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abstract
Solar radiation is the cause of large heat gain in glazed buildings particularly in 
the tropics, thus the aim of this study is to investigate the impact of a sustainable 
water film on glazing transmittance to solar radiation. The experimental investiga-
tion measured two parameters, namely, type of glazing and solar radiation inten-
sity, utilizing glazed façades oriented west in two full-scale rooms. It was found that 
the water film on the glazed façade increases the transmittance of solar radiation 
behind the glazing by 2% - 6.8% depending on the solar intensity and glass type, 
while the indoor temperature was reduced. The study concluded that the incre-
ment of the solar radiation (300-2500nm) transmittance is an increment in the 
range of the visible light (daylighting).
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1. INTRODUCTION
As a building material, the transparency of glass gives its unique character to the glazing of 
transmitting light and connecting the outside with the inside [1]. Glazed buildings allow 
most of the solar radiation to transmit indoors. For instance, the transmission through the 
façades of clear glass (3mm) in part of visible light (380-780nm) is about 89% and 75% of 
short-wave infrared (780-2500nm) [2]. This short wave (radiation) passing through glazed 
façades is absorbed by the internal surfaces of buildings and subsequently emitted as long-
wave radiation (heat) which cannot easily pass through the glass to the outside [3]. This causes 
the indoor environment to heat up, which typically accounts for 15-30% of overheating in 
indoor spaces [4]. The easiest way to overcome this problem is to prevent the transmitted solar 
radiation by the use of shading devices. However, shading would be insufficient, particularly 
on east and west façades that are affected by direct solar radiation, unless light is sacrificed by 
blocking much of it by the glazing of the facade [5]. Thus, several studies have proposed the 
use of solar control glazing as an ideal solution to the glazed façades in the tropics [6-8]. Spec-
trally selective glazing is a new glass technology that can filter or block the short-wave radia-
tion (heat) in the solar beams and allow light to transfer indoors [9]. The drawback is its high 
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production cost compared to tinted glass. Hence, as more glazing is used in buildings, there 
will be increasing demand for alternative inexpensive solar control glazing, particularly on east 
and west façades. This study proposes a low-cost solar control glazing system by exploiting the 
potential of Sustainable Glazed Water Film (SGWF) for reducing solar radiation transmit-
tance. The following is a brief review of the solar radiation fundamentals and the potential of 
a water film as a low-cost alternative to solar control glazing in the tropics.

2. SOLAR RADIATION IN THE TROPICS
Basically, solar radiation provides information on how much solar energy hits a surface at a 
location on the earth during a particular time [10]. Many climate factors affect the incoming 
intensity of the solar radiation, such as the thickness and composition of the atmosphere, the 
location of the Sun in the sky, as well as the actual conditions of the sky [11]. The intensity 
of a clear sky with direct radiation is more than the intensity of diffuse radiation on cloudy 
days [12]. Depending on the distance of the Earth from the Sun, the intensity of solar radia-
tion (solar constant) reaching Earth fluctuates between 1350 and 1440 W/m2 during the year 
[13]. However, Malaysia receives abundant sunshine all year long, with irradiation of between 
800W/m2 and 1000W/m2 [14]. Thus, the ideal sustainable design for glazed façades in Malay-
sia is to protect glazing from the high intensity of solar radiation.

2.1 Diffuse and direct solar radiation
An important aspect of solar radiation with respect to glazed buildings is the ratio of diffuse 
and direct radiation which is received by the earth’s surface. It is important to distinguish 
the beam of solar light into direct radiation and diffuse radiation in addition to its total solar 
radiation. This helps to understand the solar energy performance in order to balance between 
preventing direct sunbeams and allowing sufficient daylight into glazed buildings. When the 
designer avoids the east and the west Sun’s low angle, the direct sunbeams can be simply 
blocked out by shading devices [15,16].  However, avoiding east and west is not always accept-
able due to limitations of the landform and view aspects. On the other hand, diffuse radiation 
might have a large impact on the glazed buildings that need to be protected from it [17,18], 
especially in the tropical region which is close to the equator and faces a very high degree of 
diffuse radiation [19]. The situation in the tropics results in the need to resort to passive solar 
control elements that can protect the glazed building envelope from both direct and diffuse 
solar radiation.

2.2 Solar Heat Gain Coefficient SHGC
The amount of total solar radiation transmission through glazing is expressed by two means: 
first is the heat gain due to the solar radiation transmittance, τe, and second is the inter-
nal heat transfer, qi, due to the difference in the temperature between the ambient and the 
indoor spaces [20, 21]. In terms of solar transmittance, this depends on the spectral proper-
ties of the glass, where different types of glass have unique characteristics with regards to solar 
radiation [22]. 

 The amount of total solar heat gain (UV, visible and infrared radiation) that passes 
through a glazing is usually evaluated in terms of Solar Heat Gain Coefficient (SHGC) or 
sometimes called “g-value” [23]. The SHGC has replaced the Shading Coefficient (SC) as 
the standard indicator of a glazing’s shading ability. It is expressed as a number between “0” 
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and “0.87” instead of “0” and “1” for SC. The lower a glazing’s SHGC, the less solar heat it 
transmits [24]. In Malaysia, a tropical country with a hot humid climate, the ideal glazing is 
one with low SHGC. According to ASHRAE [25], the selected SHGC for north and south 
glazed façades in warm climates should be ideally no more than 0.35, while east and west 
glazed-façades should be no more than 0.25. For calculating the SHGC, Pedrini [26], defined 
the following equation:

SHGC = τs + Ni . αs                                                                                                    (1)

Where:  τs = solar transmittance of the fenestration system, Ni = inward-flowing fraction  
        of absorbed radiation, and τs = solar absorption of a single-element. 

2.3 Solar control buildings-glazing
In the design guide for glass architecture in the tropics, Fong & Chong [27], reviewed the 
common types of glass used in architectural applications in such regions, covering higher solar 
performance glass, including body tinted glass, insulating glass, solar reflective glass, low-emis-
sivity (low-e) glass and spectrally selective glass. The spectrally selective glazing is applicable 
for the tropics from its solar performance; the drawback is its high manufacturing cost. Most 
common spectrally selective coats need to be compounded with double glazing for protective 
purposes and are relatively costly to produce [2]. Yet, from a review of the market and through 
direct contact with manufacturers, it has been found that tinted glazing is still a popular choice 
for buildings in Malaysia. In contrast, no large market exists for a higher performing glazing 
that has only a few practical applications and depends on imported units. Hence, as energy 
costs rise and more glazing is used in buildings, there will be increasing demand for alternative 
inexpensive solar control systems for coping with these seemingly conflicting requirements. 
Thus, this study tries to understand in which ways thin water film flowing over the outer 
surface of a low cost glazing might be better used as an alternative glazing system for control-
ling solar heat gain in the tropics. The SGWF facade involves a rainwater film that is easily 
available and of very high durability for use as a solar control in the tropics. Malaysia receives 
a very high rainfall throughout the year which is not fully utilised [28]. Thus, proposing the 
SGWF as a solar control film in this study is a water efficiency issue in the tropics, besides it is 
a solar heat gain control system in the hot and sunny climate of the tropics.

Although many experimental and theoretical studies have been conducted to investigate 
the water flows and heat transfer of falling water film, most of them have been adopted for 
industrial applications [29], and a few on glazed buildings focusing on the effect of the water 
film on the thermal performance of the building envelope. Table 1 summarises the studies that 
have been done using the water element as an alternative heat control in buildings. However, 
no study has focused on the solar transmittance through glazing with a water film, particularly 
in Malaysia. This study explores the potential of SGWF in controlling the solar transmittance 
falling on glazing in the tropics.

3. METHODOLOGY 
The same equipment and methodology were used as in a previous study conducted by the 
authors [30]. An experimental investigation of the glazed facade facing the west orienta-
tion was conducted by utilising the SGWF. The experiments involved the following two 
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parameters, namely, type of glazing and solar radiation intensity. The water flow rate was set 
to 1.7m3/h, the maximum flow rate through a pipe which creates an even water film over 
the outer surface of the glazing (Table 2). The configurations of two full-scale rooms, the test 
room and the reference room (Figures 1&2), were designed with the typical dimensions of 
facade modules used in the experiments. They comprised identical and detached one-storey 
rooms with exposure to solar radiation without any shade (Figure 2). The internal dimensions 
were 2.0m x 2.0m with a ceiling height of 2.60m and an area of 4.0m².

Table 1. Applications of water-cooling for glazed buildings.

Figure 1:  View of experiment 
site: reference room (left) and 
test room (right).

Figure 2:  Sun path diagram of 
21st March, to the experiment 
site.
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Table 2. The characteristics of glasses used in experiments [31].

3.1 The instrumentation and the sensors
Flowing water film over the outer skin of a single glazed facade was achieved by drilling 
5/32” holes every 1/2” in the pipe to produce an even flow when the water hits the glazed 
façade. Feeding the water to the system comes through a t-junction with a pipe going right 
and left with both ends capped off. The water flow is generated by means of pumping the 
water through the valve connected to the water meter, and connected to the room facade by 
PVC pipes (external diameter 3/4”). The desired thickness of the water film can be adjusted 
according to experimental needs, whereby the thickness of the water film is related to water 
supply. The operation of the SGWF system was started at 12:00 (and the results reported on 
each run, for the time 13:00-19:00, so that the test system is steady) on the test days and shut 
down by 19:00 at sunset.

The measurement equipment consisted of six sensors connected to data loggers designed 
to collect the data related to the solar radiations. The “Babuc/A” data loggers were utilized for 
monitoring the indoor air temperature and the heat flux through the glass. The measurement 
of the heat fluxes was conducted in the presence of the incident solar radiation without a shield 
in the case of both the treated and the reference façade, since the shelter will affect the gentle 
flow of the water film. The “Skye” data logger with two sensors was used to measure the vertical 
solar radiation indoors and outdoors. In addition, a Weather Station was installed to measure 
the outdoor global solar radiation and the climate conditions of the experimental site.

The following sensors were adopted for both the test room and the reference room:
•	 Two Pyranometers to measure the incident solar energy, W/m2.
•	 Pyranometers to measure the global solar radiation, W/m2. 
•	 Thermocouples to measure the outdoor air temperature, °C.
•	 Thermocouples to measure the indoor air temperature, °C.
•	 Heat flux meter, W/m2. 
•	 Anemometer for wind speed measurement.

4. RESULTS AND DISCUSSION 

4.1 Theory of solar radiation transmittance within the SGWF façade
As mentioned earlier, the amount of the total solar radiation transmittance (UV, VL and IR) 
which passes through a glazing is usually evaluated in terms of solar heat gain coefficient 
“SHGC”. The lower the glazing’s SHGC, the less solar heat it transmits. However, in terms 
of the SGWF facade which consists of the glazing with the outside flowing water film, the 
solar performance can be understood as follows (Figures 3 and 4): The incident solar radia-
tion (I0) is either reflected towards the outdoor ambient (I1), transmitted into the inside (I2) 
or absorbed by the water film and glass pane (I3). Theoretically, when the water film flushes 
over the glazing, the heat flows via conduction and convection from the surface of the glass to 
the water film body and is expressed as (I4), while a portion of the heat flows inwards and is 
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expressed as (I5). Therefore, the total solar energy transmittance defined in Equation 1 could 
be modified and defined as:
 

SHGC = I2+ (I5 * as )                                                                                                                                             (2)

Referring to the measurements of thermal energy transmittance with SGWF  discussed 
by the authors in the previous study [30], the fraction (I5) which forms the inward-flow of 
the thermal energy absorbed by the glazing was found to vary from zero to (-)50 W/m2; out-
wards). Therefore, Equation 2 will be as follows:

SHGC = I2                                                                                                                   (3)

4.2 Case A: Clear Glass CG
Experiments were performed with clear glass at the same time in the two rooms - the treated 
room and the reference room - to determine the solar radiation transmittance of the SCGWF 
façade. Table 3 summarizes the average percentage differences in the solar transmittance 
between the SCGWF facade and the CG as the reference façade. The results were demon-
strated under two different sky conditions – sunny hours and cloudy hours - over two weeks 
each. Overall, as summarized in Table 3, the results of SCGWF showed an increase in the 
solar energy transmittance with a water film of about 6.2% in the sunny hours, while in the 
cloudy hours, the increment was found to be about 2.9% with the SCGWF facade compared 
to the CG façade.

Figure 3:  The schematics of 
the experimental set-up of the 
solar transmittance within the 
SGWF.
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Figure 3:  The 
schematics of the 
experimental set-up of 
the solar transmittance 
within the SGWF.

Table 3.The amount of the solar radiation transfer towards the interior of SCGWF as opposed to 
the CG facade.

4.2.1 SCGWF and Solar radiation intensity
Figure 5 shows the hourly solar radiation transmittance, from 13:00 – 19:00, for different 
selected days within SCGWF. The Figure shows that the solar radiation transmittance of the 
glazed-facade with the water film increased with the increase in solar radiation intensity. As 
further illustration of the SCGWF results, Figure 6 shows the values of the solar radiation 
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transmittance during the sunny hours. The peak value occurred at 15:10 when the water film 
increases the transmittance of the solar radiation by about 20%. However, the accurate result 
of the peak may be taken for an hour’s peak instead of a particular duration of minutes to 
avoid any irregularly measured data. Therefore, the average hour peak was found at 15:30 to 
16:30 with an increase from 448W/m2 behind CG to 476 W/m2 behind SCGWF, which rep-
resents an increase of about 6%.

In contrast, Figure 7 shows that the SCGWF facade in the cloudy hours did not increase 
much of the solar radiation transmittance indoors and there was no fluctuation of the radia-
tion data values either. This is because the radiation in the cloudy hours is generally a diffuse 

Figure 5:  The solar 
radiation transmittance 
through SCGWF and 
CG for the different 
sunny and cloudy 
hours of February.

Figure 6:  The effect 
of SCGWF on the solar 
radiation transmittance 
at the peak of the 
sunny hours 22nd 
February.
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fraction with low intensity compared to the direct solar radiation occurring in the sunny hours. 
Figure 7 also shows the peak of the solar transmittance on the cloudy day which occurred at 
13:00 – 14:10, when the exterior solar radiation was 506.5W/m2, and the outdoor air move-
ment was 1.26 m/s. However, the average increase in solar radiation transmittance due to the 
water film of the SCGWF facade was, on average, 2% of the total solar radiation transmit-
tance through the SCGWF façade.

Figure 7:  The 
increase in the 
solar radiation 
with the presence 
of the water film 
(the cloudy hours 
of 26th February).

Figure 8:  The view of 
the tested west facade 
showing the pyranometers 
that measure the internal/
external vertical solar 
radiation of the CG façade.
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4.2.2 Validation of SCGWF transmittance against outdoor
This experiment was conducted with respect to the exterior vertical solar radiation (Figure 
8) as outdoor/indoor instead of the reference room indoor/indoor. Figure 9 and 10 illus-
trate the changes in the values of the solar radiation transmittance due to the flowing of the 
water film over the glazed-façade. Figure 10 shows that the solar radiation value behind the 
SCGWF during high solar intensity was in some minutes higher than the outdoor value. 
This resulted in an increase in the solar radiation behind the SCGWF facade due to the use 
of the water film. 

In contrast, Figure 11 demonstrates a reduction of solar radiation that transmits indoors 
with SCGWF. It was noted that on the 6th of March with the CG façade, the thermal energy 
flows inwards when the solar radiation value was 647.5W/m2. While with SCGWF the 
thermal energy kept flowing outwards when the solar radiation value was 482.8 W/m2. This 
is because of the difference in the temperature between the inner and the outer glass surface 
where the outer-surface temperature with the water film becomes lower with a minimum 1°C 
than the inner-surface. This indicates that SCGWF results in a reduction of solar radiation 
indoors, which in turn, enhances the indoor thermal performance.

4.3 Case B: Tinted Glass TG
The study compared the solar transmittance of the clear glass and tinted glass that were used in 
the experiments described above. Their solar performance, as illustrated in Figure 12, showed 
that the tinted glass produced a significant reduction in the solar radiation transmittance com-
pared to the clear glass. The difference in the reduction reached approximately 600W/m2 peak 
value, which was recorded at 16:00 of the measured day, when each of the external and the 
interior vertical solar radiations were 740 W/m2, 150 W/m2 respectively, and the outdoor air 
movement was 1.76m/s at that time. 

Figure 9:  The 
difference between 
CG and SCGWF with 
respect to the exterior 
solar radiation in both 
cases (14th and 15th 
February).
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Figure 10: The peak difference in the solar radiation indoor/outdoor; (a) with water film SCGWF 
and (b) without water film CG.
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Figure 11:  The differences in the solar energy transmittance between the CG facade on 6th 
March and SCGWF facade on 7th March.

Figure 12:  The difference in the solar radiation transmittance between the tinted glass and the 
clear glass.

However, it is essential to note that the large value of the reduction in the solar radia-
tion indoors within the tinted glass was due to the “bronze” tint of the examined glass in this 
research. This reduction corresponds to the entire spectrum of solar radiation which includes 
ultraviolet, visible light and infrared.
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In general, the fraction of the solar radiation that is admitted through STGWF was larger 
than that admitted through TG. It can also be seen in Table 4 that the increased value of the 
solar radiation transmittance towards the interior of the STGWF facade occurred during high 
solar intensity (sunny hours). The differences vary from 2.2% (when the outdoor global solar 
radiation was 576.1W/m2) to 8.5% (when the outdoor global solar radiation was 1087.6W/m2) 
out of the total admitted value of the solar radiation.

4.3.1 STGWF and the solar radiation intensity
Figure 13 shows the solar radiation transmittance on different days during the water film oper-
ation hours of 13:00 – 19:00 within STGWF. The Figure also shows that the transmittance 
of solar radiation within the reference days on the 9th and 28th of March are approximately 
identical in their data values to the solar radiation behind the TG. Moreover, by referring to 
the data value from the 11th to 27th of March, the curves confirm that the solar radiation 
transmittance increased when applying the water film to the tinted glass, which is the STGWF 
façade. The variation of the increase in the solar radiation behind the STGWF within that 
period depended on the solar radiation intensity, specifically, the high solar intensity on 15th 
of March showed an obvious increase in the solar radiation transmittance indoors.

It is essential to note that the results of SCGWF and STGWF are approximately similar 
with respect to the increase in the solar radiation transmittance and to the fluctuation of 
the data values behind both façades. The difference in showing the low data values behind 
STGWF compared to SCGWF is due to the difference in the specifications of the tinted glass 
and clear glass in both façades. Figure 14 shows the increase of the solar radiation behind 
STGWF. As illustrated in Figure 14, the peak value of solar radiation transmittance in the 
sunny hours occurred at 17:05 when the water film increased the transmittance of the solar 
radiation by about 38.9%. However, as discussed above with SCGWF, the perfect result of the 
peak may be taken for an hour’s peak instead of a specific time of minutes to avoid any irregu-
lar measured data. Therefore, the average hour peak increase value was found at 15:00 with an 
increase from 123.2 W/m2 on TG to 130.5 W/m2 on STGWF, causing a further increase by 
about 5.6% with STGWF.

Table 4. The amount of the solar radiation transfer towards the interior of STGWF compared to 
TG facade.
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Meanwhile, in cloudy hours the STGWF facade did not increase much of the solar radi-
ation transmittance indoors and there was no high fluctuation in the data values of the solar 
radiation. The average increase in solar radiation due to the water film within the STGWF 
facade on this day was on average 2.4% more with the STGWF façade.

Figure 13:  The solar radiation transmittance through STGWF and TG for the different sunny 
and cloudy hours of March.

Figure 14:  The performance of the solar radiation transmittance with the presence of the water 
film over the tinted glass on the sunny hours.
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4.3.2 Validation of STGWF transmittance against outdoor
Similarly, the experiment at the STGWF stage was conducted with respect to the exterior 
vertical solar radiation “outdoor/indoor”. However, it is relatively difficult to distinguish the 
decrease or increase in the solar radiation transmittance behind the STGWF facade when 
comparing to outdoor solar radiation because of the substantial difference in the solar radia-
tion between the external and internal values due to the use of dark tint, i.e., bronze glass. 

Figure 15 shows the solar energy transmittance (conductive) of STGWF compared to 
TG. The significant reduction in solar energy transmittance was found during the water film 
operation on the STGWF facade on the 27th of March. It was found that the thermal flow 
remained approximately zero and the flow outwards reached a peak of (+43.7 W/m2) when 
the solar radiation behind the STGWF facade was 179.7 W/m2. On the other hand, with 
respect to the TG façade, the solar energy kept flowing inwards and reached the maximum of 
the heat flux prop range of (-50 W/m2) when the solar radiation behind the TG facade varied 
from 100 to 160 W/m2. This significant value of the heat energy flow inwards was due to the 
high solar absorptive of the TG which frequently retains a portion of the absorptive energy 
inwards. With STGWF, the water film prevented this portion of the heat energy from admit-
ting inwards, in addition to the water film acting as a “heat sink” which enhances the heat 
flowing outwards.

In summation, theoretically as in Equation 3, the value of SHGC was reduced with 
the SGWF. This happens because the water film eliminates the heat conductivity through 
glazing indoors. However, the experimental results show that the solar radiation transmittance 
increased behind the SGWF façade, with the increase varying according to the solar intensity 
(sky conditions) as well as the glass type. The seemingly negative result of the increase in solar 
radiation transmittance with suggested facade of SGWF could be understood as follows:

Figure 15:  The difference of the solar energy transmittance between the TG facade on 28th of 
March and the STGWF facade on 27th of March.
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•	 There is a limitation in the measurement of the fraction I2 in the field experiment 
due to the use of the Pyranometers that measure the total values of solar energy 
(W/m2), including the portion due to the greenhouse effect inside the sealed test 
rooms. Therefore, the fraction I2 is the value of both the transmittance of solar 
radiation (UV, VL and IR) and the long wave (thermal) emitted by indoor surfaces. 

•	 The increase in solar radiation transmittance behind the SGWF is an increment in 
the Visible Light (VL) transmission due to the water film. This result was supported 
by the serious reduction of the indoor temperature behind the SGWF that has been 
reported in another study conducted by the author [30]. 

•	 For further discussion in this context, a few studies were found, focussing on the 
optical properties of glazing with a water film. It can be seen that the results of the 
current field experiment are in good agreement with the laboratory experimental 
results reported in another study conducted by the author [32]. Where the study 
confirms the power of the SGWF in filtration the solar radiation spectrum to allow 
more VL380nm - 780nm (daylight) into the space while cutting down the IR780nm 
- 2500nm (heat) transmission. This also confirms that the SGWF is a “Sustainable 
Spectrally-Selective Film” where the significant fraction instead of SHGC is “Light 
to Solar Gain” (LSG). It is, in this context, a measure of the efficiency of SGWF 
admitting visible solar radiation while blocking infrared radiation.

Similarly, the results of the current research supports the conclusions of another study 
Krauter [33], which showed an increase in the solar optical transmittance of PV panels as 
soon as the water film starts flowing down over the panels. This increase in the solar optical 
transmittance with the flowing water film over glass was also confirmed by [34]. However, 
the studies of [33-36], have concluded that the transmittance of visible light decreases with 
the water condensation on the glass. This conclusion is not consistent with the results of the 
current study. The explanation for the discrepancy is that there were differences in the systems 
principle adopted, i.e., the solar transmittance of condensation on glazing is not the same as 
that of flowing water film over glass.

4.4 Limitations of the study
Figure 16&17 show the solar energy performance of the two rooms used at the experimen-
tal calibration stage. The measurement was conducted without treatments in both rooms to 
minimize any data errors. Figure 16, shows the calibration of the rooms within the SCGWF 
before starting the measurements. An error was found at 14:40 with an increase in test room 
of about 34W/m2 (9.6%) than the reference room. This difference in the solar data may occur 
because of the difference in the position of the two pyranometers in the two rooms. The 
pyranometer, which showed higher value in the test room, could have been exposed at that 
exact time to additional reflected radiation from the surrounding surface. Nevertheless, the 
solar radiation throughout the day was recorded to be almost similar in both rooms, even 
when the solar radiation reached higher than that at the error point. Overall, the solar radia-
tion transmittance into the rooms was found higher in the reference room than the test room 
with an average of about 0.87%. This value was detected from the data values of CG when 
comparing with data values of SCGWF (refer to table 3).

Likewise, as illustrated in Figure 17, the calibration of the rooms within the STGWF 
before commencing the measurements showed that the solar radiation transmittance into 
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Figure 16:  The solar radiation data in the two rooms (test room and control room) on the 
control day without any treatments in both rooms.

Figure 17:  The difference between the two rooms at TG without treatments (rooms’ 
calibration).
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the rooms was higher in the reference room than the test room with an average of about 
6.8%. This increase in the data value should be detected from the data values of TG (the 
reference room) when comparing and analysing the solar performance of STGWF (refer to 
table 4).

5. CONCLUSION
This study provides insights into the use of sustainable water flow film together with 
low-cost glazing on east and west-facing glazed façades as a potential means of reduc-
ing solar radiation transmittance. The results of extensive measurements in two full-scale 
test rooms during extreme sunny months have been analysed and conclusions have been 
drawn towards improving the sustainability of glazed buildings in the tropics by improv-
ing indoor air quality, reducing the energy demands for cooling and reducing the wastage 
of rainwater.

It is concluded that the solar radiation transmittance increases behind the SGWF facade 
and that the increment varies according to the solar intensity and type of glass. For SCGWF, 
the increase varies from 2% (during cloudy hours) to 4% (during sunny hours) compared to 
CG. Meanwhile, for STGWF, the increment fluctuates from 2.2% (during cloudy hours) to 
6.8% (during sunny hours). The study also concludes that the SGWF filtrates the solar radia-
tion spectrum to allow more VL380nm - 780nm (daylighting) into the space, while reduces 
the heat gain indoors.
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List of Abbreviations
CG		  Clear Glass
TG		  Tinted Glass
SGWF		 Sustainable-Glazed-Water-Film
SCGWF	 Sustainable Clear-Glazed-Water-Film
STGWF	 Sustainable Tinted-Glazed-Water-Film
IR		  Infrared
UV		  Ultra violet
VL		  Visible light
I₀	 	 Direct solar radiation intensity on the surface (W/m2),
I1	 	 The reflected solar radiation outwards (W/m2)
I2	 	 The transmitted solar radiation (W/m2)
I3	 	 Solar energy absorbed by glazing (W/m2)
I4	 	 Solar energy absorbed by the water film (W/m2)
I5	 	 Thermal energy flow outwards (W/m2)
T		  Temperature ºC
τs		  solar transmittance of fenestration system
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Ni		  inward-flowing fraction of absorbed radiation (according to equation (3.4)  
	 	 Ni= 0.4)
αs		  solar absorption of a single-element
SHGC		 Solar heat gain coefficient
SC		  Shading coefficient
PVC		  Polyvinyl Chloride
PV		  Photo-voltaic (solar cells)
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