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LED lamps — are they inexpensive and effective?

ABSTRACT: This article presents some results of work on the selection of the most promising types of lamps for
various objects in industry, in commercial and residential buildings. It is shown that the use of a particular
type of lamp depends on the conditions of a particular country (the cost of credit resources, the availability
of different types of lamps on the market, and government incentives or restrictions), as well as on the
conditions of the specific object (cost of lamps, duration of operation during the day, tariffs for energy
resources, the cost of equipment and its installation (dismantling, utilization), the cost of replacing the
equipment after leaving it, the term of service of various types of lamps). It is also necessary to consider
the possible risks of changes in tariffs and the cost of money.
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Introduction

It is sometimes proposed to not take into account the economic indicators of projects in the
field of energy and energy saving. This is probably appropriate for those who have enough mo-
ney to implement all the newest and most modern technologies. However, not a single country
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nor a single enterprise has such opportunities. Therefore, it is necessary to apply what pays off
as quickly as possible, and of the two energy-efficient solutions, use the one that has the best
technical and economic indicators.

More than thirty years ago, a real alternative to incandescent lamps appeared on the markets
of different countries — halogen and energy efficient. Purely emotionally, their use was more
attractive. It was very prestigious to use such lamps (“Eurofashion”) in the offices of companies.
Most importantly, they were more economical, although they cost more. Manufacturers and
dealers of lighting-system equipment began an active marketing campaign to promote them on
the market. The same policy continues today. At the same time, the technical characteristics of
the lamps are usually described, but they do not give unambiguous recommendations for their
choice. For example, the site (Levison 2020) describes the technical and hygienic aspects of
choosing the type of lamp, but there are no economic indicators. This is well known to experts.
But there are no real guidelines. Only the technical characteristics of different types of lamps are
given, but there are no recommendations for analysis. And the most common recommendation

1>

is “Contact us — we will help you!” This is one more example of the approach to choosing the
type of lamps (Lamp Selection Guide), where only the description and technical specifications
are presented, without recommendations regarding the choice of a specific type for a particular
case. In conclusion, a typical equipment manufacturer or dealer recommendation is: “Choosing
the correct LED lighting and lamps can help you save valuable time on ongoing maintenance and
drastically reduce your energy costs. This handy guide will help you to select the right lighting
for the job, whatever industry you are working in...”.

An interesting approach to evaluating lamp prospects is presented in the literature (How to
Select... 2015). The comparison of light sources based on life, price and light output is recom-
mended. The more lumen-hours per dollar, the better. Here they are not trying to count money,
but have invented some very controversial criterion (lumen-hours per dollar). Incidentally, LED
lamps are not the most efficient here. This approach does not take into account the cost of money
and electricity tariffs.

In the literature (Energieetikette fiir Leuchtmittel 2022), another approach to evaluating the
efficiency of lamps was proposed. The evaluation of lamps by efficiency: 1 Lumen per 1 watt of
lamp power. However, this does not take into account the tariff for electricity, the cost of lamps,
their service life and the cost of money.

The traditional approach to evaluating lamp efficiency has been presented in a tutorial (Pro-
kopenko et al. 2009). Thus, in example 7.1, to calculate the savings from the use of energy-effi-
cient lamps, the difference between the energy costs of different types of lamps is determined. At
the same time, they do not take into account the risks of a possible change in tariffs, the value of
service life, the cost of money, the duration of work during the day, etc.

In another tutorial (Homyshyn et al. 2017), example 7 for calculating a simple, undiscounted
payback period from the use of more energy efficient lamps is presented. Savings are defined
as the difference in the cost of electricity for the operation of different types of lamps for one
year in the case of ten hours of operation per day. To determine the payback period, the expected
savings are divided by the difference in the cost of more expensive energy efficient lamps com-
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pared to the cost of cheaper non-energy efficient lamps. In this case, as in the previous case (see
Prokopenko et al. 2009) the risks of possible changes in tariffs, the value of service life, the cost
of money, etc. are not taken into account.

An example of carrying out calculations on the feasibility of using energy-efficient lamps in
comparison with incandescent lamps is presented in the literature (Mamalyga 2017, 2002; Roosa
2017).

One of the most common recommendations during the audit is to use energy-efficient lamps
and LED lamps instead of incandescent lamps. The countries of the European Union, North
America, Japan and other developed countries have banned the use of incandescent lamps. Ma-
nufacturers of energy-efficient lamps and LED lamps carry out an active marketing policy with
the aim of selling these particular lamps, and in many cases, they work like pushy sales mana-
gers. However, the use of economical types of lamps is not always economically justified. The
priority of energy efficiency is not an area of compromise. At the same time, the comparison of
LED lamps and energy-efficient lamps should also be economically justified.

In December 2018, at one of the conferences, I talked about the myths of energy conserva-
tion, specifically that if there is no political decision to use only energy-efficient equipment, this
is not always economically and technically feasible. As an example, I gave information about
the use of lamps in Ukraine. When it was shown that LED lamps should be used for cases when
long-term work is required for a day, and electricity tariffs are quite high, one businessman from
Saudi Arabia said that the LED lamp it is so cheap and effective. I replied that I did not have in-
formation about the market in Saudi Arabia (the level of electricity tariffs and the price of lamps).
I promised that I would definitely do the appropriate calculations. The results of the calculations
are presented below.

The objective of this work is to develop approaches to the selection of equipment (in particu-
lar, energy efficiency), which is presented in works (Mamalyga 2011, 2014a, b; Mamalyga and
Malay 2021; Mamalyga and Gorb 2017).

1. Methodology

Taking into account the approach developed in the literature (Mamalyga 2014a) on the feasi-
bility study for energy and energy conservation projects, the feasibility study should be carried
out in two phases: Phase 1 — preliminary (technical and technological) justification; Phase 2 —
detailed (complete) justification.

Let us examine this in more detail. At the first stage, there is no need to determine the tech-
nical and economic indicators of the project. The following should be taken into account here:

1. The presence/absence of technical and technological constraints. For example, certain ty-
pes of infrared heating systems can be used in rooms with a height of not less than 612 m. Cer-
tain types of lamps can only be used for outdoor lighting — streets, parking areas, etc.
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2. Environmental aspects such as the impact of different types of equipment on human health
and the human psyche (for example, a different spectrum of light); safety issues; the specifics of
exploitation and utilization.

3. The location of equipment, the environment — the presence/absence of explosive substan-
ces and chemically aggressive compounds. For example, at the objects of the oil and gas industry
and coal mines, it is not possible to use all types of lighting devices; necessary in this case is also
the use of a special protective lamp case, etc.

4. Subjective factors — the presence of personnel of appropriate qualifications for maintenan-
ce and design.

5. The availability of equipment of desired quality with certain technical characteristics in the
domestic (regional) market.

6. The question of the unification of equipment at a particular enterprise — for example, if
certain types of lamps are used in the enterprise, and other types of lamps may be economically
feasible for the project being developed, it is necessary to analyze the appropriateness of purcha-
sing new equipment, as well as the feasibility of establishing a proper repair fund etc.

7. “Healthy conservatism” of the investor (buyer) — if before certain types of equipment (li-
ghting systems) were not used by the consumer (at the enterprise), they should be convinced that
the new one really is better, and therefore it is necessary to give specific, detailed justifications
and the recommendations of trusted experts (for enterprises — recommendations of professionals,
profile associations, energy auditors etc.).

At the second stage, when developing a detailed (full) justification, the economic indicators
of the project should be taken into account:

1. The cost of money (interest on a loan for the implementation of the project, and in case of
its implementation at its own expense — the internal rate of return of the enterprise).

2. The duration of functioning during the day (week, month, year).

3. Exchange rates (if it is possible to use equipment of domestic or foreign producers).

4. Tariffs for energy resources (should be indexed automatically with changes in exchange
rates in the case of imported energy resources, but for Ukraine, this may occur with a delay of
several months). Different tariff plans (different values of tariffs during the day, week, month)
may take place. Electricity tariffs for private individuals and for industry in Ukraine differ se-
veral times (unlike the vast majority of countries in the world, tariffs for individuals are lower,
which cannot be explained either technically or economically, since this is a purely a political
decision of the authorities).

5. The cost of equipment and its installation (dismantling, utilization). The cost of replacing
the equipment after leaving it (incandescent lamps, for example, have a lifetime of 1,000 hours,
and energy efficient lamps — 8,000 to 10,000 hours, which requires an appropriate increase in the
cost of replacing incandescent lamps compared to more durable energy-efficient lamps).

6. Passport or actual (if such information is available for each particular object), the term of
service (expiration date) of various types of equipment.

7. The presence or absence of special lighting networks (enterprises usually provide for the
creation of special lighting networks, where the voltage is stabilized, for example, the lifetime of
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the incandescent lamps decreases by more than ten times in the case of an increase in the voltage
in the power supply by 10% (OST 12.25.011 1984).

Figure 1 of article (Mamalyga 2002) gives an example on the cost of purchasing and opera-
ting one energy-efficient lamp and ten incandescent lamps, depending on the value of money. In
this case, the formulas presented in Appendix E E.1 of (Mamalyga 2017) were used.

The costs of B; for the operation and purchase of one energy efficient lamp are:

e e

A+ (1) -t (1+)°

Cost,;r P, -T-t P, -T-t B1
= df | ef d . If el

The costs of B, for the operation and sequential purchase of 10 incandescent lamps are:

_ Cost;,, Cost,, +B,,-T-t, N Cost;, + B, T-t, B2
2+ (1+i)’ (1+i)°
In this case, the following notation is used.
Cost;,;  — the price of an incandescent lamp
Cost,y  — the price of an energy efficient lamp
P — incandescent lamp power
Py — energy efficient lamp power
ty — electricity tariff.
The lamps operate 24 hours a day.
T — the service life of an incandescent lamp (7' = 1,000 hours)

service life of an energy-efficient lamp — 10,000 hours.

The value of 7 is determined by both the cost of money and the duration of operation during
the year for an incandescent lamp 7' (7= 1,000 h).

Unfortunately, this example considers the case for using energy-efficient and incandescent
lamps when operating only for 24 hours a day. It is interesting that an analysis was also made of
the feasibility of using energy-efficient lamps at different tariff levels. However, at the same time,
options for the different duration of operation during the day were not considered. The feasibi-
lity of using only energy-efficient lamps that were common on the market at that time was also
analyzed. It should be noted that LED lamps are currently the most widely used in the market of
many countries. Therefore, it is interesting to develop a methodology for analyzing the efficiency
of using lamps of different types, which takes into account the cost of different types of lamps,
their service life, and the duration of work during the day.

It is also necessary to take into account possible changes in electricity tariffs for different gro-
ups of consumers (residential and industrial) and for different countries. It should be noted that
in the further presentation, for each specific case, calculation formulas similar to those presented
above are used, which take into account all the necessary factors.

Thus, it is necessary to answer the question about the advisability of using energy-efficient
equipment — is it always justified and economically feasible?
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The use of such a methodology is shown on practical examples for different countries. This
is the subject of this article.

2. Results and discussion

The order of application of the above approaches will be considered on concrete examples
for Ukraine (Mamalyga and Gorb 2017) in the case of the placement of lamps in private residen-
ces and in industry for the implementation based on incandescent lamps with a power of 40 W
(service life — 1,000 hours), as well as energy-efficient lamps similar to it under the light flow
(power 7 W, service life — 8,000 hours), halogen (power 35 W, lifetime — 2,000 hours) and LED
(power 3.5 W, lifetime — 48,000 hours).

The calculations were made (First option — Fig. 1) for lamp prices and electricity tariffs for
electricity as of August-September 2014 amounted to 0.4194 UAH per 1 kWh (for private resi-
dences and apartment buildings) and (Second option — Fig. 2) 1.6646 UAH/kWh (for industrial
consumers of class 2 voltage). The calculations were made for different operating hours of the
lighting system during the day — 4, 12 and 20 hours per day.

The analysis shows that in spite of the advertising campaign on the expediency of using
economical types of lighting devices (halogen, energy efficient, LED) at the level of electricity
tariffs for the residentials, it is economically expedient to use:

4 incandescent lamps - for rooms with a short duration of operation of the lighting system (up
to 4-8 hours per day), i.e. practically all private residences;

4 energy efficient (compact luminescent) lamps — in case of working more than 16-20 hours
per day and with the possibility of attracting relatively cheap credit resources (up to 17-20%
per year), i.e. in one or two places of a private residence — at the desk of the schoolboy/
schoolgirl (student), in the kitchen, where they prepare/eat food, etc.; otherwise, it is advisa-
ble to use cheap incandescent lamps.

It is interesting that at the level of electricity tariffs in the third quarter of 2014, the use of the
most economical LED lamps in the residences is fundamentally inappropriate. The same applies to
halogen lamps, which at one time were actively installed in the offices of commercial firms (the so-
called “Eurofashion”). However, since electricity tariffs for households are several times lower than
for industry, the feasibility of using different types of lamps for industry should be analyzed. Moreo-
ver, the tariffs for residential buildings will be brought to the level typical of industrial enterprises.
It should be noted that in developed countries, tariffs for households are higher than for industry,
which is explained by purely technical considerations (see Electricity prices — Fig. 0—1 Comparison
of EU27 weighted average with G20 (trade) weighted average (Study on energy prices... 2020)).

After all, the operation and construction of low-voltage electrical networks and the supply to
residential buildings is much more expensive than industrial plants, which are usually powered
by high-voltage electric networks.
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Fig. 1. Purchase and operation costs in the case of a tariff of 0.4194 UAH per 1 kW - h depending on the interest rate
a) functioning time per day — 4 hours; b) functioning time per day — 12 hours; c) functioning time per day — 20 hours

Rys. 1. Koszty zakupu i eksploatacji obudowy dla taryfy 0,4194 UAH za 1 kW - h w zaleznos$ci od oprocentowania
a) czas funkcjonowania na dobg — 4 godziny; b) czas funkcjonowania na dob¢ — 12 godzin; c) czas funkcjonowania na
dobg — 20 godzin
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Fig. 2. Purchase and operation costs in the case of a tariff of 1.6646 UAH per 1 kW - h depending on the interest rate
a) functioning time per day — 4 hours; b) functioning time per day — 12 hours; ¢) functioning time per day — 20 hours

Rys. 2. Koszty zakupu i eksploatacji obudowy dla taryfy 1,6646 UAH za 1 kW - h w zaleznosci od oprocentowania
a) czas funkcjonowania na dobg — 4 godziny; b) czas funkcjonowania na dobe¢ — 12 godzin; c) czas funkcjonowania na
dobe — 20 godzin
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Different types of local and foreign lamps are available in the markets of different countries;
there are different tariff levels, cost of credit resources and different tax incentives. Therefore, the
Saudi Arabian market is interesting as it has the world’s cheapest electricity tariffs and enterpri-
ses that produce some types of lamps.

In 2019, calculations were made for Saudi Arabia. At the same time, the market of lamps
available for use in Saudi Arabia was analyzed.

A comparison was made between 40W incandescent lamps manufactured in the USA, 20W
energy-efficient lamps manufactured in Saudi Arabia, and SW LED lamps manufactured in Sau-
di Arabia.

The lamps had approximately the same luminous flux (+ 5%). The comparison was made for
different electricity tariffs of $ 0.024 / kWh and $ 0.013 / kWh. We have compared the costs of
the lighting system when operating for 4, 8, 12 and 20 hours a day for different costs of money
(from 5% to 30% per year).

The calculation results are shown in Figure 3 for an electricity tariff of $ 0.024 / kWh and in
Fig. 4 — for electricity tariff $ 0.013 / kWh.

For the conditions of Saudi Arabia, as a result of the analysis of the dependencies shown in
Fig. 3 and Fig. 4, the following conclusions can be drawn.

A) At the level of tariff $ 0.013 / kWh (Fig. 4):

4 With a short operating time during the day (4 and 8 hours), it is more expedient to use the
cheapest incandescent lamps.

4 When the lighting system is operating for 12 hours a day, incandescent lamps have an advan-
tage if the cost of money exceeds 12% per annum; if there is cheaper money (less than 12%
per annum), it is more advisable to use LED lamps.

4 When the lighting system is operating for 20 hours a day, incandescent lamps have an advan-
tage if the cost of money exceeds 20% per annum; if there is cheaper money (less than 20%
per annum), it is more advisable to use LED lamps.

4 In comparison with LED lamps, energy-efficient lamps are advisable to use only when wor-
king for 4 hours a day and the cost of money is more than 18% per annum.

Thus, at a tariff of $ 0.013 / kWh, it is more promising to use incandescent lamps, especially
in the case of short work during the day. The use of LED lamps becomes expedient for the case
of long-term operation during the day and the availability of cheap money for their purchase.

B) At the level of tariff $ 0.024 / kWh (Fig. 3):

4 Incandescent lamps have an advantage only in the case of credit resources more expensive
than 10% per annum when working for 4 hours a day and in the case of more expensive mo-
ney (more than 22% per annum) when working for 8 hours a day.

4 When working for a long time during the day, it is most advisable to use LED lamps.

4 In comparison with LED lamps, energy-efficient lamps are advisable to use only when wor-
king for 4 hours a day and the cost of money is more than 15% per annum.

Thus, at a tariff of $ 0.024 / kWh, they are more promising for using LED lamps, especially in
the case of long-term operation during the day. The use of incandescent lamps becomes advisable
in the case of short work during the day and the presence of expensive money for their purchase.
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Fig. 3. Purchase and operating costs in the case of a tariff of $ 0.024 / kWh depending on the interest rate

a) functioning time per day — 4 hours; b) functioning time per day — 8 hours; ¢) functioning time per day — 12 hours

Rys. 3. Koszty zakupu i eksploatacji w przypadku taryfy 0,024 USD/kWh w zaleznosci od oprocentowania

a) czas funkcjonowania na dobg — 4 godziny; b) czas funkcjonowania na dobg — 8 godzin; ¢) czas funkcjonowania na
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Fig. 3 cont. Purchase and operating costs in the case of a tariff of $ 0.024 / kWh depending on the interest rate
d) functioning time per day — 20 hours

Rys. 3 cd. Koszty zakupu i eksploatacji w przypadku taryfy 0,024 USD/kWh w zaleznosci od oprocentowania
d) czas funkcjonowania na dobg — 20 godzin
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Fig. 4. Purchase and operating costs in the case of a tariff of $ 0.013 / kWh depending on the interest rate
a) functioning time per day — 4 hours

Rys. 4. Koszty zakupu i eksploatacji w przypadku taryfy 0,013 USD/kWh w zaleznosci od oprocentowania
a) czas funkcjonowania na dobe — 4 godziny

143



b) czas funkcjonowania na dobe¢ — 8 godzin; c) czas funkcjonowania na dobg — 12 godzin; d) czas funkcjonowania na

144

www.czasopisma.pan.pl P N www.journals.pan.pl
T

25,00
20,00 -\\-\-\
15,00 \I\.
\‘\ LED
10,00 —
\ —— energy efficient
—#&—incandescent
5,00
0,00 T T T T T
0 0,05 0,1 0,15 0,2 0,25 0,3
b)
o 12 HOURS
20,00 .\.\\.\.\.
15,00
\ LED
1000 al— —— energy efficient
—#— incandescent
5,00
0,00 T T T T T 1
0 0,05 0,1 0,15 0,2 0,25 0,3
¢)
o 20 HOURS
25,00
20,00 \7
y —
1500 \‘\‘-\‘\‘ o
10,00 - energy efficient
—#—incandescent
5,00
0,00 T T T T T
0 0,05 0,1 0,15 0,2 0,25 0,3
d)

dobe — 20 godzin

Fig. 4 cont. Purchase and operating costs in the case of a tariff of $ 0.013 / kWh depending on the interest rate
b) functioning time per day — 8 hours; ¢) functioning time per day — 12 hours; d) functioning time per day — 20 hours

Rys. 4 cd. Koszty zakupu i eksploatacji w przypadku taryfy 0,013 USD/kWh w zalezno$ci od oprocentowania
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Next, we consider a situation analysis using different types of lamps in the European Union
(Germany, Denmark and Poland) (Prokopenko et al. 2009). As using lamps has the greatest
impact on the bill for electricity tariffs, there is a need to replace energy-intensive incandescent

lamps with modern, more energy-efficient lamps.

Incandescent lamps, due to their inefficiency and related ban on use in the EU, require alter-
natives, the most common of which are energy efficient and LED lamps. You can use either three
energy-efficient lamps (service life of 10,000 hours), or thirty conventional incandescent lamps
(1,000 hours), or two (15,000 hours) to illuminate the premises. The lamps operate 4, 8, 12 and
20 hours a day. Various sources of funding can be used to purchase lamps (from i = 5% to i =
30% interest per year). The results of the calculations are shown in Figure 5.
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Fig. 5. Purchase and operating costs in the case of a tariff of $ 0.30 / kWh depending on the interest rate
a) functioning time per day — 4 hours; b) functioning time per day — 8 hours

Rys. 5. Koszty zakupu i eksploatacji w przypadku taryfy 0,30 USD/kWh w zaleznosci od oprocentowania
a) czas funkcjonowania na dobg — 4 godziny; b) czas funkcjonowania dziennie — 8 godzin
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Fig. 5 cont. Purchase and operating costs in the case of a tariff of $ 0.30 / kWh depending on the interest rate
¢) functioning time per day — 12 hours; d) functioning time per day — 20 hours

Rys. 5 cd. Koszty zakupu i eksploatacji w przypadku taryfy 0,30 USD/kWh w zalezno$ci od oprocentowania
¢) czas funkcjonowania na dobe¢ — 12 godzin; d) czas funkcjonowania na dobg — 20 godzin

There is a tendency that with an increase in the interest rate, costs decrease. At rates of 30%
per year, the cost is the lowest for any duration of the operation of lamps during the day. Howe-
ver, at 12 hours, the level of consumption is twice as low as it is at 8 hours of operation, both for
LED and energy-efficient lamps. At the same time, the cost of operating LED lamps is two times
less than when using energy-efficient lamps.

Thus, the calculations indicate that LED lamps are the most cost-effective, because the cost
of their operation is the lowest for EU countries (Germany, Denmark, and Poland) compared
to other types of lamps. In addition, with regard to the characteristic pulsation, which gives the
impression of uniform light and leads to nausea, eye fatigue and impaired vision, LED lamps are
the lowest. Cold and blue tones of LED lamps dull the production of melatonin, which affects the
quality of sleep and the speed of falling asleep, but in the conditions of production shops and of-
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fices, the use of such light is justified. In addition, both energy-efficient and incandescent lamps
have a glass body, so when dropped they can break and cause various injuries and damage. LED
lamps use polycarbonate, which makes them more impact resistant. LED lamps do not contain
harmful substances and can be completely recyclable. Therefore, LED lamps can be considered
safe and environmentally friendly.

Similar approaches to the development of feasibility studies are used in the teaching of co-

urses “Computer Eco-Energy-Economic Monitoring”, “Energy Management”, “Business Plan-
ning”, etc.

Conclusions

The article shows that the decision to use different types of lamps depends on the political and
economic situation in each particular country.

At the same time, statements that it is advisable to use only LED lamps are unfounded. The
article shows that the use of more expensive and durable LED lamps is advisable for cases of
long-term operation during the day and in cases where they are cheap to purchase.

For any country in the world, it is advisable to consider the following when choosing the
type of lamp:
the cost of money, taking into account possible risks;
the duration of functioning during the day (week, month, year);
exchange rates (if it is possible to use equipment of domestic or foreign producers);
tariffs for energy resources;

+++ 44

the cost of equipment and its installation (dismantling, utilization) and the cost of replacing
the equipment after leaving it;
the term of service of various types of lamps;

++

the presence or absence of restrictions associated with the use of certain types of lamps, inc-
luding the unification of equipment.

Moreover, we also need to consider the possible risks of changes in tariffs and the cost of mo-
ney. Therefore, it is advisable to calculate the dependence of the cost of project implementation
depending on the cost of money for different tariff levels, which will simplify the decision-ma-
king on the choice.

Thus, innovation and energy saving can only be achieved by taking a pragmatic approach
when making decisions about the choice of lamp type for each specific country and in each spe-
cific case. We should not follow the logic of energy-efficient equipment sellers. We must always
count money with regard to economic and political risks.

I would like to thank master’s student T. Malai for drawing up the article in accordance with the requirements of

the journal.
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Volodymyr MAMALYGA

Lampa ledowa — czy jest tak tania i efektywna?

Streszczenie

W artykule przedstawiono niektore wyniki prac nad doborem najbardziej obiecujacych typdéw lamp dla
roznych obiektéw w przemysle, w budynkach komercyjnych i mieszkalnych. Wykazano, Zze zastosowanie
okres$lonego rodzaju lampy zalezy od warunkow danego kraju (koszt srodkow kredytowych, dostgpnosc
réznych rodzajow lamp na rynku, zachety lub ograniczenia rzadowe), a takze od warunkéw konkretnego
obiektu (koszt lamp, czas pracy w ciggu doby, taryfy za surowce energetyczne, koszt sprzetu i jego insta-
lacji (demontazu i utylizacji), koszt wymiany sprzgtu po zaprzestaniu jego eksploatacji, okres eksploatacji
réznych rodzajéow lamp). Konieczne jest rowniez rozwazenie mozliwego ryzyka zmian taryf i kosztu pie-
niadza.

SLOWA KLUCZOWE: lampa, lampa ledowa, lampa energooszczedna, lampa zarowa, studium wykonalnosci
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