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ABSTRACT

The quality of the lighting influences greatly our ability to perform work in an enclosed space. Some
characteristics of light source are vital in this regard. LED tubular lamps have a number of advantages over normal
household and office applications. Tubular LED lamps installation in place of fluorescent lamps has quite a number of
advantages. Tubular LEDs do not have mercury in them hence environmentally friendly unlike the little mercury contents
in fluorescent tubes. The other advantage is that tubular LEDs emit directional lighting. This helps in reducing the
dissipation of light in those fixtures and areas that do not need it, hence better efficiency-about 40% more efficient in
comparison to tubular fluorescent lamps. Further, they offer quality light with diverse color temperatures that eliminate
flicker-related discomforts such as eye strain, headache, and migraine. Tubular LEDs also have a longer life, adding to
their advantages as better options for lighting. Obviously, the superiority of natural light is the best source of illumination,
which corresponds well to the response of the human eyes. Daylight tends to have a positive impact on occupants, enabling
them to feel lively and bright in their environment. The established advantages of daylight include the enrichment of visual
comfort, ensuring health, and increasing overall productivity of the occupants within a building. The paper focuses on the
integration of natural daylight by artificial light availability through tubular LED lamps. It investigates the daylight factor
with materials of tested two groups of six tubular LED lamps, where 60cm/9 Watt and 120cm/18 Watt, and another group
of six tubular fluorescent lamps with 60cm/18 Watt and 120cm/36 Watt. The experiment was composed of two sets of six
tubular LED lamps (60cm with 9W and 120cm with 18W) and another set of six tubular fluorescent lamps (60cm with
18W and 120cm with 36W). The measurement was performed by a Spectroradiometer Ocean Optics HR 2000 with 4.7 %
uncertainty, and the photometric bench was used for measurement of spectral output. The tubular LEDs and fluorescent
lamps irradiance and illuminance were measured using UVA/B silicon detector and Luxmeter detector arrangements,
respectively, with 5.2% and 6% uncertainties, respectively. Some of the derived key parameters are daylight factor ratio,
UVA power to luminous flux-K for tubular fluorescent lamps, spectral power distribution, and illumination levels.
Daylight and tubular LED lamps integration was also determined. While the maximum value detected is less than the safe
limit for human health, there is an impact on human health if these types of lamps are used. It follows that tubular LEDs
should be used instead of tubular fluorescent lamps to minimize the impact on UVA to human health and the environment.

Keywords: illuminance, daylight factor, spectral power distribution (SPD), UV A radiation, irradiance tubular LEDs lamp, tubular
fluorescent lamp, uncertainty budget.
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1. INTRODUCTION

Light plays a vital role in our body for it to
function properly and it also influences the nervous system
and our mood. Based on references, a thoughtfully
designed visual environment can sharply improve student
achievement. [1, 2]. Before the invention of electric
lighting in 1879, buildings relied on natural light. But with
the dominance of artificial lighting, design, energy, and
environmental concerns drove the need for a hybrid
system that utilized both natural and artificial lighting to
reduce energy consumption [3]. Between 1945 and 1975,
daylighting had been ignored in favor of inexpensive
fluorescent lamps. This led to buildings that were less
well-designed than their ancestors [4-7]. Fluorescent
lamps are immensely useful in industries and households,
and their use is one of the explicit and simplest ways of
attaining energy efficiency [8]. Energy conservation has
been a crucial factor in the present century owing to the
growing concepts of environmental protection, economic

plans, and scientific and technical advancement [9].
Among this series of energy-saving equipment, tubular
fluorescent lamps have been considered quite significant.
Fluorescence lamps are based on an arc discharge through
a mixture of mercury and a rare gas-usually argon. The
active gas -mercury- is at a pressure of about 6-10 x 10 -3
torr, while the buffer gas-the rare gas-is at about 3 torr.
The discharge contains electrons and mercury ions as
conducting species, and from these excited mercury atoms,
abundant photons are produced at 253.7- and 185-nm UV
wavelengths. These resonant radiations of the mercury
atom excite the phosphor coating on the inner surface of
the enclosing glass tube, which in turn fluoresces within
the visible spectrum [10]. Currently, the most effective
method for improving lighting systems involves the
application of LEDs. LEDs have been known for several
decades as devices that rely on the process of
electroluminescence, whereby light is produced through
the flow of electrons. This was for the first time observed
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by H.J. Round in 1907 at Marconi Laboratories using a
SiC crystal along with a cat's-whisker detector for
demonstration [11]. Most of today's LED luminaires rely
on generating white light by using phosphor-coated blue
LEDs or by fewer uses of different combinations of RGB
LEDs. Although general-service LED lamps can be very
variable in performance, the technology is continuing to
improve with its cost per lumen continuing to decline.
Multiple research studies have highlighted the
superiority of daylight over artificial lighting concerning
its impact on occupants within buildings. A survey
conducted in England and New Zealand found that nearly
all office workers (99%) prefer having windows in their
workplaces, with 86% expressing a strong preference for
daylight as the most desirable light source [12]. Studies
have connected extended exposure to artificial light with
health concerns, highlighting lower stress levels and
discomfort in spaces primarily lit by natural light.
Canadian university students echoed these sentiments,
recognizing lighting's influence on health and valuing
working in spaces filled with daylight. Consistently,
research shows both students and teachers prefer well-lit
classrooms with outdoor views, positively affecting
attendance and performance. [13, 14]. Efficient use of
daylight not only increases office occupants' moods but
also decreases absenteeism, increases motivation, job
satisfaction, and engagement. In Canadian elementary
schools, classrooms with natural light saw fewer absences

and improved student health compared to conventional
lighting [13, 15, 16]. The quality of lighting in office
spaces significantly affects workers' productivity, which is
commonly measured by task completion speed, accuracy,
and sustained effort [17]. Studies highlight a strong
preference for windows in office settings. Multiple case
studies reveal the positive impacts of enhanced lighting:
renovations in various settings led to substantial
productivity increases, decreased absenteeism, and lower
energy costs. [18, 19]. Academic performance also
benefits from daylight-integrated buildings, with increased
attendance and significantly improved reading and math
test scores for students [20]. Initial costs for building and
hiring staff are much higher than operational,
maintenance, and energy expenses. Implementing
daylighting doesn't substantially raise construction or
ongoing costs but notably reduces lighting energy use and
cooling needs [21]. Schools and universities in Egypt
spend a significant amount of money on energy for electric
lighting. They receive a significant amount of daylight
during school hours, but artificial lighting is still used for
much of the day. To create a good lighting concept for a
classroom, it is important to consider the different visual
tasks that will be performed there and to design a system
that is flexible and of high quality. Table-1 in the
European standard EN 12464-1 outlines the lowest levels
of light needed for different tasks and activities within
school environments [22].

Table-1. Provides a summary of the activities conducted in a classroom and their
respective lighting needs.

Standard Illuminance
Task The teacher The student
In the class In general,
1 Writing on blackboard Reading on blackboard 500 hux 200 lux
= (vertical)
2 Talking to the students Paying attention o the 300 Tux 300 lux
= teacher
Showing a presentation
3 (slides, power point, Looking onto the screen 300/10 lux 10 lux
television program, etc.)
4 Paying attention to Writing, reading, drawing, 300 Iux 300 lux
working students .
Coaching computer Looking to the computer 300 lux above
5 ST 50 lux
activities screen and the paper the computer
6 Preparing lessons Not present 300 lux 50 lux
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It has been divided into three parts, namely the
blackboard area, the window area, and the corridor area,
so that daylight can be used as much as possible for
serving varied lighting requirements of teachers, students,
and activities [23]. Figure-1 shows the designs.

|
|
1. Reference
|
2. Basic/High window
e ———

3. Basic/Roof window

3 Basic/Floorwindow

4. Basic/Daylight-view

dl—l zone

Figure-1. The specific zones of a classroom.

The illumination within an educational
environment holds immense importance, being a crucial
physical attribute. Insufficient lighting not only hinders
clear visibility of materials but also has the potential to
diminish engagement, particularly for students facing
developmental challenges. Conversely, effective lighting
yields significant positive effects on various aspects of
successful learning, such as attention rates, working speed,
productivity, and accuracy. If learning space has windows
facing outside, it is advisable to maximize the entry of
natural sunlight. To mitigate glare, consider employing
shades or window decorations, especially during extended
periods of screen or paper-focused activities by students.
Figure-2 shows nine different designs windows of a
classroom.

6.Basic/Comdorwindow

1 SitvationHighwindow

$. Situation/Daylight view

—
I

9. Situation/Corridor(2

Figure-2. Nine different designs windows of a classroom.
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The daylight factor is the measure of interior
natural light with respect to the amount available outside
on overcast days. In other words, it is defined as the ratio
of the illuminance E_indoor of a horizontal plane at a
given point inside a building due to the light received
directly or indirectly from an overcast sky of uniform
luminance sky, to the illuminance E_outdoor of the point
due to the unobstructed sky [24].

DF = —indoor » 10 )
Eoutdoor
Spectral irradiance in UV A region is defined as the power

of electromagnetic radiation per unit area in. Ultraviolet
radiation power per unit lumen output is defined as [25]

[ E,(aa
a )

k= k [""E, (A)dAvda
mLSOnm j'( )

In this study, different measurements are taken to
gather various parameters, including the ratio of daylight
factor, UVA power to luminous flux (K) for tubular
fluorescent lamps, spectral power distribution of tubular
LEDs and fluorescent lamps, and the illumination levels of
tubular LEDs and fluorescent lamps. Also, determine the
integration between daylight and tubular LEDs lamps.

2. EXPERIMENTS AND METHODS

The present research will investigate two groups
of tubular lamps. The first group is six tubular LEDs
lamps (60cm with 9Watt and 120cm with 18 Watt) and the
other group six tubular fluorescent lamps (60cm with 18
Watt and 120cm with 36 Watt). Measuring a lamp's
spectral power distribution (SPD) involves assessing light
intensity across different wavelengths, crucial for
understanding its color rendering, efficiency, and
suitability for diverse applications. Spectral power
distribution (SPD) measurement helps assess color
accuracy, color temperature (warm or cool light), and
energy efficiency of lamps. It's vital for lighting design,
product development, and studying environmental
impacts. Accurate SPD data is pivotal in choosing
appropriate lighting solutions for varied applications,
ensuring desired effects and performance in industries
reliant on quality light sources. The relative spectral output
of lamps was measured by a spectroradiometer. Figure-3:
Spectral power distribution evaluation arrangement of
lamps, where the direct measurement on the photometric
bench with the Ocean Optics HR 2000 spectroradiometer
is being performed at NIS. It had given the uncertainty of
4.7% [26-28].

Tubular LEDS
& FLs Lamps

1 meter

Bench with holders for lamp and
Spectroradiometer head

Spectroradiometer
Head

Figure-3. NIS setup for measuring the spectral power distribution.

The emitted light spectral power distribution was
measured directly by means of a photometric bench and a
spectroradiometer. Light feed is allowed to the
spectroradiometer by means of an optical fiber, while the
spectrum is sent to a computer for data intake by means of
a USB. An optical fiber enables flexible measurement
configurations in this way. The measurement procedure
followed the CIE 63-1984 recommendation provided by

the International Electrotechnical Commission IEC [29].
Periodically, the spectroradiometer was calibrated
according to the standard method ASTM G138 [30].
Spectroradiometers give highly accurate values while
measuring the spectral energy distribution for various
sources of light. Each lamp was placed separately 0.5
meters above the spectroradiometer and data from each
lamp was considered only after it had warmed up for five
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minutes. All measurements took place in a controlled dark
environment with regulated temperature (25+1)°C
[26, 28, and 31].

[luminance refers to the amount of light reaching
a surface, measured in lumens per square meter (lux). It is
important in various fields such as lighting design,
photography, and vision science. The illuminance of each
lamp was measured using a Luxmeter TM-201Lux, as
shown in Figure 3. Measurements were conducted in a

controlled dark room at a distance of 1 meter, with
temperature maintained. The Luxmeter was placed on a
translation stage at the same height as the tubular LEDs
and fluorescent lamps on the optical bench, as depicted in
Figure 4. Each lamp was warmed up for 30 minutes before
measurements. The process was repeated for each lamp,
and the results were averaged. The uncertainty in
irradiance measurements was calculated, yielding a 6%
uncertainty.

(Tubular LEDS & FLs
Lamps

Luxmeter

[ Luxmeter Head ]

Optical Axis

Figure-4. A setup for measuring illuminance for tubular LEDs and Fluorescent lamps.

Daylight factor is the ratio of the amount of light
at a given point to the light available outside under an
overcast sky. Essentially, it is the ratio between the indoor
illuminance E_indoor, measured at a specific horizontal
point inside a building from light received directly from an
evenly lit overcast sky, and the outdoor illuminance
E_outdoor, which is measured from an unobstructed
portion of the sky [24]. To determine the DF for the
building in this study, indoor and outdoor illuminance

levels were measured, then the Daylight Factor was
determined by using Equation I. These measurements
were made in the Situation/Daylight view mode since it
was designed to correctly measure the lighting situation
and how much natural light comes inside a building. It is a
general metric used within building design to optimize
natural lighting, which contributes greatly to energy
savings and comfort to occupants.
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Lamp

/[Tu bular Fluorescent

N

1 meter

Optical Axis ~

UVA/B Meter

UVA Detector

Figure-5. A setup for measuring UVA irradiance for tubular Fluorescent lamps.

Some of the parameters assessed using Equation
2 are the ultraviolet irradiance assessment and the ratio of
UVA power to luminous flux in tubular fluorescent lamps.
Moreover, these measurements were done in a controlled
dark room with standardized surface conditioning for the
measurement distance of 1 meter as recommended by
ICNIRP. A UVA/UVB photometric bench was prepared
with a Sper Scientific UVA/B Light Meter (Model
850009C) as displayed in Figure-5, first calibrated at the
National Institute of Standards and Technology (NIST),
USA. In this regard, the UVA detector was mounted on a
translation stage and aligned in the same height as tubular
fluorescent lamps on the optical bench. The lamps were
always warmed up for 30 minutes before any
measurement to reach stable operation. Several

measurements were made for each lamp, and the results
averaged to arrive at a better result. The uncertainty in the
irradiance measurements was calculated to provide an
overall uncertainty of 5.2%. Such precise measurements
contribute to knowing the emission characteristics of
ultraviolet from lamps, which are quite necessary in
keeping up with some safety standards and optimizing
performance.

3. RESULTS AND DISCUSSIONS

Figures 6 and 7 [Illustrate spectral power
distribution (SPD) diagrams of tubular LEDs lamps and
tubular FLs lamps across the visible spectrum (400 to 700
nanometers).
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Figure-6. Shows the spectral power distribution diagrams across the visible spectrum of tubular LEDs lamps.
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Figure-7. Shows the spectral power distribution diagrams across the visible spectrum of tubular FLs lamps.

These graphs show the radiant power output of
each lamp over the visible spectrum. The Spectral Power
Distribution graphs, when juxtaposed with the response
curve of the human eye V(A), give a good idea of how well
the light of each lamp corresponds to human visual
perception. It allows us to judge how effectively and
appropriately the lamps can be used in real life for
different purposes. Each of these lamps has its spectral
characteristics, peaking at different wavelengths.
Depending on whether the peak is in the blue or the
red/yellow area, it makes the light look cooler or warmer,
respectively.This analysis also aids in selecting proper
lamps for their intended applications, whether task
lighting, ambient lighting, or areas where accurate color
rendition is crucial.

Figures 6 and 7 presents, for each tubular LED lamp,
the spectral distribution graphs of radiant power emitted

within the visible spectrum. These enable the proper
comparison of the lamps' spectral characteristics and their
relation to the sensitivity of the human visual system. Such
knowledge about spectral power distributions will be
useful in understanding the suitability of these lamps for
various outdoor lighting applications concerning factors
like color rendering, energy efficiency, and visibility.
sFigures 8 and 9: This shows the illuminance by
tubular LEDs and tubular fluorescent lamps. The
maximum was from the 120cm tubular fluorescent lamp
while the minimum from the 60cm tubular LED lamp. The
Situation/Daylight view mode was used to measure these
illuminances in the classroom. The highest illuminance
reading was recorded at a distance of 0.5 meters, and the
lowest distance from the window was 5.5 meters.

~
8

o)
3

400

llluminance (Lux)

300

200

100

T-LED- | T-LED-
60-1 60-2
230 235

T-LED- | T-LED- | T-LED-
60-3 1203 | 1203
232 390 395

M Series1

T-LED- | T-FL-

120-3
398

T-FL-
60-2
381

T-FL-
60-3
384

T-FL-
120-1
750

T-FL-
120-2
755

T-FL-
120-3
751

60-1
380

Figure-8. The Illuminance of tubular LEDs and tubular fluorescent lamps.
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Figure-9. Illluminance distribution for the Situation/Daylight view mode.

Figure-10 illustrates the daylight Factor for the
Situation/Daylight view mode by utilizing equation 1. It is
determined by measuring the indoor illuminance (Ejpg00r)
to the outdoor illuminance (E,,;400r) at the specific point,
considering the unobstructed sky for the building. The

maximum daylight factor was measured at a distance of
0.5 meters from the window, reaching 10.25%, whereas
the minimum value was noted at a distance of 5.5 meters
from the window, registering at 1.8%.

Daylight Factor %

O5mImism2m25m3m35smdm45m 5m 55m

Distance (m)

Figure-10. Daylight Factor for the Situation/Daylight view mode.

UVA irradiance to illuminance ratio (K), is of
more interest for analyzing the tubular fluorescent lamps
radiation characteristics. The amount of illuminance for
the tubular fluorescent lamps is measured at 1 meter
distance. Ratio K which is UVA absolute irradiance levels
per illuminance values for the tubular fluorescent lamps.
Figure-11 shows the histogram for comparison of UVA

absolute irradiance levels per illuminance values (K) for
the tubular fluorescent lamps at 1 meter distance. The
values of (K) at 1 meter distance for the tubular fluorescent

lamps varies from 0.0079 uW /Imt0 0.013 uW /im. The
maximum detected value 0.013 zW /im s less than the safe
limit for human health.
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Figure-11. depicts UVA absolute irradiance levels per illuminance values (K) for tubular fluorescent
lamps measured by using calibrated UV A radiometer and luxmeter at 1 meter.

4. UNCERTAINTY

Evaluation of the uncertainty is performed via the
Guide to the expression of uncertainty in Measurement
(GUM) method. This method is adopted and described in
details by International Organization for Standardization
ISO. The standard uncertainty u(x,.) to be associated with

input quantity xi is the estimated standard deviation of the
mean [32, 33].

1/2
X X 1 z" X X)2 3)
)= = )
wlx)=s(X) (’l(’l_l) k:l( o ) j

The combined standard uncertainty uc(y) is
obtained by combining the individual standard

uncertainties U; these can be evaluated as Type A and
Type B. That is,

2 _N aiz 2 4
“C(y)‘;(ax,,) u’(x,) 4)

Uncertainty model used for the determination of
the UVA irradiance EUVA (ﬂ) is [34]:

E,,, (1) =E;(1)+E, +OE, (5)

where, E s A= uncertainty due to reference spectral

irradiance UVA standard radiometer (obtained from the
calibration certificate).

5El = uncertainty due to distance effect on the

irradiance measurements (calculated by using the inverse
square law).

oE =

, uncertainty due to

repeatability of the
measurements (standard deviation of repeated 5 times).

Uncertainty should always be reported alongside
measurement results, as it indicates the precision of the
measurements taken. The uncertainty budget for UVA
irradiance, spectral power distribution, and illuminance
measurements is presented in Table 2, Table 3, and Table
4, respectively, with a confidence level of 95% (coverage
factor (coverage factor k = 2).

Table-2. Estimated Uncertainty budget of UVA irradiance
for tubular fluorescent lamps.

Relative Standard
Ti 1 -
Uncertainty Component Uncertainty (%)
Irradiance responsivity
calibration of standard 52
radiometer
Distance measurements 0.015
Repeatability 0.021
Relative Expanded 10.4
Uncertainty (/=2) ]

Table-3. Estimated Uncertainty of spectral power
distribution measurements for tubular LEDs and
tubular fluorescent lamps.

Uncertainty Component F{?:It‘::;eais]::,l?n’a,;d
Calibration of spectroradiometer 4.7
Distance measurements 0.016
Lamp Regulation 0.001
Repeatability 0.024
Relative Expanded Uncertainty 0.4
(=2)
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Table-4. Estimated Uncertainty budget of illuminance
measurements for tubular LEDs and tubular
fluorescent lamps.

. Relative Standard
Uncertainty Component Uncertainty (%)
Illuminance responsivity

calibration of standard 6
photometer
Distance measurements 0.014
Repeatability 0.022
Relative Expanded .
Uncertainty (k=2)

5. CONCLUSIONS

The comfort of illumination plays an important
role in influencing our task performance within enclosed
areas. Various attributes of lighting sources can impact the
overall quality of illumination. In this research, two groups
of tubular lamps were studied. The first group is six
tubular LED lamps (60cm with 9 watts and 120cm with 18
Watt) and the other group has six tubular fluorescent
lamps (60cm with 18 Watt and 120cm with 36 Watt). The
tubular LEDs lamps can be utilized both in residential
settings and office spaces more than the tubular
fluorescent lamps. The measurement setup used in the
present study for the measurement of the spectral output of
tubular LEDs and fluorescent lamps consisted of a
Spectroradiometer Ocean Optics HR 2000 with an
uncertainty of 4.7% associated with a photometric bench.
A second set up based on UVA/B silicon detector with an
uncertainty 5.2% and optical bench for irradiance
measurements in UVA region. A third setup up based on
Luxmeter detector with an uncertainty 6% and optical
bench for measuring the illuminance of tubular LEDs and
fluorescent lamps. Various parameters were obtained from
measurements, including the daylight factor ratio, the
UVA power to luminous flux (K) for tubular fluorescent
lamps, the spectral power distribution of both tubular
LEDs and fluorescent lamps, and the illumination levels of
these lamps. The analysis also examined the integration of
daylight with tubular LED lamps. The illuminance values
indicate that the group of tubular fluorescent lamps has a
higher illuminance level compared to the tubular LED
lamps. However, the illuminance per electrical watt for the
tubular LED lamps is greater than that of the tubular
fluorescent lamps. This indicates that tubular LED lamps
are more energy-efficient than tubular fluorescent lamps.
On the other hand, tubular LEDs are environmentally
friendly due to their mercury-free composition, offering
directional lighting that minimizes wastage and enhances
efficiency by about 40% compared to fluorescent lamps.
They produce high-quality light with varied color
temperatures, eliminating flickering issues that can cause
discomfort. Additionally, their extended lifespan makes
tubular LEDs a preferred and durable lighting option. The
daylight measured using Luxmeter TM-201Lux by
measuring the illuminance in and out a classroom.
According to the results, the tubular fluorescent lamp of

120cm emitted the highest illuminance, whereas the
tubular LEDs lamp of 60cm yielded the lowest value. The
illuminance measurements were taken in the classroom
using the Situation/Daylight view mode. The greatest
illuminance was noted at a distance of 0.5 meters from the
window, while the lowest value was observed at a distance
of 5.5 meters from the window. The Daylight Factor for
the Situation/Daylight view mode was calculated using Eq
(1). This factor is determined by assessing the indoor
illuminance (Ej,400,) relative to the outdoor illuminance
(Eputdaoor) at a specific location, considering the
unobstructed sky around the building. The highest
recorded Daylight Factor was 10.5%, observed at a
distance of 0.5 meters from the window, while the lowest
value was 1.8%, observed at a distance of 5.5 meters from
the window. In Figure-10, the daylight factor reached its
highest point, reaching 10.25%, when measured at
proximity of 0.5 meters from the window. Conversely, the
lowest recorded value, at 1.8%, was observed at a distance
of 5.5 meters from the window. To ensure adequate
illumination in the classroom, it is essential to address the
reduction in illumination from 3 meters to 5.5 meters by
integrating artificial lighting. This integration involves the
use of either tubular fluorescent lamps or tubular LED
lamps. Absolute UVA irradiance levels for tubular
fluorescent lamps, 1-meter distance, per illuminance
values (K). Values of (K), at the 1-meter distance for the
tubular fluorescent lamps varies from (0.0079 xW /im to
0.013 uW /Im . The maximum detected value 0.013 uW /im
is less than the safe limit for human health but still there
are effects on the human health if they use these types of
lamps. So, it is preferable to replace tubular fluorescent
lamps to tubular LEDs lamps to prevent the effects of
UVA on the human health and environment. The data
analysis was carried out, and the Uncertainty model
includes all the parameters accompanied by the
measurements studied. The accompanied uncertainty in
the absolute UVA irradiance measurements (10.4 %), the
spectral power distribution (9.4 %), and the illuminance
measurements (12%) are calculated respectively in Table-
2, Table-3, and Table-4 with confidence level 95% (k = 2).
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