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   Abstract 

Title: Assessment of the National Energy Efficiency Motor Programme 

Key Terms: Eskom; Integrated Demand Management; demand side management; energy 

efficient technologies; Energy Efficient Motor Programme, induction motors; high efficiency; 

standard efficiency; EFF1; EFF2; measurement and verification. 

South Africa is currently facing an electricity demand challenge. In response to these 

challenges, Eskom as the power utility has formed a division to manage the short-term 

electricity supply and demand challenge. The role of the Integrated Demand Management 

(IDM) division is to manage end users’ electrical energy use. The IDM division manages 

demand side management (DSM) initiatives – promoting energy efficiency and load 

management technologies.  

In 2008, Eskom IDM introduced an Energy Efficient Motor Programme, targeting the 

replacement of electric induction motors that range between 1.1 kW and 90 kW. Electric 

motors could offer significant potential to achieve energy savings. In particular, squirrel-cage 

induction motors offered significant potential as these motors are commonly used in the 

industrial sector and are known to be the workhorses of industry. 

The programme offered participants a subsidy on high efficiency (EFF1) motors traded in 

against the physical return of old standard (EFF2) or low efficiency (EFF3) motors that were 

then scrapped.  

In this study, data gathered from the participation is used to ascertain results to determine 

the electrical savings impact of the programme. These results are compared with the 

associated measurement and verification results. The electrical savings impact of the DSM 

programme are also discussed and recommendations are made based on the findings. 

Energy efficiency is one of the most effective techniques for managing the demands of the 

electrical energy challenge in South Africa. Effective DSM programmes can assist end users to 

use electricity both optimally and efficiently. Research should, therefore, be conducted on 
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existing programmes before launching new DSM programmes to ensure that the desired 

outcomes can be achieved. 
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1 Introduction  

1.1 Background 

Eskom is the largest electricity utility in Africa. It is estimated that the power giant generates 

two-thirds of the electrical power produced in the whole of Africa (Rosnes & Shkaratan, 

2011). The power utility is currently undertaking a major capacity expansion programme that 

will include additional baseload and peaking generation plants to meet the electricity 

demands within South Africa (Sebitosi & Okou, 2010). Eskom is also expanding its 

transmission network to accommodate increased power demand in South Africa and 

neighbouring countries (Matjila & Tsotsi, 2014). 

Eskom, with a generating capacity of 41 995 MW (Matjila & Tsotsi, 2014), is regarded as one 

of the largest power producers in the world. The generation of power is primarily done by 

various coal-fired baseload power stations, two open cycle gas turbine (OCGT) plants, two 

conventional hydro-plants and two hydroelectric pumped-storage stations. The OCGTs and 

pump storage stations are typically used as peaking generation stations. The generation mix 

also includes a nuclear power plant. Eskom also owns and operates the national electric 

power transmission network. 

Sadly, an electricity demand shortage has been in existence since 2007; these low reserve 

margins have led to frequent load shedding occurrences causing damaging effects to South 

Africa’s economy. According to Inglesi and Pouris (2010), the economic growth of South 

Africa decreased by 3.83% during the first quarter of 2008. This was a direct result of the 

electricity capacity shortage and the frequent load shedding occurrences (Inglesi & Pouris, 

2010). Due to this generation capacity shortfall, Eskom is using its peaking plants – specifically 

the OCGTS – at a higher than designed load factor, leading to excessive diesel costs. 

Historically, the power utility generated electricity at a low cost to customers. As a result, 

Eskom now faces serious financial challenges that influence capacity expansion projects 

(Saylor et al., 2011). Until the new generation stations come online, the security of electricity 

supply in South Africa will therefore remain vulnerable. 
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In the short term, energy efficiency is one of the most effective options of meeting electricity 

shortage demands. In response to the energy challenges facing South Africa, Eskom has 

formed an Integrated Demand Management (IDM) division as one of the short-term 

mechanisms to address the electricity shortfall through energy efficiency initiatives. 

The goal of one of these initiatives, “Keeping the lights on”, refers to Eskom’s ability to ensure 

an uninterrupted electricity supply during electricity constraint periods. This can be achieved 

by employing DSM measures. “Keeping the lights on” is thus about interacting with end users 

to use electricity more efficiently (Matjila & Tsotsi, 2014). 

The role of IDM within Eskom is to minimise load shedding occurrences by providing solutions 

to ensure the short-term security of electricity by implementing a suite of DSM initiatives. An 

important aspect of this DSM programme is to drive and implement more energy efficient 

technologies. By doing this, substantial load reductions can be achieved at a low cost. Figure 1 

shows the accumulated IDM savings through customer DSM initiatives since 2004. 

 

Figure 1: IDM achievements (Source: Eskom Integrated Report 2013/14) 

Figure 1 shows that up to the end of March 2014, Eskom has implemented and achieved an 

evening peak reduction of 3 990 MW through DSM projects (Matjila & Tsotsi, 2014). The DSM 

savings were achieved in the residential, commercial and large industrial sectors. Eskom has 

mainly achieved significant savings in the residential sector, which is Eskom’s largest volume 

customer base.  
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In South Africa, electric motor systems account for an excess of 60% of the total load. 

Significant potential savings are therefore possible, since even a 1% increase in efficiency can 

translate into considerable savings (Mthombeni & Sebitosi, 2008). These power (MW) savings 

are welcomed by Eskom, given the present power shortages. 

In 2008, Eskom IDM introduced the Energy Efficient Motor Programme, targeting the 

replacement of electric induction motors ranging between 1.1 kW and 90 kW (Mthombeni, 

2007). Electric motors can offer significant potential to achieve these energy savings. In 

particular, squirrel-cage induction motors offer significant potential, since these motors are 

commonly used in industry and often referred to as the “workhorses” of industry 

(Malinowski, McElveen & Korkeakoski, 2013).  

Electric motors and systems are the single largest electrical energy users in the industrial 

sector globally (De Keulenaer, 2004). Electric motor-driven systems typically have high load 

factors. It is estimated that the energy used by motor systems account for between 43% and 

46% of consumption of electricity worldwide (Waide & Brunner, 2011). 

The industrial and mining sector’s electricity usage in South Africa is significant, accounting 

for a large percentage of the country’s national electricity usage (Mthombeni, 2007). The 

Energy Efficient Motor Programme is therefore aimed at reducing demand in the industrial 

sector by incentivising the replacement of old standard motors with energy efficient 

equivalents. 

The efficiency of induction motors is affected by several factors which include: testing 

standards, instrumentation, power quality, failures and repairs (Falkner, Nelson & Parry, 

2014). However, in South Africa, it is not known how various rewinding techniques used by 

motor repairers affect motor efficiency (Mzungu et al., 2009). Further energy loss is therefore 

expected when a repaired motor is put back into service with a lower efficiency than its 

original nameplate efficiency (Mthombeni, 2007). 
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This study assesses the effectiveness of the Eskom IDM Efficient Motor Programme and the 

demand impact thereof. Given the supply challenge that South Africa faces, the study also 

considers how motor rewinds affect motor efficiency. 

1.2 Overview of the Eskom Energy Efficient Motor Programme 

Electric motor applications in industry consume 40% to 60% of generated electrical energy 

worldwide (Mthombeni, 2007). Motor system improvements, including improvements to the 

application or process, provide the best results for savings and are therefore an important 

opportunity for energy efficiency efforts.  

According to the conclusions of the International Energy Agency’s (IEA) Motor Workshop that 

took place on 7 July 2006, energy efficient motors (EEMs) in combination with variable speed 

drives (VSDs) can save about 7% of the total global electrical energy usage (IEC, 2008). It is 

estimated that one-quarter to one-third of these savings come from installing high efficiency 

motors. The major energy efficiency gains result from system improvements (IEC, 2008). 

Motors with power ratings from 0.75 kW to 370 kW make up the majority of motors installed 

worldwide (IEC, 2008). The ranges are shown in Figure 2. Some countries have included 

energy efficiency regulations for smaller motors (< 0.75 kW). Most of these motors are, 

however, not standard induction squirrel-cage motors and they typically do not have high 

utilization factors. Thus, their energy saving potential is rather limited (IEC, 2008).  

 

Figure 2: Allocation of installed general purpose induction motors worldwide (Source: IEC, 2008) 
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Because VSDs are being used increasingly and 4-pole and 6-pole standard motors are 

becoming cheaper, 8-pole motors will be used less in future in the general market (Waide & 

Brunner, 2011). For this reason, the Energy Efficient Motor Programme does not make 

provision for 8-pole motors. The motors that qualify for a subsidy under the Eskom Energy 

Efficient Motor Programme are three-phase, 2-pole and 4-pole general purpose induction 

motors in the range from 1.1 kW to 90 kW. 

Electric motors perform many different functions in industry, from driving compressors to 

powering conveyors or crushers that crush millions of tons of coal in power stations. It is, 

therefore, important to look at the efficiency of these motors. Eskom’s Energy Efficient Motor 

Programme was primarily initiated to reduce the electricity consumption of induction motors 

in South Africa by improving motor efficiency.  

The programme also adopted the European Union motor efficiency classification (Mthombeni 

& Sebitosi, 2008). This motor classification scheme has been supported by the European 

Commission and was introduced to define efficiency classes for induction motors with three 

levels, namely, EFF1, EFF2 and EFF3 (De Almeida et al., 2003). According to the European 

Union agreement, EFF1 motors were categorised as high efficiency, EFF2 as improved or 

standard efficiency, and EFF3 as low efficiency motors. The motors classification curves for 

motors operating at 100% loading are depicted in Figure 3. 

 

Figure 3: European Union efficiency curves for general purpose induction motors 
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The Eskom Energy Efficiency Motor Programme offered participants a subsidy on high 

efficiency (EFF1) motors traded in against the physical return of old improved or standard 

efficiency (EFF2 or EFF3) motors that would then be scrapped. 

Aimed at initially introducing at least 5 100 EEMs into the system, the country would benefit 

through a power saving of 2.4 MW per year. End users participating in the programme would 

benefit twice – first through the direct subsidy of a new motor, and secondly from the 

longevity of the new motors and the need for less maintenance.  

The benefits of the replaced motor can therefore be seen as realising electrical energy savings 

and improved process reliability; additional benefits include new motors being compatible 

with electronic motor controls and by providing end users greater with opportunities to 

improve motor systems. 

As mentioned before, motors that qualified for the subsidy were three-phase, 2-pole and 

4-pole general purpose electric induction motors ranging between 1.1 kW and 90 kW. The 

subsidy ranges from R400 for a 1.1 kW motor to R3 500 for a 90 kW motor as shown in Table 

1. As an example – a 30 kW EFF1 motor would include a subsidy of R1 400 of the listed price. 

Table 1: Motor subsidy table 

Power Rating (kW) 4-pole EFF1 2-pole EFF1 DSM Subsidy 

Motor Efficiency Rating (%) 

1.1 83.8 82.2 R 400 

1.5 85.0 84.1 R 400 

2.2 86.4 85.6 R 500 

3.0 87.4 86.7 R 500 

4.0 88.3 87.6 R 500 

5.5 89.2 88.5 R 700 

7.5 90.1 89.5 R 700 

11.0 91.0 90.6 R 700 

15.0 91.8 91.3 R 700 

18.5 92.2 91.8 R 1 000 

22.0 92.6 92.2 R 1 300 

30.0 93.2 92.9 R 1 400 

37.0 93.6 93.3 R 1 700 

45.0 93.9 93.7 R 2 200 
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Power Rating (kW) 4-pole EFF1 2-pole EFF1 DSM Subsidy 

55.0 94.2 94.0 R 2 600 

75.0 94.7 94.6 R 3 000 

90.07 95.0 94.6 R 3 500 

The Eskom Energy Efficiency Motor Programme, working with approved motor suppliers, was 

thus aimed at enabling end users to obtain EEMs at the price of standard efficiency motors. 

The objective of the subsidy value was therefore to make up the incremental price difference 

between the different motors.  

Companies participating in the programme were required to exchange the standard motor 

being replaced, with all motor components intact, with Eskom-approved suppliers when 

purchasing a new EEM. The replaced motors were then scrapped, which was monitored by 

independent auditors appointed by Eskom to prevent the old motors being used in the 

marketplace again. 

Eskom had four approved suppliers on the programme. However, in order to make this 

process as accessible and attractive as possible, more suppliers were encouraged to join. The 

function of appointing these additional suppliers was managed by independent auditors to 

ensure impartiality. Figure 4 illustrates the operating model for the programme. 

 

Figure 4: Energy Efficiency Motors Programme operating model 
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A high level overview of the operating model is as follows: 

• Customer replaces a motor with an EFF1 motor purchased from a participating 

supplier and receives a once-off rebate. 

• Customer must fully complete a form and return the old motor to the supplier. The 

form provides details of the customer and equipment. 

• Old motors are scrapped, and motor information and invoices showing rebate 

amounts are collected by the auditors from the supplier. 

• Supplier claims this rebate amount from Eskom. 

The programme was aimed at initially introducing 5 100 EEMs into the system. Eskom’s 

Energy Efficiency Motor Programme would thus see the country benefiting through the 

electrical energy reduction from these motors. For this reason, research was required to 

establish the effectiveness of the Energy Efficient Motor Programme. 

1.3 Motivation for the Study 

Eskom’s Energy Efficiency Motor Programme was initiated to help reduce the energy 

consumption of the large motor load on Eskom’s supply system by promoting EEMs in South 

Africa. Due to the high number of motors used in various applications in South Africa, it was 

imperative to ensure that motors were selected appropriately to minimise electrical 

consumption.  

The aim of this programme was therefore to accelerate the conversion of standard electric 

motors to EEMs with an estimated demand reduction of 2.4 MW. The target priorities were 

to replace unrepairable old motors and to create an awareness programme to stop the 

endless repair and reconditioning of motors. 

Due to funding constraints, the programme was closed in September 2012. However, there is 

a need to assess the effectiveness of the programme from an awareness and a demand 

savings viewpoint such that the findings can be used to determine if the programme should 

continue when IDM funds become available again. 
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1.4 Objectives of this Study  

The objectives of this study include:  

• Studying the market to determine the use of EEMs in South Africa. 

• Studying efficiency standards used worldwide and the implications of their use. 

• Examining and evaluating the impact of the Eskom Energy Efficient Motor 

Programme.  

• Applying qualitative research methods to evaluate feedback from suppliers and end 

users, and providing recommendations. 

The study is limited to induction motors because the efficiency standards are based on these 

motors, and they are the most commonly used motors in industry. The induction motors used 

for the programme range from 1.1 kW to 90 kW for totally enclosed fan-cooled induction 

motors – the most popular motor size in South Africa. This range also has the greatest energy 

savings potential due to their poor efficiencies when compared with larger motors. 

1.5 Outline of this Document 

This study consists of five chapters. References and an appendix are also included. 

Chapter 1 provides the framework of the study that has been undertaken. It sets the 

background and provides an overview of the Eskom Energy Efficient Motor Programme. 

Chapter 2 presents the literature review on EEMs. 

Chapter 3 discusses the research methodology to inform the reader of the methodology 

applied. 

Chapter 4 provides the results and findings of this study; verification of the results is also 

discussed. 

Chapter 5 serves as the conclusion and closure of the study. Recommendations for further 

study are also made. 
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2 Literature Review 

2.1 Overview 

This chapter examines the literature available for the EEM market in South Africa and abroad. 

The literature review will provide an understanding of motor efficiency, losses and the 

potential barriers for implementing Eskom’s Energy Efficient Motor Programme. Efficiency 

standards used worldwide and the implications thereof will also be discussed.  

2.2 The Energy Efficient Motor Market  

Alternating current (AC) induction squirrel-cage motors have become the most common 

motor type used in the South African market. These motors are more efficient and better 

priced than other electric motors. In order to encourage energy efficiency, end users seeking 

to replace their old slip-ring and direct current (DC) motors with high efficiency squirrel-cage 

motors can qualify for Eskom DSM funding (Frost & Sullivan, 2008).  

The main advantage of using EEMs is the potential for reduced electrical energy consumption. 

In the South African environment, this means lower costs for end users, increased revenues 

for motor manufacturers and a lower electricity demand faced by the national electricity 

supply.  

Efficient use of energy enables end users to optimise production costs and to improve profit 

margins. This is especially pertinent since motors consume the majority of electrical energy in 

most industrial sites (Fassbinder, 2007). It is estimated that EEMs are typically 2% to 6% more 

efficient than standard efficiency motors (McCoy & Douglass, 1996). These increased 

efficiency levels could translate into meaningful electricity savings. 

Through design enhancements, high efficiency motors feature (McCoy & Douglass, 1996): 

• Lower loss rotor bar design. 

• More copper and high quality electrical steel laminations. 

• Extended winding and bearing life of the motors. 

• Improved short-term overload capability. 
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• Improved voltage fluctuations or phase imbalance tolerance. 

This literature review focuses mainly on AC induction motors relating to the Eskom Energy 

Efficient Motor Programme. 

2.3 Motor Applications 

The end-user segment is the most price-sensitive sector in the motor market (Frost & 

Sullivan, 2008). South African machine- and equipment-building companies operate on very 

tight profit margins and any increase or decrease in costs will have significant profit 

implications. Although quality and reliability are very important to end users, they are ready 

to compromise to a certain extent to get a better price. For most motor end users, price thus 

becomes the deciding factor when purchasing motors. 

In addition, companies often require customised equipment. Manufacturers and their 

customers usually agree on the technical specifications of the motors to be customised. A 

high level of customisation increases the costs of the motor for the manufacturer. The 

durability of the motor is another important factor. End users usually service their motors and 

change bearings if they fail. However, if some important components are broken and a motor 

has to be replaced, it certainly becomes an issue. 

Industry sectors that have been identified as having significant motor applications are listed 

below: 

• Petrochemical and chemical sector.  

• Water and wastewater sector. 

• Metals, minerals and mining sector. 

• Power industry.  

• Heating, ventilation and air-conditioning (HVAC) sector. 
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Petrochemical and Chemical Sector 

The chemical industry mainly refers to the basic chemical industry, which processes the 

products of ethylene manufacturing to produce plastics and chemicals used in life sciences, 

agricultural and medicinal chemicals, and paints and varnishes. In this sector, electric motors 

are mainly used as compressors; pumps; cooling-, ventilation- and air-conditioning 

equipment, grinders, conveyors and other equipment (Saygin et al., 2011). 

This sector uses high volumes of explosion-protected motors as they operate in hazardous 

conditions in oil refineries, chemical and petrochemical plants. End users in these process 

industries set high standards for the electric motors used in their machinery. They consider 

reliability of the motors and their ability to operate under difficult conditions to be of the 

utmost importance (Carns, 2005).  

Water and Wastewater Sector 

The main activities of this sector are to supply water and treat sewage. Water is supplied by 

operating the water supply system and by constructing relevant infrastructure such as water 

supply pipelines and water plants.  Sewage treatment mainly involves treating industrial 

wastewater and domestic sewage. Most investment is made in the construction of 

infrastructure such as sewage treatment plants and pipelines. In this sector, electric motors 

are mainly used as pumps and compressors (Descoins et al., 2012). 

Metals, Minerals and Mining Sector 

The metals, minerals and mining sector extracts valuable minerals or other geological 

minerals from the earth. The sector is a high energy-demanding environment that 

emphasizes operational efficiency and worker safety. It is responsible for a considerable 

portion of the total electric motor energy consumption.  

The metals, minerals and mining sector provided significant growth for the overall electric 

motor market between 2004 and 2014. The metals, minerals and mining sector is the second-

biggest end-user sector for electric motors in terms of consumption after process industries 

(Frost & Sullivan, 2008). Pump motors are responsible for 48% and 19% of the total energy 
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consumption in the metals and mining sector respectively (Frost & Sullivan, 2011). Electric 

motors are used in lifting and turning mechanisms, pumps and compressors, gorging and 

pressing equipment, gas superchargers and vacuum systems. Companies in this sector buy 

large numbers of big motors, which are very expensive and technologically sophisticated.  

Power Industry  

This industry mainly consists of power plants or stations and infrastructure for transferring 

power. Motors that are used in the power industry are typically for applications such as fans, 

pumps crushers and conveyor systems. Power stations contain facilities that convert fossil 

fuel, hydro, and nuclear power to electrical energy. The infrastructure for power transfer 

refers to the electricity grid system and transformer substations. There is a significant 

opportunity for improving the entire motor system efficiency in the power industry. 

Heating Ventilation and Air-conditioning (HVAC) Sector 

The HVAC industry has very high specifications for AC motors. Their products operate in 

constant load, high torque and speed applications. The reliability of the motors is a key factor 

in this sector. Manufacturers of HVAC equipment usually conduct thorough and elaborate 

tests in order to determine if the motors they offer are of acceptable quality. 

The HVAC sector mostly uses AC motors (Fleiter, Eichhammer & Schleich, 2011). Applications 

for HVAC systems include exhaust fans, ventilators, belted and direct drive fans, fans for 

heaters, air-conditioning fans and heat pumps. End users mostly use AC induction motors of 

low and medium power, which are less expensive. There are less high-power motors, but 

being more expensive, these are only slightly smaller in terms of value. 

Motor Market Summary 

Induction motors are a common product used in almost every industrial facility. End users 

continuously seek to replace old motors with new improved motors to improve productivity 

and profit margins. The large number of installed motors indicates growth in the motor 

market and should act as one of the factors driving energy efficiency and future requirements 

for motors (De Almeida, Fonseca & Bertoldi, 2003). Moreover, the metals, minerals and 
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mining sector exhibits a huge demand for motor products. The coverage lifespan of an 

electric motor is 13 years; however, in the metals, minerals and mining sector, these motors 

are replaced every four to six months due to extreme mining conditions (Frost & Sullivan, 

2008). 

With tariff increases, there is a need to drive for energy efficiency, safety and cost-cutting 

that is a feature of the South African metals, minerals and mining sector. The opportunity for 

savings by promoting high efficient motors is therefore significant. 

2.4 Motors in Industry 

The two types of electric induction motor in the motor market today are standard efficiency 

and energy efficient motors. Considerable opportunities exist in reducing energy by adopting 

EEM technology – these opportunities could be attractive from an investment and a payback 

view (De Almeida, 1998). 

Standard induction motors and EEMs are considered similar. The main difference between 

the two motors is the design specifications and the use of raw materials to reduce losses 

(Zabardast & Mokhtari, 2008). EEMs are designed specifically to optimise the use of electrical 

energy. The major improvement in EEMs is the use of larger size components, which means 

that more raw materials are used in these motors. 

The cost differential for an EEM is up to 30% more than a standard efficiency motor (Fleiter, 

Eichhammer & Schleich, 2011). The main challenge in transforming the motor market is that 

EEMs are more expensive than standard motors. Over many decades, standard motor 

technology has been proven to function similarly to EEMs. The main difference between 

these two motor types is the improved performance characteristic of the EEM when 

compared with the standard efficiency motor (Sauer et al., 2015).  

Determining the potential for energy savings by implementing EEM technology is no 

straightforward task. The concern is that each motor manufacturer has its own efficiency 

specifications for classifying motors. These efficiency ratings may differ from one 

manufacturer to another. 
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There is no reason to accept suppliers’ efficiency ratings as the best possible motor 

technology today. Mandatory efficiency standards ensure that minimum efficiency levels are 

standardised. Economic payback must be done to determine that EEMs is in fact the feasible 

option in the industry where they are applied. 

2.5 Energy Efficiency and Motors 

This section provides an overview of EEMs and examines efficiency and losses within an 

induction motor. An electric motor can simply be defined as a device or machine that 

converts input electrical energy into useful output mechanical energy. The ratio of this 

conversion gives its efficiency (shown in Equation 1). 

	�����	����	�
�	� = ������	����������	�����	
�����	����������	�����		 																																																																																					[1] 

An EEM can be defined as a motor that does the same work but uses less electrical power 

than a standard motor under the same operating conditions. When compared with a 

standard efficiency motor, an EEM is differentiated by the following:  

• Maximised manufacturing tolerances.  

• Stator and the rotor; air gap optimisation. 

• More copper used in the windings.  

• Improved fan losses.  

• Improved quality of raw materials in the stator.  

• Improved motor cooling. 

All the above characteristics contribute to fewer losses in the motor and more electrical 

energy is thus converted to mechanical energy. 

Energy efficiency refers to the reduction of energy to obtain the same level or improved 

output as before the efficiency intervention. An increase in efficiency takes place when 

energy inputs are reduced for a given level of service or when there are increased or 

improved services for the given input energy. It is often related with using technology that 

requires less energy to perform the same function (Ryan & Campbell, 2012). 
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Reduced motor losses are realised by improved motor design, better quality of materials used 

and manufacturing improvements – these factors make high efficiency motors more efficient 

than standard motors. Thus, an EEM could produce a given amount of work output with less 

energy input than a standard efficiency motor (Fleiter et al., 2011). The difference between 

the electrical input and mechanical output power is the sum of losses. The relationship of 

motor efficiency and input electrical power is shown in Equation 2 where the output power is 

equal to the input electrical power minus the sum of losses. 

!"#"$	%&&'(')*(+ = ,*-.#	%/)(#$'(0/	1"2)$	3∑5"66)6
,*-.#	%/)(#$'(0/	1"2)$ 																																																																										 [2] 

Electrical motor efficiency can be described as the ratio between the shaft output power and 

the electrical input power (Hsu et al., 1998). According to Litman (1995), there are two 

methods for measuring efficiency – one being a direct method where the input and output 

power are measured directly; the second being an indirect method that measures losses. 

Expanding the end user’s interest in higher efficiency technology is essential for suppliers to 

enhance growth, otherwise they will face market decline. As the requirement for energy 

efficiency gradually gains recognition, manufacturers will have to position themselves as 

responsible and reputable EEM manufacturers. This will require supplying EEMs that meet 

stringent European standards. Significant marketing resources and technical testing costs may 

have to be incurred to take advantage of energy efficiency emerging in South Africa. 

2.6 Induction Motor Losses 

The efficiency of a motor is influenced by its design and is determined by the intrinsic losses 

of that motor. Losses can be split into two types – fixed losses (that do not vary with load) 

and variable losses (Garcia et al., 2007). Figure 5 shows a cross-section view of an induction 

motor. Losses are determined by the design and composition of components that make up 

that particular motor. 
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Figure 5: Cross-sectional view of an induction motor 

Fixed Motor Losses 

Fixed losses are independent of the motor load and consist of frictional, windage and core 

losses. These losses vary with the material composition of the motor and input supply voltage 

(Saidur, 2010). Friction and windage losses are typically caused by friction of moving parts 

within the motor, for example, bearings and ventilation fans. 

Variable Motor Losses 

Variable losses are dependent on load and consist mainly of resistance losses in the rotor and 

heat that is generated as current flow through the rotor and stator – this loss is referred to as 

the I
2
R loss. It has a direct relationship with the current draw and the resistance of the 

material. This loss is proportional to resistance and the square function of the current draw. 

Stray losses are more difficult to determine as they come from various sources within the 

motor (Saidur, 2010).  

The purpose of an induction motor is to convert input electricity into useful mechanical work. 

Standard efficiency motors have worked reliably for many decades; however, EEMs are 

performing significantly better as losses have been reduced. Motor losses can be split into 

four major areas (as shown in Figure 6) with a typical percentage share. The losses will be 

discussed in more detail in the subsections that follow. 
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Figure 6: Percentage losses in a typical general purpose induction motor (Nadel et al., 2000) 

Core Losses 

Core losses are load-independent and result from hysteresis. Hysteresis refers to the energy 

used to magnetise the core material. The losses are also a result of magnetically induced 

circulating currents in the stator core known as eddy currents. These eddy currents are active 

in the metal parts of the motor (De Almeida et al., 2002). 

Windage and Friction Losses 

These losses are mainly caused by friction by rotating parts of the induction motor (such as 

the bearings). Losses also occur by overcoming air movement from the rotor and cooling fan 

parts (De Almeida et al., 2002). 

Stator Copper Losses 

Stator losses occur due to current flow in the stator winding which produces heat as a loss 

because of resistance. These losses are major losses and typically account for 50–60% of the 

total loss (Saidur, 2010).  

Rotor Copper Losses 

Rotor losses appear as heating losses in the rotor winding. Improved design of conductive 

bars and end rings will reduce losses. Slip can be defined as the difference of speeds 
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comparing the rotational speed of the magnetic field and the speed of the rotor and shaft at a 

specific load. Improved rotor losses improve slip on motors (Fleiter et al., 2011). 

Stray-load Losses 

Stray-load losses can be described as the portion of the total losses in a motor that do not 

account for stator, rotor, core and frictional losses. These losses cannot be measured as the 

sources are difficult to determine (Kral, Haumer & Grabner, 2009). Stray-load losses are 

caused by space harmonics of the stator and rotor and by the leakage flux near the end shaft 

windings (Renier, Hameyer & Belmans, 1999). 

Case Study on Losses  

A study was conducted by the University of Cape Town to compare the total percentage 

losses and efficiencies between standard efficiency motors and EEMs. Four standard 

induction motors were compared with four energy efficient general purpose induction 

motors. The motors were tested according to three international motor testing standards in 

the machines laboratory of the University of Cape Town (Van Wyk, Khan & Barendse, 2011.). 

Table 2 shows each of the five losses as a ratio to the total loss of the motor at full load. 

Table 2: Comparative results from laboratory tests (University of Cape Town) 

 

It can be seen from Table 2 that all the losses have been reduced in the EEM’s except for the 

friction and windage losses. According to Van Wyk, Khan & Barendse, the EEM’s exhibit 

relatively flatter efficiency curves versus load. It can be seen that the difference between the 

efficiency at rated load and the operating efficiency is less significant.  

Power Loss to Total Loss Ratio [%] Efficiency Class 3kW 7.5kW 11kW 15kW

Standard 17 17 20 17

Energy Efficient Motor 11 14 15 12

Standard 3 4 4 5

Energy Efficient Motor 14 12 14 10

Standard 45 45 42 39

Energy Efficient Motor 40 40 36 37

Standard 29 22 21 26

Energy Efficient Motor 26 20 22 27

Standard 9 12 13 13

Energy Efficient Motor 6 14 13 14

Core loss

Friction and Windage Loss

Stator Current Loss

Rotor Current Loss

Stray- Load Loss
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The EEMs run at lower temperatures than standard motors. Results also indicate that the 

EEMs increase the friction and windage losses to up to four times that of standard motors. 

This is due to the higher ingress current protection of EEMs (Van Wyk, Khan & Barendse, 

2011). 

Motor System Losses 

Because of the costs of energy rising and the substantial concerns about global CO2 

emissions, achieving the highest possible motor system efficiency has become a priority. 

Taking the cost of electricity into account, the need to realise maximum savings through the 

entire motor system improvement has never been greater. 

The introduction of VSDs to the motor market has led to substantial electrical energy savings. 

Electric motor speed and load can be optimised to match the requirements of the motor 

system. VSDs usually improve efficiencies of a process or motor system. It is estimated that 

improvements with VSDs indicate that drive efficiencies can be improved by more than 98% 

(De Keulenaer, 2004)  

Using VSDs to improve system efficiency and matching usage to requirements lead to high 

efficiencies that can be achieved over a range of motor speeds and varying load conditions 

(Saidur et al., 2012). In applications that use pumps, fans and other centrifugal equipment, 

electrical power can increase drastically with a change in motor speed. Many of these 

applications are currently controlled with mechanical damper control, valves and bypasses. 

Affinity laws also apply in this case – load on the motor will change with approximately the 

cube of the change in rotational speed of the motor. 

The VSD can adjust the electrical power consumed precisely to allow the pump or fan to 

produce the required volumetric flow, which reduces the losses in partially loaded motors 

systems. Therefore, it is important and beneficial to end users to improve the efficiency of 

partially loaded motors using VSDs (WaIde, P., Brunner, C. U., & others, 2011). Motor 

efficiency improvements are critical and the benefits seen if overall motor system efficiency 

increased substantially. 
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The increased price of the motor must be considered when purchasing EEMs. Improved 

efficiencies can be achieved using high quality materials and manufacturing processes. The 

price premium of such motors greatly limits the applications that can adopt such a motor. 

It is important to size the electric motor correctly for the application. Motor oversizing is a 

common misapplication encountered, but one which can be fixed easily. Poor efficiency of 

electric motors can be attributed to oversizing of motors. According to Jayamaha (2006), 

motors operated below 50% of their rated load will perform inefficiently and, due to the 

reactive current increase, power factors are also not ideal.  

These motors operate efficiently because they are oversized for the requirements and are not 

operating at the optimal performance characteristic points. Oversized, partially loaded 

motors should be replaced with appropriately sized EEMs and VSDs should be incorporated 

for dynamic loads to improve overall system efficiency.  

The main focus thus far has been on the EEM. However, it is important to remember that a 

motor is just one part of an entire system designed for a specific application. If the 

components of the system are not designed well, then the entire system will be inefficient 

(De Keulenaer, 2004). A typical motor system includes common elements such as energy 

conversion equipment, control mechanisms, piping and some form of output designed to 

meet process demands. Figure 7 shows all of the interconnected components of a motor 

system. 

 

Figure 7: Interconnected components of a motor system 
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2.7 Applications of Motors 

EEMs and standard efficiency motors are used in many different components of systems 

found in various industries. Electric motors are commonly used in applications such as pumps, 

fans, compressors and conveyor systems. These applications are categorised into two major 

systems: 

• Centrifugal. 

• Positive displacement. 

This section examines the three major application types for induction motors. It also provides 

outcomes of a case study conducted by the University of Cape Town where the performance 

results of a standard efficiency motor and a high efficiency motor driving a centrifugal load 

were compared. 

Centrifugal Systems 

Centrifugal systems are typically fans and pump applications. The load characteristic of a 

centrifugal pump or fan will vary with changes in rotation speed of the motor. The 

performance of centrifugal fans and pumps are governed by affinity laws. 

Affinity laws govern how the performance of a pump or fan will change when the speed of 

the pump or fan is changed. It is critical that the following be kept in mind when using the 

affinity laws (McCoy & Douglass, 2014):  

1. The affinity laws will be used to determine the change in performance when the 

speed of the pump or fan is changed.  

2. This is only the case when the system is not controlled. 

3. The affinity laws based on the speed of the pump or fan assume that for this study 

the diameter of the impeller stays unchanged.  

4. The affinity laws are also valid when the diameter of the impeller is changed, but 

then the speed of the pump or fan must remain constant. 
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5. The pump can easily be adapted to the increased motor output by skimming the 

impellor and the fan by using a different belt sheave. 

The affinity law equations are shown below: 

For flow:	89 = 8: × <=>

=?
@																																																																																																																														 [3] 

For pressure: A:		 = A9	 × <=>

=?
@
:
																																																																																																																 [4] 

For fluid power:		B:		 	= 	B9 × <=>

=?
@

C
																																																																																																												[5] 

Where:  

Q is volumetric flow. 

N is speed (rpm). This value could also be replaced by the diameter of the impeller 

assuming speed stays constant.  

H is pressure (kPa).  

P is the fluid power (kW). 

The relation between speed and pressure is a square function. The fluid power requirement is 

to the cube of the speed. 

Positive Displacement Systems 

The major difference between centrifugal and linear systems is that for linear systems, 

positive displacement (PD) pumps provide the same flow at a specific speed irrespective of 

the pressure. PD-pumps usually have safety valves; the pressure could become dangerously 

high if the flow supplied by the system is not used. This means that a PD-pump does not have 

only a single operating point like a centrifugal system does (Litman, 1995). The flow delivered 

by a PD-pump is in relation to the speed of the pump. Therefore, the fraction in increase of 

speed will result in the same fraction increase in flow. PD-pumps are not governed by affinity 

laws as centrifugal systems are. 
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Case Study: Comparison of a 3 kW Standard and High Efficiency Induction Motor Driving 

a Centrifugal Pump Load 

This case study compared the performance characteristics of a standard efficiency induction 

motor to that of an energy efficient induction motor. Both motors were analysed when 

driving a centrifugal pump load. The motors were tested according to the IEC 60034-2-1 

standard and their operation with the pump load was simulated based on the pump 

characteristic. 

 

Figure 8: Laboratory set-up with the 3 kW high efficiency motor at University of Cape Town 

The objective of the study conducted by the University of Cape Town was to compare the 

performance characteristics of a 3 kW standard induction motor to that of a 3 kW energy 

efficient induction motor. The efficiencies of the motors were determined using the IEC 

60034-2-1 standard. Figure 8 shows the laboratory set-up for testing. 

The performance results of the motors are summarised in Table 3: 

Table 3: Summary of test results (Mzungu, H., Manyage, M., Khan, M., Barendse, P., Mthombeni, T, 2009) 

 Standard Motor (EFF2) Energy Efficient Motor (EFF1) 

Slip 6.10% 4.85% 

Speed 1 408.5 rpm 1 427.3 rpm 

Line current 6.28 A 6.10 A 

Efficiency 83.10% 87.80% 

Input power 3.39 kW 3.38 kW 
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A comparison of the operating points of the motors shows that the high efficiency motor 

operates with a 4.7% differential increase in rated efficiency over the standard efficiency 

motor under the same load. The high efficiency motor drives the centrifugal load at a higher 

speed and delivers motor torque to its shaft. 

More output power and hence increased mass flow is therefore delivered to the mechanical 

process that the EEM pump drive is connected to. This is achieved with approximately the 

same input power for the two motors. If the increased mass flow is perceived by the process 

operator as enhanced productivity, the temptation would exist to run the EEM motor-pump 

drive for the same duration as the standard motor-pump drive to increase revenue. The 

benefit of the higher efficiency of the EEM in reducing electrical power consumption is 

therefore almost entirely lost (Mzungu, H., Manyage, M., Khan, M., Barendse, P, Mthombeni, 

T., & Pillay, P, 2009).  

The summary of findings is vitally important when considering the Eskom IDM Energy 

Efficient Motor Programme. Findings show that the speed of the 3 kW high efficiency motor is 

higher than the standard motor by 1.3%. By applying the affinity principles to the application, 

it can be concluded that the fluid power requirement is to the cube of the speed; hence an 

increase in power consumption for the high efficiency motor. 

Motor Applications Summary 

The application of electric induction motors was presented in this section. The performance 

characteristics of electric motors and different applications of motors were also discussed. 

This section confirms that the application of EEMs in positive displacement and conveyor 

systems could result in increased energy consumption but only by as much as the motor runs 

faster. However, in centrifugal pump and fan systems, the performance of motors is governed 

by the affinity laws. 

The comparison of a 3 kW standard and high efficiency induction motor demonstrated how 

various commonly found components react with the performance of a centrifugal system and 

also how the performance in such a system could change if a standard motor is replaced with 

an EEM. 
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For centrifugal loads, even a small change in the motor’s full-load speed translates to a 

significant change in the power requirements. Fan laws (or affinity laws) show that the output 

power on a motor varies as power has a cube portion to the motor’s rotational speed. In 

contrast, volumetric flow (air or fluid) delivered varies linearly with the rotational speed of 

the motor. 

An increase in motor speed will increase volumetric flow and can boost power requirements, 

far exceeding any efficiency gains expected from installing the EEM. Predicted energy savings 

will not be realised and energy usage may increase; this could result in increased production 

costs (McCoy & Douglass, 2014). 

2.8 Potential Barriers for Implementing EEMs 

Despite the economic attractiveness of EEMs in many cases, their market penetration is still 

relatively low. The common barriers identified for applying energy efficient technologies 

include separate budgets (different capital and operations budgets), risk of failure, lack of 

internal incentives and market structure. A combination of educational tools, promotional 

activities and financial incentives has been identified as being the most successful way to 

promote improved EEM systems. 

In general, these challenges identified for driving energy efficiency are common to most 

sectors. There seems to be an acceptable level of general awareness of the potential use of 

EEMs and VSDs to save energy (De Almeida, Bertoldi & Leonhard, 1997). Most motor users 

are still sceptical about the claimed amount of energy savings from different sources and 

payback periods, which sometimes seems conflicting. On the other hand, some tools and 

publications are often too complicated or too basic, or do not match the motor user’s 

requirements. 

Induction motors require low maintenance and are quite reliable. Because of this, end users 

are sceptical to change (De Almeida, Bertoldi & Leonhard, 1997). In addition, standard 

designs mean that there is practically very little differentiation between different motor 

manufacturers, which means that introducing EEMs associated with specific manufacturers 

can become a costly commodity to the end user. 
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When selecting a motor for a particular application, factors such as availability, service and 

known brand name are usually more important factors than efficiency. Although the first cost 

is often considered as the most important factor, most users actually mention the other 

factors as being at least as important as efficiency. 

In South Africa, due to the lack of mandatory repair standards, the actual number of rewinds 

or repairs a motor is subjected to is unknown (Mzungu et al., 2009). Poor motor repair can 

decrease motor efficiency by 1–2% per repair (Hasanuzzaman et al., 2011).  

Since it is practically impossible to measure the efficiency of an existing motor accurately, the 

effect of a poor motor repair cannot readily be identified by end users. Motor users want 

some validation that EEMs really reduce power consumption. Motor suppliers in South Africa 

rarely provide advice on EEMs as suppliers’ focus is sales-driven. 

The effects of numerous rewinds and repairs have led to unknown degradation of motor 

efficiency. End users are not fully aware of the savings associated with EEMs and their 

applications. For centrifugal applications, the reduced slip-on EEMs produce an increase in 

rotational speed. According to the affinity laws, this means that the motor will draw more 

electrical power. If the extra work cannot be taken advantage of, then the system efficiency 

will be compromised. This is particularly a problem with centrifugal applications. 

According to McCoy and Douglass (2014), a 20-rpm rotational speed increase will increase 

volumetric flow by only 1.1% for centrifugal applications, but it can boost power 

requirements by 2.3%. This example indicates that assumed energy efficiency advantages 

from the EEM did not materialise – energy consumption will increase, hence impacting on 

profit margins (McCoy & Douglass, 2014).  

There is a sensitivity between load, energy requirements and the rotational speed of a motor. 

Using EEMs in centrifugal pump or fan applications could result in increased electrical energy 

consumption. An EEM drives rotating equipment at a higher speed than a standard efficiency 

motor does. Figure 9 shows the difference in speed for the two types of induction motor – it 

is clear that EEMs operate at higher rotational speeds than standard efficiency motors. 
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Figure 9: Full-load speed characteristics of standard and EEMs (McCoy & Douglass, 2014) 

In cases where EEMs suppliers did not warn end users of the implications, a simple current 

measurement before and after installing an EEM can cause the end user to become 

dissatisfied and hence deterred from making further EEM purchases. The need for reducing 

downtime, with the associated costs of lost production, leads to replacing failed motors as 

quickly as possible. This means that the existing stock of old motors, and fast repair of failed 

motors, will continue to hinder the penetration of EEMs into the market. 

Economic Barriers 

There are a few reasons why energy efficiency projects may be rejected by end users. Most 

companies consider projects in accordance with their key objectives – projects need to make 

financial sense. Factors that influence the uptake of EEMs are insufficient running hours to 

make the measure cost-effective, high initial price leading to long paybacks, and poor energy 

saving results that have not delivered the expected benefits. 

Internal Conflicts 

In theory, end users usually agree that there is a benefit in investing in energy efficiency 

projects. In reality, there are many internal conflicts that make the implementation of energy 

efficiency projects very difficult. Those in charge of purchasing capital equipment reject sound 

business cases from engineers to implement energy efficient projects. However, in many 
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cases this happens because engineers do not strengthen their case for investment, whereby 

the decision maker is convinced that there is value in the project. Other important reasons for 

investments not being made are split budgets and lack of internal incentives. Many firms are 

organized into individual departments – each one with its own budget (Saidur, 2010). 

This situation implies the partitioning costs of equipment through the different departments, 

but with only one department benefiting from the investment. Besides, there is a lack of 

internal rewards for departments and for people to reduce electricity costs. This could even 

imply a reduced budget for the next year, which is demotivating to some users. Managers 

often have other responsibilities such as health and safety or quality assurance that have to 

take priority over energy efficiency projects. Electricity savings may seem attractive; however, 

other focus areas may take precedence. 

Market Structure 

A large percentage of induction motors are distributed to end users through original 

equipment manufacturers (OEMs) who do not have to pay the energy bill. Because OEMs 

compete largely on a basis of price and sales, they avoid more expensive EEMs. Due to the 

small incentives that are available, OEMs do not go to a lot of effort to promote EEMs. 

Measures to Overcome the Barriers 

Experience of many energy saving initiatives around the world shows that the most effective 

way to transform the market towards improved energy efficiency is a combination of 

technical information and financial incentives (Nadel et al., 2000). Contact with users in the 

different sectors – consultants, equipment distributors, equipment manufacturers and energy 

agencies – provided insights on the possible strategies to overcome the barriers identified. 

Educational 

Energy saving initiatives are dependent on technical personnel, who are usually responsible 

for identifying energy saving projects. They need educational materials and schemes that will 

address their needs to implement successful energy saving projects. Some of these materials 

are: technical information on energy saving options, attendance at exhibitions, guides 

providing an independent assessment of the equipment available, videos, calculation tools 

such as software (Alyousef & Abu-Ebid, 2012). 
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Case studies on the outcomes of implementing energy efficient technology can highlight the 

benefits and possible problems that can provide confidence to readers and inspire others to 

execute the measures.  

To establish which type of application will give the most attractive return on investment in 

energy efficiency, it is important to supply motor users with user-friendly tools. Furthermore, 

users need to be trained regarding the type of measurements needed to assess the potential 

savings and in creating and presenting proposals to apply for funds from energy conservation 

programmes. 

Financial incentives are crucial measures to stimulate the market for energy saving products. 

Such incentives could be rebates, payments by savings, leasing, bidding, penalties and loans 

(De Almeida et al., 2003). Incentives have successfully been associated with EEMs, where the 

incentives are typically set to match the price of an EEM. 

Energy saving is a key issue leading not only to economic benefits but also to positive public 

relations, social and environmental benefits. Internal finance systems and procurement 

should not work against energy saving projects.  

Implementing a robust energy efficiency plan will reduce wear on equipment, lower 

maintenance costs, optimise production quality and eventually improve business profitability. 

Energy costs must be managed by the financial department where one or more people need 

to be responsible for energy saving.  

Potential Barriers Summary  

A number of potential barriers were mentioned; these can affect the implementation of 

energy efficient projects. These potential barriers are very relevant to electric motor systems. 

Applications such as compressed air, pumps and ventilation are mostly auxiliary systems, and 

are not the main focus areas to end users. Motor markets indicate a barrier – the majority of 

electric induction motors bought by OEMs are not high efficiency motors; these substandard 

motors are then incorporated into the end product. 

The end user, who is accountable for energy and maintenance costs, has no information on 

the motors driving the fan or pump and, therefore, the business decision is based on a short-

term operation that works rather than investing in an energy efficient solution. The 
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competitive motor market works on a basis that the cheapest motor is the most attractive 

one and is the one likely to be purchased.  

De Almeida (1998) shows that the procurement process for purchasing electric motors is 

fairly standardized in most firms. This implies that there are several barriers that impact the 

promotion of EEMs. The major barrier can be described as having internal conflicts within 

firms with each department having different priorities.  

A motor breakdown may be seen as an emergency in some cases where the most important 

factor is the time taken to install a new motor and fix the breakdown. The main focus for 

most companies is to reduce downtime and to continue with production. For this reason, 

companies stock backup motors that are not energy efficient to prepare for a breakdown as 

the preferred choice for many companies is to continue using standard efficiency induction 

motors as they are cheaper than EEMs and also highly reliable. 

An investment decision is often influenced by the high cost of EEMs with the argument being 

that the efficiency differential between an EEM and a standard efficiency motor is marginal. 

A typical price premium up to 30% for EEMs presents a major obstacle for end users (De 

Almeida, Ferreira & Baoming, 2014).  

2.9 EEMs and Policies 

There are several policies for EEMs – these options are available to overcome implementation 

barriers and to promote the use of energy efficient equipment. This section discusses 

minimum energy performance standards (MEPS), motor labelling, international approaches 

and a description of savings achieved from induction motors energy efficiency labelling. 

MEPS and Labelling 

Many countries have implemented MEPS and labelling schemes to standardise and improve 

the efficiency of motors. The introduction of MEPS meant that low efficiency motors would 

be phased out the as motor classes have minimum standards for efficiency. 

By labelling motors, end users are able to identify motor classes which enables them to invest 

in EEMs. Motor labelling is a transparent way of providing information to the end user; 
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minimum performance standards allow the end user to compare motor efficiencies amongst 

various suppliers. This promotes the transformation of the motor market towards EEMs.  

By adopting MEPS, the market share of low efficiency motors has declined as labelling motors 

allows high efficiency motors to be promoted. Many counties use MEPS and labelling as 

prerequisites, hence the different standards need to be defined. This has been done resulting 

in several different international standards. 

Different definitions and motors classes from various countries made motor comparisons 

difficult and confusing to the motor market. The International Efficiency Classification 

introduced by the International Electrotechnical Commission (IEC) enabled a common 

platform for test standards and labels for electric motors (Boteler et al., 2009). The IEC 

standard distinguishes four efficiency levels – labelled IE1 for the least efficient motors and 

IE4 for the highest efficiency motors. 

These classes are increasingly being used as a basis for labelling and MEPS schemes. The 

scope of the IEC scheme covers AC three-phase induction motors between 0.75 kW and 

375 kW. This definition covers general purpose induction motors as these motors account for 

the largest share of global electricity consumption by electric motors.  

Several countries have enforced MEPS to improve productivity and limit the use of cheap low 

efficiency motors. A few countries that have implemented MEPS include China, Europe, 

Mexico, Australia, Brazil, Taiwan, Europe and the United States of America (USA). The first 

country to introduce MEPS for electric induction motors was the USA. 

Some motors do not exactly meet the IEC standards but perform considerably better than the 

stipulated standard for testing. It was found that the standard in Taiwan, effective since 2003, 

was significantly better than the IE1 standard for smaller motors and similar to the IE1 

standard for larger motors (Yang et al., 2009). Brazil also introduced MEPS in 2002; motor 

manufacturers in Brazil supported the programme because they already produced motors at 

a high efficiency level and hoped that other foreign manufacturers would not compete.  
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South Africa do not have local manufacturers of electric motors. This means that all motors 

are imported with no MEPS in place. It is crucial to develop standards in line with the 

international developments to avoid affecting local distributors negatively (Mthombeni & 

Sebitosi, 2008). But at the same time, the scheme has to ensure that local manufacturers are 

able to meet the standards. 

Considering other devices that consume energy, MEPS and labelling schemes have been 

applied to several energy-hungry devices, many of which contain electric motors. China 

introduced such a standard in 1990 (Zhou, 2008).  

A motor system can be described as having a circulation pump, a refrigerator or a fan for 

ventilation with an electric induction motor driving a production line. MEPS only consider 

motor efficiency; the other parts that form the entire system pose a challenge to 

policymakers. The largest opportunity for savings can be gained by optimising the motor 

system. Policies are impossible to introduce for the entire motor system due to the 

complexity and variables of the motor system. 

MEPS and labelling schemes are important and effective ways to increase the participation of 

energy efficient electric motors; however, these initiatives only address a smaller part of the 

saving potentials of an entire motor system. 

International Approaches 

For the public and private sectors, the mandatory and regulatory approaches increase their 

knowledge that a certain level of MEPS has been achieved internationally.  

Besides setting a minimum performance standard, there can be voluntary schemes for 

increased awareness and drive towards improvement. Furthermore, mandatory and 

regulatory measures can be classified (MEPS, enforcement, certification, testing) whereas 

voluntary approaches are classified largely as labelling programmes. 

USA Energy Policy Act (EPAct) 

In October 1997, a mandatory standard was enforced by the USA whereby imported and 

locally manufactured electric motors had to meet minimum energy efficiency performance 
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standard levels. The Energy Policy Act of 1992, commonly referred to as EPAct Motors, was 

initially introduced. Thereafter, the National Electric Manufacturing Association (NEMA) 

introduced a mandatory standard that exceeded the EPAct efficiency standards (Bonnett & 

Yung, 2008). 

NEMA 

NEMA introduced a scheme of premium higher efficiency motors because fewer utilities and 

industry associations were promoting with higher efficiency than the EPAct level. In 2005, 

NEMA premium motors constituted a market share of 16% in USA. The USA decided that by 

2011 the NEMA premium level should be increased to MEPS for electric motors (Fuchsloch, 

Finley & Walter, 2008). 

Mexican, Brazilian and Canadian Standards 

Mexico and Brazil are both working to enhance the standardization of motors and have their 

own MEPS systems. Currently Mexico is following the NOM-016-ENERB 2002 standard, which 

matches the efficiency of the EPAct index. Mexico’s standard has somewhat greater 

application of EPAct – covering motors only ranging from 0.746 kW to 373 kW. The Canadian 

Standard Association sets their standard the same as EPAct with the slight difference that 

EPAct uses 50/60 Hz dual frequency electric motors (Saidur, 2010). 

European Union Standards 

The European Union and The European Committee of Manufacturers of Electrical Machines 

and Power Electronics (CEMEP) introduced three classes of energy efficiency for electric 

motors in 1998. Through this agreement, the European Union Commission aimed to improve 

energy efficiency, which has already resulted in a considerable decrease of EFF3 (the lowest 

efficiency class) on the European market (Aström & Thiringer, 2009). 

This standard is being followed by 23 countries including Pakistan (Saidur, 2010). The three 

efficiency classes that were supported by the agreement is: 

• EFF1 – referred to as high efficiency motors. 

• EFF2 – referred to as standard or improved efficiency motors. 
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• EFF3 – referred to as low efficiency motors. 

Efficiency level 2 (EFF2), according to the agreement, is a standard efficiency motor by the 

European minimum efficiency regulation adopted in 2009 (Boglietti, Cavagnino & Vaschetto, 

2011). The most efficient motor, often referred to as energy efficient motors (EFF1), which is 

supported by the CEMEP agreement, is equivalent to the IEC classification of an IE2 motor. 

The introduction of the European Union motor classification scheme showed a significant 

decline in sales of EFF3 (low efficiency) motors. The CEMEP/European Union agreement was 

an important step in the right direction for promoting energy efficiency in the motor market. 

Low efficiency motors (EFF3) in Europe were later discontinued in the European Union 

market as a result of the motor classification scheme (De Almeida, Ferreira & Fong, 2011). 

“Premium efficiency” is another class of motor efficiency labelling. The USA and other 

countries felt that it was necessary to introduce this term associated with EEMs because of 

the successful legislation in the European Union. The USA then adopted the mandatory use of 

premium efficiency squirrel-cage induction-type motors for various uses; this gave rise to a 

new improved scheme referred to as the IEC classification (De Almeida, Ferreira & Fong, 

2011). 

IEC Classification 

The introduction of new standards was developed by the IEC classifying induction motors. 

The IEC 60034-30 standard defines the new efficiency classes for motors and integrates the 

various requirements for induction motor efficiency levels worldwide. This eliminates the 

confusion caused by multiple energy efficiency classifications that manufacturers use to 

produce motors for the global market. End users benefit by understanding the new standard 

and the implications of using a specific class of motor. The introduction of these new 

standards provides a more transparent and easier platform to understand motor efficiency 

information.  

The IEC 60034-30 standard defines the efficiency classes for low voltage three-phase motors 

with a power rating ranging from 0.75 kW to 375 kW (De Almeida, Ferreira & Fong, 2011). 

“IE” stands for “international efficiency” and is combined with a number: 
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• IE1 refers to standard efficiency motors. 

• IE2 refers to high efficiency motors. 

• IE3 refers to premium efficiency motors. 

The IEC 60034-30:2008 standard specifies electrical efficiency classes for single-speed three-

phase induction motors (Waide & Brunner, 2011) that have: 

• 2-, 4-, or 6-pole (3 000 rpm; 1 500 rpm; and 1 000 rpm at 50 Hz). 

• Rated power output between 0.75 kW and 375 kW. 

• Rated voltage up to 1 000 V.  

• Duty type of S1 (continuous duty) or S3 (intermittent duty) with a rated cyclic 

duration factor of 80% or higher. 

The main difference between the efficiency classes (CEMEP and IEC) lies in the method used 

to determine efficiencies. Figure 10 shows the IEC 60034-30 efficiency classes and 

comparable efficiency levels. 

 

Figure 10: Motor classification comparison  
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The latest IEC standard also reserves an IE4 class (super premium efficiency) for the future. 

The international efficiency code and its efficiency levels create a basic vocabulary for 

countries to determine the efficiency level for their MEPS. 

The new IEC standard has not yet been adopted by all suppliers. Some suppliers still sell their 

motors according to the old specification, i.e. EFF standard, whereas others have fully 

adapted to this new IEC standard. 

In light of this change of standards, Table 4 aimed to incorporate the old (European Union) 

and the new (IEC) standards. It must be noted that the subsidy values remained the same and 

range of motors that qualify for the subsidy remained between 1.1 kW and 90 kW. 

Table 4: Revised Energy Efficiency Motor Programme efficiency table 

Power 

Rating (kW) 

EU Classification IEC Standard DSM 

Subsidy 4-Pole 

EFF1 

2-Pole 

EFF1 

2-Pole  

IE2 

4-Pole  

IE2 

6-Pole 

IE2 

Minimum EFF (%) Minimum IEC (%) 

1.1 83.8 82.2 79.6 81.4 78.1 R      400 

1.5 85 84.1 81.3 82.8 79.8 R      400 

2.2 86.4 85.6 83.2 84.3 81.8 R      500 

3 87.4 86.7 84.6 85.5 83.3 R      500 

4 88.3 87.6 85.8 86.6 84.6 R      500 

5.5 89.2 88.5 87 87.7 86 R      700 

7.5 90.1 89.5 88.1 88.7 87.2 R      700 

11 91 90.6 89.4 89.8 88.7 R      700 

15 91.8 91.3 90.3 90.6 89.7 R      700 

18.5 92.2 91.8 90.9 91.2 90.4 R    1 000 

22 92.6 92.2 91.3 91.6 90.9 R    1 300 

30 93.2 92.9 92 92.3 91.7 R    1 400 

37 93.6 93.3 92.5 92.7 92.2 R    1 700 

45 93.9 93.7 92.9 93.1 92.7 R    2 200 

55 94.2 94 93.2 93.5 93.1 R    2 600 

75 94.7 94.6 93.8 94 93.7 R    3 000 

90 95 94.6 94.1 94.2 94 R    3 500 

There are several international standards that are used to test motor efficiency. These 

standards use different ways to incorporate additional load losses. The revised subsidy, 

shown in Table 4, has been developed to adapt to the IEC standard. However, since the 

introduction of the IEC classification, the Eskom Energy Efficient Motor Programme has not 
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been active. International motor efficiency test standards have been developed to reduce 

errors when determining motor efficiency. 

Description of Savings Achieved from Induction Motors Energy Efficiency Labelling  

International experience has shown a significant amount of energy savings due to labelling 

programmes (Vine, Rhee & Lee, 2006). One of the Brazilian government’s efforts for energy 

conservation was establishing the Brazilian Labelling Programme. In 1995, refrigerators and 

freezers were the first equipment to receive the label. Later, fluorescent light bulbs, air 

conditioners, three-phase squirrel-cage induction motors, and solar heaters along with their 

associated boilers were included. 

More recently, washing machines and TV sets have also been considered in this programme 

(Bortoni et al., 2013). In 2012, the label was applied to 3 467 pieces of equipment covering 

36 products categories achieving an estimated energy savings of about 8.8 TWh. Within the 

several governmental measures to promote energy conservation, MEPS has been established 

by a federal decree for all squirrel-cage induction motors in Brazil. Since 2003, the labelling 

prize of energy efficiency has been offered, and the label has been applied to the most 

efficient motors. 

Therefore, two types of motor have been manufactured: the standard motor and the high 

efficiency motor in accordance with the above-mentioned federal decree. In addition, those 

two categories can be divided into two more categories: the motors that were recognized 

with the energy efficient label and those that were not, resulting in four motor efficiency 

classes. As a result of the manufacturers’ improvements in motor design and in the 

production procedures, from December 2009 onward standard motors are not manufactured 

in Brazil anymore (Garcia et al., 2007).  

The contribution of EEMs to the energy savings in Brazil was quite noticeable. It is a difficult 

task to determine the amount of energy saved – mainly due to the uncertainties inherent to 

the measurement process of energy efficiency programme results. The energy savings due to 

the Brazilian Labelling Programme was obtained by subtracting the energy consumption of 

the market line from the energy consumption of the baseline (Bortoni et al., 2013).  
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The work presented a simple and suitable approach to estimate the amount of energy saved 

in three-phase electric induction motors due to the energy efficiency labelling programme 

developed in Brazil, and their contribution to the peak demand reduction. 

Three-phase induction motors are responsible for 62% of the electricity consumption in the 

Brazilian manufacturing sector and for 29% of the nationwide consumption. The introduction 

of EEMs in the Brazilian market led to energy savings of about 493 GWh and reduced the 

peak demand by 150 MW in 2012. The contribution translated into 0.1% electrical energy 

savings when taking the total Brazilian electrical consumption into account (Bortoni et al., 

2013).  

With the ongoing development of motor labelling programmes, motor minimum efficiency 

standards should be enforced in South Africa. South Africa has one of the largest motor 

rewind and repair industries in the world as a result of the intense mining activity and vibrant 

traction industry.  

There are a number of repair companies in South Africa. There is a need to assess the 

efficiency of motors sold in the market using a uniform standard. Standards also make it 

easier for users to save energy by selecting the right efficiency motors imported from 

different regions of the world and selecting the correct repairers that conform to a uniform 

standard. 

2.10 Impact Of Repairs and Rewinding 

Despite the versatility and durability of squirrel-cage induction motors, they are subjected to 

the same failures as other electric machines. It is widely known internationally that repairs 

affect induction motor efficiency. 

A survey was conducted by the Institute of Electrical and Electronic Engineers (IEEE) and 

Electrical Apparatus Service Association (EASA) where they identified the distribution of 

failures in induction motors. The results are shown in Figure 11. 



 

Assessment of the National Energy Efficiency Motor Programme 

 Page 41 

 

 

 

Figure 11: Distribution of failures for induction motors (Griffith et al., 2011)  

Motors can be repaired according to certain international standards. The two most 

referenced standards are: 

• IEEE 1068: Recommended practice for the repair and rewinding of motors for the 

petroleum and chemical industry (Griffith et al., 2011). 

• EASA: Guide to good motor repair and replacement. 

In South Africa, the South African Bureau of Standards (SABS) published the SABS 0242-1: The 

rewinding and refurbishing of rotating electric machines. This procedure was introduced in 

1999 for local repairs shops to adhere to. The procedure, together with the workmanship of a 

repair shop, plays a role in the condition of the repaired motor. Poor repair procedures can 

increase motor losses. Table 5 highlights some of the problems that can increase losses 

during motor repair. 

Table 5: Impact of rewind and repair procedures on induction motor loss 

Type of Motor Loss Cause 

Stator core losses Excessive grinding and abrasion during core cleaning 

Overheating core steel during stripping 

Damaging core insulation during winding removal 

Frictional and windage losses Bearings and cooling fan are not up to original 

specifications 

Incorrect bearings 

Under-/overlubrication 

Bearings, 51.07%

Rotor Bars/End 

rings, 4.70%

Shaft or Couplings, 

2.44%

External Device, 

15.58%

Stator Winding, 

15.76%

Not Specific, 

10.45%
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Type of Motor Loss Cause 

Stator winding losses  Conductor cross-sectional area decreased 

Number of turns not as original 

Incorrect winding configuration  

Machining the rotor  

Rotor losses Altering rotor bars and end rings 

Cage design to specification 

Stray losses Change in air gap symmetry and air gap  

Damaged shields and bent motor shaft 

A review into quantifying this impact on efficiency shows various ranges of efficiency loss. 

Ontario Hydro conducted a study on electric motor rewinds to determine the effects of 

rewinds or repairs on electric motor efficiency. Nine 15 kW standard efficiency motors were 

damaged and then sent randomly to electric motor rewinding shops in Canada.  

The average loss of efficiency was about 1.1%, with the greatest reduction around 3.4% per 

repair. The efficiency losses were attributed to reduction in the conductor cross-sectional 

area, core damage resulting in hotspots and reduced insulation systems (Penrose & Bauer, 

1995). 

According to Hasanuzzaman, industrial motor efficiency improvement is one of the most 

important energy saving options in the industrial sector. Rewinding a motor degrades its 

efficiency in the range of 1–2% per repair (Hasanuzzaman et al., 2011).  

Research on the impact of rewinds in South Africa was conducted at the University of Cape 

Town. Three induction motor test beds were constructed in the Electrical Machines 

Laboratory. The test beds provided flexible ways of supplying, loading and measuring the 

performance of a range of induction motors. Meticulous attention was given to all aspects of 

the test beds to ensure accurate and repeatable results. 

Core and stator losses contribute the most to overall efficiency loss; these losses can increase 

as a result of damage on the core during the winding removal or assembly. Improving the 

insertion of the stator winding coils, while keeping the same number of effective turns, can 

produce lower stator conductor losses. The impact of repair and rewind has been shown to 

be significant with efficiency drops of up to 1.9% per repair (Mzungu et al., 2009). 
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2.11 Conclusion: Literature Review 

This chapter examined literature available for the EEM market in South Africa and abroad. 

The literature review also provided an understanding of motor efficiency, losses and the 

potential barriers for implementing the Eskom Energy Efficient Motor Programme. Minimum 

standards and classifications used internationally were also discussed. 

Induction motors are a common product used in most industrial facilities. End users 

continuously seek to replace old motors with new improved motors to improve productivity 

and profit margins. There is a large number of installed induction motors globally – this 

indicates growth in the motor market and should act as one of the factors driving energy 

efficiency and future requirements for motors (De Almeida et al., 2003) 

With the rising tariff increases, there is a need to drive for energy efficiency and cost-cutting 

within the South African industrial sector. The opportunity for savings by promoting EEMs can 

be significant. 

Standard induction motors and EEMs could be seen as similar motors. The main difference 

between an EEM and a standard efficiency machine is the design specifications and the use of 

raw materials to reduce losses (Zabardast & Mokhtari, 2008). EEMs are specifically designed 

to optimise the use of electrical energy. A major improvement in EEMs is the use of larger size 

components, which mean that more raw materials are used in these motors. 

Several policies exist for EEMs. These options are available to overcome the barriers for 

implementation and to promote the use of energy efficient equipment. The introduction of 

new standards was developed by the IEC classifying induction motors.  

The IEC 60034-30 standard defines the new efficiency classes for motors and integrates the 

various requirements for induction motor efficiency levels worldwide (International Efficiency 

Commission, 2008). This eliminates the confusion caused by multiple energy efficiency 

classifications that manufacturers use to produce motors for the global market. End users 

benefit by understanding the new standard and the implications of using a specific class of 
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motor. The introduction of these new standards provides a more transparent and easier 

platform to understand motor efficiency information.  

Despite the versatility and durability of standard efficiency squirrel-cage induction motors, 

they are subjected to the same failures as other electric machines. It is widely known 

internationally that repairs affect induction motor efficiency. Rewinding a motor degrades its 

efficiency in the range of 1-2% per repair (Hasanuzzaman et al., 2011). 

Speed has to be carefully managed to ensure that the full benefits of an EEM are realised. 

Replacing a standard motor with an EEM will not necessarily result in energy savings since 

EEMs run faster than standard motors. This is especially true for centrifugal fan and pump 

applications that are governed by affinity laws where the power consumed is directly related 

to the cube of the flow.  

The summary of Mzungu, H., Manyage, et al, (2009) findings are vitally important when 

considering the Eskom IDM Energy Efficient Motor Programme. Findings show that the speed 

of a 3 kW high efficiency motor is 1.3% higher than a standard motor. By applying the affinity 

principles to the application it can be concluded that the fluid power requirement is to the 

cube of the speed, hence an increase in power consumption for the high efficiency motor.  

According to McCoy, Litman and Douglas, energy consumption can boost up to 7% for 

centrifugal applications far exceeding any efficiency advantages expected from a high 

efficiency motor (McCoy, Litman & Douglass, 1990). There is sensitivity between load, energy 

requirements and the rotational speed of the motor. Using an EEM in a centrifugal pump or 

fan applications could result in increased electrical energy consumption  

The main focus of the Eskom Energy Efficient Motor Programme has been on EEM, but it is 

important to remember that a motor is just one part of an entire system designed for a 

specific application. If the components of the system are not designed well, then the system 

as a whole will not be efficient (De Keulenaer, 2004). 
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3 Methodology for Evaluating the Energy Efficiency 
Motor Programme  

3.1 Introduction  

The assessment of the Eskom Energy Efficient Motor Programme undertaken in this study 

followed two approaches: 

• Applying quantitative research methods by examining and evaluating the impact of 

the Eskom Energy Efficient Motor Programme by using information on the 

installation database.  

• Applying qualitative research methods to evaluate the effectiveness of the motor 

programme. A questionnaire was therefore developed to gather information from 

suppliers and end users. The results of this questionnaire will be presented in 

Chapter 4. 

3.2 Quantitative Assessment 

This quantitative assessment will: 

• Provide an overview of the information extracted from the motor database since the 

start of the Energy Efficient Motor Programme. 

• Apply the affinity laws that govern the electrical performance of motors in the 

identified applications.  

• Provide assumptions where there was a conflict in, or shortage of information 

provided in the database.  

• Provide the methodology followed to calculate the impact of replacing standard 

motors with EEMs.  

Database Information 

The information collected in the motor database was gathered from suppliers providing data 

on each motor that had been exchanged. The database itself was compiled by the facilitating 
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auditors of the programme. The motor database contains information related to both the 

original exchanged motor and the new replaced motor. An overview of the information used 

for the assessment done in this study is provided below.  

Information that was important for the current assessment includes the following:  

• Participant Information: This information will be used to provide the geographical 

participation of the programme.  

• Motor Efficiency: The change in efficiency between motors is an important factor 

and will be used to determine the nett electrical and demand impact of the 

programme. 

• Power Rating: The change in electrical power of the motor is another important 

factor that will influence the nett savings impact. 

• Application of Motor: Applications will be categorised into two parts – linear loads 

and centrifugal loads. The type of application is a key factor when applying the 

affinity laws to the application to determine nett energy and demand savings. 

• Speed of Motor: The speed of the motor will need to be calculated given the number 

of poles on the motor. This information is important when calculating the 

mechanical output power of the motor.  

Supplier Participation 

The database indicates that there were four participating suppliers. The information shows 

that the majority of the exchanges were done by Supplier A. The exact participation 

breakdown is illustrated in Figure 12. 
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Figure 12: Breakdown of supplier participation 

The reason for the high participation from Supplier A is that the company is one of the largest 

motor suppliers in South Africa and therefore has a greater database of customers than other 

suppliers. Supplier A has also been involved in the manufacturing of electric motors for 

around 25 years. Owing to this longevity in the market, this supplier has achieved an enviable 

market share and reputation not only in South Africa but internationally as well. 

There has been a spurt in participation in 2009; this was due to the increased participation of 

suppliers. The data also indicates that over the latter period of the programme there was a 

decline in participation. Figure 13 shows the history of participation from 2008 to 2013. 
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Figure 13: Supplier participation from year 2008 to 2012 

The possible reason for the significant decline in the uptake of the programme could be that 

the Eskom rebate process was cumbersome and was not attractive to suppliers. This study 

used a qualitative questionnaire to determine the reasons for this decline. The findings for 

the poor supplier response and decline in motor exchanges over the programme period are 

given later in this study. See Appendix A for the questionnaire. 

Motor Details 

This study required certain information on the motors in the Energy Efficiency Motor 

Programme. An example of new motor information on the database is shown in Figure 14 

below. 

 

Figure 14: New motors information on database 
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Date Exchanged

Specific Reference 

No
Serial No

Efficiency 

Rating (%)

Power Rating 

(kW)

No of 

Poles

Location of 

customer
Application

Supplier 

name
Invoice number

Unit Price  

(Rands Excl 

subsidy)

 DSM Subsidy 

(Rands) 

1 10 April 2008 BX41591 BX41591 91 11 4 Freestate Centrifugal Supplier A J53328 3 550.71           700.00          

2 10 April 2008 QC28044 QC28044 93.9 37 4 Freestate Centrifugal Supplier A J53329 11 291.11         1 700.00       

3 10 April 2008 HO76385 HO76385 83.8 1.1 4 Freestate Centrifugal Supplier A J53466 968.63              400.00          

4 10 April 2008 QC46067 QC46067 93.9 37 4 Freestate Centrifugal Supplier A J53467 11 580.63         1 700.00       

5 10 April 2008 QC46065 QC46065 93.9 37 4 Freestate Centrifugal Supplier A J53467 11 580.63         1 700.00       

6 10 April 2008 HO24948 HO24948 85 1.5 4 Freestate Centrifugal Supplier A J52891 958.91              400.00          

7 10 April 2008 HO24946 HO24946 85 1.5 4 Freestate Linear Supplier A J52891 958.91              400.00          

8 10 April 2008 HO24945 HO24945 85 1.5 4 Freestate Centrifugal Supplier A J53470 847.87              400.00          

9 03 June 2008 CE50576 CE50576 93.2 30 4 Gauteng Centrifugal Supplier A 21851 12 013.05         1 400.00       

10 03 June 2008 CE50577 CE50577 93.2 30 4 Gauteng Centrifugal Supplier A 21851 12 013.05         1 400.00       

11 03 June 2008 HW13415 HW13415 86.4 2.2 4 Gauteng Linear Supplier A J54977 1 759.00           500.00          

12 03 June 2008 1000226175 1000226175 86.4 2.2 4 Gauteng Linear Supplier A J55848 2 298.00           500.00          

13 03 June 2008 OF43483 OF43483 90.6 11 2 Gauteng Linear Supplier A J54917 6 913.00           700.00          

14 03 June 2008 HJ68126 HJ68126 86.4 2.2 4 Gauteng Linear Supplier A J56730 3 830.00           500.00          

15 03 June 2008 HP25009 HP2509 83.8 1.1 4 Gauteng Centrifugal Supplier A J30942/J54918 1 204.61           400.00          

16 03 June 2008 CE31106 CE31106 89.5 7.5 2 Freestate Centrifugal Supplier A J31590/J55522 2 392.16           700.00          

17 03 June 2008 1000855694 1000855694 92.6 22 4 Freestate Centrifugal Supplier A J31588/J55521 6 658.65           1 300.00       

18 03 June 2008 HC73828 HC73828 86.7 3 2 Freestate Centrifugal Supplier A J31876/J55142 1 260.06           500.00          

19 03 June 2008 1000650252 1000650252 84.1 1.5 2 Freestate Centrifugal Supplier A J31885/J55143 1 016.93           400.00          

20 03 June 2008 CD64460 CD64460 90.6 11 2 Freestate Centrifugal Supplier A J55967 3 711.09           700.00          
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The information was captured for both new motors and old replaced motors. The old motor 

information is shown in Figure 15. The important information required for calculating the 

savings impact are the speed of the motor, electrical power ratings, application efficiency 

rating and operating hours. 

Due to nameplate data not being available, the speed of motors was calculated theoretically. 

The efficiency of a replaced motor was compared with that of a used standard efficiency 

motor. Due to the efficiency degradation from multiple rewinds and repairs, a loss factor was 

used to determine the typical efficiency of a used replaced motor. Old or replaced motor 

information is shown in Figure 15. 

 

Figure 15: Old motor information  

Number of 

motors
Serial Number

Power 

Rating

 No of 

poles
Application

Efficiency 

Rating (%)

1 K4/96070 11 4P Centrifugal 88.4

2 118787 37 4P Centrifugal 92.5

3 104245 1.1 4P Centrifugal 76.2

4 J05502 37 4P Centrifugal 92.5

5 JD3988 37 4P Centrifugal 92.5

6 None 1.5 4P Centrifugal 78.5

7 None 1.5 4P Linear 78.5

8 None 1.5 4P Centrifugal 78.5

9 58/4712 30 4P Centrifugal 91.4

10 58/4709 30 4P Centrifugal 91.4

11 NONE 2.2 4P Linear 81

12 NONE 2.2 4P Linear 81

13 NONE 11 2P Linear 88.4

14 NONE 2.2 4P Linear 81

15 CR75111 1.1 6P Centrifugal 76.2

16 B068292 7.5 2P Centrifugal 87

17 NONE 22 4P Centrifugal 90.5

18 NONE 3 2P Centrifugal 82.6

19 28835143 1.5 2P Centrifugal 78.5

20 NONE 11 2P Centrifugal 88.4
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Motor Efficiency 

The efficiency rating of an EEM was taken as EFF1 if it was not specifically given in the 

database. The efficiency ratings of all standard motors were taken as EFF2. The efficiency 

ratings of EFF1 and EFF2 motors were obtained from the European CEMEP labelling scheme. 

Table 6 shows the efficiency of the different types of motor. From the table it can be seen 

that an EEM of an 11 kW 2-pole motor has an efficiency of 90.5% whilst a standard motor has 

an efficiency of 88.4%. The information as shown in Table 6 was used during analysis to 

determine the potential impacts as result of the retrofits undertaken under the Eskom Energy 

Efficient Motor Programme. 

Table 6: European Union motor labelling scheme 

Power Rating 

(kW) 

2-Pole (3 000 rpm) 4-Pole (1 500 rpm) 

EEM  

Efficiency 

Rating (%) 

Standard Motor 

Efficiency Rating 

(%) 

EEM  

Efficiency 

Rating (%) 

Standard Motor 

Efficiency Rating 

(%) 

1.1 82.8 76.2 83.8 76.2 

1.5 84.1 78.5 85.0 78.5 

2.2 85.6 81.0 86.4 81.0 

3.0 86.7 82.6 87.4 82.6 

4.0 87.6 84.2 88.3 84.2 

5.5 88.5 85.7 89.2 85.7 

7.5 89.5 87.0 90.1 87.0 

11.0 90.6 88.4 91.0 88.4 

15.0 91.3 89.4 91.8 89.4 

18.5 91.8 90.0 92.2 90.0 

22.0 92.2 90.5 92.6 90.5 

30.0 92.9 91.4 93.2 91.4 

37.0 93.3 92.0 93.6 92.0 

45.0 93.7 92.5 93.9 92.5 

55.0 94.0 93.0 94.2 93.0 

75.0 94.6 93.6 94.7 93.6 

90.0 94.6 93.9 95.0 93.9 

Another factor considered was the effect of multiple rewind procedures and repairs on 

replaced motors. It is evident from the literature review covered in Section 2.10 that 

increased losses occur due to repairs; a 3% loss factor has therefore been selected to 

represent the loss in replaced motor efficiency.  
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According to literature, rewinding a motor degrades its efficiency in the range of 1–2% per 

repair (Hasanuzzaman et al., 2011). It is assumed that old motors are rewound at least three 

times, hence a 3% loss over its life cycle before being replaced. 

The interpolated efficiency values were used to determine the nett savings from the 

programme. It can also be seen that as motor size increases, the efficiency rating for the 

motor also increases. The efficiency points are shown in Figure 16.  

 

Figure 16: Replaced motor efficiency curve 

Motor Power Ratings 

The programme considered general purpose induction motors ranging from 1.1 kW to 90 kW. 

Figure 17 shows a breakdown of the motors subsidised under the programme according to 

their power rating.  
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Figure 17: Range of motor sizes on database 

Motor Applications 

The application of a motor plays a critical role in the electrical performance of the motor. The 

data indicates that motors were used for the following applications (Figure 16): 

 

Figure 18: Motor applications 

The applications are further categorised as: 

• Centrifugal loads (e.g. pumps and fans). 

• Linear loads (most other loads). 
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It was established that 68% of the motors that were exchanged were connected to either a 

pump or a fan centrifugal load whereas 11% of motors were found connected to a linear load. 

Motors that had unknown applications formed 21% of the total motors exchanged. The 

breakdown of number of motors and their applications are shown in Figure 19. 

 

Figure 19: Breakdown of motors per application showing number and percentage of replaced motors 

To analyse the potential saving impacts, applications needed to be assumed for motors that 

did not have an application specified in the database. An application allocation was therefore 

done to determine the ratio between the identified centrifugal and linear loads. The motors 

were successfully linked to an application of that number – 86% were connected to a 

centrifugal load whilst the remaining 14% were connected to a linear load.  

 

The motors with unknown applications were thus allocated an application such that the total 

application ratio was 86:14 for centrifugal to linear. This means that for the 285 unknown 

motors, 242 motors were assumed to be connected to a centrifugal load whilst the remaining 

43 motors were assumed to be connected to a linear load. The final motor allocation is shown 

in Figure 20. 
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Figure 20: Breakdown of motors without unknown applications showing number and percentage of motors replaced 

Speed of the Motor  

There is a direct relation between the speed of a motor and the number of poles of the 

motor. The unit for motor speed is expressed as revolutions per minutes (rpm). The 

information on the database provided only the number of poles of the motor and not the 

motor speed. A calculation was required to obtain the theoretical speed of the motor. The 

equation used to calculate the speed from the number of poles was:  

 

Dℎ
��
��	FG	HI

J	��	K����	 = (9:M	×	N��O����P)
=�	�R	����S 																																																																														[6] 

Where: 

Unit for Speed of motor is rpm. 

Unit for Frequency is Hertz (Hz). 

 

This leads to the following data: 

• 2-pole motors in South Africa have a theoretical rotational speed of 3 000 rpm. 

• 4-pole motors in South Africa have a theoretical rotational speed of 1 500 rpm. 

The calculated rpm rating of the motor was used to determine the efficiency change of the 

motor. The speed also played a vital role in the electrical performance of the motor based on 

the application. The information on the database was therefore converted to reflect the 

speed of the motors as expressed in rpm. 

1071
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Operating Hours  

The recorded operating hours of a motor has a direct impact on its electrical energy 

consumption. Although the database in some instances recorded the estimated hours of 

operation per day, operating hours were changed to annual operating hours. However, 87% 

of the entries in the database had unknown operating hours. Due to the unreliability of the 

data relating to the operating hours, it was assumed that the motors operated 60% of the 

time. This factor takes both outages and diversity into consideration. 

Assumptions 

From the preceding, the following assumptions were made to calculate the impact of the 

Energy Efficiency Motor Programme. 

• All EEMs were categorised as EFF1 as per European Union classification. 

• All replaced motors were categorised as EFF2 motors and were classified as standard 

efficiency motor per European Union classifications. 

• The replaced standard motor efficiency was reduced by 3% for the calculation as the 

standard motor efficiency had deteriorated efficiency due to wear and rewind 

losses.  

• It was assumed that there were no VSDs and that the EEM operated at up to a 2% 

higher speed than standard efficiency motors. 

• The utilization factor was taken as 60% of the annual operating hours: 

(365	days	per	annum	 × 24	hours/day	 × 60% = 5	256	hours	per	annum). 
• The induction motors were assumed to operate at 60% loading as the loading on the 

motors were not given and a motor seldom operates at 100% of its capacity. Motors 

typically have varying load conditions during their operation. The assumption was 

adopted from the measurement and verification report. 

• It is assumed that old motors were replaced with new EEMs of the same electrical 

power rating. If oversized motors were in fact replaced with correctly sized motors, 

it was not captured as such on the database. 
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3.3 Methodology Used to Derive Savings Impact of the Energy 

Efficiency Motor Programme 

The electrical demand and energy savings impact of the exchanged motors was calculated 

from the database information. The application of the motors was critical in determining 

these savings. The ratio of centrifugal and linear applications on the database was discussed 

before and is shown again in Figure 21. 

 

Figure 21: Percentage linear and centrifugal applications 

The savings calculation was applied to both applications and incorporated into a Microsoft 

Excel® database in order to establish results. The saving impact calculation steps detailed 

below describe the methodology followed to determine the impacts of the Energy Efficiency 

Motor Programme. It is written in such a way that any person can take the database, clean 

the data and follow the methodology step-by-step to obtain the same answers. 

Savings Impact Calculation Steps 

1. Apply the assumption that EEMs operate at up to a 2% faster motor speed than 

standard efficiency motors and that systems are not controlled. 

2. Apply the assumption that a replaced old motor will have at least a 3% reduced 

efficiency than a new EFF2 motor; the reduced efficiency takes motor degradation and 

rewind efficiency loss into account.  
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3. Using the European Union classification, determine the efficiency rating for both 

standard motors and high efficiency motors (refer to Figure 3 for efficiency ratings). 

4. Determine the change in efficiency, see Equation 7 below. 

∆	����	�
�	�	[%] = 	�jj1	�����	
���	�
�	�[%]	− m�F�JF�J	K����	
���	�
�	�[%]		             [7] 

5. Determine theoretical speed of the standard motor by applying Equation 6. 

6. Determine the theoretical speed of the EFF1 motor by taking into consideration that 

EEMs run faster than standard motors; therefore, a 2% increase in speed will be used 

in the calculation, see Equation 8 below. 

	n�	�
FH
J	HI

J	��	K���� = (9:M	×	N��O����P)
=�	�R	����S 		× 1.02																																																																					[8] 

Although this would reveal the theoretical speed of the motor, which will always be 

higher than the actual speed of the motor, the actual results would not be affected by 

this calculation as the change in speed can be regarded as a factor that will be used in 

calculating the electrical consumption impact.  

 

7. Apply affinity laws to determine the increased power demand percentage of an EFF1 

motor.  

For centrifugal applications:  

The percentage increase in demand is equal to		<=:
=9@

C
, refer to Equation 4. The 2% 

increase in speed ratio is applicable for all scenarios where standard efficiency motors 

are replaced with high efficiency motors. The 2% increase in speed will then result in 

an increased power demand of 6.1%.  

For linear applications: 

The percentage increase in demand is then equal to	<=:
=9@. Since there is a direct 

proportion between power and speed, a 2% increase in speed ratio is applicable for all 

scenarios were standard efficiency motors are replaced with EEMs. The 2% increase in 

speed will result in an increased power demand of 2%.  
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8. Determine the change in demand of an EFF1 motor by subtracting the increased 

power demand by the change in efficiency calculated in Step 4. See Equation 9. 

		oℎF�p
	��	B�q
�	�jj1[%] = r
KF�J	��	�
FH
	[%] −	∆����	�
�	�	[%]																																								[	9] 

9. Determine the change in power demand of an EFF1 motor by applying change 

percentage to the EEM rating by using Equation 10. 

 

	�jj1	sJtuH�
J	B�q
�		[vw] 	=
									�jj1	B�q
�	xF���p	[vw] +
								(�jj1	B�q
�	xF���p	[vw] × oℎF�p
	��	B�q
�	�jj1	[%])																																								[	10] 

	
10. Determine power demand change. A negative number indicates that the EEM will use 

more electricity than the replaced standard motor. A positive number indicates a 

decrease in demand, i.e. an electricity saving. See Equation 11 below. 

∆	B�q
�	r
KF�J	[vw] 	=
m�F�JF�J	�����	B�q
�	xF���p[vw] − 	�jj1	sJtuH�
J		B�q
�	[vw]																																														[	11] 

11. Determine electrical energy impact by applying operating hours to demand impact. 

See Equation 12 below. 

�G
	���	FG	��
�p�	nKIF	�	(vwℎ) = ∆	B�q
�	r
KF�J	[vw] 	× zI
�F���p	A�u�H																													[12] 

The above step-by-step methodology to determine the power demand and electrical energy 

impact was applied to all motors in the database to determine the overall impact of the 

exchanged motors. The results and findings of this will be presented in the next chapter. 

In order to further illustrate how the methodology is used for both centrifugal and linear 

applications; an example of a single motor exchange is assessed on its power demand and 

electrical energy impact. 

Example of a Centrifugal Motor Exchange 

Table 7 contains information that was used to calculate the impact of an installed new EEM. 
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Table 7: Example of a centrifugal application motor replacement 

Database Information 

EFF1 motor rating  11 kW 

Standard motor rating  11 kW 

Operating hours 5 256 hrs/pa 

EFF1 efficiency  90.10% 

Standard motor efficiency 85.83% 

Number of poles 4 

Load factor 60% 

The savings impact steps were used to illustrate the impact of the exchange. The steps are 

elaborated below. 

1. EFF1 motor speed is 2% faster than standard motor.  

2. 3% loss in efficiency on replaced motor. 

3. The efficiency of the replacement motor is 85.8% and the efficiency of the EEM is 

91.0%.  

4. The change in efficiency is: 

(91.0 – 85.8) = 5.2%.  

5. The theoretical speed of the standard motor is: 

(120 × 50)/4 = 1 500 rpm.  

6. The theoretical speed of the EEM is: 

1 500 × 1.02 = 1 530 rpm.  

7. The application is centrifugal, therefore, the 2% increase in speed will result in an 

increased power demand of 6.1%.  

8. Subtract the increased power demand by change in efficiency: 

6.1% – 5.2% = 0.9%. 

9. Determine the change in demand of the EFF1 motor: 

11 kW + (11 kW × 0.9%) = 11.10 kW. 

10. Subtract standard motor rating from the new EFF1 rating: 

11 kW – 11.10 kW = -0.10 kW.  

The negative results indicate that the EFF1 motor will use more electricity than a 

replaced standard motor. 
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11. Determine electrical energy impact per annum: 

-0.1 kW × 5 256 hrs =-546.96 kWh per annum. 

By replacing a standard efficiency motor with an EEM, the calculation shows that the impact 

is negative from a power demand and electrical energy perspective. The EEM, due to an 

increase in speed, translates into more work output and possibly increased productivity for 

the end user. However, if the increased work output from the motor is not utilised, the 

productivity benefit to end user will be wasted. 

Example of Linear Application Motor Exchange 

Table 8 illustrates a motor exchange but for a linear application. Similar to the previous 

example, the information in Table 8 was used to calculate the power demand and electrical 

energy impact of the motor exchange. 

Table 8: Example of a linear application motor replacement 

Database Information 

EFF1 motor rating  11 kW 

Standard motor rating  11 kW 

Operating hours 5 256 hrs/pa 

EFF1 efficiency  90.10% 

Standard motor efficiency 85.83% 

Number of poles 4 

Load factor  60% 

1. EFF1 motor speed is 2% faster than standard motor. 

2. 3% loss in efficiency on replaced motor. 

3. The efficiency of the replacement motor is 85.83% and the efficiency of the EEM is 

91.0%.  

4. The change in efficiency is: 

(91.0 – 85.83) = 5.2%.  

5. The theoretical speed of the standard motor is: 

(120 × 50)/4 = 1 500 rpm.  

6. The theoretical speed of the EEM is: 

1 500 × 1.02 = 1 530 rpm.  
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7. The application is linear, therefore, the 2% increase in speed will result in an increased 

power demand of 2%.  

8. Subtract the increase power demand by change in efficiency:  

2.0 – 5.2% =-3.2%. 

9. Determine the change in demand of the EFF1 motor:  

11 kW + ((11 kW × (-3.2%)) = 10.65 kW. 

10. Subtract standard motor rating from the new EFF1 rating:  

11 kW – 10.65 kW = 0.35 kW. 

The EFF1 motor will use less electricity than a standard motor – in this case the results 

are positive and some savings can be realised. 

11. Determine electrical energy impact per annum:  

0.305 kW × 5 256 hrs/pa =1 835 kWh per annum.  

Due to the power demand decrease, the electrical energy impact is positive and electricity 

savings are realised. 

3.4 Research Questionnaire 

A questionnaire was developed to evaluate the effectiveness of the Eskom DSM Energy 

Efficiency Motor Programme. This questionnaire was intended to collect data from 

participants who were end users and suppliers. The results of the questionnaire were used to 

elaborate on certain key questions below. 

The key research questions were: 

• Has the Eskom supplier participation process been fair to suppliers? This question 

relates to the limited amount of approved suppliers on the motor programme and 

the reasons for this. 

• Why has the motor participation through the Eskom DSM Energy Efficiency Motor 

Programme declined since inception of the programme? The database information 

indicates a decline in participation since the start of the programme. The 
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respondents will provide data for the possible reasons for the decline in 

participation from 2008 to 2012. See Figure 22 for details. 

 

Figure 22: Supplier participation on the Eskom Energy Efficient Motor Programme 

It was assumed that motors in South Africa are rewound at least three times during their life 

cycles. To understand the frequency of rewinds and to establish the impact of multiple 

rewinds the following question were asked: 

• On average how many times would an induction motor be rewound before it would 

be scrapped? This result will validate the assumption that on average a motor will be 

rewound at least three times, increasing losses on the motor. 

• Are consumers aware of increased efficiency losses due to multiple rewind 

procedures? This result will provide insight and focus on energy efficiency and end 

users priority areas. 

The information from the questionnaire was used to provide results for determining 

conclusions on the assessment of the motor programme. An example of the questionnaire is 

provided in Annexure A. 
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4 Results and Findings 

4.1 Overview 

This chapter discusses the results achieved using the savings impact methodology described 

in Chapter 3. The results of the questionnaire is also used to verify the findings. 

The savings impact methodology previously discussed was applied to the motor database to 

determine the electrical energy and demand impact of the programme. Eskom also appointed 

an independent measurement and verification (M&V) entity to determine the nett electrical 

savings impact. The results from the M&V report was used to verify the results obtained from 

the database calculation. 

Specific findings on the database are also shown in this chapter. 

4.2 Database Findings  

The Energy Efficient Motor Programme commenced on 10 April 2008 and ended on 

20 September 2012. Eskom DSM launched the programme with an intention to replace 5 100 

motors in order to achieve an electrical power demand reduction of 2.4 MW. However, at the 

close of the programme, only 1 240 motors were replaced. The targets for the Eskom Energy 

Efficiency Motor Programme were therefore not achieved. 

The programme was a national initiative. Figure 23 indicates the replacement of motors 

geographically. 
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Figure 23: National distribution of EEMs replaced 

Findings indicate that the majority of replacements occurred in the Gauteng Province 

totalling 62% of total motors installed, thereafter Mpumalanga Province with 20% and 11% in 

the KwaZulu-Natal Province. Only four motors were replaced in the Northern Cape, hence a 

0% allocation in Figure 23. 

The reason for the significant uptake in Gauteng is the result of the increased infrastructure 

requirement in that period, such as roads, railways, the Gautrain project and infrastructure 

upgrades for the 2010 FIFA Soccer World Cup (Calitz & Fourie, 2010). 

An increase in mining activities combined with Eskom’s Capacity Expansion Projects (re-

commissioning of mothballed stations and new baseload stations) has also led to increased 

uptake in the Mpumalanga Province (Bohlmann et al., 2015). 

Participation of Suppliers 

The criteria for Eskom’s selection of suppliers was based on the tender procurement process, 

with the tender being advertised in a public domain. The key qualifying criterion was that the 

electric motor suppliers had to be authorized to participate. The SABS would supply a 

certified copy of the SABS certificate as proof. 
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The outcome of the Eskom commercial process was that only four approved EEM suppliers 

qualified to participate. It is further seen that Supplier A showed majority participation in the 

programme, whilst the other approved suppliers participated poorly. Figure 24 shows 

supplier participation. 

 

Figure 24: Supplier participation 

The reasons for the poor supplier participation included: 

• Supplier feedback from the questionnaire shown in Annexure A indicated that the 

Eskom rebate process was both lengthy and not practical for many production firms. 

Should there be a motor breakdown, a new motor has to be installed immediately 

and due to the lengthy exchange process involved, many suppliers and end users 

opted not to participate in the programme. 

• Not all suppliers obtained SABS accreditation as their motors already had 

international quality compliances. Suppliers therefore questioned the need for the 

SABS compliance testing. 
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Motor Ranges  

As mentioned before, the motors ranged from 1.1 kW to 90 kW. Figure 25 shows a 

breakdown distribution of the motors according to their power rating. It is seen that the 

majority of motors replaced were in the range of 1.1 kW to 30 kW. 

 

Figure 25: Percentage distribution and power ratings of motor participation 

Figure 26 indicates that as the power rating of motors increase, the efficiency differential 

between the high efficiency motor and old replaced motor decreases. The database 

information therefore indicated that the majority of motors replaced were in ranges where 

the differential in efficiency was the largest. 
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Figure 26: Efficiency differential between a high efficiency motor and replaced motor 

Motor Applications 

The application of the motors played an important role in the demand energy performance of 

the motor. The different applications that were identified in the database could be sorted 

into two categories: centrifugal loads and linear loads. 

The power requirements of motors in centrifugal applications are governed by the affinity 

laws which dictate that the power requirements of a motor changes to the cube of the speed 

changes. This is important as EEMs typically have higher rotational speeds than the replaced 

motors; this is only the case when the system is not controlled. An EEM can thus use more 

electricity than a replaced standard motor if run at its maximum theoretical speed because of 

the affinity laws. 

This is extremely relevant because 1 071 (86% of total) of the motors that were replaced were 

for centrifugal applications. 
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Figure 27: Motor applications 

Results from Applying Methodology to Derive Savings Impact  

Applying the methodology discussed in Chapter 3 to the database, the savings impact for 

electrical energy and demand was calculated for both linear and centrifugal applications and 

a summary of electrical impact is shown in Table 9. 

Table 9: Linear applications results 

Linear Applications 

Number of motors replaced 169 

Motor speed increase 2.0% 

Replacement motor efficiency loss factor 3.0% 

Operating hours per annum 5 256 

Motor load factor  60% 

Demand saving   44 kW 

Energy saving per annum  232 MWh 

The results achieved for linear applications were an electrical demand savings of 44 kW with 

an associated electrical energy savings of 232 MWh per annum. The results were positive for 

the application; however, the savings were far from Eskom’s initial target. 

Table 10 shows the results for the 1 071 motors replaced for centrifugal applications. When 

dealing with centrifugal applications, the speed of the motor can impact the input power of 

the induction motor due to the affinity laws discussed in Chapter 2. 

1071

169

0 200 400 600 800 1000 1200

Centrifugal applications

Linear applications

No of motors



 

Assessment of the National Energy Efficiency Motor Programme 

 Page 71 

 

 

Table 10: Centrifugal applications results 

Centrifugal Applications 

Number of motors replaced 1 071 

Motor speed increase 2.0% 

Replacement motor efficiency loss factor 3.0% 

Operating hours per annum 5 256 

Motor load factor  60% 

Demand saving  -114.85 kW 

Energy saving per annum (kWh) -603.66 MWh 

The nett demand savings for centrifugal applications was -114.85 kW with an associated 

electrical energy savings of -603.66 MWh. The savings for the centrifugal application motors 

indicated a negative contribution which meant that electricity consumption had increased. 

Table 11: Total savings impact 

Total Electrical Savings Impact 

Number of motors replaced 1 240 

Speed (rpm) increase 2.0% 

Replacement motor efficiency loss factor (%) 3.0% 

Operating hours per annum 5 265 

Load factor  60% 

Demand saving  -70.77 kW 

Energy saving per annum (kWh) -371.96 MWh 

The overall demand reduction savings for the 1 240 motors replaced for combined 

applications was -0.77 kW with an associated electrical energy savings of -371.96 MWh. This 

negative contribution indicated that the EEMs were consuming more energy than the old 

replaced motors. This, however, could be used as increased productivity for the end user. The 

result was therefore negative due to the large percentage (86%) of the replaced motors being 

used for centrifugal applications and thus governed by the affinity laws. 

The results confirmed that both the Eskom DSM electrical savings targets of 2.4 MW and the 

intended 5 100 motors replacements were not reached. The database findings also confirmed 

that motors were replaced on the same power rating basis, since if oversized motors were 

replaced with appropriately sized motors, the results would mostly likely have been positive 

savings. 
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Eskom appointed an independent M&V entity to report on the performance of the program. 

The following section compares the electrical savings impact results found in this study to 

that of the M&V entity. This comparison verifies the results obtained in this study. 

4.3 Verification: Comparison with M&V Results 

The North-West University (NWU) M&V team was appointed to do a Performance 

Assessment Report for the Energy Efficient Motor Programme. The objective of the M&V 

process was for an independent entity to determine the electrical savings of implementing 

the Energy Efficiency Motor Programme. 

No actual measurements, either spot or continuous, were performed by the M&V team. 

Because of the large volumes of motors, it was impossible to visit each site. The M&V team 

was therefore provided with the database of information on the exchanges which was 

compiled by the Eskom-appointed facilitating auditors at the time. 

The M&V team also confirmed that the application of the motors played a critical role in the 

energy performance of the motor. The M&V teams proposed three scenarios taking speed 

increase into consideration, namely, a 1%, 2% and 3% increase.  

From the results it was found that for the 1% speed increase scenario, 46% of the motors 

could have increased their demand and 54% could have decreased their demand. In the 2% 

speed increase scenario, 76% of the motors could have increased their demand whilst 24% 

could have decreased their demand. For the 3% speed increase scenario, it was found that 

91% of the motors could have increased their demand and their consequent electricity 

consumption. Only 9% of the motors could have decreased their demand and annual 

electricity consumption. 

Table 12 shows the total impact of the Energy Efficient Motor Programme with the 

assumption that EEMs operate at 1%, 2%, or 3% faster than standard efficiency motors. It is 

seen in the tables that it is possible that the demand could have increased by between 61 kW 

(1% scenario), 317 kW (2% scenario) and 577 kW (3% scenario). The annual electricity 
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consumption might then have increased by between 333 MWh (1% scenario), 1 731 MWh 

(2% scenario) and 3 154 MWh (3% scenario). Results from the M&V report therefore also 

showed negative savings for all three scenarios. 

Table 12: M&V results speed increase scenarios 

Scenario 
Electrical Demand Savings 

(kW) 

Annual Electrical Energy 

Savings (MWh) 

Scenario 1:  1% speed increase -60.97 -333.42 

Scenario 2:  2% speed increase -316.83 -1 731.09 

Scenario 3:  3% speed increase -577.38 -3 154.4 

Based on the literature review in Chapter 2, it was found that the 2% increase in speed was 

an appropriate factor to use in the calculations. It was also assumed that the motors were not 

controlled. The M&V results for the 2% scenario also indicated negative results compared 

with the results calculated. A comparison of the results from the study and the M&V are 

shown in Table 13. 

Table 13: Comparison of results 

Comparison of Results 

  Results from study  M&V results  

Number of total motors exchanged 1 240 1 088 

Motors centrifugal applications (%) 86 83 

Motors linear applications (%) 14 17 

Motor increase in speed scenario (%) 2 2 

Efficiency loss factor, old motors (%) 3 None  

Motor loading (%) 60 60 

Motor utilisation factor (%)  60 60 

Electrical demand savings impact (kW) -70.77 -316.83 

Electrical energy savings impact (MWh per annum) -371.96 -1731.09 

M&V results sourced from Eskom Assurance and Forensic Department:  Report 201104v2r0docx 

The main reasons for the difference in values is that the M&V entity did not use the actual 

total number of motors replaced, this may have been due to the fact that they were reporting 

on the programme before the finalisation of participation in the programme by the auditors. 
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Due to the difference in the number of motors exchanged, a scaling factor was used to 

compare the results. The scaling factor equation is shown in Equation 13. 

 

m	FG��p	�F	��� = {����	��|}��	�R	|����S	�~�������	S���P	��S���S	
{����	��|}��	�R	|����S	�~�������	�	�	��S���S	

																																						…. [13] 

				
The scaling factor was calculated to be 0.877, and was applied to the results of this study in 

order to compare them with the M&V results. 

 

The M&V team also did not consider an efficiency loss factor. The assumption used by the 

M&V entity was that a standard efficiency motor was replaced with an EEM, where the 

efficiencies were compared with that of a new motor, which was not entirely true. 

 

It is estimated that electric motors are repaired at least 2 twice over their life cycle 

(Mthombeni, 2007). The impact of these rewind losses is shown in Table 14. Another reason 

for the difference in values is that the data sorting for the motor applications differed 

marginally; the difference in values is shown in Table 14. 

Table 14: Efficiency loss factor impact 

Efficiency Loss Factor Impact Applied to Data Based on 2% Speed Increase Scenario 

Loss Factor on Old 

Replacement Motor (%) 

Impact on Electrical 

Demand Savings (kW) 

Impact on Electrical Energy 

Savings (MWh per annum) 

0 -354.56 -1863.57 

1 -258.11 -1356.63 

2 -163.52 -859.46 

3 -70.77 -371.97 

4 20.20 106.17 

5 109.44 575.22 

The results of this study took into consideration an efficiency loss factor of 3% that was 

reached by applying the assumption that the old replaced motor had been rewound or 

repaired at least three times in its life cycle. Table 14 therefore shows the impact of the loss 

factor on electrical demand and energy savings for the data analysed at a 2% speed increase 

scenario. It can be seen that results became positive towards a degradation of 4% on the old 

replaced motor. 
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Therefore, by applying a loss factor of 0% and a scaling factor of 0.877, the number of motors 

and the efficiency loss factor matched the M&V values. The comparison of these results is 

shown in Table 15 below. 

Table 15: Comparison of results with scaling factor 

Comparison of Results with Scaling Factor and No Loss Factor 

  Results from 

Study  

M&V Results  Difference 

Number of total motors exchanged (scaled) 1 088 1088   

Scaling factor for number of motors 0.877 1   

Motors centrifugal applications (%) 86 83  

Motors linear applications (%) 14 17  

Motor load factor (%) 60% 60%  

Motor utilisation factor (%) 60% 60%  

Motor increase in speed scenario (%) 2 2   

Efficiency loss factor, old motors (%) None None    

Electrical demand savings impact (kW) -354.56 -316.83 11% 

Electrical energy savings impact (MWh) -1863.57 -1731.09 7% 

A comparison of the results, without the efficiency loss factor and applying the scaling factor 

to match the number of motor, validated the results with the M&V results. Although the 

results were similar, it is not entirely correct not to consider an efficiency loss factor. 

Table 14 shows the actual impact of the programme, taking the loss factor into account. For 

this study, the results of the Energy Efficiency Motor Programme was found to be negative. 

This meant that the electricity demand increased by 70.77 kW and the associated 

consumption increased by 371.96 MWh. 

An improvement to the M&V results and methodology will thus be to include the efficiency 

loss factor for more accurate results. 

4.4 Results from the Questionnaire 

The results of the questionnaire were based on feedback from 10 participants. An example of 

the questionnaire is attached as Annexure A. 

The key objective of the questionnaire was to obtain information on the following items: 
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Supplier Participation  

The information from the database indicated that only four suppliers participated in the 

programme from 2008 to 2012 and, although the programme was national, the majority of 

exchanges occurred in the Gauteng and Mpumalanga provinces. 

Most participants (80%) indicated that the Eskom supplier participation process was not fair 

to all suppliers and that the Eskom rebate process was cumbersome. They also indicated that 

the rebate value that was offered did not justify the motor replacement. Since participants 

indicated that the process was not fair; this could be interpreted as the procurement 

requirements being too stringent, hence only a small number of suppliers would be chosen. 

The feedback confirmed that there was a need to improve supplier participation. Due to the 

lengthy procurement process and stringent application criteria, many suppliers opted not to 

participate. Another important reason for the decline in participation was that the 

programme was put on hold in 2010 due to funding constraints within Eskom, with no 

certainty as to when it might continue. Suppliers therefore chose not to participate due to the 

uncertain future of the programme.  

The Eskom Energy Efficient Motor Programme’s rebate claiming process could also have been 

improved by introducing an online system to enable the capturing of information and 

detailing nationwide exchange points. This would have improved the turnaround time to 

issue rebates and would have helped alleviate the time problems faced during the 

procurement process. 

End User Awareness 

The majority of the participants (90%) confirmed that there was value in replacing a standard 

efficiency (EFF2) motor with an energy efficient (EFF1) motor of the same power rating. 

However, 60% of participants later confirmed that installed high efficiency motors operate at 

higher speeds than standard efficiency motors of the same power rating, hence possibly 

consuming more energy for centrifugally driven applications.  
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This information confirmed that there was uncertainty on the outcome of the exchange 

programme. There was therefore a need for creating energy conservation awareness for end 

users and suppliers in line with Eskom’s demand reduction objectives. Eskom should 

therefore provide a holistic energy advisory service advising end users and not only limit them 

to specific programmes. This would make end users aware of the benefits of a systems 

approach for energy management. 

Efficiency Losses  

All participants confirmed that motors are usually rewound at least 4 to 5 times in their life 

cycle. The responses therefore validated the assumption of degradation and further efficiency 

losses due to multiple rewinds and repairs.  

With successive motor rewinds, the efficiency of motors tends to decrease significantly. 

However, many users considered it more effective to rewind than to upgrade, as this is seen 

as a short-term means of saving costs. 

There is therefore a need in South Africa to enforce a motor labelling programme and for 

repairers to be accredited to ensure quality repairs. End-user awareness is thus of utmost 

importance in managing endless rewinding and repair procedures. 

4.5 Summary of Results and Findings 

This chapter provided results on the electricity power demand and energy impact of the 

Eskom Energy Efficient Motor Programme. 

The power requirements of motors in centrifugal applications are governed by the affinity 

laws that dictate that the power requirements of a motor changes according to the cube of 

the speed changes. This is important since EEMs typically have higher rotational speeds than 

the replaced motors. An EEM can therefore use more electricity than a replaced standard 

motor because of the affinity laws. It was also seen from the results that 86% of motors 

replaced was centrifugal applications. 
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The overall demand savings for 1 240 motors for all applications was found to be -70.77 kW 

with an associated electrical energy savings of -371.96 MWh. This negative contribution 

indicated that high efficiency motors consume more energy. The negative result was due to 

the large percentage of motors being centrifugal applications and these being governed by 

the affinity laws. 

The results also confirmed that the Eskom DSM electrical savings target of 2.4 MW and 5 100 

motors replaced were not achieved. The results indicated a negative impact that was actually 

achieved based on a 2% speed increase of the EEMs and a 3% efficiency loss factor on the old 

replaced standard motors.  

Although the results came across as negative, the end users participating in the programme 

benefited from additional work done by the motors. New motors were installed, which were 

more reliable, and less maintenance would be required.  
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5 Discussion 

It has become clear that unless there is an incentive for users to switch to EEMs, users will 

find it difficult to justify the move. Financial incentives will assist end users by reducing the 

payback period. For Eskom IDM, financial incentives are a tool to stimulate participation in 

energy conservation by DSM.  

To understand why these savings are not always realised, it is important to know the major 

operational differences between a standard motor and an EEM. To work efficiently, it is very 

important to select an electric motor of suitable power. Motors being oversized is one of the 

most frequent misapplications encountered, but it is easy to fix – and thus fixes a 

considerable share of the efficiency problems often found in motor applications. 

With the ongoing development of motor labelling programmes, motor minimum efficiency 

standards and DSM programmes in South Africa and around the world, there is a need for 

mandatory labelling programmes. Standards also make it easier for users to save energy by 

selecting the right efficiency motors imported from different regions of the world.  

The power requirements of motors in centrifugal applications are governed by affinity laws 

that dictate that the power requirements of a motor changes to the cube of the speed 

changes. This is important as EEMs typically have a higher rotational speed than the replaced 

motors.  

The main focus of the Eskom Energy Efficient Motor Programme was on installing EEMs. 

However, it is important to remember that a motor is just one part of an entire system 

designed for a specific application. If the components of the system are not designed well, 

then the entire system will not be efficient (De Keulenaer, 2004). 

An EEM can use more electricity than a replaced standard motor because of affinity laws. The 

results indicate that the electricity savings achieved by the Energy Efficient Motor Programme 

for 1 240 motors over the period of the programme for all applications were -70.77 kW with 

an associated electrical energy savings of -371.96 MWh. 
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This overall negative contribution indicates that the EEMs exchanged through the programme 

are consuming more electrical energy. In future, it is recommended that DSM programmes 

should be researched thoroughly before implementing the programme. Eskom’s key 

objective of reducing power demand by replacing EEMs in South Africa was not met. DSM 

programmes are effective and if implemented correctly, these programmes can provide 

meaningful results. 

5.1 Recommendations 

The database indicates that motors have been replaced on a swap basis with the same 

electrical power rating; therefore, a significant opportunity exists in replacing oversized 

motors with correctly matched motors. Matching correct sized motors to system 

requirements would have definitely improved the programme results. 

The lack of an advisory service (or of creating energy management awareness to consumers) 

is another shortcoming of the programme since suppliers focused largely on sales and not 

particularly on energy management. The feedback from the questionnaire confirmed that 

there was a need to improve the supplier participation since due to lengthy procurement 

process and stringent application criteria, suppliers opted not to participate. Options also 

exist to streamline the rebate process, such as an online system to participate and nationwide 

exchange points which would have improved the uptake of the programme. 

There also needs to be effective marketing programmes creating awareness about demand 

reduction and energy savings. Proactive engagement with end users to promote energy 

management opportunities will not only allow end users to realise monetary saving benefits 

but will also assist in Eskom with the electricity shortage. A mandatory labelling programme is 

also recommended in promoting quality EEMs and limiting the promotion of cheap motor 

imports to South Africa.  

The key objective of the programme was initially aimed at realising significant demand 

reduction in the short term due to Eskom’s electricity capacity constraints. However, 

programmes focusing on a systems approach are more effective in realising demand and 

energy reductions. IDM programmes such as Demand Response and DSM projects are 
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appropriate in terms of realising significant demand reductions in order to alleviate pressure 

on the national power grid and minimise the occurrences of load shedding.  

From this study the following opportunities for future work were therefore identified: 

• To determine the impact of repairs and rewinding of motors in South Africa. 

• To develop a DSM funding mechanism that can be used to meet the objective of 

reducing electrical power demand in the short term. 
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6 Conclusion  

Eskom’s Energy Efficient Motor Programme was initiated to reduce energy consumption since 

electric motors nationwide consumed significant amounts of electrical energy. The aim of the 

programme was to accelerate the conversion of 5 100 motors to more energy efficient 

models with an estimated demand reduction of 2.4 MW. The programme was launched in 

April 2008 and closed in September 2012. This study assessed the impact of the programme 

while taking the aim and objectives of the programme into consideration. 

The overall demand savings for 1 240 motors for all applications was found to be -70.77 kW 

with an associated electrical energy savings of -371.96 MWh. This negative contribution 

indicates that high efficiency motors are consuming more energy. The negative result is due 

to the large percentage of motors being centrifugal applications and these being governed by 

affinity laws. The total cost incurred to Eskom includes the subsidy and facilitating auditor’s 

fees that amount to R2.87 million with no savings attained. 

The results also confirmed that the Eskom DSM electrical savings target of 2.4 MW and 5 100 

motors replaced were not achieved. The results indicate that a negative impact was actually 

achieved based on a 2% speed increase of the EEMs and a 3% efficiency loss factor on the old 

replaced standard motors.  

Eskom introduced the DSM Energy Efficient Motor Programme with the intention of reducing 

electrical demand. The assessment of the programme has, however, shown that the 

programme has not been effective in delivering electrical demand reduction savings.  

Recommendations were therefore made for further studies to be done to determine the 

impact of repairs on induction motor efficiencies and to determine the total installed capacity 

of motors and operating load factor in South Africa. It is also recommended that the 

development of a DSM funding programme be researched such that the outcomes for 

different programmes will be in line with Eskom’s key objectives. 
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Annexure A – Supplier Questionnaire  

Questionnaire: ESKOM EFFICIENT MOTOR PROGRAMME 

Name  ____________________________ 

Company ____________________________  

Please could you cross the appropriate answer(s), questions may have more than answer. The 

statements are not intended to have incorrect or correct answers. The results of the 

questionnaire will be used in the assessment of the ESKOM DSM Energy Efficient Motor 

Programme. 

---------------------------------------------------------------------------------------------------------------------------------- 

1. Please state your geographical area. 

 

☐Gauteng  

☐KwaZulu-Natal  

☐Eastern Cape  

☐Western Cape  

☐Limpopo   

☐Mpumalanga  

☐North West  

☐Free State  

☐Northern Cape 

2. How would you rate the effectiveness of the ESKOM DSM Energy Efficient Motor 

Programme from an energy savings view? 

 

☐Poor  

☐Average 

☐Not sure 

☐Good 

☐Excellent 

 

3. In your view has the ESKOM supplier participation process been fair to suppliers? 

 

☐Yes  

☐No 

☐Not sure 

 

4. Why have the motor exchanges through the ESKOM DSM Energy Efficiency motor 

programme declined since inception of the programme? 

 

☐Rebate value not justifying motor replacement 

☐Customers see no value in replacing old motors 
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☐Eskom rebate process cumbersome 

☐All of the above 

☐Not sure 

 

5. In your view why has there been a poor response from suppliers to participate? 

 

☐Our company was not aware of the programme 

☐Eskom rebate process is cumbersome. 

☐Suppliers motors are not SABS accredited 

☐Suppliers not focusing on energy efficiency programmes  

☐Not sure 

 

6. In your view is there value in replacing a standard efficiency (Eff2) motor to a high 

efficiency (Eff1) motor of the same size (kW rating)? 

 

☐True 

☐False 

☐Not sure 

 

7. Is it true that high efficiency motors operate at higher RPM than standard efficiency 

motors of the same size (kW rating)? 

 

☐True  

☐False 

☐Not sure 

 

8. Is it true that high efficiency (Eff 1) motors for centrifugal applications could consume 

more energy that standard efficiency (Eff2) motors (comparison between the two motors 

that are of the same kW rating)? 

 

☐True  

☐False 

☐Not sure 

 

9. On average how many times would an induction motor be rewound before it would be 

scrapped? 

 

☐0 times 

☐1-3 times 

☐4-5 times 

☐Greater than 5 times 

 

10.  Are consumers aware of increased efficiency losses due to multiple rewind procedures? 
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☐Yes 

☐No 

 

11. In your view is there a need for mandatory motor labelling programme in South Africa?  

 

☐Yes 

☐No 

 

12 How would you rate the marketing of the DSM Efficient Motor Programme?  

☐Poor 

☐Average 

☐Not sure 

☐Good 

☐Excellent 

 

 

Any comments on the DSM Energy Efficient Motor Programme 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 

Consent Statement  

 

Title: ASSESSMENT OF THE ESKOM DSM ENERGY EFFICIENT MOTOR PROGRAMME 

I am currently studying towards a Master’s Degree in Engineering at North-West University, 

Potchefstroom Campus. I am conducting research to assess the ESKOM DSM ENERGY MOTOR 

PROGRAMME. Your participation is voluntary and data collected will be used for statistical 

purposes. 

 

 
Researcher Name:  Pradesh Mewalala   
Email: Pradesh.mewalala@Eskom.co.za 
Phone: 0844997764  

 


