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South Africa is fast approaching an era where it's electrical energy demand will 

surpass the generating capacity of it's primary utility. The reason for this is due to the 

fact that over the past 10 years, the economic growth in South Africa has increased 

considerably and has become very energy intensive. South African electrical energy 

consumption is currently estimated to be growing at a rate of around 1 000 MW per 

year. 

Due to the electrical energy demand being the greatest during peak-times, Eskom has 

introduced various "time of use" tariff structures, such as Megaflex and Ruraflex. 

These two tariff structures differentiate between standard, peak and off-peak periods 

of the day, as well as different seasons of the year. The tariffs for these different 

scenarios are adjusted such that the consumers are persuaded into avoiding 

unnecessary electrical energy consumption during peak periods. 

It has been identified that electrical energy consumption can be split into two 

categories. One of the categories considers sectors where there are a large number of 

electrical energy consumers, each utilising a negligible amount of power. The other 

category considers sectors where there are few electrical energy consumers, each 

utilising large amounts of power. This therefore means that the consumers in the latter 

category have a great potential in implementing more efficient ways of consuming 

power. 
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Abstract 

In order to try and control the electrical energy demand problem in South Africa, 

Eskom has implemented a DSM (Demand Side Management) programme in order to 

help the larger energy consumers in shifting their peak-time loads to off-peak periods. 

If the client wishes to shift their load to off-peak periods, Eskom will assist by 

funding all costs to carry out such a project. 

According to Eskom's monitoring and verification team, Eskom's DSM initiative has 

proven to be highly successful. Since the inception of Eskom's DSM programme in 

2003, up until the end of 2005, an accumulated total load reduction of 296.3 MW has 

successfully been realised. 

At present, most water distribution schemes have been developed without making use 

of Eskom's DSM initiative. As these schemes consume considerable amounts of 

electrical energy, they are prime candidates for an initiative such as Eskom's DSM 

initiative. 

It had previously been identified that the Vaal Gamagara Water Scheme, situated in 

Delportshoop, was a prime candidate for Eskom's DSM initiative. Presented in this 

dissertation are the findings of the DSM investigation. Although the project has yet to 

be implemented, the proposed intervention methodology was manually tested, where 

a 3 MW load shift in the evening peak and a 3.6 MW load shift in the morning peak 

was achieved. If the current intervention methodology is maintained, the annual 

savings will be in the region of R 830,000.00. 
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This chapter focuses on introducing the reader to the electrical energy demand 

problem in South Africa. The current and proposed interventions to combat this 

problem are also investigated. 



Chapter 1: Introduction and Background 

1.1 The Electrical Energy Demand Problem in South Africa 

In 1882, the first electric network was established in the United States of America by 

Thomas Edison. The primary role of this electric network was to provide dc power for 

lighting in the lower Manhattan area [1]. 

Since then, electricity has become the most popular form of energy because it has the 

ability to be easily transported at high efficiency and reasonable cost [1]. All over the 

world technologically driven production processes and the demand for respectable 

living conditions have placed the provision for electricity at the centre of sustainable 

economic growth and social development [2], 

Over the past 10 years the economic growth in South Africa has increased 

considerably [2, 3] and has also become very energy intensive [4]. South African 

electricity consumption is currently estimated to be growing at a rate of around 

1 000 MW per year [5].The result of this is that South Africa is fast approaching an 

era where its electricity demand will surpass the generating capacity of its primary 

utility [6]. 

Figure 1, on the following page shows the moderate annual maximum demand 

forecast over the next few years, as one can see it is increasing at an alarming rate and 

by 2007 Eskom's reserve margin will be so low that the occurrence of blackouts will 

be inevitable [7]. Another issue of concern is that of the peak-time energy demand 

between 18h00 and 20h00 as seen in figure 2. The consequence of this peak could 

lead to potential power cuts. 

The result of power outages due to insufficient supply can result in many negative 

consequences: these include anger, frustration, as well as calls for compensation. 

Eskom has therefore embarked on a short term measure which could significantly 

mitigate the current demand problem in South Africa, namely Eskom's Demand Side 

Management (DSM) programme [8]. 
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Figure 1: Moderate annual maximum demand forecast, [7] 
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Figure 2: Total power demand profile, [7] 

1.2 Eskom's Energy Supply and Demand Formation 

The electrical energy consumption in South Africa can be split into many sectors as 

seen in figure 3 on the following page. Although the residentiaJ area consumes a 
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reasonable amount of power, 17%, the energy consumption is distributed to many 

users each utilising a small amount of power [9]. 

Industry 49% Residential 17% ■ Industry 
■ Mining 
□ Commerce 
□ Transport 
■ Agriculture 
□ Residential 

Mining 18% Agriculture 4% 

- Transport 2% 

Commerce 10% 

Figure 3: South Africa's energy demand formation, [9] 

The result of this makes implementing energy efficiency schemes in the residential 

sector particularly difficult. The industrial and mining sectors, however, tend to 

consist of fewer consumers, each utilising a considerable amount of energy as 

compared to the other sectors [9]. These sectors are therefore prime candidates for 

energy intervention programs, such as Eskom's DSM programme, due to their large 

energy consumption. 

According to the International Energy Association the primary source of energy used 

in the generation of electricity on the international front is coal (36%), followed by oil 

(23%), gas (21%), hydroelectricity (2%), nuclear energy (7%) and renewables (11%) 

[10]. South Africa, however, relies largely on coal for it's generating of electricity, 

92%, when compared to the rest of the world [11]. This is largely due to the fact that 

South Africa has an abundance of coal resources that supply three-quarters of the 

country's energy and is used to produce among the cheapest electricity in the world 

[12]. 
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Eskom has 24 power stations available in total, 10 of which are large coal fired 

stations which dominate in terms of South Africa's electricity supply. Most of these 

coal stations are situated on coal mines in the north-east of the country. South Africa 

has one nuclear power station present, the only one in Africa, situated in Koeberg, 30 

kilometres north of Cape Town. There is a modest hydro capacity on the Orange 

River, located on two dams and two pumped storage schemes, one in the Drakensberg 

and the other on the PaJmiet River in the Western Cape [11]. 

The South African municipalities own 22 small power stations and back-up gas 

turbines but these only contribute to 5% of the national generation capacity and 

generally run at low load factors. The remaining 2% of the countries capacity is 

generated by private suppliers [11]. 

South Africa also sells some of it's electricity to neighbouring countries (Botswana, 

Lesotho, Mozambique, Namibia, Swaziland and Zimbabwe), representing about 2% 

of the total net electricity produced. Contractually, it is bound to take electricity from 

Mozambique's Cahora Bassa hydro-electric station on the Zambezi. Eskom also 

imports some electricity from the Democratic Republic of Congo and from Zambia, 

mainly for peak load management. In 2000, Eskom imported just slightly more 

electricity than it exported [11]. 

Eskom has identified the high cost implications of electric energy transmission for 

new power plants. For this reason many new plants have been planned for the coastal 

regions in order to avoid the transporting of electricity from inland power stations to 

the Eastern and Western Cape. Eskom is implementing a number of key transmission 

projects over the next five years that include [12]: 

• Strengthening the corridor to the Western Cape where recent outages 

illustrated the need to supplement power from Koeberg with inland 

electricity; 

• Improving the transmission network to the Eastern Cape; 
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• Integrating the planned peaking power gas turbines in Atlantis and Mossel 

Bay into the grid; 

• Installing new lines to new mining developments such as platinum mines in 

Limpopo and iron ore projects in the Northern Cape; 

In order to further combat the electrical energy demand problem in South Africa, 

Eskom has additionally proposed to construct, commission, operate, maintain and 

decommission a Pebble Bed Modular Reactor (PBMR) Demonstration Power Plant 

(DPP) with a nominal thermal output of 400 MW (t). This is in order to assess the 

technological, environmental and economic viability of this type of technology [13]. 

Additional to this, Eskom is also investigating a solar thermal option in the Northern 

Cape which could generate 100 MW of energy. The costs associated with this option 

are high, however. There are also potential power plant development projects 

external to South Africa, which could contribute to power trading in the Southern 

African Power Pool [14]. 

1.3 Eskom's Electrical Energy Demand Intervention 

At the rate at which electrical energy usage levels are increasing, along with the 

current national economic development projections, it is estimated that without any 

interventions to reduce the ever increasing electricity demand, there will arise a need 

to invest in an additional generation plant by as early as 2007 [15]. In order for Eskom 

to buy some time and reduce the demand during the peak periods, they have 

implemented various tariff billing structures for large energy consumers which act as 

an incentive to save on energy consumption during the peak periods. 

These tariff structures are intended to differentiate between different times of the day, 

seasons of the year, as well as between the rural and urban sectors. For the Megaflex 

tariff for example, a unit of electricity can cost up to six times as much during a 

winter peak, as that same unit during summer off-peak times [16]. The different rural 

tariffs implemented by Eskom will now be provided. 
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Rural Tariffs: 

NIGHT AVE Rural 
This tariff is for high load factor rural customers with a Notified Maximum Demand 

(NMD) from 25 kVA with a supply voltage = 22 kV. The tariff is categorised by [17]: 

• Seasonally differentiated energy demand charges and active energy charges; 

• The energy demand charge applicable during peak periods; 

• A network access charge applicable during all time periods differentiated by 

voltage and transmission zones; 

• No network demand charge; 

• R/day service and administration charge based on the size of the supply. 

The figure below illustrates the peak and off-peak periods for the Nightsave tariffs. 

/ J^sV \ 
\ ■ ■ Peak 

9̂ \. / 
[ 1 Off-peak 

Figure 4: Peak and off-peak periods for the urban and rural Nightsave tariff, [17] 

Table 1: 2007/2008 rates for the Nightsave Rural tariff, [17) 

Energy demand charge 

Hiah-demand season (June • - Auaust) Low-demand season (September - Mav) 

R56.07+ VAT = R63,92/kVA R36.93 + VAT = R42.10/WA 

Active energy charge 

High-demand season (June 

12,81c + VAT = 14,60c/kWh 

-August) Low-demand season (September - May) High-demand season (June 

12,81c + VAT = 14,60c/kWh 

-August) 

8,82c + VAT = 10,05c/kWh 
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Table 1, on the previous page, provides the rates for the Nightsave Rural tariff 

structure where the energy demand charge is per month. 

RURA7 
This is a "time of use" (TOU) electricity tariff for rural customers with dual-phase and 

three-phase supplies with an NMD from 25 kVA and a supply voltage = 22 kV. The 

tariff is categorised similarly to that of the Megaflex one with the exception of a "time 

of use" active energy charge; there is also no peak energy demand charge [17]. 

The figure below illustrates the peak, standard and off-peak periods of the day for the 

Megaflex and Ruraflex tariff structures. Table 2 provides the rates for these periods. 

I | Peak 

i 1 Standard 

I I Off-peak 

Figure 5: Peak, standard and off-peak periods for the Megaflex and Ruraflex tariffs, [17| 

Table 2: 2007/2008 rates for the Ruraflex tariff structure, [17] 

Hiah-demand season (June - August) Low-demand season (September - Mavl 
91,41c + VAT = 104,21 c/kWh W ^ f 25,32c + VAT = 28,86c/kWh 

23,64c + VAT = 26,95c/kWh Standard 15,45c + VAT = 17,61c/kWh 

12,56c + VAT = 14,32c/kWh l»l.|.!J.l!l 10,75c + VAT = 12,26c/kWh 
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The tariff structures for the urban areas are provided in Appendix A; these were 

omitted here due to the rural location of the project at hand. It can be noted that there 

does exist other tariff structures, however, these are beyond the scope of this 

dissertation. 

The situation often arises where an Energy Services Company (ESCo) will identify a 

load shifting potential for a customer on a Nighsave tariff structure. In order for the 

customer to benefit from this form of intervention the customer will need to change to 

a Megaflex or Ruraflex tariff structure. Several calculations need to be carried out in 

order to realise the feasibility of such a swap. 

It can be noted that a customer who decides to switch from a Nighsave tariff to a 

Megaflex or Ruraflex tariff, without performing any load shifting, could potentially 

suffer large financial losses. Later in this document, the feasibility into a switch for 

the Vaal Gamagara (VGG) Water Scheme will be investigated. 

BskorrTs DSM Programme 

Eskom has launched a Demand Side Management (DSM) programme whereby a 

client, who wishes to shift load out of the peak periods, is assisted by having the total 

costs of such projects funded by Eskom [18]. Eskom's DSM projects are a three-way 

partnership between Eskom DSM, the client and an ESCo, who will carry out the 

project. 

The intention of this initiative is to persuade electrical energy consumers into 

conserving their electricity. This programme makes use of energy efficiency 

measures, load management and negotiated interruptible supplies [15], The residential 

consumers are urged to switch off lights and other appliances, thus, resulting in the 

network being assisted, as well as reducing their electricity bills. For the more energy 

intensive consumers, however, interruptible contracts have been placed by Eskom. 

These contracts allow Eskom to interrupt these energy consumers' loads, during the 

time periods of high demand, as well as during system instability [8]. 
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Eskom's current Integrated Energy Plan has set out a target to reduce the peak load 

demand by 1.37 GW by 2015 [15, 19]. In addition to this, Eskom has initiated an 

interruphble supply agreement target of 1.511 GW by 2007 and 0.409 GW by 2015. 

At present, the load reduction target is comprised of the following elements [15]: 

• 0.81GW from load shifting; 

• 0.56 GW from energy efficiency measures. 

Eskom has on top of the short term measures discussed thus far explored medium 

term measures. These include [8]: 

• Solar water heating; 

• Cogeneration: Cogeneration of around 1,000 MW of waste energy could be 

developed within the next three years. The National Energy Regulator of 

South Africa (NERSA) is currently developing a cogeneration policy to 

anticipate and facilitate this opportunity; 

• A "time-of-use" tariff will be implemented into the residential sectors, 

assisting in peak load reduction. 

Eskom has also introduced a Demand Market Participation (DMP) programme in the 

industrial sectors. In this programme customers effectively become 'generators' by 

offering their load reduction to Eskom. These customers are then compensated 

according to the scheduled hours and MWh. Basically, Eskom purchases the MW 

load reduction from the participating customers [8]. 

Energy Service Companies 

An ESCo is a specialised business whose primary role is to save large energy 

consumers money on energy consumption, maintenance costs and related services. 

The revenue of such companies is linked to the amount of energy the other parties can 

save. ESCo's make use of their own capital to carry out a technical intervention or 

energy efficiency retrofit for the client, this then results in cost savings to the 

client [20]. 
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PROJECT IDENTIFICATION 
^ 

EHERGY AUDIT « 
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/ 
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Energy-
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\ 
IMPLEMENTATION 

\ 
COMMISSIONING , 

OPERATION * MAINTENANCE 

Figure 6: Energy-efficiency and DSM project stages, [21] 

Figure 6 illustrates the ESCo process cycle. Firstly, the need, potential or 

opportunities for DSM and energy efficiency savings are identified, either by the 

client or the ESCo [21]. 

Once the project identification process has been completed, an energy audit process is 

carried out by the ESCo. This process consists of the completion of a simple 

questionnaire followed by an on-site energy audit. If the results of the audit are 

positive and a potential energy saving is identified, the ESCo will submit a 

recommendation of a DSM project to the client [22]. If the client is satisfied with the 

feasibility of the result, the ESCo will submit a proposal to Eskom DSM, which 

evaluates it technically and financially. If the project is believed to be cost effective, 

Eskom DSM will fund the ESCo to implement the project [21]. 

Once the funding for the project has been approved the detail design phase of the 

project is carried out. This phase of the project is then followed by the implementation 

of the DSM activities, based on the detailed design, in order to achieve the desired 

results. 
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Once the implementation phase of the project has been completed, the 

post-implementation phase of the project begins. This phase of the project consists of 

the commissioning of the installed equipment, in order for the equipment to perform 

according to the specified requirements. 

Once the commissioning of the equipment has been completed, the system has to be 

maintained. The maintenance of the system can either be the responsibility of the 

ESCo or the client, depending on the contractual agreement between the two parties. 

The basic energy-efficiency and DSM project stages are illustrated in figure 7 [21 ]. 

There are currently 80 registered ESCos in South Africa; the projects implemented by 

these companies have yielded a demand reduction of 187;2MW in 2004. An annual 

target of 153MW over the period 2003-2010 is also intended on being 

achieved [15]. 

C 
ra 
E 
■a 

E 
3 

f 
I i I 

.» Actual 

-> Time 
Pre implementation Post implementation 

Implementation of DSM 

Figure 7: Basic energy-efficiency and DSM project stages transposed on project impacts, [21] 
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The Monitoring and Verification (M&V) Team 

Once the project has successfully been implemented and commissioned all the 

promised savings which the ESCo has made to Eskom have to be verified. Eskom has 

therefore established an independent monitoring and verification (M & V) team to 

carry out this task, 

The M & V team have confirmed that, during the period between the inception of 

Eskom's DSM programme in 2003, up until the end of 2005, an accumulated total 

load reduction of 296.3 MW has successfully been realised [23], The figure below 

illustrates the intended and actual results of Eskom's DSM programme between 2003 

and 2005. From the figure, it can clearly be observed that this form of intervention is 

most certainly proving to be positive. 

Megawatt Targets, Mended and Achieved during Evening Peak Periods (1 fcOO - 20:00: Weekdays) 

171.3 

Projects implemented in 2003 Projects implemented in 2004 Projects implemented r i 2005 

INER Target i*A/ p trtendeti MM l ikfi laved MW 

Figure 8: Intended and actual results of Eskom's DSM programme between 2003 and 2005, (23] 

Due to the positive results of the DSM programme, Eskom has decided to intensify 

their efforts within this regard, whereby a target of 1.37 GW has been set out to be 

achieved by 2015 [24]. The contribution of the DSM programme in South Africa has 

consequently resulted in additional electrical capacity; the extent of this can be seen in 

figure 9 on the following page. 
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Figure 9: Electricity capacity development plan, [24] 

Beneficiaries of Eskom's DSM Programme 

In order for Eskom's DSM programme to perform optimally, all parties involved need 

to benefit. Provided below are the benefits that the involved parties will obtain [22]: 

Benefits for industrial or commercial users: 

• Free upgrades or retrofits; 

• Savings on utility bills. 

Benefits for the ESCo: 

• Financial benefits via implementation and maintenance of the project(s). 

Eskom and their clients will benefit from: 

• Capital expenditure deferral of building generation capacity and transmission 

and distribution lines; 

• Lower electricity price increases; 

• Less pollution emissions; 

• Less water consumed. 
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Two Common DSM Intervention Methods 

The two most common DSM intervention methods are energy efficiency and load 

management. Eskom fully finances all load management intervention methods, 

whereas only 50% is financed by Eskom in the case of energy efficiency. 

The energy efficiency principle makes use of reducing the client's energy profile, 

such that the client consumes less energy per day, as compared to that of before the 

intervention. The energy profile of the client is reduced consistently throughout the 

day, as seen in figure 10, by making use of various methods. An example of one 

method is by improving the efficiency of the pumping equipment in a system, this 

then results in less energy being needed to pump a specific amount of water per day. 

Figure 10: DSM by means of energy efficiency principle, [25| 

The load management principle makes use of altering the scheduling of the 

operational periods of the equipment in a system. This principle is designed to fully 

make use of Eskom's Megaflex or Ruraflex tariff structures. The idea is to shift a 

portion of, or all of, the client's electrical energy demand during the peak periods to 

standard or off-peak periods, such that the client's production is not effected. 

Figure 11 illustrates how this is done. 
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1 ? 

Load 
(MW) 

Current load 

DSM load 

► 

Time of Day 

Figure 11: DSM by means of Load Shifting, [25] 

The most notable difference between the two intervention methods is that the load 

shifting principle intends on maintaining the same daily energy consumption, whereas 

the energy efficiency method focuses on reducing the daily energy consumption. 

Either way, the clients benefit from reduced utility bills. 

1.5 Energy Saving in the Industrial Sector 

Eskom has devised a load management initiative in the industrial sector, which 

focuses on giving industrial consumers an incentive to shift load from peak periods to 

standard and off-peak periods, without having to use an ESCo. This initiative will 

allow the industrial sectors to manage their own load shifting activities, without 

disrupting normal industrial process flow, or imposing on their workers' environment. 

Load management can be considered in many areas, a few of which are [22]: 

• Water pumps that feed into or from dams; 

• Cooling equipment incorporated into cold storage facilities; 

• Heating equipment that operates in collaboration with heat storage facilities; 

• Material handling equipment that works in conjunction with silos and 

stockpiles; 

• Production equipment and plant utilities that do not need to run all the time 

and can be scheduled to run off-peak. 
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1.6 Need for Energy Management in the Water Distribution Sector 

It has been identified thus far in this dissertation that South Africa is currently 

undergoing an electricity demand problem. Additional to this problem, is the water 

demand problem that the country is also currently experiencing. In order to control 

this problem, the Department of Water Affairs and Forestry (DWAF) has introduced 

various water distribution projects. These projects, with the Vaal Gamagara Water 

Scheme being one of them, focus on distributing water from areas of the country that 

have spare water, to areas of the country that are in desperate need of water. 

The way in which the DWAF carry out their water distribution projects is by 

abstracting water from a designated source, such as the Vaal River and then pumping 

this water to large storage reservoirs. These storage reservoirs are typically located in 

areas of high elevation. This is such that the water can be gravitationally fed to the 

various areas of interest, without making use of further pumping equipment, or 

pumping equipment with notable installed capacities. 

Now, due to the head of these storage reservoirs being quite high, a large amount of 

energy is required from the high lift and booster pump equipment. This results in the 

installed capacities of these pumps being quite large, similar to the pumps installed in 

gold mines. This therefore means that there exists opportunities to introduce DSM 

programmes into projects of this nature. 

1.7 Synopsis of this Dissertation 

The dissertation thus far has focused on South Africa's electricity demand problem, as 

well as Eskom's DSM initiative. The main objective of this dissertation is to therefore 

investigate ways to mitigate South Africa's electricity demand problem. It has been 

identified that the water distribution sector consumes a relatively large amount of 

power, thus making it a prime candidate for Eskom's DSM initiative. This study will 

therefore focus on introducing an intervention methodology that can be applied to 

water distribution schemes. The proposed intervention focuses on the re-scheduling of 
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the operational periods of the pumping equipment, such that they operate outside of 

the peak energy demand periods. 

In the second chapter, the water demand problem in South Africa will be investigated. 

This will then be followed by introducing the reader to the VGG water distribution 

scheme. This intervention scheme is dedicated to pumping water over a span of 

420 km, beginning at the Vaal River and ending at Blackrock. 

Also provided in this chapter, will be an investigation into the DSM potential for the 

VGG Water Scheme. Firstly, an initial investigation will be carried out; this 

investigation will be used to check whether or not there is any potential at all. This 

initial investigation will then be followed by a detailed investigation; this will 

determine the feasibility of the project. 

The third chapter will be dedicated to the implementation of a Real-Time Energy 

Management System (RJEMS) on the VGG Water Scheme. All the necessary 

constraints and parameters will be investigated. This will then be followed by the 

calculating, developing and optimising of the simulation model to automate the VGG 

system. Other issues identified during the implementation process will also be 

addressed. 

The fourth chapter will present the results of the VGG DSM project. Both the 

performance results as well as the financial results will be presented. Additional to 

this, a comparison between the actual results and the simulated results will be carried 

out. 

The final chapter will act as a conclusion to the dissertation. In this chapter, the 

financial benefits, due to a project of this nature, will be provided along with 

recommendations for further work on this topic. 
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SCHEME: VAAL GAMAGARA (VGG) 

Degramont Purification Works in Delportshoop 

The water abstracted from the Vaal River for the VGG Water Scheme is first treated at the Degramont 

Purification Works in Delportshoop; such that the water to be distributed is fit for human consumption. 

This chapter focuses on the water supply and demand problem in South Africa. The 

VGG water distribution scheme will also be investigated. 
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2.1 Introduction 

Up until now, the electricity demand problem in South Africa has been identified, 

along with Eskom's DSM initiative which serves to control this problem. Another 

problem that has proven to be just as critical is that of the current water demand 

problem in the country. 

This chapter will therefore serve to familiarise the reader with this water demand 

problem. A typical water distribution scheme, namely the Vaal Gamagara (VGG) 

Water Scheme, will also be investigated. This scheme serves to address the water 

demand in the Northern Cape region. 

2.2 Analysis of the Water Demand Problem in South Africa 

It is the right of every person to have access to sufficient water. "The state is obliged 

to respect, protect, promote and fulfil this right and should thus take reasonable 

legislative and other measures within its available resources to achieve the progressive 

realisation of this right" [26], 

South Africa is largely a semi-arid, water-stressed country. The country's average 

rainfall of about 450 mm a year is well below the world average of about 860 mm a 

year [27]. As it stands, South Africa has less water per person than some of the 

neighbouring countries which are considered to be much drier, for instance Namibia 

and Botswana. It has also been documented that South Africa consumes more than 

half of the water that it can afford, whereas Namibia and Botswana only use between 

5 - 10% of their available water [28], 

Only a narrow region along the south-eastern coastline in South Africa receives 

decent rainfall. The remaining interior and western part of the country is considered to 

be arid or semi-arid. Around 65% of the country receives less than 500mm of water 

per year, which is usually regarded as the minimum for dry land farming; 21% of the 

country receives less than 200mm per year [29]. 
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More than 80% of South African households in the rural areas have no access to piped 

water or sanitation. Among the rural Africans in these regions, around 70% of the 

households present have to fetch water on a daily basis, of which 21% have to travel 

further than 500m to fetch their daily portion of water [30]. The provinces which 

harbour the most rural people are the Northern Province (88.1%), North West 

(65.2%), Eastern Cape (62.7%), Mpumalanga (61.7%) and KwaZulu-Natal (56.5%) 

[30]. 

In 2005, there were 7.5 million South African children whose families had to rely on 

unsafe or distant drinking water. This value made up for 42% of all South African 

children. Although this statistic may seem dire, some areas within the country 

performed well in delivering safe drinking water to children. Over ninety percent of 

the child populations in the provinces of Free State, Gauteng, Northern Cape and 

Western Cape were able to access drinking water on site. However, more than half of 

the children in some other provinces were exposed to poor drinking water sources. 

The table below illustrates these statistics [31]. 

Table 3: The number and proportion of children with access to drinking water on site in South 

Africa in 2005, [31] 

Province Number ^ 
Eastern Cape 990.924 32 
Free Slate 1,005.294 90 
Gauteng 2.390,761 90 
KwaZulu+Jatal 1,806.640 47 
Limpopo 848,007 32 
Mpumalonga 873,587 65 
Northwest 900,595 62 
Northern Cape 306,612 91 
Western Cape 1,457,465 93 

South Africa 10,678,836 58 I 

As a result of these statistics, it is extremely crucial for South Africa to distribute their 

water wisely. It is for this reason that the South African government has established 

various intervention groups to efficiently distribute the available water within the 

country. 
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2.2.1 The Free Basic Water Policy 

In 2000, the Department of Water Affairs and Forestry (DWAF) introduced the Free 

Basic Water policy. This policy allowed for every household to get 6,000 litres of 

water per month at no cost. This value works out to be 25 litres per person per day for 

a family of eight. In terms of the distance from a home to a communal tap, a uniform 

standard of a maximum distance of 200m away from any household had been set and 

implemented as policy. It can be noted that this free basic water policy is universal; 

children and poor people do not get any preferential treatment [30, 31]. 

One method of targeting the Free Basic Water policy is service level targeting. This 

method ensures that the free basic portion of accessible water is controlled, or limited. 

The most common form of service level targeting is by supplying a local communal 

tap system, which should be within 200 metres from every home without water on 

site. Due to the associated weight of the free basic portion of water, people are 

unlikely to carry larger quantities of water than the free basic portion. This method of 

water distribution is commonly used by municipalities with a high proportion of poor 

consumers [32]. 

In March 2006, Free Basic Water (FBW) was provided by 165 of the 170 

water-service authorities situated in South Africa. This resulted in 36 million people 

receiving FBW, of which 15.5 million were indigent, i.e. households with less than 

R800 income per month. Additionally, 2,3 million people were reached through the 

health and hygiene programme [27]. 

2.2.2 Water Treatment Process 

It is stated in the South African Constitution that everyone has the right to have access 

to an environment that is not harmful to their health or well-being. This includes a 

constant supply of clean, safe drinking water [33]. This section will focus on water 

hygiene; all information provided in this section was obtained from [33]. 
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Safe drinking water is considered to be water that is acceptable for humans to drink 

and use for other domestic purposes, such as food preparation and bathing. In order 

for water to be drinkable, no harmful concentrations of chemical or micro-organisms 

should exist and the water should ideally have a pleasant appearance, taste and odour. 

Drinking water is abstracted from two sources, surface water (rainfall and its runoff 

into rivers or dams), or groundwater (water that has collected in underground stores or 

aquifers). These sources are either situated close to their communities that they serve, 

or they may be some distance away. 

Once the raw water has been abstracted from the source (dam, river or borehole), it is 

transported to a water treatment facility where it is treated through various processes. 

Once the water has been successfully treated, it is stored in reservoirs or tanks until it 

is distributed to the consumers. 

The type of water treatment that is necessary for the raw water varies on the source or 

quality of the water. It is common for surface water to require more treatment than 

groundwater, due to the pollution present in the surface water. 

When a water supplier abstracts water from a river or dam, it normally contains 

suspended materials, as well as contaminants. Once the abstracted water reaches the 

treatment facility, the water supplier will add chemicals, called coagulants, to the 

water. These coagulants form clumps with the dirt particles, which in tern cause the 

dirt particles to become heavy, resulting in the dirt particles settling at the bottom of 

the treatment dam, 

Once this process has been carried out, the water is then passed through a filter for the 

removal of the smallest of contaminants. After the coagulation and filtration process, 

the water supplier will add chlorine along with other disinfectants to kill any bacteria 

or germs. Once all of these processes have been carried out, the water is then safe to 

drink. 

Electricity Cost Optimisation of a Surface Potable Water Pump System 22 



Chapter 2: A Typical Water Distribution Scheme: Vaal Gamagara 

2.2.3 Water Distribution in South Africa 

The total amount of water that is abstracted from the surface-water resources in South 

Africa amounts to around 10 200 million m3 per annum, after allowing for the re-use 

of return flows. This value represents around 20% of the total mean annual run-off of 

49 200 million m3 per annum. It is estimated that a further 8% of water is lost due to 

evaporation in rivers and 6% through land-use activities. On average, around 66% of 

the natural river flow still remains in the country's rivers [27]. 

Figure 12, illustrates how much water the various sectors within the country receive. 

It is interesting to note that, whilst the agricultural sector demands 59% of the 

available national water resources, it provides less than 2% of the total country's 

employment. The agricultural practices, including dry land farming, forestry and 

livestock, provide approximately 10% of the country's employment [27] 

Figure 12: Pie chart of the different water consuming sectors, [27] 

2.3 The Vaal Gamagara Water Distribution Scheme 

In 1964, the Department of Water Affairs and Forestry (DWAF) proposed a bulk 

water scheme to supply potable water to areas of the Gamagara valley, near 

Postmasburg and north thereof. The areas, upon which this water is supplied, suffer 
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from a lack of water. The proposal was also made to enable large scale diamond 

mining at Lime Acres and the mining of iron ore and manganese at Beeshoek, Sishen, 

Mamarwane, Hotazel and Blackrock. The Vaal River was the only sustainable source 

of water to allow for the development of these areas [34]. 

The scheme consists of purifying 36, 4 ML of water per day through the Degramont 

purification works in Delportshoop. It also consists of 7 pumping stations, 430 km 

pipelines and 10 storage reservoirs. The scheme has also undergone some various 

adjustments, due to changes in the expected water demand. The introduction of the 

Sishen Saldanha mining project, lead to an increase in water demand [34]. 

The purification works and a low lift pump station are situated on the banks of the 

Vaal River in Delportshoop. After the purification process, the water is pumped 

through a high lift pump station and two intermediate pump stations at Kneukel and 

Trewill to the Clifton storage reservoirs. From here, the water is gravitated past 

Postmasburg, Sishen and Hotazel and finally onward to Blackrock. Two secondary 

pipelines provide water to the Beeshoek mine and Olifantshoek TLC, of which, the 

population is in the region of around 14 000 residents [34], 

The Kalahari East Water Board was later added to the scheme, due to further changes 

in the water demand. The Kalahari East Pipeline Committee requested that water for 

domestic and stock-watering be implemented. This served to provide water to 256 

farms over an area of 1 412 000 ha. The water provided to this area is obtained from 

an off-take near Kathu [34]. 

The development of the mining activities at Sishen revealed large resources of 

groundwater, or fissure water. An agreement between DWAF and Iscor Sishen Mine 

resulted in a decision to utilise the ground-water resource into the scheme. This 

additional water into the scheme effectively lessened the burden on the already 

stressed Vaal River System [34]. 
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2.4 The VGG DSM Investigation 

The purpose of this section is to investigate the potential for a DSM project at VGG, 

as well as the impact of such a project. The procedures that are necessary in order to 

carry out this task will serve as the starting point. This will then be followed by an 

investigation into the current tariff billing structure, as well as in the determination of 

a potential switch, in order to benefit from Eskom's DSM programme. 

2.4.1 DSM Investigation Methodology 

The first step in any investigation is in the determination of a potential client. Due to 

the nature of this study being in the pumping sector, the client in this case will have to 

be involved in the pumping of large quantities of water. In order to pump large 

quantities of water, pumping equipment with large installed capacities will need to be 

present, thus, making it a candidate for a DSM project. Two commonly known fields 

that are responsible for pumping large amounts of water are the mining industries and 

water distribution networks. The latter will be investigated in this study. 

Once a potential client has been identified, the ESCo will carry out an initial 

investigation, either by phone or by means of a site visit. If the initial investigation 

was carried out telephonically and proved to be positive, a site visit is then carried out 

in order to further verify the necessary details. 

Once the initial phase of the investigation has been carried out, a more detailed energy 

audit is done on the system. This detailed investigation is comprised of obtaining the 

following information for a typical DSM pumping project: 

• The number of pump stations present in the system, as well as the number of 

pumps per pump station; 

• The installed capacities of all equipment present in the system; 

• The water inflows and outflows of the system; 

• The valve configurations in the system; 

• Determining the storage potential of the available storage reservoirs; 
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• A detailed system layout, including any external influences on the system; 

• Determining the usage periods of the equipment present in the system; 

• Determining the average hourly energy consumption of the system for a 

typical day; 

• Investigating the tariff billing structure that the system is making use of and, 

if necessary, determine the feasibility of a switch. 

2.4.2 DSM Investigation for the VGG Water Scheme 

As mentioned in chapter 2, VGG is situated in the Gamagara Valley in the Northern 

Cape, near Postmasburg. The areas that the VGG Water Scheme is responsible for 

distributing water to include, Lime Acres, Beeshoek, Sishen, Mamatwane, Hotazel 

and Blackrock. The water that is distributed in this system is abstracted from the Vaal 

River. 

It had previously been investigated that the VGG system was pumping in the region 

of 36.4 ML of water per day. Due to this value being quite large, it was believed that a 

potential for a DSM project existed. Therefore, a detailed on-site investigation was 

carried out. 

Once all the necessary information had been obtained, the feasibility of a DSM 

project was then established. The following sections will provide all the details that 

were acquired upon the site visit, as well as the determination of the load shift 

potential. 

Details Acquired Upon the VGG Site Visit 

Situated on the banks of the Vaal River are 3 low lift pumps, with installed capacities 

of 90 kW. The purpose of these low lift pumps is to distribute the abstracted water 

from the river bank to the Degramont purification works. This is where the water is 

treated, such that it is fit for human consumption. 
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Once the water has been successfully treated, the now purified water is distributed to 

the high storage capacity reservoirs, situated in Clifton, by means of a high lift pump 

station, namely Delportshoop and two booster pump stations, namely Kneukel and 

Trewiil. From these storage reservoirs, the water is gravitationally fed to the various 

allocated towns' storage reservoirs. It can be noted that, when there is a low water 

demand, the Trewiil pump station and occasionally the Kneukel pump station, is 

bypassed. The details for the various pump stations, storage reservoirs, pipe line 

lengths and the amount of water distributed to the various different towns, are 

provided in tables 4 and 5 on the following two pages. 

It can be noted, from table 5, that the system makes use of 9 high lift pumps rated at 

780 kW each. The presence of pumps with installed capacities of this extent already 

gives a positive notion into the feasibility of a DSM project. These pumps will also be 

the ones that will be automated, the three 90kW low lift pumps, however, will not be 

automated as it would be financially impractical. 

There also exists two other pumps stations, located in Beeshoek and Sishen. These 

pump stations also consist of pumps with negligible installed capacities. For this 

reason, only their influence on the system was investigated. 

Once it had been realised that the installed capacities of the pumps were adequate, 

more details into the flow rates of the pumps were obtained. An important thing that 

was needed to be known about the pumps was the cumulative effect on the flow rates 

upon running multiple pumps into a single column simultaneously. For instance, a 

single pump may be classified as having a flow rate of 270 L/s. If this pump were to 

operate by itself into a column, this flow rate would most likely be realised. However, 

if an additional parallel pump were to be introduced into the same column, the 

simultaneous operating of the two pumps would not result in the doubling of the flow 

rate, as the frictional losses in the column would increase. 
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Table 4: VGG statistics, [34] 

Item 
Average capacity 

nvVday 
Pipeline length 

km 

1. Purification works at Delpoorthoop 36,370 -

2. High lift pump station at Delpoortshoop 36,370 -

3. Booster stations; Kneukel and Trewill 36,370 -

4. Rising Main; Vaal River to Clifton 
Reservoirs 54,600 99,000 

5. Main Gravitational Pump Lines - -

5.1 Clifton to Postmasburg 54,600 37,800 

5.2 Postmasburg to Gloucester Reservois 41,500 23,900 

5.3 Gloucester to Roscoe 40,100 26,500 

5.4 Roscoe to Olifantshoek 2,350 23,600 

5.5 Roscoe to Sishen 33,300 14,500 

5.6 Sishen to Kathu Reservoirs 16,500 12,400 

5.7 Kathu Reservoirs to Hotazel 9,600 53,900 

5.8 Hotazel to Blackrock Reservoirs 6,750 12,700 

6. Reservoirs nf -

6.1 Clifton 27,000 -

6.2 Beeshoek 6,750 4,800 

6.3 Gloucester 6,750 -

6.4 Kathu 4,000 -

6.5 Mamatwane 4,000 -

6.6 Blackrock 3,000 -
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Table 5: VGG technical data, [34] 

Description Quantity Type Rating 

f. Low lift pumps 3 Blue Circle 90 kW 

2. Purification Works 1 Degramont 36,370 mVday 

3. High lift pump sets - - -

3.1 Pumps 9 KSB 300/3 270 1/s 

3.2 Motors 9 Hawker Siddeley 780 kW 

4. Rising Main 99,000 m Steel/Steel 330 m 

5. Gravitational Pipe lines - - -

5.1 Clifton to Posrmasburg 37,800 m Steel 300 m 

5.2 Postmasburg to Gloucester 23,900 m Steel 300 m 

5.3 Gloucester to Roscoe 26,500 m Steel 240 m 

5.4 Roscoe to Olifantshoek 23,600 m Steel 180 m 

5.5 Roscoe to Sishen 14,500 m Steel 240 m 

5.6 Sishen to K.athu Reservoirs 12,400 m Steel 240 m 

5.7 Kathu to Hotazel 53,900 m Steel 200 m 

5.8 Hotazel to Blackrock 12,700 m Steel/Asbestos 120 m 

Table 6: Pump flow rates 

Trewill online Trewill bypass 
Station Dual Pumps 

(L/s) 
Single Pumps 

(L/s) 
Dual Pumps 

(L/s) 
Single Pumps 

(L/s) 
Delportshoop 430 270 220 140 

Kneukel 390 245 195 115 
Trewill 385 240 0 0 

The cumulative operating aspect of the pumps had to be investigated carefully, as the 

flow rates of the pumps play a large role in the simulation model. Table 6 above 

provides the flow rates of the pumps present at VGG, note the difference in the flow 

rates for multiple pump operations. 
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The next step was to determine the infrastructure that was available and what 

infrastructure was still needed in order for the system to be automated. The required 

and existing control infrastructure will be presented later, when a more in depth look 

into controlling the system will be carried out. 

Once the entire infrastructure for the system had been investigated, the inflows and 

outflows of the system had to be determined, in order to get a better understanding of 

the system. The data concerning the outflows of the system are provided in table 5. 

The two pump stations located in Beeshoek and Sishen, as mentioned previously, are 

the only other providers of water for the system, as opposed to the Vaal River. 

At the time of the site visit, only one of the phases of the Beeshoek pump station had 

been commissioned. This aspect did raise a concern, as the more water supplied by 

Beeshoek into the system, the less water required to be abstracted from the Vaal 

River. The result of this causes the baseline to drop, lowering the load shift potential. 

However, it had been made clear that the implementation of the Beeshoek pump 

station would not be an issue, as the water demand is ever increasing. 

The valve configuration in the system was also investigated; however, due to the fact 

that the system consists of a large amount of valves, it was made evident that the 

automation of the valves would not be a financially viable option. It was further 

realised that the system wiU perform as intended without the automating of the valves. 

The information concerning the layout of the system can be viewed in figure 13 on the 

following page. The details of the sections beyond the Clifton reservoirs have been 

omitted, as the project at hand is to only automate the system up until the Clifton 

reservoirs, 
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Figure 13: VGG layout 

The final task that had to be carried out was to obtain logged data for the three pump 

stations of interest. The obtained logged data provided information on the operational 
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periods of the individual pumps for each day, over a span of a couple months. This 

data provided an indication of the load shift potential. 

Subsequent to the site visit at VGG, all the acquired information was thoroughly 

processed. The processing of the logged data provided a good indication into the 

current power consumption for the pumps at VGG. The following section will provide 

an analysis of the power consumption during the initial investigation stage. 

2.5 Analysis of Current Power Consumption 

As has been made clear thus far, only the high lift and booster pump stations are to be 

automated. Therefore, only the power consumption for the pumps present at these 

pump stations will be investigated. 

It is standard practice, when determining the load shift potential for a DSM project, 

that at least three months worth of data be used. In general, more than three months 

worth of data is investigated, however, only the three best months are normally used 

to determine the maximum load shift potential. 

The procedure mentioned above was used in the determination of the maximum load 

shift potential for the VGG Water Scheme. Due to there being three pump stations 

present, care had to be taken in selecting the best three months worth of data, as the 

months used had to be consistent among the three different pump stations. The 

differences in power consumption between weekdays and weekends also had to be 

investigated. The results for the individual pump stations are as follows: 

Delportshoop Pump Station: 

This pump station consists of three 780 kW pumps, thus realising a total installed 

capacity of 2340 kW. The baseline for this pump station is provided by table 7 and 

figure 14. 
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Table 7: Baseline for Delportshoop pump station 

. Delporsthoop . Delporsthoop 3 Month Average of Power Consumption (kW) 
W sek's Average Saturday's Average Sunday's Average Tc tal Average 

0 1,465 1.365 1,339 1,434 
1 1,501 1,365 1,274 1,451 
2 1,501 1,495 1,326 1,476 
3 1,501 1,495 1,339 1,476 
4 1,500 1,495 1,391 1,485 
5 1,439 1,495 1,391 1,443 
6 1,197 1,391 1,391 1,250 

10 1,150 1,131 1,430 1,191 
11 1,128 1,066 1,495 1,174 
12 1,105 1,001 1,261 1,115 
13 1,080 1,001 1,196 1,090 
14 1,059 1,001 1,066 1,057 
15 1,034 949 1,196 1,048 
16 1,023 897 1,066 1,015 
17 1,023 1,001 936 1,015 

1,023 1,157 ■ 1,015 
1.023 ■ 1*^1 1,023 1.157 
1,015 
1.023 

20 975 1,157 754 965 
21 975 1,157 1,053 1,006 
22 1,465 1,287 1,157 1,392 
23 1,454 1,209 1,261 1,392 

Daily kWh 29,133 29,055 29,289 29,154 

Figure 14; Baseline for Delportshoop pump station 
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It can be observed from table 7, that the Delportshoop pump station pumps roughly 

the same amount of water during the week, as compared to the weekends. If a 

complete morning and evening load shift proves to be realisable (this will be dealt 

with in chapter 3), a load shift potential of around 1200 kW can be realised in the 

morning peak period and 1000 kW can be realised in the evening peak period. 

Kneukel Pump Station 

This pump station makes use of the same pump layout as that of Delportshoop, thus 

realising a total installed capacity of 2340 kW, The baseline for this pump station is 

provided by table 8 and figure 1 5, note how less water is pumped on Sundays, as 

compared to the rest of the week. It can be observed that a load shift potential of 

around 1000 kW for the morning peak and 900 kW for the evening peak is realisable. 

Table 8: Baseline for Kneukel pump station 

Kneukel 3 Month Average 
Week's Average Saturday's Average Sunday's Average Total Average 

0 1,300 1,144 1,092 1,179 
1 1,324 1,144 1,092 1,187 
2 1,334 1,144 1,040 1,173 
3 1,348 1,209 975 1,177 
4 1,330 1,209 1,001 1,180 
5 1,238 1,209 1,027 1,158 
6 1,162 1,209 975 1,115 

^ESTIT^H 

^HSTOJÎ I EWiF^M 
10 929 962 975 955 
11 918 962 930 936 
12 918 865 748 843 
13 918 832 679 810 
14 895 832 614 780 
15 884 832 663 793 
16 865 832 663 787 
17 829 806 793 809 

I 
■ 

20 799 975 884 886 
21 781 975 796 851 
22 852 975 832 886 
23 1,274 1,060 923 1,085 

Daily kWh 24,515 24,274 21,356 23,382 
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Kneukel Baseline 
1,600 
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Figure 15: Baseline for Kneukel pump station 

Trewill Pump Station 

Like the two previous pump stations, this pump station also makes use of three 

pumps, resulting in an installed capacity of 2340 kW. The baseline for this pump 

station is provided in table 9 and figure 16 on the following page. It can be observed 

that the there is a noticeable difference in the power consumption for the weekdays 

and the weekends. This pump station has the ability to shift around 850 kW in the 

morning peak period and 650 kW in the evening peak period. 

It can also be observed that this pump station pumps far less water than the other two 

pump stations. The reason for this is because this pump station is often bypassed, if it 

is felt that its contribution into the system is unnecessary. 

Now that the power consumption for the individual pump stations has been 

determined. The total load shift potential for the entire system can be determined by 

accumulating the results from the three pump stations. This can be seen in table 10 

and figure 17 on p38. 
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Table 9 Baseline for TrewUl pump station 

Trewill 3 Month Average 
Week's Average Saturday's Average Sunday's Average Total Average 

0 1,173 917 897 995 
1 1,173 884 865 974 
2 1,167 884 806 952 
3 1,190 949 780 973 
4 1,178 949 806 978 
5 1,126 949 832 969 
6 909 949 813 890 

^■Iwl^l >->. 
10 823 897 780 833 
11 828 832 832 831 
12 828 800 715 781 
13 805 702 663 723 
14 792 702 598 697 
15 733 702 663 699 
16 751 735 533 673 
17 745 683 533 654 

Riŝ B ' 

20 732 780 579 697 
21 708 780 650 713 
22 817 780 767 788 
23 1,106 878 793 926 

Dai!y kWh 21 631 19 851 17,225 19,569 Dai!y kWh 17,225 19,569 

200 

Trewill Baseline 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
Hour 

— Week Average Saturday Average Sunday Average Total 3 Month Average 

Figure 16: Baseline for Trewill pump station 
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Table 10: Baseline for all three pomp stations 

VGG 3 Month Average 
Week's Average Saturday's Average Sunday's Average Total Average 

0 3,938 3,426 3,328 3,564 
1 3,998 3,393 3,231 3,541 
2 4,002 3,523 3,172 3,566 
3 4,040 3,653 3,094 3,596 
4 4,008 3,653 3,198 3,620 
5 3,803 3,653 3,250 3,569 
6 3,267 3,549 3,179 3,331 

■ Hom<fl ■ejETtm 

10 2,902 2,990 3,185 3,026 
2,860 3,257 2,997 11 2,874 2,860 3,257 2,997 

12 2,851 2,665 2,724 2,747 
13 2,803 2,535 2,538 2,625 
14 2,746 2,535 2,278 2,520 
15 2,651 2,483 2,522 2,552 
16 2,639 2,464 2,262 2,455 
17 2,597 2,490 2,262 2,450 

- ■ -
■ 

20 2,506 2,912 2,217 2,545 
21 2,465 2,912 2,499 2,625 
22 3,135 3,042 2,756 2,978 
23 3,834 3,146 2,977 3,319 

Daily kWh 75,280 73,180 67,870 72,110 

4,500 

4,000 - I 

3,500 

^ 3,000 

i - 2,500 

<u 2,000 3 
0. 1,500 

1,000 

500 
0 + 

VGG Baseline 

T ~ T~ t~ T 1 r 1 r 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
Hour 

■Week Average Saturday Average Sunday Average —-Total 3 Month Average 

Figure 17: Baseline for all three pump stations 
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From table 10, it can be observed that in general, less water is pumped on Sundays. 

Minor issues like these, help in the understanding of the system, as well as in avoiding 

any anomalies during the implementation phase of the project. It can also be observed 

that there exists a cumulative morning load shift potential of around 3100 kW and a 

cumulative evening toad shift potential of around 2600 kW, for the three pump 

stations as a whole. 

Now that it has been identified that there does indeed exist a potential for a DSM 

project at the VGG Water Scheme, the impact of this form of intervention will need to 

be investigated, just to ensure that the client is in no way at a disadvantage. Firstly, 

however, the tariff structure that this currently being employed needs to be 

investigated, in order to determine the cost savings. 

2.6 Feasibility to Switch from Nightsave to a Ruraflex Tariff 

S t r u c t u r e 

In order for the client to benefit from a DSM project, the client has to be making use 

of a Megaflex or Ruraflex tariff structure. This is due to the fact that the tariffs for 

these structures differentiate between different periods of the day. 

It had previously been identified that the VGG Water Scheme was making use of a 

Nightsave Rural tariff structure. Therefore, in order for this scheme to benefit from a 

DSM project, a swap to a Ruraflex tariff structure had to be carried out 

Due to the financial implications of such a swap, special care had to be taken within 

this regard; this is due to the fact that there is a possibility that the client does not 

benefit from a swap, due to certain costs being higher on the Megaflex and Ruraflex 

tariff structures, as compared to the Nightsave ones. Any potential financial losses due 

to an underperformance will have to be addressed. 
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The first step that had to be carried out for the swap was to firstly get hold of the 

person who is responsible for the payment of the electricity bill. The account details 

had to then be obtained and the person responsible for the payment had to give Eskom 

permission to divulge all electricity bill details to the ESCo for the past year, namely 

2006. 

Once the permission had been granted, the Eskom Distribution Group was contacted. 

They then provided all the necessary details for the swap, as well as assisting in the 

determination of the feasibility of a tariff swap. The feasibility of a swap will be 

investigated next. Due to the vast amount of different charges present for the two 

tariff structures, only the results for the system as a whole will be presented. 

Tariff Swap for All Three Pump Stations 

All the information regarding the energy usage for the year 2006 was obtained from 

the Eskom Distribution Group. The obtained data, containing the total monthly energy 

usage, was categorised into peak, standard and off-peak periods. Additional to this, 

the Notified Maximum Demand (NMD) and the actual demand was obtained. All the 

data just mentioned is provided in table 11 and figure 18. 

Table 11: Energy usage at VGG during 2006 

Month 
(2006) 

Off-Peak 
(kWh) 

Standard 
(kWh) 

Peak 
(kWh) 

NMD 
(kVA) 

Actual Demand 
(kVA) 

Jan 1,065,137 601,717 241,787 6,500 4,801 
Feb 613,756 315,782 129,400 6,500 3,932 
Mar 621,110 215,020 91,203 6,500 4,012 
Apr 521,635 100,376 190,944 6,500 4,048 
May 720,448 181,597 53,709 6,500 3,895 
Jun 628,771 284,332 671,704 6,500 4,589 
Jul 791,754 352,960 108,510 6,500 4,652 
Aug 978,306 439,815 180,895 6,500 4,524 
Sep 798,037 425,218 475,159 6,500 4,586 
Oct 535,911 409,238 424,048 6,500 4,443 
Nov 551,692 395,065 161,427 6,500 2,572 
Dec 772,708 492,364 260,235 6,500 4,415 
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Figure 18: Energy usage at VGG for 2006 

It can be identified from the figure above that the three pump stations operate mainly 

during the off-peak period. This aspect alone will result in a large cost saving, on 

condition that the current tariff structure is swapped from Nightsave to Ruraflex. It 

can also be identified that April had the least water demand. 

In order to determine the cost savings for a tariff swap, the costs for both tariffs will 

firstly need to be determined. The difference between the two will give an idea of the 

savings potential. The savings potential for a tariff swap will be determined next. All 

tariffs rates provided in this section were obtained from Eskom's 2007/2008 Tariff 

Book [11). 

Network Access Charges 

The network access charge is based on the annual utilised capacity of each premise 

per month. The rates for the Nightsave and Ruraflex network access charges are 

provided below: 

Nightsave = R 2.76 / kVA (excl. VAT) 
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• Ruraflex = R 3.64 / kVA (excl. VAT) 

Multiplying these values by the NMD per month, results in the following: 

Table 12: Network costs for Nightsave and Ruraflex at VGG 

Network Access & Network Demand Charges 
Month (2006) Nightsave Rural Ruraflex 
January R 17,940.00 R 23,660.00 
February R 17,940.00 R 23,660.00 
March R 17,940.00 R 23,660.00 
April R 17,940.00 R 23,660.00 
May R 17,940.00 R 23,660.00 
June R 17,940.00 R 23,660.00 
July R 17,940.00 R 23,660.00 
August R 17,940.00 R 23,660.00 
September R 17,940.00 R 23,660.00 
October R 17,940.00 R 23,660.00 
November R 17,940.00 R 23,660.00 
December R 17,940.00 R 23,660.00 
Total R 215,280.00 R 283,920.00 

It can be noticed from the table above, that an annual saving of around R 68,000.00 

can be achieved with regards to the network charges, if a swap to a Ruraflex tariff is 

carried out. 

Energy Demand Charge 

The energy demand charge is applicable for the Nightsave tariff only. This charge is 

payable for each kVA of the chargeable demand supplied during peak periods per 

premise per month. It also consists of two separate tariffs for the low-demand and 

high-demand seasons, the rates are provided below: 

• High-demand season = R 56.07 / kVA (excl. VAT) 

• Low-demand season = R 36.93 / kVA (excl. VAT) 

Multiplying these values by the actual kVA demand per month, as provided in 

table 11, results in the following monthly costs: 
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Table 13: Nightsave energy demand charge for VGG 

Energy Demand 
Month 
(2006) Actual Demand kVA Nightsave Rural Ruraflex 

January 4,801 R 177,292.06 N/A 
February 3,932 R 145,203.59 N/A 
March 4,012 R 148,171.66 N/A 
April 4,048 R 149,500.03 N/A 
May 3,895 R 143,843.08 N/A 
June 4,589 R 257,329.44 N/A 
July 4,652 R 260,823.06 N/A 
August 4,524 R 253,636.57 N/A 
September 4,586 R 171,934.63 N/A 
October 4,443 R 164,091.07 N/A 
November 2,572 R 94,979.15 N/A 
December 4,415 R 163,063.31 N/A 
Total R 2,129,867.65 

It can be observed that an annual cost reduction of around R 2.13 million can be 

obtained with respect to the energy demand charge, when swapping to Ruraflex. 

Active Energy Charges 

The active energy charges are payable for the total kWh demand per premise per 

month. These charges are both dependent on the season. The active energy charges for 

the Ruraflex tariff structure are also dependent on the time of day. 

Nightsave: 

• High demand = 12.81c / kWh (excl. VAT) 

• Low demand = 8.82c / kWh (excl. VAT) 

Ruraflex Peak Period: 

• High Demand = 91.41c/ kWh (excl. VAT) 

• Low demand = 25.32c/kWh (excl. VAT) 

Ruraflex Standard Period: 

• High Demand = 23.64c / kWh (excl. VAT) 
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• Low demand = 15.45c / kWh (excl. VAT) 

Ruraflex Off-Peak Period: 

• High Demand = 12.56c / kWh (excl. VAT) 

• Low Demand = 10.75c / kWh (excl. VAT) 

By making use of these tariffs, along with the results provided in table 11, the annual 

active energy costs can be determined for both Nightsave and Ruraflex. It can be 

noted that the monthly kWh values for the Nightsave tariff are comprised of 

summating the peak, standard and off-peak period values provided in table 11. 

Table 14 compares the active energy costs for both tariffs, without load shifting. 

Table 14: Active energy costs for Nightsave and Ruraflex 

Peak Energy Standard Energy Off-Peak Energy TOTAL ENERGY 
Month Ruraflex Ruraflex Ruraflex Nightsave Rural Ruraflex 
Jan R 61,220.47 R 93,023.99 R 114,500.08 R 168,373.89 R 268,744.54 
Feb R 32,764.08 R 48,788.33 R 65,978.77 R 93,398.33 R 147,531.18 
Mar R 23,092.60 R 33,220.59 R 66,769.33 R 81,790.77 R 123,082.52 
Apr R 48,347.03 R 15,508.09 R 56,075.76 R 71,700.51 R 119,930.88 
May R 13,599.12 R 28,056.74 R 77,448.16 R 84,297.50 R 119,104.02 
Jun R 604,004.63 R 67,216.09 R 78,973.63 R 203,013.78 R 750,194.35 
Jill R 109,188.99 R 83,439.74 R 100,444.30 R 162,537.99 R 293,073.03 
Aug R 175,366.01 R 103,972.37 R 123,875.24 R 204,833.95 R 403,213.62 
Sep R 120,310.25 R 65,696.18 R 85,788.98 R 149,800.11 R 271,795.41 
Oct R 107,368.95 R 63,227.27 R 57,610.44 R 120,763.18 R 228,206.66 
Nov R 40,873.31 R 61,037.54 R 59,306.90 R 97,741.83 R 161,217.75 
Dec R 65,891.50 R 76,070.24 R 83,066.11 R 134,532.08 R 225,027.85 
Total R 1,402,026.94 R 739,257.17 R 969,837.70 R 1,572,783.92 R 3,111,121.81 

It can be identified from table 14, that the annual active energy charges are higher for 

the Ruraflex tariff structure by around R 1.5 million, if no load shifting takes place. 

As the DSM project focuses on load shifting, this deviation can be somewhat reduced. 

The DSM load shift intervention that is to take place will make use of reducing the 

peak kWh to zero. The kWh reduction in the peak period will have to, however, be 

added into the standard and off-peak periods of the day. 
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The way in which the peak period kWh values were transferred to the standard and 

off-peak periods was done by sLmply dividing the monthly peak period kWh values by 

2; these values were then added to both the standard and off-peak kWh values. Due to 

the peak period kWh values being relatively low, there is little concern of exceeding 

the NMD, due to an increase in the associated kVA values. The active energy cost 

comparison, making use of morning and evening load shifting is provided below. 

Table 15: Active energy costs with load shifting 

Off-Peak 
Energy (kWh) 

Standard 
Energy (kWh) 

Peak Energy 
(kWh) Total Energy 

Month Ruraflex Ruraflex Ruraflex Nightsave Rural Ruraflex 
Jan 1,186,031 722,611 0 R 168,373.89 R 239,791.95 
Feb 678,456 380,482 0 R 93,398.33 R 132,060.92 
Mar 666,712 260,622 0 R 81,790.77 R 112,172.07 
Apr 617,107 195,848 0 R 71,700.51 R 96,773.78 
May 747,303 208,452 0 R 84,297.50 R 112,728.38 
Jun 964,623 620,184 0 R 203,013.78 R 267,768.15 
Jul 846,009 407,215 0 R 162,537.99 R 202,524.36 
Aug 1,068,754 530,263 0 R 204,833.95 R 259,589.49 
Sep 1,035,617 662,798 0 R 149,800.11 R 214,327.51 
Oct 747,935 621,262 0 R 120,763.18 R 176,947.13 
Nov 632,406 475,779 0 R 97,741.83 R 141,919.57 
Dec 902,826 622,482 0 R 134,532.08 R 193,787.37 
Total 10,093,776 5,707,995 0 R 1,572,783.92 R 2,150,390.67 

From table 15, it can be observed that the deviation between the annual active energy 

cost for the Nightsave and Ruraflex tariffs has dropped from around R 1.5 million to 

around R 580,000.00, due to the load shift intervention. Although it is clear that 

Nightsave is cheaper with regards to the active energy charge, the performing of load 

shifting can largely drop the deviation between the two tariffs. 

Voltage Surcharge 

The voltage surcharge is calculated as a percentage of the network access, energy 

demand and active energy charges. The rate used, is dependant on the supply voltage. 

The rate of 10.07% for a supply voltage between 500V and 22kV was utilised. 

resulting in the following: 
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Table 16: Voltage surcharge for Nightsave and Ruraflex 

Voltage Surcharge 
Month Nightsave Rural Ruraflex without Load Shifting Ruraflex with Load Shifting 
Jan R 46,551.49 R 38,059.29 R 26,529.61 
Feb R 33,859.85 R 22,909.04 R 15,681.10 
Mar R 31,809.00 R 18,569.71 R 13,678.29 
Apr R 30,854.11 R 17,426.98 R 12,127.68 
May R 31,821.41 R 18,351.55 R 13,734.31 
Jun R 62,937.42 R 112,887.42 R 29,346.81 
Jul R 56,881.46 R 43,483.09 R 22,776.76 
Aug R 60,556.99 R 53,063.02 R 28,523.22 
Sep R 42,685.83 R 35,591.68 R 23,965.34 
Oct R 39,011.17 R 34,824.38 R 20,201.14 
Nov R 29,007.11 R 25,360.59 R 16,673.86 
Dec R 41,196.38 R 33,020.73 R 21,896.95 
Total R 507,172.22 R 453,547.48 R 245,135.08 

From table 16, it can be observed that there exists a potential annual cost saving of 

around R 260,000.00, with regards to the voltage surcharge, if a tariff swap were to be 

made along with load shifting. 

Service and Administration Charge 

The service and administration charge is based on the sum of the monthly utilised 

capacity. The charge makes use of a daily rate categorised by the apparent power 

(kVA) demand. The category of >1MVA was utilised, making use of the following 

rates: 

Nightsave Service and Administration Charge: 

• Service charge = R62.22 / day (excl. VAT) 

• Administration charge = R34.64 / day (excl. VAT) 

Ruraflex Service and Administration Charge: 

• Service charge = R62.22 / day (excl. VAT) 

• Administration charge = R37.02 / day (excl. VAT) 
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It can be noted that both Nightsave and Ruraflex make use of the same service charge 

rate. The service and administration charges for 2006 are provided below; the 

difference between the two tariffs is hardly noteworthy. 

Table 17: Service and administration charges for Nightsave and Rurafles 

Service & Administration Charge 
Month Nightsave Rural Ruraflex 
Jan R 9,007.98 R 9,229.32 
Feb R 8,136.24 R 8,336.16 
Mar R 9,007.98 R 9,229.32 
Apr R 8,717.40 R 8,931.60 
May R 9,007.98 R 9,229.32 
Jun R 8,718.40 R 8,931.60 
Jul R 9,007.98 R 9,229.32 
Aug R 9,007.98 R 9,229.32 
Sep R 8,717.40 R 8,931.60 
Oct R 9,007.98 R 9,229.32 
Nov R 8,717.40 R 8,931.60 
Dec R 9,007.98 R 9,229.32 
Totai R 106,062.70 R 108,667.80 

Now that all the costs for the Nightsave and Ruraflex tariffs have been determined, 

the total annual saving for a tariff swap can be obtained by summating all the various 

costs. The total annual saving for a tariff swap is provided below: 

Table 18: Total costs for Nightsave and Ruraflex at VGG 

Total Costs (For All 3 Pump Stations) Difference (with load shifting) 

Nightsave Rural 
Ruraflex without 

Load Shifting 
Ruraflex with 
Load Shifting Rands % 

R 419,165.52 R 339,693.14 R 310,740.56 R 108,424.96 25.87% 
R 298,538.00 R 202,436.37 R 186,966.12 R 111,571.88 37.37% 
R 288,719.00 R 174,541.56 R 163,631.12 R 125,087.88 43.33% 
R 278,715.17 R 169,949.46 R 146,792.36 R 131,922.81 47.33% 
R 286,909.98 R 170,344.89 R 163,969.25 R 122,940.73 42.85% 
R 549,936.93 R 905,673.47 R 413,247.27 R 136,689.66 24.86% 
R 505,189.50 R 356,445.47 R 276,896.80 R 228,292.70 45.19% 
R 545,885.49 R 478,155.96 R 345,541.83 R 200,343.66 36.70% 
R 391,078.98 R 339,978.69 R 282,510.78 R 108,568.20 27.76% 
R 350,813.41 R 295,920.35 R 244,660.82 R 106,152.59 30.26% 
R 248,385.50 R 219,169.95 R 199,871.77 R 48,513.73 19.53% 
R 365,739.75 R 290,937.90 R 259,697.42 R 106,042.33 28.99% 

R 4,529,077.23 R 3,943,247.21 R 2,994,526.09 R 1,534,551.14 33.88% 
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From table 18, it can be seen that an estimated annual saving of around R 1.5 million 

can be achieved, if a tariff swap were to be carried out, along with load shifting. It 

must be noted, however, that the savings will be slightly less, as the electricity usage 

data supplied also consists of other devices, such as lights. The actual savings will be 

presented later. Figure 19, shows a comparison between the monthly costs for the 

Nightsave tariff and the Ruraflex tariff, making use of load shifting. 

Nightsave vs. Ruraflex for VGG 
R 600,000.00 -» 

R 500.000.00 --

R400,000.00 --
« 
1 R 300,000.00 -I 

R 200,000.00 ■ -

R 100,000.00 -

R 0.00 - I—1 '—f—' ■—!—■ >—■—' L^K-1 ■—!—' ■—!—' 1—«—' 1—M ' — I — ' 1—f—I l—t—' ■—I 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Month 

I i Nightsave Rural —♦—Ruraflex with load shifting 

Fignre 19: Total costs for Nightsave and Ruraflex at VGG 

It must be noted that there does exist a 5 year conversion surcharge, whereby the 

client's savings, which are realised due to the tariff swap, will be reduced over the 

initial 5 year period. Once this conversion period has passed, the full savings will be 

obtainable. Table 19, provides the costs for the 5 year conversion surcharge period. It 

can be noted this charge is not applicable to DSM load shift savings, 

Table 19: Conversion surcharge for a tariff swap at VGG 

Conversion Surcharge (For All 3 Pump Stations) 

Months after conversion 

Percentage of saving 

Annual payment 

Monthly payment 

1-12 13-24 25-36 37-48 48-60 Months after conversion 

Percentage of saving 

Annual payment 

Monthly payment 

90% 72% 54% 36% 18% 

Months after conversion 

Percentage of saving 

Annual payment 

Monthly payment 

R 527,247 R 421,797 R 316,348 R 210,898 R 105,450 

Months after conversion 

Percentage of saving 

Annual payment 

Monthly payment R 43,937 R 35,150 R 26,363 R 17,574 R 8,787 
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2.7 Impact of DSM on Clear Water Pumping Systems 

This section investigates the effect that DSM has made on other clear water pumping 

projects. The potential hidden costs are also investigated. 

Case Study of Previously Implemented Clear Water Pumping Projects 

In order to get an idea of how successful DSM has been on pumping projects, a case 

study has been carried out on a few previously implemented DSM pumping projects. 

The table below provides the results of the case study done on 6 pumping projects in 

the mining industry, further details on this case study can be obtained from the 

following reference [23], 

Tabie 20: Savings of other DSM pump projects, |23] 

MINE 

Installed 
Capacity 

(MW) 

Monthly Operational Cost 
Before DSM Evening 

Load 
Shift 

Potential 
(MW) 

Average Monthly Cost Savings Due To DSM MINE 

Installed 
Capacity 

(MW) 

Low 
Demand 
Season 

High 
Demand 
Season 

R 626,942 

Evening 
Load 
Shift 

Potential 
(MW) 

Low 
Demand 
Season 

% 
Saving 

High 
Demand 
Season 

% 
Saving 

Kopanang 26.0 R 341,811 

High 
Demand 
Season 

R 626,942 4.5 R 16,971 5.0% R 103,812 17.0% Kopanang 26.0 R 341,811 4.5 R 16,971 5.0% 17.0% 

Elandsrand 27.2 R 642,961 3 , R 14.556 2.0% 9.0% 

Bambanani 23.8 R 714,061 7.0 R 32,407 5.0% 11.0% Bambanani 23.8 R 714,061 ■\ l , 0 3 0 , U I U 7.0 R 32,407 5.0% 11.0% 

Masimong 4# 18.8 R 237.218 R 430,104 4.0 R 20,405 9.0% 26.0% 

Harmony 3# 24.2 R 318,309 R 605,802 3.8 R 15,651 5.0% 12.0% 

Mponeng 47.2 R 984,241 R 1,878,697 11.0 R 46,641 5.0% R 448,971 24.0% Mponeng 47.2 R 984,241 11.0 R 46,641 

Average 27.9 R 539,767 ^BBBBM 5.6 R 24,439 5.0% R 166,658 16.4% 

Termination Penalties 

If the client decides to abort the DSM project before the contractual period is up, the 

client will have to pay Eskom a termination penalty. Factors that are taken into 

account in determining the termination penalty are as follows [25]: 

• Total cost of DSM measures, i.e. the infrastructure cost funded by Eskom; 
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• Contractual duration of the DSM project; 

• Contractual date of when the DSM project started; 

• Contractual date of when the DSM project was terminated; 

• Number of days falling short of the contractual period. 

Using this data, the following equation can be used to determine the termination 

penalty to the client, making use of a 5 year contractual period: 

Equation 1: Termination Penalty, [25] 

Termination penalty (TP) = ' Total cost of DSM measures (T) 
365 days x 5 (contractual period) years 

(Number of days falling short of the 5 year period (D)) 

' 1,000,000 ̂  xl460 
V 365x5 j 

= R800,000.00 

In the calculation above, the penalty for terminating a project after one year has been 

determined. If the infrastructure cost funded by Eskom was to be a million rand for 

example, the penalty in this case would be R 800,000.00. If, however, the project 

were to be terminated at a later stage, the penalty would drop depending on the 

number of days falling short of the 5 year period. The potential penalties for the 

contractual period are as follows: 

• Terminated after one year = R 800,000.00 

• Terminated after two years = R 600,000.00 

• Terminated after three years = R 400,000.00. 

• Terminated after four years = R 200,000.00. 
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Consequence of Exceeding the NMD 

Due to the impact of large energy consumers on the electricity demand network, it is 

required from these consumers to properly manage their demand control on their 

energy profile. This is such that Eskom is aware of the maximum demand (MD) of the 

consumer and is therefore capable of controlling their generation capacity according 

to the long term demand, as well as in ensuring the availability of electrical energy 

[23]. 

Eskom has therefore implemented a Notified Maximum Demand (NMD) charge. The 

client informs Eskom of a foreseeable maximum demand usage and is charged 

accordingly to this demand. The MD of the client is then monitored by Eskom and if 

the clients NMD is exceeded for longer than a half hour, the clients NMD will be 

changed to that of the new MD, resulting in an increased charge. If the client wishes 

to be resorted back to the previous NMD, the client will have to keep their MD below 

that of their previous NMD, for a period of 12 months [23]. 

In order to see how this could possibly affect the VGG DSM project, the highest 

possible MD for each pump station had to be determined, this value was then 

compared with the current NMD. As each pump station has a maximum of 3 pumps, 

with installed capacities of 780 kW and power factors of 0.86, the highest MD for 

each pump station is: 

Equation 2: Apparent power 

s_P(Watt) 
Pf 

2340 
~ 0.86 
= 2721kVA 

Now that the highest MD per pump station has been determined, the financial 

implications can be determined, as follows: 
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Delportshoop: 

• Current NMD = 2500 kVA 

• Maximum MD = 2721 kVA 

• Associated network demand charge for new NMD = R 9,904.44 / month 

• Difference compared to previous = R 804.44 / month 

Kneukel: 

• Current NMD = 2000 kVA 

• Maximum MD = 2721 kVA 

• Associated network demand charge for new NMD = R 9,904.44 / month 

• Difference compared to previous = R 2,624.44 / month 

Trewill: 

• Current NMD = 2000 kVA 

• Maximum MD = 2721 kVA 

• Associated network demand charge for new NMD = R 9,904.44 / month 

• Difference compared to previous = R2,624.44 / month 

From these results, it can be determined that if a third pump were to operate at the 

Kneukel or Trewill pump station, VGG will have to pay an additional R 31,500.00 per 

annum, for their network demand charge, which is not too much of a concern. 

2.8 Conclusion 

This chapter started off by investigating the water demand problem in South Africa. 

The DWAF's water distribution scheme implemented in the Gamagara region, namely 

the Vaal Gamogara Water Scheme, was then investigated whereby water is supplied 

to various towns, spanning over a region of 430 km's. 
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This was then followed by an investigation into the feasibility of a DSM project. A lot 

of emphasis was placed on the necessary tariff swap that needed to take place in order 

for VGG to benefit from Eskom's DSM initiative. 
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Chapter 3: Implementation of a Real-Time Energy Management System at VGG 

3.1 Introduction 

In order for the DSM project to perform as intended, the entire system needs to be 

automated. This is such that there is no human-interference that can alter the way in 

which the system has been finely calibrated. This aspect will become more evident in 

the sections to follow. 

Now, in order to fully automate a system, certain equipment needs to be present. 

These include a SCADA (Supervisory Control and Data Acquisition) system, 

Programmable Logic Controllers (PLCs), Human Machine Interface (HMI) 

equipment, communication equipment and finally a Real-Time Energy Management 

System (REMS). 

This chapter will therefore serve to inform the reader on the background behind these 

devices. This chapter will also present the simulation model, along with the 

simulation results. 

3.2 Required and Existing Control Systems 

This section will provide some background information on the required infrastructure 

for full automation. The current infrastructure available at VGG will also be 

investigated. 

3.2.1 Supervisory Control and Data Acquisition (SCADA) 

In essence, a SCADA system is used as a measurement and control device. As the 

name indicates, this device is not a full control system, but rather a system that 

focuses on the supervisory level. This section will help familiarise the reader with 

SCADA systems. All information provided on the SCADA in this section is available 

at [35], [36]. 
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SCADA systems have applications in monitoring or controlling of chemical or 

transport processes, municipal water supply systems, to control electric power 

systems, transmission and distribution, gas and oil pipelines and other distributed 

processes. The sizes of such plants range from a few thousand to tens of thousands of 

input/output (I/O) channels. 

A typical SCADA system is comprised of a software package. The software program 

is positioned on top of hardware to which it is interfaced, generally via PLC's, or 

other commercial hardware modules. SCADA systems used to run on DOS, VMS 

and UNDC; however, in recent years all SCADA vendors moved to NT and Linux. 

A SCADA acts as a central system that monitors and controls a complete site, or a 

system that is spread out over a large distance (kilometres). Majority of the work 

carried out by the SCADA is performed automatically by a Remote Terminal Unit 

(RTU) or by a PLC. In most cases, the host's control functions are restricted to basic 

over-ride or supervisory level capability. 

For example, in an industrial process, a PLC may control the flow of cooling water, 

but the SCADA system may allow the operator to change the control set point for the 

flow, as well as allow certain undesirable conditions such as loss of flow or high 

temperature to be recorded and displayed. The SCADA system monitors the overall 

performance of a feedback control loop, which is closed through the RTU or PLC. 

The data acquisition process begins at the RTU or PLC, where meter readings and 

equipment statuses are communicated to the SCADA as required. This data is then 

processed in such a way that the control room operator, using the HMI, can make 

appropriate supervisory decisions that may be required to adjust or over-ride normal 

RTU or PLC protocols. The acquired data is also capable of being stored in a 

Database Management System, to allow trending and other analytical work. 
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Figure20: Example of a SCADA layout, [35] 

Figure 20, illustrates an example of a typical SCADA layout. In the figure, the 

SCADA system reads the measured flow and level and sends the setpoints to the 

PLCs. PLC 1 then compares the measured flow with that of the setpoint and controls 

the speed pump as required in order to match the flow setpoint. PLC 2 compares the 

measured level to the setpoint and controls the flow through valve V-2 to match the 

level to the setpoint. 

3.2.2 Programmable Logic Controller (PLC) 

A PLC is a computer type device that is used to control equipment in an industrial 

facility. In essence, the PLC is the heart behind most industrial automation processes. 

This section will provide some basic background information on PLCs, all 

information presented here is available at [37]: 

PLCs are present in many industrial facilities; examples include conveyor systems, 

food processing machinery, water distribution systems and many others. In a 

traditional control system, all control devices are directly wired to each other, 
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according to how the system is supposed to operate. However, in a PLC system, the 

PLC replaces the wiring between the devices. Therefore, all equipment is wired to the 

PLC, as opposed to each other. 

The control program inside the PLC then provides the wiring connection between the 

devices. This control program is a computer program that is stored in the PLC's 

memory; this program then tells the PLC what is supposed to be going on in the 

system. The term used to describe this type of wiring is called "softwiring", 

The following example will further clarify the softwiring concept. In a traditional 

control system, the push button would be wired directly to the motor, as seen in figure 

21a). However, in a PLC system, both the push button and the motor would be wired 

to the PLC, as seen in figure 21b). The PLC's control program would then complete 

the electrical circuit between the two devices, once again allowing the button to 

control the motor. 

Figure 21: a) Traditional system with all control devices wired directly to each other, b) PLC 

system with all control devices wired to the PLC, [35] 
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The advantage of making use of the softwiring approach is significant and is 

considered one of the most important features of PLCs. Softwiring makes changes to 

the control system easy and cheap. If the user would like a device in the PLC system 

to behave differently or to control a different process element, all that is needed to be 

done is to change the control program. Traditionally, a change of this nature would 

require the wiring between devices to be done physically. The result of this is costly 

and time consuming. 

In addition to the advantage just mentioned, PLCs offer other advantages over 

traditional control systems, these include [37]: 

• High reliability; 

• Small space requirements; 

• Computing capabilities; 

• Reduced costs; 

• Ability to withstand harsh environments; 

• Expandability. 

3.2.3 Human-Machine Interface (HMI) 

An HMI is an apparatus that is used to present process data to a human operator and 

in return, allow the human operator to control the process [35]. 

The need for HMI was realised when new standardised ways of monitoring and 

controlling multiple remote controllers, or PLCs, were introduced. While a PLC is 

capable of providing automated, pre-programmed control over a process, they are 

usually distributed throughout the plant, making it difficult to obtain data from them 

manually. In the past, PLCs had no standardised way of presenting information to the 

user [35]. 

As mentioned previously, the SCADA gathers information from the PLCs and then 

processes it. The HMI is then linked to a database, to provide trending, diagnostic data 
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and management information such as scheduled maintenance procedures, logistic 

information and troubleshooting guides, [35]. 

3.3 GSM and Microwave Telemetry Communication Systems 

So far, all the background information behind the devices making up a SCADA 

system has been investigated. The softwiring technique of connecting two devices by 

making use of a PLC seemed extremely simple, when making use of a direct 

connection like a copper cable. However, certain systems make use of devices that are 

separated over large distances. 

The communication between devices over an exceptionally large distance may reveal 

that standard methods of connecting devices, such as making use of copper or fibre 

optic cables, may prove to be impractical or unfeasible. The VGG Water Scheme is a 

clear example of this, where the distances between the pumping equipment and the 

SCADA ranges over several tens of kilometres. 

The way in which a system of this nature will communicate is by making use of 

wireless communication. Two commonly used wireless communication methods are 

Global System for Mobile communication (GSM) and microwave communication, the 

VGG Water Scheme makes use of both. 

3.3.1 Global System for Mobile Communication (GSM) 

GSM is a globally accepted standard for digital cellular communication. It was 

established in 1982 in order to create a common European mobile telephone standard. 

This standard formulated specification, for a pan-European mobile cellular radio 

system, was set to operate at 900 MHz. In 1985, it was decided that GSM be made 

digital as opposed to analogue and in 1987, it was decided that GSM make use of a 

narrowband Time Division Multiple Access (TDMA) communication technique, [38]. 
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Figure 22, shows a typical GSM network. It can be seen that the GSM network is 

divided into three major systems, namely the switching system (SS), the base station 

system (BSS) and the operation and support system (OSS), [38] 

Switching 
System 

GVSC 

GIWU 

Base Station 
System 

BTS BTS BTS 

N ^ 

Information 
transmission 

Call connections 
and information 
transmission 

Mobile Station 

Figure 22: Layout of a typical GSM network, |38| 

3.3.2 Microwave Communication 

Although GSM communication has proven to be very usefal, it does have a few 

drawbacks. A few drawbacks, which the VGG personnel have experienced with this 

type of communication, are: 

• The GSM communication, which is currently employed at VGG, makes use of 

sending data packets where the cost to send these packets varies on the size of 

the data. This has proven to be costly when constantly monitoring the statuses 

of pumps. 

• The data transfer is not always as responsive as one would like, the TDMU 

technique which the GSM makes use of may become very slow when the 
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allocated frequency bandwidth becomes saturated, factors such as poor 

weather also may cause delays. 

Due to the reasons just mentioned, the VGG Water Scheme has decided to obtain a 

dedicated frequency bandwidth. This will replace the current GSM communicating 

equipment with that of microwave communication. Due to the diversity and 

complexity of this form of communication, only the basics will be presented. 

Microwaves are defined as waves with a frequency above 3 GHz, although some 

classify frequencies above 1 GHz as microwave, microwave communication generally 

starts at the 3 GHz range. Table 21 and figure 23 show the different wavelength 

categories in the frequency spectrum. The signal wavelength used for GSM 

communication is around 900 MHz, which is still considered a radio signal [39]. 

Table 21: The frequency spectrum, [39] 

Region Wavelengths (m) Frequencies (Hz) 
Radio 1 X 10s to 1 x 10° 3 to 3 x 10s 

Microwave 1 x 10'Mo 1 X 10'1 3 x 10* to 3 X 10" 
Infrared 7 x 10-7to 1 x 10-5 3 x 10" to 4 x 10'" 
Visible light 4 x 10"7 to7x 10"7 4 x 1 0 w t o 7 x 10M 

Ultraviolet 1 x lO"8 to 4 x 10'' 7 x 10" to 3 x 10iS 

X-ray 1 x lO"" to 1 x 10-* 3 x 10 i S t o3x 101* 

Figure 23: The frequency spectrum, |40J 

With an increase in wireless communication, the bandwidth offered by radio signals is 

too low. The larger the amount of data needed to be transferred, the larger the 

bandwidth needed. At low frequencies, a large bandwidth can prove to be very costly. 
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however, at higher frequencies; a large bandwidth takes up such a small percentage of 

the microwave spectrum, resulting in cheaper costs. 

Digital microwave communication systems are used to transmit and receive 

information between a sender and receiver separated by distances of up to 60 

kilometers (and sometimes even further) in a telecommunications network. The type 

of information can be voice, data and even video as long as it is in digital format [39]. 

A typical microwave communication setup consists of a three basic components: a 

digital modem for interfacing with digital terminal equipment, a radio frequency unit 

for converting a carrier signal from the modem to a microwave signal and an antenna 

to transmit and receive the signal [39]. 

The combination of these components is known as a radio terminal, figure 24 further 

illustrates this example. It is required that two terminals are present in order to 

establish a microwave communication link, or microwave hop [39], 

Direction of message 1 J Company A Company B 

□LrijirLJ^^^^nrLJil 
Modem Modem 

modulates demodulates 
signal signal Central 

Digital Analog Digital G O m P u t e r 

signal transmission signal 

Figure 24: Microwave communication setup, [41) 

The use of microwave communication has some advantages over other systems, [42]: 

• it is transmitted continuously as a sine wave; 

• it can easily be extracted by means of an appropriate filter; 

• it can be transmitted in a package along with the vision and sound signals; 
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• The system reliability can be even higher if the pilot signal is transmitted via 

two or more microwave links simultaneously. 

VGG Infrastructure Investigation 

The result of the investigation into the available infrastructure at VGG was positive. 

The system already had a SCADA present, along with the necessary PLC's for all the 

pumps of interest. As mentioned previously, the presence of the SCADA system 

allows a control room operator to manually control the operations of the pumps from 

a remote destination as well as presenting the reservoir levels of specific storage 

reservoirs: in this case the Clifton reservoirs. 

The next step was to determine whether the system had the facilities required for full 

automation. Unfortunately, the SCADA and the PLC's have to be upgraded. 

However, the proposed time of carrying out the upgrades is quite reasonable. 

Once the issues surrounding the SCADA and the PLC's were resolved, the 

communication methodology had to be determined. At the time of the investigation, 

the system made use of both GSM and microwave communication methodologies. 

The Trewill and Kneukel booster pump stations make use of microwave 

communication. As the control room is situated at the Delportshoop pump station, this 

pump station communicates by means of copper cables. All reservoir levels are 

communicated to the control room via GSM. 

The use of microwave communication for the pump stations is highly desirable, as to 

the reasons mentioned previously. The GSM communication for the reservoir levels is 

somewhat undesirable, due to delays. However, due to the system mainly relying on 

the Clifton reservoirs for water storage and the fact that these reservoirs are so large 

that a slight increase or decrease in the reservoir levels takes particularly long, this 
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aspect can be overlooked. It can also be noted that it is impossible for the other 

reservoirs to flood as they have level controlled valves. 

3.4 System Constraints and Parameters 

The next step of the project was to set up the simulation model. However, before the 

simulation model could be set up, the system's constraints and parameters had to be 

investigated. Factors that need to be investigated prior to the setting up of the 

simulation model include: 

• The capacities of the upstream and downstream reservoirs; 

• The minimum and maximum percentage levels of the upstream and 

downstream reservoirs; 

• The number of columns available; 

• The recommended maximum number of simultaneously operated pumps each 

column can withstand; 

• The number of pumps present per pump station; 

• The flow rates of the pumps when operated individually, as well 

simultaneously, into a common column; 

• The installed capacities of the pumps; 

• The maximum number of pumps that can be operated simultaneously before 

exceeding the NMD. 

Although most of these details have already been presented in the DSM investigation 

section of this document, some necessary minor details have not yet been presented. 

All the constraints and parameters listed above will be presented in the following set 

of tables; any repeated details can serve to refresh the reader. 
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Table 22: Details of the upstream and downstream reservoirs 

Upstream 
Reservoirs 

Downstream 
Reservoirs 

Total Accumulated Storage Capacity 10 ML 27 ML 

Minimum % Level 30% 30% 

Maximum % Level 90% 90% 

Table 23: Details of the pump stations 

Pump Station Delportshoop Kneukel Trewill 

Number of Columns Available 1 1 1 

Maximum Number of Pumps Per Column 2 2 2 

Number of Pumps Present 3 3 3 

Flow Rate of Individually Operated Pumps 270 L /s 245 L /s 240 L/s 

Flow Rate of Dual Operated Pumps 430 L /s 390 L /s 385 L/s 

Installed Capacities of Pumps 780 kW 780 kW 780 kW 

Max Pumps Before Exceeding NMD 3 2 2 

It must also be noted that there exists two 0.9 ML sumps: one at Kneukel and one at 

Trewill. The purpose of these sumps is to ensure that there is always water present in 

the columns before pump start-up. They also serve to ensure that there are no pressure 

imbalances when operating pumps simultaneously. 

This aspect will play a large role in the simulation model as these sumps are not to be 

emptied. Due to the flow rates of the pumps being quite large, if a single pump is 

operating at one of the pump stations, a single pump will also have to be operated at 

the other two pump stations, unless bypassing of pump stations takes place. This is 

due to the fact that these sumps can be emptied extremely quickly by a single pump. 

The same holds for multiple pump operations. 
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3.5 Calculating, Developing and Optimising the Simulation Model 

Now that all the technical details of the VGG system have been obtained, the 

simulation model can be set up. This section will therefore be dedicated to the 

software simulation of the VGG system. 

3.5.1 Background of the Simulation Software 

The software program that is to be used to automate the VGG system, as well as 

ensure that the system performs load shifting during the peak periods of the day, is 

called REMS (Real-Time Energy Management System). 

The REMS software program was developed by HVAC International to control 

energy-intensive appliances in the mining industry. Applications include the 

automating of fridge plants, winders, compressors and pumps. Due to the pumping 

systems of mines and water distribution networks being similar, REMS is a suitable 

package for automating the VGG system. 

REMS automates the system by replacing the control room operator by a software 

program. Pumping systems, such as the one at VGG, make use of a control room 

operator to switch the pumps on and off. Basically, the control room operator will 

monitor the levels of all the dams in the system. If he/she senses that a particular dam 

is becoming too full or too empty, the associated pump/s of interest will be switched 

on or off by making use of the SCADA system. 

The REMS software program therefore mimics the operations of the control room 

operator by communicating with the SCADA system directly. The SCADA system 

sends all the necessary data to the control module of REMS, where a mathematical 

module is then utilised in the scheduling of the operational periods of the pumps in 

real-time. 
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Just like the control room operator, REMS monitors the upstream and downstream 

dam levels by making use of the SCADA system. Previously set up in REMS is the 

maximum and minimum levels of the dams in the system. If a particular dam's 

percentage level reaches the lower or upper level limit, REMS will switch the 

allocated pump/s on or off accordingly. 

Additional to the monitoring of the dams' levels; the time of the day, the number of 

pumps available at each pump station, as well as the number of pumps that are 

currently operating at each pump station, are all monitored by REMS. These aspects 

are important for REMS to monitor as all these aspects are needed in the real-time 

scheduling of the pumps, such that the pumps can be switched off during the peak 

periods of the day. 

As has been made clear thus far, REMS does not directly communicate with the 

pumping equipment, but rather with the SCADA system, which then communicates 

with the PLCs located at the pump stations. The PLCs are then directly connected to 

the pumps available at the pump stations. 

Therefore, if a dam level were to exceed the limit specified in REMS, the following 

procedures would take place: 

• REMS monitors the SCADA system and identifies that a particular dam is 

becoming too full; 

• REMS checks how many pumps are currently operating and how many 

pumps are allowed to operate; 

• The mathematical module then determines how many pumps need to be 

switched on; 

• This is then communicated to the control module, which is then 

communicated to the SCADA system; 

• The SCADA system then sends the action command to the PLC located at the 

pump; 
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• The PLC then turns the pump on. 

3.5.2 Issues to be addressed Before Setting-Up the Simulation Model 

In order to successfully set-up the simulation model for the VGG system, the latest 

water data had to be obtained. The water data that had initially been obtained in 2005, 

showed an evening load shift potential of 2.6 MW. It was decided, however, that more 

recent data be obtained as a lot can change over two years. 

In March 2007, log sheets indicating the pumping schedules for the month of March 

had been obtained. Due to the difficulty in obtaining these sheets, only one month 

worth of data could be obtained. Once this data had been analysed, it was realised that 

the load shift potential had dropped, due to a substantial decrease in water 

distribution. 

According to the VGG pamphlet, VGG distributes 36.4 ML of water per day. In 2005, 

it had been observed that this statement was incorrect as only 24 ML was being 

distributed daily. The 2.6 MW evening load shift potential had been identified making 

use of the 24 ML value. 

Since 2005, the water has further decreased. According to the March 2007 data, the 

amount of water distributed daily amounted to only 17 ML during that month. The 

result of this decrease in water distribution dropped the evening load shift potential to 

1.7 MW, almost 1 MW less than the potential identified two years prior. 

It has, however, been identified from the 2006 electricity usage data, obtained from 

the Eskom Distribution Group, that the monthly energy usage during the 2006 March 

month was somewhat less than majority of the remaining months during that year. A 

follow-up telephonic investigation was therefore carried out for the months since 

March 2007. 
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According to VGG personnel, the amount of water being distributed, subsequent to 

March 2007, was in the region of around 19 ML to 22 ML per day. The load shift 

potential for this data ranges from 1.94 MW to 2.32 MW. Although this value is less 

than that of the target load shift, it is better than the 1.7 MW load shift potential 

identified in the March data. 

Now that this more recent data has been obtained, an accurate simulation model can 

be set-up. The basics behind setting up a simulation model for a typical clear water 

pumping system will be presented next. This will then be followed by the VGG 

simulation model. 

3.5.3 Setting-Up the Simulation Model 

The software package that was utilised to simulate the VGG system was REMS, as 

has been made clear in the preceding text. REMS is a component based software 

package that makes use of a drag-drop methodology. All devices that are to be 

controlled or monitored by REMS, such as pumps and dams are represented by 

specific icons. These icons can be dragged and dropped to any position on the REMS 

screen, at the user's leisure. 

Once all the necessary icons have been inserted and positioned, the various icons can 

be linked to each other by making use of their built-in functions. For the case of a 

typical clear-water pumping system, the pumps and dams are linked to each other by 

making use of the dam editor, as seen in figure 25 on the following page. 

From figure 25, it can be seen that there exists two boxes where the pumps 

responsible for distributing water into and out of the dams, or in this case sump, can 

be inserted. The rate at which the dam's percentage level increases or decreases is 

dependent on the number of pumps that are currently running, as well as the flow 

rates of the various pumps, allocated in the In-Flow and Out-Flow boxes. 
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Description 
Kneukel Wet Sump 

Level Tag Q^Tag^ 

Volume 300 

Max Dam Level hOO/Fix 

Mri Dam Level boyFis 

J - Fief Dam Fluctuations f7 Display Max and Min Levels 

r Display SetrJ« 

S i m u l a t i o n V a l u e s 

Simulated flow Initial Simulation: 
JO / Fix |/s Level: [30 % Reset Level 

| l / F i * °C Temp:|8 °C 

(• In-flow r Out-flow 
Reset Al Levels | l / F i * °C Temp:|8 °C 

(• In-flow r Out-flow 

In F l o w s O u t - F l o w s 

Component Cmpt Type Valve Bound Vive Status I i i i '■■' 
Component Cmpt Type Valve Bound Vive Status 

D3 Pump 
D2 Pump 
Dl Pump 

K2 ;Pump 
Kl Pump 
K3 Pump 

D3 Pump 
D2 Pump 
Dl Pump 

Add | Remove j Add | Remove | 

Figure 25: REMS dam editor 

Additional to the linking of pumps and dams, other settings such as the dam's storage 

capacity and minimum and maximum percentage levels, that the dam has to abide by, 

can be set-up in the dam editor. As mentioned previously, the dam's percentage level 

is dependent on the pumps' flow rates. The various pumps' settings can be established 

by making use of the pump editor, as seen in figure 26 on the following page. 

In the pump editor, the pump's kW value, as well as flow rate in L/s, can be set-up. 

Additional to these basic settings are the various tag settings and the minimum run 

time settings. These settings are not normally necessary for simulation purposes but 

rather for the real-time applications where certain anomalies may arise, such as pump 

cycling due to inconsistent dam percentage levels. 
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Pump Editor 

Description Physical Properties 

P P Power |?80 kV 

Control Properties 
Power |?80 kV 

Control Properties Flow Rate 1240.00 t/t 

* 
ailuie 
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* 
ailuie 

Flow Rate 1240.00 t/t 

Hold Delay |0 

r Atteapt Restart on Start F 

* 
ailuie 

Efficiency |1G0 X 
Hold Delay |0 

r Atteapt Restart on Start F 

* 
ailuie 

Type p Type p 

Standby [~~ Offlaie r Onf" Mm flun Tine [b ran 

Copy Settings to/from pumps Tags 

Mm flun Tine [b ran 

Copy Settings to/from pumps 
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Control Settings 

Start Tag | 
Copy to punp* Copy Iron puap 

Control Settings 

[ p BH r Byte |0 r Spec. Bits Select Copy to punp* Copy Iron puap 

Control Settings 
Stop Tag f = 1 

r Spec. BBS Select 

Copy to punp* Copy Iron puap 

Control Settings <?E» r Byte [0 
1 

r Spec. BBS Select 

Copy to punp* Copy Iron puap 

Control Settings <?E» r Byte [0 
1 

r Spec. BBS Select [7 Enable Start Stop In Manual 

F Enable Start Stop In Auto 

Avalahrity Tag V [7 Enable Start Stop In Manual 

F Enable Start Stop In Auto a Bit T Byte JO r Spec, Bits Select 

[7 Enable Start Stop In Manual 

F Enable Start Stop In Auto 

Statin Tag |~ 

r Spec. Bits Select 

V Repeat Start Co—and after |o « 

& Bit P Byte JO r Spec. Bits Select P Repeat Stop Co—and after jo * 

Priority Teg f Priority Teg f 

Start PanuHton Tag | 

Stop Perawwn Tag \ 

Avto/Hanual Tag \~ 

u»t 
True 1 
o*f I 
Tn» 1 

Start PanuHton Tag | 

Stop Perawwn Tag \ 

Avto/Hanual Tag \~ OK Oanrpl 

Figure 26: REMS Pump Editor 

Once all the dams and pumps have been set-up and linked to each other, the pump 

station controllers can be set-up. REMS currently has two forms of controllers: 

namely the gridlock controller and the standard REMS 3 controller. Figure 27 

illustrates the gridlock controller for either an upstream or downstream dam. This is a 

basic form of controller making use of cells representing the time of day, as well as 

the upstream or downstream dam's percentage level. The number of pumps to be 

operated, taking these two factors into account, is inserted into the various cells. 

Now, the gridlock controller is ideal for the initial phase of the simulation where a 

basic control philosophy can be established. But, in order to set-up a more precise 

simulation, the gridlock controller is normally replaced by the more complex REMS 3 

controller, as seen in figure 28. 
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Figure 27: REMS Gridlock controller 
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Figure 28: Standard REMS 3 controller 

The REMS 3 controller takes somewhat longer to set-up due to the fact that it works 

with programmable internal-tags. Therefore, if a user wishes to control a set of 
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pumps according to the upstream and downstream dam levels, as well as the time of 

the day, the user will need to create an internal-tag. Once the internal-tag has been 

created, the user then programs it according to the desired specifications and 

constraints, by making use of "if', "and", "or" and "else" statements. 

The advantage of making use of the RBMS 3 controller over that of the gridlock one 

is two-fold. Firstly, the REMS 3 controller offers increased controllability by allowing 

the user to configure the controller according to days of the week, hours of the day 

and minutes of the hour, as opposed to just hours of the day. The major advantage of 

having the "days of the week" option allows the user to control the system differently 

during the weekends where the system will typically distribute less water. It also 

allows the user to sufficiently prepare the system for the week periods, during the 

weekends. 

The second advantage allows the user to specify bottom and top offset percentage 

ranges. The purpose of this function is to effectively reduce excessive pump start-up 

and shut-down, or pump cycling. Pump cycling occurs when fluctuations in the dam 

percentage levels occur. The offset percentage range values are used to control this 

unwanted phenomenon. The gridlock controller does have minimum runtime and 

control range functions that also reduces pump cycling, however, these do not work as 

effectively as the ones present in the REMS 3 controller as they do not focus on 

actually controlling the dam fluctuations. 

Once all the controller settings have been set-up, the system is ready to be simulated. 

The simulation can then emulate how it will run in real-time except that the speed can 

be increased to save time. It has been identified that running simulations at around 

100 s/s is favourite. Simulation speeds higher than this start to decrease in accuracy. 

Once the simulation has finished, the user can analyse the logged data in the form of 

an Excel spreadsheet. From the data, the user can identify what changes are needed to 

be made to the simulation. 
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3.5.4 The VGG Simulation Model 

Now that the basics behind the REMS simulation software have been established, the 

VGG simulation can be set-up. Two simulation models have been carried out, one 

making use of 19 ML/day and one making use of 22 ML/day. A layout of the VGG 

simulation can be seen in figure 29 below. 

Figure 29: VGG simulation layout 

Due to the fact that the amount of water entering and leaving the system is the same, 

the Delportshoop and Clifton storage reservoir settings in the simulation model have 

been set-up such that the outflow of the Clifton storage reservoir is the same as the 

inflow of the Delporsthoop storage reservoir. This results in a closed loop system, 

simplifying the simulation somewhat, 
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Due to the fact that the inflows and outflows in the REMS simulation software is in 

L/s, the 19ML/day and 22ML/day values had to be converted into L/s. This was 

carried out as follows: 

Equation 3: ML to L/s conversion 

\9MUday = —-^—-^— = 220//s 
(60 x 60 x 24) 

(22xl06) 
22MII day = - i - - - - = 25511 s 

(60x60x24) 

These values were then entered into the "inflow" box in the Delportshoop dam editor 

and into the "outflow" box for the Clifton dam editor for the two different scenarios 

respectively. 

The next step was to take the flow rates of the pumps into account, not forgetting the 

effect of cumulative flow mentioned earlier, in order to figure out the necessary pump 

run schedules. Due to the storage reservoirs being quite large preparation for the peak 

periods was not too much of an initial concern. 

Now the way in which the cumulative flow issue was addressed for the simulation 

was by altering the pump flow rates. Instead of setting up the pump flow rates as 

being the same and introducing a function which will alter the flow rate into the 

column upon multiple pump operations, only the first pump flow rate was set to what 

it should be. The second pump's flow rate was then set as the difference between the 

flow rate of a single pump operation and a dual pump operation as follows: 

• Single pump flow rate = 240 L/s 

• Dual pump flow rate = 385 L/s 

• Pump #1 flow rate = 240 L/s 

• Pump #2 flow rate = 385 L/s - 240 L/s = 145 L/s 
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In order for the simulation to run successfully, the simulation model had to be set-up 

such that pump #1 was always selected to run first, with pump #2 always operating in 

unison with pump #1. Pump #3 did not play a role in the simulation; however, once 

the system is implemented, pump #3 will have to be included in case pump #1 or 

pump #2 fails to operate. 

It may be identified from table 6 presented on p30, that the flow rates for the pumps at 

the different pump stations are slightly different. This aspect was of an initial concern 

due to the capacities of the intermediate sumps being very small. It has been identified 

though, that the towns where the pump stations are allocated, are supplied with water 

at a rate which is equal to the difference between the pump flow rates for the different 

pump stations. For this reason, the flow rates for the Trewill pumps were used as a 

basis for the other pump stations, as this is the last pump station in the system. 

Once the necessary pump settings had been set-up, the next step was to introduce the 

pump run schedules. Making use of the pump flow rates, the number of pumps to 

operate for each hour was determined. Due to the fact that the morning and evening 

peak periods accumulate to 5 hours, the system has to pump 19 ML or 22 ML during 

the remaining 19 hours of the day. As it is more efficient to operate a single pump per 

pump station, this aspect was maximised. Therefore, the amount of water that is 

possible to be pumped making use of single pump operations during the 19 hour 

period is as follows: 

• 1 pump at 240 L/s for 19 hours = 240*3600*19 - 16.42ML 

Therefore, an additional pump per pump station is needed to make up for the 

additional 2.58 ML or 5.58 ML for the two different scenarios respectively. Talcing 

the flow rates of the second pumps as 145 L/s, the number of hours for the second 

pumps to operate was determined as follows: 

• 145 L/s = 145*3600 L/hour = 0.522 ML/hour 

• (2.58 ML) / (0.522 ML/hour) = 4.94 hours « 5 hours 

Electricity Cost Optimisation of a Surface Potable Water Pump System 76 



Chapter 3: Implementation of a Real-Time Energy Management System at VGG 

• (5.58 ML) / (0.522 ML/hour) = 10.7 hours * 11 hours 

Therefore, in order for the system to meet its quota, the second pumps for the three 

different pump stations have to be operated in unison with the first pumps for the 

duration of 5 hours, or 11 hours, depending on the scenario. In order to further 

maximise the cost savings, the second pumps were set-up to operate during the 

off-peak period due to this period being cheaper than that of the standard period. 

Therefore, emphasis was placed on trying to operate the second pumps between 22:00 

and 06:00. 

The pumping schedules, for the 19 ML/day and 22 ML/day scenarios, are provided in 

table 24 and figure 30, for 19 ML/day and table 25 and figure 31, for 22 ML/day. 

Table 24: Optimised and original power consumption for 19 ML/day 

Hour Proposed No. Pumps Optimised kW Usage Original Calibrated kW Usage 

0 6 4,524 2,800 
1 6 4,680 2,917 
2 6 4,680 2,917 
3 3 2,340 2,971 
4 3 2,340 2,971 
5 3 2,340 2,944 
6 3 2,340 2,944 

2,702 
2,460 
2,110 

2,702 
2,460 
2,110 

2,702 
2,460 
2,110 

10 3 2,340 2,003 
11 3 2,340 2,003 
12 3 2,340 2,003 
13 3 2,340 2,003 
14 3 2,340 2,030 
15 3 2,340 1,949 
16 3 2,340 1,842 
17 3 2,340 1,895 

1,815 
1,868 K 
1,815 
1,868 

20 3 2,340 1,922 
21 3 2,340 1,922 
22 6 4,680 2,353 
23 6 4,680 2,658 

Total 56,004 56,004 
ML 19.03 19.03 
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VGG Baseline for 19 ML/day 
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Figure 30: Optimised and original power consumption for 19 ML/day 

Table 25: Optimised and original power consumption for 22 ML/day 

Hour Proposed No. Pumps Optimised kW Usage Original Calibrated kW Usage 

0 6 4,524 3,385 
1 6 4,680 3,502 
2 6 4,680 3,502 
3 6 4,680 3,556 
4 6 4,680 3,556 
5 6 4,680 3,529 
6 6 4,680 3,529 

HzJEEsZil 

! 
10 3 2,340 2,588 
11 3 2,340 2,588 
12 3 2,340 2,588 
13 3 2,340 2,588 
14 3 2,340 2,615 
15 3 2,340 2,534 
16 3 2,340 2,427 
17 3 2,340 2,480 

I 
20 6 4,602 2,507 
21 6 4,680 2,507 
22 6 4,680 2,938 
23 6 4,680 3,243 

Total 70,044 70,044 
ML 22.16 22.16 
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Figure 31: Optimised and original power consumption for 22 ML/day 

The last thing that had to be done for the simulation was to ensure that the Vaal and 

Clifton storage reservoirs' limits were not exceeded. The period where this aspect had 

to be carefully considered was when the second pumps were operating in unison with 

the first. This causes the flow rate during this period to be high, resulting in the 

reservoir levels increasing or decreasing at a high rate. 

It was identified that the 19 ML/day scenario did not drastically affect the reservoir 

percentage levels; however, the 22 ML/day scenario did drastically affect the Vaal 

storage reservoir during the off-peak period. As the simulation starts at 00:00, the 

seven hour off-peak period, making use of dual-pump operations, until the morning 

peak period was considered. In order to determine the initial percentage value for the 

Vaal storage reservoir, the following calculations had to be carried out: 

• 22 ML/day = 255 L/s 

• Dual-pump operation = 385 L/s 

• Difference (outflow - inflow) = 385 L/s - 255 L/s = 130 L/s 

• 7 hours @ 130 L/s = 3.276 ML or 32.76 % of Vaal storage reservoir 
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Therefore, the Vaal storage reservoir will decrease by 3.276 ML, or 32.76% due to a 

10 ML storage capacity. As the lower limit is 30%, the initial percentage value needs 

to be 62.76%o or 63%. The initial value for the 19 ML scenario was arbitrarily set to 

60%o. The storage reservoirs' 24 hour profiles for the two scenarios are provided 

below. 
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Figure 32: Storage reservoirs' 24 hour percentage level profile for 19 ML/day 
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Figure 33: Storage reservoirs' 24 hour percentage level profile for 22 ML/day 
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Now that the simulation has been completed, the next step is to implement the REMS 

system at VGG. All details of the implementation will be provided in the next section, 

along with the problems that were encountered. 

3.6 Implementation and Problems Encountered 

It was originally planned that the implementation stage of the VGG project be 

completed by 30 November 2007. Unfortunately, however, the time scale of the 

original project plan was somewhat overzealous. Due to unforeseen circumstances, 

the procurement of the necessary parts was delayed. This has therefore pushed the end 

date of the project to 31 January 2008. 

Unfortunately, this delay has resulted in a bit of a predicament in terms of obtaining 

results, as at the time of this dissertation, the retrofitting of the system was still taking 

place. Therefore, in order to convince the reader that this project will be successful, 

two things are to be presented. 

Firstly, in order to convince the reader that the REMS simulation package does work, 

as case study will be presented where a simulation was initially established, this will 

then be compared to the actual results that the system achieved after the 

implementation stage. Secondly, in order to prove that the proposed intervention for 

VGG will be successful, manual load shifting has been carried out. The results of this 

will be presented later, the case study, however, will be presented next. 

3.7 Case Study of a Successful REMS Implementation 

It had previously been investigated that Goldfield's Oryx gold mine had the potential 

to shift load during the peak periods. A proposed intervention methodology was 

established and a simulation model was setup. In April 2006, REMS was 

implemented and the system successfully performed load shifting, the results will be 

presented next. The pump layout of the Oryx gold mine is presented in 

figure 34. 

Electricity Cost Optimisation of a Surface Potable Water Pump System 81 



Chapter 3: Implementation of a Real-Tirae Energy Management System at VGG 

Wafer to St. Helena 
Of 
Evaporation Dam 

Oiyx Mine Pump-
Configurations 

80% 

60% 

2x3ML 

Cold Water Dam 

Hot Water Dam 
3x3ML 

80% 80% 

60% 60V, 

^ V -^ 
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Figure 34: Pump layout at Oryx gold mine, [43] 
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It was previously determined that the Oryx gold mine had the potential to shift 

10.15 MW out of the morning peak and 13.03 MW out of the evening peak period. 

However, upon implementation the system was pumping less water than what it was 

when the simulation was setup. This resulted in a drop in the baseline and as a result, 

a drop in the MW load shift. The realised morning load shift was 10 MW and the 

evening load shift was 11.62 MW, during the 3 month performance assessment period 

(April 2006 - June 2006) [43]. The results can be seen in table 26 and figure 35. 

Table 26: Results of Oryx DSM Project, [43] 

It can be noted that although the Oryx DSM project did not meet the intended peak 

load reduction, the system did carry out a successful load shift which was actually 

better than the previous load shift simulated by REMS. It can be further noted that as 

far as Eskom is concerned, the system performed an evening load shift of 15.7 MW, 

as this is how much of an energy reduction the grid experienced. 

Electricity Cost Optimisation of a Surface Potable Water Pump System 83 



Chapter 3: Implementation of a Real-Time Energy Management System at VGG 

25,000 

20,000 

I 15,000 

| 10,000 
Q. 

5,000 

Oryx Baseline 

0 4- n 1 1~ —I i 1 r i i 1 1 1 1 1 1 1 1 r 1 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
Hour 

. Preuous Baseiine 

Current Baseline 

Preuously Simulated Baseline 

Prewous Baseline Calibrated to Current One 

Figure 35: Results of the Oryx DSM project, [43] 

In terms of financial savings, the Oryx mine has realised a saving of 

R 2.77 million, since the inception of the project in April 2006 up until November 

2007. At this stage, the system is still realising a load shift of around 1 0 - 1 3 MW, 

depending on the amount of water that the system needs to pump [43]. 

This therefore proves that the REMS software package does indeed generate an 

accurate prediction of how the system will perform after REMS has been 

implemented. 

3.8 Conclusion 

This chapter started off by providing the reader with all the background information 

of the infrastructure that the VGG system currently utilises as well as for the 

infrastructure that needs to be retrofitted. 

All information concerning the Real-Time Energy Management System (REMS) was 

then presented, along with all the necessary calculations to determine how the system 
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will perform after the implementation phase. The current and proposed baselines were 

also presented for different scenarios. 

As the implementation phase of the project was delayed, it was determined that 

manual load shifting had to take place in order to test the proposed intervention. In 

order to prove that REMS works, however, a case study of a successfully completed 

DSM project was presented. 

In the next chapter the results of the manual load shifting will be presented. 

Additional to this an investigation into the potential of a DSM project at another water 

scheme will be presented. 
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Presented in this chapter is the results of the VGG DSM project. Also presented in 

this chapter is an investigation into the potential of a DSM project at another water 

scheme, namely the Bloemfontein Water Scheme. 



Chapter 4: Results of the VGG DSM Project 

4.1 Performance Results 

As mentioned earlier the end date for the retrofitting of the VGG system has been 

delayed until 31 January 2008. As REMS can only be implemented after this stage of 

the project it was decided that manual load shifting be carried out on site. It had been 

agreed upon with the VGG personnel that the 4-5 December be used to test the 

proposed intervention. 

At the time of the agreed upon date, it had been observed that the VGG system was 

pumping in the region of 25 ML/day. It was then decided upon that the 22 ML/day 

simulation that had previously been established, be used as a basis for the 25 ML/day 

scenario. 

The only thing that had to be altered with the 22ML/day scenario was to include 

additional pumps during the day, where only one pump was initially planned on being 

pumped per pump station. Table 27 illustrates how the 22 ML/day scenario was 

adjusted to 25 ML/day. 

It was of an initial concern that the 10 ML Vaal storage reservoir, situated between 

the low lift and high lift pump station, may have problems with its minimum and 

maximum percentage levels being exceeded. It had, however, been confirmed by 

VGG personnel that this reservoir's levels do not fluctuate much at all as the low lift 

pumps are operated in unison with the high lift ones. Only the Clifton reservoir had to 

therefore be considered. 

A simulation was run for the 25ML/day scenario and the Clifton reservoir only 

experienced a 15% fluctuation. Knowing that the reservoir's level limits were not 

going to be exceeded, the proposed methodology was carried out. Figure 36 and 

table 28 present the realised baseline compared with the existing one calibrated to 

25 ML/day. 
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Table 27: 22ML/day scenario adjusted to 25ML/day 

22 ML/day Scenario 25 MUday Scenario 
Hour Proposed No. of Pumps ML Pumped Proposed No. of Pumps ML Pumped 

0 6 1.386 6 1.386 
1 6 1.386 6 1.386 
2 6 1.386 6 1.386 
3 6 1.386 6 1.386 
4 6 1.386 6 1.386 
5 6 1.386 6 1.386 
6 6 1.386 6 1.386 

. :1Vi BSfl 
H?H 

10 3 0.864 6 1.386 
11 3 6 1.386 11 3 0.864 6 1.386 
12 3 0.864 6 1.386 
13 3 0.864 6 1.386 
14 3 0.864 6 1.386 
15 3 0.864 6 1.386 
16 3 0.864 6 1.386 
17 3 0.864 6 1.386 

20 6 1.386 3 0.864 
21 6 1.386 3 0.864 
22 6 1.386 6 1.386 
23 6 1.386 6 1.386 

Total 22.158 25.29 
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Figure 36: Realised demand profile for 25 ML/day 
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Table 28 : Realised and original calibrated baseline for 25 ML/day 

Hour Realised kW Usage (25 ML/day) Original Calibrated kW Usage (25 ML/day) 

0 4,680 3,977 
1 4,680 4,094 
2 4,680 4,094 
3 4,680 4,148 
4 4,680 4,148 
5 4,680 4,121 
6 4,680 4,121 

10 4,680 3,179 
11 4,680 3,179 
12 4,680 3,179 
13 4,680 3,179 
14 4,680 3,206 
15 4,680 3,126 
16 4,680 3,018 
17 4,680 3,072 

KfM -

20 2,340 3,099 
21 2,340 3,099 
22 4,680 3,529 
23 4,680 3,835 

Total 84,240 84,240 

From table 28, it can be observed that a morning load shift of 3.6 MW and an evening 

load shift of 3 MW was realised, during the manual load shift period at VGG. 

Unfortunately, the SCADA system was experiencing difficulties with presenting the 

correct reservoir percentage levels, so the actual fluctuation experienced by the 

Clifton reservoir was unable to be obtained. However, the control room operator 

mentioned that no problems were experienced during the manual load shift period. It 

can also be noted that the future SCADA upgrade will resolve this issue. 

4.2 Financial Results 

If the proposed intervention is maintained, the savings will be as follows: 

Summer period: R 273,000.00 (or R 30,300.00 per month) 
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Winter period: R 552,000.00 (or R 184,000.00 per month) 

Annual saving: R 825,000.00 

Combining this annual saving with the savings realised by the tariff swap, a total 

annual saving of around R 1.4 million can be realised. 

4.3 RolJ-out to Other Water Schemes 

Since the investigation of the VGG Water Scheme, a potential has been found to exist 

at the Bloemfontein Water Scheme (BloemWater), located on the banks of the 

Welbedacht dam. This water scheme is responsible for supplying the town of 

Bloemfontein with 138 ML of potable water per day. Needless to say, the client was 

rather sceptical about altering the current pumping schedule. 

43.1 The Bloemfontein Water Scheme Investigation 

At present, the Bloemfontein Water Scheme pumps in the region of around 

138 ML/day. This fact alone gives a good indication that this system needs to make 

use of pumps with large installed capacities. The larger the installed capacities of the 

pumps, the larger the savings potential will be. Table 29 provides the specifications of 

the pumping equipment present at the Welbedacht treatment works. 

Table 29: Welbedacht treatment works pump specifications 

Low Lift Pump Station High Lift Pump Station 
Pump No. Motor kW Rating Flow Rate Pump No. Motor kW Rating Flow Rate 

1 185kW 660 L/s 1 2000 kW 620 L/s 
2 185 kW 660 L/s 2 2000 kW 620 L/s 
3 215 kW 730 Us 3 2150 kW 687 Us 
4 215 kW 730 L/s 4 1890 kW 570 L/s 
5 215 kW 1890kW 570 L/s 5 215 kW 730 L/s 5 1890kW 570 L/s 

Just as was done for the VGG Water Scheme, the cumulative effect of the flow rates 

of the pumps had to be investigated. Table 30 presents this for both the low lift and 

high lift pump stations. 

Electricity Cost Optimisation of a Surface Potable Water Pump System 90 



Chapter 4: Results of the VGG DSM Project 

Table 30: Combined pump flow rates 

Low Lift Pump Station High Lift Pump Station 
Pump Combination Combined Flow Rate Pump Combination Combined Flow Rate 
P1 +P2 +/-1200L/S P1 +P2 +/-1230 L/s 
P1 + P2 + P3 +/-1600L/S P1 + P2 + P3 +/-1580 L/s 
P1 + P2 + P3 + P4 +/- 2000 L/s P1 + P2 + P3 + P4 +/-1700 Us 

At present, this water scheme is operating three high lift pumps and four low lift 

pumps simultaneously for the duration of 24 hours per day. This results in a constant 

flow of around 1600 L/s from the high lift pump station and 1700 L/s from the low lift 

pump station. The flow rate difference between the low lift and high lift pump station 

is used to provide the Welbedacht town with potable water. 

From the facts just provided it can be observed that this system is definitely pumping 

during Eskom's peak period. As this system is already making use of Eskom's 

Megaflex tariff structure, no tariff swap is necessary. Therefore, if any peak time load 

shifting were to take place, the client will certainly benefit from utility cost savings. 

Now that all the information concerning the pumps has been investigated, the next 

step is to obtain the available storage reservoir capacities. This system consists of 

three notable storage reservoirs: namely the balancing reservoir (situated at the 

Welbedacht treatment works 141 lm above sea level), the De Hoek reservoir (situated 

1651m above sea level) and the Bloemfontein reservoir (situated in Bloemfontein 

1492m above sea level). The capacities of these reservoirs are provided in table 31. 

Table 31: Available storage reservoirs for the Bloem Water Scheme 

Reservoir Name Storage Capacity Height Above Sea Level 
Balancing Reservoir 22.7 ML 1411m 
De Hoek 22.7 ML 1651m 
Bloemfontein 136 ML 1492m 

The way in which this system distributes water from Welbedacht to Bloemfontein is 

as follows: firstly the water is abstracted from the Welbedacht dam by making use of 

the low lift pumps, this raw water is then temporarily stored in the balancing dam. 
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From here the water is treated at the purification works. It is then distributed to the 

De Hoek storage reservoir by means of the high lift pump station. From this reservoir, 

the purified water is gravitationally fed to the Bloemfontein storage reservoir. 

4,3,2 Bloem Water DSM Savings Potential 

It was requested by Bloem Water personnel that both the high lift and low lift pump 

stations be automated. Due to the fact that this system already has the necessary 

infrastructure for full automation, except for the REMS software package, this aspect 

is financially viable. 

As the low lift pumps have small installed capacities, it has been decided that the 

current pump scheduling for the low lift pump station remain the same in other words, 

four pumps operating for 24 hours per day. It is also important to have the fifth pump 

on standby, in case one the others were to fail. Therefore, only the high lift pump 

station's scheduling will be altered. 

As mentioned previously the high lift pump station makes use of three pumps for the 

duration of 24 hours per day. Therefore, in order to carry out load shifting, a fourth 

pump has to be introduced. It has been confirmed that the operating of a fourth pump 

is surely possible. Therefore, by making use of the combined flow rates of the high lift 

pumps presented in table 30, it can be determined how many hours per day a fourth 

pump has to be operated in order to carry out load shifting. 

It has been requested that the limits for the reservoirs be set to a minimum of 30% and 

a maximum of 100%. It has also been requested that there be some form of flow 

during the peak periods, therefore full load shifting is not possible. Making use of 

these constraints, a realisable load shift potential was be determined. As Eskom is 

most concerned about the evening peak period, this period was given priority over the 

morning peak period. After a few iterations, the proposed scheduling was determined, 

this can be observed in table 32, figure 37 and table 33. 

Electricity Cost Optimisation of a Surface Potable Water Pump System 92 



Chapter 4: Results of the VGG DSM Project 

Table 32: Current and proposed pump scheduling for the BloemWater DSM initiative 

Hour 

Current 
Number 
of Pumps 

Proposed 
Number 
of Pumps 

Current 
Flow Rate 
(Us) 

Proposed 
Flow Rate 
(L/s) 

Current ML 
Pumped 

Proposed ML 
Pumped 

0 3 4 1600 2000 5.76 7.20 
1 3 4 1600 2000 5.76 7.20 
2 3 4 1600 2000 5.76 7.20 
3 3 4 1600 2000 5.76 7.20 
4 3 4 1600 2000 5.76 7.20 
5 3 3 1600 1600 5.76 5.76 
6 3 3 1600 1600 5.76 5.76 

^TflftiiEs ■ gt): 

10 3 3 1600 1600 5.76 5.76 
11 3 3 1600 1600 5.76 5.76 
12 3 3 1600 1600 5.76 5.76 
13 3 3 1600 1600 5.76 5.76 
14 3 3 1600 1600 5.76 5.76 
15 3 3 1600 1600 5.76 5.76 
16 3 3 1600 1600 5.76 5.76 
17 3 3 1600 1600 5.76 5.76 

■ E+̂ H ^ p ^ l 

^V^4Î 4*^H ■!££!■ ^V^4Î 4*^H 

20 3 3 1600 1600 5.76 5.76 
21 3 3 1600 1600 5.76 5.76 
22 3 4 1600 2000 5.76 7.20 
23 3 4 1600 2000 5.76 7.20 

Total 138.24 138.38 
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Figure 37: Current and proposed electricity usage for the BloemWater DSM initiative 
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Table 33: Current and proposed electricity usage for the BloemWater DSM initiative 

Hour 
Proposed Electricity Usage 

{kW) 
Current Electricity Usage 

(kW) 

0 8,840 6,840 
1 8,840 6,840 
2 8,840 6,840 
3 8,840 6,840 
4 8,840 6,840 
5 6,840 6,840 
6 6,840 6,840 
> ^LDUSII^I 

Wm 
10 6,840 6,840 
11 6,840 6,840 
12 6,840 6,840 
13 6,840 6,840 
14 6,840 6,840 
15 6,840 6,840 
16 6,840 6,840 
17 6,840 6,840 
18 

-: . 
20 6,840 6,840 
21 6,840 6,840 
22 8,840 6,840 
23 8,840 6,840 

Total 166,000 164,160 

As can be seen in table 33, the proposed intervention will realise a morning load shift 

of around 1.36 MW and an evening load shift of around 4.04 MW. It can be noted 

that more electricity will be used on a daily basis for the proposed intervention; this is 

due to the fact that there is a drop in pump efficiency when additional pumps are 

introduced. 

It must be noted that their may be a slight deviation in the flow rates provided in 

table 30 with what they actually really are. For this reason, a safety factor was 

introduced in the dams' level limits. Provided in figure 38, is the effect that the 

proposed intervention will have on the balancing dam and the De Hoek dam. Only 

these two dams are considered here as they are the ones most drastically affected by 

the proposed intervention. As can be seen in figure 38, there is a 44% fluctuation in 

the proposed intervention. This leaves a large safety margin in terms of the limits. 
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Figure 38: Dam level fluctuations for the proposed intervention at BloemWater 

The potential cost savings can be summarised as follows: 

Summer period: R 213,000.00 (or R 24,000.00 per month) 

Winter Period: R 428,000.00 (or R 143,000.00 per month) 

Annually: R 640,000.00 

It can therefore be concluded that there is a potential for BloemWater to save 

R640, 000.00 annually if the proposed intervention is implemented. The simulation 

layout can be seen in figure 39. 

Electricity Cost Optimisation of a Surface Potable Water Pump System 95 



Chapter 4: Results of the VGG DSM Project 

Figure 39: BloemWater simulation layout 

4.4 Conclusion 

This chapter started off by presenting the results of the manual load shift that took 

place at VGG during 4 - 5 December 2007. The manual load shift period realised a 

morning load shift of 3.6 MW and an evening load shift of 3 MW. If the proposed 

intervention were to be maintained, an annual load shift saving of R 825,000.00 can 

be realised. Adding the tariff swap saving to this will result in a total saving of 

R 1.4 million per annum. 

Electricity Cost Optimisation of a Surface Potable Water Pump System 96 



CHAPTER 5: CONCLUSION AND FURTHER 

RECOMMENDATIONS 

This chapter serves as a conclusion for this dissertation. Also presented in this chapter 

is a recommendation for further work. 



Chapter 5: Conclusion and Further Recommendations 

5.1 Introduction 

It has been made clear in this dissertation that Eskom has successfully brought about 

an initiative (DSM) that focuses on reducing the electrical energy demand during the 

peak periods of the day. It has also been made clear that all parties involved in such an 

initiative fully benefit from it. 

For the project at hand, the DSM initiative was implemented in the water distribution 

sector. It has been successfully realised that the water distribution sector largely 

benefits from such an initiative due to the positive results of the VGG project. 

Presented in this chapter is a conclusion for this dissertation. It includes a comparison 

between the promised load shift, which was made to Eskom in 2005, with that of the 

realised one. Additionally, a recommendation for further work within this regard will 

be presented. Finally, the chapter will end of with a brief summary of this dissertation. 

5.2 Promised Load Shift 

Due to the nature of this project it has been identified that the water demand tends to 

fluctuate depending on the time of year. This has made promising a certain load shift 

quite difficult, as a change in the demand results in a correlated change in the 

baseline. The changes that the baseline experiences results in either an increase or 

decrease in the load shift potential. 

The initial promised load shift potential, which was determined in 2005, was 2.6 MW. 

In March 2007, the load shift potential dropped to around 1.7 MW. It had, however, 

been identified from the electricity usage data provided by the Eskom Distribution 

Group that the months of March and April had the least demand during the year of 

2006. Subsequently, the demand started to get larger and by December 2007, the 

potential increased to around 3 MW. 
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As was presented in chapter 4, the VGG project realised a 3 MW evening load shift. 

The result of this was very positive as an evening load shift of 2.6 MW was promised 

to Eskom. If the proposed intervention is maintained, the promise to Eskom will be 

met. With regards to a load shift decrease in the next low demand season, the VGG 

personnel have made it clear that they are not planning on lessening their supply 

below 25 ML/day, but rather, talks are underway to increase it. 

5.3 Recommendations for Further Work 

It is suggested that research be carried out with regards to the long term effect of 

DSM in the water distribution sector. This is due to the fact that the demand changes 

quite a lot throughout the year. 

As explained earlier the changes in the demand correlate to changes in the baseline. 

This also results in the proposed methodology needing to be altered in order to 

successfully meet the quota and to not exceed the reservoir limits. It would therefore 

be highly recommended that an added feature be introduced in the 

Real-Time Energy Management System (REMS) which will allow the user to set up 

different scenarios. 

The different scenarios can be allocated to different reservoir reduction flow rates, 

which the Clifton reservoir will experience depending on the demand. The allocating 

of the different scenarios to the different demands will ensure that the user will not 

have to go out on site to change the pump scheduling to meet the new demand, thus 

alleviating unnecessary travelling. 

5.5 Closure 

It has been identified that South Africa is currently experiencing an electrical energy 

demand problem, as well as a water shortage problem. This dissertation quantified 

the extent of these problems and presented the current intervention strategies to 

control these problems. 
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It has been identified that the electrical energy demand problem in South Africa is 

mostly affected during the morning and evening peak periods. In order to try and 

control this problem, Eskom has introduced a Demand Side Management (DSM) 

initiative which has proven to be very successful. This initiative focuses on reducing 

the peak period electrical energy demand by financially persuading consumers to 

reduce their usage levels during these times. 

It was identified that the pumping operations in the mining industry and water 

distribution sector are very similar. As DSM has proven to be very successful for the 

pumping systems in the mining industry, it has been introduced into the water 

distribution sector. 

The potential of a DSM project at the Vaal Gamagara (VGG) Water Scheme was 

investigated. It was determined that a DSM project was possible at this site. A 

proposed intervention methodology was established and manually tested. The results 

were positive and the system performed a morning load shift of 3.6 MW and an 

evening load shift of 3 MW. If this load shift intervention is maintained the client will 

benefit from an R 825,000.00 saving annually. 

It can therefore be concluded that Eskom's DSM initiative is very beneficial for water 

distribution schemes. Due to the fact that these schemes mostly operate their pumping 

equipment consistently for the duration of 24 hours per day, and taking into account 

the fact that most of these schemes have extra pumps available, the inclusion of 

additional pumps allows for the system to meet its quota within a shorter period of 

time, thus allowing for load shifting to take place. 
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Appendix 

APPENDIX A: ADDITIONAL ESKOM TARIFF 

STRUCTURES 

Urban Tariffs: 

NIGHT AVE Urban 
This electricity tariff is for urban customers with a Notified Maximum Demand 

(NMD) from 25 kVA. The tariff is categorised by [17]: 

• Seasonally differentiated energy demand and active energy charges; 

• Two time periods, namely peak and off-peak; 

• A network access charge applicable during all time periods; 

• A network demand charge and energy demand charge applicable during peak 

periods. 

The table below provides the rates, where the energy demand charge is per month. 

Table 34: 2007/2008 rates for the Nightsave Rural tariff, 117] 

Energy demand charge 

Hiah-demand season (June - Auaust) Low-demand season (September - Mav) 
R32:37 + VAT = R36,90/kVA R4,59 + VAT = R5,23/kVA 

Active energy charge 

High-demand season (June - August) Low-demand season (September - May) 
11,28c + VAT = 12,86c/kWh 8,02c + VAT = 9,14c/kWh 

EHEEtkEX 
This is a TOU electricity tariff structure for urban customers with an NMD > 1 MVA 

that are able to shift load. The tariff is categorised by [17]: 

• Seasonally and time differentiated c/kWh active energy charges; 
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• Three time-of-use periods namely; peak, standard and off-peak: 

• A R/kVA network access charge applicable dviring all time periods, 

differentiated voltage and transmission zone; 

• A R/kVA network demand charge applicable during peak and standard 

periods; 

• An R/day service and administration charge based on the size of supply. 

The table below provides the rates for the Megaflex tariff structure 

Table 35: 2007/2008 rates for the Megaflex tariff, [17] 

Hiah-demand season {June--Auaust l Low-demand season (September --Mav) 

55,30c + VAT = 63,04c/kWri ' ;~* r f i t y ^ 15,69c + VAT = 17,B9c/kWh 

14,62c + VAT = 16,67c/kWh Standard 9,74c + VAT ~11.10c/kWh 

7,95c + VAT = 9,06c/kWh m i f f™ 6:90c + VAT= 7,87c/kWh 

f,Mmfc=LEX 
This is a TOU electricity tariff structure for urban customers with an NMD from 

25 kVA up to 5 MVA. The tariff is categorised in the same manner as that of the 

Megaflex one. The rates are higher however, as can be seen in the table below. 

Table 36: 2007/2008 rates for the Miaifles tariff, [17] 

Hiah-demand season (June-- Auaustl Low-demand season (September -

17,44c + VAT = 19,88c/kWh 

-May! 

56,55c + VAT = 64,47c/kWh HP^^^BI 

Low-demand season (September -

17,44c + VAT = 19,88c/kWh 

-May! 

16,37c + VAT = 18,66c/kWh Standard 11,55c + VAT =13,17c/kWh 

7,87c + VAT = 8,97c/kWh Bsasaii 6,82c + VAT = 7,77c/kWh 
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APPENDIX B: ADDITIONAL INFORMATION ON THE 

FEASIBILITY OF A TARIFF SWAP AT VGG 

Tariff Swap for the Delportshoop Pump Station 

All the information regarding the energy usage for the year 2006 was obtained from 

the Eskom Distribution Group. The obtained data, containing the total monthly energy 

usage, was categorised into peak, standard and off-peak periods. Additional to this, 

the Notified Maximum Demand (NMD) and the actual demand was obtained. All the 

data just mentioned is provided in table 37 and figure 40. 

Table 37: Energy usage at Delportshoop for 2006 

Month 
(2006) 

Off-Peak 
(kWh) 

Standard 
(kWh) 

Peak 
(kWh) 

NMD 
(kVA) 

Actual Demand 
(kVA) 

Jan 353,258 204,804 81,505 2,500 1,317 
Feb 251,265 130,855 52,420 2,500 1,264 
Mar 237,433 73,654 32,826 2,500 1,309 
Apr 258,976 40,285 5,133 2,500 1,278 
May 272,217 66,910 20,301 2,500 1,275 
Jun 312,054 87,184 26,748 2,500 1,465 
Ju! 296,424 107,004 35,223 Ju! 296,424 107,004 35,223 2,500 1,250 
Aug 311,232 144,201 59,028 2,500 1,261 
Sep 291,631 156,738 58,179 2,500 1,250 
Oct 291,762 165,091 68,253 2,500 1,272 
Nov 256,296 181,248 73,926 2,500 1,190 
Dec 366,367 210,979 82,533 2,500 1,311 
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Figure 40: Energy nsage at Delportshoop for 2006 
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It can be identified from table 37 that this pump station operates mainly during the 

off-peak period. The total annual saving for a tariff swap at the Delportshoop pump 

station is provided below: 

Table 38: Total costs for Nightsave and Ruraflex at Delportshoop 

Total Costs (Delportshoop) 
Difference (with 

load shifting) 
Nightsave 

Rural 
Ruraflex without Load 

Shifting 
Ruraflex with Load 

Shifting Rands % 
R 126,237.03 R 112,433.59 R 102,696.83 R 23,540.20 18.65% 
R 103,864.83 R 79,388.35 R 73,123.98 R 30,740.85 29.60% 
R 97,202.64 R 62,861.11 R 58,930.84 R 38,271.80 39.37% 
R 91,996.08 R 51,918.32 R 51,329.63 R 40,666.45 44.20% 
R 97,328.43 R 62,339.38 R 59,927.95 R 37,400.48 38.43% 

R 160,978.20 R 105,732.64 R 86,123.68 R 74,854.52 46.50% 
R 149,615.90 R 117,355.48 R 91,533.50 R 58,082.40 38.82% 
R 160,951.87 R 153,032.89 R 109,759.46 R 51,192.41 31.81% 
R 110,506.95 R 90,369.78 R 83,427.55 R 27,079.40 24.50% 
R 113,288.78 R 94,712.61 R 86,551.39 R 26,737.39 23.60% 
R 108,507.65 R 94,745.53 R 85,908.16 R 22,599.49 20.83% 
R 127,951.15 R 115,323.69 R 105,465.18 R 22,485.97 17.57% 

R 1,448,429.51 R 1,140,213.37 R 994,778.16 R 453,651.35 31.32% 

From table 38, it can be seen that a total annual saving of around R 450,000.00 is 

realisable, if a tariff swap were to be carried out, along with peak period load shifting. 

If no load shifting was to take place, an annual saving of around R 300,000.00 can be 

obtained. Figure 41, shows a comparison between the monthly costs for the Nightsave 

tariff and the monthly costs for the Ruraflex tariff, making use of load shifting. 
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Figure 41: Comparison between the current and proposed monthly costs for Delportshoop 
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So far, the realisable cost savings for the Delportshoop pump station have been 

determined. The realisable cost savings for the remaining two pump stations are to be 

determined next. As mentioned previously, only the results will be presented. 

Tariff Swap for the Kneukel Pump Station 

Table 39 and figure 42 show the monthly energy usage at the Kneukel pump station. 

It can be seen that there was a large increase in the peak period energy usage during 

the month of June. As this month falls under the high-demand season, a large amount 

of effort will be needed in shifting this energy demand. 

Table 39: Energy usage at the Kneukel pump station for 2006 

Month 
(2006) 

Off-Peak 
(kWh) 

Standard 
(kWh) 

Peak 
(kWh) 

NMD 
(kVA) 

Actual Demand 
(kVA) 

Jan 432,936 255,133 102,082 2,000 1,684 
Feb 299,800 152,059 60,912 2,000 1,632 
Mar 210,880 88,770 34,731 2,000 1,616 
Apr 262,164 35,251 528 2,000 1,675 
May 294,535 71,442 19,755 2,000 1,566 
Jun 295,981 129,168 431,710 2,000 1,588 
Jul 294,846 201,949 61,134 2,000 1,746 
Aug 380,964 167,295 65,674 2,000 1,581 
Sep 296,790 167,149 62,226 2,000 1,700 
Oct 78,714 189,433 339,076 2,000 1,591 
Nov 288,658 212,932 87,129 2,000 1,363 
Dec 388,536 240,936 95,070 2,000 1,649 
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Figure 42: Energy usage at the Kneukel pump station for 2006 

Electricity Cost Optimisation of a Surface Potable Water Pump System 109 



Appendix 

The total costs for the Nightsave and Ruraflex tariffs for this pump station are 

provided in table 40 and figure 43. From table 40, it can be observed that the 

difference between Nightsave and Ruraflex, with the absence of load shifting, is 

almost negligible, at around R 30,000.00 per annum. However, with the presence of 

load shifting, the difference increases to around R 550,000.00. It can clearly be seen 

that this pump station has the ability to benefit largely from Eskom's DSM 

programme, 

Table 40 : Total costs for Nightsave and Ruraflex at Kneukel pump station 

Total Costs (Kneukel) 
Difference 

load shift 
(with 

ting) 

Nightsave Rural 
Ruraflex without Load 

Shifting 
Ruraflex with Load 

Shifting Rands % 
R 164,212.56 R 142,832.99 R 130,575.42 R 33,637.14 20.48% 
R 132,927.54 R 94,770.70 R 87,491.52 R 45,436.02 34.18% 
R 114,059.54 R 64,610.21 R 60,461.61 R 53,597.93 46.99% 
R 112,782.43 R51.120.17 R 51,087.61 R 61,694.82 54.70% 
R 117,237.88 R 67,570.64 R 65,229.76 R 52,008.12 44.36% 

R 237,351.02 R 5,237.92 2.16% R 242,588.94 R 553,837.62 R 237,351.02 R 5,237.92 2.16% 
R 208,121.06 R 176,605.36 R 131,788.03 R 76,333.03 36.68% 
R 205,680.94 R 184,551.53 R 136,405.92 R 69,275.02 33.68% 
R 140,496.39 R 97,714.63 R 90,289.05 R 50,207.34 35.74% 
R 141,228.21 R 156,578.97 R 115,466.95 R 25,761.26 18.24% 
R 129,348.91 R 112,382.67 R 101,966.35 R 27,382.56 21.17% 
R 155,865.37 R 132,509.90 R 121,151.97 R 34J13.40 22.27% 

R 1,864,549.77 R 1,835,085.39 R 1,329,265.21 R 535,284.56 28.71% 
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Figure 43: Total costs for Nightsave and Ruraflex at Kneukel pump station 
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Tariff Swap for the Trewill Pump Station 

Table 41 and figure 44 show the monthly energy usage at the Trewill pump station for 

2006. From figure 44, it can be seen that the peak and off-peak period energy 

consumption fluctuated between the months of March and July. Like the previous 

pump station, this one also has an increase in peak period energy consumption during 

the month of June. It can also be seen that November had the least energy demand; 

this pump station was most likely bypassed that month. 

Table 41: Energy usage at the Trewill pump station for 2006 

Month 
(2006) 

Off-Peak 
(kWh) 

Standard 
(kWh) 

Peak 
(kWh) 

NMD 
(kVA) 

Actual Demand 
(kVA) 

Jan 278,943 141,780 58,200 2,000 1,799 
Feb 62,691 32,868 16,068 2,000 1,036 
Mar 172,797 52,596 23,646 2,000 1,087 
Apr 495 24,840 185,283 2,000 1,095 
May 153,696 43,245 13,653 2,000 1,053 

2,000 1,536 Jun 20,736 67,980 213,246 2,000 1,536 
Jul 200,484 44,007 12,153 2,000 1,656 
Aug 286,110 128,319 56,193 2,000 1,682 
Sep 209,616 101,331 354,754 2,000 1,635 
Oct 165,435 54,714 16,719 2,000 1,580 
Nov 6,738 885 372 2,000 19 
Dec 17,805 40,449 82,632 2,000 1,455 
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Figure 44: Energy usage at the Trewill pump station for 2006 
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The total costs for the Nightsave and Ruraflex tariffs for this pump station are 

provided in table 42 and figure 45. From table 42, it can be observed that the 

difference between the two tariffs, without the presence of load shifting, is 

around R 250,000.00 per annum. The difference, however, with load shifting is 

around R 550,000.00 per annum. This pump station will therefore benefit largely from 

both a tariff swap, as well as from a load shift intervention. 

Table 42: Total costs for Nightsave and Ruraflex at Trewill pump station 

Total Costs (Trewil ) 
Difference (with load 

shifting) 

Nightsave Rural 
Ruraflex without Load 

Shifting 
Ruraflex with 
Load Shifting Rands % 

R 128,715.93 R 84,426.56 R 77,468.31 R 51,247.62 39.81% 
R 61,745.63 R 28,277.32 R 26,350.62 R 35,395.01 57.32% 
R 77,456.82 R 47,070.24 R 44,238.67 R 33,218.15 42.89% 
R 73,936.66 R 66,910.97 R 44,375.12 R 29,561.54 39.98% 
R 72,343.67 R 40,434.87 R 38,811.54 R 33,532.13 46.35% 
R 146,369.79 R 246,103.21 R 89,772.57 R 56,597.22 38.67% 
R 147,452.54 R 62,484.63 R 53,575.27 R 93,877.27 63.67% 
R 179,252.68 R 140,571.54 R 99,376.45 R 79,876.23 44.56% 
R 140,075.64 R 151,894.28 R 108,794.18 R 31,281.46 22.33% 
R 96,296.42 R 44,628.77 R 42,642.47 R 53,653.95 55.72% 
R 10,528.94 R 12,041.75 R 11,997.25 -R 1,468.31 -13.95% 
R 81,923.23 R 43,104.31 R 33,080.27 R 48,842.96 59.62% 

R 1,216,097.95 R 967,948.45 R 670,482.73 R 545,615.22 44.87% 
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Figure 45: Total costs for Nightsave and Ruraflex at Trewill pump station 
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