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Abstract 

With the aim of evaluating a reflective insulation’s performance for utilization in 
the Greek climate, an experimental chamber facility has been designed and 
constructed at the campus of the Technological Educational Institution of 
Halkida, located in the agricultural area of Psachna in Evia island at Central 
Greece. The side-walls are a two series brick construction with a bubble material 
laminated between layers of aluminum foil placed in the 20mm gap of the brick 
layers. Results indicate that the existence of reflective insulation during the 
summer period averts the super heating at the interior of the experimental 
chamber while during winter the heat is retained in the chamber.  
Keywords: reflective insulation, test room, measurement. 

1 Introduction 

Today, the increment of energy efficiency and the exploitation of renewable 
energy sources are effective ways of reducing the impacts of global warming 
and improving air quality while it is also an economically effective choice 
for consumers. The commercial and residential building sector is responsible 
for a large portion of the total energy consumption on a national level [1,2]. 
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This consumption heavily concerns the covering of buildings energy 
demands. 
     In EU level the importance of energy conservation in the building sector is 
depicted from the Directive of the European Parliament and of the Council on 
the energy performance of buildings [3,4]. The Directive indicates the necessity 
and possibility of savings through the implementation of standard energy 
efficiency methods and innovative technologies, including renewable energy. In 
Greece, the Rule for Rational Use and Energy Savings  enacted in 1998, imposes 
that energy consumption reduction measures should be made compulsory for all 
buildings by 2007 [5]. The use of energy in Greek buildings, constitutes 30% of 
total national energy demand and contributes about 40% of carbon dioxide 
emissions [6]. It should be also taken into account that climatic conditions in 
Greece differ from mild winters to hot summers in the south and rather cold 
winters to mild summers in the north of the country. These variations in climatic 
conditions influence in one hand the energy demand and consumption of 
buildings, and on the other hand the measures concerning potential and cost-
effectiveness of energy conservation and those related to the exploitation of 
renewable energy solutions . 
     The peak load can be reduced by simple techniques and methods.  One of 
them is the proper design of a building envelope and the selection of its 
components. The proper use of thermal insulation in buildings contributes in 
reducing the required air-conditioning system size and the annual energy cost. 
Thermal insulation is a material or a combination of materials, that, when 
properly applied, retards the rate of heat flow due to its high thermal resistance. 
For the evaluation of the performance of different insulation materials it is 
necessary to understand the way that heat is transferred through the composite 
multilayer wall construction [7,8]. 
     In this work, aiming to the evaluation of reflective insulation’s behavior 
for both summer and winter periods under Greek climate conditions a test 
room facility has been designed and constructed at the campus of the 
Technological Educational Institution of Halkida located in the agricultural 
area of Psachna at Central Greece. The side-walls are a two series brick 
construction with a bubble material laminated between layers of aluminum 
foil placed in the 20mm gap of the brick layers. Research work will be 
carried out through various steps. At the current first step, the outer surface 
of the test room wall construction is not covered with plaster. Temperature 
measurements have already been conducted so as to obtain a clear 
understanding of the reflective insulation behavior for this configuration. 
Experimental results show that the existence of reflective insulation during 
summer period deters the super heating at the interior of the test room. Due 
to reflective insulation’s characteristics a better attenuation of temperature 
variations is achieved and a normal behaviour in temperature variation 
through the wall construction is noticed. During winter period heat remains 
in the test room, causing the internal temperature stabilization and the 
respective thermal load decrease.   
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2 Experimental set-up 

2.1 About reflective insulation 

Reflective insulation consists of one or more low emittance surfaces, such as 
metallic foil or metallic deposits, unmounted or mounted on substrates [9]. 
Because reflective insulation is usually manufactured with highly reflective, 
aluminum foil surfaces, 95-97% of the radiant heat that strikes the surface is 
reflected, and only 3-5% of the heat is emitted through the insulation. The major 
benefit of this reflective property is that in winter, heat inside a building is 
reflected off the insulation’s surface back into the building so that the heat is 
retained inside. In the summer, heat radiated through the roof is reflected off the 
insulation’s surface back to the roof and not inside the building thus maintaining 
lower internal temperatures. Unlike other insulation materials, reflective 
insulation reflects incident infrared radiation, thus reducing radiant heat transfer. 
Its performance depends on a number of factors [10] including the radiation 
angle of incidence on the reflective surface, temperature difference between the 
spaces on both sides of the reflective material, material emissivity, thickness of 
the air space facing the reflective material, heat flow direction. 

2.2 Test room development 

A small-scale test room facility has been designed and constructed on the 
purpose of  conducting experiments under various test conditions to evaluate 
various thermal insulation materials and techniques, heating/cooling/ventilation 
technologies, etc. The test room is located at the campus of the Technical 
University of Halkida in the rural area of Psachna in Evia island at Central 
Greece (Figure 1). The dimensions of the test room are 4m x 6m x 4m and its 
roof is covered with roman tiles and a radiant barrier reflective insulation system. 
     The side walls are a two series brick construction with a bubble material 
lamination among layers of aluminum foil placed in the 20mm gap of the brick 
layers. The total wall thickness consists of 90mm brick, 10mm air gap, 1mm or 
2mm reflective insulation, 10mm air gap and 90mm brick. The walls can be 
coated internally and externally resulting to a total width ranging from 200mm to 
240mm (including a 20mm thickness of the wall sheathing-plaster on each side). 
     Two doors are located in the north and south-facing walls thus achieving the 
ventilation of the chamber. A small partition with the height of 1m is located 
adjacent to the north wall. Reflective insulation is a part of the test room wall 
construction, and more specifically: 1. Heat insulation material of the vertical 
wall construction to all directions (North, South, East, West), 2. Temperature and 
humidity insulation element of the roof. 
     The roof constructed of roman tiles is based on a wooden support which is 
protected through the application of reflective insulation and consists of the 
following layers: joists support of roof, wooden support with thickness 10–15 
mm, cleats of reflective insulation and tiles (wooden or other material e.g. 
plastic) with thickness 2x10mm, and roman tile. 
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Figure 1: (a) Experimental chamber; (b) geometrical details. 

    

Figure 2:     (a) Reflective insulation; (b) three dimensional view of the wall 
construction. 

2.3 Experimental plan – data acquisition 

Experimental methodology is compatible with the international standards and 
certified methods [11,12] for the determination of the wall construction’s and the 
other elements of the building cell, thermal behaviour. Based on the development 
of the periodic environmental behavior on a 24h basis and measurement analysis, 
the total contribution of reflective insulation to the energy operation of the wall 
construction (for each orientation), the solar roof and the overall behaviour of the 
test room can be certified. 
     Data acquisition has been divided into two sub-sections (Figure 3), one for 
temperature measurements and one for evaluation of weather conditions. 
Measurements have been obtained during the period February-November 2007. 
     The experimental equipment used for the evaluation of reflective insulation 
consists of temperature sensors connected to a data logging system [13,14]. The 
logging system has a 10 minute recording frequency. Temperatures were 
measured at different levels inside and outside the test room as well as inside the 
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wall construction as shown in Figure 4. Twenty four thermocouples (six for each 
orientation) were connected to four modules which transmitted the signals to a 
RS-232 converter connected with a PC. The K type thermocouples were placed  
at the middle of each orientation both at the outer and internal wall. 
 

Figure 3: Data acquisition. 

 

Figure 4: Temperature sensors inside the wall. 

     Finally, a meteorological station equipped with components and sensors that 
measure wind speed, wind direction, rain gauge, air pressure, temperature, 
relative humidity, total solar radiation and diffused solar radiation, was installed 
focusing on the determination of the external environment thermal behaviour. 
All the sensors were connected to a PC and through the use of special software 
measurements could be read. 

3 Typical results and discussion 

In this section, typical results from measurements inside and outside the test 
room, obtained during winter and summer periods, are presented and discussed. 
During the experimental period, the meteorological conditions were 
characterized by clear sky, quite high temperature and low wind speed. 
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3.1 Winter period 

In Figure 5 temperature curves for the period 21-28 February 2007 and for south 
orientation are presented while Figure 6 shows temperature curves for a typical 
winter day. It can be noticed that the temperature range of the internal wall is 
quite smaller than of the outer one. During a typical winter day while outer wall 
temperature ranges from 6 to 16 ˚C the inner wall temperature remains quite 
constant from 10 to 12 ˚C (Figure 6). This is due to reflective insulation, which 
 

South orientation - Duration : 21/02/2007 - 28/02/2007
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Figure 5: Temperature of inner and outer wall for south orientation – Period: 

21-28/2/07. 

South orientation - Day :  23/02/2007 
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Figure 6: Temperature of inner and outer wall for south orientation – Period: 
23/2/07. 
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during winter period permits heat reflection to the test room interior and thus 
heat remains in it causing the internal temperature stabilization and the 
respective decrease of thermal loads. The same behavior is noticed from the 
results of all test room orientations. 

3.2 Summer period 

During the summer period as is shown in Figures 7 and 8 despite external wall’s  
high temperature variations the temperature variation at the internal walls and 
inside the test room is quite mild. Temperatures at the surface of the external 
wall of the test room ranges from 16oC early in the morning to about 32oC at 
15:00-16:00 in the afternoon as it was expected. However, temperature at the 
surface of the internal wall of the test room is about 23-25oC during the whole 
day causing decrease in the required loads for the test room air conditioning. 
This is mainly due to the existence of reflective insulation which during the 
summer period deters the super heating at the interior of the test room. When 
solar radiation falls on to a non-transparent surface, like the test room walls, the 
outer surface absorbs a part of the radiation which is transformed to heat. A part 
of the heat is re-emitted to the outside while the rest is driven through the wall to 
the test room interior with a rate depending on the thermal characteristics of the 
wall construction materials. Because of the reflective insulation characteristics, a 
better attenuation of temperature variations is achieved and a normal behavior in 
temperature variation through the wall construction is noticed. This is due to the 
time duration between the peak of the outside temperature (about 19:00) and the 
peak of the inside surface temperature (about 21:00). Actually, a time delay of 
two hours means that the test room wall construction materials will start to reject 
heat to the test room interior during the night (when there is a demand for 
heating during the winter or when room cooling is feasible through ventilation  
 

North Orientation - Duration: 03/08/2007 - 24/08/2007
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Figure 7: Temperature of inner and outer wall for north orientation – Period: 
3-24/8/07. 
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North Orientation - Day: 03/08/2007 
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Figure 8: Temperature of inner and outer wall for north orientation – Period: 

3/8/07. 

during summer). In light constructions, there is a small time delay and thus 
outside temperature variations become tangible at the building interior quite 
quickly. During the night, air temperature at the test room interior is higher in 
comparison with the outside temperature and there is a heat flow to the outside 
causing the decrease of the wall temperature together with the temperature at the 
room interiors. Consequently, at the next day, the room becomes quite cool so as 
to be able to absorb again the undesired heat. The same behavior is noticed from 
the results of all test room orientations.  

4 Conclusions 

In the present work, the possibility to exploit reflective insulation in Greek 
climate has been investigated focusing on the improvement of building 
insulation behavior. For that purpose, an experimental chamber facility has been 
designed and constructed at the campus of the Technological Educational 
Institution of Halkida, located in the agricultural area of Psachna in Evia island 
at Central Greece. Results show that during winter period reflective insulation 
permits heat reflection to the test room interior and thus heat remains in it 
causing the internal temperature stabilization and the respective decrease of 
thermal load. During the summer period, reflective insulation deters the super 
heating at the interior of the test room, a better attenuation of temperature 
variations is achieved and a normal behavior in temperature variation through the 
wall construction is noticed. 
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