensive method is to 

estimate the average power consumption of the winder by making use of a specification 

report This report contains the test results of the winder conducted in the initial 

installation of the winder system. 

Once a winder is installed and ready to operate, a series of tests is performed. The 

winder's maximum load capacity, maximum hoisting speed, average energy consumed 

per cycle as well as the average hoisting rate are measured. These tests are conducted to 

ensure that the winder system performs according to its design specifications. This 

information can also be used to determine the average power consumption of the winder. 

Once the power supply to the rock winders has been verified by the auditing process, the 

ESCo can develop a baseline for the multiple rock winder system. Three-month power 

consumption data of the rock \vinder system is required to develop the baseline. The 

development of a baseline forms the fundamental step in determining the DSM feasibility 

on rock winder systems. 
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2.2.4. SIMULA TlON AND ANAL YSIS OF ENERGY PROFILE 

The next step that should be taken by the ESCo is to determine the electrical energy 

consumption, for each rock winder within the hoisting system. The instantaneous power 

consumption [kW] data, obtained from the rock winder's electrical panel will be used to 

detenrune the electrical energy consumption per hour. Table 2 shows power logger data 

for four cycles of the main Koepe rock winder at Tau Tona gold mine. The Koepe rock 

winder is not capable of regenerating electricity back into the electrical network grid. 

Creep out 
10 2834 3565 
15 4104 4067 4140 
20 4089 4104 4121 4107 

Initial start 25 3856 4043 3567 3728 
30 2077 2572 1 910 2147 
35 1795 741 1665 1756 
40 1 816 1788 1670 1790 
45 1853 1826 1 712 1839 
50 1895 1872 1753 1878 
55 1 931 1 911 1784 1907 
60 1973 1955 1823 1949 

Constant 65 2020 1993 1862 1986 
70 2058 2030 1905 2035speed 
75 2094 2070 1938 2082 
80 2135 2108 1978 2118 
85 2176 2146 2018 2157 
90 2221 2187 2057 2198 
95 2261 2230 2101 2232 
100 
105 
110 762 1406 881 819 
115 0 0 0 0 

Termination 120 0 0 0 0 
125 0 0 0 0 
130 1 168 591 883 942 

2334 
2218 

Table 2: Power logger dataJorJour different hoisting cycles by a Koepe rock winder at Tau Tona mine. 

The power consumption data were logged every five seconds. This sampling rate is 

sufficient for the purpose of this investigation. The data shown in Table 2 include data 

for four different hoist cycles which are used for the purpose of analysis. 
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Figure 18 shows four different power profiles for the Koepe rock winder. The power 

profiles were constructed using the data in Table 2. The power profiles of each hoist 

cycle are relatively consistent and the maximum power consumption is indicated. 

It can be seen that the maximum power consumption is relatively flat when compared 

with the adjacent gradients of the profile directly prior to and after the peak. If power 

consumption spiked considerably it might exceed the maximum demand (MD). This 

would have a negative impact on the electrical grid and Eskom may even penalise the 

mine [46]. 

Main Koepe Rock Winder Power Profile 
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Figure 18: Power profiles ofa Koepe rock winder at Tau Tona mine. 

From Table 2 the average power [kW] consumed for each of the hoist cycles can be 

obtained. This information can be used to determine the average electrical energy [kWh] 

consumed per cycle (P"veragekWh)' for the main rock winder by making use of Equation 1. 

p = P"verage cycle X taverage cycle 
[kWh] (1)

average kWh t 
sec I hour 

Where: 

: average power consumption per hoist cycle [kW] Paverage cycle 

: average time duration per cycle[s]t average cycle 

: number of seconds within an hour [s] tsecl hour 
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The average hoisting time per cycle is determined by using Equation 2: 

= [s] (2) 
n 

"Where: 

n : number of full-hoist cycles 

tncyele : time duration for n full-hoist cycles [sJ 

The data from Table 2 can now be used in Equation 2 to calculate the average time 

duration for a full-hoist cycle. This calculation is shown below. 

(2x280) + (2x290) 
t average cycle 

4 

142,5 [sJ 

The main rock winder on average takes 142,5 seconds to complete a hoist cycle. 

The average power consumption per cycle is determined by using Equation 3: 

[kW] 	 (3)~verage cycle 
n 

"Where: 

n 	 : number of full-hoist cycles. 

: power consumption for n full-hoist cycles [kW] 

Again the data from Table 2 is used in Equation 3 to calculate the average power 

consumption for a full-hoist cycle. This calculation is shown below. 

(2 010,79 +1 970,81 +1 850,99 +1 961,94) 
Paverage cycle 4 

1 948,63 [kW] Paverage cycle 

This means that, on average, the main rock winder consumes 1 948,63 kW for each hoist 

cycle. 
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Once the average duration per cycle (taveragec:ycle) and the average power consumption 

per cycle (Paveragec:ycle) are detennined, the average electrical energy consumption [kWh] 

per cycle (PaveragekWh) can be calculated using Equation 1. 

P average c:yde X t average c:ycle 
I;,verage kWh 

tsec/hour 

1 948,63x142,5
P ----------- 

average kWh -	 3 600 

PaveragekWh =77,13 [kWh] 

There is another approach that can be applied to detennine the average electrical energy 

consumption of a specific rock winder per cycle. This approach is presented as a means 

of verifying the results obtained in the previous methodS. In this approach, the power 

consumption - for a specific hoist cycle which is logged every 5 seconds - is summed as 

shown in Table 2. 

[tP" sW7Ic:ycle X tinterval 1 
tsec! hour 

[kWh] 	 (4) 
n 

Where: 

n 	 : number of full-hoist cycles. 

: sum of the power consumed for nnumber ofhoist cycles [kW] 

: number of seconds in an hour [s] 

: time duration between data samples [s] 

5 Botha G. from Winder Controls (pty), Germiston: South Africa: Winder Controls (Pty) 
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The data from Table 2 are once again used in Equation 4 to determine the average 

electrical energy consumption. This is shown below 

302 +55 183 + 53 679+ 56 893)x 

3 600 
P~~a~km=~---------------4--------------~ 

Pave:ragekm = 77,103 [kWh] 

The two methods proposed above to calculate the electrical energy consumption [kWh], 

yield the same result, as they are mathematically similar. The average electrical energy 

consumption (P~erage km) was used to develop a simulation ofthe rock winder system. 

Once the average electrical energy consumption per cycle for a specific rock winder is 

determined, the electrical energy consumed in an hour by the rock winder operations, can 

be easily calculated. This is done by multiplying the number of hoist cycles in that hour 

by the average electrical energy consumption. 

The above-mentioned calculations, which were performed on the sample data for the 

main rock winder at Tau Tona mine, were also applied on the two remaining rock 

winders at Tau Tona. Tau Tona mine has a three-rock-\vinder system, in a cascaded 

configuration. The instantaneous power consumption data as well as the average 

electrical energy consumption for the sub vertical (SV) and tertiary vertical (TV) rock 

winders are included in Appendix D. 

At this point the ESCo is capable of simulating rock winder electrical power 

consumption, for each rock winder in the multiple rock winder system. The potential for 

DSM application on a rock winder cannot be accurately determined because the 

operational schedule of the rock winder must still be investigated. 
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2.2.5. OPERATIONAL SCHEDULE OF WINDER SYSTEMS 

The operational schedules of the rock winders provide crucial information to 

determine the DSM feasibility on rock winder systems. The ESCo requires 

operational schedule data for a three-month period to determine an average 24-hour 

operational cycle. Daily rock winder operation cycles are used to determine costs 

involved to operate a specific rock winder. 

A daily operational cycle, for a specific rock winder, is determined over a 24-hour 

period. Within this 24-hour period the number of hoisting cycles per hour is 

provided. From the three-month operational schedule, the average hourly and daily 

hoisting cycles can be determined. Other approaches used to determine hourly and 

daily hoisting cycles are discussed below: 

• 	 Daily hoist cycles can be obtained, from daily hoisting reports, of which an 

example is provided in Appendix 

• 	 Hourly as well as daily hoist cycles, can be obtained from the dailylhourly 

report, of which an example is provided in Appendix F. 

• 	 The tachograph sample shown in Figure 19 shows a speed vs. time profile for a 

specific rock winder. Using the tachograph, the daily and hourly hoist cycles 

can be determined. This is the preferred method because it is verifiable and 

more accurate. 
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Figure 19: Typical rock winder tachographs [36j. 

The cycle time, loading time and the hourly operational cycles are easily determined 

from Figure 19. The speed peaks indicate hoisting cycles, providing a means of 

determining the number of cycles per hour. Furthermore the daily hoist cycles can be 

extrapolated from the tachograph. This is performed by counting the number of speed 

peaks in a specific hour or day. This approach was applied in the case study. 

Tachometers are installed by all the mines that make use of winder systems. These 

mines are required by law to retain the tachographs, generated by the tachometer, for 

every winder irrespective of its purpose. With the information gathered in the 

previous section the ESCo can perform simulations to determine the DSM potential. 

The simulation software is discussed and verified in the next section. 
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2.2.6. SIMULATION SOFTWARE AND SOFTWARE VERIFICATION 

Real-time Energy Management System (REMS) software was developed by 

HVAC International [4 7J. This is a fully automated software solution to simulate, 

optimise and control power intensive mining equipment (e.g. pumps, fridge plants, 

compressors and rock winders) [48J. REMS communicates with the mining equipment 

via the mine's Supervisory Control and Data Acquisition (SCADA) system. 

REMS has been successfully implemented on numerous mines to achieve DSM 

targets [9]. REMS Winder is a customised component ofREMS focussing on the control 

of mine rock winders (see Appendix G). It aims to achieve load shifting during Eskom 

peak demand periods by inhibiting rock winder operations during this period. 

REMS Winder was first implemented at Kopanang mine which uses two rock winders in 

its rock hoisting system [36J. These are two independent single-lift rock winders, 

hoisting between the surface and underground levels. Their hoisting schedules are 

independent of each other. The successful implementation of REMS Winder at 

Kopanang mine validated the software for application on single and/or independent rock 

winder systems. 

The verification of REMS Winder software at Kopanang mine motivated the further 

application ofREMS Winder on the technically more complex rock winder system at Tau 

Tona gold mine. The application of REMS Winder at Tau Tona mine is more 

complicated because there are three rock winders in a cascade configuration. Within this 

system, rock winders supply each other with rock, therefore their hoisting cycles should 

be synchronised. 
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Figure 20: Cascaded underground configuration ofan ore transportation system. 

Figure 20 illustrates a layout of an underground ore handling system. This figure 

provides a simplified layout of Tau Tona mine and shows the three vertical shafts. The 

co-dependency of the rock winders are further illustrated in this figure. 

2.2.7. REMS WINDER SPECIFICATIONS 

It is important to further discuss REMS Winder before using the software for the purpose 

of simulating multiple complex rock winder systems. REMS Winder was used on single 

and/or independent rock winders hoisting between underground and the surface. REMS 

Winder includes two controllers, namely the surface and underground controllers. 
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The surface controller is responsible for monitoring rock levels in the surface silo while 

the underground controller monitors the underground silo's rock levels. These silo levels 

are used by REMS Winder as inputs to optimise the rock hoisting. REMS Winder also 

ensures that the surface silo does not get overloaded. A minimum level should be 

maintained in the silos to prevent poorly loaded skips. 

Figure 21 shows an illustration of REMS Winder controller with the surface and 

underground controllers. REMS Winder is configured to ensure that the surface silo is at 

its maximum level during Eskom's standard and off peak periods. 

ILSurface Silo 

... SlOP next wilKkr 
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Figure 21: fl/ustration ofREMS Winder control parameters [36]. 

REMS Winder will stop rock hoisting as soon as the surface silo reaches its specified 

maximum level. Similarly the rock winder will start hoisting once the specified 

minimum level for the surface silo is reached. The underground silo should be kept at its 

minimum levels during Eskom's standard and off-peak demand periods. Rock hoisting 

will begin as soon as the specified maximum level for the underground silo is reached. 
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The controller assigns a higher priority to the control range of the surface (upper) silo 

than to the control range of the underground (lower) silo. The REMS Winder control 

schedule therefore prioritises the control to maintain the desired levels of the surface silo. 

If the surface silo level is vvithin bounds of its specified control range (preferred zone), 

the scheduling will be determined by the underground silo level. 

REMS Winder allows the control priorities to be switched between the surface and 

underground silo if needed. The advantage of using REMS Winder is that the rock 

winder operation is minimised during Eskom's peak electricity demand periods. REMS 

Winder is systematic (ensures that load shifting is implemented) and can be configured 

for scheduled winder maintenance. 

2.2.8. PRINCIPLES OF CONTROL ON MULTIPLE CASCADED ROCK WINDERS. 

With a better understanding ofREMS Winder, the application ofREMS Winder can now 

be expanded to multiple co-dependant rock winder systems. The slightly more complex 

rock winder system at Tau Tona mine will be used as a case study. This rock winder 

system consists of three rock winders in a cascade configuration. 

Because of the cascade configuration (see Figure 20 and Figure 22), these rock winders 

share silos. This means that there are instances where the underground (lower) silo for 

the main rock winder is the surface (upper) silo of the sub vertical (SV) rock winder. 

Each rock winder in this system requires its own REMS Winder controller. 
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Figure 22: REMS simulation ofTau Tona 's rock winder system. 

Figure 22 shows a REMS simulation of Tau Tona's rock winder system. REMS Winder 

controllers for the rock winders as well as for the silos are shown in Figure 22. REMS 

Winder specification for this complex rock winder configuration is discussed in this 

section. Silo control ranges for this complex rock winder configuration were specified by 

the mine's vertical transport (VT) engineer. 

On the main shaft, REMS Winder controller for the main rock winder gives the surface 

silo (upper) priority over the SV silo (lower). The SV silo is supplied with rock by the 

SV rock winder. The minimum and maximum levels of the surface silo and SV silo are 

given in Table 3. 

Maximum MinimumSurface Silo 
level level 


Off peak 85% 75% 

Morning/Evening Peak 55% 45% 


Maximum Minimum
SV Silo level level 


Off peak 80% 15% 

Morning/Evening Peak 80% 15% 


Table 3: Main rock winder silo control ranges. 
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Similar to the main rock winder, REMS Winder controller for the SV rock winder 

prioritises SV silo's levels (upper) over the TV silo (lower), which is fed by the tertiary 

vertical (TV) rock winder. The minimum and maximum levels for the SV silo and 

TV silo are given in Table 4. 

Maximum MinimumSV Silo level level 

Off peak 75% 70% 
Morning/Evening Peak 55% 35% 

Maximum Minimum!TV Silo level level 

Off peak 80% 65% 
Morning/Evening Peak 80% 25% I 
Ta.ble 4 : Sub vertical rock winder silo control ranges. 

Finally for the tertiary vertical shaft, REMS Winder gives priority to the TV silo (upper), 

over underground stock piles (lower). The minimum and maximum levels for the TV silo 

and underground stockpile are given in Table 5. 

Maximum MinimumTV Silo level level 
Off peak 100% 80% 

Morning/Evening Peak 50% 25% 

Maximum MinimumUnder ground stock pile level level 
Off peak 80% 5% 

Morning/Evening Peak 80% 5% 

Ta.ble 5 : Tertiary vertical rock winder silo control ranges. 

The three rock winders at Tau Tona mine each have a REMS Winder controller. REMS 

Winder will schedule the operation of the rock winder according to the priority silo 

levels. "When the level of the prioritised silo reaches the maximum level, REMS Winder 

will prevent the rock winder from hoisting until the silo level reaches its minimum leveL 
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It is important to note that the REMS Winder controllers for each rock winder are 

independent of each other. For example if the surface silo is at a mi:nimum, REMS 

Winder for the surface silo will operate the main rock winder without considering the 

levels of the TV silo, unless the surface silo is empty. 

During the evening peak period REMS Winder will implement load shifting (by not 

operating the winder in this period). However, it is determined by REMS Winder, 

prior to evening peak period, that the daily hoisting target will not be reached within the 

remaining hours, load shifting will not be executed. In the event of an emergency, there 

is an override system in place which allows manual operation ofthe rock winder. 

2.2.9. POTENTIAL FOR THE APPL/CA TlON OF MAXIMUM DEMAND (MD) 

CONTROL ON ROCK WINDERS 

In this section the potential of using rock winders to manage maximum demand (MD) 

will be discussed. The rock winder study conducted in Sections 2.2.2 to 2.2.5 provided 

an insight into rock winders. Rock winders are started and stopped frequently with each 

hoist cycle. This makes rock winders the ideal equipment to use to manage MD. 

To determine the potential MD control, the following information (or variables) is 

required: 

• loading times 

• hoisting times 

• skip size 

• production targets. 

The loading and hoisting time can be determined from a tachograph and instantaneous 

power [kW] logged data The skip size and production targets are obtained from a daily 

hoist report see Appendix E. The maximum possible number of skips per hour (SH) 

is calculated with the use of the total cycle time duration (tT [s]): 
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3600 sec 
SH=--- (5) 

tT 

The number of skips per day CSD) required to achieve the production target is 

calculated by dividing the production target (Tp[tJ) by the skip size (Ss [t]): 

S =Tp (6)
D S 

s 

Once the number of skips per day (SD) has been detennined, the rock winder 

operational hours can be detennined. This is calculated by dividing the number of 

skips per day by the maximum number of skips per hour CSH)' The operational hours 

required CH R [hJ) per day to reach the production target is given by Equation 7: 

[h] (7) 

The number of hours per day that the winder has to operate (HR ) is subtracted from 

the daily 24-hours, to give the number of hours that the winder can be in an idle state 

CHs [h]). 

[h] (8) 

From this result the application of load shifting and the feasibility of 1v.1D control can be 

detenninecL For evening load shift, two hour standing time is required and the remaining 

hours can be applied for 1v.1D controL 1v.1D control has priority over load shifting because 

the consequences resulting from exceeding the 1v.1D are a long-term financial burden on 

the mine [38]. 
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2.2.10. 	 SPECIFICATIONS AND PRINCIPLES OF MD CONTROL USING ROCK 

WINDERS 

The control philosophy and the integration of the REMS Winder system implemented on 

Tau Tona Mine are discussed in this section. The operation of the rock winders is 

dependant on the silo levels and also on the specific time of day. The daily hoisting 

production targets are taken into account by the REMS software. REMS Winder will 

reduce the electricity consumption of the rock winders during the evening peak demand 

period. The morning peak is optional. 

For the rest of the day REMS Winder will allow maximum hoisting cycles whenever it is 

possible. During Eskom's evening peak period, REMS Winder will inhibit its specified 

rock winder from hoisting. It will not do so unless it is predicted by simulation that the 

rock winder will not achieve its daily hoisting target [38]. REMS MD controller 

measures the electrical consumption of the mine if available. 

The MD controller will manage the mines electricity consumption and send a signal to 

REMS Winder to inhibit the rock winders when MD is in danger ofbeing exceeded. The 

management of MD takes preference over hoisting targets and load shifting interventions. 

The negative impacts resulting from exceeding MD are long-term and a financial burden 

for the mine, compared with missing hoisting targets and load shifting targets. 

2.3. IMPACT ON MINING PRODUCTION 

To be able to determine the impact and effects on the mining production it is important to 

understand the production process. A detailed discussion of the underground ore 

extraction process is provided in Appendix C. The importance of rock winder systems in 

the ore extraction process is also discussed. Rock winders have the important role of 

transporting ore from underground to the surface. 
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Daily and monthly production targets are specified for every rock winder, therefore rock 

winders have a direct influence on mining production. The quality and quantity of the 

ore hoisted by the rock winder provides a means of measuring the mine's success. For a 

multiple vertical shaft mine, such as Tau Tona gold mine, each rock winder has its own 

production target 

quantity of reef extracted from underground to surface is important to the mine 

because it determines the mine's profit. Surface rock winder's production targets provide 

a means of measuring the amount of reef extracted from underground. Typically, the 

working periods for the mines are separated into three shifts which are: 

• 	 Night shift 22:00 - 06:00 

• 	 Morning shift 06:00 - 14:00 

• 	 Evening shift 14:00 - 22:00 

In the mining environment, the daily operations typically begin with the night shift. The 

daily production of mines is measured from 22:00 until 21:59 the following day. The 

operations involved for a single day's production are listed below: 

1. 	 The mining production process begins with the miners drilling into the rock face 

at each mining leveL After the holes have been drilled explosives are inserted and 

prepared for detonation. 

2. 	 The miners and mining personnel evacuate the mining levels and hazardous areas. 

After the rock has been blasted and the dust has settled, the next mining shift 

commences. 

3. 	 The miners working in this shift [14:00 - 22:00J load the blasted rock onto the 

underground trains. The rock is transported to the ore passes and loading boxes. 

Thereafter the rock is hoisted to the surface and then to the gold processing plant. 
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Blasting ends approximately at 14:00, thereafter rock hoisting increases until the end of 

the day's shift at 22:00. The daily production targets specified by the mine must be 

achieved to prevent the gold plant from losing production. This will result in the mine 

incurring financial losses impact. 

With clear understanding of mining operations, possible effects that can result from 

implementing load shifting can be determined. The implementation of load shifting 

during Eskom's evening peak period, must not negatively impact the mine's production. 

It is important to anticipate an increase in rock winder operations between 14:00 and 

22:00. 

An increase in rock supply to ore passes and loading boxes during the evening peak 

period can reduce the load shift attainable. This will in tum increase the silo's rock levels 

and once the specified maximum has been reached the rock winder will hoist. The cost 

savings will be reduced due to the operation of rock winders during the evening peak 

period. Therefore mining operations should be taken into consideration. 

2.4. CONCLUSION 

In this chapter a study was conducted to determine the feasibility of applying DSM 

initiatives on the rock winders. Tau Tona mine's rock winder system considered as 

the case study of this study. The calculation and data processing performed in this 

chapter were implemented on the case study. The data represented the actual 

situation at Tau Tona mine. 

This information can be used to determine the load shifting potential of the rock 

winders. The methods and procedures presented in this chapter to determine DSM 

feasibility on multiple cascaded rock winder systems will be implemented in the case 

study in the following chapter. 
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CHAPTER 3: CASE STUDY - IMPLEMENTATION AND 
RESULTS 

This photo was taken from the inside of the headgear. This photo shows the sheave wheel of the main 

Koepe rock winder at Tau Tona gold mine. The sheave wheel consists of three ropes which are used by the 

main rock winder. This chapter will focus on the case study. 
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3.1. INTRODUCTION 

AngloGold Ashanti has seven mining operations In South Africa. These mining 

operations are grouped into the West Wits and Vaal River regions. From the seven 

deep-level mining operations, 2,1 million ounces of gold were produced in 2008 [49]. 

Figure 23 illustrates the geographic location of the seven AngloGold Ashanti's South 

Africa operations. 

West Wits operations 
Vaal River operations Mponeng 

SavukaGreat Noligwa 
Kopanang TauTona 
Moab Khotsong 
Tau Lekoa 
Surface 

Operations 

o 400km 
! ! 

Figure 23: South African AngloGold mining operations [49]. 

Tau Tona mine is one of AngloGold Ashanti's mining operations in South Africa. 

Tau Tona mine is in the West Wits operations located near the town of Carletonville 

in the North-West Province. This is approximately 70 km south-west of 

Johannesburg. In 2008 Tau Tona mine received an accolade as the deepest mine in 

the world after reaching a depth of 3902 metres [33]. 
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Gold production at Tau Tona mine declined by 23% from 12714 kg achieved in 2007 to 

9 769 kg in 2008. The decline in production is mainly as a result of frequent seismic 

activities. The geological risk presented by the seismic activities near high-grade 

production panels and shaft pillars temporarily halted production during the year 

2007 [49]. The electricity supply crisis experienced in the beginning of 2008 intensified 

the production decline. 

As mentioned in the previous chapters, the rock winders at Tau Tona have been 

considered as the case study for this study. Tau Tona mine has a three-shaft system 

consisting of a main shaft, sub vertical shaft and tertiary vertical shaft. There is a rock 

winder positioned at each shaft. The shafts are positioned in a cascade configuration as 

shown in Figure 14, Section 1.3 .2. The rock winders' specifications are shown in Table 6 

below: 

Number Power of a Total power Mining levelsRock winder of single [kW] covered
motors motor-[kW] 

Main 2 2200 4400 Surface - 68 Level 

Sub vertical (SV) 2 1300 2600 64 Level - 102 Level 

Tertiary vertical (TV) 2 2050 4100 97 Level - 122 Level 

Table 6: Specification/or Tau Tona rock winders. 

The mam shaft Koepe, sub vertical (SV) Koepe and tertiary vertical (TV) double

drum rock winders are illustrated in Appendix H. Mining operations and ore 

extraction takes place in the SV and TV regions. The mining process takes place on 

100 level and further down to 120 level. 

The blasted hard rock is excavated at 122 level and has to be hoisted by the TV rock 

winder to 97 level. From there, the blasted rock will be hoisted by the SV rock 

winder from 102 level to 64 level. Finally, it will be hoisted to surface by the main 

rock winder. The ore excavated at 100 level however, is hoisted only by the SV rock 

winder and then by the main rock winder to the surface. 
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3.2. ESTABLISHING A BASELINE FOR TAU TONA'S ROCK WINDERS 

The electrical consumption profile, prior to implementation of the DSM intervention, 

was used as a reference and is referred to as the baseline. The baseline provides the 

energy consumption of the rock winders as well as their operational information. 

This was used to determine the DSM potential of Tau Tona's rock winder system. 

It is crucial to establish a baseline independently. This is to ensure that the baseline is 

correct, because it will later be used to assess the performance of the DSM 

intervention [50J. The process of establishing a baseline will provide: 

• 	 measured results which are taken from the same point where the baseline 

was developed; 

• 	 a simplified method to measure and verify the results achieved by the 

project; 

• 	 clarity and understanding of the metering processes implied. Understanding 

the metering process will later assist in certifying the performance achieved 

by the DSM intervention; 

• 	 assurance that the results obtained by the project are credible. 

3.2.1 ROCK WINDER ELECTRICAL FEEDER AUTHENTICATION 

Prior to baseline development, auditing of the electrical feeder supplying power to the 

rock winders must be performed. The audit will assist in identifying auxiliaries that 

are supplied by the same feeder as the rock winders. An audit will verify that the 

correct rock winder feeder is measured and monitored. 

The power meters installed on the rock winders' electrical panels, will be used to 

measure and record the rock winders' power consumption. Tau Tona mine's 

electrical layout is given in Appendix K. The electrical layout will be used to identify 

the electrical feeders to the rock winders. 
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Once the feeders are identified the auditing process can be conducted. The measured 

electrical feeders to the rock winders are located on the surface in a substation. The 

auditing process is provided in the following section. 

3.2.1.1. Main rock winder 

The electrical layout of Tau Tona mine was used to verify the electricity consumption 

of the main rock winder. Figure 24 illustrates a section of the electrical layout to 

highlight the main rock winder's electrical feeder. From Figure 24, it can be seen that 

the metered feeder 554 receives power from the busbar marked in red. Feeder 554 

supplies power directly to the main rock winder. 
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Figure 24: Main rock winder feeder panel. 
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The logged power consumption data for electrical feeder 554 was compared with the 

main rock winder's hoist cycles over the same time period; this is shown in Figure 25. 
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Figure 25: Main rock winder hoist cycles vs. time and kWh vs. time. 

The main rock winder's hoisting cycles, which are obtained from the tachograph, 

correlate with the actual energy consumption - i.e. kilowatt-hour (kWh), of 

feeder 554 as expected. The auxiliaries on this feeder were identified and measured 

to consume an average energy of 50 kWh. 

The average energy consumption by the auxiliaries forms the base load on the feeder. 

This confirms that feeder 554 is the correct electrical supplier for the main rock 

winder and will be used to measure the performance of the main rock winder. 
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3.2.1.2. Sub vertical rock winder 

In a similar manner, the metered feeders 602 and 603 were confirmed as the correct 

feeders for the sub vertical (SV) rock winder. The data collected from these feeders 

was once again used to investigate the electrical consumption of the SV rock winder. 

Figure 26 shows the electrical layout in which the two paths that supply the SV 

winder are highlighted. 

Figure 26: Sub vertical rock winder feeder pane/. 
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The average electrical energy consumption data for feeders 602 and 603 was 

compared to SV hoist cycles. Figure 27 shows the correlation between the hoist 

cycles and the energy consumption data from feeders 602 and 603. 

Sub Vertical Rock Winder 
~.----------------------------------------------------------.3000 

25 2500 ~ 
.c 
:iC 

<II 20 2000 :!!. 
CD >U e>>
u 15 1 500 ~ u; .. 
·0 iii 
:r 10 1 000 ~ .., 

.!! 
5 500 w 

0 0 
0 
0 ~ 0 

'" 
0 

'" 
0.... 0 

01 
0 
a> 

0 ..... 0 
0> 

0 
<D 0 

~ 

'" 
~ 

'" .... 01 a> ..... 0> <D '" 0 ~ '" '" '" '"0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Time 

1_ Hoist cycles - Feeder 602 & 603 1 

Figure 27: Sub vertical rock winder hoist cycles vs. time and kWh vs. time. 

The correlation confirms that feeders 602 and 603 are the correct power suppliers to 

the SV rock winder and will be used to measure the electrical energy consumption of 

the rock winder. By analysing Figure 27, a base load averaging 800 kWh was 

observed when there was no rock hoisting. Figure 28 illustrates the SV rock winder's 

energy consumption (kWh) excluding the energy consumed by the auxiliaries. 
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Figure 28: Sub vertical rock winder hoist cycles vs. time and kWh vs. time (excluding base load). 
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The base load is as a result of the auxiliaries supplied from the same busbar as the SV 

rock winder. The accurate consumption of the SV winder was determined by 

subtracting the base load from the measured consumption. This is illustrated in 

Figure 28. 

3.2.1.3. Tertiary vertical rock winder 

There are three metered feeders, 609, 610 and 611, that all supply the tertiary vertical 

(TV) rock winder. The different supply paths from these feeders are highlighted in 

Figure 29. 
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Figure 29: Tertiary vertical rock winderfeeder panel. 
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Figure 30 shows the comparison between the TV rock winder hoist cycles, obtained 

from the tachographs, and the electrical feeders 609, 610 and 611. 
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Figure 30: Tertiary vertical rock winder tacho vs. electrical feeder. 

From the data shown in Figure 30, it can be seen that these electrical feeders do not 

show any correlation to the hoist cycles of the TV rock winder. As expected, all the 

feeders have the same load profile because they all supply the same busbar on surface. 

Even though these feeders were identified as power suppliers to the rock winder, it is 

impossible to use them for measuring the TV rock winder's electrical consumption. 

This is because of numerous auxiliaries that are also supplied by these electrical 

feeders. This data confirmed that these feeders cannot be used to measure the 

electrical consumption of the TV rock winder. 

A power meter logger had to be taken to the 97 level and temporarily installed on the TV 

rock winder. By using power meter logged data, it was possible to determine the average 

electrical power consumption for a hoist cycle. To calculate the winder's hourly energy 

consumption, the number of hoist cycles per hour was multiplied by the average power 

consumed in a single hoist cycle. 
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Tills approach was applied on the TV rock \vinder to determine its hourly and daily 

energy consumption. The disadvantage of this method is that it is time consuming and is 

dependant on the availability of a tachograph. 

Occasionally these expensive tachographs have been lost. Other problems were also 

experienced with the tachometer and their tacho sheets (e.g. paper misfeeds and paper 

jams). Therefore the electricity consumption could not always be calculated accurately 

the first time. 

3.2.2 DATA CAPTURING AND BASELINE DEVELOPMENT 

The following information was used to determine the baseline for the rock winder 

system at Tau Tona mine: 

• 	 Measured instantaneous power consumption data, which is obtained from 

the power meters coupled to the winder motor. 

• 	 Energy consumption data obtained from the electrical feeder panel. The 

energy consumption data is accumulated and averaged half-hourly but is 

measured every 5 seconds. 

• 	 Rock winder tachographs, which produced a graph plotting the hoisting 

speed against time. By interpolating this graph, the number of cycles 

completed by the winder in a specific hour of day can be determined. 
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Data obtained for the period 1 October 2005 to 31 October 2005 was used to develop 

the project's baseline. The baseline profile consists of the average hourly power 

consumption data for the month of October 2005, separated into weekdays, Saturdays 

and Sundays. The electricity demand baselines for the rock hoisting at Tau Tona 

mine is provided in Table 7. 

Weekday baseline Saturday baseline Sunday baseline 
Hour demand profile [kW] demand profile [kW] demand profile [kW] 
00:00 5071 5071 773 

01:00 5437 5303 677 

02:00 5306 5228 643 

03:00 5707 4747 659 

04:00 4964 4060 662 

05:00 4035 3763 794 

06:00 3557 2508 842 

07:00 2082 2098 848 

08:00 1895 4215 855 

09:00 2128 4292 784 

10:00 2473 4740 850 

11:00 3922 4766 818 

12:00 5543 5472 654 

13:00 6200 4600 745 

14:00 6248 4877 862 

15:00 5943 4750 938 

16:00 5984 4770 973 

17:00 6048 4857 995 

18:00 5752 3266 967 

19:00 4822 2456 1 160 

20:00 4323 1 813 1 371 

21 :00 4340 1 716 1660 

22:00 4810 962 3391 

23:00 5395 720 4413 

Day total 111 985 kWh I weekday 91 050 kWh I Saturday 27 332 kWh I Sunday
[kWh] 

Table 7: Electrical demand profile for Tau Tona's rock winders. 
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The demand profile shown in Table 7 will fonn the basis for later evaluation of Tau 

Tona's DSM rock winder project. This demand profile is the pre-implementation 

condition of the rock winders' electricity consumption. The project baseline remains 

unchanged and will be scaled according to M&V standards [51]. This will assist in 

accurately detennining load shifting and cost savings achieved. The baseline profiles are 

presented graphically in Figure 31. 
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Figure 31: Demand baseline profile to hoist the target tonnage for Tau Tona mine. 

The daily energy consumption value can be obtained by calculating the area under the 

electricity demand curve. This was done by summing all the average hourly power 

consumption values over a 24-hour period. The electrical energy consumption is 

categorised into three sections, namely weekday baseline, Saturday baseline and 

Sunday baseline. The electricity consumption is 111 985 kWh for weekdays, 

91 050 kWh for Saturdays and 27 332 kWh for Sundays. 
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3.3. ATTAINED LOAD SmFTL~G AND FINANCIAL RESULTS 

3.3.1 SIMULATION OF THE ROCK WINDER SYSTEM A T TAU TONA MINE 

In this section the morning and evening load sbifting potential will be analysed. The 

associated savings will also be estimated. Eskom is more concerned about the 

weekday evening load shifting, because the highest electricity demand is experienced 

during weekday evenings. Therefore load shifting during the evening peak time will 

be the focus of this study. The weekday baseline will be used, because electricity 

demand is higher and also more expensive than during weekends and public holidays. 

Eskom measures the load shift attained during the peak period using power (MW). 

The best way to describe load shifting, however, is in terms of energy (MWh); this is 

because the duration of the load shift should also be taken into account. For example 

if equipment consuming on average 10 MW of electricity is switched off - during 

peak demand period for 10 minutes (1,67 MWh) or an hour (10 MWh), a claim can 

be made that a load shift of 10 MW was achieved. 

Eskom's definition of MW therefore implies average reduction in electricity over a 

certain period of time. If equipment consuming 10 MW was switched off for the 

whole two hours of peak time, the peak time load shift by Eskom's definition is 

10 MW. If it was switched of for only 1 hour, the load shift would be 5 MW. The 

M&V and Eskom approach will be used further on in this study. Therefore, the load 

shifting achieved is the average electricity reduction over the two-bour evening peak 

period. 

Before developing simulation to determine the potential load shifting for the rock 

winders, more information on rock winder operations is required. The winder 

questionnaire in Appendix I was used to obtain operational schedules, power 

consumption data and rock winder specifications. 
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3.3.1.1 Main rock winder simulation 

By using tachographs and equations provided in Section 2.2.9, loading, hoisting and 

total time per hoist can be determined as well as maximum hourly cycles. Table 8 

provides these results as well as other rock winder data.. Real-time Energy 

Management System (REMS) software and more specifically REMS Winder 

controller will be used for rock winder simulations. 

Calculating the maximum cycles per hour for the main rock winder 

From power cycle profile 


Hoisting time (s) 130 

Skip loading time (s) 35 

Total time per cycle (s) 165 

Total cycles per hour 21,8 

Maximum cycles per hour from tacho sheets 23 

Cycles per hour simulation factor 22 


Calculating operating hours per day 
Dally target tonnage (tonne) 4293 
Dailv taraet skips 265 
Skips per hour 22 
T onnes per skip 17 
Skip size tonne factor 16.2 
ReQuired operation hours 12,05 

Idle hours for planned delays 
DSM load shiftina (min) I 300 
Maintenance purpose and stoppages (min) I 96 

Table 8: Determining maximum cycles per hour for main rock winder. 

From Table 8 a summary of the information required to perform a detailed study on the 

main rock winder is provided. The operational hours required to achieve the daily 

hoisting target of 4 293 tonnes is shown in the table. It is important to calculate the 

operational hours in order to determine the realistic idle hours of the rock winder. This 

will determine the available hours to implement load shifting without affecting 

production. 
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EXisting Baseline vs. Optimised Profile for the Main Rock Winder 
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Figure 32: Main rock winder electrical load profiles showing initial baseline and optimised DSMprofile. 

Figure 32 shows the existing baseline and the REMS Winder's new optimised profile. 

The REMS Winder will not permit winder operation during the evening peak periods 

unless it is absolutely necessary. The daily production targets are taken into 

consideration by the REMS Winder control. REMS will allow the operation of the 

main rock winder during evening peak periods only if daily production targets 

become unattainable. 

REMS Winder gives operational priority for the rock winder during the morning peak 

instead of the evening peak periods (as required by Eskom). Table 9 shows the hourly 

power consumption data for the main rock winder. These values are also graphically 

presented in Figure 32. The power difference shown in Table 9 is the average power 

consumption, which is the difference between the existing and optimised baseline in 

those time intervals. 
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Main rock winder optimisation 
Average hourly 

difference in power Hour Baseline(kW) Optimised (kW) (Baseline - Optimised) 
k 

00:00 1728 2134 
01:00 1667 2134 
02:00 1700 2134 
03:00 1991 2134 
04:00 1870 2134 
05:00 1903 2134 
06:00 1689 2134 

I 07:00 466 0 
08:00 241 0 I 
09:00 22 0 I -- -
10:00 170 1892 

-

11 :00 1240 1940 
12:00 2018 1940 
13:00 2337 1940 
14:00 2380 1940 
15:00 2331 1940 
16:00 1914 1922 
17:00 2134 1892 -=- - 0

18:00 2024 a 
19:00 2079 0 
20:00 1881 2134 

- - -=  . 

21 :00 1717 2 134 
22:00 1508 2 134 
23:00 1870 2134 

Day total 
kWh 38880 kWh 38880 kWh 

Table 9: Optimised profile vs. existing baseline loadfor the main rock winder (Peak demand periods are 
indicated in red, while non-peak demand periods are shown in green). 

Prior to Eskom's peak periods REMS Winder will manage the rock stored in the 

underground silo and keep it at its minimum level. REMS Winder will also maximise 

rock hoisting during the off-peak periods. This will ensure that the winder operations 

can be halted during both peak periods without influencing mining production. 

An important feature of load shifting management is that the optimised and existing 

baseline overall energy consumption does not change. This means that the daily 

tonnage extracted will remain the same with the optimised rock winder operation. 
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From Figure 32, it can be seen that before DSM implementation the main rock winder 

is in operation during the evening peak period. DSM implementation resulted in the 

stopping of rock winder operation during the evening peak. This results in an 

increase in stockpile over this period. REMS Winder is programmed to ensure 

minimal stockpile prior to the evening peak period. 

Main shaft ore-pass capacity is large enough to contain the rock hoisted by the 

SV rock winder for up to 3 hours of continuous rock hoisting. The main shaft ore

pass capacity is an added benefit to the optimisation of the main rock winder. The 

REMS Winder simulation ensured that the following constraints were met: 

• Maximum capability of 23 cycles per hour. 

• Maximum payload of 16,2 tonnes. 

• Shaft inspections are conducted once a week with a duration of 3 hours. 

• Daily winder maintenance is scheduled for one hour at 07:00. 

The optimisation of the main rock winder will result in savings of R 251 500 per year 

for the mine (calculated using Eskom's 2008-09-01 to 2009-05-31 tariffs). This will 

be as a result of achieving morning and evening load reduction of 243 kW (486 kWh 

total for three peak time hours) and 2,05 MW (4,1 MWh total for two peak time 

hours) respectively. 
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3.3.1.2 Sub vertical rock winder simulation 

Similar to the main rock winder, Table 10 shows the specifications of the SV rock 

winder. The daily target tonnage for the simulation of the SV winder is set to 

4 124 tonnes requiring 13 operating hours. 

Calculating the maximum cycles per hour for the SV rock winder 
From power cycle~ofile 

HOisting' time (s) 115 
Skip loading time (s) 20 
Total time per cycle (s) 135 
Total cycles per hour 26.67 
Maximum cycles per hour from tacho sheets 27 
Cycles per hour simulation factor 26 

Calculating operating hours per day 
Daily target tonnage (tonne) 4124 
Daily target skips 338 
Skips per hour 26 
T onnes per skip 13.5 
Skip size tonne factor 12.2 
Required operation hours 13 

Idle hours for planned dela~ 
DSM load shifting (min) I 300 
Maintenance purpose and stoppages (min) I 96 

Table 10: Determining maximum cycles per hourfor SV rock winder. 

Figure 33 shows the existing baseline and the optimised REMS Winder profile of the 

SV rock winder. 
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Figure 33: SV rock winder electrical load profiles showing initial baseline and optimised DSMprofile. 

Load shift through optimal control of complex underground rock winders Page 70 



- --

Chapter 3: Case Study - Implementation and Results 

Table 11 shows the power consumption data of the SV rock winder from which the 

graph of Figure 33 was plotted. 

Hour Baseline (kW) 

- - - -- "'-- - 

Table 11: Optimised profile vs. existing baseline load/or the SVrock winder (Peak demand periods are 
indicated in red, while non-peak demand periods are shown in green) . 

The REMS Winder simulation for the SV winder was similar to the main rock winder. 

The difference in the simulator was that the SV rock winder is capable of completing 

26 cycles per hour with a maximum payload of 12,2 tonnes. 

An average energy consumption difference between the existing and optimised 

baseline for specific time intervals is also shown in Table 11. The optimisation of the 

SV rock winder will result in a saving of R 116 700 per year for the mine 

(2008 tariff). This cost saving is achieved by shifting load from the morning and 

evening peaks of 300 kW (600 kWh total for three peak time hours) and 655 kW 

(1,31 MWh total for two peak time hours) respectively. 
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3.3.1.3 Tertiary vertical rock winder simulation 

Similar to the other rock winders, Table 12 shows the specification for the TV rock 

winder. The daily target tonnage is 2 887 tonnes which requires approximately 

13,27 operational hours. 

Calculating the maximum cycles per hour for the TV rock winder 
From power cycle profile I 

Hoisting time (s) 162 
Skip loading time (s) 30 
Total time per cycle (s) 192 
Total cycles per hour 18.75 
Maximum cycles per hour from tacho sheets 20 
Cycles per hour simulation factor 19 

Calculating operating hours per day 
Dailv taraet tonnaae (tonne) 2887 
Daily target skiQs 252 
Skipsper hour 19 
Tonnes per skip 12 
Skip size tonne factor 11,5 
Required operation hours 13,27 

Idle hours for planned delays 
DSM load shiftina (min) I 300 
Maintenance purpose and stoppages (min) I 96 

Table 12: Determining maximum cycles per hour for TV rock winder. 

Figure 34 shows the comparison between the existing and the optimised baseline for 

the TV rock winder. 

Existing Baseline vs. Optimised Profile for the Tertiary Vertical Rock Winder 
700,-----~~--------~------------------~~------------------_, 

600+----=~----------------------------------~----~~------------~ 

-500 ~====~~~----------~~~~t===~~-+---~~==~ 
3: 
~ 400+----------+------~---------_r--~--~_r----------+_~l--_r----_r--~ ... 
; 300 +---------~----_+1~~~--_+--------------------1_--~r_--~----~ 
o 
~ 200 +---------~r_~~~~--~L-------------------_r--~--.r----~ 

100 +-----------~.r--~----_r--------------------~--~~------~ 

o+--r--'-'--.--.--'--'-~~~.--'--r-.--.--.--'--r-.-~~.--'--'--.~ 
0 
0 

0 0 

"" 
0 
w 

0 
ol>o

0 
01 

0 
0> 

0....., 0 
00 

0 
CD 0 "" w ol>o 01 0> ....., 00 

~ 

CD "" 0 "" "" "" "" w 
6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hour 

-Existing Baseline - Optimised Profile 

Figure 34: TV rock winder electrical load profiles showing initial baseline and optimised DSMprofile. 

Load shift through optimal control of complex underground rock winders Page 72 



Chapter 3: Case Study - Implementation and Results 

A potential load reduction of 319 k Wand 407 k W is achievable for the morning and 

evening peaks respectively. Table 13 provides the power consumption data for the 

TV rock winder. 

Average hourly 
difference in power Hour Baseline (kW) Optimised (kW) 

(Baseline - Optimised) 

Table 13: Optimised profile vs. existing baseline load for the TV rock winder (Peak demand periods are 
indicated in red, while non-peak demand periods are shown in green). 

The application of the REMS Winder simulation is similar for all the rock winders. 

The difference with the TV rock winder is that it is capable of completing 19 cycles 

per hour with a maximum payload of 11,5 tonnes. The mine will save R 89 000 per 

year with the optimisation of the TV rock winder. (2008 tariff). 

The combined simulated load shift for all the rock winders is 863 kW and 3,11 MW 

respectively for the morning and evening peak periods. This also translates to a total 

load shift of 1,73 MWh and 6,23 MWh respectively. The mine will save 

approximately R 440 000 on their electricity bill per year. 
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An evening load reduction of 3 MW was proposed and approved by Eskom as the 

contractual evening load-shift target. The target was selected by taking into 

consideration the variation of the daily production targets allocated to the rock 

winders, the inconsistent hoisting targets as well as winder breakdowns or stoppages 

that may occur. Eskom's main focus is in the successful implementation of the 

evening load-shift (18:00 - 20:00 on weekdays). 

3.3.2 IMPLEMENTATION OF ROCK WINDER SYSTEMS 

Figure 35 shows the installation layout of REMS Winder's DSM intervention 

implemented at Tau Tona mine. REMS servers shown in this figure were installed in 

the mine's control-room. Communication was then established with the mine's 

Supervisory Control and Data Acquisition (SCADA) system. 

B\ Malnrock 
~ winder SCADA SCADA

REMS se"..n; MlneSCADA 

·• Conveyor· 
o ·· - · ·.Main rock • IRIO I Remote 1/0J5"\.I winder : SV rock ....---.......----..---.~ I--__ 
~ ~ winder SCADA -L-___----' 

···· :-------8-- · : 
REMS software .. .. .B\ SVrock 

~ winder SCADA: winder : 

------~-------------------------------------: ···· .:-------B-- . · : . . 
______••• __________ • __ • : ._. __________ winder__________________ ----_____ .1: 

Figure 35: REMS implementation layout on the rock winder system. 
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During the installation phase of the load shifting project, the rock winder's SCADA 

computers had to be updated for all the rock winders. This was performed to enable 

these SCADA computers to communicate with the mine's SCADA on surface. After 

communication was established, rock winder operational data could be logged and 

analysed by RBMS software. 

The control of the main rock winder was performed by RBMS Winder controller. A 

control signal was sent by RBMS Winder to the main rock winder's SCADA system. 

This signal instructed the main rock winder driver to inhibit or operate the rock 

winder. The main rock winder's control philosophy was satisfactory and approved by 

the mine's vertical transport (VT) engineer. 

The control philosophy of the SV and TV rock winder was also discussed with the VT 

engineer. The engineer disapproved the control philosophy of directly controlling 

these rock winders. This is because rock winders cannot be stopped during a hoist 

cycle. The concern was that if a skip was stopped in the middle of a hoist with a 

payload suspended in the air, it would be a safety concern. 

As a result, RIO (Remote Input Output) and PLC (Programmable Logic Controller) 

units had to be installed at the conveyor belt levels to control the conveyors. The 

control philosophy implemented for the SV and TV rock winders was to inhibit the 

conveyor belts from feeding rock into the winder's silo. This in tum will stop the 

rock winder after completing a hoist cycle because no rock flows into the skip. 
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This system is programmed to operate the rock winders as efficiently as possible. 

Figure 36 shows an illustration of REMS system that was implemented. The three 

rock winders as well as the REMS Winder and MD controllers can be seen from this 

figure. 

TjUl 
Oeo I 

Figure 36: REMS Winder user interface showing the winder system components and interconnections at 

Tau Tona mine. 


When REMS was implemented on the rock winder system, a number ofdeficiencies were 

identified. Indicators that display information about the amount of rock stored in the silo 

was not yet implemented. Without real-time information of silo levels, successful 

implementation of load shifting seemed to be impossible. 
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The severity of this risk on the project was mitigated by a further study into ore storage 

capacities on the mine. Further investigations revealed that it was possible to use ore 

passes, which supply rock into the silos, as additional storage capacity. This eliminates 

the need for real-time information about the quantity of rock stored in silos. 

There is, however, still no means of quantifying the amount of rock stored in the ore 

passes and silos at any time. As a result this morning-load shifting could not be 

implemented. This did not affect the implementation of evening-load shifting on all the 

rock winders. 

The successful implementation of load shifting through optimal control of rock winders is 

shown in Figure 37. This figure shows the hoisting cycles of the rock winders over a 

24-hour period, after the implementation ofREMS Winders intervention. 
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Figure 37: 24-hour rock winder hoisting cycles achieving optimal evening peak (18:00 to 20:00) load 
shifting. 
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The production target for the SV rock winder was increased, thereby presenting an 

uncertainty concern whether the storage capacity will be sufficient. With this increased 

production requirement, the SV rock winder had to be continuously operated. REMS 

Winder control of the SV rock winder was unfortunately disabled, under instructions 

by the VT engineer. 

The engineer made the suggestion that the SV rock winder's production targets will 

not be achieved by implementing load shifting. Thereafter he requested that REMS 

Winder controller should be disabled to allow the winder operator to operate the SV 

rock winder manually. Figure 38 shows the 24-hour operation cycles of the rock 

winders after the production targets of the SV rock winder were increased. 
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Figure 38: 24 hour rock hoisting cycles with a missed load shifting opportunity. 

From Figure 38, it can be seen that the SV rock winder was hoisting during the evening 

peak period. The operation of this winder during the evening peak period had a negative 

impact on the load shifted and cost savings achieved. The main and TV rock winders 

were inhibited from hoisting during the evening peak period as expected. 
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3.3.3 LOAD SHIFTING AND FINANCIAL RESUL TS ATTAINED 

A three-month performance assessment period was conducted during September, 

October and November 2008. The project's performance was tracked and monitored 

daily. The contractual evening load shift of 3 MW was stipulated by Eskom for the 

Tau Tona rock winder project as previously mentioned. The attained results achieved 

for the three-month period were verified by the independent Measurement and 

Verification (M& V) team at Stellenbosch University, Stellenbosch, South Africa [52]. 

3.3.3.1 Load shifting performance assessment 

The month of September 2008 was the first performance assessment month and 

achieved 58% of the target or contractual evening load shift. Figure 39 shows the 

optimised baseline and the existing baseline for September 2008. The baseline is scaled 

according to standard M&V practices. 
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Figure 39: Tau Tona winders September 2008 peiformance assessment. 

The achieved average weekly evening load shift for this period was 1,74 MW compared 

to the proposed load shift of 3 MW. This means that the missed opportunities for this 

period amounted to 1,26 MW. The missed opportunities for this period are as a result of 

a number of factors. 
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One of these factors is the lack of information regarding the real-time automation of rock 

winders. During the first performance month the mine personnel were not fully informed 

and the automatic mode of REMS was continuously being overridden. The 1,74 MW 

load shift achieved is deemed satisfactory under these circumstances. 

An improvement was shown in the second performance assessment month of 

October 2008. Figure 40 shows the optimised baseline and the existing baseline for this 

month. The project achieved a 1,907 MW evening load shift during this period. 
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Figure 40: Tau Tona winders October 2008 peiformance assessment. 

This was an improvement of 5,6% over the previous month. The improvement can be 

attributed to the increasing level of trust shown by the mine personnel in REMS Winder 

system. There were, however, still missed opportunities for load shifting. These are as a 

result of the reduction in mining production during this period as well as an increase 

in the number of stoppages. 

During this period REMS Winder was disabled from controlling the SV rock winder. 

This resulted in the frequent winder operations during the evening peak period, 

preventing the implementation of load shifting. This reduced the load shifting targets 

because load shift was implemented only on the remaining rock winders. 
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The load shifting results achieved in the third and final perfonnance assessment 

month of November 2008 surpassed the two previous perfonnance assessment 

months. Figure 41 shows the optimised baseline and the existing baseline for this period. 
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Figure 41: Tau Tona winders November 2008 peiformance assessment. 

An average evenmg load shift of 2,11 MW was achieved. This was achieved by 

REMS Winder which controlled two out of the three rock winders. These rock 

winders both achieved their maximum load shift. Controlling the SV rock winder by 

REMS Winder controller would have increased the evening load shift. This could 

have allowed the project to achieve the simulated target of 3 MW. 
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3.3.3.2 Project cost savings 

The operational cost savings for the rock winders were determined from the 

operational costs of the baseline. The optimised rock winder consumption achieved 

by the project is scaled either upwards or downwards to neutralise with the baseline. 

This is according to Eskom's M&V team specifications. The hourly energy 

consumption is thereafter multiplied by the tariff rates provided in Table 14. 

Table 14: Mega Flex tariffrates (2008-09-01 to 2009-05-31). 

Table 14 shows the Mega Flex tariff rates stipulated by Eskom which were used to 

calculate the cost savings for the project. These tariff rates were used because the 

performance assessment period for the load shifting project was conducted from 

September 2008 to November 2008. These are the tariff rates that were applicable 

during this period and are valid only for the period of 2008-09-0 I to 2009-05-31 . 
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The cost saving analysis for the project was performed over the three performance 

assessment months (September 2008 - November 2008). Figure 42 shows the 

morning and evening peak daily cost savings for September 2008. The average 

evening peak load reduction achieved for this period was 1,738 MW. 
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Figure 42: September 2008 cost savings achieved through winder control. 

For this period, REMS Winder system achieved evening cost savings of R 16 379 on the 

Tau Tona rock winder project. If REMS Winder continues with this performance, it 

would yield an annual cost savings of R 271 548. As there are many indications that 

electricity prices are set to continue rising above the rate of inflation, these cost savings 

will become more relevant and important in the future. Figure 43 shows the morning 

and evening peak daily cost savings for October 2008. 
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Cost Savings for October 2008 
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Figure 43: October 2008 cost savings achieved through winder control. 

The second month of perfonnance assessment period yielded an evening cost savings of 

R 26 670. This was as a result of the REMS Winder achieving an average evening peak 

load reduction of 1,907 MW. Annual cost savings of R 397 043 will be achieved if this 

load reduction is maintained. 
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Figure 44: November 2008 cost savings achieved through winder control. 

Figure 44 shows the cost savmgs for the final perfonnance assessment month of 

November 2008. An evening cost saving of R 26 611 was achieved with an average 

evening peak load reduction of 2,108 MW. Consistency in the load reduction will result 

in annual cost savings of R 392 432. 
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Evening peakAverage evening time load Total monthlyMonths peak time load reduction cost savings 
reduction (MW) (MWh) 

3,476September 2008 1,738 R 16378,72 

3,814October 2008 1,907 R 26780,16 

4,216November 2008 2,108 	 R 26611,02 

Table 15: Summary ofload shifting and cost savings achieved during the performance assessment months. 

Table 15 shows a summary of the load shifted for the perfonnance assessment months, 

which was verified by Eskom's M&V team at the Stellenbosch University 

(see Appendix J). An increase in winder activities provides means of increasing load 

shift and cost savings. This is possible because of an increase in energy usage by the 

rock winders and therefore an increase in operational costs. 

3.4. RESULTING IMPACT ON MINE 

The implementation of the Eskom DSM Project on the rock winder system at Tau Tona, 

resulted in a number benefits for the mine [53]. The following is a list of benefits 

received by the mine: 

• 	 electricity cost saving; 

• 	 subsidised SCADA system installed; 

• 	 subsidised infrastructure upgrades; 

• 	 enhanced operation life of equipment through the upgrade of equipment failure 

instrumentation; 

• 	 reduction in the maintenance costs of equipment by monitoring operational 

conditions of the rock winders on the SCADA system; 

• 	 reduced operational cost of the mine; 

• 	 efficient rock winder operations; and 

• 	 improved safety in working environment through improved monitoring. 
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On each of the shafts, damaged seismic sensors were replaced and additional sensors 

were installed at each of the three shafts. If these sensors detect seismic activity they 

will prevent the rock winder from hoisting, once a hoist cycle was completed. These 

sensors improved rock hoisting safety through continuous monitoring. 

A SCADA upgrade was implemented to monitor the rock winder operations. This 

improvement in rock winder monitoring resulted in early detection of faults on the 

rock winder. Thereby, a reduction in operational and maintenance costs was 

observed. The constant monitoring of equipment will enhance the operating life of 

equipment. 

The rock winder system was upgraded to enable automatic control of rock winder 

operations. Once the automation was implemented, REMS Winder controller 

optimised rock hoisting. REMS Winder achieved electricity cost savings and reduced 

operational costs for the mine. 

The operational schedules of the rock winders are centralised in the control-room 

where they can be monitored on the SCADA and REMS system. Rock winder hoist 

cycles are captured automatically and displayed on REMS system. Automation of the 

rock winders ensured that consistent load shifting was attained. 
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3.5. IMPACT ON SOUTH AFRICAN MINES 

3.5.1 PREAMBLE 

A load shifting study was conducted on other deep shaft South African mines. This was 

brought about by the success of REMS Winder system at Tau Tona mine. Table 16 

shows the results of the further studies conducted on cascade rock winders in deep shaft 

mines. The study identifies the potential evening load shift achievable and the projected 

annual cost savings. 

Mine 
Average energy 
usage (kWh/day) 

Proposed 
Evening Load 

shift (MW) 

Projected 
Annual 

Savings (R) 

1 South Deep 27023 4,4 A58S840 

2 
I 

Mponeng 25975 2,85 R 292 262 

3 Great NoIlgwa 28576 2,1 R188. 

4 Tau Lekoa 20061 1,6 R 132 720 

5 KJoof 4 shaft 10971 0,9 R97486 

6 Kloof 7 shaft 10127 0,8 R 95 681 

Table 16: Study ofrock winders on South African mines. 

The mines listed in Table 16 are listed according to the proposed evening load shift. 

From Table 16, South Deep possesses the greatest proposed evening load shift and 

KIoof 7 shaft the least potential. The application of DSM should be approached 

according to the order shown in Table 16. 

Great Noligwa mine has the largest energy consumption per day. It could be expected 

that this mine should have the greatest proposed evening load shift. This is not the case 

because the production targets are high and require a continuous operation of the rock 

winders. 
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3.5.2 INQUIRY 

In the previous section, a study of a selection of deep rock winder systems on South 

African mines was conducted. From this study South Deep and Mponeng mines were 

the two mines identified for the application of load shifting. These mines had the 

largest proposed evening load shift of those being investigated at the time. These two 

mines are analysed as follows: 

3.5.2.1. Study on Mponeng mine 

Mponeng Shaft 

Surface Level -------- 

West Skip East Skip 

~Y.ULL.LUl"" operations 

at 80 Level 


83 Level L-____---, 

Mining operations 
at 118 Level 

121 Level 

Figure 45: Mponeng shaft rock 'winder layout. 

Figure 45 shows the rock winder layout for Mponeng mine. Mponeng mine has a winder 

system composed of three rock winder sets. The East and West rock winders are the 

largest rock winders in this system and have similar power consumption. The 

underground rock winder that operates between 83 level and 121 level is the smallest 

rock winder in this system. 
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Existing Baseline vs. Optimised Profile for Mponeng East Rock Winder 
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Figure 46: Existing Baseline vs. Optimised profile for the east rock winder at Mponeng. 

Figure 46 shows the baseline and optimised profile for the east rock winder. An average 

load shift of 800 kW (1,6 MWh) and 1,55 MW (3,1 MWh) is potentially achievable for 

the duration of the morning and evening peak respectively 

Existing Baseline vs. Optimised Profile for Mponeng West Rock Winder 
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Figure 47: Existing Baseline vs. Optimised profilefor west rock winder at Mponeng. 

Figure 47 shows the baseline and optimised profile for the West rock winder. For the 

duration of the morning and evening peak an average load shift of 320 kW (640 MWh) 

and 1,3 MW (2,6 MWh) respectively can be achieved. There is no DSM potential on the 

smallest rock winder operating between 83 level and 121 level. 
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Chapter 3: Case Study - Implementation and Results 

Manual load shifting on the underground rock winders at Mponeng mine was not 

perfonned. This is because of the continuous operation of these rock winders. REMS 

Winder intervention should be able to achieve an average load shift of 

1,12 MW (2,24 MWh) and 2,85 MW (5,7 MWh) for the duration of the morning and 

evening peak respectively. The projected total annual cost saving of R 480000 is 

achievable (2008 tariff). 

3.5.2.2. Study on South Deep mine 

South Shaft Twin Shaft 

Surface Level----t--t--t--

iT.ECOR 
RQckWlnder

52 Level ~Winde jI 

Twin Shaft 
Rock Winder-

Mining OperatioIlS at 
95 Level South Shaft 

Figure 48: South Deep rock winder layout. 

Figure 48 shows the rock winder layout for South Deep. The South Deep rock winder 

system has three rock winders. Within this winder system, two of the rock winders hoist 

between surface and underground. The SV rock winder hoists between mining levels 52 

and 95. A study on load shifting application using these rock winders is discussed as 

follows. 

Load shift through optimal control of complex underground rock winders Page 90 



Chapter 3: Case Study - Implementation and Results 

Existing Baseline vs. Optimised Profile for South Deep 
Twin-Shaft Rock Winder 
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Figure 49 : Existing Baseline vs. Optimised profile for twin-shaft rock winder at South Deep mine. 

Figure 49 shows the baseline and optimised profile for the twin-shaft rock winder. An 

average morning and evening load shift of 1,91 MW (3,82 MWh) and 2,75 MW 

(5,5 MWh) respectively is attainable. 

Existing Baseline vs. Optimised Profile for South Deep SV2 Rock Winder 
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Figure 50: Existing Baseline vs. Optimised profile for SV2 rock winder at South Deep mine. 

Figure 50 shows the baseline and optimised profile for the SV2 rock winder. An average 

morning and evening load shift of 190 kW (380 kWh) and 900 kW (1,8 MWh) 

respectively is attainable. 
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Existing Baseline vs. Optimised Profile for South Deep 

VECOR Rock Winder 
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Figure 51 : Existing Baseline vs. Optimised profile for VECOR rock winder at South Deep mine. 

Figure 51 shows the baseline and optimised profile for the VECOR rock winder. An 

average morning and evening load shift of 300 kW (600 MWh) and 700 kW (1,4 MWh) 

respectively is attainable. 

From this study of the South Deep rock winders, it can be seen that significant load shift 

is achievable by implementing REMS Winder system. The average morning and evening 

load shifts achievable using South Deep rock winders are 2,4 MW and 4,4 MW 

respectively. The projected annual cost savings ofR 755000 is achievable (2008 tariff). 

3.6. CONCLUSION 

In this chapter, the procedures required to establish and validate a baseline were 

discussed. It is essential to verify that the information and data collected at a mine are 

correct. This will ensure that a detailed historical representation of rock winder 

operations is obtained. After the baseline was established, rock winder simulations were 

conducted to determine optimised rock winder operations and load shifting targets. 
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Chapter 3: Case study Implementation and Results 

The implementation of REMS Winder at Tau Tona mine was discussed. Load shifting 

and cost savings achieved by REMS Winder, in the three performance assessment 

months, was analysed. In the next chapter the shortcomings of the case study will be 

discussed. Based on the shortcomings, recommendation for further work will be 

provided. 
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CHAPTER 4: CONCLUSION 

Tau Tona gold mine is located near the town of Carletonville approximately 70 km south-west of 

Johannesburg. In 2008 this gold mine received an accolade as the deepest mine. The shortcomings of the 

case study are discussed in this chapter and recommendations are made for further work required. 
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4.1 L~TRODUCTION 

In the previous chapter, the implementation of a load shifting intervention on the rock 

winders at Tau Tona mine was discussed. REMS Winder achieved load shifting through 

optimal control of a multiple cascaded rock winder system. The success of REMS 

Winder at Tau Tona gold mine spurred the study on other deep mines with similar 

cascade rock winder systems. In this fourth and final chapter, the outcomes and 

shortcomings of this study are discussed. Recommendations based on the shortcomings 

of the study will also be discussed. 

4.2 SHORTCOMINGS AND RECOMMENDATION FOR FURTHER WORK 

Maximum demand (MD) was an important aspect to be explored. In this study it was 

identified that the rock winders could be started and stopped frequently without being 

damaged. This characteristic of rock winders is ideal to manage maximum demand. 

If the risk of exceeding MD was imminent, rock winder operations would be halted. 

Initially REMS MD controller was intended to manage MD by controlling the rock 

winders. 

The management of MD using REMS MD controller was not implemented. The 

reason for this was that the mine delayed the installation of power meters on the 

mine's main electrical feeders. This would have allowed REMS MD controller to 

monitor the mine's power consumption and ensure that MD was not exceeded. Real

time power consumption data is required to monitor the mine's overall electricity 

demand. Without this data, the REMS MD controller could not be implemented. 

As the situation currently stands, the risk of exceeding the MD is still there, because 

the overall electricity demand is not monitored in real time by the mine. The 

considerable penalties associated with exceeding the negotiated MD should be re

evaluated by the mine to motivate the acquisition of the needed infrastructure. 
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The real-time management of11D should be implemented as soon as real-time power 

consumption data is available. REMS WID controller would then make use of this 

data to manage the mine's WID. 

As previously discussed in Chapter 3, the calculation of the power consumption for the 

tertiary vertical (TV) rock winder is dependent on tachographs. These graphs are not 

always available and make it difficult to quantify the load shift achieved by the TV rock 

winder. Data capturing and processing of this information in order to calculate the power 

consumption is tedious and time consuming. 

Efficiency and accuracy are required in the determination of the TV rock winder's power 

consumption. To achieve this objective, a power meter has to be installed directly on the 

TV rock winder's electrical supply, to measure its power consumption. This will provide 

consistent and reliable power consumption data as well as accurately determining the 

load reduction achieved. 

The vertical transport (VT) engineer at Tau Tona mine stipulated that the sub vertical 

(SV) rock winder should be operated continuously. To continuously operate the SV 

rock winder, REMS Winder has to be disabled from controlling this winder. Manual 

operation of the SV rock winder was implemented resulting in the winder hoist cycles 

as shown in Figure 52. 
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Figure 52: 24-hour rock winder hoisting cycles with missed load shifting and recommendation. 

It can be seen from Figure 52 hat the main and TV rock winders are inhibited from 

operating during the evening peak periods by REMS Winder controllers. The 

SV rock winder, however, continues hoisting during the evening peak periods, 

therefore resulting in higher operational costs for the mine. 

The red blocks shown in Figure 52 indicate the load shifting capacity of the SV rock 

winder, under the stipulation of continuous winder operations. These blocks reveal that 

there is enough capacity to shift the operation of the SV rock winder from the evening 

peak period to evening off-peak periods. 

It is illustrated in Figure 52 hat REMS Winder is capable of achieving load shifting 

using the SV rock winder. Under the stipulation of continuous winder operations, 

REMS Winder would achieve evening peak load reduction without affecting daily 

production targets. 
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It is recommended that the VT engineer enables REMS Winder to control the SV rock 

winder, for the purpose of load shifting. When REMS Winder is enabled for the SV 

rock winder, the evening load reduction and cost savings could be increased 

substantially. This would result in a 3 MW (6 MWh) load shift with associated 

annual cost savings ofR 343 180 (calculated using the 2008 Mega Flex tariffs). 

It was found during this study, that the mines are reluctant to apply load shifting using the 

rock winders. The production engineers prioritise rock hoisting above the 

implementation of load shifting. This is because financial gains resulting from exceeding 

production targets outweighs load shifting cost savings. 

Because rock hoisting is prioritised whenever there is rock available in the 

underground silo, the winder will be operated regardless of the specific time of day. 

This does not have to be the case, because hoisting should merely be rescheduled to 

alternative times (e.g. see Figure 52). This mindset has to change to allow the 

implementation of REMS Winder. In future, South Africa's electricity cost will 

increase significantly thereby making load shifting a priority. 

4.3 CONCLUSION 

It can be concluded that this study was conducted successfully, because the load 

shifting targets could have been achieved if REMS Winder controlled the SV rock 

winder. REMS Winder was implemented on a cascade rock winder system. After the 

successful implementation of REMS Winder at Tau Tona mine a further study was 

conducted on other mines with similar and even more complex multiple rock winders. 

These mines have multiple rock winders in a cascade configuration. It was 

detennined that a combined evening load shift of 12,65 MW (25,3 MWh) is 

achievable for the 2-hour evening peak demand period, if REMS Winder system was 

implemented on the six mines shown in Section 3.5. 
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Chapter 4: Conclusion 

The implementation of REMS Winder on rock winder systems at different mines will 

assist Eskom in reducing peak electricity demands. Since REMS Winder was 

implemented on a multiple cascaded rock winder systems it could probably be 

implemented and adapted to various other configurations of rock winder systems. 

This is because complex rock winder configurations were already dealt with in this 

study. 
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APPENDlCES 

APPENDIX A: Eskom Tariff Structure 

Mega Flex structure separates the 24 hour daily electricity demand profile into three 

categories namely peak, standard and off-peak times; Figure Al illustrates these three 

categories. 
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Figure Al : Mega Flex TOU defined time periods6 

Each hour of the week and weekend is then assigned to one of the three demand 

categories. Prices are more expensive during peak time and the least expensive during 

off-peak times. Table Al lists the electrical pricing for the three categorised periods of 

the day, as the demand of electricity increases so does the cost of electricity. 

High-demand season Uune -August) Low-demand season (September - May) 

74,21e +VAT = 84,60clkWh 21,06e +VAT = 24,Olc/kWh.. 
19,62e +VAT = 22,37c1kWh Standard 13,07c +VAT =14,90dkWh 

IO,67e +VAT = 12,16c1kWh &III 9,26e +VAT = IO,56c/kWh 

Table Al : Mega Flex active energy charge -seasonal demand periods (2009). 

6 Eskom http://www.eskomdm.co.za/dsm and ee.php 
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The Mega Flex tariff in Table Al is furthennore also divided into High-demand season 

and Low-demand season. Due to the increase in demand during the winter months (High

demand season) the peak electrical costs increase by almost a factor of four in 

comparison to low-demand season. A graphical illustration of the Mega Flex tariff 

structure is shown in Figure A2. 

90 


80 


70 


60 


50 

40 


30 


20 


10 


0 

peak standard off-peak 

• High-demand (Winter season) • Low-demand (Summer) 

Figure A2: Electrical seasonal cost comparison. 

The main objectives of TOU tariffs are fIrstly to encourage industries to rather use 

electricity during off-peak times when electricity is cheaper. Secondly, as it is more 

costly to generate peak demand electricity (e.g. open cycle gas turbines are more costly 

than coal fIred turbines), the cost is reflected in the peak-time price. 
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APPENDIX B: Eskom - Maximum Demand [38] 

According to rules set by Eskom, electricity consumers whose electricity supplies are 

higher than 60 A 400 V (3-phase) are required to pay a network access charge during all 

time periods, as well as a network demand charge during peak and standard periods. 

These consumers also have to specify a notified maximum demand (N11D), which is the 

J\1I) notified in writing by the consumers and accepted by Eskom. The consumer expects 

Eskom to be a position to supply this J\1I) on demand during all time periods. It is 

normally the capacity that Eskom will resenre for a customer for the short term, i.e. the 

following year7
• 

The NMD is non-simultaneous maximum demand in kV A for every point of delivery 

Eskom is contracted to supply during all time periods, measured in 30 minute integrated 

periods. In cases where a customer has multiple points of delivery, the NMD will be 

vectorially summed for each point of supply. 

A customer's utilised capacity (UC) is applicable to the network access charges. In 

respect of a relevant point ofdelivery, this is the maximum value between: 

a) the highest of the recorded maximum demand in all time periods, vectorially 

summed at the point of supply, or 

b) the contracted NrYID. 

Where (a) is the highest ~ue to an unusual occurrence, certain exemptions are applicable. 

These exemptions are explained in clause 5, Exemption for increase in utilised capacity 

or chargeable demand, ofEskom's l\TMD rules8 
• 

7 Eskom. Tariffs and charges effective from 1 April 2006 to 31 March 2007. Johannesburg, South Africa. 

2005. 

8 Eskom: Notification of demand or changes to Notified Maximum Demand (NMD),Johannesburg, South 

Africa. 2005. 
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A higher MD means the mine has to increase their NMD with Eskom for the following 

twelve month period8
• Therefore, the mine has to pay more on their electricity bill 

Figure B 1 and Table B 1. 
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~ 
MD< NMD MD < NMD (per billing month) MD < NMD 

AUC = 200 kVA MUC = 200kVA AUC = 200 kVA (reset after 12 months) 
MUC = 200 kVA MUC =200 kVA 

Figure Bl: Illustration ofthe monthly and annually utilised capacity. 

In the illustration of the monthly and annual utilised capacity (Figure B 1), both the AVC 

and MUC were 200 kV A in January 2006. It's also seen that the MD (220 kVA) was 

higher than the NMD (200 kV A) during April 2006. The MUC and AVC were therefore 

increased to 220 kV A for April 2006. In May 2006, the MUC was reset to the NMD of 

200 kV A, as the MD of 195 kV A was lower than the NMD. The AVC however stays at 

220 kVA for a rolling 12 month period. It will only reset again in April 2007. 
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Month MD 
(kVA) 

NMD 
(kVA) Comments MUC 

(kVA) 
AUC 
(kVA) 

January 2006 150 200 NMD is higher than MD for billing 
February 2006 180 200 month and over a rolling 12 200 200 

March 2006 190 200 month period 

April 2006 220 200 MD is higher than NMD 220 220 
May 2006 195 200 
June 2006 180 200 
July 2006 180 200 NMD is higher than MD for billing 

August 2006 180 200 month - the MUC is therefore 

September 2006 150 200 reset 

October 2006 
November 2006 
December 2006 

160 
180 
190 

200 
200 
200 

MD registered in April 2006 is 
higher than NMD over a rolling 12 
month period - AUC remains at 

200 220 

January 2007 195 200 higher level 
February 2007 185 200 

March 2007 190 200 
April 2007 195 200 
May 2007 185 200 
June 2007 180 200 NMD is higher than MD for billing 
July 2007 180 200 month and over a rolling 12 

August 2007 180 200 month period; MD registered in 200 200 
September 2007 

October 2007 
150 
160 

200 
200 

April 2006 is no longer applicable 
- AUC is reset 

November 2007 180 200 
December 2007 190 200 

Table BI: Illustration ofthe monthly and annually utilised capacity. 

Table B 1 provides a detailed description of the effect the MD and NMD have on the 

AUCandMUC. 
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APPENDIX C: Ore Extraction Process 

The ore extraction process begins once the blasting process has been implemented. Ore is 

blasted from different mining levels but it is removed from one mining level at the 

bottom of the shaft (sump). The blasted underground rock has broken into smaller 

manageable pieces. 

Figure Cl: Underground train. 

The smaller pieces of rock are lifted onto the underground mining train shown in 

Figure C 1. The train transports the rock and then tips the rock into the underground 

hoppers. The underground hopper's functionality is to feed the rock to ore passes. 

The ore passes are usually large storage facilities were the rock is temporarily stored. The 

ore pass gravity feeds the rock onto the conveyer with a steady feed using the ore pass 

feeder shown in Figure C2. 

Figure C2: Ore pass feeding into the conveyor. 
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After the rock has been loaded onto the conveyor, it is transported as shown in Figure C3 

and dumped into a loading box or underground silo. It is of great importance that the reef 

and waste are not mixed, as this will result in poor gold output from the gold processing 

plant. The rock stored temporarily in the loading box or underground silo will be dumped 

into a skip and hoisted to surface. 

Figure C3: Conveyor belt [54]. 

An automated process implemented on the rock hoisting system operates on the rock 

winder controls. Figure C4 shows the process of how the rock gets hoisted to surface. The 

conveyor keeps dumping rock into the loading box, once there is enough rock the 

weightometer stops the conveyor. 

~eyor 
Winder 
cablef-------------~ 

Loading box __-+-~ 

I I 
~r 

I~' 

Arm 
SkipLeaver 

Counter 
Weight 

Figure C4: Ore loading station and extraction process. 
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The weightometer weighs the rock to an amount of tonnage that can fill the skip's 

capacity. Once the skip is in position, the counter weight pivots the leaver and opens the 

door of the loading box thus loading the skip. The extraction of ore from these great 

depths is one ofthe crucial functions in the mining industry. 

The winder systems are responsible for vertical transportation of the ore. The shaft 

hoisting systems is very crucial factor determining the profitability and efficiency of the 

mine. The shaft is the bottleneck and many attempts have been made to increase capacity 

and efficiency [34]. 
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APPENDIX D: Tau Tona - Rock Winder Power Profile 

SUB VERTICAL ROCK WINDER 

Time (seconds) Cycle 1 (kW) Cycle 2 (kW) Cycle 3 (kW) Cycle 4 (kW) 
5 1040 289 2247 2021 
10 2309 2398 2106 1996 
15 2733 2038 2759 3098 
20 3460 3113 3484 3526 
25 3543 3592 3596 3586 
30 3267 3531 3383 2486 
35 1879 2437 1949 1743 
40 1869 1789 1 931 1764 
45 1 901 1814 1936 1779 
50 1865 1814 1943 1786 
55 1879 1819 1952 1789 
60 1884 1 821 1953 1799 
65 1894 1 831 1964 1809 
70 1899 1838 1970 1 816 
75 1906 1847 1977 1821 
80 1915 1855 1986 1826 
85 1 921 1864 1992 1659 
90 588 1457 464 0 
95 0 0 0 0 
100 0 0 0 127 
105 1432 162 1562 1957 
110 1938 2223 1964 1811 
115 1230 1677 2113 
120 34 

Average power (kW) 1841 1792 1886 1827 
Total power (kW) 42352 41206 45265 40199 

Table Dl: Power logger data for four different hoisting cycles by the sub vertical Koepe rock winder 

Sub Shaft Koepe Rock Winder Power Profile 

4000,--------------------------------------------------, 

3000 +----4,~~~~~------------------------------------~ 

~l 2000 ~~~----~~~----------~~~----~~ 

tL 
1000~r_--------------------------------~~+_--1f4r----

01 '" 
Time (5) 

I -Cycle 1 Cycle 2 Cycle 3 - Cycle 4 

Figure Dl: Power profiles ofthe sub vertical Koepe rock winder at Tau Tona mine. 

Average power consumpUon per cycle 1837 kW 
Average time duraUon per cycle 115 Seconds 
Average electrical energy consumption per hour 58.67 kWh 

Table D2: Summary ofcalculated sub vertical specifications. 
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Tertiary Vertical Rock Winder 

Time (seconds) Cycle 1 (kW) Cycle 2 (kW) Cycle 3 (kW) Cycle 4 (kW) 
5 1012 392 2056 1695 
10 2267 1946 3326 2896 
15 3524 3141 4603 4249 
20 4809 4404 3446 3603 
25 3583 4926 3371 3303 
30 3536 3918 3174 3085 
35 3283 3767 2935 2847 
40 3024 3475 2730 2601 
45 2779 3208 2506 2383 
50 2554 2936 2308 2206 
55 2349 2691 2111 1989 
60 2111 2465 1913 1845 
65 1989 2288 1797 1627 
70 1702 2009 1545 1402 
75 1470 1784 1328 1170 
80 1231 1539 1 109 952 
85 1020 1273 905 789 
90 829 1055 734 591 
95 618 844 543 455 
100 475 666 400 244 
105 251 421 203 74 
110 60 230 27 -68 
115 -109 26 -185 -595 
120 -595 -307 -650 -786 
125 -950 -643 -861 -3698 
130 -4539 -1996 -2864 -4363 
135 -3680 -4527 -4226 -2901 
140 -2307 -2853 -2868 -1363 
145 -898 -1535 -994 -549 
150 -432 -514 -405 -514 
155 -412 -364 -418 -322 
160 -233 -284 -281 -307 
165 -151 -199 -116 -68 
170 -54 -75 -54 -68 
175 -54 -47 -54 -68 
180 -54 -47 -54 -819 
185 -54 -47 -54 -951 
190 -679 -228 -712 
195 -629 -534 -405 

Average power (kW) 735 889 715 610 

Table D3: Power logger data for four different hoisting cycles by the tertiary vertical Koepe rock winder 

Tertiary Vertical Shaft Rock Winder Power Profile 

6000 

.K\.4000 
//~ 

~ 
2000 

~ "- -~ 0 

"Th ff~ -2000 

\\'#' -4000 YV 

-6000 
Co> .... 00 <D;;; t. 0 N ~ ~ ;;; m ~ C;;'" '" '" '" '" '" '" '" '" '" '" '" '" '" '" '" '" '" '" '" Tlme(s) 

-Cycle, - Cycle 2 Cycle 3 - Cycle 4 I I 

Figure D2: Power profiles ofthe tertiary vertical Koepe rock winder at Tau Tona mine. 

Average power consumption per cycle 737 kW 
Average time duration per cycle 119,75 Seconds 
Average electrical energy consumption per hour 39,66 kWh 

Table D4: Summary ofcalculated tertiary vertical specifications. 
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APPENDIX E: Tau Tona - Daily Hoisting Report 


Month: November.oa 

Dale: 20 November 200a 

Shift 23 

IVCR= 3.09% 

~t 

Main Shaft 281 


Sub Shaft 338 


TV Shaft 251 


TRAM 

UCL 

LCL 

TOTAl. 

I Molmlre ConI8nt 3.41% 

-

Main Shaft 

Damss 

EMT lall rop•• 


Power conservation 

waler In shaft 

TIoluR 

Shaft sprays openad 

Boxes empty 


otal MBln "nan {nours 

Daily Hoisting Report . ONA 
Todays date: 24-Nov-{)8 

Qulot: 24 

Wet Tons Hoisted 

DaHv Wilt Skip Factor 15.39 

Dally Sklps Dally Wet Tons 

Act VIIIt Target Act Ve, 

265 4 4100 4078 ·22 

329 ·9 3986 4014 28 

270 19 2750 3067 317 

Dolly HolatVu prog ProgV.r CFlld 

1170 ,~ 21139 2809 

2991 ·10 :i2299 3515 

4161 69 73438 63&4 

Not.: Po.ltlve V&ttanca Ind1c..tn hmmlng overbooked 

I Mudprus Tou I 0 I 

Duration 

00:60 

02:30 

03:02 
01:35 
00:13 
01 :00 
04;09 

'"."" 

Remarb ,DeJa 
Sub Shaft 

Dailies 
EMT 

Service winder on 103 lave! 
BlMake, change cytlnder 
Box hanD up_ 
Rock stuck Irl pulley 
LC pump IJ1pped 
Boxe. empty 

lot"l "u ,,,nan{nours 

0.847 

0.927 

Prog. Wet Skip Faclor 15.15 DRY 
Prognt&&lve Wet Ton. Tons Underground 

Target Act lIa, VCR 6200 

94300 67054 ·27248 CLR 0 

91673 63611 -28062 CLR 0 

63244 48724 ·14520 CLR 0 

Tons Underg,ound Total 5200 

TauTona Railway Blne 0 

Sawka O/Recap.Blns 0 

Surface tons Total I 0 

I 64.81 Dolly Prog Tons 

VCR Sld~ 118 Lewl I 4 

Duration 

01:04 

01:30 

00:18 
00:47 
00:05 
00:43 
00:36 
06:35 

I."" 

TV Shaft DUration 

Dalne; 00:40 
Water In reef 01:00 

Power conservatJon 02:12 
BoxesemDtv 06:26 

ota I V "nan {nours 10.3U 

In Order to Holst Call 

We must holst 31346 tonnes per shift 
The next 1 Shifts 

Actual tons hoisted vs. target month to date 

Main Shaft 71.11% Sub Shaft 69.39% TV Shaft 77.04% 
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APPENDIX F: Tau Tona - Daily/Hourly Report 

TAU TONA DAILY HOISTING REPORT DATE: 14/05/2008 
MAIN SHAFT Skip factor 16,2 SUB SHAFT Skip factor 12,2 TV SHAFT Skip factor 11,5 

Box Box Box
Delay Delay 	 DelayTimo call Reel ?Tog T.,.,.. EITf)Iy G......ll'lm •• h Cal R..! ?rag Tomos EITf)Iy G......ll'lmafI<. Call R..f Pmg Tonne. Emply Ganeflll ..mafI<s

mi1 	 n'ln
n'ln 	 n'ln"*' "*' 

06:30 -26 3 S 4U 62 -f4 0 D D 60 	 0 0 0 a 60 

20 'MIlder Ooias 


20 Skipo.iles
07:30 -2 0 3 4U 13 0 D D 30 30 WI"'Mips 20 0 0 a 60 

Rig up Ior#


20 exam 
20 WnI", Dlilas 30 WInd",Doiios 

08:30 22 0 3 4U 60 Shalt Exam 40 0 0 0 20 Sldpo.l.. 40 0 0 0 
20 Rig up Iorllaxam 30 Riguplorhxam 

09:30 46 0 3 41.8 	 60 ShaftE_ 67 0 0 0 60 Shaft Exam 60 0 0 0 60 Shall Exem 

10:30 	 70 0 3 4U 60 ShMlE.... 94 0 0 0 60 Shaft Exam 80 0 0 0 60 Shall Exam 
Fdlarworlcilg on

11 :30 94 0 3 4U 	 60 ShMlExam 121 0 0 0 60 Shaft Exam 100 0 0 0 80 bel 
Fdlarwofi<ilg on

12:30 118 12 15 243 	 30 Shalt Exam 148 9 t 1011,1 120 14 14 111 18 belt 

13:30 142 18 33 534.1 16 175 23 32 3110,4 i 140 18 32 388 


14;30 168 17 50 l ID 18 202 10 42 512,4 3e 160 18 50 575 


15:30 190 11 11 He,2 32 229 24 ee 805,2 1 	 180 18 ee m 
16:30 214 16 n 1241,4 20 256 11 n 938,4 3& 	 200 18 Ie en 
17:30 238 14 11 1474.2 26 283 24 101 1232,2 7 	 220 18 104 11M 

18:30 262 18 101 1 7M,1 IS 310 25 121 1537,2 6 	 240 18 122 1403 

19:30 286 0 101 17M,1 60 337 10 131 1I6t.2 3e 	 280 18 140 1110 

20:30 310 6 115 1M3 	 45 BoxMlp 354 0 1311 1161.2 BII 280 0 140 1110 60 

21:30 334 12 121 2051,4 30 381 6 142 1732,4 47 	 300 12 152 1741 24 

22:30 358 12 138 2al ,. 30 408 18 160 1152 20 	 320 15 141 U21 15 

23:30 282 12 151 2448.2 iIO 435 4 114 2000,. 51 	 340 13 110 2070 

00:30 	 406 7 158 255U 32 10 'S'o/uIll !aul 462 14 171 21l1,1 29 360 0 110 2070 


7 'S'o/uIll!aul

01:30 430 18 118 2861.2 	 469 12 1110 2318 ~ 380 18 ,. 2m 

8 rlplu. 

02:30 454 24 200 32AG 	 518 13 203 2478,1 31 400 12 210 2415 

03:30 478 8 20e 3337,2 45 543 27 230 2101 	 420 16 221 2511 

04:30 502 24 230 3721 	 570 20 250 3050 18 440 18 244 2108 

05:30 528 230 3721 597 250 3050 	 460 244 2108 

Table Fl: Tau Tona mine's daily hoisting report (14-05-2008) . 
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APPENDIX G: Interface of REMS Winder Program 


. • Winder Editor GJ§~ 
-------------  -  - - - ---- 
Description Yenian ; 2008-01·18 

lSub Vertical Rock Winder 

Start Tag 

r. Bit r Byte I' 

Stop Tag 

Co' Byte~ r Spec. B~s 

Actual Statu~ Tau IREMS.64_Winder_Running
This tags monitors the 

actual cage activity r. Bit r Byte ro-- r Spec. Bits 

Canlrol Statu~ Tag
Tm tags monitOls the 

REMS Conto! Signal c. Bit c-' Byte ~ r Spec. Bits 
~==~~~~~==~~~~i 

Rock TJP8 Tag 

Reef Value j, Waste Value 10 
ad Perminion Tag ~~~~5:~~~~===~==="lih;r 

Control Conditions 
\VllKler NOT AVAILABLE for control: 

10.00 124P I CH-6 

\VJOda should dand: 
10.00 I Tag I REMS.Rems-'nhibit_64 

Hold Deaa, 10 on 

Visum Properties 	 Control Properties 
r Enable M.n.IeI Start-Stop nAuto0....... 
Standing _ 
., Enable M.n.IeI Start-Stop nMaRJal 

Shaft Length:1300 
Concel 

Figure Gl: REMS Winder editor. 

Figure G 1 shows REMS Winder editor. All the rock winder specifications and properties 

are programmed into REMS Winder editor - i.e. loading time, hoisting time, skips size 

and power consumption per hoist cycle. In REMS Winder editor control conditions are 

also specified to provide REMS Winder information when a specific rock winder can be 

controlled. Rock winder hoisting inspections, maintenance and rock winder availability 

are some examples of the control conditions. 
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Figure G2: REMS Winder Controller 

Figure G2: shows REMS Winder controller. The minimum and maximum silo levels for 

the upper silo (surface silo) and lower silo (underground silo) are specified in REMS 

Winder. REMS Winder is programmed to control a specific rock winder within specified 

silo levels. This controller is responsible of ensuring that the evening load shifting target 

is achieved as well as achieving the daily production targets. 
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OverrideTag 

n,-,
I~ : r: , 

Figure G3: REMS MD controller 

The REMS MD controller is shown in Figure G3. The REMS MD can be specified to 

control the rock winders when the MD is in danger of being exceeded. The controller 

requires real-time power consumption data of the mine as well as the specified MD of the 

mine. By using this real-time data REMS MD controller will manage the mine MD by 

controlling the rock winders. 
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Fixed Value Select ~hi$ optior"l to .~~ :::;gh a li~:t.d Ifalu.:; 

r. Single Value Use- the ~amE' value fCII 'vieekda.w. ~,at LHd03'y S and ~, undd~'s 

r Extended ValuM: U'Sf differ ent values fOI \I/eekda}'s- 56twda~g: and ~, unddy ~ 

[~~i!lf.Y~tt~J 
Value : Iso.00 


S atu,day Valup. · ' -::::
1:"1 000:---------'------ 
S unday Valu e : 11.00 

OK lEnt....) Cancell£sc) 

Figure G4: REMS tag value editor in .fIXed value mode. 

Figure 04 shows the REMS tag value editor in its fixed value edit mode. The tag 

value can be a single tag, or an extended tag. The extended tag gives the possibility of 

having different values for weekdays, Saturdays and Sundays. A tag's value can either 

be received from the mine's SCADA or from an internal Platform tag as set by the 

user. 

A value stabiliser filter can be applied on the tag value as shown in Figure 05. This 

stabilises the value extracted from the tag to prevent irregularities or spikes from 

affecting the controller. 
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Tag Value USe thi . option \e- con!'t.~nlly le.3d a value from a tag 

r. Single T ag U~e: the :::ame lag for Weekday!', Saturday.? and Sunda'y~ 
r Extended Tag. U -:'L~ ,j jfferen! 1.ag ,~ fOI Wt:ekday.:::, Sa1u(da,Y0 and ~;ullda.Yf 

Tag : I 
Tau Bro".. !Activate Tag Brov,!ser to select a tag 

Direct Edit !Dire-ell}. go to the Internal T 09 Editor 

Direct Edit 

_ ___..J Dimel Edil 

r Value Stabililef S~leCI this- option to Filter thi~ tag with a ~,I'Jbilise' 

Top Trailing Delta 11 00 

Sotl ,=,", T I 10.1.':::00~iling Della ;;.----'-------'----

c-c..rlEac) 

Figure G5: Active tag value edit with value stabiliser filter. 

The 24 hour profile enables the user to specify a different value for each hour of the 

day as shown in Figure G6. This option can be expanded to an extended value for 

weekdays, Saturdays and Sundays. A weekly profile is available as well, giving the 

user the option to specify a value for every hour in a week. 

Profile Li se this option to en1er a value for every hour or the daj.' 

c: Single Profile Use the same prolrle for V/eeh.day:;, Saturday.::: and Sunda}ls 

r Extended Profile U se different pJOfiles for Wee-kdays, Satwdays and Sunday: 

(*" Week. Profile Use drfferent plOfiles for ever}' day of the 'Neek 

W,eekdays SB 1Ul q.UjrlS 8,.\1!Ht'uy6 

H.... Yalue Hour Value 
0 0.00 12 0.00 
I 9~00 13 0.00 

2 0.9Q 14 O.~ 

3 O·Q(L 15 0 .00 

4 0.00 16 O.~ 

5 0, 00 17 0 .00 .. 
6 Q,-OQ 18 0 .00 

1 0.00 19 O.DO 
8 0 .00 20 0 .00 

9 0 .00 21 0 .00 

10 0 .00 22 0.00 

II a·OQ . 23 I!:_oo. 

OK IEnler) c-c..r IE..,) 

Figure G6: 24-hour tag value edit/or weekdays and weekends specification. 
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APPENDIX H: Tau Tona - Rock Winders 

TAITToN,A MINE 
~LL\.IN SHAFT KOEPE "'INDER 

PERlVIIT N° \VP3975 

BEARING N"1 NDE MOTOR N"1 

BEARING N"2 NDE MOTOR N"2 

BEARING N"3 DE MOTOR N"1 

BEARING N"4 DE MOTOR N"2 

BEARING N"5 DRUM INNER 

BEARING N"6 DRUM OUTER 

I\IAKE ASEA KOEPE 

DRIVE 2X2200 K\\! AC MOTORS 

GEARBOX DEMAG 

DRUM 4.961\1 DimtlE'It'I' x 1.85m 

SHEAVE 4.508m DEFLECTION 

ROPES HEADS 4 X 43uun 11'-5 

TAILS 4 X 45mlU11\s 

LOAD 16i50Kg PAi'LOAD 

SPEED 18.31(t's 

..., 

I 8 

LUBRlCATION UNIT 

Figure HI: Tau Tona mine's main shaft Koepe rock winder [55]. 
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T.L\lJTONA MINE 
Slill SILL\FT I(OEPE "FINDER 

PERl\HT N° \VP3994 
I\IAKE ASEA KOEPE 

DRIVE 2X1300 KW AC MOTORS 

GEARBOX DEMAG 

DRUM 4.1m Dimr..-ter x 1.8518 

SHEA VE 3.318 HEADGEAR 
ROPES HEADS 4 X 32mm 11\'1 

TAILS 2 X 44mm 11\.'I 

LOAD 13500Kg PA YLO AD 

SPEED 15.2 m:'!'> 

BEARING N"1 NDE MOTOR N"1 

BEARING N"2 NDE MOTOR N"! 

BEARING N"3 DE MOTOR N"l 

BEARING N"4 DE MOTOR N"2 

BEARING N"~ DRUM INNER 
LUBRICATION UNIT 

BEARING N"6 DRUM OUTER 

Figure ill: Tau Tona mine 's sub vertical shaft Koepe rock winder [55). 
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I\'IAKE AEG \ VECORT.AUToN.A MINE 
DRIVE 2 X 2050 DC DIRECT DRIVE 

TERTIi\RY VERTICAL SHAFT ROCK 'VINDER 
PERlVllT N° \VP40il 

BEARING N"1 !..IOTOR N"1 mE & O\'ERLAY DRUI\I 


BEARING N"2 CENTRE DRUM 


BEARING N"3 MOTOR N"2 mE & UNDERLAY DRUM 


N"4 BRAKE CONTROL UNIT 

BRAKE CONTROL 

Figure H3: Tau Tona mine's tertiary vertical shaft rock winder [551
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APPENDIX I: Winder Questionnaire 

Power supply to mine 

1) How many incoming Eskom feeds (How many accounts)? 

2) How many transformers are on the low voltage side of each Eskom feed? 

3) What is the notified maximum demand for each Eskom feed? 

4) How MD target determined and what is are these targets? 

5) What is the billing period each month? From which time period ofthe month? 

Winder Questionnaire 

1) How many rock winders are on the mine? 

2) If there is more than one feeder, on which feeder is the different winders 

connected? 

3) What is the size of the rock winders (MW or MYA)? 

4) What are the operational constraints on the winders? 

5) Are there any specific hours of day that the winder should be standing or 

hoisting? 

6) How does the shift times influence the winder operation 

7) Are the specific times that the winders are used more than others? 

8) Are the winders operated automatically from the SCADA, or is the winder 

information available on SCADA? 

9) Can winders be turned off for short periods? 

10) What is the base load ofthe winders if it is not operated? 

11) Are there any log sheets or maintenance sheets available for winder operation? 

12) Is there any form of control that prevents winders from operation simultaneously? 

13) What times is the maintenance ofthe winder or shaft done? 

14) What is the tonnage target for the hoists per day/week/month? 

15) How long does the winder take to complete a hoist from the bottom to the top? 

16) What is the skip capacity? 

17) How many skips per day are required to satisfy the production capacity? 

18) Is the any storage capacity for the ore in the mine before loading onto the skips? 

19) If the ore storage capacity is available what is the size ofthe storage capacity? 
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APPENDIX J: Tau Tona - M&V Performance Assessment 


Description Morning Morning Morning Mld-day Evening Evening Evening 
off-peak standard peak standard peak standard off-peak 

Contracted 
Reduction 0.000 0.000 0.000 0.000 3.000 0.000 0.000 
(CR)[MW] 

Baseline 
[MW] 

4.002 2.472 0.950 4.210 4.202 3.247 4.017 

Actual [MW] 4.116 2.452 1.905 4.343 2.464 3.048 3.658 

Achieved 
Reduction 
(AR)[MW] 

-0.114 0.020 -0 .955 -0.133 G~ 0.199 0.359 

ARiCR [%] N/A N/A N/A N/A 57.942 N/A N/A 

Table Jl: Active power in the Mega Flex TOU periods for the average weekday ofSept ember 2008 [52]. 

Descripllon 	 Morning Morning Morning Mld-day Evening Evening Evening 
off-peak standard peak standard peak standard off-peak 

Contracted 
Reduction 0.000 0.000 0.000 0.000 3.000 0.000 0.000 
(CR)[MW] 

Baseline 3.251 1.722 0.200 3.460 3.452 2.496 3.267
[MW] 

Actual [MW] 3.371 1.785 1.464 3.630 1.545 2.355 2.348 

Achieved 
Reduction -0.120 -0.064 -1 .264 -0.170 @ > 0.142 0.919 
(AR) [MW] 

AR/CR [%] N/A N/A N/A N/A 63.566 N/A N/A 

Table J2: Active power in the Mega Flex TOU periods for the average weekday ofOctober 2008 [52]. 

Description 	 Morning Morning Morning Mld-day Evening Evening Evening 
off-peak standard peak standard peak standard off-peak 

Contracted 
Reduction 0.000 0.000 0.000 0.000 3.000 0.000 0.000 
(CR) [MW] 

Baseline 3.490 1.960 0.438 3.698 3.690 2.735 3.505 
[MW] 

Actual [MW] 3.289 2.081 1.761 3.948 1.582 2.587 3.319 

Achieved 
Reduction 0.200 -0.121 -1 .323 -0.250 0.148 0.186e~(AR)[MW] 


AR/CR [%] N/A N/A N/A N/A 70 .283 N/A N/A 


Table J3: Active power in the Mega Flex TOUperiods for the average weekday ofNovember 2008 [52]. 
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