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The study uses saved energy (the expected annual economy of electrical energy) to describe 

the impact of energy conservation measure (М1) - Reconstruction of the electric drive and 
control of a basic hoisting machine, on reducing CO2 emissions.  A technological analysis for 
determining losses without implementation of М1 was made. An investment analysis to 
determine energy savings in kilowatt-hours for a year with implementation of М1 was 
performed. The value of energy savings is adjusted with a coefficient of emission factor (СО2) 
for electrical energy. Further research will involve an analysis of other energy conservation 
measures and their impact on the reduction of harmful emissions. In the long run and on a 
larger scale the improvement of the energy balance of technological systems will be favourable 
for slowing down climatic changes. 
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Влияние на енергоспестяваща мярка върху намаляване на емисиите на СО2 (Мила 
Илиева-Обретенова). В статията е използвана спестената енергия (очаквана годишна 
икономия на електрическа енергия) за описание на влиянието на енергоспестяваща 
мярка (М1) - преустройство на електрозадвижването и управлението на основна 
подемна машина върху намаляване на емисиите на СО2.  Направен е технологичен 
анализ за определяне на загуби без внедряване на М1. Извършен е инвестиционен анализ 
за определяне на енергоспестяването в киловатчаса за една година с внедряване на М1. 
Стойността на енергоспестяването се коригира с коефициент на емисионен фактор 
(СО2) за електрическа енергия. Бъдещата работа включва анализ и на други 
енергоспестяващи мерки и тяхното влияние върху намаляването на вредни емисии. 
Дългосрочно и в по-широк мащаб усъвършенстването на енергийния баланс на 
технологичните системи ще благоприятства забавянето на климатичните промени. 

 

Introduction 
Energy conservation is the effort made to reduce 

the consumption of energy by using less of an energy 
service. This can be achieved either by using energy 
more efficiently (using less energy for a constant 
service) or by reducing the amount of service used 
(for example, by driving less). Energy conservation is 
a part of the concept of Eco-sufficiency. Energy 
conservation measures (ECMs) reduce the need for 
energy services and can result in increased 
environmental quality, national security, personal 
financial security, and higher savings [11]. Energy 
saving is achieved through various energy 
conservation measures which are at the top of the 
sustainable energy hierarchy [12].  

The literature looks at specific factors which nega-
tively affect the environment when certain technologi-
cal requirements, such as static electricity, are not 
observed [7]-[9], [15]-[18], [23], [28]-[34], its impact 
on various processes [3], [4] and devices for neutraliz-
ing its harmful effects [10], but no investment analysis 
of energy conservation measures has been made. 
Some studies [1], [2], [24]-[27], [37], [38], [39] ana-
lyse operations in an enterprise in the mining industry, 
which implements energy conservation technologies 
to reduce energy consumption of production, improve 
processes in energy management and thus favourably 
impact sustainable ecological development and reduce 
negative environmental impact but no investment 
analysis was presented in full. Other studies [5], [6], 
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[19]-[22], [35], [36] examine the harmful impact of 
the asymmetry of voltages and currents in three-phase 
electric circuits but do not make an investment analy-
sis of possible energy conservation measures. The 
lack of an investment analysis demonstrates that the 
positive effect of a particular energy conservation 
measure on the environment cannot be specified quan-
titatively.  

The aim of the present study is to investigate the 
impact of an energy conservation measure on reducing 
harmful CO2 emissions. The measure that was chosen 
is replacement of the electric drive of a hoisting ma-
chine with a new electric drive using the frequency 
converter - asynchronous motor system, based on the 
property of this type of motors to be regulated by 
changing the frequency of their supply voltage. That 
measure duly demonstrates the improvement of the 
energy balance of the system. The study may be of 
interest for university lecturers, university students, 
researchers, and managers in industry.  

Method 
All calculations concerning the energy conserva-

tion measure, which include the technical indicators of 
the selected materials, installations/systems and 
equipment are based on data from research and im-
plementation of a method for calculating savings of 
electrical energy [13] in accordance with the regulato-
ry framework in the Republic of Bulgaria [14], which 
has been synchronized with the regulatory framework 
of the ЕU regarding energy efficiency. 

The economic analysis is based on the prognosti-
cated values of the investment. Prognosticated 
summed prices of the electrical energy are used to 
calculate the main economic and financial indicators 
of the studied measure. Methodology for determining 
the energy conservation potential of investment is 
used to calculate the average percentage of energy 
saving. The reduction of greenhouse gas emissions is 
calculated based on energy saved for one year [13]. 

Results 
The results of the study comprise technological 

analysis of a mine hoisting system, an investment 
analysis for implementation of an energy conservation 
measure and calculation of the reduction of green-
house gas emissions. 

I. Technological analysis of mine hoisting 
equipment 

Energy indicators of electric drive 

The studied hoisting system is driven by an asyn-
chronous motor with rheostat control in the phase 

(wound) rotor and the speed regulation is performed 
with great losses of energy (dissipated as heat) in re-
sistors. These losses are so big in accelerating or slow-
ing down the movement of the conveyance that they 
can become bigger than the needed useful power. For 
that reason, the energy efficiency of that drive de-
pends on the depth of the hoisting and the number of 
hoisting cycles per unit of time. 

Drive system with frequency regulator 

Electric drive using the frequency converter - 
asynchronous motor system is based on the property 
of this type of motors to be regulated by changing the 
frequency of their supply voltage. That voltage is gen-
erated by a special electronic converter.  

Modern frequency converters have an extremely 
high coefficient of efficiency. The functional schemat-
ic of an example drive system with frequency control 
of asynchronous motor, which can replace the existing 
system of asynchronous motor with rheostat control in 
the phase rotor (Fig.1a), is illustrated in Fig.1b. The 
two systems have a fundamental difference in regulat-
ing the frequency of rotation. Since that frequency of 
rotation is a component of the output mechanical 
power together with the moment of rotation, it is of 
great importance for the energy balance of the hoist-
ing. In the existing regulating system, the energy com-
ing from the network is with a maximum speed and 
the regulation is done by redirecting part of it to the 
rotor rheostats. Unlike it the frequency converter - 
asynchronous motor system receives a regulated 
amount of energy corresponding to the respective 
frequency of rotation.  

Comparative assessment of the electrical energy 
consumed when changes in the drive are made 

The analysis of the consumed electrical energy in 
one hoisting cycle is based on a three-period (trape-
zoidal) diagram of the speed (tachogram) - Fig.2. 

Three time intervals are set out in this diagram – of 
acceleration, of uniform motion and of slowing down 
as well as of maximum speed (Fig. 2а). Their values 
are as follows: t1=13s; t2=44s; t3=27s; Vm=5.48m/s. 

Given these values, accelerations 1a  and 3a , cor-
responding to the increase of speed to its maximum 
value and its drop to zero, are calculated:  

 
(1)  a1 = Vm/t1 = 0.422 m/s2;  
 
(2)  a3 = Vm/t2 = 0.203 m/s2. 

 
The more complex real tachograms of skip hoists 

are converted to a three-period diagram. 
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Fig.1. 1а: Asynchronous motor with rheostat driving in phase rotor;  

1b: Asynchronous motor with frequency driving. 

 
Fig.2. Time diagrams: 2а: Time diagram of speed;  

2b: Time diagram of force; 2c: Time diagram of power. 

Determining forces in motion 

The force during the motion of the conveyance is 
the sum total of the static force and the dynamic force:  

 
(3) NFFF ds ,+= . 

The static force is determined from the following 
expression:  

 
(4) ( )[ ] NgxHpkQFs ,2−+= ,  

 
where: k – coefficient accounting for negative 

resistance caused by the bending of the rope, friction 
in the bearings and the guides and air resistance in the 
motion of the skip. As a generally accepted value is 
taken k = 1.2; Q – mass of the mineral in the skip,  
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Q = 2630 kg; p – weight of 1 meter of rope,  
p = 3.89 kg/m; H – depth of hoisting, Н = 326 m;  
x – coordinates of the skip; g – acceleration due to 
gravity. 

Dynamic force occurs only during periods of 
acceleration and is determined by the expression: 

 
(5)  ( ) NammFd ,21 += ,  

 
where: 1m  – the overall mass of all parts in 

translational motion, 1m  = 8484 kg (that mass is the 
sum total of the mass of the minerals, the two skips 
and the ropes); 2m  – inertial mass of all rotating parts 
reduced to the circumference of the drum,  

2m  = 17300 kg (taken from the catalogue of the 
hoisting machine). 

 

Determining the force at the beginning of the 
motion 

The time diagram of the forces calculated below is 
given in Fig.2b.  

 
(6) NFFF ds ,1

,
1

,
1 += ,  

 
where: ,

1sF  - static force at the beginning of the 
motion,  

 
(7) ( ) NgpHkQFs 43400,

1 =+= ;  
 

1dF - dynamic force in accelerating the conveyance 
to reach its maximum speed,  

 
(8) ( ) NammFd 108731211 =+= ;  

 
(9) NF 54273,

1 = . 
 

Determining the force at the end of the 
accelerated motion 

With x = h1 = 0.5Vmt1 = 35.6 m  
 

(10) NFFF ds 1
,,
1

,,
1 += ,  

 
(11)  ( )[ ] NghHpkQFs 406842 1

,,
1 =−+= , 

 
(12)    NF 51557,,

1 = . 

Determining the force at the beginning of the 
uniform motion with maximum speed 

Here the dynamic force becomes zero due to the 
uniform motion and the force is equal only to the 
static force at the end of the acceleration motion:  

 
(13) NFF s 40684,,

1
,

2 == . 
 

Determining the force at the end of the uniform 
motion with maximum speed 

At this point there is only a static force, but it is 
smaller than the one at the beginning of the uniform 
motion due to the winding of the rope. Thus, the force 
is determined by the difference between the force at 
the beginning of the uniform motion and the force 
determined by the wound rope:  

 
(14) NptgVFF ms 222802 2

,,
1

,,
2 =−= . 

 

Determining the force at the beginning of the 
period of braking (retarded motion) 

That force is determined by subtracting the 
dynamic force for a period of delay from the force at 
the end of the uniform motion with maximum speed:  

 
(15) NFFF d 3

,,
2

,
3 −= , 3dF  -  

dynamic force for a period of delay,  
 

(16) ( ) NammFd 52363213 =+= ,  
 

(17) NF 17044,
3 = . 

 

Determining the force at the end of the period of 
braking (retarded motion) 

With mHx 326== ,  
 

(18) NFFF ds 3
,,
3

,,
3 −= ,  

 
(19) ( ) NgpHkQFs 18520,,

3 =−= ,  
 

(20) NF 13284,,
3 = . 

 

Diagram of the powers 

The time diagram of the powers is given in Fig.2c 
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and corresponds to values calculated at this point. The 
power of the shaft of the drum is determined as the 
product of the multiplication of the force and speed 
for the respective point:  

 
(21) kWFVP 310. −= . 

 
Thus, we get the following characteristic points in 

the diagram of the power: kWP 0,
1 = , 

 
(22)  P1

``=F1
``Vm.10-3=282.5kW, 

 
 (23) kWVFP m 22310. 3,

2
,

2 == − ,  
 
(24) kWVFP m 12210. 3,,

2
,,

2 == − ,  
 
(25) kWVFP m 9310. 3,

3
,

3 == − , kWP 0,,
3 = . 

 
For hoisting driven through the asynchronous 

motor – rotor rheostat system the diagram of the 
consumed electrical power is similar to the diagram of 
the forces and is determined according to the 
expression:  

 

(26) kWFVP
dvred

m 310. −=
ηη

. 

 
The denominator comprises the coefficient of 

efficiency of the reducer and the engine. In order to 
simplify the expression, the coefficient of efficiency is 
not considered as the coefficient of efficiency of the 
reducter and the engine in the old and the new drive 
system are the same. Thus, we get the following 
characteristic points in the diagram of the consumed 
electrical power:  

 
(27) kWVFP m 29710. 3,

1
,

1 == − ,  
 
(28)  P1``= F1``Vm.10-3 = 282.5 kW, 
 
 (29) kWVFP m 22310. 3,

2
,

2 == − ,  
 
(30) kWVFP m 12210. 3,,

2
,,

2 == − ,  
 
(31) kWVFP m 9310. 3,

3
,

3 == − ,  
 
(32) kWVFP m 7110. 3,,

3
,,

3 == − . 

From the power diagram we can find the total 
energy for one hoisting cycle. This value corresponds 
to the area under the graph of the engine power. It is 
expressed as the sum total of the areas of the three 
trapezes:  
 
(33) skWWe .13567=  
 

The losses in the resistors are determined as the 
difference between the total energy eW  and the 
energy at the shaft of the drum. These losses 
correspond to the sum total of the areas of the two 
triangles hatched with lines:  
 
(34) skWWz .2889= . 
 

The losses in the rotor resistors are calculated as 
follows: 
 
(35)  Wz .100/We = 21.3 %. 
 

The analysis demonstrates that with the 
implementation of a frequency control drive, where 
there are no rotor resistors and respectively no losses 
in them, this drive will be more economical by more 
than 20 %. 

Factors, which improve the energy efficiency of 
the hoisting: stepless speed regulation; considerable 
reduction of losses in the control panels; lower inertia 
moment for the engine rotor; increased reliability of 
the drive system; high efficiency of the hoisting 
machine in maintenance checks.  

Factors, which decrease energy efficiency of 
hoisting: availability of converters of electric energy 
before it enters the engine, frequency converter and in 
some schemes a transformer.   

These factors to a certain extent compensate for 
one another and would not significantly change the 
above conclusion about energy efficiency. 

II. An investment analysis 
The analysis of the operations on site reveals the 

use of old, ineffective equipment with high energy 
consumption – shaft of the "Каpitalna" type. It was 
produced in 1961 according to standard GOST3006-
52. That hoisting equipment was designed in the 
1950s. It is driven by an asynchronous motor with 
rheostat control in the phase (wound) rotor. At the 
time of its design energy efficiency (the rational use of 
electrical energy) and the coefficient of efficiency 
were not issues of priority. 

The minimum requirements for М1 are: 
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• Electric drives ≤ 375 kW: Standard of energy 
efficiency IE2 or IE3. 

Description of state 

The calculations of the investment analysis, for 
clear representation, are given in a tabular form. 

The baseline is presented in Table 1. 

Proposed measure М1 

The measure involves activities related to the 
replacement of the electric drive of the hoisting 
equipment in “Kapitalna” shaft with new electric drive 
using the frequency converter - asynchronous motor 
system, based on the property of this type of motors to 
be regulated by changing the frequency of their supply 
voltage. 

The technical analysis includes calculations of 
energy savings based on the modes of operation and 
the installed capacity of the current and the 
prognosticated state after the introduction of the 
energy conservation measure – Table 2. 

Capital expenditure and operation and 
maintenance costs   

The economic analysis of the measure is done 
based on preliminary estimates of capital expenditure, 
prognosticated summed prices of electrical energy and 
zero costs for maintenance and operation. 

The calculations of the financial analysis are 
presented in Table 3. 

 
Table 1 

Baseline 

  Description Value Dimension Explanation Notes 

А Installed capacity – “Kapitalna” 
hoist shaft  320 kW   technical 

data 

B Annual operation 1043 h/y   energy 
analysis 

C Annual productivity 110741 t/y   energy 
analysis 

D Annual consumption of electrical 
energy 333 753 kWh/y = А х B Calculated 

E Specific annual consumption of 
electrical energy 3.0 kWh/t = D / C Calculated 

 
Table 2 

After implementation of М1 

  Description  Value  Dimension Explanation   Notes 

F Operation capacity - “Kapitalna” 
hoist shaft 256 kW   Calculated 

G Annual operation 1043 h/y   energy 
analysis 

H Annual productivity 110741 t/y = C energy 
analysis 

I Annual consumption of electrical 
energy 267 002 kWh/y = F х G 

calculated 
according to 
methodology

J Specific annual consumption of 
electrical energy 2.4 kWh/t = I / H Calculated 
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Table 3 

Basic indicators in the financial analysis of М1 

  Economies  Value  Dimension  Explanation  Notes 
K Economy of electrical energy 66 751 kWh/y = D – I Calculated 
L Specific annual economies 0.60 kWh/t = E – J Calculated 

M Average price of electrical energy 0.120 BGN/kWh   Expert 
estimate  

N Annual economy of electrical 
energy 8 010 BGN/y = К х М Calculated 

О Annual economy of economic 
activity 51664.13 BGN/y   Calculated 

P Overall annual economy 59 674.13 BGN/y = N + О Calculated 

Q Investment for ЕСМ 344 427.53 BGN   Investment 
intention 

R Redemption period 5.8 y (year) = Q / P Calculated 
S Energy saving 20.00 % = К х 100/ D Calculated 

 
Since the object of study is an enterprise the annual 

saving of energy from the implemented measure is 
referred to the production of one unit. All prices do 
not include VAT. After the implementation of the 
proposed measure consumption was reduced by  
66751 kWh/y. 

Specific consumption and energy savings 

Specific power consumption and determination of 
energy savings: 

• Specific power consumption (current state):  
3.0 kWh/t; 

• Specific power consumption (after the 
implementation of М1): 2.4 kWh/t; 

• Energy savings from the implemented measure 
М1:  
 

(36)  ((3 – 2.4) / 3) х 100 = 20 %. 

III. Calculation of the reduction in greenhouse 
gas emissions 

The estimate was made by adjusting the saved 
energy with the coefficient of emission factor for 
electrical energy 

 
(37)  Kel = 1.039 kgCO2 / kWh. 

 
 The result for expected annual economy of 

electrical energy from ykWhWS /66751=  in saved 

emissions 
2COS is 69.4 tonnes of СО2 per year: 

(38)  KWS SCO .
2

=  
 

 (39) ytCOKWS elSCO /4,6910.. 2
3

2
== − . 

Conclusion 
The energy conservation measure М1 – 

Reconstruction of the electric drive and control of a 
main hoisting device in a mining enterprise results in 
reduction of annual emissions of СО2. Further 
research will involve analysis of other energy 
conservation measures and their impact on the 
reduction of harmful emissions. In the long term and 
on a larger scale the improvement of the energy 
balance of the technological systems will be 
favourable for slowing down climatic changes. 
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