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Today industries and commerce in Ghana are facing enormous energy challenge. The pressure
is on for industries to reduce energy consumption, lower carbon emissions and provide se-
cured power supply. Industrial electric motor energy efficiency improvement is one of the
most important tools to reduce global warming threat and reduce electricity bills. In order to
develop a strategic industrial energy efficiency policy, it is therefore necessary to study the
barriers that inhibit the implementation of cost — effective energy efficiency measures and the
driving forces that promote the implementation. The aim of this thesis is to analyse the energy
consumption pattern of electric motors, study factors that promote or inhibit energy efficiency
improvements in EMDS and provide cost — effective solutions that improve energy efficiency

to bridge the existing energy efficiency gap in the surveyed industries.

The results from this thesis has revealed that, the existence of low energy efficiency in motor-
driven systems in the surveyed industries were due to poor maintenance practices, absence of
standards, power quality issues, lack of access to capital and limited awareness to the im-
portance of energy efficiency improvements in EMDS. However, based on the results pre-
sented in this thesis, a policy approach towards industrial SMEs should primarily include dis-
counted or free energy audit in providing the industries with the necessary information on
potential energy efficiency measures, practice best motor management programmes and estab-
lish a minimum energy performance standard (MEPS) for motors imported into the country.
The thesis has also shown that education and capacity development programmes, financial
incentives and system optimization are effective means to promote energy efficiency in elec-

tric motor — driven systems in industrial SMEs in Ghana.
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1 Introduction

Ghana is one of the fastest growing economies in sub — Saharan Africa with a growth rate of
about 7 percent in 2013 (GSS, 2014). Industries in small and medium scale enterprises (SMES)
are considered as the engine of growth for the economy. However, the manufacturing sector rec-
orded a worst growth rate of negative 8 percent in 2014 (AGI, 2015). Industries and commerce
in Ghana are complaining about energy prices, power shortages and climate change. The current
energy crisis has worsen doing businesses in the country. Many SMEs have diesel plants which
run parallel to the national grid thus increasing operational cost. These challenges have com-
pelled many Industries to shrink their labor force in order to reduce operational cost. Therefore,
the pressure is on to reduce power consumptions, lower carbon dioxide emissions and provide
secured power supply. As a result, industries and consumers are demanding ever more energy
efficient products. Hence, it is prudent for measures to be taken so that the little that is generated

and distributed for these industries is not wasted.

Electric motor drives both core processes, like presses or rolls and auxiliary systems like com-
pressed air generation, ventilation or water pumping in the industry (Fleiter et al., 2011). All
these motors consume electricity to provide the torque and speed needed. In most applications, if
the torque or speed is too high or low, mechanical controls are used to slow down, shift or con-
trol the output. This results in inefficiency, causing a lot of waste in energy and materials. A mo-
tor speed should match exactly what is required by the process. System losses in electricity dis-
tribution in Ghana are about 25% with wastage in the end — use of electricity also estimated at
about 30% (Ghana Ministry of Energy, 2009). Losses in energy supply and inefficient use of
energy contribute to the high levels of energy consumption (Ghana Ministry of Energy, 2009).

As the world begins to feel the impact of global warming, energy efficiency and electrical drive
system optimization have become acceptable tools in combating global warming. Industrial en-
ergy efficiency is estimated to be one of the most important means of reducing the threat of
global warming and cost of electricity. For instance, efficiency of electrical energy consumption
in general can be improved by introducing equipment with higher technological level of efficien-
cy, IE3 motors instead of IE2 or IE1 (Poluektov, 2014) and the use of frequency drive for varia-
ble speed applications whiles taking into consideration a whole system optimization approach to

maximize energy saving potentials. Greater Energy efficiency improvement in motor — driven



systems in Ghana will boost economic productivity; reduce energy cost, maintenance cost and
enhance energy security. It is estimated that a cost effective energy policy could improve the
efficiency of electric motor systems roughly by 20 to 30 percent which would reduce total global
demand of electricity by 10 percent (Waide & Brunner, 2011).

Several researches (De Almeida et al., 2000, Bertoldi & Mosconi, 2015, U.S DOE, 2014) have
been conducted about energy efficiency improvements in industries in the developed world espe-
cially in the European Union (EU) and North America. Other emerging countries like Brazil and
China have taken industrial energy efficiency improvements quite seriously thus various scien-
tific papers (Yanjia, 2006, IPEEC, 2012) have been published by these countries. Though Ghana
is shifting from agriculture to industrialization, scientific researches on industrial energy effi-
ciency improvement are hardly available hence the need for this research work on energy effi-
ciency improvements in motor driven systems in SME’s in Ghana to create awareness for indus-
tries and policymakers to take the necessary action plan and the many opportunities that exist in

order to bridge the existing energy gap.

Finally, this thesis is organized as follows; the first chapter gives an introduction to the topic and
background information on how the research was conducted. Electric motor drives and its appli-
cations, AC motor efficiency classification, motor load and efficiency estimation techniques and
factors affecting motor drive efficiency are clearly explained in the second chapter. Chapter three
introduces some of the best available techniques to improve electric motor — driven system effi-
ciency. Chapter four focuses on Industrial energy use in Ghana and challenges facing the energy
sector in Ghana. Also, theoretical barriers to and driving forces for EMDS efficiency improve-
ments in SMEs in Ghana is carefully discussed in this chapter. Chapter five introduces the results
and analysis from the research work. The sixth chapter discusses about the results obtained. Al-
so, this chapter introduces cost — effective solutions that could maximize drive efficiency in
SMEs in Ghana and a recommendation that will assist in motor data collection in Ghana. Chap-

ter seven includes conclusion and a summary of most relevant results.

1.1 Background information on Ghana

This study was carried out in the Greater Accra region and the Eastern region part of Ghana.
Ghana is located in western part of Africa as shown in figure 1b. The East, West and Northern
boundary of Ghana are bordered by Togo, Ivory Coast and Burkina Faso respectively. The

southern part is the Gulf of Guinea and the Atlantic Ocean. The population of Ghana is estimated



to be 27 million (GSS, 2015). Ghana is one of the most stable nations in sub Saharan Africa. The
system of governance is the Executive, Judiciary and the Legislature. Ghana attained a middle
level income country in 2013 with GDP growth of 4.0 percent in 2014 (GSS, 2015). Ghana has
10 administrative regions as shown in figure 1a and about 170 district and metropolitan assembly
under the local governance act. Accra is the administrative capital of Ghana with a population of

about 2.5 million inhabitants and it is an important location for commercial and industrial activi-

ties.
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Fig.1.1 (a) Map of Ghana, (b) Location map of Ghana in Africa

Ghana is endowed with a lot of natural resources. For instance, Gold, Diamond, Oil, Bauxite,
Cocoa, Timber and coffee are some of the major resources which give foreign exchange to the
nation. Furthermore, Ghana is the world’s second largest cocoa producer behind Ivory Coast,
and Africa’s biggest gold miner after South Africa (BBC, 2015). It is one of the fastest growing
economies in Africa and newest oil producer since 2010. Ghana economic growth is attributed to
the confidence in Governance and the hospitability of its citizens. Gas processing plant, Oil re-
finery plant, Oil companies, mining, Cocoa processing plants, Aluminium smelting plants, chem-
ical and pharmaceutical companies, food and beverage companies and timber processing compa-
nies are some of the industries serving as the backbone to the economy. Also, agriculture and the

service sector play a key role to the economy.



1.2 Research Objectives

The primary objective of this thesis is to analyse the energy consumption in electric motor driven
systems (EMDS) and the cost-effective options available to reduce it in both energy intensive
and non- energy intensive in some selected industries in Ghana. Moreover, the research includes
the assessment on the current energy use by EMDS and the potentials for energy savings. Also,
the study examines the barriers and the driving forces to the adoption of energy — efficient solu-
tions and investigates the current energy efficiency policy settings and outcomes available in
Ghana.
Clearly, this thesis aims to

¢ study the energy consumption pattern in motor driven systems in the surveyed industries

¢ Investigate major barriers to and driving forces for motor energy efficiency improvement

predominant in selected SME’s in Ghana
e Examine the current energy efficiency management policies available in Ghana
o Identify cost effective measures that can be used to improve energy efficiency in EMDS

to bridge the present energy efficiency gap

1.3 Research work

The study analyses the level of implementation of energy efficiency improvement in electric
motor driven systems for small and medium scale industries in Ghana. It provides thorough in-
formation about energy efficiency thinking culture in Ghana derived from both primary data and
secondary data. Some of the secondary data used includes scientific articles, books, research pa-
pers, internet resources and so forth. The methods used in this study are qualitative and explora-
tory. The research utilizes a comprehensive review of relevant scientific papers and literature
related to improvements of motor energy efficiency, motor management best practices, energy
efficiency management system in industries, barriers to and driving forces for energy efficiency

implementation.

Selected companies for this research were done randomly. Companies visited were from the
Greater Accra region and Eastern region. The companies visited were divided into formal and
the informal sector. The formal sector companies have a well organizational structure with em-
ployee strength of more than fifteen (15). On the other hand, the informal SME’s mostly have no
organizational structure in place and proper records and maintenance culture is often not a priori-

ty. Questionnaire was sent to the formal companies to respond to questions related to their ener-



gy efficiency policies within their respective firms. Oftentimes, industry managers and policy
makers have different views on the barriers to and driving forces for industries becoming more
energy efficient hence a different questionnaire was sent to policymakers and other experts in
industrial energy efficiency management to find out the barriers to and the driving forces inhibit-
ing companies in investing in more energy efficient technologies. However, with the informal
sector, unstructured interviews were conducted to ascertain the level of energy efficiency poli-
cies available within their firm. A combination of these approach used in the study; literature
review, structured questionnaires and unstructured interviews will create a better understanding
and a wider view of accuracy in analysing the level of implementation of energy efficiency im-
provement in electric motor driven systems for small and medium scale industries in Ghana. The
questions were formulated under the following sections:

1. Information of respondent

2. Company’s profile

3. Company’s annual energy use

4. Information on different electric motor application

5. Information to assess electric motor system efficiencies

6. Types of motor speed control technology applicable

7. Energy information systems

8. Energy management profile

9. Electric motor energy efficiency opportunities

10. Energy efficiency improvement technologies

11. Information sources for energy efficiency

12. Barriers to energy efficiency improvement in motor driven systems
13. Driving forces to efficiency improvement in motor driven systems

The first three sections of the questionnaire were meant to find out information of the company’s
profile and an overview of firms energy usage. The fourth to sixth sections were derived to as-
sess information on different motor applications, motor system efficiency and the various motor
speed control technologies available in the firm. The seventh and eighth topics surveyed the
company’s energy information system and energy management policies. In the ninth to tenth
section, respondents were asked to assess the energy efficiency opportunities and energy effi-
ciency technologies currently available in their respective firms. Lastly, the eleventh to thirteenth
sections, respondents were asked to rate the importance of information sources related to motor

energy efficiency, barriers to and driving forces for implementing more energy efficient technol-



ogies. About fifty percent of the topics in this questionnaire were taken from Apeaning (2012)

master’s thesis.

1.4 Research Limitations

The research gathered data from 21 respondents. Eight (8) and nine (9) respondents were from
formal SME industries and the informal SME companies respectively. The rest of the respond-
ents were from policymakers. However, due to the few numbers of respondents available to this
survey, the result of this study cannot be generalized statistically. Nevertheless, this limitation
does not undermine the purpose of this case study. In total, about 35 SME industries were visited
but due to bureaucracy and poor communication, eighteen (18) companies were reluctant to re-
lease their information for this research work and thus refused to take part in this research.
Moreover, most of the companies who took part in the survey were unwilling to release some
vital information such as annual turnover and annual electricity cost. Another challenge was that,
most of the companies did not have data on their motors, hence information such as efficiency
classes of their motors, total number of motors available in their firm and so forth took a very
long time before some managed to get them. These challenges prolonged the survey.



2  Electric Motor System Technology

This chapter highlights about the various type of electric motors mostly used in the industry and
the different types of application these motors drive. Also, induction motor efficiency classifica-
tion, load and efficiency estimating techniques will be discussed. Lastly, factors affecting motor

drive efficiency is extensively outlined.

2.1 Electric Motor Drive and its Applications

An electric drive system consist of the power supply from the grid, power converter, the motor
and the mechanical load the motor drives. The input to the electrical drive is the power from the
power supply. The drive gives the mechanical power of the shaft to the load. The power convert-
er conditions the obtained electrical power into a form suitable for the electrical motor and the
electric motor further converts electrical energy into mechanical energy. A typical electrical

drive system is depicted in figure 2.1.

Motor driven unit

- ~ -
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é ) ( N 7 \ \ (
( Mechanical \ Load :
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\ \_ J \L ) \ manual valves ) elevator
IEC 61800-9

Fig.2.1. Element of a modern drive system

Electric motors are the most important type of electric load. They are used in all sectors from
households to the industry and commercial sector. Electric motors are used in a myriad of appli-
cations, such as fans, compressors, pumps, mills, elevators, lifts, conveyors and motive for other
machinery. Induction motors are the most widely used motors in industries. They constitute
about 90 percent of all the industrial motors. Typical induction motors available in the industry
ranges from 0.75kW to 150kW. Almost all these motors in this power range are of low voltage.
Electric motors are classified according to type of power supply and other criteria (De Almeida
et al., 2008) as indicated in figure 2.2.
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Fig.2.2. Electric motor categories (Source: De Almeida et al., 2008)

2.2 AC Motor Efficiency Classification

Motor efficiency (), is a measure of the effectiveness with which a motor converts electrical
energy to mechanical energy and is defined as the ratio of the mechanical energy (Pout) delivered
at the rotating shaft to the electrical energy input (Pin) at its terminals (NEMA, 2013). The output
power of a motor is always less than the input power due to intrinsic losses. The motor losses are
the difference between the motor input power and output power as depicted in figure 2.3. These
losses are divided into fixed losses and variable losses. The fixed losses are independent of mo-
tor load whiles the variable losses depend on motor load. The fixed losses consist of magnetic

core losses, friction and windage losses.

The core losses are found in the stator and rotor magnetic steel and is caused by hysteresis and
eddy current effect during magnetization of the core material. These losses account to 20 — 25
percent of the total motor losses. Friction and windage losses results from bearing friction, wind-
age and circulating air through the motor and represent 8 — 12 percent of total losses. The varia-
ble losses consist of stator and rotor I°R losses, stray load losses and additional loses. The stator
and rotor I°R losses constitute the major losses of about 55 — 60 percent of the total losses. These
losses are as a result of current passing through stator and rotor conductors. Stray losses are

caused by leakage flux induced by load current in the lamination and accounts for about 4 — 5



percent of the total losses. The additional losses are mostly caused by flux leakages and harmon-
ic fields. They contribute about 0.5 percent of the total losses.
The efficiency of an electric motor can be deduced in three different ways by determining:

I.  Input and Output Power Pj,, Pout

Il.  Input power and total losses, Py

1. Output power and total losses

Motor Losses

Power Input Power Output

Load
Motor
Fig.2.3. Depiction of motor losses (Source: US DOE, 2000)

Therefore, the efficiency of an induction motor can easily be calculated from the following three

equations respectively.

Pout
n= Pin (2.1)
_ Pin—Ptl - 1- P_tl 29
n= Pin o Pin (2.2)
Pout 1
n= Pout+Ptl 14 Pd (2.3)

Pout

The minimum energy efficiency levels are based on the energy efficiency classifications stand-
ards issued by International Electrotechnical Commission (IEC) and National Electrical Manu-
facturers Association (NEMA) respectively. IEC standard 60034 -30-1 (2014) provides efficien-
cy classes for all kinds of electric motors that are rated for line voltage. This includes all single
and three phase low voltage (LV) induction motors and as well as line start permanent magnet
motors (IEC, 2014). IEC 60034-30-1 (2014) divides the international efficiency (IE) classes for
single-speed, three-phase, cage induction motors and special purpose motors such as permanent

magnet motors and synchronous reluctance motors into four main categories; standard efficiency
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(IEQ), high efficiency (IE2), premium efficiency (IE3) and super premium efficiency (IE4). This
efficiency classification for these motors are limited to power range of 0.75kW to 1000kW with
two poles, four poles, six poles and eight poles motor design (Siemens 2011). In addition, the
supply voltage to these motors should be above 50V and up to 1000V with 50Hz or 60Hz as the
supply frequency. However, motors with mechanical commutators such as DC motors, motors
completely integrated into a machine when the motor cannot be separately tested from the ma-
chine are all exempted from this efficiency classification. Moreover, brake motors when they are
integral part of the inner motor construction and can neither be removed nor supplied by a sepa-
rate power source during the testing of motor efficiency and motors with integrated frequency
converter when the motor cannot be tested separately from the converter are also exempted (IEC,
2014).

The motor nameplate shown in figure 2.4 has the minimum efficiency (IE2) performance stand-
ard (MEPS) marking. The efficiency of this motor is highest when the motor load is around 75
percent with a supply frequency of 50Hz. However, lack of a harmonized MEPS from motor
manufacturing countries always create potential confusion and market barriers for motor pur-
chasers. For instance, Table 2.1 indicates a motor efficiency classes from different motor manu-
facturing countries. It is possible for a factory to have motors installed from different motor

manufacturing countries.

(O Q)
~BB ie2 C€
3 ~ Motor M3BP 200 MLA 4
[ |
2011 | No.
[Ins.cl. F IP 55
v Hz KW | r/min A cosP |Duty
690 Y 50 30 1480 32 0,84 | S1
400 A 50 30 1480 (55,3 | 0,84 | S1
415 A 50 30 1482 (53,8 | 0,83 | S1
460 A 50 30 1783 (43,8 | 0,83 | S1

50 Hz: IE2 - 93,2(100%) - 94,0(75%) - 93,5(50%)
80 Hz: IE2 - 93,8(100%) - 94,0(75%) - 93,1(50%)

Prod.code 3GBP 202 031-ADG

6312-2Z/C3 4 6210-2Z/C3 [ 291 kg
@ P e IEC 60034-1 @

Fig.2.4. High efficiency (IE2) three- phase, 4 pole motor
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Table 2.1 Motor efficiency classes in different countries and the corresponding international standard (source:Waide
& Brunner, 2011).

Motor European European
. : Union Union . .
efficiency International (old system (new system China Australia
— 1098) 2009)
. NEMA
Premium IE3 Premium - IE3 - -

. Grade 1 (under AU2006
High IE2 EPACt it IE2 consideration) MEPS
Standard IE1 - Ef2 IE1 Grade 2 ens
Below IEQ (used only 3 Eff3 3 Grade 3 (current 3
standard in this paper) minimum)

The figure below shows efficiency values for four pole motors coverage under the IEC 60034-
30-1:2014 standard. It is clear that motors with higher power rating have higher efficiency values

as compare to motors below 30kW.

o Values for

‘ 95 | gbpalze motors,
/—___—

5 — IE4
® 5 — IE3
- — IE2
S o (L I
m 65 ///

60 / /

55 /
0 / g | L L VL |

| Il |
YROON OONN99 D 59,908,948 190470 O3k DP9 PO bis 1,000
SRR At 2 e ININGIV A WPV RSN

Power (kW) >

Fig.2.5. Standard versus high efficiency motors (source: Siemens 2011)

In EU, the IE1 motors have been halted since 16™ June 2011. However, IE1 motors are currently
widely used in Russia and some part of Asia and Latin America (Bertoldi, 2015). The least effi-
cient motor in EU now is IE2. Minimum efficiency motors IE2 were permitted to operate with-
out a frequency converter until 01 January 2015. Furthermore, it is now mandatory to use 1E3
motors with power range of 7.5kW — 375kW from the beginning of 2015 otherwise a combina-
tion of frequency converter and IE2 motors are recommended. Also, from the beginning of 2017,
it will become mandatory for IE3 motors with power range of 0.75kW — 375kW to be used.
However, the requirements for premium efficiency 1E3 starting 2015 and 2017 are effective to
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constant — speed direct on — line operated motors only (Doppelbauer, 2010). These timeline are

clearly defined in figure 2.6.

16.06.2011
v

Minimum efficiency IE2
0.75 KW — 375 kW

01.01.2015
v

01.01.2017
v

EEEEIEDEETEEEEE D>

Fig.2.6. Timeline for the introduction of minimum efficiencies (source: Siemens 2011)

Induction motors constitute the largest portion of motors used in the industry, hence knowing the
efficiency class of particular motor before purchase is very important because the efficiency,
annual operating hours and motor load are the main factors that determine life cycle cost of oper-

ating a motor.

2.3 Motor Load and Efficiency Estimation Techniques

When considering comparing the operating costs of an existing standard efficient motor as to
those of a premium efficient replacement unit, the operating hours, motor load and the efficiency
of each motor should be determined at its load point (US DOE, 2014). Part load is a term used to
describe the actual load served by the motor in comparison with the ability of the motor to deliv-
er shaft power at its full load (US DOE, 2014). The actual motor load can be calculated using
input power, line current measurement or speed measurement method.

When using the input power measurement technique, power meter device is used. The input
power supply to the motor and the load that is imposed upon the motor by the driven equipment
is measured. Each of the three phase line to line voltage and current are measured and the RMS
voltage and RMS current is used in determining the measured three phase input power in kW.
Equation 2.4 is used to compute the measured three phase input power (P) in kW to the loaded
motor.

__ VXIXPFxV3
1000

P (2.4)
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where V and | are the RMS voltage, mean line to line of three phases and RMS current, mean of
three phases respectively and P represents the measured three phase input power to the loaded

motor in KW. Power factor is represented by the symbol PF.

In order to estimate the part load, the input power at full rated load in kW is calculated from

equation 2.5.

Pn
P = . (2.5)

Here, P, is the nameplate rated power of the motor while the symbol 1),. represent the efficiency

at full rated load and P, represent the input power at full rated load in kW.

The relationship that can be used in estimating the motor load based on power measurement is

shown in equation 2.6.
Load = - x 100% (2.6)

Another means to estimate motor load is using the line current measurement techniques. This
method is appropriate only when voltage and amperage measurements are available. The current
drawn by a motor varies linearly with respect to load, down to about 50 percent of full load (US
DOE, 2014) as shown in figure 2.7. Below the 50% load point, power factor weakens due to re-
active magnetizing current requirements and the current curve becomes increasingly nonlinear
(US DOE, 2014). This phenomenon indicates that below 50 percent load, current measurements
are not an appropriate standard to determine motor load. From equation 2.7 the motor load can

be estimated from the line current measurement technique.
I \%
Load = (3 x =) x 100% 2.7)

Where | and Ir represent RMS current and nameplate rated current respectively, the RMS voltage

and the nameplate rated voltage is represented by V and Vr respectively.
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Fig.2.7. Relationship between Power, Current, Power Factor and motor load (Source: illustration from US DOE,
2000)

The other technique to estimate motor load is the slip method. In induction motors, the actual
speed of the motor is usually less than its synchronous motor. The difference between the syn-
chronous speed and the actual measured motor operating speed is referred to as the slip. The per-
centage of slip varies directly to the load imposed on the motor by the driven equipment (US
DOE, 2014). Motor rotational speed can easily be measured with speed tachometers and other
rotational speed sensors. The slip method is often recommended when only motor voltage and
operating speed measurements are known. The motor load can be computed easily from the slip
measurements by using equation 2.8.
Slip

Load = (Ssy——sr) X 100% (28)

Here the Slip is the difference between the synchronous speed and the measured motor operating
speed in RPM. Sy, and S, represent the synchronous speed and nameplate full load speed in

RPM respectively

However, the slip also varies inversely with respect to the motor terminal voltage squared hence
a voltage correction factor is often inserted into the load equation. Therefore, the revised slip

load can be estimated from equation 2.9.

M x 100% (2.9)

Load = ———
(Ssy_sr) X(V_z)
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Where V and V, represent the RMS voltage and name plate rated voltage respectively.

The primary reason to use the slip measurement technique to determine motor load are due to its
simplicity and safety advantage. However, when a motor is operating at its nominal torque, the
slip is typically 2% of the no — load rotational speed hence using slip measurement technique to
determine load is quite difficult and potential errors are not insignificant. Therefore it is advisa-

ble to use input power measurements to estimate motor load whenever is possible.

The National Electrical Manufacturers Association (NEMA) defines energy efficiency as the
ratio of its useful power output to its total power input and is normally expressed in percentage.
The nominal efficiency values for loads at 75%, 50% and 100% of motors are normally printed
on the nameplate of the motor. The efficiency of a motor is thus defined as

__ Py xLoad

_ (2.10)

Where P, and P represent the nameplate power and input power in KW respectively. The Load

represents the output power as a percentage of rated power.

Research has shown that efficiency of a motor should not change by age or by repairing the mo-
tor when the best maintenance practices are conducted. For instance, a study conducted by Elec-
tric Apparatus Service Association (EASA) and the Association of Electrical and Mechanical
Trades (AEMT), (2003) indicates that, when best practices are followed to repair or rewind mo-
tors, they can maintain their original efficiency, within the range of accuracy for the efficiency
test method.

2.4 Factors Affecting Motor Drive Efficiency

There are a number of important but mostly overlooked factors that affects the overall motor
system efficiency. These factors include power supply quality, harmonics, system oversizing and
improper match between load and motor. The rest are losses in distribution network, transmis-

sion systems and poor maintenance practices. These factors are summarized in this sub chapter.

2.4.1 Power Supply Quality
Electric motors, particularly induction motors are designed to operate with optimal performance

when fed by a three phase sinusoidal waveforms with the nominal voltage value (de Almeida et
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al, 1997). Deviations such as voltage unbalance, under voltage or overvoltage and harmonics
may cause significant deterioration of the motor efficiency and lifetime. Three voltage defini-

tions are commonly used in plant electrical distribution system:

I.  Service voltage describes the voltage value at the point where the utility delivers service
to the industrial user.

Il.  Nominal voltage describes the general voltage class that applies to the system. For exam-
ple 240V, 400V and so forth.

I1l.  Utilization voltage describes the value of voltage at the motor leads.

A voltage unbalance occurs when there are unequal voltages on the lines to a three phase induc-
tion motors. This voltage can lead to high current unbalances which in turn lead to high losses.
The unbalanced current results in torque pulsating, vibrations, increasing mechanical stress on
the motor and overheating of one or two of the phase windings (US DOE, 2000). A phase unbal-
ance of just 2 percent can increase motor losses by 25 percent (de Almeida et al., 1997). Hence
voltage unbalances waste energy and has a very detrimental effect on motor efficiency.

Another factor which can lead to poor power supply quality is undervoltage or overvoltage. This
phenomenon occurs when the supply voltage to the motor is below the minimum limit or above
the maximum limit of acceptance. For instance, when a motor is operating at or nearly fully load,
voltage fluctuations beyond 10 percent will decrease motor efficiency, power factor and lifetime
(de Almeida et al., 1997). Table 2.2 indicates the acceptable in — plant distribution system deliv-
ery voltage values as defined by IEEE and ANSI standards.

Table 2.2 Acceptable System Voltage Ranges (Source: US DOE, 2000)

Nominal System Voltage Allowable Limit % Allowable Voltage Range
120V (L — N) +5 % 114V — 126V
240V (L - N) +5% 228V — 252V
400V (L -L) +5% 380V — 420V
480V (L-L) +5% 456V — 504V

Harmonics can also affect the quality of power supplied from utility companies. Under ideal op-

erating conditions, power distribution system supply pure sinusoidal waveforms. However, often
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these sinusoidal waveforms are distorted by a multiple of sine waves with frequencies that are of
multiples of the fundamental (50Hz or 60Hz) frequency. These distorted waveforms are called
harmonics and is usually caused by loads such as VSDs and other power electronic devices.
Harmonics increase the motor losses and noise, reduce torque and causes torque pulsating and
overheating (de Almeida et al., 1997). Vibration and heat can reduce the motor life by damaging

bearings and insulation. Hence poor attention to harmonics has greater impact on motor efficien-

cy.
2.4.2 System Oversizing

Designers often tend to oversized motor systems to allow growth in the system peak require-
ments (de Almeida et al., 1997). De Almeida et al., (1997) argued that there are a number of rea-
sonable reasons to install an oversized motor in some kind of applications. For instance, they
categorically stated that if a process is critical like a mixer in a batch control operation where the
motor failure will cost a high financial loss, then it is appropriate for an oversized motor to be
selected to prevent this possibility. Mostly oversized motors allow high starting torque loads and
are able to contain load fluctuations. Also, oversized motors are able to withstand under adverse
operation such as voltage unbalance (de Almeida et al, 1997). However, if a motor is greatly
oversized and operates under partial load, its efficiency could be reduced. Therefore, downsizing
of a motor can bring some financial savings due to the following reasons.

e when purchasing replacement motors, smaller motors tend to cost less

e An under-loaded motor operates less efficiently and with lower power factor than a motor

loaded at 75 percent to 100 percent of rated power.
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Fig.2.8. Motor Performance at Part - Load (lllustration from US DOE, 2000)
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The motor performance curve in figure 2.8 shows two different motor types with their efficiency
and power factor against motor load. It can be seen from the motor efficiency curve that the effi-
ciency is at the peak when the load is near 75 percent. Additionally, the efficiency drops drasti-
cally below half — load. Also, power factor is quite high when the motor load exceed 75 percent
of full rated load and it drops significantly when the load is below 50 percent of the full load.
Hence, it is therefore recommended to replace motors operating below 50 percent of the full load

by a smaller more efficient motor.

2.4.3 Piping and Ducting Systems

Mostly, designers overlook the energy cost of piping or ducting systems. Incorrect sizing of
pump impellers, pipes and ducts also contribute greatly to inefficiencies in pumps, fans and
blowers. For instance, sharp bends, expansion or contraction and improperly aligned pipes create
unnecessary pressure drops thus putting the motor under more stress to draw more power. Fig-
ure 2.9 shows some of the common pipe configuration problems such as an incorrect flow pro-

file, vapour collection and vortex formation that result in poor pump performance (UNEP, 2011).

In figure 2.9, different common components such as elbow and T — junction in pipe networks are
presented. T — Junction is mainly used to distribute flow from main pipes to several branching
pipes and converge flows from many pipes to a single main pipe. Depending on the inflow and
outflow directions, the behaviour of flow at the junctions also changes. Energy losses in pipe
networks for sudden contraction (diameter decrease) are less than those for sudden enlargement
(diameter increase). However, gradual contraction and gradual enlargement in pipe networks will

lower the energy losses as opposed to sudden contraction and sudden enlargement.

Morever, 90 degrees elbow pipes are commonly used to bend flows in pipe networks. Typically
90 degrees elbow is either short radius or long radius elbow as depicted in figure 2.9. In Short
radius 90 degrees elbow pipes, flow has to take an abrupt 90 degrees turn thus greater energy is
required. This increases turbulence and this could possibly create cavitation which can damage
the pump impeller. Replacing sharp 90 degrees bends with transition elbows can increase pump-
ing system efficiency by 10 percent (UNEP, 2011). Minor loss coefficient in different compo-
nents in pipe networks as depicted in figure 2.9 is lower in transition elbows (0.8) followed by 90
degrees elbow pipe with short radius (1.0) whiles T — junction pipe networks have the largest
(1.7). Therefore, correct sizing of pipes and ducts have greater influence in improving the overall

efficiency of pumping system.
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Fig.2.9. Common pipe configuration problems and how to correct them (source: UNEP, 2011)

2.4.4 Distribution Network

There exist substantial losses throughout the distribution network from the substation to the
loads. Losses in distribution networks contribute significantly to motor performance thus degrad-
ing the efficiency of motors. These losses are due to poor selection and operation of inefficient
transformers, distribution cables not correctly sized and poor power factor. Transformers normal-
ly used in distribution systems operate above 95 percent efficiency excerpt when they are operat-
ed under light load or are old. According to de Almeida et al, (1997) it is more efficient to oper-

ate one transformer at full load than to run two transformers at light load.

Motor performance is also affected significantly by the size of a cable. This is because current
supplied to the motors will produce copper losses (I°R) in the distribution cables and transform-
ers of the end-user. These losses are due to the impedance and length of the cable. However, the
cross sectional area of a cable is inversely proportional to the resistance of a cable thus a bigger
cable of same length will have less resistance than a smaller cable with same length. Correct siz-
ing of the cables will not only offer cost — effective reduction of these losses but also assists to
reduce the voltage drop between the transformer and the motor (de Almeida et al., 1997). There
exist standard national codes for sizing cables which when followed carefully will prevent over-
heating, and allow enough starting current to the motors though it might not be an effective tech-
nique for energy efficiency. Preferably, cables should not only be sized based on the national

code but also considering the life — cycle cost. Thus in new installations, it is cost-effective to



20

install a larger cable that is recommended by code, if the cable can be installed without increas-
ing the size of the conduit, motor runs at or near full load and the motor driven-system operates

with a higher utilization factor (de Almeida et al., 1997).

The other factor which can cause poor motor performance is power factor. Power factor is de-
fined as a measure of how effective an electrical power is being consumed. Loads such as mo-
tors, transformers and fluorescent lighting in industrial distribution systems are inductive. The
line current drawn by load current consist of two parts: magnetizing current and a power produc-
ing current. The magnetizing current is the current that is required to sustain the electromagnetic
flux in the electrical machine. This current component produces reactive power that is measured
in kilovolt — ampere reactive (kVAR). The real power — producing current is the current that re-
acts with the magnetic flux to produce the mechanical power to the motor. Real power is meas-
ured in Kilowatts. Real power and reactive power both make — up of the apparent power. Appar-
ent power is measured in kilovolt — ampere (kVA). A poor power factor produces higher losses
in the cables and transformers, reduced available capacity of transformers, circuit breakers, ca-
bles and higher voltage drops (de Almeida et al., 1997). In motors, the power factor is at maxi-

mum, at or near full load and decreases significantly as load decreases as depicted in figure 2.8.

2.4.5 Inefficient Transmission Systems

The transmission system conveys the mechanical power from the motor to the load. The choice
of transmission depends upon several factors namely: desired speed ratio, motor power, layout of
the shafts, type of mechanical load and so forth (de Almeida et al., 1997). The most essential
type of transmission systems available are: direct shaft couplings, gearboxes chains and belts.
Nearly all motors are connected to their loads through a transmission system, usually by a belt.
De Almeida et al., (1997) estimate that about one third of the motor transmissions in industry use
belts. There exist different types of belts namely: V — belts cogged V — belts, synchronous belts
and flat belts.

V — Belts are the most common and cheapest type of belt often used though other types provide
better efficiency. V — Belts often need regular maintenance and besides their efficiency drops if
load is below or above the full load. However, cogged V — belts have lower flexing losses and
they are typically more efficient than the standard V — belts. The synchronous belt is considered

to be the most efficient belt design due to its low flexing losses and slippage.
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Efficient selection of gear drives can be a potential tool in saving energy. Usually, the ratings for
gear drives depend on the gear ratio and on the torque required to drive the load. It is often im-
portant to select the best efficient gear drives available. Also chains are commonly used in appli-
cations with low speed and high torque. Chains do not slip unlike in VV — belts, however, they
constantly need readjustment and adequate lubrication. Hence synchronous belt are considered as

a better alternative to the use of chains.

2.4.6 Poor Maintenance practices

Careful maintenance over the entire motor driven system can significantly improve the life-cycle
and efficiency of the drive system. There are three maintenance practices commonly used in in-
dustries: run to failure, preventive maintenance and predictive maintenance. Each of these prac-
tices has its own benefits and pitfalls. However, run to failure is considered to be the worst and
the most commonly practiced maintenance procedure in many industries. For instance, checking
motor vibration level, voltage, current, operating temperature and ambient temperature, regularly
is essential to maintain the motor at its peak performance. Also, lubricating frequently is neces-
sary to reduce the friction of the bearings to the minimum. Bearing friction wastes energy, in-

creases the motor operating temperature, reduces both the motor and the lubricant lifetimes.

Monitoring wear and erosion in the end — use equipment such as pumps and fans is equally im-
portant since its efficiency can be significantly affected. For instance, the erosion of pump impel-
ler will cause the pump to drop drastically. Figure 2.10 depicts some of the common practices
that can reduce the life time and efficiency of a motor.

Motor rewinding also has impact on the performance and efficiency of a motor if it is not done
properly. Research has shown that efficiency of a motor should not change by age or by repair-
ing the motor when the best maintenance practices are conducted. For instance, a study conduct-
ed by Electric Apparatus Service Association (EASA) and the Association of Electrical and Me-
chanical Trades (AEMT), (2003), indicates that, when best practices are followed to repair or
rewind motors, they can maintain their original efficiency, within the range of accuracy for the
efficiency test method. However, in most industries, the efficiency of rewind motors reduces by

one percent.
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Fig.2.10. Common motor practices that degrade life-cycle and efficiency of motors.(Source: UNEP, 2011).(a) Open
terminal box due to negligence in providing cover for terminal box to seal its windings from foreign materials or
high humid environment. (b) Open Drip Proof (ODP) located in highly humid or dusty environment like sugar mill.
(c) Deformed rotor fins that caused unbalance of eccentric rotor. (d) High vertical vibration level caused by weak
foundation — resonance, vibration problem can loosen motor coils and increase power consumption.
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3  System Efficiency Improvements Opportunities

The overall system efficiency of a motor — driven system is determined by the total motor system
which is a multiplication of efficiencies of individual components. This means that opportunities
exist for improving energy efficiency at both individual component level and system level. The
best proactive way is to adopt a holistic whole system engineering approach. This involves a
whole system optimization rather than isolating individual components, thus saving a large
amount of energy which often cost less than saving a fraction amount of it. The Sankey diagram
in figure 3.1 shows a visual display of energy flows and losses in a typical motor — driven sys-
tem. The diagram indicates how losses decrease the input energy to produce less useful work.
Largest losses are usually caused by low driven equipment efficiency and load modulation losses
due to the use of flow control devices such as throttling valves, vanes and dampers (US DOE,
2014). These losses mean that design of an efficient pump system for instance, should take ac-
count of individual efficiencies of the pump, power transmission system, motor efficiency as
well as load modulation devices, variable frequency drive and the plant electrical distribution
system efficiency into consideration. This chapter identifies some of the best technologies avail-
able to improve the overall system efficiency of motor — driven systems. Variable frequency
drive application, replacing standard efficiency motors with more efficient electric motors and
good load management practices are among the system improvement opportunities that will be
discussed in this chapter

\ Useful Work
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losses for ASD large speed pumps and fans
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Fig.3.1. Sankey Diagram showing Motor Driven System Losses (Source: US DOE, 2014)
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3.1 Variable Speed Drive for Variable Speed Applications

The basic function of a variable speed drive (VSD) is to control the power flow from the mains
to the motor. Variable speed drives take power from the grid and rectify the AC mains into a DC
component. The DC power is further smoothen by filters. Afterwards, the inverter uses this DC
supply to produce a 3 — phase adjustable frequency and adjustable voltage output which is ap-
plied to the stator winding of the motor (de Almeida et al., 1997). The speed of the motor then
changes in proportion to the frequency of the power supply. Mostly, the output voltage wave-
forms is synthesised over a frequency range of 0 — 100Hz. A general configuration of an inverter

based VSDs is shown in figure 3.2
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Fig.3.2. PWM Variable speed drive

The main advantage of adjusting the motor speed through the use of VSDs include better pro-
cess operation, less wear in mechanical equipment, less noise and significant energy savings.
However, the use of VSDs with high switching frequency semiconductor device like IGBT can
also reduce the lifetime of motor insulation of motors (de Almeida et al, 1997).Variable speed
drive losses are comprised of two components: conduction losses and switching losses. The con-
duction losses are independent on the switching frequency but rather depend on the current pass-
ing through the drive and the voltage drop across the drive. However, switching losses is propor-
tional to switching frequency. Both losses produce heat and increases drive operating tempera-

ture.

In pumps, fans and compressors with varying loads, torque increases approximately with the
square of the change in rotational speed of the motors. Also, in centrifugal pump applications,
the power is proportional to the cube of the shaft rotational speed. In most situations, many of

these applications use mechanical dampers, throttle, or bypass to control the flow (load). Accord-
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ing to de Almeida (2005), the greatest potential for energy savings by variable speed drives can
be found in the area of fluid — flow applications such as in pumps, fans, and compressors with
variable flow requirements. For instance when operating a pump or fan at 75 percent speed, the
flow rate will be reduced by 25 percent and it requires only 42% of the original power require-
ment (US DOE, 2014). However, it is also possible to use VSDs to correct dimensioning in fixed
— speed motor driven applications. This indicates that VSDs have greater energy saving poten-

tials for both fixed — speed and variable — speed motor driven systems

In addition, it is also possible for VSDs to provide energy savings in applications such as hoist,
elevators and cranes where torque is almost independent of speed. This savings can occur in re-
generative braking phases of their operating cycle. The cost and energy efficiency benefits in
these applications are smaller than in fluid — flow applications because the change of input power
is linear to the speed. Application of VSDs in equipment that has minimal change in load and
speed does not necessarily offer energy efficiency benefit but rather the VSD could be used to
provide a soft starting and stopping for high starting torque applications. Also, it can provide less
wear in machinery involved, high power factor and reduced voltage drop in the network close to
a large starting motor (Waide & Brunner, 2011). Even though there is no potential energy saving
for such applications, it is still technically and economically beneficial to use VSD to offset the
cost of losses to be incurred under no VSD. Research has shown that, energy saving potential
with VSDs is greater with smaller motors with more than 2000 operating hours. Numerous stud-
ies have also revealed that variable speed drives can be cost — effectively applied to 25 — 50 per-

cent of industrial motor system loads (de Almeida et al., 1997).

In figure 3.3a, a conventional pumping system with an installed standard motor with 90 percent
efficiency only produced a total system efficiency of 31 percent. When this system is improved
by installing a VSD and energy efficient motor (EEM), more energy efficient pump and low fric-
tion pipe as indicated in figure 3.3b, the overall system efficiency improves to 72 percent. This
phenomenon shows that energy efficiency improvement from individual components within a

motor-driven system has a significant impact on the improvement in overall system efficiency.
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Fig.3.3. Comparison of a typical and an Energy — Efficient Pump System (Source: De Keulenaer et al., 2004). (a)
Conventional pumping system (total efficiency = 31%) (b) Energy-efficient pumping system combining efficient
technologies (total efficiency = 72%)

3.2 Motor Efficiencies

Standard efficiency motors, IE1, are widely used in most part of the world today, typically in
Russia, some part of Asia and Latin America (Bertoldi, 2015). According to de Almeida et al,
(1997) the saving potential of using EEM is about 1 — 9 percent of applicable motors. It is also
estimated that 96 percent of motor load has energy — efficient replacements available (de Al-
meida et al., 1997). This assumption indicates that there exists a huge opportunity for energy
efficiency improvement in motor — driven systems when a standard efficiency motor, IE1 is re-
placed with a premium energy efficient motor, IE3. Comparing figure 3.3a and figure 3.3b
shows that, the energy efficient motor has a better efficiency thus improving the overall pumping
system efficiency. However, in most cases industry players have the inertia in replacing failed
standard motors with more efficient motors because of the initial capital cost, not taken into con-
sideration the life — cycle cost of the energy efficient motors. The US Department of Energy
(2014) estimates power cost over the 20 year life of an electric motor to be 90 percent, with
downtime costs estimated at 5 percent, rebuild costs at 4 percent and purchase price at 1 percent.
This means that almost 95 percent of the life — cycle cost of a motor goes into electricity bills

and maintenance. Hence it is very important for industry players to take into consideration the
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life-cycle cost and payback time for the intended motor to be purchased. Energy saving is con-
sidered to be reasonable if EEM operate for at least 8 hours per day. However, it is believed that
the greatest energy saving potential is obtained when a combination of both energy efficient mo-
tor and VVSD is used for variable load applications with a utilization factor of at least 75 percent.
Savings from energy efficiency improvement for motors operating at a specified constant load

can be estimated from equation 3.1 and equation 3.2 respectively.

P, xLoad 100 100

X (— — ) (3.1)

100 NSTD MPREM

kKWsavep =

Where KWsavep 1S savings from energy efficiency improvements in KW, Nameplate rated power
in KW is represented by P,, and Load is the output power as a % of rated power. Ngtp and Nprem
represent efficiency of standard motor and efficiency of premium motor as operated in % re-

spectively.

E = kWsavep X h (3.2)

Here E is the annual energy saved in KWh and h represent the annual operating hours.

The total annual savings cost can be estimated from equation 3.3

Where SAVINGS is the total annual savings, RATEg is energy charge per kWh and RATE, rep-

resents monthly demand charge per kW.

However, these equations are not applicable to motors operating with pulsating loads or to loads

that cycle at rapid intervals.

3.3 Matching Motor Driven Equipment with Process Requirements

The level of load mismatching of motors cannot be easily estimated. It involves a detailed analy-
sis of measurement if there are a lot of motors connected within the plant, to ascertain if the mo-
tors have been under loaded or overloaded. Plant engineers usually tend to oversized motor sys-
tems to allow growth in the system peak requirements (de Almeida, 1997). This is done to curtail

for motor losses for some crucial industrial processes thus preventing any financier loss and safe-
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ty issues. However, matching a motor to the required load can bring some financial benefits due
to the following reason:

e when purchasing replacement motors, smaller motors tend to cost less

e An under — loaded motor operates less efficiently and with lower power factor than a mo-

tor loaded at 75 percent to 100 percent of rated power

3.4 Duty Cycle and Load Profiles

The duty cycle for a motor — driven system indicates how many hours per year it is in operation
while the load profile shows how the process flow requirements vacillate when the system is
running (US DOE, 2014). Usually, it is a difficult task to analyse the duty cycle of motor driven
systems, unless relevant information is obtained from process operating records, process opera-
tors and plant control system supervisors. Field measurement often must be made to determine
the load profile. For instance, Fluid flow measurement can be measured with a flowmeter. An
RMS power meter can be used to determine the input power to the motor driven-system at the
same time the flow measurement is taken. Knowing the duty cycle and load profile of a motor is
extremely important to plan cost — effective energy efficiency improvement techniques. For in-
stance, understanding the duty cycle and load profile for a motor, assist in taken decision wheth-
er to retrofit a VSD or to replace a standard motor with a premium energy efficient motor. Figure
3.4 and Figure 3.5 show load profile that indicates an excellent VSD retrofit opportunity and a

load profile that indicates a poor VSD retrofit opportunity respectively.

5 10 1% 20 25 30 35 55

40 45 50 60 65 70 75 80 85 90 95 100
Percent of Rated Flow

%]
o

] o

Equipment Operating Time, Percent
w

]

Fig.3.4. A load profile that indicates an excellent VSD retrofit opportunity (Source: US DOE, 2014)
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In figure 3.5 it will be better to use throttling valve or dampers to control the flow rather than
using VSD to regulate the flow. The use of VSD in this application will rather increase energy

consumption at full — flow due to losses in the drive’s power electronics (US DOE, 2014).

3.5 Repair or Replacement based on Life — cycle Approach

When a motor fails, there are two possibilities available; repair the motor or replace it with a new
one. There are many factors to consider whether to repair a motor or replaced it with a more effi-
cient motor. For instance, the decision to change a failed standard motor with energy efficient
motor should depend on how frequent the motor fails, annual hours of operation, life cycle cost
analysis to compare the economic benefits for each scenario, electricity cost plus existing effi-
ciency incentives and motor rebate and an estimated remaining service life of failed motor.
Mostly, industry players prefer to repair their motors when it fails. Some motor failures can take
several hours to repair them. For instance, if a motor winding is burnt, the motor has to be sent to
a motor service shop to get it rewind. Research has shown that poor motor rewind practices often

degrade motor performance and efficiency.

However, various studies also show that efficiency of a motor should not change by age or by
repairing the motor when the best maintenance practices are conducted. For instance, a study
conducted by Electric Apparatus Service Association (EASA) and the Association of Electrical
and Mechanical Trades (AEMT), (2003) indicates that, when best practices are followed to re-
pair or rewind motors, they can maintain their original efficiency, within the range of accuracy
for the efficiency test method. However, in most industries, the efficiency of rewind motors re-
duces by a percent. Life — cycle approach is considered the best option to analyse when to repair
a failed motor or replace it. Equation 3.1 and equation 3.2 could be used to estimate the amount

of energy to be saved in KW and kWh respectively, when a standard motor is replaced with a
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more energy efficient motor. However, this equation is more applicable if the motor is operating
at a specified constant load. Based on the annual savings calculated in equation 3.3, an Energy
Manager can easily calculate the payback time using equation 3.4 for investing in energy effi-

cient motors with reference to the company’s internal return rate (IRR).

__ COST-REBATE
" SAVINGS

SPB (3.4)

Where SPB represents a simple payback time, COST is the cost of purchasing a more energy
efficient motor and REBATE represent utility rebate for purchasing more energy efficient mo-

tor.

3.6  Optimizing the Efficiency of Mechanical Transmission Systems

It is estimated that about one third of all motors operating in the commercial and industrial sector
use belt drives with most of them using the standard V — belts (US DOE, 2014). Eliminating the
losses in belted power transmission systems are key to energy efficiency improvements and Plant
Engineers should consider with high priority during planning of energy efficiency improvement
for motor — driven systems. For instance, V — belts often need regular maintenance and besides
their efficiency drops if load is below or above the full load. However, cogged V — belts have
lower flexing losses and they are typically more efficient than the standard VV — belts. The syn-
chronous belt is considered to be the most efficient belt design due to its low flexing losses and
slippage. Efficient selection of gear drives can be a potential tool in saving energy. Usually, the
ratings for gear drives depend on the gear ratio and on the torque required to drive the load. It is
often important to select the best efficient gear drives available. Also chains are commonly used
in applications with low speed and high torque. Chains do not slip unlike in VV — belts, however,
they constantly need readjustment and adequate lubrication. Hence synchronous belt are consid-

ered as a better alternative to the use of chains.

3.7 Improved Power Supply Quality

According to NEMA MG1, 14.30 standards, the study of the impacts of variation of voltage and
frequency on the performance of a motor reveal that whether the motor is standard, rewound or
EEM, the supplied voltage to the motors have to be close to its nominal ratings. Additionally, a
research conducted by Austin Bonnett, EASA Technical and Education Consultant also revealed

the impact of voltage and frequency variation on motor life and performance. For instance, when



31

a motor is operating at or nearly fully load, voltage fluctuations beyond 10 percent will decrease
motor efficiency, power factor and lifetime (de Almeida et al., 1997).This means that higher pri-
ority of power quality should be considered when planning energy efficiency improvement in
motor — driven systems. From Table 3.1 it can be seen that, an improvement in the quality of

power supply can increase energy saving potential by 1 — 5 percent for all motor load.

Power factor is another problem which can suppress power supply quality which in turn will
cause poor motor performance and will attract power factor penalty revenue from power distri-
bution companies. Power factor problems arise from using inductive loads such as induction mo-
tors, florescent lights and so forth. A low power factor may also lower your plant’s utilization
voltage, increase electrical distribution system line losses, and reduce the in-plant distribution
system’s capacity to deliver electrical energy (US DOE, 2014). Usually, power factor can be
improved by replacing standard efficiency motors with premium efficiency motors and operating
the motor near full load as indicated in figure 2.8. Also power factor can be improved by avoid-
ing electrical devices connected to the same network to operate above its rated voltage. The fol-
lowing measures are some of the strategies to mitigate low power factor in industrial plants (US
DOE, 2014):

I.  Choose motor sizes that are as closed as nameplate power demands of the load

Il.  Addition of power factor correction capacitors to the plant distribution networks
1. Choosing a motor with a higher speed that an application can accommodate.

100
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Fig.3.6. Power Factor as a Function of Motor Load (Source: US DOE, 2014)

From Figure.3.6, it shows that when power factor correction capacitors are installed, the plant

power factor is almost at unity whereas without power factor capacitors, the power factor is be-



low 90 percent even if the motor operates close to full load. Low power factor often occurs in
cyclic processes such as circular saws, ball mills, conveyors, compressors, grinders, extruders, or
punch presses for which motors are sized for where heavy loads are expected to be encountered
(US DOE, 2014). This chapter has shown that there are a lot of electric motor system efficiency

opportunities as depicted in table 3.1 which can improve the overall efficiency of motor-driven

systems.
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Table 3.1 Summary of electric motor system efficiency opportunities (Source: de Almeida et al., 1997)

MEASURE

SAVING POTENTIAL AS
% MOTOR END-USE
FRACTION

ASSUMPTIONS

Energy-Efficient Motors

1-9 % for applicable motors

96 % of motor load has energy-

efficient replacements available

Correction of motor oversizing

6-9 % for oversized motors

one-third of motor load operates

a less than 50 % load

Improved Drivetrains, Lubrifi-

cation and Maintenance

3-7 % for all motor load

Improved Electricity

1-5 % for all motor load

Pump and Fan Efficiency

2-10 % for end-use motor load

Variable Speed Drives

15-40 % for applicable motors

25-75 % of pump, fans compressor
and conveyor loads are applicable

sites

Reduced Air

Leaks

Compressed

50-75 % reduction in leaks

compressed air leaks are 15% of

compressed load

Compressor Controls

3-7% for compressor load

Air Compressor Efficiency

4-20% for applicable

50 % of compressor load is ap-
plicable for equipment efficiency

improvement

Refrigeration Equipment Effi-

ciency

10 % for refrigeration load




33

4 Energy Efficiency Management Policy in Ghana

Ghana has a huge potential to grow and modernize its economy if Government gives priority to
the energy sector. The energy sector is the pillar of the country’s industrial sector. However, due
to political interference and inability of power producers to expand their existing infrastructures
because of macro-economic factors, growth of the energy sector has been steady. The energy
sector is regulated by the ministry of energy. The Energy commission is mandated by law to reg-
ulate and manage the development and utilization of energy resources in Ghana as well as pro-
vide the legal, regulatory and supervisory framework for all providers of energy in the country
(Energy Commission, 2015). In addition, the energy commission provides energy policy adviso-
ry to the Government by making national energy policy recommendations to the ministry of en-
ergy. The public utilities regulatory service (PURC) is the only institution mandated by law un-
der the Public Utilities Regulatory Act, 1997 (Act 538) as part of the utility sector reform process
to regulate the provision of utility services in the electricity and water sectors. The PURC sets
electricity tariffs in consultation with stakeholders such as power generation companies, power
transmission and distribution companies, trade unions, Association of Ghana Industries and other

end-users.

The Energy Commission and Energy Foundation have been mandated to develop and supervise
policies to promote energy efficiency awareness in the country. The energy foundation is a pub-
lic-private partnership institution which was set up to strengthen the private sector to improve
economic productivity by developing energy efficiency, renewable energy and productive use of

electricity programmes and business.

However, the only energy efficiency campaign from the commission in collaboration with Ener-
gy Foundation since 2007 are lighting retrofitting which saw the replacement of six million in-
candescent lamps with six million compact florescent filament lamps, capacitor installation pro-
grammes in public buildings and refrigeration efficiency rebates. These are the only existing de-
vices which have minimum energy performance standards prescribed by the energy commission
of Ghana. Currently there are no clear energy efficiency policy for the industrial sector though
the industries consume about 49 percent of the total electricity consumption in the country. Lack
of industrial energy efficiency policy framework has contributed immensely to the huge energy
efficiency gap embedded in the industrial sector. If pragmatic measures are taken in promoting

energy efficiency in the industry, Ghana will achieve significant gains in energy efficiency im-
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provements. Electric motor — driven systems are extensively used in both energy- intensive and
non-energy intensive industries. These are the equipment which consumes the greater portion of
electricity in the industry. The immediate formulation of policies to guide the energy sector
could save the country a lot of GWh of electricity which could reduce investment in electricity

generation and greenhouse gas emissions.

4.1 Industrial Energy Use in Ghana

Ghana has a very vibrant industrial sector which contributes immensely to the growth of the
economy. These industries are made up of mining, aluminium smelting, sawmills, lumbering, oil
and gas refinery, food processing, manufacturing, quarrying and so forth. Most of the energy
commonly used in these industries is electricity, gas, diesel and other fossil fuels. However, elec-
tricity is the largest source of energy in the industries. Ghana’s total installed generation capacity
is about 2 847 MW (VRA, 2015) but only about 1 450 MW of electricity is generated at peak
demand (GRIDCO, 2015) with a growth rate of about 10 percent. The huge difference between
the installed capacity and the generated capacity is as a result of technical and financial con-

straints.

Volta River Authority (2015) estimated that hydro power generation represents about 55 percent
(Akosombo hydro power plant, Kpong hydro plant and Bui hydro plant) of installed capacity and
thermal 45 percent (VRA thermal plants and IPP thermal plants). Volta River Authority, Bui
Dam Authority, independent power producers (IPP) are the main institution in charge of power
generation in Ghana. GRIDCO is the sole company which has the mandate to transmit the gener-
ated electricity to various distribution stations in Ghana whiles the Electricity Company of Gha-
na (ECG) and Northern Electricity Distribution Company (NEDCO) are the two main distribu-
tion companies which distribute power to end — users. Figure 4.1 shows that the electricity con-
sumption trend has been increasing steadily excerpt in the year 2006 and 2007 when the nation
had an acute power crisis. Also, electricity consumption of the industry has been the largest por-
tion since 2005.
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Electricity consumption by customer class in Ghana
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Fig.4.1. Electricity consumption by customer class in Ghana (Source: Energy Commission, Ghana, 2015)

Almost all the big industries and SMEs industries have diesel power generators which run paral-
lel to the electricity distribution network due to unsecure power supply and load shedding. In
2014, the industrial sector consumed about 49 percent of the total power distributed to end users
(Energy Commission, 2015) as indicated in figure 4.2. Energy intensive companies like mining,
aluminium smelting plants, oil refinery, cement factories and so forth uses a lot of electricity
hence interruption of power supply and hikes of electricity prices add extra cost to these compa-

nies.
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Fig.4.2. Share of electricity demand by end-use in 2014 (Source: Ghana Energy Commission 2015)

According to Ghana energy commission (2015) energy statistics, Ghana electricity production
was 12 963 GWh in 2014 and annual energy consumption for all end-use sectors was 10 182
GWh in 2014. The industrial sector consumed about 5 055 GWh of electricity in 2014. However,
information about motor energy consumption is currently not available but officials from Energy
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Commission estimated that the share of motor energy demand in the industry could be about 65
percent. This assumption could be verified if a top — down approach or bottom — up approach
methodology is used to estimate motor energy demand in the country. Since there are no reliable
statistics about electricity use of electric motors in Ghana, it will be difficult for institutions
mandated for energy efficiency policy development to properly plan and execute energy effi-
ciency improvement policies in the industrial sector. Hence the idea is to make a baseline re-
search in future to identify the share of motor electricity consumption and the share of motor
applications in the industries.

Electricity supply to Industries in Ghana is in three forms depending on the end-use load:
e Special Load Tariff - Low Voltage (SLT-LV)
e Special Load Tariff - Medium Voltage (SLT-MV)
e Special Load Tariff - High Voltage (SLT-HV)

Industrial electricity billing in Ghana consists of the following features:
I.  Maximum demand in KVA per month
[l.  Electrical energy consumption in kWh
I1l.  National Electrification Scheme (NES) Levy per kWh
IV.  Power factor penalty charges in KVAR
V.  Street Lighting Levy per kWh
VI. Service Charge

The maximum demand is charged according to highest k\VA consumed over a period of thirty
minutes during the month. Industries are also charged per unit kWh used in a month. Also, in-
dustrial electricity bills include power factor penalty charges due to reactive power caused by
magnetizing currents required to operate inductive devices such as transformers, motors and
lighting ballasts, and it is used as the basis for the power factor charges. Lastly, industrial elec-
tricity bills are charged with the NES (National Electrification Scheme) and street light levies to
subsidize domestic electricity use whiles the service charge is a monthly charge often referred to
as the basic, facilities or customer charge. It is generally stated as a fixed cost based on trans-

former size.

A company understanding to their billing system is very important and it’s the first step to think

about energy efficiency improvements. For instance, knowledge about which part of the bill goes
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for energy consumption (kWh) and peak demand (kVA), how much electricity go into lighting,
compressors, air — conditioners and refrigeration systems and how much you are paying for
power factor penalties will assist to identify both energy and cost saving as well as setting up
energy benchmark for companies.

Electricity tariffs in Ghana are quite high compared to prices from developed countries. Effective
from 14" December, 2015, the average cost of electricity delivered to industries has been 0.93
GHS per kWh (PURC, 2015) which is equivalent to 0.22 €/kWh. Generation mix, fuel mix
(Crude Oil, Natural Gas and Distillate Fuel), Ghana Cedi — Dollar exchange rate, inflation and
demand forecast are some of the factors that have contributed to the sharp electricity tariff in-

crement almost every quarter of the year (PURC, 2015).

4.2 Challenges facing the Energy Sector in Ghana

As Ghana is shifting from agriculture to an industrialized economy, reliable supply of energy,
primarily electricity supply will be the key indicator for industrial development which will in
turn lift many out of the poverty line. Ghana’s electricity supply market currently has an estimat-
ed 10 to 15 percent demand growth annually due to increasing domestic and industrial demand
(Acheampong & Ankrah, 2014).

Ghana is currently experiencing power crisis which has led to load shedding since 2013. The
effect of this power crisis has led to closure of businesses and cut of jobs. Ghana’s energy supply
challenges are due to both micro and macro-economic factors, technical problems and political
interference. For instance, generation from hydro power plant has dropped from 58 percent in
2013 to 27 percent in 2015 whiles thermal generation has increased from 42 percent in 2013 to
72 percent in 2015 (PURC, 2015). This phenomenon is due to the fact that Akosombo Dam, the
largest Dam in the country, is currently operating slightly below the minimum operating water
level, which is 73.15m (VRA, 2015). This has necessitated management of the plant to use only
two turbines for power generation instead of generating power from all the six installed turbines.
This has put pressure on the back up thermal plants, thus more money is needed to import crude
oil and natural gas to power the thermal plants to generate the required power demand but most
of the time the power generation companies do not have the capital due to indebtedness owed by
transmission and distribution companies. Most often, government promises to absorb the differ-

ence when there is an electricity tariff adjustment instead of passing it on to consumers but de-
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lays in paying the distributing companies these subsidies. This affects the operation of the distri-

bution companies.

The Ghana ministry of Energy (2009) estimated that system losses in electricity distribution in
Ghana are about 25 percent with wastage in the end-use of electricity also estimated at about 30
percent. These losses in energy supply and inefficient use of energy contribute to the high levels
of energy consumption. These huge losses are caused by existing old distribution transformers
and conductors which have been in operating for years. For instance, the ratio of distribution to
transmission losses has averaged 22 percent over the past ten years with the trend showing very
little appreciable decline as can be seen in figure 4.3. The net effect of this is that almost 22 per-
cent of the total power generated cannot be accounted for in Ghana as compared to EU distribu-
tion losses of 6 percent as a benchmark. The Electricity distribution companies in Ghana attrib-
ute this to technical and commercial losses. The technical losses are mainly as a result of inade-
quate equipment capacity and old and obsolete conductors which have been in operation for
years. Commercial losses have been identified as due to illegal connections of power, metering
problems, billing and collection challenges. However, the introduction of pre — paid meters by
Electricity Company of Ghana in some selected cities could reduce some of the billing and col-

lection challenges though there is a huge public outcry about the pre — paid meter calibration

system.
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However, Acheampong & Ankrah (2014) believed that a review of the regulatory framework to
ensure competition could increase efficiencies. This will ensure price guaranties by curbing
abuse of market power due to collusive and erratic pricing by the utilities eventually culminating
in better consumer welfare. Also, in view of the power sector reform programme which started in
1995 to bring competition and efficiencies to the power sector, Energy Commission was set up
to regulate the technical operations of the utilities and PURC as the institution mandated in set-
ting tariffs to ensure competition and international best standards hence much is expected from
regulatory bodies especially Energy Commission to be more resourceful and proactive towards
energy efficiency awareness campaign to reduce both distribution system losses and end — user
losses and the PURC to set realistic tariffs to boost investor confidence to invest in the power

sector.

4.3 Theoretical Barriers to and Driving Forces for EMDS Efficiency Improvements in
SMEs in Ghana

Various researches on industrial energy efficiency have postulated some factors which inhibit
industries to implement cost — effective measures to improve energy efficiency. These factors are
however general factors which impede the implementation of industrial energy efficiency. How-
ever, specific barriers to EMDS energy efficiency improvement in SMEs in Ghana has been at-
tributed to market barriers, awareness of options available, internal conflicts, market structures,
economics barriers and lack of effective industrial energy efficiency policy framework from

policy regulators. These barriers are summarized below:

Awareness of options: Though there are appreciable levels of general awareness of the use of
VSDs and EEM to save energy, it is quite a different situation when it comes to reality in Ghana-
ian Industries. In addition, it is still uncertain the energy saving potential that variable speed
drives and energy efficient motors can made. However, this uncertainty is diminishing due to

better awareness now as compared to the past.

Economic Barriers: There are numerous reasons why energy saving projects can be rejected for
economic reasons. For example, if a motor annual running hours is not sufficient to give an ac-
ceptable payback, management will often overlook such a project without considering the entire
life — cycle cost analysis of the economic benefit of EEM or VSD in a long term. Also, opportu-
nities are usually missed in taking into account non — energy saving advantages of variable speed

drives such as longer equipment lifetime and better process control. Furthermore, it is believed
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that some companies have some past experience about previous use of energy efficient technolo-
gy which had an adverse effect to their system thus have the inertia to invest in energy efficient

technologies to improve their system.

Market Structure: It is estimated that about 80 percent of low voltage induction motors are sold
through original equipment manufacturers (OEMSs) and since they are not responsible for paying
for the running cost of these motors thus tend to offer low cost motors without offering VSDs (de
Almeida et al., 2000). This seems to be a major challenge for motor purchasers and it would be
on the interest of purchasers to demand more energy efficient equipment from suppliers who
otherwise have little incentive to make it available.

Internal Conflicts: In some business organizations, though personnel from different depart-
ments agree that procuring of energy efficient equipment is a good decision, there are many in-
ternal pressures and conflicts which impede the implementation of such projects. Most of the
time, engineers fail to convince non — technical personnel’s who are in charge of decision mak-
ing to approve energy efficiency improvement investment plans. Additionally, decision makers
often do not want to risk any interruptions in production hence are not so keen to invest in ener-
gy efficient equipment which can cause some minor production downtime though the energy

saving possibilities could be high.

Lack of Capital: Industries in developing countries like Ghana often do not receive any incen-
tives when they purchase energy efficient equipment. Hence industries find it much difficult to
borrow money from financial institutions with high interest rate to invest in energy efficiency
programs which is often not a priority to many SMEs. Companies prefer to invest in areas where
they can see their return of investment quicker hence budget allocation for energy efficiency im-

provements hardly exist in most industries.

Industrial Energy Efficiency Policy: It is believed that government has the greater responsibil-
ity in putting in place policies that will enforce industries to be more energy efficient. However,
in most developing countries like Ghana, there is no clear cut energy efficiency policy that regu-
lates the industrial sector though there are institutions mandated to regulate energy efficiency
policy in the country. Institutions responsible for energy efficiency improvements are often un-
der resourced and not proactive enough to provide the necessary technical support and enforce-

ment to industries.
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Despite all the barriers to the implementation of energy efficiency improvements for EMDS,
there exist driving forces which will cause industries to be more efficient. Cost of electricity is
one of the issues that are creating awareness for industry players to appreciate investment in en-
ergy efficient equipment’s. For instance, in Ghana, the average electricity delivered to industries
is about 0.93 GHS per kWh which is equivalent to 0.22 € per kWh. Another factor that could
drive energy efficiency is the provision of free energy audit and training on the available energy
management software’s sponsored by government, which can assist them to manage and plan
their energy efficiency programs more effectively. Additionally, energy efficiency requirement
from government could force industries to begin to invest in more energy efficient equipment’s

to avoid paying penalty such as emission tax or energy tax from government.
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5 Ghana Case Study Data

This research work took place in Ghana from 15" September 2015 to 30" October 2015.The
study analyses the level of implementation of energy efficiency improvement in electric motor
driven systems for small and medium scale industries in Ghana. It provides thorough information
about energy efficiency thinking culture in Ghana derived from both primary data and secondary
data. Some of the secondary data used includes scientific articles, books, research papers, inter-
net resources and so forth. The methods used in this study are qualitative and exploratory. Se-
lected companies for this research were done randomly from food and beverage sectors, chemi-
cal & Pharmaceutical sectors, Plastic manufacturing sectors, metal fabrication sectors, wood pro-
cessing sectors, pulp & paper sectors and petrochemical sectors and so forth. Companies visited
were from the Greater Accra region and Eastern region. The companies visited were divided into
formal and the informal sector. However, this study realized that the electricity consumption
from the informal sector was too low as compared to the formal sector hence the analysis of this
study will be limited to industries from the formal sector.

5.1 Overview of Industries in Ghana

Ghana has a vibrant industrial sector which contributes immensely to the growth of the economy.
The government of Ghana consider the industrial sector as the engine of growth for the econo-
my. The structure of the industrial sector in Ghana is currently made up of five subsectors name-
ly: manufacturing, construction, mining and quarrying, electricity and water and sewerage. The
manufacturing sector activities include production of foods, drugs and chemicals, cement, tex-
tiles, beverages, petrochemical refineries and so forth. Ghana’s construction sector deals with the
construction, repairs, maintenance, alteration and demolition of buildings, highways, streets,
bridges, roads, sewers, railways and communication systems. Furthermore, the mining and quar-
rying sector covers the extraction of mineral resources in the form of solids, liquids or gases.
This sector produces gold, oil, natural gas, diamond, bauxite, salt, sand and stones. The mining
sector growth rate declined from 11.6 percent in 2013 to 3.2 percent in 2014 (GSS, 2015). How-
ever, among all the sectors, manufacturing recorded the worst growth rate in 2014 at -0.4 percent
GSS, 2015). Furthermore, the industry share of GDP in 2014 was 28.4 percent though growth
declined from 6.6 percent in 2013 to 0.9 percent in 2014. However, all these declines were at-
tributed to high cost of energy due to the erratic power crisis that has engulfed the country since
2012.
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5.2 Informal sector case study

The informal industrial sector consists of the SME’s mostly with no organizational structure in
place and proper records and where maintenance culture is often not a priority. Semi — structured
interviews were conducted to ascertain motor electricity consumptions and the current energy
efficiency techniques currently being implemented. Some of the sectors visited were cement
blocks manufacturing sites, sawmills and gas filling stations. Most of the motor applications
commonly available at the surveyed companies were transfer pumps, sand and cement mixers,

planers and other auxiliary motor driven equipment.

5.3 Formal sector case study

The formal sector companies have a well organizational structure with employee strength of
more than fifteen (15). In order to achieve the objectives of this study, a methodology was de-
veloped to collect field data through both questionnaires and on — site visits where interviews
were conducted for further information. It was quite difficult to obtain motor end-use data with
only one methodology. Questionnaires were sent to mainly Technical directors and other tech-
nical staffs in the surveyed industries. Some of the information collected from the surveyed in-
dustries include:
e Total electricity consumption and share of motor electricity consumption in each indus-
trial sector under study.
e Distribution of motor electricity consumption by end-use in the industrial sector sur-
veyed.
e Power ranges of motors available in each sector
e Motor speed control technologies currently available in the industrial sector under study.
e Existing energy efficiency improvement techniques implemented.
e Barriers to and driving forces for energy efficiency improvement in EMDS in surveyed
industries
The information collected was used to analyse the technical and economic potentials of imple-
menting cost — effective energy efficient technologies and electric drive system optimization.
The industries which participated in this study are shown in figure 5.1. In all, eight SME’s from

the formal sector participated in this research.
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Fig.5.1. Participating Industrial sectors

5.3.1 Case study 1: Chemical and Pharmaceutical sector

Phyto — Riker pharmaceutical limited and Lagray Chemical Company limited are the two com-
panies who accepted to take part in this research. Phyto — Riker manufactures antibacterial, anti-
malaria, syrups, analgesics, antacids, anti — allergies and psychotherapeutic drugs. The company
has equipment such as compression machines, mixer granulators, blister packaging machines and
automatic capsule filling machines and labelling at the production site. In addition, the company
has a separate penicillin section plant which produces capsules, tablets and dry syrups. The other
plant produces liquid dosage drugs. The plant is supported by utilities like boilers, air handling
system, water treatment plant, compressed air and effluent treatments which meet the environ-
mental protection parameters. The company annual electricity consumption is about 1088 MWh
with total annual expenditure on electricity of GHS 533 185 equivalent to 126 948 €. However,
motor electricity consumption constitutes about 61 percent of the company’s total annual elec-

tricity consumption.

Lagray Chemical Company manufactures antibacterial, antifungal, antiretroviral and antimalarial
drugs. Lagray produces effective and affordable medicines for the treatment of diseases endemic
to sub-Saharan Africa and for improving the quality of life for people of Africa. It has total staff
strength of seventy two. The company commenced operation in 2001 in a modern manufacturing
facility at Nsawam in the Eastern Region of Ghana. The plant has production facilities like boil-
er, air chilling system and compressed air system. Also, there are auxiliary equipment’s such as

emission scrubber that treats gases before they are released to the atmosphere and a comprehen-
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sive aqueous effluent treatment system that recycles process water for irrigation. The total annual
electricity consumption of the company is 193.5 MWh. However, about 60 percent of the total

electricity consumption goes into motors.

In the chemical and pharmaceutical industries surveyed, pumps, fans and compressors (air and
cooling) are the most important load applications and they represent about 74 percent of the total
electricity consumption. Other motor applications such as agitators, conveyors, mixers, stirrers
and so forth were found in this surveyed sector. Agitators and stirrers were oversized. The aver-
age operating hours in this sector was estimated to be 1920. Table 5.1 indicates the motor sizes
and their operating characteristics available at the surveyed chemical and pharmaceutical plants.

Table 5.1 Total number of motors installed, average load factor, average operating hours, average efficiency and
average consumption by motor sizes in the Chemical and Pharmaceutical sector of the surveyed industrial sector.

Motor Total Average Average Average Effi- Consumption
size (kW) | Number load factor operating ciency (MWh/a)
installed hours (h/a)
0.75 64 0.7 2200 0.7 105.6
11 20 0.7 1920 0.71 41.65
15 11 0.75 1920 0.72 33
2.25 4 0.7 1800 0.75 15.12
3.75 7 0.75 1800 0.75 47.25
5.6 14 0.7 1920 0.8 131.71
7.5 3 0.6 1500 0.82 24.70
11.25 5 0.6 1200 0.85 47.65
15 5 0.65 1920 0.88 106.48
22.5 4 0.6 1920 0.89 116.52
375 2 0.6 1920 0.90 96

5.3.2 Case study 2: Metal sector

The only company which took part in this survey was KK Peprah roofing sheets manufacturing
company. The company basically produces pre-painted aluminium and painted Aluzinc roofing
sheets. The production process equipment includes metal rolling machine, hydraulic drive sys-

tem and other auxiliary equipment’s. Its annual total electricity consumption is estimated to be
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107.4 MWh. However, the company’s motor electricity consumption is estimated to be 60 per-
cent of the total electricity consumption. The Company employs 33 employees. This study re-
vealed that consumption records are not adjusted to energy price change and there are no bench-
marks for consumptions in motor driven systems for this company. Moreover, there are no moni-
toring and targeting schemes employed in motor driven systems. Furthermore, the company has
never conducted energy audit for the past 5 years. Table 5.2 shows the motor sizes and their op-

erating characteristics available at the surveyed roofing sheet manufacturing plant.

Table 5.2 Total number of motors installed, average load factor, average operating hours, average efficiency and
average consumption by motor sizes in the Metal sector of the surveyed industrial sector

Motor Total Average Average Average Effi- Consumption
size (kW) | Number load factor operating ciency (MWh/a)
installed hours (h/a)
0.75 7 0.70 1800 0.70 9.45
2.25 15 0.65 1500 0.72 45.7
5.6 1 0.70 1600 0.82 7.6

5.3.3 Case study 3: Paper, Pulp and Print sector

Fine Print Limited is a colour, security, label, newspaper, packaging, poster and exercise books
printing, paper converting (pulp and cutting), and sanitary tissue converting company. It also
manufactures cartons and packages such as egg crates, cement bags and cocoa bag. The produc-
tion site is located at Tema Heavy Industrial Area. The company has about sixty five employees.
The production process equipment includes pulp preparation section, pulp moulding plant, exer-
cise book making machine, cement bag bottomer and cement bag tuber. Other equipment’s are
cocoa bag bottomer, cocoa bag tuber, polar cutting machine, miller printing machine, diaper
making machine, sheeting machine and so forth. Auxiliary equipment’s such as compressors and
vacuum systems are also available at the plant. The company annual total electricity consump-
tion is estimated to be 4500 MWh with about 72.5 percent of this consumption going into motor

driven systems. The motor operating data collected from this firm is shown in Table 5.3.
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Table 5.3 Total numbers of motors installed, average load factor, average operating hours, average efficiency and
average consumption by motor sizes in the Pulp, Paper and Print sector of the surveyed industrial sector.

Motor Total Average Average Average Effi- Consumption
size (kW) | Number load factor operating ciency (MWh/a)
installed hours (h/a)

15 1 0.7 1920 0.72 2.8
2.25 2 0.7 1800 0.75 7.56
3.75 2 0.7 1800 0.75 12.6

5.6 9 0.7 1920 0.8 84.7

7.5 6 0.65 1500 0.82 53.5
11.25 10 0.6 1980 0.85 157.2

15 8 0.65 1920 0.88 170.1
22.5 2 0.6 1920 0.89 58.2
375 4 0.6 1920 0.90 192
56.25 10 0.7 1500 0.91 649

75 3 0.75 1500 0.91 278
>75 4 0.75 1500 0.92 1606.8

5.3.4 Case study 4: Food and Beverage sector

Gihoc Distilleries Company limited and Blue Skies Company limited were the two main firms
that participated in this sector. Gihoc Distilleries produces alcoholic beverages for the Ghanaian
and the West African market. Blue Skies on the other hand is an agro processing company which
process fresh fruits into concentrated juice for the international market. Both companies are well
established and have good working standards. The motor operating data collected from this firm

is shown in Table 5.4.
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Table 5.4 Total numbers of motors installed, average load factor, average operating hours, average efficiency and
average consumption by motor sizes in the Food and Beverage sector of the surveyed industrial sector.

Motor Total Average Average Average Effi- Consumption
size (kW) | Number load factor operating ciency (MWh/a)
installed hours (h/a)
0.75 25 0.7 3500 0.7 65.6
1.1 22 0.7 3500 0.7 84.7
15 38 0.7 3500 0.75 186.2
2.25 3 0.7 4500 0.75 28.4
3.75 7 0.7 4500 0.80 103.4
7.5 7 0.8 4500 0.85 222.4
15 2 0.8 4500 0.90 120
22.5 18 0.7 4500 0.90 1417.5
375 4 0.7 4500 0.90 525
56.25 1 0.75 4500 0.92 206.4

5.3.5 Case study 5: Petrochemical and Refinery sector

Tema Oil Refinery (TOR), the only refinery industry in Ghana was the only firm which took part
in this sector. The company is located at Tema Heavy Industrial area about 30km away from
Accra, the capital city. The company procure crude oil and processed it into finished and semi-
finished products and has processing capacity of about 45000 barrels per day. The company has
staff strength of about 740. The company’s annual electrical consumption is estimated to be 6997
MWh with about 97 percent of this consumption going into motor driven systems. Pumping ap-
plications consume about 90 percent of the total motor electricity consumption. Energy used in
this firm is generally metered at departmental buildings. Though the company has an explicit
energy policy, awareness of this policy to staffs in the firm is quite low. Even though the firm
usually conduct energy audit and monitor the trend of motor energy consumption, motor energy
performance is rarely advised to technical staffs and there is no existing benchmark to compare
consumption of motor energy. The motor operating data collected from this firm is shown in
Table 5.5.
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Table 5.5 Total numbers of motors installed, average load factor, average operating hours, average efficiency and
average consumption by motor sizes in the Petrochemical & Refinery sector of the surveyed industrial sector.

Motor Total Average Average Average Effi- Consumption
size (kW) | Number load factor operating ciency (MWh/a)
installed hours (h/a)
0.75 15 0.75 1900 0.75 21
1.1 3 0.75 1900 0.75 6
1.5 38 0.7 1920 0.72 106
2.25 18 0.75 1800 0.80 68.3
3.75 18 0.75 1800 0.80 113
5.6 19 0.75 1920 0.88 174
7.5 16 0.70 1900 0.88 181
11.25 30 0.70 1900 0.88 511
15 17 0.70 1900 0.90 377
22.5 39 0.70 1500 0.90 1024
375 33 0.70 1500 0.90 1444
56.25 5 0.70 1500 0.91 324
75 14 0.70 1450 0.91 1171
>75 14 0.70 1450 0.92 1310

5.3.6 Case study 6: Plastic sector

J and J plastic industry was the only firm in this sector which agreed to take part in this study.
The company produces range of household plastic products and is located at Medie, Accra. The
company’s annual electricity consumption is about 264 MWh. The firm estimated that 60 per-
cent of their electricity consumption goes into motor driven systems. From the motor electricity
consumption, pumps consume 20 percent whiles material processing share of consumption is
estimated to be 65 percent. Also consumption of compressed air and fans are 10 percent and 5
percent respectively. Though the company has motor applications with variable torque or speed
applications, such applications are typically controlled by manual valve or ON/OFF control
mechanism. The company has no energy management policy and has never conducted energy
audit since its inception. There are no benchmarks for consumption of motor driven systems to
be compared with. The maintenance principle of the company is quite low and machines are usu-

ally run to fail before maintenance is conducted. The company could not provide the motor data
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such as annual average operating hours, load factor, total number of motors installed and effi-

ciency classifications of the available motors in their factory.

5.4 Results

This chapter outlines the findings obtained from the thesis work with respect to the research ob-
jectives and research questions. The results presented here are limited to field data obtained from
the formal sector case studies.

5.4.1 Current energy management practices in the surveyed industries

Industrial energy efficiency improvement provides enormous opportunities for developing coun-
tries like Ghana if only pragmatic and comprehensive energy efficiency policies are put in place
to bridge the existing energy efficiency gap. Lack of awareness to best available technology, lack
of access to capital, inability of government to give tax incentives to investment on energy effi-
cient technologies and industry players’ inertia to invest in energy efficient technologies are the
key determinants that have necessitated the existing energy efficiency gap. Bridging the industri-
al energy efficiency gap in Ghana is crucial to ensure sustainable development in the energy sec-

tor.

In order to ascertain the existence of energy efficiency gap in the surveyed industries, respond-
ents were asked to assess the existence of cost — effective energy efficiency measures available
in their firms and which when implemented could be profitable according to the company’s in-
vestment criteria. About 90 percent of all the respondents confirmed the existence of energy sav-
ing potentials; a respondent strongly agreed whiles six respondents also agreed to the existence
of energy efficiency opportunities in their firms. However, a respondent did not know if there
were existing energy efficiency potentials in their firm as indicated in figure 5.3. This result re-
veals a strong knowledge of the existence of energy efficiency gap in the surveyed firms. Inter-
estingly, about 90 percent of the respondents agreed that the estimated payback time in investing

in the existing energy efficiency potentials at the current energy price could be less than 2 years.
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Fig.5.3 Energy efficiency opportunities in surveyed industries

To assess the level of energy management practices in the surveyed industries, respondents were
asked to respond to questions on their energy information systems. Seven respondents confirmed
that electrical energy usage is metered at the whole site and electricity is generally recorded
monthly. Only one company confirmed that electrical energy usage is metered at departmental
buildings. Moreover, about 75 percent of respondents monitor trend in their motor energy con-
sumptions whiles half of the firms surveyed confirmed they employ monitoring and targeting
schemes in motor — driven systems. In addition, about 42 percent of the respondents adjust their

motor electricity consumption records when there is energy price change.

However, this information may not be entirely accurate because energy prices are often adjusted
every quarter of the year depending on the macro — economic indicators. Furthermore, about 60
percent of the respondents affirmed energy audit had been conducted in their respective firms
whiles approximately 75 percent do not have any benchmarks to compare their EMDS electricity
consumptions against. Even though majority of the firms provided yes to the survey as can be
seen in figure 5.4, a large number of the assessments of existence of energy efficiency gap by
respondents in the surveyed industries were based on assumptions rather than empirical data to

ascertain the magnitude of saving potentials.
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Fig.5.4. Energy information system (Eight respondents)

5.4.2 Electricity consumption in surveyed industries

Table 5.6 shows the total electricity consumption in the surveyed industrial sectors and the share
of electricity used in each sector. From table 5.6, the petrochemical and refinery sector consumed
the greatest share of the total electricity consumption followed by the Paper, pulp and print sec-
tor. Furthermore, share of motor electricity consumption was the highest at petrochemical and
refinery sector as indicated in figure 5.5. A total annual electricity consumption of 17366.1 MWh
was recorded from the selected SME industries under study. However, this study shows that, the
average share of motor electricity consumption in the surveyed industrial sectors represents
about 70 percent as depicted from Table 5.6. Considering the current grid emission factor

(tCO./MWNh) in Ghana to be 0.4, the motor electricity consumptions in the surveyed industrial

sectors contributes about 6947 tonnes of CO, emissions to the environment annually.

Table5.6 Total Electricity Consumption in the surveyed industrial sector

Sector Total Electricity Consumption Share of motor
(MWh/a) Electricity consump-
tion (%)
Food & Beverage 4210 65
Plastic 270 65
Paper, pulp & Print 4500 72.5
Metal sheet Fabrication 107.4 60
Petrochemical & Refinery 6997 97
Chemical & Pharmaceutical 1281.7 61
Total 17366.1 70.08
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Moreover, it was also established that, an average of about 5.5 % of the companies’ turnover
goes into motor electricity consumption. However, it must be borne in mind that, this percentage

does not reflect on all the surveyed industries but rather to those who provided their annual turn-

over.
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Figure.5.5. Total electricity consumption and share of motor electricity consumption in the surveyed SMEs

Table 5.7 shows the share of motor electricity consumption by end use application in the sur-
veyed industrial sectors. The motor load electricity consumption has been disaggregated into the
main end-use applications such as pumps, fans, compressors, material handling system and mate-

rial processing.

Table 5.7 shows the distribution of motor electricity consumption in MWh/a by end-use application in each industri-
al sector

Sectors Pumps Fans Aircomps Coolcomp  Conveyors Material
Processing

Food & Beverage 5473 378.9 442 1599.8 421 821
Plastics 54 135 27 0 0 175.5
Petrochemical & | 5139 341 136 34 102 68
Refinery

paper, pulp & Print | 900 900 900 0 450 1350
Metal 43 10.7 0 0 0 53.7
Chemical 141  256.3 70.5 480.7 108.9 225




54

However, Pumps, Fans, Air and cooling compressors accounted for a huge percentage (78 per-
cent) of the motor electricity consumption followed by material processing (14 percent) in the

surveyed industrial sectors as indicated in figure 5.6.
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Fig.5.6. Share of motor electricity consumption by end-use applications in the surveyed industries

5.4.3 Motor speed control technology available at the surveyed industries

Motors consume electricity to provide the torque and speed needed. In most applications, if the
torque or speed is too high or low, mechanical controls or electronic controls are used to slow
down, shift or control the output. Typical motor control techniques available in most industries
are variable speed drives and gear motors. However, manual valves, throttling valves or ON/OFF
mechanism is often used to control the output process. Different control methods are applicable
to different motor applications. For instance, in fluid — flow applications, mechanical controls
such as dampers, throttling valves, manual valves and vanes are commonly used. However, the
evolution of electronic control device such as VSD has provided better options for motor speed
modulation in these applications. To ascertain the type of motor control technology available in
the surveyed industries, respondents were asked to give the percentage of different control meth-

ods applicable to different motor applications in their firms.
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Fig.5.7. Share of motor speed control technology available in the surveyed industry

The result in figure 5.7 shows that VSD application in pumps, fans and air and cooling com-
pressing systems contributes about 12 percent. In addition, the use of VSDs covers 60 percent of
motor control techniques for conveying systems whiles there was no VSD technology applica-
tion for material processing equipment’s. However, approximately 77 percent of control technol-
ogies applicable in pump, fans, air handling and cooling systems were manual valve operation
whereas throttling valve represented about 10 percent. This result shows that there are possibili-
ties to implement VVSD applications in order to maximize significant energy saving potentials in
the surveyed industries especially in the chemical and pharmaceutical, pulp, paper and print and
food and beverage sectors where pumps, fans, air handling system and cooling systems applica-

tions are commonly used.

5.4.4 Existing energy efficiency improvement implemented in the surveyed industries

The overall system efficiency of a motor driven system is determined by the total motor system
which is a multiplication of efficiencies of individual components. This means that opportunities
exist for improving energy efficiency at both individual component level and system level. The
best proactive way is to adopt a holistic whole system engineering approach. This involves a
whole system optimization rather than isolating individual components, thus saving a large

amount of energy which often cost less than saving a fraction amount of it.

In order to determine the energy efficiency improvement techniques currently implemented in
surveyed industries, respondents were asked to rate the level of implementation of some of the

best techniques available to improve system efficiency in their firms from 0 ( not implemented)
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to 1 (extensively implemented). The top three techniques widely implemented in the surveyed
firms were “automatic switch off pumps, fans, conveyors and other equipment when not re-
quired”, “power factor correction” and the “use of centrifuge pumps and throttling valves”.
However, the three least implemented technologies were the “use of appropriate and efficient
motors”, “regular inspection and elimination of leaks” and the “use of variable speed drives” as

shown in figure 5.8.

Automatic switch off pumps, fans, conveyors and other equipment
when not required

Power factor correction

Use of centrifuge pumps and throttling control

Correct dimensioning of entire pumping system (pipe sizing, motor
selection, impeller sizing etc)

Use of frequency inverter drives

Regular inspection and elimination of leaks

Use of appropriate and efficient motors

o o1 02 03 04 05 06 07 08 09

M Level of implementation

Fig.5.8. Level of implementation of existing energy efficiency improvement techniques available at SMEs under
study.

5.4.5 Barriers to and driving forces for efficiency improvements in EMDS in the surveyed indus-

tries

In order to complement the existence of energy efficiency gap, respondents from the surveyed
industries were asked to rate the importance of 16 barriers to the adoption of energy efficiency in
motor driven systems. However, policymakers were also asked to rate the importance of 16 bar-
riers to the implementation of energy efficiency improvements in industries. This was done to
compare the results from industry players and policymakers and other expert in the energy sec-
tor. Table 5.8 shows the classification of most important barriers to energy efficiency improve-

ment listed by surveyed industries and policymakers.
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Table 5.8 Order of importance of barriers to energy efficiency improvements in surveyed industries and policymak-
ers

Order of Im- Order of Im-
portance Barriers portance (Policy-
(SMEs) makers)

1 Lack of Access to capital 3
Government does not give incentives to become energy efficient 5

3 Authorities not strict on enforcing environmental regulations 2

4 Other priorities for capital investment 10

5 Technical risk such as risk of production disruption 13

6 There is lack of awareness of the importance of motor energy effi- 4
ciency

7 There is lack of information on motor energy consumption within our 6
company

8 Our company do not have target for energy only for production 11

9 Management find production more important 1

10 There is lack of technical knowledge within our company 9

11 Only new expensive technologies can improve energy efficiency in 12
our company

12 Energy objectives not integrated into operating, maintenance or pur- 8
chasing procedures

13 Employees in company’s do not want to change the way they work 7

14 Benefits of implementing energy efficiency is not quantifiable 14

15 Energy efficiency technology is not appropriate in our company 15

16 Cost of electricity is cheap 16

From industry players, “lack of access to capital” and “government does not give incentives to
become energy efficient” were the top two most important barriers causing the existence of ener-
gy efficiency gap in their respective firms. Lack of access to capital maybe attributed to the high
interest rate (26 percent) on borrowing from financial institutions and most SMEs give low prior-
ity in investing energy efficiency improvements, hence prefer to invest in other sectors. Interest-
ingly, the two most important barriers given by policymakers were “management find production
more important” and “authorities are not strict on enforcing environmental regulations”. In the
third and fourth positions for industries were “authorities are not strict on enforcing environmen-
tal regulation” and “other priorities for capital investment” whiles “lack of access to capital” and

“there is a lack of awareness of the importance of motor energy efficiency”. Furthermore, the
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fifth and sixth most important barriers by respondents from industries were “technical risk such
as risk of production interruption” and “there is a lack of awareness of the importance of motor
energy efficiency”. However, respondents from policymakers ranked the fifth and the sixth bar-
riers to be “government does not give incentives to become energy efficient” and “There is lack
of information on motor energy consumption within our company” respectively. In addition,
barriers such as “Our company do not have target for energy only for production”, “There is lack
of technical knowledge within our company”, “Only new expensive technologies can improve
energy efficiency in our company” and “Energy objectives not integrated into operating, mainte-
nance or purchasing procedures” were ranked by both respondents as moderate factors to prevent
the implementation of motor energy efficiency improvement in industries in Ghana. Neverthe-
less, the least important barriers ranked by both respondents were “benefit of implementing en-
ergy efficiency is not quantifiable”, “energy efficiency technology is not appropriate in our firms
and cost of electricity is cheap.”

However, in spite of the existence of this barriers, there are compelling driving forces which
when implemented by both industries and policymakers could promote energy efficiency im-
provements in small and medium industries in Ghana. To ascertain the reasons why industries
implement energy efficiency, respondents were asked to rate the importance of 15 driving forces,
using a scale of unimportant (0), important (0.5) and very important (1.0). Table 5.9 shows the
top ten important driving forces respondents considered as the key in promoting energy efficien-

cy in the surveyed industries.

Table 5.9 Driving forces for energy efficiency improvements in surveyed industries and policymakers

Order of Importance Driving forces Order of Importance
(SMEs) (Policymakers)

Training course on energy management systems

Long term energy strategy

Cost reductions resulting from lowered energy use

Training on energy auditing

Emission (NOx, CO, etc) tax

Loans/subsidies for energy efficiency

Discounted/free expert advice

Software for energy monitoring

©| o N o g & W N -
IS I SN I B S O B T B

Energy efficiency requirements from government
of Ghana

10 General energy advice through seminar 4




59

6 DISCUSSION

6.1 Causes and Effects of Inefficiency of Electric Motor-driven Systems in Ghana

The core problem of existing electric motors in Ghana and particularly in the surveyed industries
is that, they operate under low efficiency. The scope of this research has shown the existence of
several factors that contribute to the overall poor motor — driven system efficiency. The causes of
this inefficiency are mainly attributed to the design and the manufacturing of the motors includ-
ing import of substandard motors, poor maintenance practices, power supply quality issues, mo-
tor loading problems, absence of standards to regulate marketing and operating of electrical mo-
tors.

Almost all the installations in the surveyed industries operate with imported standard efficiency
motor type designed and manufactured several years ago. Most of these motors have long years
of service and have undergone repetitive repair services. However, based on the survey, few in-
dustries like Blue skies have new factory installation using new imported motors integrated with
motor drives and machineries. Some of the critical factors causing inefficiency in electric motors

in the surveyed industries and their effects are discussed in this section.

Poor power supply quality: This thesis revealed that power supply quality was one of the con-
spicuous factors contributing to inefficiency in electric motor driven systems in the surveyed
industries. There were no records in almost all the industries at factory level for the case of in-
coming power supply quality. The occurrence and levels of voltage variance, unbalance, transi-
ent and spikes are often not recorded. However, most technicians and plant engineers at the sur-
veyed industries conceded that these problems exist. One production worker at one of the sur-
veyed industries confined in me that poor power supply quality at their factory level mostly re-
sults in frequent motor burn out and overheating causing production disruptions. The optimum
solution to minimize this phenomenon is to conduct energy audit for all energy consuming
equipment within the plant premises to ascertain the level of power quality supplied to the facto-
ry. Information such as motor nameplate specifications, supply voltage, current drawn, power
quality, vibration problems and alignment tolerance of motor and driven equipment shafts could

easily be found through energy audits.

Absence of standards: It was interesting to know that, electric motors imported into Ghana do

not go through any quality control checks before they are released onto the markets. My checks
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from the Ghana energy commission and Ghana standard authority clearly indicates that these
policymakers are not responsible of what type of motors are imported into the country rather the
Ministry of Trade and Industry only checks the number of imported electric motors into the
country. This thesis revealed that, there is no minimum energy performance standard (MEPS) for
motor driven equipment hence resulting in importing substandard products mostly from China
and India into the country. About 80 percent of motors installed in the surveyed industries were
imported from China and India and these motors may not meet the European MEPS. Most of the
motors sold on the market were found to have no reference name on the nameplate; others too
have no efficiency classification and misleading output power embossed on the nameplate. These
motors are believed to be inefficient and have windings other than copper. Respondents inter-
viewed from the informal sector who usually purchase their motors from the open markets com-
plained that newly purchased motors often burn out, overheat and sometimes could not drive
their machineries. This phenomenon cannot continue and government should pass a legislative
instrument to enable Ghana Standard Authority to possess the powers to audit the standards of

motors imported into the country.

Poor maintenance practices: The result from this thesis indicates that nearly all the surveyed
factories maintained their motor repair service at their workshops. Motors are allowed to run to
fail before they are sent to the workshop for repair. The study revealed that most companies did
not possess maintenance history records of repaired motors which normally include design speci-
fication, maintenance and repair levels and dates and cost of maintenance to date. In addition,
there are almost no life — cycle cost (LLC) evaluations made on electric motors as records are not
available and hence cost of repairs and operation could go beyond purchase cost of new energy
efficient motors. Also, since almost all the surveyed industries revealed that they rewind their
motors when failed, it is possible the rewinding could cause the efficiency of the motor to deteri-

orate.

Consistent use of low energy efficiency of electric motors in Ghana has greater effects to the
national economy. This results in high power demand thus causing interruptions of power, power
shortage and the need for building additional power plants. Also, inefficient use of electric mo-
tors causes high energy consumption in the industries and at the national level which intend in-

creases cost of electricity consumption in the industries.
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6.2 Tools to Improve Energy Efficiency in Electric Motor-driven Systems in Ghana

The findings from this study revealed that the existence of certain key barriers has necessitated
the slow implementation of energy efficiency improvements in EMDS in Ghanaian SMEs. The
result further indicates that lack of access to capital and government inability to offer incentives
for firms who invest in energy efficient technologies are the two most important barriers inhibit-
ing firms to be more energy efficient. In order to ensure industries become more energy efficien-
cy oriented, there should be an industrial energy efficiency programme where policymakers and
other stakeholders will assist in developing and commissioning of the programme. This energy
efficiency programme will serve as a benchmark index for the industrial sector. The programme
could be piloted in one of the heavy industrial areas in Ghana where energy consumption is in-
tense. The programme can be extended to other parts of the country when it becomes successful.
This section discusses some of the regulatory and non — regulatory policies which when under-
taken by both industries and policymakers could improve energy efficiency in motor — driven

systems in Ghana.

Minimum Standards and Labelling: Many countries have started implementing labelling and
minimum energy performance standard (MEPS) systems to improve the efficiency of motors on
the market. Introduction of MEPS in line with international best practices could assist in phasing
out less efficient electric motors and spare parts imported into Ghana by setting minimum effi-
ciency standard for motors that would be sold in the country. By labelling motors, policymakers
seek to overcome the information barrier that made it impossible for firms to invest in high ener-
gy efficient motors. Furthermore, labelling provides the needed information in a transparent way

and aids in comparison of motor efficiencies among producers.

The best way to implement this policy is to involve stakeholders like motor importers, Associa-
tion of Ghana Industries, Ghana Energy Commission, Ghana Standard Authority and the Minis-
try of Trade and Industry to ensure that energy performance test procedures are developed for all
motor types with significant energy consumption. Also, these stakeholders should consider
commissioning the development and application of energy performance test procedures to cover
other important components of electric motor — driven systems including transmission systems
and system control devices like VFDs. Formulating of minimum standard and labelling policy

will eradicate the substandard of motors currently available on the Ghanaian market.
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Energy Audit: Typical energy audits uncover deficiencies in energy consuming systems such as
pumping, ventilation, compressed air and other production processes in a facility. An effective
energy audit could unravel the current energy consumption, the potential to save energy and also
to provide energy management plan including recommendations with cost — effective analysis as
well as prioritization of best practices and easily implemented solutions in a facility. Almost all
the surveyed firms agreed that energy audit is one of the best tools to improve energy efficiency
in industries. However, most of the firms confirmed that, they do not have the technical and fi-
nancial capabilities to conduct proper energy audit. Government can therefore team — up with
Association of Ghana Industries to provide free or subsidize energy audit to SMEs. Government
in collaboration with other stakeholders in the energy sector can also establish national energy
audit centres throughout the country to increase the adoption of energy efficiency actions by the

industrial sectors.

Measure

1. Energy audit and

metering
] Fix the basics
Monitor
2. Low consumption devices
4. Monitoring and Power quality and power reliability
consulting services
Automate
3. Solution in:

Power management and motor control

Fig.6.1. Energy efficiency cycle

Energy efficiency requires a structured and persistent approach and an energy management pro-
gram should follow the cycle shown in figure 6.1 and an energy audit is the starting point to an

effective energy efficiency cycle.

Motor energy management system: This study has revealed that electric motors are among the
least managed industrial equipment even though electric motor-driven systems accounts for
about 70 percent of electrical energy consumed by the surveyed industries. Motor management
system involves proactive actions and gathering data. The data obtained is used to target effi-
ciency opportunities by conducting analyses to determine potential energy and cost savings re-

sulting from installing efficiency measures. Information requirements for best motor manage-
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ment practices include electricity utility bills, motor nameplate data, field measurements, motor

application information, repair history and annual operating hours.

Firms should include the following action points in their motor energy management programs
(US DOE, 2014):

e Adopt a new motor purchase policy and a repair or replace policy based on commitment
to purchase, select and operate premium efficiency equipment.

e Educate the finance and purchasing departments on the significant of energy efficiency
improvements. Empower decision makers to understand the importance of life-cycle cost
analysis

e Identify motors that are mismatched to their load requirements.

e Conduct motor failure analyses to determine the root cause of the failure, correct system
issues and replace frequently failed motors with a motor design suitable for the applica-
tion and also establish an effective maintenance programs that will enhance projected
savings.

e |dentify which operable standard efficiency motors should be immediately replaced and
which motors should be replaced with premium efficiency motors.

e Adjust in-plant electrical distribution system to reduce voltage unbalance to acceptable
limits and reduce power factor charges penalty by installing power factor correction ca-

pacitors when is economically justified.

System and plant optimization: The overall system efficiency of a motor — driven system is
determined by the total motor system which is a multiplication of efficiencies of individual com-
ponents. This means that opportunities exist for improving energy efficiency at both individual
component level and system level. The best proactive way is to adopt a holistic whole system
engineering approach. This involves a whole system optimization rather than isolating individual
components, thus saving a large amount of energy which often cost less than saving a fraction
amount of it. Firms can achieve greater system efficiency improvements if motors and pumps are
properly downsized, high efficient motor driven systems are selected and the use of variable
speed drives for variable fluid — flow applications such as in pumps, compressors and fans. In
addition, it is also believed that correct sizing of pipes, pump impeller trimming, variable voltage
control, power factor control, replacing belt drives and elimination of leaks in pumps and com-

pressors are significantly considered to improve the overall system efficiency
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Education and Capacity Development programmes: The result in this study shows that lack
of awareness of the important of motor energy efficiency and the lack of knowledge on infor-
mation on motor energy consumption contribute significantly to inefficiency in motor driven
systems in the surveyed industries. Creating of large scale awareness programmes should be im-
plemented by policymakers to inform industrial and commercial users the importance and bene-
fits associated with using energy efficient electric motor driven systems. These programmes
should target authorities responsible for procuring electric motors and motor — driven systems
including operation and maintenance managers, production and plant managers and other com-
pany executives who are in charge of making decision on company’s energy policy. Capacity
development programmes should also focus on training energy efficiency experts in industrial
processes and equipment like pumping, compressed air and thermal systems who could then be
conducting energy audits for SMEs. Government can also outsourced the capacity development
programmes to private energy experts who have the capacity to train and conduct energy audits

for industries professionally.

Financial incentives to be more energy efficient: Almost all the firms surveyed in this study
bemoaned about the high cost of borrowing to do business in the country. However, the results in
this survey revealed that firms will be enthused if they get some assistance from Government in
order to invest in more efficient technologies. One of the incentives in my opinion should be tax
rebates for companies who invest in technologies that improve energy efficiency and provide
safety to the environment as well. Moreover, government can also set up energy efficiency ven-
ture fund where SMEs can borrow funds with soft interest to invest in more energy efficient pro-
jects. These incentives should be targeted to SMEs who conduct energy audits in their firm and
has energy efficiency opportunities with a payback time of at most 5 years. This can remove the
barriers of “lack of capital and government does not give incentives for SMEs to become energy
efficient” which were among the top most barriers stated by surveyed industries preventing them

to be more energy efficient.

6.3 Policy for Policymakers to Assist Motor Data Collection in Ghana

The results of this thesis have shown that, information about total number of motors installed and
the share of electricity consumption of all motors used in the country is not available. This makes
it difficult for policymakers to strategize and plan for effective industrial energy efficiency poli-
cy because the benefits and the potential savings from industrial motor energy efficiency im-

provements will be difficult to quantify and it will be impossible to control what cannot be
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measured. However, data collection from motor driven systems energy consumption can be ob-
tained either by top down approach or bottom up approach. With top down approach, share of
motor electricity consumption is obtained after subtracting non — motorised applications from the
industrial and commercial electricity consumptions. However, with bottom — up approach, the
reliability of the data depends on the availability of information such as import of motors, motor
sales and motor stock, average motor running hours, average motor load factor and average mo-

tor efficiency.

Government and other stakeholders can liaise with polytechnics and universities to establish mo-
tor system laboratories and educational centres on various campuses. Firstly, these centres will
provide capacity development programmes on different motor applications for professors and
energy experts. The next step will be the training of industry staffs in order for them to be able
to provide energy audit for their own firms. The third step will be the training of students by their
professors and energy experts who will then be going out to firms during the long vacation peri-
od to collect motor data information and the various share of motor applications available in
these firms in order to assist in estimating share of motor electricity consumption and different
motor applications using the bottom up approach. Students who undertake this project can gain
some extra academic credits and also get some integration on how things are done in the indus-
try. The professors will guide and supervise the students in order for the programme to be effec-
tive. This programme will also assist to bridge the gap between polytechnics & universities and
the industry which currently exist in the country. The outcome of this programme can improve
the reliability of the motor electricity consumption and share of different motor applications in
the country. Also, this programme will assist in optimizing already installed motors, increase the
market penetration of higher efficiency induction motors and strengthen the technical support for

firms.
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7 CONCLUSION

The main goals of this master’s thesis were to analyze energy consumption of electric motors,
study factors that promote or inhibit energy efficiency improvements in EMDS and provide cost-
effective solutions that improve energy efficiency to bridge the existing energy efficiency gap in
the surveyed industries. The result of this thesis has shown that motors consumed about 70 per-
cent of the total electricity consumption from the surveyed industries. It is estimated that 20 — 30
percent of this consumption could be saved if best maintenance practices and best available tech-
niques for energy efficiency improvements are implemented. A combination of EEMs and varia-
ble frequency drives for variable loads such as fluid — flow applications were found to have
greater saving potentials.

Furthermore, the results from this thesis has revealed that, the existence of low energy efficiency
in motor — driven systems in the surveyed industries were due to poor maintenance practices,
absence of standards, power quality issues, lack of capital and lack of awareness to the im-
portance of energy efficiency improvements in EMDS. However, based on the results presented
in this thesis, a recommended policy approach towards energy efficiency in industrial SMEs
should include discounted or free energy audit in providing the industries with the necessary in-
formation on potential energy efficiency measures, practice best motor management programmes
and establish a minimum energy performance standards (MEPS) for motors imported into the
country. Moreover, the thesis has also shown that education and capacity development pro-
grammes, financial incentives to be more energy efficient and system optimization are effective

tools to promote energy efficiency in electric motor-driven systems in industrial SMEs in Ghana.
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APPENDIX A . Questionnaire for Companies

Open your mind.LUT

Lappeenranta University of Technology
Finland

LUT School of Energy Systems

Department of Electrical Engineering

QUESTIONNAIRE FOR COMPANIES

RESEARCH TOPIC:

ENERGY EFFICIENCY IN ELECTRICAL DRIVE SYSTEMS: TECHNICAL POTENTIALS, BARRIERS
AND POLICY APPROACHES FOR GHANA SMALL AND MEDIUM SCALE INDUSTRIES

| am a student of Lappeenranta University of Technology in Finland. | am pursuing my major studies in
Electrical Engineering (Industrial Electronics). | am currently planning my master’s degree thesis work on
Energy efficiency in electrical drive systems: Technical Potentials, Barriers and Policy approaches for
Ghana Small and Medium scale industries. The primary aim and objective of my research work is to ana-
lyse the energy consumption in electric motor driven systems (EMDS) and the options to reduce it in
both energy intensive and non-energy intensive industries in Ghana. The research will also include the
assessment on the current energy used by

EMDS and the potentials for energy savings, examine the barriers and the driving forces to the adop-
tion of energy-efficient solutions and review current policy settings and outcomes available in Ghana.
Information obtained from this research would be analysed so as to assist in contributing and improv-
ing energy efficiency in electric motor driven systems. Continuous energy efficiency improvements in
companies would yield capital savings and improve production processes as well.

It would be highly appreciated if accurate and honest answers are provided to the question to this re-
search questionnaire. However, please be assured that any information provided will be treated accord-

ingly.



1. Identification
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NAME Of COMPANY ...ttt e e et e e e s e e e s sabeeeseasaaeeesbreeeessnsaeeesnnns

NAME OF PEISON.cei ittt ettt e st e st ae e e ssabaeessbeeesessteeeenasaeessnbeessnne

Position/

2. Company

Number of employees

Ti-

[T o o1 e (T a T 1 1) TSRS

Annual turnover

[T o o o) (T 10T 1 (=Y SRS

3. Annual energy use

a. Please indicate your company’s approximate total annual electricity consumption

d. Please indicate your company’s approximate total annual expenditure on motor electricity

(oo ] 011014 0] o1 4 (o] o VO PP

e. Please indicate your company’s motor annual average operating hours (duty cycle)................

Please indicate the different sizes of motors available in your factory.

Motor size (kW) Motor size (hp) Total Quantity installed

0,75 1

1.1 1.5

1.5 2
2.25 3
3.75 5

5.6 7.5

7.5 10
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11.25 15
15 20
225 30
37.5 50
56.25 75
75 100
>75 >100

5. Please indicate in percentage the portion of motors equipped with frequency converters (variable
speed drives) in your company? .........ccccceeeeeeneee %

6. Please indicate if you have the following motor driven system application in your company

a. Materials handling (conveyors) Yes [ ] No [ ]
b. Fans and Blowers Yes [ 1 No [ ]
c. Compressors Yes [ 1 No [ ]
d. Pumps Yes [ 1 No [ ]
e. Material processing Yes [ 1 No [ ]

7. Please indicate approximately the share of different motor electricity consumption in your company

Motor application share %

a. Pumping L

b. Compressedair L.

c. Fans and blowers

d. Material handling .l

e. Material processing el

f. Refrigeration

8. Basic information to assess motor system efficiencies in your company

a. When motors fail are they replaced or rewound? .......ccccccvveievieeevcieee e

b. What is the average threshold for the repair rather than replacement of a failed induction motor in
your company <2vyears| ] <5vyears| ] <10years| ] >10vyears| ]

c. lIsenergy efficiency at typical loads a consideration when sizing the motor system?
Yes[] Nol[]



d. Has an energy assessment of the motor system been conducted?

e. Isenergy efficiency rating a top priority when purchasing motors for your company? Yes|[ ]
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Yes[] Nol]

No [ ]

f.  Are multi-sized motor systems used to meet operation with highly variable system demand?

Yes[] Nol[]

g. Please

i Run —to —failure.

i Periodic maintenance.

the maintenance principle in your company is/are

iii Predictive measurement-based maintenance.

Yes [ ] No []
Yes|[ ] No[]
Yes|[ ] No[ ]

h. Are transmission systems maintained periodically (belt tightening, alignment, lubrication, etc.)?

Yes[] Nol[]

i. Please indicate the efficiency class of your motors according to IEC 60034-30-1 standard.

Efficiency class

Total number of motors

IE1 (Standard Efficiency)

IE2 (High Efficiency)

(
IE3 (Premium Efficiency)
(

IE4 (Super Premium Efficiency)

9. Please indicate the type of motor speed control technology applicable in your company

a. Please indicate if you have the following application in your company.

1. Constant torque or speed application [ ]

2. Variable torque or speed application [ ]

b. Please estimate the total number, total power and percentage of different control methods of

control for motors available for the application listed in the table below in your company

Application Total Total power (kW) Percentage of different Control
Quantity methods (%)
1. Pumps Manual valve ...

Throttling valve ...............

Variable speed or frequency drive

(inverter)....ccceeveeveeeecneenns

2. Fansand
compressed Air

Manual valve
Throttling valve

Variable speed or frequency

drives (inverter)......cc..ccou..

3. Material handling

Variable speed or frequency

(conveyor drives  (inverter)...............
application) ON/OFF ...ccovverreneen.

4. Material Variable speed or frequency
processing drive(inverter)

ON/OFF
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5. Refrigeration Manual valve.............
(cooling com- Throttling valve......... Variable
pressors)

speed or frequency drives (in-

6. Other application Please specify:

10. Energy information systems

a. At what level is electrical energy used generally metered

Whole site Building Individual equipment

b. How frequent is Electricity used generally recorded?

Annually Monthly Weekly Daily Hourly

c. Please kindly answer the following questions in the table below objectively

Yes No

Do you monitor trend in motor energy consumption?

Are consumption records adjusted to energy price change?

Is monitoring and targeting scheme employed in motor driven systems?
Is motor energy performance advised to technical staffs?

Is consumption of motor driven systems compared with benchmarks?
Have you conducted energy audits for the past two years?

11. Energy management profile
An explicit policy is a policy that is formally recorded in a company’s operational handbooks where as an im-
plicit policy is similar to norms that govern an institution but not formally recorded.

a. Does your company have explicit energy policy?

Yes[ ] No[ ]

b. If yes, is the top management of your firm fully committed to the energy policy?

Yes[ ] No[ ]

c. If yes with respect to question (a), is the energy policy fully integrated into your firms operations?



h.

j

k.

Yes|[ ]

High [ ]

Yes|[ ]

No[ ]

Low [ ]

Nol[ ]
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Does your company have an implicit energy policy?

If yes please state the related system or policy?

If yes with respect to question (a), what is the level of the policy awareness among staff in the firm?

If yes, is the top management of your firm fully committed to the energy policy?

Yes|[ ]

Yes|[ ]

No[ ]

No[ ]

If yes with respect to question (e), is the energy policy fully integrated into your firms operations?

If yes with respect to question (e), what is the level of the policy awareness among staff in the firm?

High [ ]

Low [ ]

Does your firm have an energy management system

(EnMS) Yes [ ]

No[ ]

If yes, please name and comment on the features of the EnMS

12. Electric motor energy efficiency opportunities

a. There exist cost-effective energy efficiency measures at my company, which can be implemented
and considered profitable according to the company’s investment criteria?
Strongly agree Agree Neutral Disagree Strongly disagree Don’t know

b. What is the estimated payback time in investing in the energy efficiency measures at the current

energy price?

Don’t
know

<lyr

<2yrs

<3yrs

>3 yrs
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13. Information sources

How useful do you consider the following sources to be as regards to information on energy efficiency

measures for motor driven systems?

Information sources

very
useful

somewhat
useful

not very
useful

not at all
useful

Don’t
know

Colleagues within the company

Sector organization

Written source of information such as journal

Conferences and seminars

Information from power companies (ECG)

Product information from suppliers

Consultants performing energy audits

Energy commission (Ghana)

Government sponsored energy audit

14. The following tables list some common measures for reducing energy consumption on motor driven systems.

Please indicate the extent to which your company has implemented each measure by assigning it a number on a

scale from 0 (not implemented) to 1 (extensively implemented)

Energy Efficiency Improvements

0.25

0.50

0.75

1.0

COMPRESSOR AND PUMP APPLICATIONS

Use of centrifuge pumps and throttling control?

Use of appropriate and efficient motors

Use of frequency inverter drives?

Regular inspection & elimination of leaks?

Correct dimensioning of entire pumping system
(pipe sizing, motor selection, impeller sizing,
etc)?

ELECTRICAL EQUIPMENTS

Power factor correction?

Automatic switch off pumps, fans, conveyors and

other equipment when not required?

Others

Please highlight any other major energy efficiency measures that you have implemented but not indicated




15. Barrier to energy efficiency improvement

a.

b. Do you have any further comments on barriers to energy efficiency improvement?
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Please, | would like to understand what makes it difficult for your company to become more energy effi-

cient.

Barriers

Strongly

agree

Agree

Neutral

Disagree

Strongly

disagree

Don’t
know

Lack of access to capital

Government does not give financial
incentives to become energy efficient

Management find production more

important?

Cost of electricity is cheap?

There is lack of awareness of the im-

portance of motor energy efficiency?

There is lack of technical knowledge within our

company?

Our company do not have targets for
energy, only for production?

There is lack of information on motor
energy consumption within our company?

Benefits of implementing energy efficiency
is not quantifiable

Authorities are not strict in enforcing
environmental regulations

Only new expensive technologies will
improve energy efficiency in our company

Technical risks such as risk of production
disruption?

Other priorities for capital investment?

Energy efficiency technology is not
appropriate in our company?

Employees in our company do not want to
change the way they work

Energy objectives not integrated into
operating, maintenance or purchasing proce-
dures?
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16. Driving forces for motor energy efficiency improvement

Successful industrial energy management is characterized by a number of factors, external as well
as internal. According to the aggregated experience in your company, how do you value the follow-
ing factors impact on the implementation of cost-effective energy efficiency measures at your

company?

Driving forces

Very
important

Important

unimportant

Long term energy strategy

Improve working condition

Cost reductions resulting from lowered energy use

Energy efficiency requirements from the government of Ghana

Publicly financed energy audit by energy consultant

Voluntary agreements with tax exemptions

Loans/subsidies for energy efficiency

Training course on Energy management systems

Discounted/free expert advice

Software’s for energy monitoring

Training on energy auditing

Information on Kyoto protocol

Energy tax

Emission tax ( CO2,NOx, etc)

General energy advice through seminar

Do you have any further comments on driving forces for energy efficiency improvement?

Thank you for completing this questionnaire
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APPENDIX B . Questionnaire for Policymakers

Open your mind.LUT
Lappeenranta University of Technology
Finland

LUT School of Energy Systems

Department of Electrical Engineering

QUESTIONNAIRE FOR POLICYMAKERS AND OTHER STAKEHOLDERS

RESEARCH TOPIC:

ENERGY EFFICIENCY IN ELECTRICAL DRIVE SYSTEMS: TECHNICAL POTENTIALS, BARRIERS
AND POLICY APPROACHES FOR GHANA SMALL AND MEDIUM SCALE INDUSTRIES

| am a student of Lappeenranta University of Technology in Finland. | am pursuing my major studies in
Electrical Engineering (Industrial Electronics). | am currently planning my master’s degree thesis work
on Energy efficiency in electrical drive systems: Technical Potentials, Barriers and Policy approaches for
Ghana Small and Medium scale industries. The primary aim and objective of my research work is to
analyse the energy consumption in electric motor driven systems (EMDS) and the options to reduce it
in both energy intensive and non-energy intensive industries in Ghana. The research will also include
the assessment on the current energy used by

EMDS and the potentials for energy savings, examine the barriers and the driving forces to the adop-
tion of energy-efficient solutions and review current policy settings and outcomes available in Ghana.
Information obtained from this research would be analysed so as to assist in contributing and improv-
ing energy efficiency in electric motor driven systems. Continuous energy efficiency improvements in
companies would yield capital savings and improve production processes as well.

It would be highly appreciated if accurate and honest answers are provided to the question to this
research questionnaire. However, please be assured that any information provided will be treated
accordingly.
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1. Identification

NAME OF COMPANY ...ttt ettt e e e st e e s s be e e sasaeee e sabaseeesnaraeeesnannees

NAME OF PEISON.cci ittt ettt e e st e e e sttt e s sabee s s steessesateaesnaseeesssseessnes

POSIEION/ TIEIE..uviieveeeee ettt ettt ettt et et et e e eae et e ebeeebeeebeeenbeeeseeensseessseeeareeereeenseas

2. Information sources

How useful do you consider the following sources to be for companies as regards to information on
energy efficiency measures for motor driven systems?

Information sources Excellent | Good Average | Poor Don’t
use

Colleagues within the company

Sector organization

Written source of information such as journal

Conferences and seminars

Information from power companies (ECG)

Product information from suppliers

Consultants performing energy audits

Energy commission (Ghana)

Government sponsored energy audit

3. The following tables list some common measures for reducing energy consumption on motor driven sys-
tems. Please indicate the extent to which you think companies should implement each measure by as-
signing it a number on a scale from 0 (not to implement) to 1 (extensively to implement).

Energy Efficiency improvements 0 0.25 0.5 0.75 1

COMPRESSOR AND PUMP APPLICATIONS

Use of centrifuge pumps and throttling control?

Use of appropriate and efficient motors?

Use of frequency inverter drives?

Regular inspection & elimination of leaks?

Correct dimensioning of entire pumping system
(pipe sizing, motor selection, impeller sizing,
etc)?

ELECTRICAL EQUIPMENTS

Power factor correction?

Automatic switch off pumps, fans, conveyors
and other equipment when not required?
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Others

Please highlight any other major energy efficiency measures that you think when implemented could be beneficial
to companies

4. Barrier to energy efficiency improvement

a. Please, | would like to understand what makes it difficult for companies to become more energy efficient.

Barriers Strongly Agree | Neutral Disagree Strongly Don’t
agree disagree know

Lack of access to capital

Government does not give financial
incentives to become energy efficient

Management find production more
important?

Cost of electricity is cheap?

There is lack of awareness of the
importance of motor energy efficiency?

There is lack of technical knowledge within
our company?

Our company do not have targets for
energy, only for production?

There is lack of information on motor
energy consumption within our company?

Benefits of implementing energy efficiency
is not quantifiable

Authorities are not strict in enforcing
environmental regulations

Only new expensive technologies will
improve energy efficiency in our company

Technical risks such as risk of production
disruption?

Other priorities for capital investment?

Energy efficiency technology is not
appropriate in our company?

Employees in our company do not want to
change the way they work?

Energy objectives not integrated into
operating, maintenance or purchasing

nrocedures?




Do you have any further comments on barriers to energy efficiency improvement?

5. Driving forces for motor energy efficiency improvement

Successful industrial energy management is characterized by a number of factors, external as well as internal.
How do you value the following factors impact on the implementation of cost-effective energy efficiency

measures in companies?

Driving forces Very Important unimportant
important

Long term energy strategy

Improve working condition

Cost reductions resulting from lowered energy use

Energy efficiency requirements from the government of Ghana

Publicly financed energy audit by energy consultant

Voluntary agreements with tax exemptions

Loans/subsidies for energy efficiency

Training course on Energy management systems

Discounted/free expert advice

Software’s for energy monitoring

Training on energy auditing

Information on Kyoto protocol

Energy tax

Emission tax ( CO2,NOx, etc)

General energy advice through seminar

Do you have any further comments on driving forces for energy efficiency improvement?

Thank you for completing this questionnaire



