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1 Introduction

The company can ensure the efficiency of its
activities either by maximizing outputs or minimizing
inputs or by optimizing the relationship between inputs
and outputs. In ensuring the activity of the enterprise
and achieving the set objectives, the bulk of inputs are
in the form of costs and the bulk of outputs are in the
form of revenues. The difference between revenues and
costs over a certain period represents the economic
result. Overheads are costs at which a lot of money can
be saved, including, in particular, the cost of various
types of energy [1].

One way to reduce electricity consumption is to
replace old lighting with new and modern lighting
sources. There are many different options on the market
that a company can decide on. They can choose from
classic incandescent bulbs to energy-saving fluorescent
and halogen lamps to LED light sources. The
application of LED lights is important because currently
LED lighting is not only equal to any light source, but
even achieves better parameters than all available light
sources [2]. The world's leading manufacturers, e.g.
CREE and OSRAM, already offer light sources that
exceed all parameters of existing light sources. LED
lights have several advantages:

e reduced cost of electricity

e the light is emitted in one direction only, so
there is no reflection loss

LED luminaires are up to 97% efficient

under thermal conditions the lifetime is up to
100 000 hours, which is equivalent to 25 years
with 10.7 hours of light per day

energy and CO, savings of approximately 50%
compared to conventional technologies

LED working temperature range: from - 30°C
to + 60°C

minimal heat development

special LED current sources ensure a
continuous luminous flux, no stroboscopic
effect, no problems with low temperatures,
instant start, LED as a semiconductor achieves
even better results at lower temperatures than
at 25°C/ all LED chip parameters are tested at
this temperature /

LED chips are shock resistant
spot or area lighting

LEDs create shadows on the surface of the
material, making it easier to detect
irregularities

adjustable from 0 to 100%
instant start of lighting at 100% power

free of harmful substances and gases (lead,
mercury, heavy metals)

LEDs do not produce UV radiation



e LED colour temperature is 6000K, which
corresponds to daylight

e high specific power = 100 to 137 Im/W
¢ high protection against water and dust

e the colour rendering index for white is RA=75,
this parameter expresses how the human eye
can distinguish different colours, the higher
this index is, the more colours in the colour
spectrum we can detect

e universal supply voltage: 100-250V-60Hz or
24V

o possibility of power supply from photovoltaic
panels

e Variability of luminaire  dimensions
(manufacturers are able to produce LED light
in any dimensions according to customer's
needs)

e under optimal thermal conditions, the
manufacturer guarantees a 16% drop in LED
efficiency after 55 000 hours and a 30% drop
after 100 000 hours [3].

2 Increasing the quality of lighting

The following tables show the major advantages of LED
lights compared to other light sources, which include
their long lifetime and high luminous efficiency [4].

Table 1 Comparison of light sources

Type of light | Manufacturer's | Retrievable | Lifetime

source stated Im/W Im/W (h)

Lightbulb 17 10 3000

Halogen bulb 20 12-20 10000

Tubular

fluorescent lamp

(neon) 60 40-50 20000
10000-

Halogen lamp 65-70 34-40 20000

High  pressure

sodium

discharge lamp 95-110 55-65 24000

Low  pressure

sodium

discharge lamp 120-140 65-75 16000

Power LED-

Cree 145 100-137 | 100000
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Table 2 Graphical-mathematical comparison of the luminous
efficiency of incandescent, energy-saving and LED lights

Type of light Utilisation index Effectiven
source ess

Lightbulb -
“ i

- o=

oL

10 Im/W

17 Im/W

Energy saving
bulb

‘mm/’
/TN

60 Im/W

35 Im/W

LED

145 Im/W

100 — 137
Im/W

W,
NS

72-97%

To improve the quality of lighting and save electricity,
we decided to replace two basic types of lighting in the
company's working areas:

e main hall lighting in the form of 300W bulbs
replaced with LED Industry

¢ lighting of individual tables of assembly workplaces
by replacing neon tubes with LED Leon 30

LED Industry lights were chosen because according
to the technical parameters they are suitable for lighting
production halls, assembly lines or storage areas. They
are designed to cope with higher operating
temperatures, they are easy to install by a single-point
suspension from the ceiling and the basic beam angle is
60° which will be sufficient to illuminate halls as they
are suspended several metres above the floor [5].



Figure 1 Luminaire LED Industry

Table 1 Technical specifications of LED Industry luminaire

Luminous Specific
luminous Power Weight
flux
flux
10530 Im | 81 Im/W 130 W 5,6 kg

According to the technical specifications the LED
Industry achieves a luminous flux of 10530 lumens.
Currently, 300 watt bulbs with a luminous efficacy of
10 Im/W are used in halls and warehouses, which is
equivalent to a luminous flux of 3000 lumens per bulb.
A comparison of the luminous fluxes of the individual
lights clearly shows that one 130 watt LED Industry
luminaire can fully replace three 300 watt bulbs, thus
achieving an even higher luminous flux than using three
300 watt bulbs and at a lower power consumption.

We decided to use LED Leon luminaires (Figure 2),
which are suitable for illuminating disassembly and
assembly tables and also for exit inspection workplaces.
Unlike the LED Industry, they have a 120° beam angle
and are therefore suitable for illuminating workbenches
in assembly, disassembly and inspection workplaces.

LED LEON

Figure 2 Leon LED luminaire
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Table 2 Technical specifications of the LED Leon luminaire

Luminous Specific
Luminaire fi luminous | Power | Weight
ux

flux

LED 116
Leon 30 34801Im Im/W 33W | 29kg

LED 116

Leon 60 6 960 Im Im/W 66 W | 6Kkg

Replacing the 58 watt fluorescent tubes currently in
use, which have a luminous flux of 2,900 lumens, with
the new LED Leon 30 luminaire gives a luminous flux
of 3,828 lumens. Replacing this old lighting with the
new one will save almost half the electricity, increase
the luminous flux and therefore the worker will not
strain his eyes in low light.

3 Energy savings and financial payback after
replacing the main hall

At the moment, there are 9 bulbs of 300 W with a
luminous flux of 27,000 lumens in each of the
production halls. In total, these bulbs consume 2 700 W
per hour. The following table (Table 5) shows the
energy consumption of the old and new lights:

Table 5 Comparison of old and new lighting in one hall

Power Lumin
Number . Total energy
Type of of consumption consumption ous
light |~ jichts | Per Llight [Wh‘} flux
[Wh] [Im]
Light 9 300 2700 27 000
bulb
LED 3 130 390 31590
Industry

Hourly energy saving is 2 310 Wh

After replacing the old bulbs with new LED lights,
the luminous flux increased from the original 27000
lumens to 31590 lumens and the electricity consumption
decreased from 2700 Wh to 320 Wh. The replacement
of the lighting consumes 2310 Wh less electricity, which
is 85.5% of the original consumption, while the
luminous flux increased by 17%. Calculating this over
all three halls (Table 6), the hourly energy saving is
6930 watts.




Table 6 Comparison of old and new lighting in all halls

Power Lumin
. Total energy
Type of Number consumption . ous
. . . consumption
light of lights per 1 light flux
[wh]
[Wh] [Im]
Light
27 300 8100 81 000
bulb
LED
9 130 1170 94 770
Industry

Hourly energy saving is 6 930 Wh

The company is currently working eight-hour shifts,
with only one shift in the two dismantling and repair
halls and two shifts in the assembly line hall where
workers assemble the calipers. The following table
(Table 7) shows how much energy can be saved in one

working day.

Table 7 Energy savings per working day
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Table 8 Average monthly savings after replacing hall

lighting
. LED
Light bulb Industry
savings in single-shift
operation

Number of lights 18+9 6+3
Energy consumption | 8,1 kWh 1,17 kWh
per 1 hour
Energy consumption | 64,8 kWh 9,36 kWh
per 1 day (8 hours)
Energy consumption 1490,4 215,28 kWh
for 1 month (23 days) kWh

Energy savings in 1

month

1490,4 215,28 =
1 275,12 kWh

savings in two-shift

operation

Energy savings in 1
month

1275,12 x 2 = 2 550,24
kWh

| Lightbulb | LED Industry

2 halls (dismantling + repair)

savings in three-shift

day

per 1 working

39,96 + 39,96 = 79,92 kWh

By analogy we can calculate the energy savings for
one working month (Table 8), if we take into account
that a month has 31 days and no work on weekends, so
a month has 23 working days.

operation
number of lights 18 - -
Energy savings in 1 1 275,12 x 3 =3 825,36
energy
consumption per 5,4 kWh 0,78 kWh month kWh
1 hour - o
savings with simultaneous
power
consumptionin 8 43,2 kWh 6,24 kWh operation
hours Number of ligh 18+9 6+3
+ +

energy saving 43,2 - 6,24 = 39,96 KWh umber of fights

1 hall (assembly) Energy consumption | 86,4 kWh | 12,48 kWh
number of lights 9 per 1 day
energy -
consumption per 2.7 kWh 0,39 kWh Energy consumption 1987,2 287,04 KWh
1 hour for 1 month (23 days) kWh
power - - _
consumption in 43,2 kWh 6,24 kWh Energy savings in 119872 - 28704 =
16 hours month 1 700,16 kWh
energy saving 43,2 - 6,24 = 39,96 KWh
energy  savings The monthly electricity savings can also be

quantified in money terms (Table 9). From the last
invoice issued for € 2 272 for 14 356 kWh, we find that
the electricity supplier charges the company € 0,16 per

1 kWh:



Table 9 Monthly electricity savings in kWh and €

Savings Savings in
in kKWh €
Month of single-shift 1275,12 204,02 €
operation kWh
Month of two-shift 2 550,24 408,04 €
operation kWh
Month of three-shift 3 825,36 612,05 €
operation kWh
Month at the current 1700,16 272,03 €
changes kWh

The purchase price of one LED Industry luminaire is
980 €. The cost of replacing the entire hall lighting is
therefore € 8 820. The payback period (Table 10) of the
invested funds depends on how the production will
continue. Calculated on the basis of 250 working days
per year, the payback periods are as follows, depending
on the number of shifts per day:

Table 10 Payback period for invested funds for the
replacement of hall lighting

Single shift operation
55,44 kWhx 0,16 €=8,87 €
Annual savings 8,87 x250=22175€

Payback period in | 8 820 € : 2217,5 € =3,98 =
years 4 years

Daily saving

Two-shift operation

2x5544kWhx0,16€=17,74
€

Annual savings 17,74 € x 250 =4 435 €

Payback period in | 8820 € : 4 435 € = 198 =
years 2 years

Daily saving

Three-shift operation

Daily saving 3x55,44kWhx0,16€=26,61
€

Annual savings 26,61 €x250=66525€

Payback period in | 8 820 € 10167,5 € =

years 1,33 years = 1 year and 4
months

Current type of operation
Daily saving 73,92 kWhx 0,16 €=11,83 €
Annual savings 11,83 €x250=29575€

Payback period in | 8820 € : 2957,5 € =298 =
years 3 years

It is clear from the above calculations that the
acquisition cost of the lights will be recovered from the
company the sooner the more shifts are made during the
day. Once that payback period is exceeded, these lights
can earn us money for other designs that can be applied.

5
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For example, if we consider a two-shift operation, the
lights have a lifetime of 25 years when lit for 16 hours a
day (100 000 h : (250 x 16 h)). The payback period for
a two-shift operation is 2 years, which when subtracted
from the lifetime, gives us 23 years, during which the
company saves 102,005 euros (23 years x 4,435 euros)
on electricity. In single-shift operation, the lights have a
lifetime of 50 years and, after deducting the payback
period, the saving is 102 005 euros. Similarly, for three-
shift operation, the lifetime is 16.6 years and the saving
then amounts to EUR 101 584.

4 Energy savings and payback after workplace
lighting replacement

Each workbench, whether for disassembly, repair or
assembly, is illuminated by a 58 W tubular fluorescent
lamp. A total of 5 disassembly tables, two repair tables
and 12 tables are currently in use on the assembly line.
In total there are 19 lights, to which we can add another
7 lights, which are located in two warehouses where in
one warehouse we will replace two old lights with two
new lights and in the other warehouse we will replace 5
old lights with 4 new LED Leon 30 lights. So we replace
these 26 lights with 25 LED Leon 30 type luminaires.
After the replacement we get an hourly saving (Table
11) with a higher luminous flux value.

Table 11 Hourly savings with LED Leon 30

Power Total ener
Type of Number | consumption consum tig)r: Luminous
light of lights per 1 light [\Nhﬁ flux [Im]
[wh]
Tubular
fluorescent 26 58 1508 60 320
lamp
LEOSEN | 2 33 825 95 700

Hourly energy saving is 683 Wh

The hourly saving with the new lights is 683 Wh,
which translates into a 45.29% saving in electricity
costs. The following table (Table 12) calculates the
hourly electricity savings with the changes as they are
in the current state of operation:




Table 12 Hourly energy savings with lights LED Leon 30

Tubular LED Leon
fluorescent
30
lamp
2 halls (dismantling + repair)

number of lights 7 7
energy
consumption per 1 406 Wh 231 Wh
hour
power
consumption in 8 3,25 kWh 1,85 kWh
hours

energy saving

3,25-1,85=1,4kWh

1 hall (assembly)
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Table 13 Monthly savings with Leon 30 LED lights in kWh

and €
Tubular LED Leon
fluorescent
30
lamp
savings in single-shift
operation

Number of lights 26 25
Energy consumption 1508 Wh 825 Wh
per 1 hour
Energy consumption 12,06 kWh 6,6 KWh
per 1 day (8 hours)
Energy consumption | 277,38 kwWh | 151,8 kWh
for 1 month (23 days)

number of lights 12 12 Energy savings in 277,38 —151,8 = 125,58
energy 1 month kWh
consumption per 1 696 Wh 396 Wh Savings per 1 month | 125,58 kWh x 0,16 € = 20,1
hour in euros €
power savings in two-shift
consumption in 16 11,14 kWh 6,34 kWh operation
hours Energy savings in | 125,58 kWh x 2 =251,16
energy saving 11,14 - 6,34 = 4,8 kWh 1 month kwh
warehouses Savings per 1 month | 251,16 kWh x 0,16 € = 40,2
number of lights 7 6 In euros €
energy savings in three-shift
consumption per 1 406 Wh 198 Wh operation
hour Energy savings in | 125,58 kWh x 3 =376,74
power 1 month kWh
consumption in 16 | 6,5 kWh 3,3 kWh Savings per 1 month | 376,74 kWh x 0,16 € = 60,2
hours in euros €
energy saving 6,5_3,3=32kwh savings with simultaneous
inergi_savcljngs per 14+48+32=9.4KkWh operation
SRl ] B2 Energy consumption | 20,89 kWh | 11,49 kWh
per 1 day
Energy consumption | 480,47 kWh 264,27
After calculating the hourly savings, as with the hall for 1 month (23 days) kwh
lighting, we can calculate the monthly savings (Table Energy savings in | 480,47 — 264,27 = 2162

13) when using LED lights Leon 30:

1 month

kWh

Savings per 1 month
in euros

216,2kWhx 0,16 €=34,6 €

The price of one Leon 30 LED luminaire is 303 €.
The initial investment for the purchase of all lights is
7 575 €. In the table (Table 14) the individual payback
periods after replacement of the installed LED Leon 30

lights are calculated.



Table 14 Payback period for investment with LED lights
Leon 30

Single shift operation

5,46 kWhx 0,16 €=0,87 €
0,87x250=2175€
7575€:217,5 €=234,8 years

Daily saving
Annual savings

Payback period in
years

Two-shift operation
2X546kWhx0,16€=1,74€
1,74 €x250=435 €

7575 € :435€=17,4 years

Daily saving
Annual savings

Payback period in
years

Three-shift operation
3x546kWhx0,16€=2,62¢€
2,62 € x 250 =655 €

7575 € :655€=11,6years

Daily saving
Annual savings

Payback period in
years

Current type of operation
Daily saving 9,4kWhx0,16€=1,5€
Annual savings 1,5€x250=375€

Payback period in | 7 575 € : 375 € = 20,2 years
years

5 Conclusion

It is clear from the above calculations that the
acquisition cost of the lights will be recouped by the
company the sooner the more changes take place during
the day. Once that payback period is exceeded, these
lights can earn us other designs that can be applied. For
example, if we consider a two-shift operation, the lights
when lit 16 hours a day have a lifetime of 25 years (100
000 h : (250 x 16 h)). The payback period for a two-shift
operation is 17.4 years, which, when subtracted from the
lifetime, gives 7.6 years, during which the company
saves 3 306 euros (7.6 years x 435 euros) in electricity.
In single-shift operation, the lights have a lifetime of 50
years and after subtracting the payback period, the
saving comes out to 3 306 euros. Similarly, for three-
shift operation, the lifetime is 16.6 years and the saving
then amounts to EUR 3 275.

As electricity prices are currently rising steadily, it
is very likely that the savings over these years of the
LED lights' lifespan may increase even further. In
addition to these potential savings over these years, we
can also add those savings that would otherwise have to
be spent on buying bulbs with a much shorter lifetime.
Also, during this period, unnecessary waste is not
produced and the environment is thus also protected.

Quality lighting improves work well-being and
ultimately productivity.
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1 Introduction

The general principle of heat pipes using gravity is
usually classified as a two-phase thermosyphon. It dates
back to the steam period. Then Angier March Perkins
and his son Loftus Perkins created the "Perkins tube".
This was extended to use in locomotive boilers and
working furnaces. Capillary heat pipes were first
designed by R.S. Gaugler at General Motors in 1942,
who patented the idea but did not develop it further. A
heat pipe is a heat transfer device that combines the
principles of thermal conduction and phase change to
effectively control heat transfer between two solid
interfaces [1,2].

2 Heat Pipe

2.1  The Principle of Operation of the Heat Pipe
There is a liquid in the evaporative part of the heat pipe.
Itis in contact with a thermally conductive solid surface.
By absorbing heat from this surface, it turns into steam.
The vapor then passes along the tube to the condensing
section, where it condenses back to a liquid and at the
same time transfers latent heat. The liquid is then
returned to the vapor section by capillary forces,
centrifugal force or gravity and the cycle repeats. (Fig.1)
Due to the very high coefficients of heat transfer during
boiling and condensation, heat pipes are highly efficient
heat conductors [3].

2.2 Heat pipe construction

A heat pipe consists of a closed tube made of a material
that is compatible with the working fluid, such as copper
and water working fluid or aluminum and ammonia
tubes. A vacuum was used to remove air from the
manufactured tube. The heat pipe was partially filled
with working fluid and then sealed. The working fluid
is chosen so that the heat pipe contains the working
substance in both the gas and liquid phases within the
range of operating temperatures. Working fluids are
selected according to the temperatures at which the heat
pipe must be in operation [4,5].

condensing v -/

section v 4

v

=

2

2

adiabatic s

section =

£

: e

evaporative

section 4 v

4

Figure 1 The principle of operation of the heat pipe



The advantage of heat pipes compared to other heat
removal mechanisms is their high efficiency in heat
transport. Heat pipes contain no mechanical moving
parts and usually require no maintenance. The
advantage of heat pipes is the quick onset of heat
transfer, geometric shape, weight. Heat pipes are used
to cool electronic devices and are increasingly used in
computing. Another possibility of using heat pipes is in
solar collectors, where a heat exchanger is arranged in
the condensing part, which is heated directly by heat
pipes [6,7].

3  Experimental Measurement

The calorimetric method of measuring with water was
chosen for the experimental measurement. Copper
gravity heat pipes with the same length of 50 cm were
used for measurement. The heat pipes were of different
diameters (DN12, DN15, DN18, DN22 and DN28). The
working medium in the experimental measurements was
distilled water, and the angle of inclination of the heat
pipe was varied. For the sake of comparison, the heat
pipes were produced with the same filling pressure of
800 Pa. The AMR WinControl program from the
AHLBORN company was used to record the measured
values. The measurement consisted of heating the
evaporation section with a circulating medium with an
inlet temperature of 80°C. Cooling of the condensing
part was ensured by a circulating medium with an inlet
temperature of 20°C. During the experiment, the water
flow rate to the condenser was recorded.

Copper tubes of 50 cm length, copper end plugs and
copper capillaries for filling were used for the
experimental measurement. (Fig. 2). The working
medium of the experimental measurements was distilled
water. The amount of the working medium was chosen
to be 25% of the volume of the heat pipe.

Figure 2 The experimental heat pipe consisted of 1 - a
copper tube, 2 - a copper plug, 3 - copper capillaries

The calorimetric method was chosen to determine
the transferred heat output. Since heat pipes transfer heat
and form an isolated system subject to the law of
conservation of energy, the calorimetric equation (1)
can be used to obtain the results [8]. The law of
conservation of energy states that all heat released from
one body is transferred to another body [9]. We can

9
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assume that there is no change in the amount of energy,
thermal energy cannot be changed into, for example,
mechanical energy, and substances are chemically inert,
they do not generate heat from chemical reactions:

0 =m.c.At (1)

where Q is the heat flow [W], m represents the mass
flow [kg.s], ¢ represents the specific heat capacity of
water at 20°C = 4183 [J.kgt.K1] and At represents the
temperature gradient [K].

A measuring device (Fig. 3) was built for the
experimental measurement. It consists of 1-protractor,
2-flow meter, 3-measuring the outlet temperature, 4-
measuring the inlet temperature, 5-cooling part, 6-
heating part, 7- cooled water source, 8 — source of
heating water.

Figure 3 Experimental measuring device

4 Evaluation of the Measurement of Thermal
Power Transmitted by a Heat Pipe

The experimental measurement confirms the
assumptions that the largest diameter and different
working position change the most the thermal power
transmitted by the heat pipe. The main goal of the
experiment was to find the ideal working position and
ideal tube diameter. The heat pipe with a cross-section
of 1 cm? transferred the greatest heat output. All heat
pipes were filled to 25% of their internal volume. To
determine the heat output, the mass flow rate and the
inlet and outlet temperature of the cooling circuit were
recorded.



Table 1 Temperature difference for different angle of rotation

and different diameter of the heat pipe [K]

Figure 4 Graph of dependence of the angle of rotation, the

Angle
of . DN 12 [ DN 15 |DN 18 |DN 22 | DN 28
rotation
)
0 0.45 1.2 1.76 2 2.27
15 0.45 1.41 1.75 2.15 2.06
30 0.47 1.53 1.80 2.12 2.17
45 0.51 1.62 1.80 2.09 2.16
60 0.52 2.10 1.98 2.16 2.27
75 0.51 0.88 1.86 2.23 2.18
9} 2.5
e
g _ 2 13 448, mDN 12
(0] i o
Ewl® M DN 15
c
s ! | DN 18
3 0
= o 05
55 o EIEIRIETELL DN 22
£ 0 15 30 45 60 75 mDN 28

rotation angle of the heat pipe [°]

diameter of the tube and temperature difference

Based on the results from the graph, the smallest
difference in temperature difference is for the DN 28
heat pipe, depending on the diameter of the heat pipe

and the angle of rotation during the measurement.

Table 2 The difference in flow volume for different angles of

rotation and different diameters of the heat pipe [kg.s].

Angle

of . |DN12 |[DN15 |DN 18 |DN 22 |DN 28
rotation

©)

0 0.0635|0.058 |0.06 |0.062 |0.064
15 0.0635 | 0.054 |0.06 |0.062 |0.064
30 0.0635 | 0.05 0.06 |0.062 |0.064
45 0.0635 | 0.05 0.06 |0.062 |0.064
60 0.0635|0.034 |0.06 |0.062 |0.064
75 0.0635 | 0.063 |0.06 |0.062 |0.064
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Tab. 2 shows the average value of the mass flow, which
was the same during the entire measurement.

To evaluate the measurement, relation (1) was used,
where the specific heat capacity of water at 20°C was ¢
=4183J.kgt.K™

Table 3 Transmitted heat power for different angle of
rotation and different diameter of heat pipe [W]

Angle
of . DN 12 | DN 15 |DN 18 |DN 22 |DN 28
rotation
)
0 112.8 |291.92 |445.12 |516.3 |604.7
15 120.8 |318.27 |442.44 |556.12 |548.08
30 125.1 |318.58 |454.41 |548.74 | 577.58
45 135.1 |333.57 |454.37 |541.32 |575.21
60 138 296.03 |500.55 |559.53 | 604.32
75 136.3 |230.64 |470.27 |575.93 | 578.19
= 800
€
o — 600 EDN 12
£ =2 n " .
- = 400 | DN 15
L9 Jleldlnll,
g 0 I | | | | | DN 22
* 0 15 30 45 60 75 m DN 28

rotation angle of the heat pipe [°]

Figure 5 Graph of the dependence of the angle of rotation,
the diameter of the tube and the transferred thermal power

In fig. 5 shows the average value of the heat output
of the heat pipe when different diameters and working
positions were used. The largest diameter was expected
to have the greatest heat output. For this reason, the heat
output per 1cm? was determined.



Table 4 Transmitted heat power per 1cm? for different angles
of rotation and different diameters of the heat pipe [W.cm™]

Angle
of . DN 12 |DN 15 |DN 18 |DN 22 |DN 28
rotation
)
0 99.74 |165.20 |174.90 |135.83 | 98.2
15 106.8 |180.12 |173.85 |146.31 |89.00
30 110.64 | 180.29 |178.55 |144.37 |93.79
45 119.41 | 188.78 |178.54 | 142.41 |93.41
60 122.03 | 167.53 |196.68 | 147.20 | 98.14
75 120.5 |130.52 |184.78 | 151.52 | 93.89
5~ 200
§ o J
= 150 ] HDN 12
\% 100 DN 15
E 50 DN 18
&
S 0 DN 22
<
= 0 15 30 45 60 75 m DN 28

rotation angle of the heat pipe [°]

Figure 6 Graph of the dependence of the angle of rotation,
the diameter of the tube and the transferred thermal power
per 1 cm?

In fig. 6 shows the difference between the working
position and the different pipe diameter.

The best working position for the gravity heat pipe
is approximately 60 degrees, and the best results in
terms of length and diameter are shown by the heat pipe
with a diameter of DN 18, where the maximum
transferred heat output per 1 cm? was 196.68 W.cm™2,

The heat pipe with a diameter of DN 28 comes out
as the worst, where although the total transferred heat
output is the largest, but compared to the transferred
heat output per 1 cm? cross-section, this output is the
smallest.
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20 “ *< e DN 15
g 100 é DN 18
z 50 DN 22

0 — N 25

rotation angle of the heat pipe [*]

Figure 7 Graph of the increase in heat output per 1cm?
depending on the angle of rotation and the diameter of the
tube

Fig. 7 shows the increase in heat output when the
diameter of the tube changes. The graph shows that the
best working position for heat pipes is around 45 to 60
degrees, and the best working diameter for gravity heat
pipes is a DN15 heat pipe up to a rotation angle of 45°
and a DN18 heat pipe at a rotation angle of 60°.

5  Conclusion

During the experimental measurement, the influence of
the diameter, type of gravity heat pipe and its working
position on the ability to remove heat from the cooled
device was determined. During the measurement, it was
found that the expansion of the diameter also increases
the transmitted power of the gravity heat pipes. The
greatest increase in the transferred heat output of
604.7W was achieved by the gravity heat pipe with a
diameter of DN28 with a vertical working position, but
in comparison of the transferred heat output per 1 cm2
of the cross-sectional area, the highest transferred heat
output with a value of 196.68 W was achieved by the
gravity heat pipe with a diameter of DN18 with working
position 60 degrees.
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. 2 Current and planned status of charging
1 Introduction stations in Slovakia
However, the crucial fact in this issue is that every EV
also has to recharge its batteries somewhere. That is why
the term charging station is becoming more and more
widely used and will come to the fore in time, just like
petrol stations. EV charging infrastructure is a new type
of consumer in the electricity grid. The popularization
of electric vehicles has brought a stronger push for the

The public opinion that electromobility is an unrealistic
transport option in Slovakia is no longer valid. In
professional publications and discussions, the question
of the availability of areas for PV systems that could be
used for EV charging is often raised. Opponents of PV
argue, among other things, that there is not enough
suitable land in Slovakia to cover the electricity needs

develt_)pment _of ch_arglng facn_ltles, The demand for of EV chargers [2] .
charging stations is steadily increasing due to the
growing interest in electric vehicles. In the context of OV e BRI IT IECk VeI Bkt o

rising electricity prices as well as social pressure on the
environmental impacts of electromobility, EV owners
are also becoming more interested in a green source of
electricity. If we wanted to provide electricity for EVs
using RES, we could consider solar, hydro or wind
power. However, hydropower is not suitable because of
the availability of the water source. Wind power could
theoretically be useful, but it is still unrealistic in the
long term in Slovak conditions. So for the time being we Figure 1 Overview of plug-in electric vehicle registrations
will choose solar, which is the most practical and
inexpensive in terms of usability [1] .



Table 1 M1 vehicles registrations overview 2020-2022

Year Registration

2020

Registration
2021

Registration
2022

BEV 917
(battery
electric

vehicle)

1104 1390

PHEV petrol 798
(plug-in
hybrid)

1020 1432

PHEV diesel 65 146 124

Total BEV +
PHEV

1781 2270 2946

HEV petrol 12 185 14 588
HEV diesel 987 2963 2767
Total HEV 7 233 15 148 17 355

Hydrogen

Total FCEV 0 1 1

Petrol 47 263 42 184 43903
Petrol+LPG 540 953 1407
CNG 404 234 291

Diesel 19 082 14 909 12 937
Total ICE 67 289 58 280 58 539

In total, 90074 vehicles in all categories were
registered in Slovakia in 2022, an increase of 3.1% year-
on-year. In the category of new M1 passenger cars,
registrations reached 78841 vehicles, an increase of
4.15% year-on-year. On the contrary, light commercial
vehicles did not fare well, with a year-on-year decline
of almost 7%, mirroring the situation in the trade and
business environment in Slovakia. The total number of
vehicles in the N1 category was 7679. The M1

N
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segments again recorded growth in SUVs (+4.0%) and
a decline in the small and compact vehicles segment (-
4.3%). Registrations of passenger cars for legal and
natural persons recorded year-on-year growth. Interest
from individuals was more dynamic.

The positive news, however, is that according to
SEVA (Slovak Electric Vehicle Asotiation) data, the
building of charging infrastructure has moved forward,
with an increase of up to 45% last year and a total of
1,483 public charging points in operation by the end of
January 2023. Even better news is that the number of
locations with a charging station has increased by 46%
year-on-year. There are now a total of 629 sites, of
which 331 are fast or ultra-fast charging sites, i.e. with
a capacity of 50-350 kW. In fact, 100-150 kW chargers
are becoming standard. The largest charging station
networks in Slovakia are operated by Greenway with
425 charging points at 152 locations and ZSE Drive with
391 charging points at 137 locations. The third major
player is ejoin GO, which expanded its network
significantly last year and now has 314 charging points
in 126 locations. Unlike the first two, who mainly focus
on DC charging, ejoin GO has as many as 238 AC
charging points and 76 with DC chargers.

In the near future, it will be necessary to start
building a network of slow (AC) chargers, of which
there are so far only a few in Slovakia. The Ministry of
Economy of the Slovak Republic has supported the
elaboration of a map with suitable locations near
motorways and first-class roads, where more vehicle
traffic is expected and therefore the need to recharge
batteries in the future.

3 Technological charging of electric vehicles
3.1 DCcharging

DC charging, or so-called fast charging, is carried out
using a DC charging station that can convert alternating
current (AC) to direct current (DC), then "bypass" the
EV's on-board charger and send this DC current through
the battery management system (BMS) to the battery as
instructed by the vehicle's charge management system.

A DC charging station is technologically much more
complex and many times more expensive than an AC
charger, plus it requires a powerful power supply. In
addition, the DC charger must be able to communicate
with the car in order to be able to adjust the output power
parameters according to the state and capacity of the
battery.

3.2 AC charging

Charging an electric car with alternating current uses the
car's onboard system (also called an on-board charger),
which converts the AC voltage from the mains to the DC
voltage needed to charge the batteries. The main



difference between AC and DC charging is that in AC
charging, the AC current is converted to DC by an On-
Board Charger (on-board charger). The main function
of the AC station is to mediate the necessary
communication with the vehicle control system and
ensure the safety of the vehicle and crew. In addition,
the charger informs the vehicle of the maximum current
it can draw at that time, depending on how busy the grid
is. The AC charging station thus regulates the charging
according to the current capabilities of the house or
charging point to avoid overloading the grid.

4 Charging methods of Electric Vehicles

There are currently three main charging methods:
conductive charging, inductive charging, and battery
swapping [3] .

4.1  Conductive charging

Conductive charging uses direct contact between the EV
charging cable connector and the charging input. The
cable can be powered from a standard electrical outlet
or charging station. A minor disadvantage of this
solution is that the conductor must plug into the cable.

4.2 Inductive charging

Inductive charging uses an electromagnetic field to
transfer energy between two objects. This is done by
means of a charging station. The energy is sent through
an inductive link to an electrical device, which can then
use this energy to charge batteries or run the device.

5 Analysis of the energy needs of charging
stations in Slovakia

From the users' perspective, charging availability is still
top of mind. Charging must therefore be -easily
accessible from a location perspective. Customers in
countries where electromobility is already more
developed have the same view. The cost of charging
comes second, but this does not mean that users are not
concerned about it. So what are the prices in Slovakia?
Due to the wide range of not only provider but also their
individual programs, we will look at the price
differences separately for AC and DC charging.
However, the price summaries should be taken as
information, as prices are constantly changing and may
not be up-to-date at the time of reading. We have not
included some operators due to unclear and frequently
changing conditions. The price comparisons depending
on the monthly usage of users are summarised in the
following charts. When converting kWh per kilometer
travelled, an average consumption of 20 kwh per 100
km is taken into account. The graph shows that the most
cost-effective charging is at ZSE Drive's charging
stations when using their Partner programme, where the
programme is already the cheapest for electric car users
when the mileage is above 20 km on weekdays. It is not
worthwhile for customers to charge through so-called ad
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hoc schemes, i.e. charging when they are not registered
with individual operators. Differences can reach levels
of 200 to 300 % [4] .

Table 2 AC charging prices, source — official price lists of
individual operators [3]

Provider Program Rate Lump Free
per sum kWh
kWh monthly | withina
[€] [€] month
e-join GO1 0.29 - 0
GreenWay | Single use 0.42 - 0
Energia 0.42 - 0
Standard
Energia 0.32 7.90 30
Plus
Energia 0.26 24.90 100
Max
ZSE Drive | Guest 0.39 - 0
Eco 0.39 - 0
Partner 0.29 11.90 40
Flat 0.29 89.00 400
Slovnaft No 0.32 - 0
registration
Registration 0.27 - 0

5.1 DC charging

Compared to AC charging, fast-charging price lists are
a bit more complicated. IONITY, e-join GO, and
Slovnaft have a uniform price per kWh. GreenWay and
ZSE Drive set DC charging prices depending on the
charging speed. In order to compare comparables, we
divided DC charging into two categories. DC charging
stations with a capacity of 50 - 60 kW are the most
common in Slovakia, so we focused on this charging
speed. The second charging comparison is when using
charging stations with power ranging from 75 to 350
kw.



Table 3 DC charging prices, source — official price lists of

individual operators [3]
Provider Program Rate Lump Free
per sum kWh
kWh monthly | within a
[€] [€] month
e-join GO1 0.29 - 0
IONITY Public 0.49 - 0
Partners 0.36 13.00 0
Provider Program <25 | 25- >100 | Lump
kwh | 100 kWh sum
[€]1 | kWh [€] month
[€] ly [€]
GreenWay | Singleuse | 0.42 | 0.65 | 0.78 -
Energia 0.42 | 0.65 0.78 -
Standard
Energia 0.32 | 0.54 | 0.66 9.90
Plus
Energia 0.26 | 0.46 | 0.52 29.90
Max
Provider | Program | DC > Ultra | Lump Free
50 DC > sum kWh
kWh 50 month | within
[€] kWh ly [€] a
[€] month
ZSE Guest 0.16 0.59 - -
Drive
Eco 0.49 0.59 - -
Partner 0.29 0.39 11.90 40
Flat 0.29 0.29 89.00 400
Provider | Program DC Ultra | Lump Free
> 50 DC sum kWh
kWh | >62 month | within
[€] | kWh | ly[€] a
[€] month
Slovnaft | No 0.50 | 0.50 - 0
registration
Registration 045 | 0.45 - 0
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6  Potential PV systems for charging stations

Photovoltaics, also called solar cells, are electronic
devices that convert sunlight directly into electricity.
The energy can be harnessed directly from the sun, even
in cloudy weather, but with lower efficiency. Solar
energy is used all over the world and is increasingly
popular for generating electricity or for heating and
desalination of water. In many countries, photovoltaics
have become central to reducing carbon emissions and
mitigating climate change. Currently, there are two
basic types of PV panels: amorphous and crystalline.
Crystalline is divided into polycrystalline and
monocrystalline. Amorphous ones are less temperature
dependent, do not reduce performance when
overheated, and absorb more diffuse radiation. The
efficiency is in the range of 12-15 % [5,6] .

Monocrystalline ones require direct radiation.
Efficiency ranges from 15 - 22%, higher yield from the
installed area. Disadvantages may include cost and
uniform coloration of panels.

Polycrystalline also absorbs diffuse radiation,
which is very common in our geological conditions. The
efficiency is around 14-20%, which is not that big a
difference  compared to monocrystalline. The
disadvantages of these panels can be e.g.: price, lower
stability of the silicon layer.

6.1 PV installation possibilities

Between 2009 and 2011 it was possible to implement
PV on arable land in Slovakia. But since 2011, it is only
allowed to install on roofs, building facades, and private
land.

Advantages and disadvantages of placing PV on roofs
and building facades:
Advantages:

e Saving arable land for agricultural purposes

e  Better thermal insulation of roofs

e Less maintenance

e Less likelihood of the panel being covered by

leaves

e PVis less accessible to vandals and thieves
Disadvantages:

e Possible damage to the quality of roofs and

facades

e Facades may be more difficult to install PV at
high heights

e Damage to panels may occur in high wind
conditions

e  Deterioration of building appearance

Advantages and disadvantages of placing PV on
arable land and meadows:



Advantages:
e Easily accessible installation
e Possibilities of building large areas
o Non-interference by construction in residential
areas
e  Creater electricity generation when large areas
are developed
Disadvantages:
e Land take
e Damage to panels by vandals
e  Theft of panels
e More difficult to connect to the grid with large
PV systems compared to PV on buildings

6.2 Photovoltaics in Slovakia

Photovoltaics in Slovakia is making very big progress.
In many cases, this is due to the energy price situation
last year. However, more and more people are
considering or currently already using photovoltaics as
an ideal complement to an electric car. Such a tandem
makes great economic and ecological sense in case of a
sensible setup and the use of the right technology or the
right type of the whole system. Being able to charge at
least your daily mileage for a couple of hours a day from
the sun on the roof of your house is, in short, something
that makes sense.

7 Symbiosis of battery storage, photovoltaics and
electric vehicle

This system is developed and manufactured in Slovakia,
where it is also sold and provides complete technical
consulting for the end customer.

7.1  1Q SMART HOME kit

The basis of the set-up is photovoltaic panels with
outputs from 5 kWp to 30 kWp and a powerful hybrid
inverter with an EPS output and an output of up to 20
kW. The most essential part of this system is the EV-GP
LPF HV battery storage in 23 kWh or 31 kWh version,
which consists of LiFePo 4 type batteries, where the
manufacturer declares a lifetime of more than 15 years
(6000 cycles/DOD 80%). There is also a charging
station for electric vehicles (EVs) and hybrid cars
(PHEVS), represented by the EV-GP home 22 kW 1Q
Smart model. Charging can be implemented in two ways
- 1Q charging from surplus. In this case, the control unit
continuously manages the power to the charger and does
not terminate charging even in the event of a lack of
energy from the sun, but only interrupts it. In case of
surpluses, hot water heating, heat pump and/or other
options can also be triggered where the energy from the
sunisused. Atlower battery charge levels - lack of solar
power - automatic power from an electric vehicle that
supports V2L, i.e. has a single-phase output socket, is
possible. So you can have a complete three-phase power
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supply in the house from an electric car. As well as the
electric car, an external power source can be connected,
whether LPG, petrol, diesel, or hydrogen generator.

Figure 2 EV-GP LPF HV

8 Conclusions

Infinite, inexpensive and clean, that's what we can call
solar energy, which is nowadays advantageous as a
supplementary source for EV charging, mainly for two
reasons:

1. PV panels are easier to install and more efficient
than other RES such as wind power. The cost of
producing solar panels has dropped significantly
over the last decade, making them not only
affordable but often the cheapest form of electricity.

2. The future looks very promising for
electromobility.
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Figure 3 Required area for PV installation in districts

The required installation area for PV is also shown
in Fig. 3 For amorphous panels (Ao), the Bratislava I -
Bratislava V and Kosice I - Kosice IV districts would
need the most area. The same is certainly true for
crystalline technology (Ko).

Dependence on petroleum-based fossil fuels may
change the growing interest in electric vehicles. In
addition to the environmental impact and fossil fuel



needs, electric cars are easier and more efficient to
design and manufacture. As EVs become part of our
daily lives, implementing and optimizing charging
infrastructure will have new challenges. The future of
PV charging station support is a viable option to harness
the potential of solar radiation. In developed countries
like China, Japan, and Germany, the concept of PV has
long been a foreign concept. How our country will deal
with it is not yet known. But thanks to the growing
demand for EVs, we can hope that the charging
infrastructure will also start to expand. We cannot
predict how long it may take before we start to see more
use of electricity generated from PV.
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