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ABSTRACT10

11

In countries of the third world such as Lebanon (case of this paper), the organizations,
schools, institutes, universities, etc… are searching to economize as possible the price of
installation of electrical systems such as light sources, equipment and other electrical
devices without taking into consideration the high impact of the electrical bill for such
installations and without taking into consideration the environmental impact such as the
emission of the CO2, toxic gases, mercury and the high fuel cost. This mentality is widely
spread in Lebanon because the majority of owners and investors want to install the cheapest
materials in order to reduce as possible the investment cost without taking into consideration
the future impact of such installations even if they know that these installations have bad
impact on the electrical bill and the environment. In this paper, the authors will discuss the
installation of Fluorescent lamps particularly in schools and universities and how is it
possible to replace these lamps by other lamps with high efficiency such as CFL and LED
lamps. A comparative study is developed and the authors proposed solutions for such
buildings and this study can be applied on a bigger scale for all building sectors in Lebanon.
This study is the first study that compares different lighting technologies applied on a real
building which is a school in Lebanon and it can be applied and generalized to all buildings
in all sectors.

Aims: The aim of this study is to compare different technologies used for lighting system
such as fluorescent, Compact Fluorescent Lamp (CFL), and LED installed in schools and
universities in the third world especially in Lebanon and their impact on the economy of the
country and the environment. This study emphasizes the important of the installation of LED
technology in such buildings and its positive impact on the economy of the country and for
many reasons developed in this paper.

Study design: This study is developed using the software Dialux for lighting calculation and
comparison between different technologies.

Place and Duration of Study: This study was made by the first author in a technical school
(public school) in Hammana in Lebanon during the year 2014 using real measurements on
site and using lighting software “Dialux” in order to compare different types of technologies.

Methodology: real measurements were taken for the lighting load from private generator
60kVA and from power authority (EDL) for the existing lighting system (In the public school).
The first author studied the distribution of lighting points for other technologies for the same
lux level in each room. The calculation of the predicted load is done and a comparative table
that shows different indicators for each technology and final the study is generalized for all



schools and universities in Lebanon. The generalized study shows important results on the
scale of the country in which the replacement of fluorescent lamps by LED lamps is enough
to close 1.5 thermal power plants of the size 35MW in Tyre (south Lebanon) and to
economize 2.16% of the total power consumption on the Lebanese scale.

Author’s contribution: the contribution of the first author is that this is the first study that
compares different type of technologies for lighting systems using software such as “Dialux”
with a complete study about the impact of each technology on the economy of the country
and on the environment. This study is applied in a public school but it can be generalized to
all building sectors. The author demonstrates that the choice of a light source must not be
chosen just to say that it is energy saving or energy efficient, but we have to take into
consideration other factors and indicators similar to the presented ones in this paper in order
to say if this technology is efficient or not.

Results: the replacement of fluorescent lamps (2x36W) by LED lamps as indicated in this
paper will reduce the total power consumption on the Lebanese scale of 48.81 MW (2.16%
from total power generated in Lebanon), the saved Energy is 52712.85 MWh/year, saved
emission of CO2 from Fuel Oil is 35317.71 Ton of CO2/year, saved fuel consumption from
private generators is 36990 liters/day (6,658,200 liters/year), saved cost of maintenance is
767,181$/year, Reduced Cost of electricity and maintenance is 8,955,141$/year, etc…

Conclusion: In this paper, the first author presents a comparative study between four
different types of lamps (fluorescent 2x36W, CFL of type Philips, CFL of type Arcluce, LED
of type ASTRA). This study emphasize the important of doing calculation using “DIALUX”
software before selecting any type of lamps even if we consider this lamp is energy-saving.
Moreover we have to take into consideration many indicators which are presented in this
paper before buying any type of lamps. This study is a sample that helps all investors,
owners, clients… to compare many types of lamps using indicators presented in this paper
before buying them. We have to take also into consideration the impact on the environment
such as the emission of the CO2, toxic gases, mercury…
In conclusion, the best choice of lamps in these days is the LED and of course a good
quality and not of bad quality.
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1. INTRODUCTION16
17

In Lebanon, the majority of public schools, private schools, institutes, organizations,18
universities, etc… are using Fluorescent lamps in order to illuminate their buildings. These19
types of lamps are considered by the owners to be economic and less expansive compared20
to other type of lamps such as CFL and LED. But the problem that faces these institutions is21
the high cost of the electrical bill resulted from the installation of the Fluorescent lamps and22
the non negligible cost of maintenance for replacing tubes and ballasts each period23
depending on the quality of these tubes and ballasts. The others unseen effects are the24
pollution in the electrical network and the transformers. There is also an environmental25
impact which is the pollution such as CO2, toxic gases, and especially the mercury (Hg) that26
is contained in these tubes which can’t be recycled; we note that the mercury is very toxic.27
And moreover the other impact is that the production of electricity in Lebanon relies mainly28
on the fuel (more than 90% of power plants work using fuel).29

30
In this paper, the author studied a case in Lebanon which is a public school and this study31
can be generalized to all building sectors such as public schools, private schools, institutes,32



organizations, universities, etc… in this paper a comparative study between the installed33
Fluorescent lamps and the proposed CFL and LED lamps is developed. In this paper, we34
can see clearly that the best decision to take in such buildings is to install LED lamps for35
many reasons which are discussed in this paper.36
Remark: calculation of light sources, Lux level and distribution of lighting inside all rooms are37
done using the software “DIALUX 4.10”.38

39
40

2. DESCRIPTION OF THE INITIATIVE41
42

In this section, we are going to present and analyze the current situation of the chosen public43
school in which we are going to study its power consumption, fuel consumption, bill of44
electricity from own generator and from EDL (Power authority), CO2 emission, and mercury45
(Hg) impact on the environment.46

47
To begin our study we have to admit the following information for this school:48
• The school works 6 hours per day49
• The number of teaching days is 180 days per year.50
• The used currency in the paper is in US Dollar ($).51
• The cost of 2 fluorescent tubes and ballast is approximately equal to 12$ in Lebanon.52
• Cost of 1 kWh from Power Authority EDL (Electricite Du Liban): 0.0833$ USD it is fixed by53
the government54
• The actual total load of the school is 31680W (average)55
• The actual total load of school excluding the lighting load is 8033W (average)56
• CO2 emission from Fuel Oil is: 670 gCO2/kWh (we consider that the generator is57
consuming fuel oil, the same for the electricity from EDL) [1]. We do not take into58
consideration the efficiency of the generator during lifetime.59
• The Linear Fluorescent lamp (also called Fluorescent bulb) contains 10mg of mercury (Hg)60
[3-4], this is the available one in Lebanon. However some other modern Linear Fluorescent61
lamp contains 2-3mg mercury (This is not available till now in Lebanon).62
• The CFL bulb contains 5mg of mercury [3-4], these are the available ones in Lebanon and63
they are studied in this paper. However some CFLs contain 1-2mg mercury.64
• The LED lamp doesn’t contain mercury.65
• The school has a generator of 60kVA.66
• The Fuel Consumption of the Generator 60kVA at full load is 16 Liters/Hour using fuel oil,67
13 Liters/Hour for a load of 75%, 9 Liters/Hour for a load of 50%, and 6 Liters/Hour for a load68
of 25%.69
• The cost of 1 liter of fuel oil is approximately equal to 0.9$ in Lebanon (for the private70
generator).71

72
73

2.1. Presentation and analyze of the current situation74
75

The table 1 represents the actual power consumption of the School using the Fluorescent76
light sources 2x36W (using electromagnetic ballast).77
The first column represents the activity in rooms, the second column represents the number78
of rooms in the school for each activity, the third column represents the dimension of each79
room in m2, the fourth column is the actual measurement of power taken for the lighting80
including the ballast for each light source, the fifth column represents the number of light81
sources in each room, the seventh column represents the total power consumption of all82
light sources for all rooms for each activity, the eighth column represents the required Lux83
level taken for each room, and in the end of the rows, the total summation is indicated.84

85



Table 1: represents the calculation of power consumption and the number of light86
sources in each room.87

88
Study about Existing light sources (Chinese Fluorescent 2x36W)

Room Number
of rooms

dimension of
the room

power
consumption per
light source (in

watt)

number of
light sources

per room

total power
consumption

(W)

Minimum
Lux level
required

Classes 20 5m x 5m 107 6 12840 500
Room for drawing 2 10m x 5m 107 9 1926 500

Dining room 1 6m x 4m 107 3 321 300
Electrical Room 1 11m x 4.5m 107 6 642 300

Laboratory for computers 2 10m x 8m 107 15 3210 500
Elo Laboratory 1 5m x 5m 107 6 642 500

Corridor 1 1 14m x 2.7m 107 3 321 150
Corridor 2 1 11m x 1.6m 107 2 214 150

Offices 8 3.5m x 3.5m 107 3 2568 500
WC 3 5m x 5m 107 3 963 200

TOTAL 40 221 23647
89

2.1.1. Information about Generator’s consumption90
91

• Actual measured Fuel Consumption of the Generator 60kVA at 66% of full load (31680W)92
is 11.56 Liters/Hour.93

94
• Actual measured Fuel Consumption of the Generator 60kVA only for lighting (23647W) at95
49.26% is 8.91 Liters/Hour.96

97
• The average percentage of the lighting load in the school is 74.6% of the total load98
It is easily calculated from measurements taken on site.99

100
• Quantity of fuel oil for the generator needed only for lighting per one day is101 Q = 8.91 liter

hour ∙ 3hours = 26.73liters
102

• The generator works 3 hours per day, the total cost of Fuel Oil for generator needed only103
for lighting during a year is:104 Cost = 26.73 ∙ 180 ∙ 0.9 $ = 4330.26 $105

106
2.1.2. Information about consumption from Power Authority (EDL)107

108
• In the Lebanese case, and especially in the region when the school is located, the109
electricity from power authority (EDL) is available only 3 hours from 8:00Am till 11:00Am110
every day; therefore the school is supplied only 3 hours per day from the Power Authority111
and the other 3 hours from the private Generator.112

113
Total cost of the Electrical Bill only for lighting from the Power Authority EDL during a year is:114 Cost = 23.647kW ∙ 3 h ∙ 180 ∙ 0.0833 $

h
= 1063.69 $115

116
2.1.3. Total cost of electrical bill only for lighting load during a year117



118
Total cost of electrical bill only for lighting load during a year is:119 Total Cost h = Cost + Cost = 4330.26 $ + 1063.69 $ = 5393.95 $120

121
2.1.4. Lifetime of Fluorescent lamp and its impact on the cost122

123
• The lifetime duration of such lamp is approximately 9000 hours (it depends on the124
manufacturer and on the quality, (for the chosen one in this paper is from Philips catalog125
2012).126
In our case, the school works 6 hours per day, the average life time duration of the lamps is127 number of years = 9000hours6(hours/day) ∙ 180(day/year) = 8.33years

128
• Maintenance cost of changing bulbs and ballasts per year:129 maintenance = 221(light source) ∙ 12($)8.33years = 318.367 $year

130
2.1.5. Total cost of electrical bill and maintenance per year131

132
The total cost of electrical bill and maintenance per year is:133 total cost = Total Cost h +maintenance = 5393.95 $ + 318.367 $ =134 5712.317 $135

136
2.1.6. Average emission of mercury per year137

138
• As we have seen in the sub-section 2.1.4, the lifetime of fluorescent bulb is 9000hours139
(8.33years of work), so we have to change all bulbs every 8.33 years and the average140
number of changed bulbs per year is:141 average number of changed bulbs per year = 221(light source) ∙ 2(bulbs)8.33years = 53.06bulbs

142
• The average emission of mercury in mg per year is:143 emission of mercury per year = 53.06(bulbs) ∙ 10(mg of Hg) = 530.6mg of Hg per year

144
2.1.7. Analyze of the current situation145

146
It is clear that the fluorescent lamps have negative impact on the environment by emitting147
mercury which is very toxic for the health and for the soil, and on the electrical bill because148
of the high power consumption. There is also high fuel oil consumption which produces CO2149
and sulfur oxide in large quantities only to supply the lighting load in the school.150
Another disadvantage is that the electricity is not stable in Lebanon, the voltage is not stable151
and the frequently switching On/Off of the fluorescent lamps will reduce its lifetime. So the152
cost of changing bulbs and ballasts will increase.153

154
155

2.2. Strong and weak elements of the initiative156
157

Strong elements:158
- The cost of fluorescent bulbs and ballasts are relatively low compared to CFL bulbs159

and LED lamps.160



- The temperature of the bulb is around 350C (less than the incandescent lamp).161
162

Weak elements:163
- Fluorescent bulbs convert only 22% of the input power to visible light.164
- The ballast loss can be about 25% of the lamp power with magnetic ballasts, and165

around 10% with electronic ballasts.166
- They contain mercury Hg which is toxic for the health and for the soil.167
- There is no treatment of fluorescent bulbs in Lebanon and all these bulbs are thrown168

in the soil or in the sea.169
- The fluorescent bulbs are sensitive to Temperature and humidity in which the170

efficiency varies.171
- These bulbs take time to be turned on (few seconds).172
- The glass can be broken easily.173
- High power consumption, 107W per light source (2x36W + ballast) compared to CFL174

and LED.175
- The fluorescent bulb has cylindrical form which means loss of direct light in the176

upper side.177
- Lifetime is very small compared to CFL and LED.178
- Fluorescent and CFL bulbs emit a small amount of ultraviolet light which can have179

negative effect on the human being and cause health problems [5].180
- Etc…181

182
183

2.3. Identification of barriers for implementation184
185

In the Lebanese case, the public schools and universities don’t have the authority to do any186
modification or improvement without the agreement of the government. The replacement of187
fluorescent lamps by CFL or LED lamps must take the agreement of the government and188
need investment from the government.189

190
For the private schools and universities it is much easier to take such decision especially191
when this decision will lead to an improvement of the existing system and to reduce the192
power consumption and the electricity bill. And moreover, the most important thing that193
encourages the private schools and universities to do such investment is that the return on194
investment is much lower than the lifetime of the proposed installation.195

196
For the public case, this study will be presented to the general managers of the schools and197
universities in order to give them a brief review about the impact of replacing the existing198
fluorescent lamps by CFL or by LED lamps. This study will cover the impact on the electricity199
bill and the environment. The second step is to represent this study to the government in200
order to take a serious decision to help all public schools, universities and other201
organizations to invest in such project which has economical and environmental impact on202
the country.203

204
In Lebanon, according to the website [6], we have 1364 private schools, 1146 primary public205
schools, 250 secondary public schools, 97 public vocational (technical) schools excluding206
Beirut (the capital), 11 private vocational schools, 42 private universities, 5 branches of the207
Lebanese university (85 buildings), and other institutes which have the same type of208
installation (fluorescent lamps) but with different averages of power consumption. In this209
paper, in order to not complicate the study, we consider that all these institutes, schools and210
universities have the same power consumption just to generalize our study for the whole211
country and to see the impact on the environment and on the economy of the country.212

213



214
3. Study of replacing the existing fluorescent light by TL5 Circular lamp of215
type (Philips, type Rotaris TCS740, 60W)216

217
In this section we are going to study the possibility of replacing the existing fluorescent218
2x36W lamps by TL5 Circular lamps of type (Philips, type Rotaris TCS740, 60W).219

220
Table 2: represents the calculation of power consumption and the number of light221
sources in each room.222

223
Study about replacing existing light source (fluorescent) by TL5 Circular lamp light source (Philips, type Rotaris TCS740,

60W)

Room Number
of rooms

dimension of
the room

power
consumption per
light source (in

watt)

number of light
sources per

room

total power
consumption

(W)

Minimum
Lux level
required

Classes 20 5m x 5m 65 8 10400 500
Room for drawing 2 10m x 5m 65 15 1950 500

Dining room 1 6m x 4m 65 6 390 300
Electrical Room 1 11m x 4.5m 65 9 585 300
Laboratory for

computers 2 10m x 8m 65 20 2600 500

Elo Laboratory 1 5m x 5m 65 8 520 500
Corridor 1 1 14m x 2.7m 65 4 260 150
Corridor 2 1 11m x 1.6m 65 3 195 150

Offices 8 3.5m x 3.5m 65 4 2080 500
WC 3 5m x 5m 65 3 585 200

TOTAL 40 301 19565
224

In the table 2, the total number of lighting sources is 301 using Philips-Rotaris TCS740,225
60W, in fact its power consumption is 65W per lamp and the total power consumption is226 P = 19565W

227
• The price of such light source is approximately 52$ in Lebanon228

229
• The total price of all light sources is230 Total price = 301lamps ∙ 52$ = 15652$

231
• The installation of one light source is 9$ in Lebanon, the total cost of installation is232 Total cost of installation = 301lamps ∙ 9$ = 2709$

233
• The total cost of lamps including the installation (Investment) is234 Total cost = 15652$ + 2709$ = 18361$

235
236

3.1. Lifetime of TL5 Circular lamp and its impact on the cost237
238

• The lifetime duration of such lamp is approximately 19000 hours.239
In our case, the school works 6 hours per day, the average lifetime duration of the lamps is240



number of years = 19000hours6(hours/day) ∙ 180(day/year) = 17.59years
241

• Cost of the TL5 Circular lamp for the type Philips-Rotaris TCS740, 60W in Lebanon:242 Cost of the CFL bulb = 14$
243

• Maintenance cost of changing bulbs and ballasts per year:244 301(light source) ∙ 14($)17.59years = 239.568 $year
245
246

3.2. Reducing the Generator’s consumption and cost247
248

•The power consumption of lighting is 21125W, and its percentage is249 19565W/0.860kVA 100% = 40.76%
250

Its consumption in fuel oil is 7.89 Liters/Hour.251
252

• Quantity of fuel oil for the generator needed only for lighting per on day is253 Q = 7.89 liter
hour ∙ 3hours = 23.67liters

254
• The generator works 3 hours per day, the total cost of Fuel Oil for generator needed only255
for lighting during a year is:256 Cost = 23.67 ∙ 180 ∙ 0.9 $ = 3834.54 $257

258
259

3.3. Reducing the consumption from Power Authority (EDL)260
261

• Total cost of the Electricity Bill only for lighting from the Power Authority EDL during a year262
is:263 Cost = 19.565kW ∙ 3 h ∙ 180 ∙ 0.0833 $

h
= 880.072 $264

265
3.4. Total cost of electrical bill only for lighting load during a year266
Total cost of electrical bill only for lighting load during a year is:267 Total Cost h = Cost + Cost = 3834.54 $year + 880.072 $year= 4714.612 $year

268
269

3.5. Cost reduction of fuel oil per year270
271

• Reduced cost per year compared to the existing lighting is:272 5393.95 $ − 4714.612 $ = 679.338 $273
274
275

3.6. Cost reduction of maintenance per year276



277
• The reduced cost of maintenance per year is278 318.367 $year − 239.568 $year = 78.8 $year

279
280

3.7. Total reduced cost including fuel oil and maintenance281
282

The total reduced cost including fuel oil cost and maintenance cost is:283 5393.95 $ + 318.367 $ − 4714.612 $ + 239.568 $ = 759.137 $284

285
286

3.8. Average emission of mercury per year287
288

• As we have seen in the sub-section 3.1, the lifetime of TL5 Circular lamp is 19000hours289
(17.59 years of work), so we have to change all bulbs every 17.59 years and the average290
number of changed bulbs per year is:291 average number of changed bulbs per year = 301(light source) ∙ 1(bulb)17.59years = 17.11bulbs

292
• The average emission of mercury in mg per year is:293 emission of mercury per year = 17.11(bulbs) ∙ 5(mg of Hg) = 85.56mg of Hg per year

294
295

3.9. Calculation of Indicators296
297

• Calculate the Return On Investment:298 ROI = Investmenttotal reduced cost per year = 18361$759.137 $year = 24.186years
More indicators are presented in the table 5 in the section 6.299

300
301

4. Replacing the existing fluorescent light by CFL of type (Arcluce, type 4993302
Optical-PL soft, 55W)303

304
In this section we are going to study the possibility of replacing the existing fluorescent305
2x36W lamps by CFL lamps of type (Arcluce, type 4993 Optical-PL soft, 55W).306

307
Table 3: represents the calculation of power consumption and the number of light308
sources in each room.309

310
Study about replacing existing light source (fluorescent) by Compact Fluorescent light source (Arcluce, type 4939 Optical-

PL soft, 55W)

Room Number
of rooms

dimension of
the room

power
consumption per
light source (in

watt)

number of light
sources per

room

total power
consumption

(W)

Minimum
Lux level
required

Classes 20 5m x 5m 55 6 6600 500



Room for drawing 2 10m x 5m 55 12 1320 500
Dining room 1 6m x 4m 55 4 220 300

Electrical Room 1 11m x 4.5m 55 8 440 300
Laboratory for

computers 2 10m x 8m 55 16 1760 500

Elo Laboratory 1 5m x 5m 55 6 330 500
Corridor 1 1 14m x 2.7m 55 3 165 150
Corridor 2 1 11m x 1.6m 55 2 110 150

Offices 8 3.5m x 3.5m 55 4 1760 500
WC 3 5m x 5m 55 3 495 200

TOTAL 40 240 13200
311

In the table 3, the total number of lighting sources is 240 using Arcluce, type 4993 Optical-PL312
soft, 55W, the total power consumption is313 P = 13200W

314
• The price of such light source is approximately 65$ in Lebanon315

316
• The total price of all light sources is317 Total price = 240lamps ∙ 65$ = 15600$

318
• The installation of one light source is 9$ in Lebanon, the total cost of installation is319 Total cost of installation = 240lamps ∙ 9$ = 2160$

320
• The total cost of lamps including the installation (Investment) is321 Total cost = 15600$ + 2160$ = 17760$

322
323

4.1. Lifetime of CFL lamp and its impact on the cost324
325

• The lifetime duration of such lamp is approximately 12000 hours.326
In our case, the school works 6 hours per day, the average lifetime duration of the lamps is327 number of years = 12000hours6(hours/day) ∙ 180(day/year) = 11.11years

328
• Cost of the CFL bulb for the type Arcluce, type 4939 Optical-PL soft, 55W in Lebanon:329 Cost of the CFL bulb = 15$

330
• Maintenance cost of changing bulbs and ballasts per year:331 240(light source) ∙ 15($)11.11years = 324 $year

332
333

4.2. Reducing the Generator’s consumption and cost334
335

•The power consumption of lighting is 13200W, and its percentage is336 13200W/0.860kVA 100% = 27.5%
Its consumption in fuel oil is 6.3 Liters/Hour.337

338
• Quantity of fuel oil for the generator needed only for lighting per on day is339



Q = 6.3 liter
hour ∙ 3hours = 18.9liters

340
• The generator works 3 hours per day, the total cost of Fuel Oil for generator needed only341
for lighting during a year is:342 Cost = 18.9 ∙ 180 ∙ 0.9 $ = 3061.8 $343

344
345

4.3. Reducing the consumption from Power Authority (EDL)346
347

Total cost of the Electrical Bill only for lighting from the Power Authority EDL during a year is:348 Cost = 13.2kW ∙ 3 h ∙ 180 ∙ 0.0833 $
h
= 593.762 $349

350
351

4.4. Total cost of electrical bill only for lighting load during a year352
353

Total cost of electrical bill only for lighting load during a year is:354 Total Cost = Cost + Cost = 3061.8 $ + 593.762 $ = 3655.562 $355
356
357

4.5. Cost reduction of fuel oil per year358
359

• Reduced cost per year compared to the existing lighting is:360 5393.95 $ − 3655.562 $ = 1738.388 $361
362
363

4.6. Cost reduction of maintenance per year364
365

• The reduced cost of maintenance per year is366 318.367 $year − 324 $year = −5.633 $year
Which means the maintenance cost of this type of CFL is higher than the Fluorescent367
installed368

369
4.7. Total reduced cost including fuel oil and maintenance370

371
The total reduced cost including fuel oil cost and maintenance cost is:372 5393.95 $ + 318.367 $ − 3655.562 $ + 324 $ = 1732.755 $373

374
375

4.8. Average emission of mercury per year376
377

• As we have seen in the sub-section 4.1, the lifetime of CFL bulb is 12000hours (11.11378
years of work), so we have to change all bulbs every 11.11 years and the average number of379
changed bulbs per year is:380 average number of changed bulbs per year = 240(light source) ∙ 1(bulb)11.11years = 21.6bulbs

381



• The average emission of mercury in mg per year is:382 emission of mercury per year = 21.6(bulbs) ∙ 5(mg of Hg) = 108mg of Hg per year
383
384

4.9. Calculation of Indicators385
386

• Calculate the Return On Investment:387 ROI = InvestmentReduced cost per year = 17760$1732.755 $year = 10.25years
More indicators are presented in the table 5 in the section 6.388

389
390

5. Replacing the existing fluorescent light by LED light of type (ASTRA, type391
ASM 30W Cool XL)392

393
In this section we are going to study the possibility of replacing the existing fluorescent394
2x36W lamps by LED lamps of type (ASTRA, type ASM 30W Cool XL) with Cool white Color395
5000-6000K. This LED lamp is CE marked, produced according to European norm EN396
60598-2-2:1996/A1:1997.397

398
Table 4: represents the calculation of power consumption and the number of light399
sources in each room.400

401
Study about replacing existing light source (fluorescent) by LED light source (ASTRA, type ASM 30W Cool XL)

Room Number
of rooms

dimension of
the room

power
consumption per
light source (in

watt)

number of light
sources per

room

total power
consumption

(W)

Minimum
Lux level
required

Classes 20 5m x 5m 31.8 6 3816 500
Room for drawing 2 10m x 5m 31.8 12 763.2 500

Dining room 1 6m x 4m 31.8 3 95.4 300
Electrical Room 1 11m x 4.5m 31.8 8 254.4 300
Laboratory for

computers 2 10m x 8m 31.8 18 1144.8 500

Elo Laboratory 1 5m x 5m 31.8 6 190.8 500
Corridor 1 1 14m x 2.7m 31.8 3 95.4 150
Corridor 2 1 11m x 1.6m 31.8 2 63.6 150

Offices 8 3.5m x 3.5m 31.8 3 763.2 500
WC 3 5m x 5m 31.8 2 190.8 200

TOTAL 40 232 7377.6
402
403

In the table 4, the total number of lighting sources is 232 using ASTRA, type ASM 30W Cool404
XL, the total power consumption is405 P = 7377.6W

406
• The price of such light source is approximately 164$ in Lebanon407

408
• The total price of all light sources is409 Total price = 232lamps ∙ 164$ = 38048$



410
• The installation of one light source is 9$ in Lebanon, the total cost of installation is411 Total cost of installation = 232lamps ∙ 9$ = 2088$

412
• The total cost of lamps including the installation (Investment) is413 Total cost = 38048$ + 2088$ = 40136$

414
We have to mention that the cost of LEDs is going down rapidly each year. This would have415
a major effect on the total installation cost. It is predicted that the price of the LED lamps will416
cut in half by 2020 [7], therefore the total cost will be417 Predicted Total cost by 2020 = 40136$2 ≈ 20000$
For the moment, we suppose that we are going to apply this study in this year.418

419
420

5.1. Lifetime of LED lamp and its impact on the cost421
422

• The life time duration of such lamp is 100000 hours423
In our case, the school works 6 hours per day, the average life time duration of the lamps is424 number of years = 100000hours6 hoursday ∙ 180 dayyear = 92.59years

425
• Cost of the LED bulb for the type ASTRA, type ASM 30W Cool XL in Lebanon:426 Cost of the ASTRA LED = 25$

427
• Maintenance cost of changing bulbs per year:428 232(light source) ∙ 25($)92.59years = 62.64 $year
Practically we can consider it negligible because even after 100000 hours the LED still work429
but with low efficiency. But for our study we will take it equal to 62.64 $430

431
We have to notice that the manufacturer ASTRA claims that the lifetime of their LED light432
sources is 100,000 hours. Moreover they have been working for more than 10 years in our433
country and they didn’t face any problem in any installation during these years. This will434
provide a reasonable assumption for the lifetime of their LEDs. Someone will ask if the435
existing building we stay for 92.59 years or it will be remodeled before this duration, maybe436
this question can be applied in developed countries but it doesn’t apply for developing437
countries such as Lebanon in which the installation will be the same as long as the building438
exists and especially for the public sector such as schools, universities and other institutes.439
The only modification in such buildings can be the change of light sources, using solar440
panels, using photovoltaic panels or other minor changes, but there is no other changes are441
remarked in such buildings even in private sectors.442

443
444

5.2. Reducing the Generator’s consumption and cost445
446

•The power consumption of lighting is 7377.6W, and its percentage is447 7377.6W/0.860kVA 100% = 15.37%
Its consumption in fuel oil is 4.8 Liters/Hour.448

449



• Quantity of fuel oil for the generator needed only for lighting per on day is450 Q = 4.8 liter
hour ∙ 3hours = 14.4liters

451
• The generator works 3 hours per day, the total cost of Fuel Oil for generator needed only452
for lighting during a year is:453 Cost = 14.4 ∙ 180 ∙ 0.9 $ = 2332.8 $454

455
456

5.3. Reducing the consumption from Power Authority (EDL)457
458

• Total cost of the Electrical Bill only for lighting from the Power Authority EDL during a year459
is:460 Cost = 7.377kW ∙ 3 h ∙ 180 ∙ 0.0833 $

h
= 331.83 $461

462
463

5.4. Total cost of electrical bill only for lighting load during a year464
465

Total cost of electrical bill only for lighting load during a year is:466 Total Cost h = Cost + Cost = 2332.8 $ + 331.83 $ = 2664.63 $467
468
469

5.5. Cost reduction of fuel oil per year470
471

• Reduced cost per year compared to the existing lighting is:472 5393.95 $ − 2664.63 $ = 2729.32 $473
474
475

5.6. Cost reduction of maintenance per year476
477

• The reduced cost of maintenance per year is478 318.367 $year − 62.64 $year = 255.727 $year
479
480

5.7. Total reduced cost including fuel oil and maintenance481
482

The total reduced cost including fuel oil cost and maintenance cost is:483 5393.95 $year + 318.367 $year − 2664.63 $year + 62.64 $year = 2985.047 $year
484
485

5.8. Calculation of Indicators486
487

• Calculate the Return On Investment:488 ROI = InvestmentReduced cost per year = 40136$2985.047 $year = 13.44years
More indicators are presented in the table 5 in the section 6.489



490
By 2020, if we apply this study when the price of LED lamps is cut in half, therefore the491
return on investment will be:492 ROI by 2020 = InvestmentReduced cost per year = 20000$2985.047 $year = 6.7years

493
494

6. Results and proposed indicators495
496

In this section, a complete table shows the comparison between the 4 types of lamps and its497
impact on a single school. The indicators are shown in the first column.498

499
Table 5: comparative table between the 4 types of light sources.500

501
Description and indicators Existing Lighting

(Type 2x36W)
TL5 Circular
lamp of type
(Philips, type
Rotaris TCS740,
60W)

CFL of type
(Arcluce, type
4993 Optical-PL
soft, 55W)

LED light of type
(ASTRA, type
ASM 30W Cool
XL)

Power consumption in kW 23.647 kW 19.565 kW 13.2kW 7.3776kW
Energy consumption per year
in kWh (P x 6h x 180day)

25538.76 kWh 21130.2 kWh 14256 kWh 7967.81 kWh

CO2 emission from Fuel Oil
only for lighting during a year
(0.67kgCO2/kWh)

17111 kg of
CO2/year

14157.23kg of
CO2/year

9551.52 kg of
CO2/year

5338.43 kg of
CO2/year

Reduction of CO2 in %
Reduction in energy in %
Reduction in Power in %

0% 17.26% 44.18% 68.8%

Fuel Oil Consumption in liters
per day only for lighting and
from private generator in the
school

26.73 liters/day
(4811.4liters/yea

r)

23.67 liters/day
(4260.6liters/yea

r)

18.9 liters/day
(3402liters/year)

14.4 liters/day
(2592liters/year)

Number of lighting points 221 301 240 232
Cost of Electrical Bill during
one year

5393.95 $/year 4714.612 $/year 3655.562 $/year 2664.63 $/year

Cost of Maintenance per year
(changing bulbs)

318.367$/year 239.568 $/year 324 $/year 62.64 $/year

Reduction Cost of electricity
and maintenance in $

x 759.137 $/year 1732.755 $/year 2985.047 $/year

Reduction Cost of electricity
and maintenance per year in
%

x 13.27 % 30.33% 52.256%

Emission of Mercury in mg
per year

530.6 mg/year 85.56 mg/year 108 mg/year x

Reduction of mercury in % 0% 83.87% 79.64% 100%
Investment x 18361 $ 17760 $ 40136 $
ROI (Return On Investment)
including the cost of
maintenance

x 24.186 years 10.25 years 13.44 years

= ( ) −
For i=5%, n=100years,
G=gain per year,
Inv=investment.

x -3293.72$ we
are losing

money for a
duration of
100years

16631.56$ we are
gaining money for
a duration of
100years

19110.94$ we
are gaining
money for a
duration of
100years



Sensitivity to low
temperatures and humidity on
the Lamp

Yes Yes Yes No

Effect of the switching on the
lifetime of the lamp

Yes Yes Yes No

Sensitivity to temperature,
humidity and switching on the
ballast and electronic driver

Yes Yes Yes Yes

502
503

7. Discussion and method of evaluation504
505

I. Choice between CFL (Compact Fluorescent Lamp) an TL5 Circular lamp506
1- If we compare the two types from two different manufacturers such as “Philips” and507

“Arculce” in this paper for the same Lux level, we can see clearly that the power and508
energy consumption of the CFL of type (Arcluce, type 4993 Optical-PL soft, 55W) is509
much lower than the TL5 Circular lamp of type (Philips, type Rotaris TCS740, 60W),510
which means that if we want to reduce the power consumption of our lighting511
system, then we have just not to think to replace a Fluorescent lamp by any type of512
CFL or TL5 Circular lamp, but we have to demonstrate by calculation using software513
such as “DIALUX” what is the best choice of light sources, and we have to compare514
them taking into consideration many indicators and factors such as same Lux level,515
the lifetime of lamps, the cost of investment, the cost of maintenance, the return of516
investment, etc….517

518
2- For the same Lux level for the whole school we can see clearly that the number of519

light sources using “Arcluce” is much lower than the same light sources of type520
“Philips” which means a reduction in the cost of installation and maintenance.521

522
3- We have to take into consideration the environment and the emission of the CO2,523

therefore for the same installation, we have to reduce as possible the consumption524
of fuel therefore reduce the emission of the CO2 and other toxic gases. This means525
we have to apply the Energy Efficiency requirements to our buildings.526

527
4- CFL lamps contain mercury which is harmful, humans can develop serious health528

problems, it Cannot dispose in domestic waste, Cannot be recycled, If mercury (Hg)529
gets into the ecosystem it can evolve into a more harmful variant that can cause530
serious contamination to our food and water supplies [2].531

532
5- The VAN value of TL5 Circular lamp of type (Philips, type Rotaris TCS740, 60W) is533

negative which means that replacing fluorescent lamps by these lamps is not534
efficient at all and it cause losses for a long duration when the interest is taken equal535
to 5%.536

537
II. Choice between CFL, TL5 Circular lamp and LED538

1. If we compare CFL, TL5 Circular lamp light sources and LED light sources in the539
table 5, we can see clearly that the LED technology is much more important than the540
CFL technology in all aspects. Firstly the power consumption is reduced to the half,541
the fuel consumption is reduced to the half, the CO2 emission is reduced, the542
mercury is eliminated, the Return On Investment is reduced, etc… so between LED,543
TL5 Circular lamp and CFL our choice will be of course LED even if its cost of544
investment is much higher.545

546



2. The lifetime of LED light sources is approximately equal to 100,000 hours compared547
to 19,000 hours for CFL. Moreover the efficiency during the lifetime of the LED548
doesn’t vary significantly (decrease only 2% after 50000 hours as per the catalog of549
ASTRA) but for the CFL it will be reduced drastically.550

551
3. The temperature of LED lamps is much lower compared to the CFL lamps. No need552

for air conditioning (reduced power consumption).553
554

4. The LED lamps are mercury free.555
556

5. Low harmonic distortion compared to CFL and TL5 Circular lamp, therefore low557
impact on the transformers.558

559
6. The choice of LED lamps will be based on the calculation using “DIALUX”, we don’t560

choose low quality LED lamps produced in developing countries but our choice must561
be very good quality of LED with very good Lumen.562

563
7. Etc…564

565
Thus, if we evaluate according to the table 5, our choice will be the LED technology even if566
the cost of investment is much higher.567

568
569

7.2. Generalization of this study for all Lebanese schools and universities570
571

The total number of schools and universities in Lebanon is approximately equal to 3000. In572
order to simplify our study, we consider that all schools and universities have the same573
power consumption similar to the presented school in this paper.574

575
The general study of all schools and universities is presented in the following table 6.576

577
Table 6: comparative table between 4 types of lighting sources for educational sector578
in Lebanon (only for schools and universities).579

580
Description and indicators Existing

Lighting (Type
2x36W)

CFL of type
(Philips, type
Rotaris TCS740,
60W)

CFL of type
(Arcluce, type
4993 Optical-PL
soft, 55W)

LED light of type
(ASTRA, type ASM
30W Cool XL)

Power consumption in MW 70.941 MW 58.695 MW 39.6 MW 22.1328 MW
Energy consumption per year
in MWh (P x 6h x 180day)

76616.28 MWh 63390.6 MWh 42768 MWh 23903.43 MWh

CO2 emission from Fuel Oil
only for lighting during a year
(0.67kgCO2/kWh)

51333 Ton of
CO2/year

42471.69 Ton of
CO2/year

28654.56 Ton of
CO2/year

16015.29 Ton of
CO2/year

Reduction of CO2 in %
Reduction in energy in %
Reduction in Power in %

0% 17.26% 44.18% 68.8%

Fuel Oil Consumption in liters
per day only for lighting and
from generator in the school

80190
liters/day

71010 liters/day 56700 liters/day 43200 liters/day

Cost of Electrical Bill during
one year

16,181,850
$/year

14,143,836
$/year

10,966,686 $/year 7,993,890 $/year

Cost of Maintenance per year
(changing bulbs)

955,101
$/year

718,704 $/year 972,000 $/year 187,920 $/year



Reduction Cost of electricity
and maintenance in $

x 2,277,411
$/year

5,198,265$/year 8,955,141$/year

Reduction Cost of electricity
and maintenance per year in
%

x 13.27 % 30.33% 52.256%

Emission of Mercury in kg per
year

1.59 kg/year 0.25668 kg/year 0.324 kg/year x

Reduction of mercury in % 0% 83.87% 79.64% 100%
Investment x 55,083,000 $ 53,280,000 $ 120,408,000 $
ROI (Return On Investment)
including the cost of
maintenance

x 24.186 years 10.25years 13.44 years

= ( ) −
For i=5%, n=100years,
G=gain per year,
Inv=investment.

x -9,881,151$ we
are losing

money for a
duration of
100years

49,894,680$ we
are gaining
money for a
duration of
100years

57,332,834.4$ we
are gaining money

for a duration of
100years

581
582

7.3. Cost, benefits and advantages of replacing the existing fluorescent lamps583
(2x36W) by LED lamps584

585
The cost of such project on the Lebanese scale is: 120,408,000 $586

587
The benefits and advantages of replacing the existing fluorescent lamps (2x36W) by LED588
lamps of type (ASTRA, type ASM 30W Cool XL) are as following:589

590
-Saved power: 48.81 MW (saving one and half thermal power plants such as TYR 1 of591
35MW in Tyre) (2.16% from total power generated in Lebanon in 2014).592
-Saved Energy: 52712.85 MWh/year.593
-Saved emission of CO2 from Fuel Oil: 35317.71 Ton of CO2/year.594
-Saved fuel consumption from private generators: 36990 liters/day (6,658,200 liters/year).595
-Saved cost of maintenance: 767,181$/year.596
-Saved Cost of electricity and maintenance is 8,955,141$/year.597
-LED lamps don’t contain mercury (saved quantity is 1.59 kg/year).598
-LED lamps are not sensitive to low temperature and humidity.599
-Lifetime of LED lamps is not affected by the switching.600
-LEDs are recyclable which is not the case of CFL or fluorescent lamps.601
-LEDs have high performance even at the end of lifetime which is not the case of the CFL or602
fluorescent.603
Etc…604
-Creation of new job opportunities when the government creates new industries in the605
renewable energy sector and in the energy efficiency sector.606

607
608

7.4. Evaluation of the implementation609
610

The budget needed to implement this project on the Lebanese scale only for schools and611
universities is equal to 120,408,000 $. The return on investment is 13.44 years (if the interest612
is equal to zero). So if this project is implemented now, then the saved energy for the613
upcoming 50 years is equal to 2,635.64 GWh which is an important energy on the Lebanese614
scale. The government can oblige all banks to give loan for a period of 10 years with a zero615



percent of interest in order to encourage all sectors and especially the educational sector to616
replace the current installation by LED lamps.617

618

619
620

Fig. 1: predicted saving energy during 50 years is equal to 2,635.64 GWh.621
622
623

7.5. Action Plan624
625

The Lebanese government must do a serious action plan in order to oblige all schools and626
universities to replace the fluorescent lamps by LED lamps which will economize a lot of627
power and energy, reduce the emission of CO2 and other toxic gases, and eliminate the628
emission of mercury which is very toxic for the health and for the soil and water. This will not629
just help schools and universities to reduce the consumed energy, but it will develop the630
economy of the country because the reduced energy and cost from this project can be used631
in other projects and to create industries which will develop the renewable energy sector in632
Lebanon and encourage all people to build efficient buildings and to save energy thus633
creating new jobs which revive the economy of the country.634

635
The proposed plan in this paper is as following:636

637
1- Government must take seriously the replacement of fluorescent lamps by LED638

lamps of high quality similar to the proposed one in this paper.639
2- Create regulation that obliges all people to replace the existing lighting by LED640

lamps.641
3- The government must oblige all banks to give loan with zero percent of interest for a642

period of 10 years for the payback.643
4- Oblige all sectors to take loan from banks in order to do such project.644
5- Increase taxes on the CFL and fluorescent lamps up to 400% in order to let the LED645

technology be competitive with the CFL and fluorescent technology.646
6- Create industries that fabricate LED lamps with high technology.647
7- Create industries concerning energy efficiency and all renewable energy sectors.648
8- Stop importing incandescent lamps.649
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9- Stop importing low quality materials.650
10- Eliminate taxes on high quality materials and equipment with very low power651

consumption.652
653

7.6. Time frame654
655

The maximum duration of such project must not overpass 2 years from the time of declaring656
officially the regulations.657

658
659

7.7. Institutions in charge of the implementation660
661

The parties that are concerned in this project are the government, banks, industries, schools,662
universities, and all sectors.663

664
665

8. Conclusion666
667

In this paper, the authors present a comparative study between four different types of lamps668
(fluorescent 2x36W, CFL of type Philips, CFL of type Arcluce, LED of type ASTRA). This669
study emphasize the important of doing calculation using “DIALUX” software before670
selecting any type of lamps even if we consider this lamp is energy-saving. Moreover we671
have to take into consideration many indicators which are presented in this paper before672
buying any type of lamps. This study is a sample that helps all investors, owners, clients… to673
compare many types of lamps using indicators presented in this paper before buying them.674
We have to take also into consideration the impact on the environment such as the emission675
of the CO2, toxic gases, mercury…676
In conclusion, the best choice of lamps in these days is the LED and of course a good677
quality and not a bad quality.678

679
680
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