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Performance Testing of Light Pipes in Real Weather
Conditions for a Confrontation with Hemera

B. Malet-Damour, H. Boyer, S. Guichard, and F. Miranville

Abstract—Daylight offers many possibilities. Its proper use is
a major asset to develop the design, energy and environmental
quality of a building but also improve the physiological and
psychological conditions of the user. New emerging devices,
offer the opportunity to improve visual comfort while, providing
energy savings. The light pipes are considered as a part of these
innovative devices. Existing semi-empirical models do not
adequately transcribe the behavior of light pipes. The scientific
objective of this study is to investigate the propagation of light
within a real test-cell equipped with this device in real weather
conditions. The aim is to better understand the role of each
parameter (solar geometry, diffuse illumination, direct
illumination, etc.). The results indicated a difference in light
distribution within the test cell between the clear and overcast
sky. We target new parameters to take into account in modeling
the phenomenon.

Index Terms—L ight pipe MLP, Hemera, daylighting analysis,
experimental measurement.

I. INTRODUCTION

A light pipe refers to an overhead opening, which allows
daylight to pass through a pipe (often mistakenly called
skylight). It is innovative device able to transport and
distribute natural light without heat transfer in dark rooms,
different from traditional openings, and minimize the loss of
light. This system is made of a dome placed on the roof, a
highly reflective tube walls (greater than 99%), and a diffuser.
The dome should be shockproof and UV resistant. It protects
the tube from dust and rain. The device can be coupled with
an optical device to capture and redirect the sky radiation
inside the tube. SOLATUBE® in Australia patented this
concept in 1986.

The work described, in this publication is part of the
research related to the study of complex lighting systems and,
only apply to Tubular vertical light guides [1]-[3].

The main objectives of this paper are, to present the first
results of an experimental analysis carried out with the aim of
evaluating the performance of the Mirrored Light Pipe (MLP)
used, and to compare with light levels set by the Commission
Internationale de I’Eclairage (CIE).
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II. LIGHT PIPES IN ARCHITECTURE

When entering through the vertical windows, natural light
provides illumination, whose values decrease as one move
away from windows. This decay is characterized by a very
rapid decrease in the illuminance near the openings, and then
progressively slower as it moves away from the facade. In the
case of office building, without partition, light inputs are
suitable for a distance of 6m from the front openings. Beyond
this depth, light supplements should be considered, such as
light pipes [4]. The light pipes are generally required in this
case. They permit to overcome problems related to direct
illumination (glare, sunspot) by providing a diffused light (in
the case of a Lambertian diffuser). Thus, depending on the
configuration and requirements in lighting level, several
processes of light pipe exist. Among all the used most known
devices, we can listed for example, pipes using diffusion
lenses, prismatic pipes, solid core systems and the Mirror
Light Pipe (MLP) [5]. The tube can be vertical or horizontal,
with one or several diffusers. The pipe can be straight or have
bends. In the case of our study, we shall focus on one of the
most commonly used methods, in a standard configuration to
be integrated into a building: a straight light pipe — type
MLP — with a single diffuser.

I1l. EXPERIMENTAL SET-UP

A. Description of Room

The experimental cell LGI is located in Saint -Pierre
(Reunion Island, France). With an area of 9m=2the test cell
looks like a classic piece type bedroom or office. The test
building was built to experimentally validate of the physical
models implemented in CODYRUN and ISOLAB [6]-[9].
The inner and outer walls are white (absorption coefficient of
the inner surfaces is about 60 %). The roof is made of
corrugated iron midnight blue. A light pipe is installed
through the roof system (Fig. 1(a)). The ceiling, wherein the
diffuser of the light pipe is installed, is horizontal. The
dimensions of the building are shown in Fig. 1(b). The
azimuth of the test cell with respect to geographic north is 9<

The light pipe is the MLP (Mirrored Light Pipe) with a
diameter of 250mm. The pipe length is 1400mm, and has an
inclined portion near 20< The reflection coefficient of the
multilayer film is 99.7% [10].

B. Description of the Building Environment

The test cell is placed on the experimental platform of the
PIMENT laboratory (located at 21190S, 55280E, and 70.40
m above sea level). The floor of the platform is made of grass,
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as a result, we made assume that the ground albedo is 0.70
approximately.

(b)
Fig. 1. (a) External and internal view of LGI cell test; (b) Dimensions of LGI
cell test.

C. Instrumentation and Experimental Procedure

During the year, the meteorological station allows to get the
real environment conditions by the recording data every
minute. All measuring instruments are synchronized. An
external luxmeter, measuring the global illumination, is
installed on the weather station of the laboratory at a height of
2m. External luxmeter measuring the diffuse illumination is
installed close to the meteorological station, and uses shading
Shadeco ring, manufactured in the laboratory.

Within the test cell, nine luxmeters to quantify the
penetration of daylight are used. Internal sensors are placed

according to the arrangement of patterns in succession (Fig. 2).

They are raised to 10cm and are distributed in a hypothetical
mesh.

5 Y
Fig. 2. Schematic position of the nine interior luxmeters.

IV. RESULTS AND DISCUSSION

The experiment began in September 2013, winter in
Reunion Island. Globally for this study, two categories of
days are used as a reference experiment: it consists of clear
day and overcast day conditions. The objective is to present
the performance of light pipes in different type of sky, and
understand the light distribution in the room. The results are
presented in two parts: the first is to get the daily profile of the
interior illumination as a function of outside global
illumination. And the second is to study the light distribution
inside the room. We also evaluated the daylight autonomy
generated by the use of a light pipe according to the levels
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required by the CIE for three configuration types: an office, a
classroom and a store. The standards (EN 12464-1 and I1SO
8995/CIE 8008) recommend different levels of illumination
depending on the area and type of use [11]. For an office and a
basic activity (typing, reading, CAD post), the CIE
recommends a minimum average illuminance of 500 lux. In a
classroom, the illumination shall be 500 lux also. In a store,
300 lux must be maintained to ensure visual comfort.
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Fig. 3. (a) Indoor daylighting under the diffuser (AQ) for clear sky conditions;

(b) Indoor daylighting under the diffuser (A0) for overcast sky conditions.

A. Results under Sunny Conditions

During the day of October 3 (2013), there was clear sky.
The maximum external global illumination reached 124 Klux
at noon for a diffuse illumination of about 15 Klux. The
maximum illumination under the diffuser is reach at 12:20
and is 1330 lux, with an average illuminance on the mesh of
370 lux.

The daily profile of the illumination at point AO shows the
direct impact of the dome: when the sun is at its zenith, the
solar rays penetrate directly into the room, by limiting the
number of reflection within the pipe (Fig. 3(a)). Otherwise,
the illumination increases linearly until it reaches 400lux at
10:30. A linear decrease in the level of illumination is also
observed from 2:40p.m.

Towards daylight autonomy, we take as reference levels
requirement standards. On a clear sky day, the maximum
illuminance on the working-plane amounted to 367 lux at
12:20, which is below the standard requirements for use in an
office or a classroom (500 lux). The area under the diffuser of
the light pipe can ignore the artificial lighting from 11:30 a.m.
to 12:30 p.m. In the case of use for a sales area, the maximum
illuminance is above the standard requirements (300lux). The
area under the diffuser of the light pipe can ignore the
artificial lighting from 9:50 a.m. to 2:50 p.m. or 5hours.
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The light distribution at different times makes it possible to
understand the behavior of light in the room. During the day,
the illumination is not uniform and isotropic (Fig. 4). As we
saw with the daily illumination profiles at certain points of the
grid, the light distribution seems to be directly related to the
solar parameter (azimuth and solar altitude), especially if the
sky is completely clear.

B. Results under Cloudy Conditions

During the day of October 1 (2013), there was an overcast
sky. The maximum external global illumination reached 92
Klux at 2:40p.m. for a diffuse illumination of about 47 Klux.
The maximum illumination under the diffuser is reached at
2:40p.m. and is 336 lux, with an average illuminance on the
mesh of 223 lux. The daily profile of the illumination at point
AQ clearly shows that the diffuse illumination is dominant
against the direct illumination because the profile of the light
under the diffuser follows the profile of the exterior lighting

(Fig. 3(b)).
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Fig. 4. Indoor daylighting repartition — October 3, 2013, sunny conditions.

01 october 2013 - 9:00

70

65

@
o

o
a

axe Y
Indoer illuminance (lux)

o
o

45

40

80 80 100 120 140 160

axe X

180 200

01 october 2013 - 13:00

105

100

95

80

85

axeY

80

75

Indoor illuminance (lux)

70

65

B0

axe X

01 october 2013 - 14:00

Indoor illuminance (lux)

120 140 160

axe X

180 200

axis X

axis Y

N
v

Fig. 5. Indoor daylighting repartition — October 1, 2013, cloudy conditions.
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Towards daylight autonomy, on an overcast sky day, the
maximum illuminance on the working-plane amounted to 223
lux at 2:40p.m., which is below the standard requirements for

use inan office or a classroom (500 lux) or in a store (300 lux).

To respect the minimum requirements of the standards, a need
of artificial lighting is required. The light distribution at
different times, we can see that during the day, the
illumination is not uniform and isotropic (Fig. 5). However,
the impact of solar path on the light distribution is strictly
limited because when it is not apparent (overcast, so no direct
sunlight), light distribution in the room seems to be
approaching a Lambertian distribution, unlike in clear sky
conditions. All this confirms the daily illuminance profiles at
certain points of the mesh.

V. CONCLUSION AND PERSPECTIVES

The study showed the actual performance of a light pipe
(250mm diameter) during two days (clear and overcast sky).
The results indicated a difference in light distribution within
the test cell between the clear and overcast sky. We concluded
that the external direct illumination (directly related to the
solar geometry) had a substantial impact on this distribution.
Furthermore, it is important to distinguish the type of lighting
(direct or diffuse) in order to recreate the physical
phenomenon in. This remark is a part of the current study
initiated in the laboratory for the development of a model to
predict the behavior of the light pipe [1], [2]. This will be
integrated into a computer code, called Hemera, intended to
simulate lighting environment.

In the second part of the study, we compared the
experimental results with the standard requirements in terms
of visual comfort, and for three use cases: an office, a
classroom and a store. We found out that, for an experimental
area of 9m=the chosen light pipe could achieve a level of
demand during the day, mostly overcast. Daylight autonomy
is impacted: only clear sky day can generate a range of up to 5
hours under the diffuser against one hour on average for the
total area of the mesh. This study is not yet completed and,
many configurations should be tested before drawing
conclusions about, the actual performance of this device.

Perspectives of our study can be broken down as follows:
experiment with the use of a deflector inside the dome;
experiment with the use of black walls in the test cell;
semi-empirical modeling of the phenomenon of propagation
of light with a light pipe; developing a computer code
dedicated to lighting technology (support for optimization
and validation of the model).
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