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This paper examines the potentials of saving electric energy in school lighting by 
replacing the existent systems of lighting with more adequate ones which are based 
on light-emitting diode technology. Our primary goal is to present the methodology 
used in this analysis since it can be used to determine potential savings in lighting 
systems of any public building. We have performed the detailed analysis of nine 
high schools located in Kragujevac, Serbia. The first step was to collect the data 
about the numbers and types of systems utilized, as well as about the habits of their 
users. This has revealed the share of electricity consumption for lighting in total 
electricity consumption. The replacements for each existent light source have been 
proposed taking into consideration the projected value of light flux depending on 
the purpose of each room. The calculations of potential savings through the replace-
ment of lighting systems have been conducted taking into consideration not only the 
savings in electric energy but also the savings made through the maintenance cost 
reduction. Based on the results, the potential savings range from 53-62% while the 
payback period for the analysed schools is about four years in average. 
Key words: light-emitting diode, lighting, energy saving, public buildings

Introduction

Numerous studies have shown that 20 to 40% of globally used energy is utilized in 
building sector whose release of GHG reaches one third of global emission [1-3]. Buildings 
have potential to reduce energy consumption from 30 to 80% [4, 5]. 

According to IEA, the total consumption of final energy in the World in 2013 reached 
3478 Mtoe with the share of electric energy consumption of about 22% (771 Mtoe). The share 
of commercial and public sector in total energy consumption was 14% (487 Mtoe) with 52% 
(251 Mtoe) of electric energy [2]. The building sector uses 64% (246 Mtoe) of produced electric 
energy while 50% is used in commercial and public sector, fig. 1.

According to Eurostat data [6], the consumption of final energy in EU 28 is 1104 Mtoe 
which is about 18% of total global energy consumption [7]. The building sector and commercial 
sector in EU 28 use about 41% of final energy [6].

The energy consumption in Serbia, as a developing country and an EU candidate is about 
8.71 Mtoe per year with 27% (2.31 Mtoe) of electric energy consumption. In total electric energy 
consumption, 71% (1.64 Mtoe) is used in building sector with 18% (0.42 Mtoe) in commercial and 
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public buildings, fig. 2. In these 
buildings, the share of elec- 
tric energy consumption in to-
tal final energy consumption is 
53% [8] (fig.3).

According to numerous stu- 
dies, the share of energy con-
sumption for lighting in total 
electric energy consumption 
in public buildings ranges 
from 30 to 60% [9-13].

The latest data reveal that 
7% of primary energy in the 
developed countries is used 
for different types of lighting 
[14]. According to US Depart-
ment of Energy [15], energy 
used for lighting has a share 
of about 7% in total final en-
ergy consumption, and 18% in 
electric energy consumption. 
In Canada [16], energy used 
for lighting in commercial 
sector has a share of 10% in 
total final energy consumption 
and 24% in electricity con-

sumption. In Sweden, the share of energy used for lighting in total final energy consumption 
amounts to 23% of electric energy [17], and in Italy that value is about 16.4% [18]. In commer-
cial buildings, lighting takes about 25-35% of total energy consumption [19].

In order to reach the norms of energy savings in buildings in terms of lighting [20-22], 
the best solution is to replace an existent system with energy-efficient one which would have 
the same emission flux and lower energy consumption [23]. The review reveals that the replace-
ment of older lighting installations (T12 fluorescent lamps) with modern energy-efficient T5 
lamps with HF ballasts could provide up to 40% energy savings. An additional 40% of energy 
savings could be obtained by using a combination of more energy-efficient luminaires, task/
ambient lighting, occupancy switch-off and daylight dimming, making it possible to achieve 
totally 80% energy savings compared to older T12 fixed lighting installations [11, 24-32].

In addition to used power, the design of lighting system can also take into consider-
ation the factors of heating (the quantity of heat produced through lighting), since it can have 
a significant influence on energy needs for cooling during the summer period [33]. With the 
recent increment of market penetration of light-emitting diode (LED) lightning technology, one 
of the interesting measures for increasing the efficiency of lighting systems in public buildings 
is the replacement of the existent systems with LED technology.

Lighting systems based on LED technology have become present on the market rel-
atively recently. The characteristics of led lighting include more efficient usage of electricity, 
longer life, high level of light efficiency, flexible design and insignificant heat transfer. All the 
mentioned characteristics make this type of lighting source more attractive than other tradition-
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Figure 2. Final energy consumption in Serbia
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al light sources. The LED systems are not popular 
only as a modern design solution to contemporary 
architecture but they also have a significant value 
in terms of energy efficiency and can be applied 
as replacements for the existent lighting systems 
[34, 35].

Many manufacturers and distributers of LED 
lighting claim that through the usage of LED tubes the 
savings of up to 70% of electric energy can be made 
in respect to conventional fluorescent tubes. Doing so, 
they usually focus on potential savings of electric en-
ergy and all benefits of the longer life, neglecting the 
level of light efficiency of LED lighting [36-38].

The LED lighting has multiple advantages in 
respect to traditional lighting sources in terms of 
health and environment protection since it is made 
according to Restriction of Hazardous Substance 
Directive principles and it does not contain lead, 
mercury, cadmium nor hexavalent chromium which are harmful for the environment.

The LED lighting offers directed lighting (exactly where it is needed) unlike fluores-
cent lighting which emits lighting in numerous directions which means that light is not need-
lessly lost with LED technology. Secondly, there is a tendency that fluorescent lighting has a 
reduced lifespan when it is integrated with different sensors and/or other controlling devices. 
Quite contrary, LED lighting works perfectly with controlling systems [39, 40].

The purpose of the paper is to present the savings calculation methodology for the 
replacement of existing lighting systems with led systems in public buildings, taking into con-
sideration not only the savings in electric energy, but also the savings made through the reduc-
tion of maintenance costs. The methodology presented in this paper is significant since it can be 
applied on all public buildings. The methodology is efficient but still simple enough so that it 
can be used by energy managers in order to reveal potential savings. Further on, it can be used 
to improve efficiency of lighting systems. 

Methodology

This chapter introduces the methodology for determination of potential energy savings 
and cost savings when the existent lighting sources are replaced with adequate LED lighting 
sources. The first step was to collect the data from monthly electricity bills for the time period of 
at least one year including the system for charging electric energy consumption (tariff classes), 
total electric energy consumption and total costs of electricity. Besides, this phase of analysis 
includes detailed inspection of all buildings under investigation and interviews with users in or-
der to obtain data about the numbers and types of lighting systems as well as the habits of their 
users. This is important in order to evaluate time engagement of lighting systems in buildings.

The electric energy consumption for lighting on yearly basis must be calculated for 
each type of the lighting system taking into consideration the differences in nominal power 
of light source as well as the fact that light sources are not equally engaged during one year. 
Based on the collected data about the number, power and type of lighting systems, as well as 
the working hours of each light source, the annual electric energy consumption for lighting is 
calculated with following equation:

Figure 3. Energy consumption in 
commercial and public buildings in the 
Serbia

Electricity
53%

Natural gas
13%

Coal
12%

Oil products
9%

Heat
9%

Biofuels
and waste

4%



Josijević, M. M., et al.: A Method to Estimate Savings of LED Lighting Instalation in ... 
2934 THERMAL SCIENCE: Year 2017, Vol. 21, No. 6B, pp. 2931-2943

 
,

1 1
  

n m

j j j i
i j

ECL NLH P H
= =

= ∑∑  (1)

where ECL [Wh per year] is the annual electricity consumption for lighting, NLHj [–] – the 
number of light sources of j-type of lighting, Pj [W] – the nominal power of light source of 
j-type of lighting, Hj [h per year] – the estimated annual working hours of light source of j-type 
of lighting in i-tariff class, n [–] – the number of tariff classes, m [–] – the number of lighting 
source types.

The share of energy consumption for lighting in total electric energy consumption 
POL [%] is:
 / 100POL ECL AEC=  (2)

where AEC [Wh per year] is annual electric energy consumption.
Based on the values obtained for electric energy consumption for lighting, data about 

tariff systems of charge (category, class) and the price of electricity, the cost of electric energy 
used for lighting CEL, [€ per year] are calculated with:
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where ECLi [kWh] is the electric energy consumption for lighting in i-tariff class and  
EPi [€/kWh] – the average price of electric energy in i-tariff class.

Before the replacement of the existent lighting systems in a room, it is necessary to 
determine the quantity of light needed in the room depending on its purpose of use, number and 
size of the windows, equipment locations. The necessary measures must be taken in order to 
meet the standards of light quality and intensity. Thus, the information about spatial distribution 
of working desks and the purpose of the classroom are necessary in order to select the most 
adequate light source solutions. Based on the recommended values of light fluxes depending on 
the room purpose, the most adequate LED options should be selected. Table 1 presents some of 
the adequate LED replacements for the traditional light sources.
Table 1. Equivalents of light sources [41-48]

Type of bulb
Efficacy
[lmW–1]

Rated avg. 
life [hour]

Brightness [lm]

220+ 400+ 700+ 900+ 1300+ 2200+ 3000+

Standard  
incandescent 8-15 750-1000 25 W 40 W 60 W 75 W 100 W / /

Halogen 17-25 3000 18 W 28 W 42 W 53 W 70 W / /

CFL 50-70 10000 6 W 9 W 12 W 15 W 20 W / /

Fluorescent 
tube

T5 90-120 20000 6 W 8 W 13 W 14 W / 28 W 32 W

T8 60-80 10000 10 W / / 15 W 18W 25W 35 W

T12 / 10000 / / 20 W 20 W 18 W 34 W /

LED 80-100 50000 / / 10 W / 18 W / /

LED bulb 90-110 45000 3 W 4 W 9 W 12 W 14 W / /

After the adequate replacement is selected for each of the existent light sources, the 
potential savings which could be made through the replacement of the existent light sources 
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could be determined. Annual energy consumption of a modified system with LED lightning 
ECLrep, [kWh per year] can be calculated eq. (1), and annual costs of electric energy of modi-
fied system with LED lightning CELrep, [€ per year] can be calculated using eq. (3). Therefore, 
annual potential savings in energy consumption PSE, [kWh per year] can be calculated with: 

 PSE = ECL – ECLrep (4)

and annual potential savings in electric energy consumption PSC, [€ per year] are: 

 PSC = CEL – CELrep (5)

Payback period for the investments PBP [year] in the light system replacement is 
calculated according to:
  = ( ) / CPBP IC  MC PS−  (6)

where IC [€] is the investment costs in LED lighting and MC [€] – the maintenance and replace-
ment costs of the existing lighting systems for the expected payback period of the investment.

In eq. (6), maintenance and replacement costs of LED systems were not taken into 
account, since the LED systems have long life expectancy (manufacturers guarantee 40,000 
working hours) which is longer than expected payback period. 

Potential savings PSAP, [€] for the certain operational period AP, [year] can be also 
determined using the equation: 

 PSAP = PSC AP – MCap (7)

where MCap [€] is the difference of maintenance and replacement costs for of the existent and 
new (LED) system in the selected time period.

The next step would be to take into consideration the maximum usage of one light 
source in rooms by using daylight control sensors. The installation of light sensors and pres-
ence sensors can reduce the working hours of the lighting systems and electricity consumption 
also prolonging lifetime of the light source. Several studies have shown that the savings made 
through these measures range from 7-25% [49-53]. In addition to adequate usage of lighting 
system by using presence sensors in order to reduce energy consumption it is necessary to 
raise the awareness of the users about proper energy management. It is not uncommon to see 
that the windows of public buildings are covered with Sun blinds or venetian blinds during the 
day and that the light is on which is the case of direct energy loss. The proper management of 
light energy with the optimal usage of day light can save 25-60% of energy used for lighting 
[54, 55]. Bearing in mind that financial sources of the public sector in Serbia are limited, this 
method of saving in lighting systems was neglected in this paper. In addition, when it comes to 
public buildings, the bottom-up methodology, defined by the appropriate Ministry in order to 
implement separate measures of energy efficiency improvement, focuses only on the replace-
ment of inefficient light sources with more efficient ones. These aspects should be included in 
our future studies.

Results and discussions

The methodology introduced in previous chapter is going to be applied to high schools 
located in the city of Kragujevac, Serbia. Table 2, shows the data about nine analysed schools. 
The table shows the basic data about the school buildings under investigation: area, the number 
of users, consumption of electric energy, and the cost of electricity for 2014. For the calculation 
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of the costs of electricity the exchange rate 1 € = 120 RSD was used. The last two columns 
show the indicators of specific electric energy consumption for the selected high schools which 
range from 10-40 kWh/m2 or 40-330 kWh per student per year. There are huge discrepancies in 
electric energy consumption in schools based on the area, the number of students and the type 
of a school.

Detailed inspection of all the buildings under investigation revealed the lighting in 
analysed school buildings is primarily based on the usage of fluorescent tubes T8 which use 
90% of the energy needed for lighting, tab. 3.

In order to determine the electric energy consumption for lighting, it is important to 
evaluate the working hours of light bulbs per day taking into consideration that light bulbs do 
not work equally long during winter and summer months and that they are only used during 
school days. In this analysis it was estimated that daily engagement of an indoor light bulb is 
about 5.3 hours in average. For outdoors lighting, this value is significantly higher and is about 
10.5 hours during the whole year in average. Based on the estimated values of hourly work-
ing time of light sources, annual electric energy consumption for all light sources in analysed 
buildings and corresponding share of lighting energy in total electric energy consumption were 
presented in tab. 4.

In average, 37% of total electric energy in analysed schools is used for lighting. The 
biggest share in energy consumption for lighting reaches 54% in School 2 (the school of social 
and humanistic orientation). The school has neither laboratories equipped with machines and 
appliances nor computer laboratories with significant number of personal computers so the 
lighting has such a large share in total energy consumption. 
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  First Technical school (1) 7520 1292 168 110711 10447 85.7 9.97

  Economics school (2) 2605 750 83 59420 4811 79.2 22.81

  First Grammar school (3) 7753 1165 114 182745 3838 156.9 23.57

  Second Grammar school (4) 9500 903 92 298680 26371 330.8 31.44

  Second Technical school (5) 2301 217 62 50440 5825 232.4 21.92

  Polytechnics school (6) 13343 1496 170 247020 23945 165.1 18.51

  Medical school (7) 5000 871 / 202855 4049 232.9 40.57

  Music school (8) 1350 1256 170 54420 4258 43.3 40.31

  Toza Dragović (9) 4 500 1205 / 101518 9074 84.25 22.56

Table 2. The basic data about schools and the data about electric energy consumption in 2014
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Table 3. The data about existing light sources and electric energy consumption for lighting

School The type of 
light bulb

Power 
[W]

The number of light bulbs Annual electric energy 
consumption  
for lighting

 [kWh]

The share in total 
electric energy 

consumption [%]Outdoor 
lighting

Indoor 
lighting

1

Fluorescent tube T8 36 0 710

37126 34%Incandescent 100 0 26
Mercury bulb 
with ballast 125 6 12

2

Fluorescent tube T8 36 0 92

31911 54%
18 0 945

Incandescent 100 0 40
Mercury bulb 
with ballast 125 6 8

3

Fluorescent tube T8 36 0 1476

76746 42%

18 0 126
Incandescent 100 0 49
Incandescent 60 0 32
Mercury bulb 
with ballast 125 8 14

4

Fluorescent tube T8 36 0 1680

87195 29%
18 0 455

Incandescent 100 0 25
Mercury bulb 
with ballast 125 6 19

5

Fluorescent tube T8 18 0 740

19824 39%Incandescent 100 0 15
Mercury bulb 
with ballast 125 4 5

6

Fluorescent tube T8
36 0 1465

96739 39%
18 0 312

Incandescent 100 0 163
Mercury bulb 
with ballast 125 10 54

7

Fluorescent tube T8 36 0 369

53702 26%
18 80 1297

Incandescent 100 0 7
Mercury bulb 
with ballast 125 3 8

8 

Fluorescent tube T8 36 0 208

16636 31%Fluorescent tube T8 18 0 292
Mercury bulb 
with ballast 125 2 3

9

Fluorescent T8 36 0 622

39064 38%
Fluorescent T8 18 0 257

Spotlight 200 0 6
Mercury bulb 
with ballast 100 6 24
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During the analysis of the given schools, the level of light was measured in order to de-
termine whether the currently installed light sources meet the demands prescribed by the standard. 
In addition, these measurements helped us determine the exact number of LED tubes which would 
be necessary as an adequate replacement [56, 57]. The detailed analysis has shown that all currently 
existent systems fulfil these requirements and that it is not necessary to replace the whole lamp hous-
ings. Instead, only the bulbs should be replaced – fluorescent tubes with LED tubes.

Table 4 presents the recommended more energy efficient light sources replacement 
for the existing sources in analysed buildings. All proposed replacements are based on LED 
technology. Technical characteristics and average market prices of existing and recommended 
lighting system were obtained systematising data available from different sources: web sites of 
lighting equipment manufacturers, catalogues of products and on-line shops. 
Table 4. The comparative characteristics of the existent lighting system and  
LED replacements [40-47]

The existing lighting system The recommended replacement

Type of 
lighting

Nominal 
power 
[W]

Light 
flux 
[lm]

Lifetime 
[hour]

Price 
[€]

Type of 
lighting

Nominal 
power 
[W]

Light 
flux 
[lm]

Lifetime 
[hour]

Price 
[€]

Fluorescent 
tube

18+3* 800
≈10000 1.1 Led

tube
10 920

>50000
4.6

36+6* 1620 18 1620 7

Incandescent 
60 800

≈1000 0.4 Led 
bulb

7 800
>40000

6.25

100 1350 12 1650 8

Mercury bulb 125+33* 6000 ≈7000 3 Led 
spotlight

80 6100
>40000

13.4

Spotlight 200 4000 ≈3000 5 50 4000 25

*nominal power of the ballast

The LED systems with the same or similar value of the light flux use significantly less 
energy. For instance, 57% less energy consumption is with LED tubes comparing to fluorescent 
tubes and 88% with LED bulbs comparing to traditional mercury bulbs. 

All analysed high schools belong to low voltage or medium voltage consumers. Ac-
cording to national electricity tariff system there are two tariff classes for each consumer: higher 
(valid from 7:00 a. m. to 11:00 p. m.) and lower (the rest of the day). Taking into count annual 
electricity costs and consumed electricity in each of tariff classes, average price of electricity 
was calculated for each school.

Table 5 shows the economic evaluations of the recommended measures. When cal-
culating electricity costs, it was assumed that indoor light bulbs consume electricity in higher 
tariff class period while outdoor light bulb consumes electricity in lower tariff class period. 
With recommended replacements of the existing system with LED solutions the consumption 
of electric energy can be reduced by 53-60% which can reduce the electricity costs for 20-30%.

The costs of the investments were determined based on the market price of the product 
and the number of light sources needed in the buildings, while the maintenance costs were calcu-
lated as replacement costs of the light sources in the payback period taking into consideration their 
lifetime and number of working hours per year. The economic analysis did not take into account 
possible changes in inflation rate since the expected payback period is less than five years. 
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Table 5. Potential savings of replacing traditional systems with LED technology

School

Electricity  
consumption 

after the 
replacements 
[kWh/year]

Potential 
savings 

[kWh/year]

Savings
[%]

Investment 
costs [€]

Maintenance 
costs for  

traditional  
system before 

payback time [€]

Average price 
of electricity 

[€/kWh]
Investment 

payback  
period [year]Lower 

tariff
Higher 
tariff

1 15834 21292 57% 5475 866 0.052 0.052 4.54
2 14463 17448 55% 5200 1270 0.047 0.071 3.59
3 31501 45245 59% 11887 1950 0.062 0.062 3.89
4 37619 49576 57% 14516 1500 0.07 0.07 3.77
5 9044 10780 54% 3630 530 0.047 0.071 4.21
6 38292 58447 60% 13950 1460 0.031 0.064 3.33
7 25274 28428 53% 8814 1900 0.021 0.064 4.81
8 7580 9056 54% 2880 350 0.047 0.07 4.08
9 16928 22136 57% 6134 650 0.047 0.07 3.52

The analysed schools paid different prices for electricity because they used different 
tariff system and classes. For each of the school average price of electricity in lower and higher 
tariff was calculated based on total costs for the electricity and corresponding active power 
consumption in each of the tariff.

Based on the data presented in tab. 4, it is obvious that the application of LED lighting 
systems instead of traditional ones (fluorescent tube, incandescent bulbs, etc.) leads to signifi-
cant savings and attractive investment payback time (around four years in average). 

Figure 4, shows cumulative savings which can 
be made in ten years period (period when failure of 
a LED lump should not occur) for School 2 whose 
consumption of electric energy for lighting is 54% 
of total electricity consumption. After ten years, 
the replacement with LED lightning in the school 
would make potential savings of 8709 €. The anal-
ysed period can be even longer, because the average 
annual engagement is from 1000-4000 hours for in-
door lighting and 3800 hours for outdoors lighting, 
but taking into consideration the rapid development 
of new technologies, ten-year-period is enough to 
prove the high profitability of the investments into 
the replacement of traditional lighting systems with 
new LED light sources.

Concluding remarks

The primary goal of this paper was to present the methodology for evaluating poten-
tial savings in lighting systems of public buildings by replacing the existent light sources with 
LED technology. This study performed on schools reveals that the proposed methodology is 
efficient and easy to use by energy managers. It can be applied in any techno-economic analysis 
for any public building with necessary modifications in terms of tariff system, electricity price 
and lighting characteristics and needs.

The study presented in this paper is also significant since it shows that potential sav-
ings in lighting systems in public buildings, which can be performed through the replacement 
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of the traditional lighting systems with LED lighting, are considerate. The replacements like 
these can save up to 60% of electric energy costs for lighting. If other factors which influence 
the electric energy costs are taken into consideration (for tariff systems where engaged power 
and reactive energy are charged for) the savings can be even higher. Even though the initial 
investment into LED systems is relatively high, the payback period for the whole investment is 
less than five years which is acceptable, taking into consideration the lifetime of these systems 
and the fact that it is expected that the price of electricity will raise in the future. The investment 
into replacement of the existent lighting systems with LED technology is especially attractive 
to those buildings with high share of electric energy consumption on lighting (40-60%) such as 
schools, kindergartens, universities. These nine schools analysed in this paper spend 29400 € 
on lighting and 17100 € can be annually saved with new LED solutions. In addition to electric 
energy consumption for lighting, LED technology can reduce the emission CO2. Taking into 
consideration emission factor for Serbian national electricity grid [58], the reduction of CO2 
emission in the schools can be estimated to 140 tons per year.

It is important to note that the appropriate choice of LED solutions is an important 
factor which influences the efficiency of lighting systems. There are a large number of unre-
liable manufacturers and suppliers who want to attract more customers through lower initial 
investment which eventually may result in the reduction of planned long-term benefits in terms 
of energy saving since the lighting sources may have lower energy efficiency, inappropriate 
colour or unknown life expectancy.

Nomenclature

AEC   – annual electric energy consumption,  
 [Wh per year]

AP  – certain operational period, [year]
CEL  –  cost of electric energy used for  

 lighting, [€ per year]
CELrep – annual costs of electric energy of   

 modified system with LED  
   lightning, [€ per year]

ECL  –  annual electricity consumption for 
 lighting, [Wh per year]

ECLi  –  electric energy consumption for lighting  
 in i-tariff class, [kWh]

ECLrep – Annual energy consumption of modified  
 system with LED lightning,  
 [kWh per year]

EPi  – the average price of electric energy in  
 i-tariff class, [€ per kWh]

Hj  – the estimated annual working hours of  
 light source of j-type of lighting in  
   i-tariff class, [h per year]

IC  – the investment costs in LED lighting, [€]
MC  – maintenance and replacement costs of  

  the existing lighting systems for the  
  expected payback period of the  
  investment, [€]

MCap – difference of maintenance and  
   replacement costs for of the existent  
   and new (LED) system in the selected  
   time period, [€] 

m  – number of lighting source types, [–] 
NLHj  – number of light sources of j-type of  

 lighting, [–]
n  – number of tariff classes, [–]
Pj  – nominal power of light source of j-type  

   of lighting, [W]
PBP  – Payback period for the investments,  

   [year]
POL  – share of energy consumption for lighting  

 in total electric energy consumption, [%]
PSAP – Potential savings, [€]
PSC  – annual potential savings in electric  

 energy consumption, [€ per year]
PSE  – annual potential savings in energy  

 consumption, [kWh per year]
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