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Abstract: The paper has a structure of four parts. 
In the first part is justified the concern of the 
authors regarding the electric energy audit (EEA). 
In the second part are specified the Al alloy 
moulding machines that make the contour of the 
EEA. The third part contains a synthesis of the 
results, and in the last part are given the 
conclusions obtained from analyses. 
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1. INTRODUCTION 
 

Targets and means of action of the European 
Union are clearly defined and regulated [1], aimed, in 
essence, by 2020, reducing g energy consumption of 
fossil fuels by 20% and corresponding, increase in the 
share of renewable energy. 
In Romania, energy efficiency is well below that of 
technologically countries. There are still many 
processes and services that take place in Romania, at 
an energy efficiency of [2-3] times higher than similar 
processes in technologically modernized countries 
[3÷7]. In the last period legislative and financial efforts 
[8, 9] are made to align Romania to the European 
Union standards, both in terms of energy efficiency 
and in terms of more intense use of renewable 
resources.  

EEA is one of the ways covered [2], to identify 
ways of improve efficiency of processes of energy 
conversion. EEA was conducted to an entity that 
produce pieces of aluminium alloy by melting, 
injection and hot / cold processing. After specifying the 
elements that define the contour and some specific 
aspects of mathematical modelling, there is given the 
conclusions of the made study with general interest, 
taking into account, the weight of the electro-thermal 

processes of Romania and the possibilities to increase the 
efficiency. 

 
2. CONTOURS AND WAY TO WORK 
 

S.C. Turnătorie Iberica (TI-C) is the industrial consumer 
choice, to exemplify the results by applying the EEA. The 
contour is set to perform the EEA at the factory level, with 
separate assessments on components of the general contour 
(Table 1.) 

We have two types of injecting machines, the significant 
difference relates to how to load the injecting machines 
using peripheral device for molten alloy, by doses 
distribution, or by gravity pouring. 
From the records made available by the beneficiary of EEA, 
August, September and October 2009 shows an average 
production of 55,994.46 kg pieces made of aluminium alloy 
per month. Given this schedule of TI-C [120 h continuous 
work (Monday - 06.00 ÷ Saturday - 06.00)], based on 
records of those three months, we obtain the average value 
of output per hour (productivity): 107,68 kg pieces per hour. 
Fluctuations in demand from customers, require the use of 
the injection machines partially (M1 ÷ M9). Reference unit 
is one hour associated to EEA (hour EEA).  
The loading of the equipment during measurements were 
normal (medium), we specify that the equipment (M9, CP1, 
CP3, CP4) have not worked this time.  
Please note that, furnaces (CP1 ÷ CP4) works with methane 
gas (basic energy agent), EE is used only as a secondary 
agent (for ventilation and hydraulic). 

Measuring instruments used: 
• Network analyser(AR) type C.A. 8334 B (2 pcs.), located 
in the secondary of the two transformers from each station; 
• Protek 307 Clamp Meter Type 
• Active and reactive energy meters:-TYPE ENERLUX 
TCDM, located in the primary of the transformers. 
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Table 1. Technical characteristics of injection moulding machines, of Al alloy parts  

Nr. 
crt. Name 

Cod
e 

Destination and 
technological 

characteristics 
Structure 

Nominal characteristics (furnace / asynchronous 
engines) 

fn=50Hz, n1 = 1500rot/min 

R1 Pn [kW] cosφn
  ηn Sc [mm2] 

1. 
Machine nr.1 

COLOSIO 320 
M1 

The injection of molten Al 
alloy to produce parts 
Ө=680°C; m=300kg 
Cycle: [1,5÷3]hours 

Furnace resistors  70 1 0,825 50 
Hydraulic pump 0,6353 18,5 0,82 0,87 10 

Press 0,7299 7,5 0,84 0,85 6 
Lubrication machine 0,77548 2,2 0,80 0,79 4 

Peripheral device 0,7686 3 0,81 0,80 4 

2. 
Machine nr. 2 

IDRA 420 
M2 

The injection of molten Al 
alloy to produce parts 
Ө=680°C; m=300kg 
Cycle: [1,5÷3] hours 

Furnace resistors  70 1 0,825 50 
Hydraulic pump 0,4762 37 0,85 0,90 35 

Press 0,7299 7,5 0,84 0,85 6 
Lubrication machine 0,77548 2,2 0,80 0,79 4 

Peripheral device 0,7686 3 0,81 0,80 4 

3. 
Machine nr. 3 

IDRA 500 
M3 

The injection of molten Al 
alloy to produce parts 
Ө=680°C; m=600kg 
Cycle: [1÷2] hours 

Furnace resistors  18,5 1 0,825 10 

Hydraulic pump 0,5364 30 0,85 0,90 35 

Press 0,6998 11 0,84 0,87 6 

Peripheral device 0,7686 3 0,81 0,80 4 

4. 
Machine nr. 5 

IDRA 420 
M5 

The injection of molten Al 
alloy to produce parts 
Ө=680°C; m=300kg 
Cycle: [1,5÷3] hours 

Furnace resistors  70 1 0,825 50 
Hydraulic pump 0,6052 22 0,85 0,89 16 

Press 0,7299 7,5 0,84 0,85 6 
Lubrication machine 0,77548 2,2 0,80 0,79 4 

Peripheral device 0,7686 3 0,81 0,80 4 

5. 
Machine nr. 8 

STP 500 
M8 

The injection of molten Al 
alloy to produce parts 
Ө=680°C; m=600kg 
Cycle: [1÷2] hours 

Furnace resistors  18,5 1 0,825 10 

Hydraulic pump 0,4762 37 0,85 0,90 35 

Press 0,6998 11 0,84 0,87 6 

Lubrication machine 0,7686 3 0,81 0,80 4 

6. 
Machine nr. 9 

STP 602 
M9 

The injection of molten Al 
alloy to produce parts 
Ө=680°C; m=600kg 
Cycle: [1÷2] hours 

Furnace resistors  18,5 1 0,825 10 

Hydraulic pump 0,4762 37 0,85 0,90 35 

Press 0,6998 11 0,84 0,87 6 

Lubrication machine 0,7686 3 0,81 0,80 4 

Peripheral device 0,76 4 0,82 0,82 4 

Hydraulic pump 0,7299 7,5 0,84 0,85 6 

n1 – the synchronism speed; R1 – stator winding resistance; Sc – power supply conductor section; ηn – the nominal efficiency; cosφn – rated power factor  

 
In these contours injection machines (M1, M2, M3, 
M5, M8, M9) and furnaces (CP1 ÷CP4) are included. 
 
• Measurements at COLOSO 320 (M1) 

 
Fig. 1. Load curves for the machine 1(M1) 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
a) voltage waveform 
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b) current waveform 

 
c) voltage harmonics 

 
d) current harmonics 

Fig. 2. EE power quality at machine 1(M1) 
 
Table 2. Measurements  recorded for M1 

Date Hour 
U1 V1 IR IS IT 
V V A A A 

11/19/2009 11:10:00 401.2 231.9 59.5 61.8 60.8 

11/19/2009 11:10:01 400.9 231.7 59.7 62 61.1 

11/19/2009 11:10:02 401.1 231.9 59.8 62.1 61.1 

11/19/2009 11:10:14 402.5 232.6 39.1 41 40.8 

11/19/2009 11:10:15 402.4 232.5 42.2 44.2 43.8 

11/19/2009 11:10:16 401.6 232 57.6 59.8 59 

11/19/2009 11:10:18 401.7 232.2 59 61 60.4 

Med. Val.  401.5 232.0 51.3 53.4 52.8 

Im = 52,55A  Imp = 53,14A  kf = 1,0113 
 
Im – average current value 
Imp – average square current value 
kf – form factor 
 
 

 
• Measurements over the furnace from the machine nr. 1 
(CM1) 
Load conditions of the furnace are stabilized. Therefore we 
will present only two load curves: load curves of power and 
load curves of currents. 

 
Fig. 3. Power load curves for the machine 1’s furnace 

(CM1) 

 
Fig. 4. Current load curves for the machine 1’s furnace 

(CM1) 
 
• Measurements at IDRA 420 (M2) 

 
Fig. 5. Load curves for the machine 2(M2) 

 
• Measurements over the furnace from the machine nr. 2 
(CM2) 
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Fig. 6. Power load curves for the machine nr.2 

furnace (CM2) 
 
• Measurements at IDRA 500 (M3) 

 
Fig. 7. Power load curves for the machine (M3) 

 
• Measurements over the furnace from the machine 
nr. 3 (CM3) 

 
Fig. 8. Power load curves for the machine nr. 3 

furnace (CM3) 
 
• Measurements at IDRA 420 (M5) 

 
Fig. 9. Power load curves for the machine 5 (M5) 

 
• Measurements over the furnace from the machine nr. 5 
(CM5) 

 
Fig. 10. Power load curves for the machine nr. 5 furnace 

(CM5) 
 
 
 
• Measurements at STP 500 (M8) 

 
Fig. 11. Power load curves for the machine 8(M8) 

 
• Measurements over the furnace from the machine nr. 8 
(CM8) 
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Fig. 12. Power load curves for the machine nr. 8 

furnace (CM8) 
 

The way to work at EEA is well known [7, 
10÷13]. 
Thus, assessment is made of the injection machine in 
the sub contour using the following equation of EEA: 
 
Wa = WU+ΔWTR+ΔWM+ΔWmec+ΔWL (1) 
 
where: 
Wa - energy absorbed by the machine, determined 
based on measurements; 
WU - useful energy, determined based on 
measurements and calculations, with two components: 
WTRU - useful thermal energy, as determined by 
calculating the energy used to bring and maintained Al 
alloy at a temperature of injection; 
WMU - useful mechanical energy, as determined by 
calculating the energy required in electromechanical 
drives associated with the injection machine; 
ΔWTR – thermal energy loss (primarily by radiation 
and conduction), determined based on measurements 
and calculations; 
ΔWM - electric motor power losses related to the 
injection machine, determined based on measurements 
and calculations; 
ΔWmec - mechanical energy loss on mechanisms 
associated with injection moulding machines, driven 
by electric motors; 
ΔWL - energy losses on short lines of the injection 
machine structure; 
 
EEA components for injection machine, which are 
of two types 
 
A. Useful energy has two components: 
A1. Thermal component [15] 
 
WTRU= [ m1 c (Өt - Өi) + m2 Qsp ] ∕ 860 [kWh]      (2) 
 
where: 
m1 - mass of metal (alloy) melted / heated [kg]; 
m2 - mass of metal (alloy) maintained at the melting 
temperature [kg]; 

c - average specific heat of metal (alloy) between the initial 
temperature (Өi) and melting temperature (Өt) [kcal / kg. 
deg.]; 
Qsp - latent heat of melted metal (alloy) [kcal / kg]. 
For aluminium alloy processed by injection machines from 
TI-C we will use the following values [15] : 
 c = 0,210184 kcal ∕ kg deg ; 
 Qsp = 95,5383 kcal ∕ kg ; 
 Өm = 20 °C; 
 Өt = 680 °C. 
 
A2. Mechanical component  
 
WMU = WMa – ΔW = WMa – (ΔWM + ΔWmec + ΔWLM)         (3) 
 
where: 
WMa - energy absorbed by the engine determined based on 
measurements (difference between the energy absorbed by 
the engine and the energy absorbed by the furnace); 
ΔWM - electric motor power losses related to the injection 
machine, determined based on measurements and 
calculations; 
ΔWmec - mechanical energy loss on mechanisms associated 
with injection moulding machines, driven by electric motors; 
ΔWLM - energy losses on short lines of the injection 
machine’s engines [obtained as the difference between ΔWL 
(on the engine) and ΔWLC (over the furnace)]. 
 
B. Energy losses on the injection machine 
Thermal energy losses: 
 

ΔWTR = Wac – WTRU       (4) 
 
Wac – energy absorbed by the furnace from the structure of 
the injection machine  
Energy losses in electric motors from the structure of the 
injection machine (ΔWM) determined by applying the model 
of a group of engines, after calculating the energy absorbed 
by the group: 
 
 Wae= WaML – Wac = WMa        (5) 
 
WaML – energy absorbed by the machine, ( in this case, the 
injection machine); 
Mechanical energy losses on the mechanisms, related to the 
injection machine (ΔWmec) are calculated: 
• If no-load test exists: 
ΔWmec = P0 τ – ΔWM – ΔWLM0       (6) 
• If no-load test do not exist: 
ΔWmec = kmec WMa          (7) 
where: 
P0 – absorbed power at no-load engine operation from the 
structure of the injection machine  
ΔWLM0 – energy losses on short lines of the engines from the 
structure of the injection machine at no-load operation (it 
will use no load current - I0); 
kmec – coefficient based on information from scientific 
literature from other EEA development of operational 
experience. 
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3. RESULTS OBTAINED 
 

Based on the nominal characteristics of the equipment, 
and the results obtained from measurements made and by 
applying the EEA model the EEA components were 
determined. The results obtained are displayed in tables and 
Sankey diagrams - referring to the contour components. 
The results obtained from the equipment are presented in two 
ways (Table 3 – full alloy charge and Table 4 - per hour) and 
those obtained for all injection moulding machines are 
presented in Table 6 and Fig. 13. 
 
Table 3. – Real EEA components on a full alloy 
charge, at the injection machines  

EEA component 
 

Injection  
machine (MI) 

Full charge time (ts) 

ΔWTR 
[kWh] 

ΔWM 
[kWh] 

ΔWmec 
[kWh] 

ΔWL 
[kWh] 

M1 – COLOSIO 320 
ts = 63min 

8,39 3,05 5,01 0,04 

M2 – IDRA 420 
ts = 40min 

3,15 2,45 0,5 0,09 

M3 – IDRA 500 
ts = 110min 

2,81 10,11 31,25 0,1 

M5 – IDRA 420 
ts = 30min 

0,95 4,39 9,14 0,046 

M8 – STP 500 
ts = 110min 

3,72 14,76 53,17 0,196 

 

Table 3. – Part 2 
EEA component 

 
Injection  
machine (MI) 
Full charge time (ts) 

WU Error 

WTRU 
[kWh] 

WMU 
[kWh] 

[kWh] [%] 

M1 – COLOSIO 320 
ts = 63min 

7,02 4,15 1,36 4,7 

M2 – IDRA 420 
ts = 40min 

16,29 12,35 -0,037 -0,1 

M3 – IDRA 500 
ts = 110min 

13,25 0,71 -0,06 -0,1 

M5 – IDRA 420 
ts = 30min 

4,17 4,72 -0,03 -0,13 

M8 – STP 500 
ts = 110min 

15 1,12 -2,42 -2,8 

 
Table 4. – Real EEA components over one hour, for 
the injection machines 

EEA 
component 

Equipment 

ΔWTR 
[kWh] 

ΔWM 
[kWh] 

ΔWmec 
[kWh] 

ΔWL 
[kWh] 

M1 – COLOSIO 320 8 2,91 4,77 0,038 
M2 – IDRA 420 4,73 3,67 0,75 0,135 
M3 – IDRA 500 1,53 5,51 17,03 0,054 
M5 – IDRA 420 1,9 8,78 18,28 0,092 
M8 – STP 500 2,03 8,04 28,98 0,107 

Furnace GUINEEA nr.2 - 1,7 1,54 0,002 

Table 4. – Part 2 

EEA  
component 

Equipment 

WU Error 

WTRU 
[kWh] 

WMU 
[kWh] 

[kWh] [%] 

M1 – COLOSIO 320 6,68 3,95 1,29 4,7 
M2 – IDRA 420 24,44 18,53 -0,056 -0,1 
M3 – IDRA 500 7,22 0,39 -0,033 -0,1 
M5 – IDRA 420 8,34 9,44 -0,06 -0,13 
M8 – STP 500 8,18 0,61 -1,32 -2,8 

Furnace GUINEEA nr.2 - 1,23 - - 

Table 5. Cumulative real EEA results over the injection 
machines 

Feature size [kWh] [%] 
A. absorbed energy [Wa] 209,409 100 
B. output energy [Wi] 209,588 100,09 
1. useful energy [WU] 89,01 42,50 
2. losses [ΔW] 120,578 57,58 

• thermal [ΔWTR] 18,19 8,68 
• on engines [ΔWM] 30,61 14,62 
• mechanical, in mechanisms 
[ΔWmec] 

71,35 34,07 

• on short lines [ΔWL] 0,428 0,21 
C. closing error -0,179 -0,09 

 

 
Figure 13 Real EEA Sankey diagram for injection 
machines 
 

Details regarding the EEA at TI-C level, and of some 
contour components are presented in [14] 
 
 
CONCLUSIONS 

 
Measurements and assessments of the EEA of TI-C contour 

will draw the following conclusions: 
Electro-thermal processes, dedicated essentially to maintain 

molten Al alloy and to inject it for the pieces, is the second category 
of processes within TI-C in terms of consumption level (209.41 
kWh in regard to 218.8 kWh - compressor station). 
Is identify, in this category of processes, a substantial reserve of 
working machines. Thus during the making of EEA only five 
injection machines operate and an furnace, the other being stopped 
or defects. 
Referring to the five injection machines on which specific EEA 
measurements and assessments were made we find under energetic 
aspect: 

• A large dispersion of energy efficiency: 19% (M8), 
24% (M3), 38% (M1 and M5), 82% (M2); 

• A large dispersion of thermal power losses: 29% (M1), 
below 10% (other machines); 

• very high mechanical losses in mechanisms part of the 
injection machines: 62% (M8), 53% (M3), 39% (M5). 

These findings reflect the existence of large reserves of energy 
efficiency for the injection moulding machines. 
The overall efficiency of injection moulding machines is 42.5% 
below similar processes of the same type and well below of similar 
processes on which the furnaces are induction type.[15] 
Mechanical losses in mechanisms (ΔWmec) are extremely high 
(34.07%), motor losses are high (14.62%), and the heat are very 
reasonable, except for M1 machine. 
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In terms of power quality, the records reflect: 
• Quality of voltage is good at the terminals 

corresponding to all injection moulding machines and the 
furnace analysed (CP2) 

• The quality of the current absorbed by all five 
injection machines (THDI = 6%) and the furnace CP2 
(THDI = 7.69%) is good, in terms of current waveform; 

• The quality of the current absorbed by the furnace 
Guinea no. 2 (CP2) in terms of actual values of phases is not 
good(9.9 A, 9.5 A, 12.3 A, 22.5 A); 

Power factor recorded at the injection moulding 
machines terminals reflect the presence of the furnaces 
influence over the structure, ranging between 0.81 (M1) and 
0.91 (M5). Furnace Guinea (CP2) has a power factor well 
below neutral (0.55), reflecting significant oversized electric 
motors, operating in its structure. 

Real EEA closing error at the electro-thermal 
processes is well below the limit allowed [12]: - 0.09% 
For the contour, energy efficiency is 42.5% below the 
characteristic of similar optimized and advanced processes. 
Energy losses occur mainly in machinery and engines, 
reflecting their advanced worn-out state, and low loading. 

The reducing of the electric energy consumption over 
the contour, can be achieved mainly through deep 
maintenance of some machines (Table 6); 
 
Table 6. Estimates of the energy effects of 
maintenance actions  

Working 
machines 

Aims of the maintenance 
actions 

Reduction of energy 
losses [δ(ΔW)] 

Injection machine 
M1 Colosio 320 

Insulation and heat sealing, 
in order to reduce heat 
losses 

δ(ΔWTR)=4,07kWh 

Injection machines 
M3, M5, M8 

Maintenance to the 
mechanisms to reduce 
friction and heat losses  

δ(ΔWmec)=43,11kWh 

Indirect reduction of power losses by reducing 
consumption 

δ(ΔWL)=0,097kWh 

Total estimated energy effects δ(ΔW)=47,417kWh 

 
Applying the measures described above we can obtain a 

reduction of the absorbed energy 
Optimal EEA of the analysed contour is presented in Table 7 
and Figure 14: 
 
Table 7. Optimum EEA results over the injection 
machines 

Feature size [kWh] [%] 
A. absorbed energy [Wa] 162,16 100 
B. output energy [Wi] 162,31 100,09 
1. useful energy [WU] 89,01 54,89 
2. losses [ΔW] 73,3 45,20 

• thermal [ΔWTR] 14,12 8,71 
• on engines [ΔWM] 30,61 18,87 
• mechanical, in mechanisms [ΔWmec] 28,24 17,41 
• on short lines [ΔWL] 0,33 0,20 
C. Closing error -0,146 -0,09 

 

 
Fig. 14 Optimum EEA Sankey diagram for injection 

machines 
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