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Comparing the energy efficient performance of double glazed windows
with different low-e coatings according to Turkish climate regions

Y. Yasar & A. Pehlevan
Karadeniz Technical University, Faculty of Architecture, Trabzon, Turkey

S. Macka

Karadeniz Technical University, Faculty of Architecture, Trabzon, Turkey

ABSTRACT: Using of double glazing units with low-e coating that provide heat conservation and solar con-
trol has recently increased in Turkey. These glazing units fairly improve energy flow through fenestration due
to their low emissivity values, in summer — winter conditions.

The aim of this study is to determine instantaneous net energy flow released from low-e coated double glazed
windows having emissivity values between 0,84 and 0,03 according to Turkish climate regions and comparing
of their energy efficient performances from heating and cooling energy conservation viewpoint in summer —
winter conditions. For this purpose, thermal performance criteria of soft and pyrolitic low-e coated double
glazed windows with different emissivity values (U-value, SHGC, Dy) are calculated by means of Win-Energy
1.0 software that are developed by us and then instantaneous net energy flows of these windows are deter-
mined according to ASHRAE calculation procedure. These values have been calculated for four different cit-
ies in Turkey, representing four climate regions; namely, Izmir, Trabzon, Ankara, Erzurum. In the calcula-
tions, the average of last ten years climate data that are obtained from Meteorology are used.

1 INTRODUCTION poor thermal performance values. For instance, 87%
o of the residential building stock in Turkey have
In terms of energy consumption in the world,  gingle-glazed windows, 9% have double-glazed, and

bui]d'n?g sector has the greatest portion. In Turkey, only %4 have low-¢ glazed windows (Onen, G. B.
scenario is also not different. Thirty five percent 2006)

(%35) of energy used is consumed for heating, cool-
ing and lighting of buildings. On the other hand,
when it is considered that seventy two percent (%72)
of energy that is used in Turkey is imported, it is
clear that energy efficient building design provides
economical and environmental benefits (Macka, S.
2008, Yasar, Y. 2007).

Taking measures that reduce heating and cooling
loads and using passive systems in buildings are
significant in terms of energy conservation. In this
context, energy saving obtained from energy effi-
cient window, building element, design is fairly

In this study; general properties of low-e coated
double glazing units that are low usage ratio in Tur-
key are explained, the impact of low-¢ coated glasses
having different emissivity values to thermal per-
fromance criteria in double glazing units on different
surfaces is investigated, instantanenous net energy
flow released from low-e coated double glazed win-
dows - from warm side to cool side when compared
to uncoated double glazing unit in summer-winter
conditions according to Turkish climate regions is
calculated. From results, the effect of emissivity
high value of low-e coating to thermal performance crite-

B ria of double glazing units is discussed in terms of
In the past 20 years the thermal performance of the  pear copgervation, solar control and daylighting
glazing was greatly improved. While monolithic  yransmission and low-e coated double glazing units
glazing that is poor thermal performance was still  with appropriate emissivity value are determined ac-
common in the middle of the 70’s and still is in  cording to Turkish climate regions.
some parts of Europe. But in 1970’s as a conse-
quence of the first energy crisis, energy efficient
double glazing units are developed (Wruk, N., 2 LOW-E COATINGS
1997). Considerable amount of the buildings in

Turkey still has single-glazed windows that have The principal mechanism of heat transfer in mul-

tilayer glazing is thermal radiation from a warm pane
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of glass to a cooler pane. Coating a glass surface
with a low-emittance material and facing that coat-
ing into the gap between the glass layers blocks a
significant amount of this radiant heat transfer, thus
lowering the total heat flow through the window.
The improvement in insulating value due to the low-
E coating is roughly equivalent to adding another
pane of glass to a multipane unit (Final Report,
2001). Low-e coated glasses is arranged appropri-
ately for every climate region according to solar heat
gains. Figure 1 shows visible and infrared transmis-
sions of low-e coated glasses with different solar
heat gain.
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Figure 1. Spectral transmittance curves for glazings
with low-emittance coatings(Final Report, 2001).

Low-e coated glazing generally, in the winter
months, much of the heat given off by the furnace
and all the objects which the furnace has heated, is
bounced back into the room. In the summer, the
same thing happens but in reverse. The sun heats
things up outside of your house. This heat radiates
from those objects and tries to get into your house. Of
course, it tries to take the path of least resistance, that
being the glass. With Low-E glazing much of this
heat bounces off the glass and stays outside.Low-E
coated glazing have high levels of longwave
radiation reclectivity but its infrared reflectivity is
low. Recently, with the development of spectrally
selective low-e coatings, solar control performances
of low-e coatings are improved (web site 1). Low-e
coatings with low,medium and high solar heat gains
that are showed in Figure 1 are available markets.
While these coatings provide heat conservation and
solar control, they have high levels daylighting
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transmission performance. For reducing heat loss,
the low-e coating is typically glazed on the number 3
surface of the insulating glass unit, the number of 1
surface being the outside surface of the lite outside
of the building. In solar control applications, low-¢
can be glazed on the number 2 surface. This position
takes maximum advantage of low-e reflectance in
the infrared portion of the solar spectrum. Adding a
Low-e surface to a sealed insulating glass units
reduces radiant heat transfer across the air gap by
more than 90 percent .The major advantages of low-
e coatings are their climatic adaptability and
increased thermal resistance. The coating’s solar heat
gain coefficient and daylight transmission are easily
tuned for different climates during the deposition
process (Amstock, J.S., 1997).

The first low-e coatings were designed to have a
high solar heat gain coefficient and a high visible
transmittance to transmit the maximum amount of
sunlight into the interior while reducing the U-value
significantly. A glazing designed to minimize sum-
mer heat gains but allow for some daylighting would
allow most visible light through, but would block all
other portions of the solar spectrum, including ultra-
violet light and near-infrared, as well as long-wave
heat radiated from outside objects, such as paving
and adjacent buildings. These second-generation
low-E coatings were designed to reflect the solar
near-infrared, thus reducing the total solar heat gain
coefficient while maintaining high levels of light
transmission. Unfortunately, in colder weather, low-
solar-gain coatings reduce the beneficial solar gain
that could be used to offset heating loads. Low-E
coatings can be formulated fo have a broad range of
solar control characteristics while maintaining a low
U-value(Final report, 2001).

There are two basic processes for making low-E
coatings—soft and pyrolytic. The best of each type
of coating is colorless and optically clear. Some
coatings may have a slight hue or subtle reflective
quality, particularly when viewed in certain lighting
conditions or at oblique angles. Soft and pyrolytic
coating’s properties are given in Table 1.

Table 1. Properties of soft and pyrolytic coatings
(Amstock, J.5.1997, web-site 1)

Pyrolytic Soft
Coatings Coatings
Emissivity value 0,20~ 040 | 0,03~ 0,20
Heat conservation performance + 4
Solar control performance + ++
Daylighting transmussion performance + +
Thickness thick thin
Durability ++ -
Optical properties + ++
Cost + -+

Compared to uncoated glass (-)low,(+)high,(++)very high



3 SAMPLE STUDY
3.1 Method

For this study, first, an uncoated single glass and
six low-e coated single glasses having different
emissivity value are selected from glass library of
Win-Energy 1.0 software. Their thermophysical-
optical and dimensionals properties are given in Ta-
ble 2. Uncoated single glass is selected to make a
comparison with the performances of low-e coated
glasses.

Second, double glazing units with air filling (6-
12-6 mm) with single glasses given in Table 2 are
composed. Low-e coating is applied to the surface of
number 3 glass in four double glazing units (D2,
D3, D4 ,D7), and to the surface of number 2 glass in
two double glazing units ( D5, D6) and then thermal
performance criteria (U-value, SHGC, Dy) of these
units and wmdows with polivinil cloriir frame — sur-
face area of 1m’~ that are composed from these are
calculated by means of Win-Energy 1.0 software.
These calculations is realized for Turkish Climate
Regions in summer-winter conditions but average

values are used, for results are identical and general
evaluations are achieved according to Turkish cli-
mate regions in terms of thermal performance crite-
i ER

Finally, instantaneous net energy flow realized
from . these windows is calculated accerding to
ASHRAE calculation proceciure in summer-winter
conditions for climate regions.

It is accepted that indoor temperature is 21°C.The
basic equation for the instantaneous net energy flow
through a window is,

Qnet = QAT + Qsm
Qe =UnA (T~ T) +SHGC . Ay . It

(1
@

where Que = instantaneous energy flow, W; Qar =
instantaneous energy flows depends on temperature
differences, W; Qi = instantaneous energy flows

depends on solar radiation, W
Uy = overall window heat transfer coefficient,

W/m*K; Ti= interior air temperature, °C, T, = exte-
rior air temperature, C: Ay = total projected area of
window,m”; SHGC,, = overall window solar heat
gain coefﬁczem L= mczdent total solar radiation to
vertical surface, W/m*(ASHRAE. 1997).

Table 2. Thermophysical — optical and dimensional properties of single glasses (Win-Energy 1.0 soft-

ware,glass library )

Glass type ¢ mn;j) W /:;}K) Ter | Reon Roorz Tois Ryigs Rue e e
S1. Uncoated clear glass 6 1 077 0.07 0.07 0.88 0.08 0.08 0.84 0.84
$2.#3 Low-e glass-pyrolytic 6 1 0.51 0.10 .09 0.67 0.10 0.08 .36 0.84
S3.#3 Low-¢ glass-pyrolytic 6 i 0.58 0.22 0.18 0.66 0.28 0.25 0.20 0.84
$4.43 Low-¢ glass-pyrolytic 6 1 0.66 0.11 0.10 0.81 .10 0.10 8,18 0.84
S5.4#2 Low-e glass-soft 6 i 0.33 0.20 0.23 0.52 0.09 0.10 0.84 0.10
5642 Low-¢ glass-soft 6 i 0.22 0.26 0.36 041 0.12 0.02 0.84 0.95
S7.#3 Low-e glass-soft 6 i 0.35 0.44 0.27 0.75 0.04 0.05 0.03 0.84
& thickness, A thermal cond ity, Tey: solar t s Rsants solar that direction coming radiation, Reon: solar reflectance that opposite direction

coming radiation, Ty visible transmittance, Ry visible reflectance that direction coming radiation, Ruuz: visible reflectance that opposite direction coning ra-
diation, e;; emissivity value that direction coming rediation, ex: emissivity value that opposite divection coming radiation

Table 3. The Average of Climate data for Turkish climate regions (Meteorology climate data. 1996-2000)

Climate Region | Climate Region 11 Climate Region I Climate Reglon IV
. izZMIR TRABZON ANKARA ERZURUM
Climate Data
Winter 21| Summer 21| Winter 21 | Summer 21 Winter Summer | Winter 21| Summer 21
January July January July 21 January 2} July January July
Exterior ternperature - < 5
T 8.85 29 7,64 23,96 1,24 24,5 -11.86 21,49
Wind speed - v (1/s) 3 3,53 2,59 2,52 1.87 2,59 2,21 3,30
Incident total solar radia-
tion to horizontal sur- 202 634 130 351 139 613 218 523
face (calfem®)
Incident total solar radia-
tion 1o vertical surface- I 99 177 65 109 68 176 109 153
(W/m'K)
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Exterior air temperature (T¢) is taken from Table
3. Incident total solar radiation to vertical surface
value (1) is calculated to use ASHRAE clear sky
model by means of incident total solar radiation to
horizontal surface value that is given in Table 3.

According to Turkish climate regions, energy ef-
ficient performances of low-e coated double glazed
windows with different emissivity value in Summer-
winter conditions are compared from calculation re-
sults.

3.2 Result and Discussion

Evaluation according to thermal performance cri-
teria is given in Figure 2.

In determination of heat conservation perform-
ance of glazing units, heat transfer coefficient (U -
W/m?K) is significant. To provide heat conservation,
this value should be low. It is showed in Figure 2
that soft low-e coated double glazing units that have
emissivity values of 0.03, 0.05, 0,10 (D7, D6, D5)
respectively have the best performance in terms of
heat conservation. Although low-e coating is applied
to the surface of number 2 glass in two double glaz-
ing units (D5, D6), these units have higher levels
heat conservation performance due to their low
emissivity values than the others (D2, D3, D4) that
low-e coating is applied to the surface of number 3
glass .

Table 4. Thermal performance criteria of low-e
coated double glazing units

Double glaz- U

ing unit e WK SHGC Tuis Dy

6-12-6 mm

Dl.uncoated | 0,84 29 0,71 0.78 0.95
D2#3low-e | 0,30 2,2 0,68 0,60 0,76
D3#3 low-e | 0,20 2,0 0,60 0,60 0,86
D4.#3 low-¢ | 0,15 1,9 0,69 0,72 0,91
D5 #2 low-¢ | 0,10 1,7 041 0,46 0,98
D6.#2 low-¢ | 0,05 1,6 0,32 0,37 0,97
D7.#31low-e | 0,03 1,6 0,44 0,66 1,29

In terms of heat conservation, it is seen in Table 4
that low-e coated double glazing units with emissiv-
ity value of 0.30, 0,20, 0.15, 0.10, 0.05, 0.03 show
better performance of %25, %31, %34, %41, %45,
%45 respectively than uncoated double glazing unit.
Although low-e coating is applied to different sur-
faces, for emissivity values are similar, in D6 and
D7 glazing units, U values are also identical. U value
increases as emissivity value of glazing is in-
creased. In determination of solar control perform-
ance of glazing units, solar heat gain coefficient is
more significant than heat transfer coefficient.
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Figure 2. Comparing the thermal performance crite-
ria of low-e coated double glazing units

To provide solar control, this value should be
low. In Figure 2, in terms of solar control perform-
ance, it is seen that soft low-e coated double glazing
units with emissivity values of 0.03, 0.03, 0.10 (D7,
D6, D5) respectively show the most efficient per-
formance. In Table 4, it is seen that low-e coated
double glazing units that with emissivity values of
0.30, 0,20, 0.15, 0.10, 0.05, 0.03 show higher solar
control performance of %3, %15, %3, %43, %55,
%38 respectively than uncoated double glazing unit.
1t is clear that low-e coating should be applied to the
surface of number 2 glass to obtain. the highest effi-
ciency from low-e coating in terms of solar control
performance from Table 4 and Figure 2. Soft coat-
ings have higher solar control performance than py-
rolytic coatings.

In determination of daylighting transmittance per-
formance of glazing units, coolness index is signifi-
cant. Coolness index depends on shading coefficient
and visible transmittance of glazing units. As solar
heat gain coefficient is interrelated with shading co-
efficient, we can say that coolness index can change
depending on emissivity value. In Figure 2, except
for D1, it is showed that double glazing units with
low emissivity value have higher daylighting
transmittance performance. Especially, double glaz-
ing units with lower emissivitly value than 0,10(D7,
D35, D6) show the highest level performance. In Ta-
ble 4, it is seen that double glazing units with emis-
sivity value of 0.30, 0,20, 0.15, 0.10, 0.05, 0.03
show higher daylighting transmittance performance



of %5, %15, %3, %43, %55, %38 respectively than
uncoated double glazing unit.

In Figure 2, for hot climates, it is clear that emis-
sivity value of double glazing units that provide
cooling energy saving and have high heat conserva-
tion performance and daylighting transmittance per-
formance is lower than 0.15. In other words, at the
bottom of left of Figure 2 are showed appropriate
double glazing units for hot climates. As for colder
climates, using double glazing unit alternatives that
provide high level heat conservation, daylighting
transmittance performance and high solar heat gain
coefficient is appropriate. In figure 2, it is clear that
emissivity values of double glazing units that pro-
vide these conditions change between 0,15 and 0,30.
In other words, middle parts of Figure 2 shows ap-
propriate double glazing units for cold climates, It is
given in Table 5 that thermal performance criteria
(U-value, SHGC) low-e coated double glazed win-
dows

Table 5. Thermal performance criteria of low-e
coated double glazed windows

surface
Doubl i a of Jue
(.mbe ‘ Frame a{eao U“, SHGC,
Glazing Unit Type window WimK
ml
Wluncoated
PVC i 2, 0,52
e: 0,84 6
W2.#3 low-
e pve 1 21 0,50
€:0,30
W3#3 low-e
PVC 0,45
€:0,20 ! 1 4
W4.#3 low-¢
PVC 1, \51
e:0,15 ! ? 05
W5.42 low-¢
1 2% i .30
e:0,10 C 18 0.3
WEH2 low-e
7 .24
0,05 PVC 1 1 0.2
WTH#3 low-e
PVC 1 1,7 ,33
0,03 0

The Evaluation Of Energy Flow Realized From
Windows For Climate Regions In Summer — Winter
Conditions;

In the Climate region I, in summer, is required
more cooling energy than Climate region II, III, and
IV. In Figure 3, it is showed that two double glazed
window with low-e coating applied to the surface of
number 2 glass ( W5, W6) have the highest per-
formances in terms of energy efficiency in summer.
Due to their low solar heat gain coefficient, these
windows prevent unwanted solar gains. In other
words, four double glazed window alternatives (
W7, W3, W2, W4) - #3 low-e coating- provide
higher solar gains than two alternatives ( W5, W6) -
#2 low-e coating.

As it is showed in Table 6 that low-e coated double
glazed window alternatives that have emissivity val-
ues of 0.30, 0,15 respectively— #3 low-e-( W2, W4)
provide %7 cooling energy saving, window alterna-
tive that has emissivity value of 0,05 ( W6) - #2 low-
¢ -provide %51 cooling energy saving compared to
uncoated double glazing unit.

In the Climate region I, in winter, it is indicated in
Figure 4 that less heating energy than other climate
regions is required. It is seen in Table 7 that solar
gains are high, although energy flows from inside to
outside occur and that low-e coated double glazed
window alternatives (W2, W4) have the highest
level performance in terms of energy efficiency, for
low heat losses and high solar gains are wanted in
winter. W4 that has emissivity value of 0.15- #3 low-
e- provide %4 heating energy saving, W6 that has
emissivity value of 0,05 - #2 low-e- cause %86 heat-
ing energy consumption due to solar gains are low
compared to uncoated double glazed window. As
solar gains are wanted in winter, alternatives that
low-e coating is applied to the surface of number 3
glass are more advantage. In the Climate region II,
window alternatives that prevent unwanted heat
gains in summer and reduce heat losses in winter
should be preferred. In summer, it is indicated in
Figure 3 that W6 that has emissivity value of 0.03~
#2 low-e- provides %52 cooling energy saving , W7
that has emissivity value of 0,03 - #3 low-e -
provides %37 cooling energy saving compared to
uncoated double glazed window in summer.
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Figure 3. Comparing the energy flows realized from
low-e coated double glazed windows according to
Turkish Climate Region (in summer)



Table 6. Bnergy flows realized from low-e coated double glazed windows according to Turkish Climate Re-

gion (in summer)

w1 w2 W3 W4 w3 W6 w7

Energy Frame:PVC | Prame:PVC | Frame:PVC | Frame:PVC | Frame:PVC | Frame:PVC Frame:PVC

flows Coating: - Coating: #3 | Coating: #3 | Coating: #3 | Coating: #2 | Coating: #2 Coating: #3

WK | e 0,84 e: 0,30 e: 0,20 e 0,18 ¢ 0,10 e: 0,05 e: 0,03

Qar 20,8 16,8 15,2 15,2 144 13,6 136
Gty C.R1 Qo 93,1 89,2 79.8 90,9 53,9 424 587

Oy 1139 106 95 106,1 68,3 56 72,3

Qur 76 6,2 5.6 5.6 5.3 3 5
F~E~ £ CRI | Qu 55,7 534 47.8 544 32,3 254 35.1

Quet 634 59,6 334 60,1 376 304 40,2

Qar 9.1 7.3 6.6 6.6 6,3 59 59
LA CRIT Quy 92,5 88,7 79,3 90.4 536 42,2 58,4

Quer 1016 96 86 97,1 59,9 48,1 64,3

Qar 1,2 1 0.9 0.9 0,8 038 0.8
Bemgy CRIV 1 Quy 80,4 & 17,1 69 78,6 46,6 36,7 30,7

Qier 81,7 78,1 69,9 79,5 47,5 37,5 51,6

In winter, it is'seen in Table 7 that W6 ‘that has
emissivity value of 0.05- #2 low-e- causes %93 heat-
ing energy consumption, ‘W4 that has emissivity
value of 0,15 - #3 low-¢:provides heating energy
saving compared {0 uncoated double glazing unit.

In the Climate region TII, IV, more heating energy
than other climate regions is required. In the Climate
region TL in sumimer, it is indicated in Table 6 that
W6 that has emissivity value of 0.05- #2 low-e- pro-
vides %53 cooling energy saving, W2 that W2 that
has emissivity value of 0,30 - #3 low-e-provides
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Figure 4. Comparing the energy flows realized from
low-e coated double glazed windows according to
Turkish Climate Region (in winter)
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%6 cooling energy saving compared to uncoated
double glazed widows.

In the Climate region 11, IV, in winter, Table 7
indicates that net energy flow values of windows are
negative. It means that heat loss to outside from the
windows occur. This increases heating loads.

4 CONCLUSIONS

This study is performed to determine instantane-
ous net energy flow released from low-e coated
double glazed windows having emissivity values be-
tween 0,84 and 0,03 according to Turkish climate
regions and comparing of their energy efficient per-
formances from heating and cooling energy conser-
vation viewpoint in summer - winter conditions.

It can be seen that in Figure 2 and Table 4 that U-
value improves as emissivity (e) value decreases.
But, to determined energy efficient performances of
low-e coated double glazing units, low U-value is
not enough. In addition, solar heat gain coefficient
{SHGC), coolness index (Dy) and coating’s position
have a significant impact in determination of energy
efficient performances of glazing units. In Table 6
and Table 7, it can be seen that low-e coating should
be applied to the surface of number 2 glass in cli-
mate region I that require solar confrol and to the
surface of number 3 glass in climate region III, IV
that require heat conservation. It is showed that in
Figure 2 and Table 4 low-e coated double glazing
units . with pyrolytic coating ( D2,D3,D4 ) have
worse performance than low-e coated double glazing
units with soft coating { D5,D6,D7) in terms of heat
conservation, solar control and daylighting transmit-
tance performance. But, as pyrolytic coatings are
more durable and economic, they are preferred. It is
showed in Figure 2 that pyrolytic coatings have high
solar heat gain coefficient, so they are more efficient
in regions that require passive solar heat gains.



Table 7. Energy flows realized from low-e coated double glazed windows according to Turkish Climate

Region (in winter)

Wi w2 W3 W4 W5 wa W7

Energy Frame:PVC | Frame:PVC | Frame:PVC | Frame:PVC | Frame:PVC | Frame:PVC | Frame:PVC

flows Coating: - Coating: #3 | Coating: #3 | Coating: #3 | Coating: #2 | Coating: #2 | Coating: #3

Wm'K e: 0,84 e: 0,30 e: 0,20 e: 0,15 e: 0,10 e: 0,05 e: 0,03

Qur 2315 255 -23 23 218 20,6 20,6
Gty CR1 Qo 51,5 49,3 44,1 50.3 29,8 23,5 32,5

Qs 19,9 238 211 7.2 8 2.8 11,8

Qur 34,7 -28 <253 -23.3 -24 -22,7 -22.7
B-E-tcru | Q. 34,1 327 293 334 19,8 15,6 21,5

Quet -0,8 4,7 39 8 -4,2 -7,1 -1,1

Qur -51.3 41,4 -37,5 -37.,3 -35,5 -33.5 -33.5
L A=ACRI | Qyy 357 34.2 30,6 34,9 20,7 16,3 22,3

Qe -15,6 -T2 -6,8 -2.8 -14,8 17,2 -11

Qar -85,4 -69 <624 -624 59,1 -35.8 -55,8
G0 CRIV | Oy 57,3 54,9 49,1 56 332 26,1 36,1

Qe 28,1 -14 -13,2 -6,4 25,9 29,7 -19,6

Double glazing units that have emissivity value
lower than 0,15 (D5, D6, D7) are higher level day-
lighting tranmission performance. Especially, cool-
ness index of G7 that has emissivity value of 0,03 is
fairly high. In other words, it has high dayligting per-
formance.

It can be seen in Table 6 and Table 7 that in cli-
mate region III, IV, coated double glazed windows
that have emissivity values are 0,15, 0,20, 0,30, 0,03
(W4, W3, W2, WT7) are appropriate in terms of heat-
ing energy conservation in winter and in summer,
coated double glazed windows that have emissivity
values are 0,05, 0,10, 0,03, 0,20 (W6, W5, W7, W3)
are appropriate in terms of cooling energy conserva-
tion. In these regions, heating energy saving is more
significant than cooling energy saving. Thus, the
preferences is done according to heating energy con-
servation.

In climate region 11, it is showed in Table 6 and-
Table 7 that coated double glazed windows that
have emissivity values are 0,20, 0,30, 0,15 (W3,
W2, W4) are appropriate in terms of heating energy
conservation in winter and in summer, coated dou-
ble glazed windows that have emissivity values are
0,05, 0,10, 0,03, 0,20 ( W6, W5, W7, W3) are ap-
propriate in terms of cooling energy conservation.

In climate region 1, it is showed in Table 6 and-
Table 7 that coated double glazed windows that
have emissivity values are 0,15, 0,30, 0,20 (W4,
W2, W3) are appropriate in terms of heating energy
conservation in winter and in summer, coated dou-
ble glazed windows that have emissivity values are
0,05, 0,10, 0,03 ( W6, W5, W7) are appropriate in
terms of cooling energy conservation. In this region,
cooling energy saving is more significant than heat-
ing energy saving. Thus, the preferences is done ac-
cording to cooling energy conservation.
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Future demands for energy conservation and de-
sign flexibilitiy will continue to require more ad-
vanced products. The capability to control both solar
heat gains and initial losses will continue to be a
critical design feature for building construction. Fu-
ture products will be called upon for higher levels
performance by additionally maximizing use of
available natural daylight for user comfort and to re-
duce energy demand for lighting.
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