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Shinawatra University
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The envelope of the Main Hall, Shinawatra University has been designed to provide
a good protection from energy gain. According to the estimation, the Main Hall could
achieve an OTTV (Overall Thermal Transfer Value) of 10.16 W/mz, which is 4 times lower
than the national standard. This study aims to evaluate the actual energy performance of
the Main Hall’s building envelope using field measurements and simulations. The air
temperatures and surface temperatures as well as the relative humidity were measured
both indoors and outdoors. An hourly average meteorological data for insolations were
utilized in order to calculate the solar gain by light transmission. Based on the empirical
data, the energy fluxes through the envelope on 8 different orientations were simulated and
the average value was found within 7% of the estimated OTTV. Using the same empirical
data for the outdoor condition, the simulations for other common types of building envelope
were carried out for comparisons. The results of the analysis show that the Main Hall's
building envelope outperforms other envelope types in preventing energy transfer into the
building. Although the use of the lightweight and highly energy efficient envelope helps
reduce the operating and investment costs of the air conditioning system as well as the cost
of building structure, it also increases the investment cost of the envelope substantially.
However the preliminary investigation reveals that the investment cost of the Main Hall’s
envelope requires a simple pay back period of about 3-5 years depending on envelope
types used in the comparison. Furthermore, it should be noted that greater saving and
more favorable pay back period should be obtained if this high energy efficient envelope is
applied to other typical buildings, especially those high-rise structures in urban areas.
Keywords
Building Envelope, Overall Thermal Transfer Value, OTTV, Heat Transfer, External

Insulation and Finished System, Heat-stop glass
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Introduction

The Main Hall of Shinawatra University is located in the rural area of Pathumthani province
and surrounded by several trees, plants, 4 large pools, and 2 lakes, which creates cool and
comfort natural environment around campus. This 5-storey building has a circular shape
with a central atrium and a dome skylight. Its front elevation and section are shown in
Figure 1. The building has 21,810 m2 of the floor area. The building height is 42 meters
and its diameter is approximately 73 meters. The Main Hall is a center for teaching and
learning. Offices of university executives and administrative departments are located on the
1St and 2nd floors of the building. The 3rd floor houses several classrooms and computer
laboratories. Two main auditoriums, large classrooms, library, and offices of faculty

th th
members are on the 4 and 5 floors.

The Main Hall of Shinawatra University has been designed with true understanding of the
hot-humid climate in Thailand and a consideration of better quality of life for its occupants.
Several design strategies are implemented in an attempt to minimize the energy gain,

moisture penetration, and air infiltration.

The use of the circular shape reduces the external surface area of the building, as well as
the surface to floor area ratio, and minimizes heat gain through the envelope. The circular
shape also helps decrease the pressure difference between the windward and leeward
sides. It allows wind to flow through the building much smoother than normal rectangular
buildings. Thus, air infiltration and leakage is reduced. Stacking a larger upper floor on top
of the lower floor creates an inverted cascading shape, which shades the lower floor from
direct solar radiation. Horizontal shading devices are also installed on some parts of the

building envelope [1]
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Figure 1 Front elevation and section of the Main Hall

The Main Hall's envelope provides a good protection from energy gain and moisture
penetration. It consists of approximately 3,843 m2 of opaque wall areas and 1,805 m2 of
window areas. The External Insulation and Finished System (EIFS) has been selected as
an opaque wall system. This light-weight wall system has high resistance due to the use of
3-inch fire retardant Expanded Polystyrene (EPS) insulator board [2]. The windows and
openings of the Main Hall have been installed with the heat-stop glass. This double-glazed
glass has low Shading Coefficient (SC), low conductivity (U-value), and low moisture
penetration. Table 1 shows the physical properties of the EIFS and heat-stop glass, and

Figure 2 shows sectional details of the EIFS and heat-stop glass.

Type Thickness Weight U-value Shading Light LT/SC
(mm) (kg/mz) (W/m2 K) Coefficient (SC) Transmission (LT) Ratio

EIFS 300 36 0.23 - - -

Heat-stop 28 65 1.80 0.27 50% 1.85

Table 1 Physical Properties of External Insulation and Finished System (EIFS) and Heat-stop

Glass

Outside airfilm

Green tinted glass 6 mm.
0.38 mm. PVE film

Low-e coated glass 4 mm.
Air space 12 mm.

FINISH COAT

ADHESIVE BASE COAT

Clear glass 3 mm.
FIBERGLASS MESH

0.38 mm. PVE film

FIRE RETARDANT EPS

INSULATOR BOARD Clear glass 3 mm.

i I— Inside airfilm

GYPSUM BOARD

STEEL STUD

GYPSUM BOARD

Figure 2 Sectional details of External Insulation and Finished System (EIFS) and heat-stop glass.



According to the estimation of the OTTVEE (Overall Thermal Transfer and Energy
Estimation) program, the Main Hall could achieve OTTV (Overall Thermal Transfer Value)
and RTTV (Roof Thermal Transfer Value) of 10.16 and 5.91 W/m2 respectively, which are
about 4 times lower than those recommended in the Thai national standard for old and new

buildings as illustrated in Figure 3 [2].

Wim®
60
55
50
45
40
Eor
e
30
25 25
20
10.16
1 591
i}
Old building New building Main Hall

Figure 3 Comparisons between OTTV and RTTV of the Main Hall and other buildings.

Since the Main Hall has been operating for more than 5 years, the building has not been
assessed in term of its energy performance. It will be invaluable to discover the effects of
the envelope design strategies implemented in this building on the energy gain, moisture

penetration and energy use.

Objective

This study aims to evaluate the actual energy performance of the Main Hall’s building

envelope using both on-site field measurements [3][4] and simulations. The main objectives

are:

= To evaluate the ability of the envelope in preventing energy gain and moisture
penetration

= To simulate the energy flux through the envelope based on the empirical data and
compare it with the estimated OTTV

= To compare the investment cost of the envelope of the Main Hall with other regular
building envelop systems as well as the investment and operating costs of the air
conditioning and other building systems

The finding of this study should be beneficial to the improvement of the Main Hall. It could

also be utilized in the design of new buildings and the improvement of existing buildings in

the conservation of energy.



Method

Field Measurement

The on-site field measurement is intended to collect the empirical data necessary for the
calculation of the actual OTTV value. The collected data of both indoors and outdoors
include air temperatures, surface temperatures of the EIFS and heat-stop glass, and the
relative humidity. An hourly average meteorological data for insolations are also acquired
[51[6][7]1[8]. In addition, these data can be used in the simulation of other typical building
envelope types so that the comparisons with the Main Hall's envelope in term of the energy
cost saving can be carried out. Consequently, the actual performance of the Main Hall's

envelope can be assessed.

The data loggers and sensors are installed on the 4th floor of the Main Hall in 8 orientations
of the envelope as shown in Figure 4 as north, northeast, east, southeast, south, southwest,
west, and northwest directions. Air temperatures and surface temperatures of the EIFS and
heat stop glass as well as the humidity ratios are measured both indoors and outdoors.
Before collecting the data, the Main Hall and its operation is shut down for 24 hours in

order to stabilize the building to the passive state after a normal operation. The data are
collected every 15 minutes continuously. During the semester break (March-May and
October), all collected data can be used while only data collected during the weekend is

used during the regular semester.

Audit B

(M459)

Figure 4 Location of dataloggers on the 4th floor of the Main Hall.



Using this empirical data together with the hourly average meteorological data for
insolations, the OTTV through the envelope can be calculated for each orientation and for

the overall envelope area. The typical expression of OTTV is as follows [9][10][11]:

OTTV, = ((1-WWR))xU,xTDgg) + (WWRxUyxDT) + (WWRxSCxSHGCXESR) (1)

where OTTV, = OTTV of a wall with the same material and orientation (W/mz)
WWR = window to overall wall area ratio
U, = thermal conductance or U-value of an opaque wall (W/m2 K)
TDey = equivalent temperature difference of an opaque wall (K)
Ug = thermal conductance of glazing (W/m2 K)
DT = temperature difference of glazing window (K)
SC = shading coefficient of shading device
SHGC = solar heat gain coefficient of glazing
ESR = effective solar radiation (W/mz)

To calculate the value of OTTV based on the empirical and simulated data, TDo4 and DT
are replaced by the temperature difference between the outdoor and indoor surface of the

EIFS, and that of the heat-stop window, respectively.

The product of SHGC and ESR is substituted by the solar gain by light transmission (G;)
through the heat-stop window, which is the product of the solar incident radiation (I) and the

solar admittance by transmission (a;).

G, =1xa, 2)

In order to calculate the solar radiation incident (I) on the window, the position of the sun,
the orientation of the window, and the values of solar radiation must be obtained. The
hourly average values of the direct normal radiation (Ipy), sky diffuse (lsky), and global
horizontal or ground radiation (Ignp) are provided by the meteorological data [5][6][7][8].
The direct normal radiation is the intensity of the direct normal solar beam measured on a
plane perpendicular to the solar ray. The sky diffuse is the diffused sky radiation on a
horizontal plane and the ground radiation is the sum of the sky diffuse and direct radiation

on a horizontal plane.

The position of the sun is described in the solar coordinates, which can be calculated based

on the altitude and azimuth angles. The altitude angle is measured from the horizon toward



the zenith following the arc of the great circle that goes through the sun. The azimuth angle

is measured along the ground from the south toward the east.

zenith

e
solar T
azimuth

Figure 5 Solar position described by the solar angles and by the direction cosines

The solar coordinates are represented with the position vector ” 5'”, which are the
projections of the solar position along the south (Gg), east (Gg), and zenith (G,) axis as

shown in Figure 5. The relation between G and the altitude and azimuth angles are:

o, = cos(altitude)cos(azimuth) o, = cos(altitude)sin(azimuth) o, = sin(altitude)
0'S2+0'§+0'§:1 3)
The orientation of the window is defined by specifying the unit vector normal to the window
surface, which requires two angles, the zenith and azimuth. The zenith angle measures the
aperture distance from the zenith axis, and the azimuth angle measures the aperture
distance on the ground relative to the south direction. The south, east and zenith
components of the unit vector normal to the surface are given by
n = sin(zenith)cos(azimuth)
n, = sin(zenith)sin(azimuth)
n, = cos(zenith) 4)
The solar radiation incident on the window consists of 2 parts which are the direct insolation
(I4) and the diffuse radiation. The direct insolation can be calculated by multiplying the
projected area (or relative insolation) and the direct normal radiation (Ipy). The fraction of
the surface area projected onto the solar beam is given by the "dot” product, and the result
is also the cosine of the angle of incidence ((1)).
G-n=oyng+0o.n,+o,n, 6-n= COS(¢) (5)

Direct Insolation(I, )= (& - /1) x I



The diffuse radiation comes from the sky and the ground reflection. Each contribution is
determined by the respective view factor. The sky diffuse radiation (l,) is the product of the
sky view and the sky diffuse (lsky), and the ground reflection (lg) is the product of the
ground view and the global horizontal radiation (Igyp) times the average reflectance of the
ground.

N : ] :
1+ cos(zenith) ground view = 1- cos(zenith)

2 2 ()

Sky Diffuse(I, )= sky view x I ®)

9)

According to Equation (2), the solar gain by transmission (G,) is the product of the incident

sky view =

Ground Reﬂection(l . )= ground view x ground reflectance x I

radiation (I) times the admittance by transmission factor (a;). The solar admittance by

transmission (a;) depends on the transmittance coefficient of the glass (T), the exposure of
the window (e), and on the cavity absorptance (Q.) of the space behind the window, which

is assumed to be 100% in this case.

a, =era (10)

In general, the admittance factor is different for each of the three radiant sources because
the transmittance and absorptance coefficients vary according to the angle of incidence.
The exposures of the window to different radiant sources are also different. Therefore, the
expression for the solar gain by transmission (G;) from three separated radiant sources is

given as follows:

G, =ase,, +tael +age,l,
H—/ H—J
direct sky ground (1 1 )

Because of the overhangs of the Main Hall protecting the heat-stop windows from the solar
radiation, the exposure of the direct insolation (e4) incident on the windows is reduced
significantly with the average of 74% reduction over all orientations. In addition, the
exposure of the sky diffuse (e;) decreases from 0.5 to 0.25, which in turn reduces the sky

diffuse radiation to 50%, while the exposure of the ground reflection remains at 0.5.

Simulation

Using the same empirical data for the outdoor condition, the simulations for both EIFS, and
other common types of building envelope including 10 cm. brick and 20 cm. concrete walls
both with and without 7.5 cm external insulation are carried out for comparisons. For each
material, simulations are carried out under 2 different conditions. One is a passive

condition in which there is no air conditioning. This condition is similar to the condition of

10



the field measurement. The temperatures and energy fluxes inside the material are
simulated and compared with the data from the field measurement in order to verify their
validity and reliability. The other is an active condition. In this condition, it is similar to
turning on the air conditioning in order to keep the indoor surface temperature of the
material at a constant temperature of 25.5C. In addition to the simulated temperatures and
energy fluxes inside the material, the heat removals by the air conditioning system can also
be calculated and compared. These simulated results under the active condition can be

used to estimate the investment and operating costs of the air conditioning system.

To illustrate the theoretical basis used in the simulation, the mathematical model of the
simulation is described briefly [12][13][14]. A wall composes of a series of slabs. Each
slab is made of a uniform material of a given thickness "L” and is divided into several layers
of equal thickness. A node is placed at the center of each layer to monitor the temperature
and energy flux inside the wall. Figure 6 shows a composite wall of 3 slabs and a series of
node in the layers.

| L

Composite oo
Wall o

Divide each
material into
several layers
of equal width.

Figure 6 Sample composite wall of 3 slabs and a series of node in the layers.

To calculate the dynamic temperature inside the wall, the heat diffusion equation is used in
the simulation. By integrating the heat diffusion equation in differential form over a volume
of a layer "t”, Equation (12) is obtained.

or or
pc—=V.-qg+h = J-pc—dr=§_q-d4 +J-hdr
a a
T A T (12)
Simplified assumptions are made that each layer contains single material, heat flows only in
one direction from surface to surface, and all the mass is concentrated at a single node in
the center of the layer. The heat diffusion equation can be written as a typical electronic

resistance-capacitance (RC) format as shown in Figure 7.

b= K(G-1,)+ K(G-T,)+ H

11



§ o 2k H:Ajhdx

where C = pedAx A %

P = mass density c = specific heat capacitance
A = frontal area k = heat conductivity

h = heat source X = position from left to right

"C” is referred to as the heat capacitance of the node while K’ is the heat transfer

coefficient of half a layer. "H” represents the heat absorbed by the node.

i Ay i

Figure 7 Typical layer arrangement of RC diagram.

Equation (13) can also be expressed as follows:

, =VvD
dt (14)
where
= 2?[( relaxation rate
D= Ii+h + H driving temperature
2 2K

"D” is referred to as the driving temperature of the node. T, is referred to as the response

temperature of the node. Equation (14) can be re-written by using the integration

factor """
d(Te" ,
= vDe
dt (15)
d(De") 4D
vDe" = -—e"
Noting that the identity ” dt dt  ” this equation becomes:

G050 D)e

When the values of the driving temperature at discrete time intervals are known, the

(16)

equation can be written in the following forms.
t+At t+At t+At

j (T Yt = J' (D yt—j(dD) e"dt

t+At
Tovev(tmt) _ ]:)evt — Dvev(t+At) _Devt _ I (d_D)evtdt
' \dt

12



The “primed” quantities are the values at the new time ”t +At” and the "unprimed” quantities
are the values at the previous time "t.” Since the values of the driving temperature at the
beginning and at the end of the time interval are known but not in between, it is assumed

that the values in between are a linear interpolation of the end values. Thus the time
dD D -D

derivative is a constant: over the time interval i.e. df At which means that it may be

taken out of the integral in the last term of the right hand side of the equation above.

To,ev(HAt) _ ]:)ew _ D,ev(t+At) _ De" (D' _D)( W(1+Ar) evz)
VAt

If all the time intervals are assumed to be the same, then all of the "t +At” terms are
constants for the layer. These terms are collected as factors of the temperatures to obtain
Equation (17).

T,)= (a7, + D)+ D
The constant factors are defined as:

" y:(l—a)_a ﬂzl_(l—a)

VAt VAt

It is noted that the sum of these factors is equal to one; thus, this solution satisfies energy
conservation. The term in parenthesis in Equation (17) contains temperatures from the
previous instant in time. Their values are already known; therefore, the value of the term in

parenthesis is also known. Equation (17) can be expressed in a simpler form.

T)=F+B(T'+3')2 (19)

H
F=(al, + D)+ f—
where 2K (20)
It is noticed that the old temperatures and the old heat gain are collected in the parenthesis

term of the quantity "F.”
To calculate heat flux through the wall, the matrix concatenation is carried out. The heat

that flows from edge 1 shown in Figure 8 to the center node and the heat that flows from

the center node to edge 2 are given by Equation (21).

13



Figure 8 Diagram representing heat flux through the node

0=k(-7) 0=K(,-T1) (21)

Equation (19) for T, and Equation (20) for the driving temperature is used to express Q;

and Q, successively in matrix form.

e .
[QA [K\ K1-2) - ﬁ\[ )

AT 22)
] (B . B 1
(-2 2|0
@3)

The temperature vector is obtained by solving Equation (22), which is then substituted in
Equation (23) to obtain the heat flux and temperature of edge 2 in terms of the respective

values of edge 1. The equations in an explicit matrix notation are:

( B
n 2% Kk (o)
[7;) :Kiﬂk_l K(1-2§)J{( 0)F+[T{)}
(24)
(2-B) —2K(1-p)
) K a)
[z;f%[-uFTIfL% e-7) (m -

Results & Analysis

Field Measurement

Based on the empirical data, the energy flux through the envelope is simulated and its
average value of 10.86 W/m2 is found within 7% of the estimated OTTV as described by
Equation (1). The annual average rates of energy flux through 8 orientations of the
envelope are presented in Table 2. Table 3 and Figure 9 show the monthly average rates

of energy flux through 8 orientations of the envelope in each month.

14



Orientation Energy Flux (W/m2)
North 3.15
Northeast 10.28
East 15.38
Southeast 13.32
South 7.44
Southwest 13.98
West 15.01
Northwest 8.34
Average 10.86

Table 2 Annual average rates of energy flux through 8 orientations (W/mz)

(W/m?)  Jan.

Feb. Mar. Apr. May Jun. Jul Aug. Sep. Oct. Nov. Dec.
N 179 214 231 393 479 565 505 336 264 229 214 165
NE 561 7.81 10.22 1271 1453 1545 14.89 1271 1015 8.08 6.44 4.73
E 13.56 1523 16.10 17.04 16.19 1593 16.39 1598 15.82 1580 14.07 1240
SE 17.72 16.15 13.60 1052 888 821 898 1052 1351 1594 1797 17.85
S 1346 996 568 380 329 326 349 350 585 914 1349 1433
SwW 18.83 1714 1459 973 987 9.05 10.00 973 1454 16.79 18.76 18.77
w 13.26 15.16 15.97 16.44 1590 15.16 15.72 1536 1571 1549 13.73 12.20
NW 422 6.32 841 10.33 12.31 12.84 1233 1033 832 6.32 480 354
Average 11.06 11.24 10.86 10.56 10.72 10.69 10.86 10.19 10.82 11.23 1143 10.68

Table 3 Monthly average rates of energy flux through 8 orientations (W/mz)

Energy Flux (W/sq.m.)

20

-
6]
I

-
o

Dec Jan. Feb. Mar. Apr. May Jun.

Month

Jul. Aug. Sep. Oct. Nov. Dec.

Figure 9 Average rates of energy flux through 8 orientations in each month (W/mz).
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The energy flux by conduction through EIFS walls contributes only 1% to the total energy
flux while the combined energy fluxes by conduction (12.5%) and by radiation (86.5%)
through heat-stop windows contributes to almost all the total value. Nevertheless, this total
value of 10.86 W/m2 is considered very small because most windows are well protected

from the direct radiation.

The outdoor surface temperatures of EIFS walls (26-45C) and heat-stop windows (26-53C),
which are greatly affected by solar radiation and diurnal ambient temperatures, have almost
no impact on the indoor surface temperature of EIFS walls (28-32C) and slightly affect the
indoor surface temperatures of heat-stop windows (28-34C). The outdoor and indoor air

temperatures range between 26-37C and 28-32C, respectively.
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Figure 10 Indoor and outdoor surface temperatures of the EIFS (C).
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Figure 11 Indoor and outdoor surface temperatures of the heat-stop glass (C).
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Figure 12 Indoor and outdoor air temperatures (C).

Although the outdoor relative humidity fluctuates extremely (50-95%), the indoor relative
humidity remains almost constant (50-60%) throughout the day. The change of the indoor

humidity levels is less than 10% of the change of the outdoor humidity levels.
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Figure 13 Indoor and outdoor relative humidity (%).

Simulation

The dynamic temperature and heat flux inside both EIFS and other common types of
building envelope are simulated using the same outdoor condition from the field
measurement. The indoor condition is initialized to the annual average minimum values.
Each wall material is subdivided into 7 layers and a node is placed at the center of each
layer to monitor the temperature and energy flux inside the wall. Node 1 is placed in the
first layer attached to the outdoors while node 7 is placed in the last layer attached to the
indoors. Node 4 is located in the middle layer. The dynamic temperature at the node can
be calculated using Equations (19) and (20), and based on the node temperatures, the heat
flux through the node can be solved by Equation (25). The simulation runs until it reaches
the steady-state condition.

Passive Condition

The indoor surface temperatures of the EIFS, 10 cm. brick, and 20 cm. concrete walls in
the passive condition are compared. Figure 14 presents hourly average outdoor
temperatures (T,), daily average outdoor temperatures (T,,4), and the indoor surface
temperatures of different wall materials. During the dynamic steady state condition, the
outdoor ambient temperature fluctuates largely between 26C and 35C while the indoor
surface temperatures of the EIFS remain almost constant approximately at 29.5C. The
indoor surface temperatures of the brick wall range between 27-32C and 28-31C for the

concrete wall. Furthermore, the outdoor temperature is peak around 12 pm. while the peak
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indoor surface temperatures of the brick and concrete walls occur approximately 4 and 6
hours respectively afterwards. The time lag responses and the peak delays are due to the

thermal capacity and thermal mass of the brick and concrete walls.

Temperatures

Solar Time
25 + t t t t } } {
0 6 12 18 24 30 36 2 48
——=—=-To -----Tavg EIFS Brick10 Concrete20

Figure 14 Indoor surface temperatures of EIFS, brick, and concrete walls (C).

The heat flux through the center of each wall (at node 4) is presented in Figure 15. The
range of the heat flux (Q4) for 10 cm. brick and 20 cm. concrete walls are -12-20 W/m2 and
-14-25 W/m2 respectively while the heat flux for the EIFS is significantly less. Its heat flux
range of -0.49 — 0.55 W/m2 is magnified in Figure 16. It is noted that the negative heat flux
during the nighttime means heat flows out of the wall to the outdoors. The negative heat
flux of the concrete wall remains around -15 W/m2 while that of the brick wall gradually
decrease from -12 W/m2 to -5 W/mz, which indicates that the brick wall losses heat to the

outdoors and cools down faster than the concrete wall.

30
E Wall Heat Load (Q4)
5z
20
15
10
5
0
5
-10
15 . .
0 6 12 18, 24 2730 36 42 48
——EIFS s Brk T —o— Concrete

Figure 15 Heat flux through the center of EIFS, brick, and concrete walls (W/mz).
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Figure 16 Heat flux through the center of EIFS wall (W/mz).

The ranges of indoor surface temperatures and heat flux for different wall and window types
in the passive environment are summarized in Table 4. The results confirm that the
simulated indoor surface temperatures of the EIFS and the heat-stop glass are consistent
with those of the field measurement. The agreement of this comparison partially helps
validate the simulation results. Consequently, the simulated results of other common

envelope types can be considered reliable with some confidences.

Wall & Glass Types Indoor Surface Heat Flux Range Average Heat Flux

Temperature (C) (W/m?) (W/m?)
EIFS 29.43 - 29.55 -0.61 —0.85 0.12
Brick 10 cm 26.74 — 31.87 -27.10 — 39.28 6.09
Concrete 20 cm 27.76 — 30.65 -30.17 — 58.43 14.13
Brick with insulation 29.14 - 29.57 -1.93 - 3.07 0.57
Concrete with insulation 29.36 — 29.55 -2.02 - 3.02 0.50
Heat-stop glass 26.13 — 32.96 -10.26 — 13.96 1.85
Double pane glass 25.79 — 34.59 -0.01 - 0.00 0.00

Table 4 Indoor surface temperatures (C) and heat flux (W/mz) of different envelope types in

passive condition

The temperatures and heat flux inside each wall or window type are illustrated by using 3
graphs. The first graph displays the outdoor ambient temperature versus the indoor surface
temperature of the wall. The temperatures along the thickness of the wall for 6 different
times of the day (4, 8, and 12 in both am & pm) are plotted together in the second graph in
order to visualize the diurnal temperature changes inside the wall. This graph can be

referred to as, "Tautochrones Temperatures”. The last graph presents the heat fluxes in 7
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different layers along the wall thickness. In Appendix A, Figures A1-A3 show the
temperatures and heat flux inside the EIFS, brick, and concrete walls. The simulated results
for brick and concrete walls with the 7.5 cm external insulation are presented in Figures A4-
A5 as additional samples for composite walls. For the heat-stop and double pane glasses,

their results are displayed in Figures A6-A7 respectively.

According to the summary of Table 4, it is noticed that the indoor surface temperatures of
the brick and concrete walls with external insulation fluctuate between 29 — 29.6C range,
and the heat fluxes are approximately in the range of -2-3 W/m2. Compared to those of the
EIFS, their indoor surface temperatures fall in the same range while the heat fluxes of these
walls are slightly higher. The improvement of the brick and concrete walls is solely due to
the 7.5 cm external insulation. The tautochrones temperatures of these brick and concrete
walls with external insulation (Figures 23 and 24) show that the temperatures decrease
proportionally to the thickness of the insulation layer, and reach 29C temperature range at
the brick and concrete layers. Furthermore, the indoor surface temperature of the double
pane glass is exactly the same as the outdoor surface temperature. The tautochrones
temperatures are displayed in all straight lines along the thickness of the glass.
Consequently, there is no temperature difference between the outdoor and indoor surface
temperatures, and heat flux through the glass is zero. Nevertheless, the heat flux from the
hot indoor glass surface to the indoor air is still largely existed.

Active Condition

Figure 17 shows that the indoor surface temperatures of all materials converge to the
temperature set point in the simulation, which is 25.5C. The indoor surface temperatures of
the EIFS, brick and concrete walls as well as heat-stop and double pane glasses reach
25.5C much faster (18 hours before) than those of the brick and concrete walls with the

external insulation.
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Figure 17 Indoor surface temperatures of EIFS, brick, concrete, brick with insulation, and

concrete with insulation walls (C).

The heat fluxes to the indoors (Q7) of different envelope types are displayed in Figure 18.
The heat flux range of the concrete wall (5.11 — 21.65 W/mz) with an average of 13.34
W/mz, presents the highest value for the opaque walls. The heat flux for the brick wall is
also high. Its range and average value are 2.14 — 24.53 W/m2 and 12.40 W/mz,
respectively. For windows, the heat flux for the double pane glass fluctuates greatly
between 1.52 — 48.43 W/m2 while the heat flux range for heat-stop glass is much lower

(0.55 — 13.40 W/m’) with the average value of 5.88 W/m”.

= Wall Heat Load (Q7)
=

oo oo o

Figure 18 Heat flux to the indoors from the brick and concrete walls, and the heat-stop and

double pane windows (W/mz).

Figure 19 clearly shows that the heat flux of the brick and concrete walls with external
insulation reduced significantly. Their heat fluxes ranges -0.058 — 2.75 and -0.057 — 1.52

W/mz, and the average values are 1.35 and 0.88 W/mz, respectively. Both heat flux range
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(-0.15 - 0.64 W/mz) and average heat flux value (0.40 W/mz) of the EIFS are considered

small compared to those of other envelope types.
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Figure 19 Heat flux to the indoors from the EIFS, concrete, brick with insulation, and concrete

with insulation walls (W/mz).

The results of both indoor surface temperature and heat flux indicate that heat must get
through the walls or glasses, and it raises the temperature inside these materials. Once the
heat reaches the indoor surface, it becomes the heat load to the indoor space. The time
delay and reduced heat load are varied depending on the insulation property and thermal
capacity of different materials. For the double pane glass, the heat load to the indoors
occurs almost instantaneously while it takes less than an hour for the brick and concrete
walls as well as the heat-stop glass. Only small amount of heat gets through the brick and
concrete walls with external insulation, and it takes almost 18 hours for the heat load to
occur. For the EIFS wall, although the heat load occurs earlier, its magnitude is much less
than the heat load to the indoors in other envelope types. It is noticed that the heat load to
the indoors occurs at the same time as its indoor surface temperature reaches the

thermostat set point.
The heat flux ranges and their average values for different wall and window types in the

active environment are summarized in Table 5. Figures A8-A14 in Appendix A display the

simulated results of the sample envelope types in the active condition.
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Wall & Glass Types Heat Flux Range Average Heat Flux

(W/m?) (W/m?)
EIFS 0.15-0.64 0.40
Brick 10 cm 2.14 — 2453 12.40
Concrete 20 cm 511 -21.65 13.34
Brick with insulation -0.058 - 2.75 1.35
Concrete with insulation -0.057 — 1.52 0.88
Heat-stop glass 0.55-13.40 5.88
Double pane glass 1.52 — 48.43 19.95

Table 5 Range of heat flux to the indoors and its average (W/mz) for different envelope types in

active condition

Comparisons on Operating and investment Costs

Operating Cost
According to the results from both field measurements and simulations, it is obvious that the

Main Hall’'s envelope outperforms other typical building envelope types. In the active
condition, the energy gain by conduction through a 20 cm. concrete wall is 13 times greater
than that of the EIFS. By adding 7.5 cm. external insulation, the energy performances of
both concrete and brick walls improve significantly. However the energy gains through
these walls are still 2-3 times higher than that of the EIFS. Furthermore, the energy gain by
conduction through a double pane glass window is approximately 3.5 times greater than
that of the heat-stop window, while the energy gain by radiation is about 2 times larger due
to the higher Shading Coefficient (SC). The overall energy gain through the double pane
windows is more than twice of the heat-stop window. The results are summarized in Table

6.

Wall & Glass Types Conduction Radiation Total

(W/m?) (W/m?) (W/m?)
EIFS 0.40 - 0.40
Brick 10 cm 12.40 - 12.40
Concrete 20 cm 13.34 - 13.34
Brick with insulation 1.35 - 1.35
Concrete with insulation 0.88 - 0.88
Heat-stop glass 5.88 9.42 15.30
Double pane glass 19.95 20.72 40.67

Table 6 Average conduction and radiation contributions of energy flux (W/mz) through different

envelope types
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From Table 7, the combination of 20 cm concrete walls and double pane windows on the
Main Hall’'s envelope would produce the energy gain of 54.01 W/mz. By adding 7.5 cm
external insulation, the energy gain would be reduced to 41.55 W/mz. To further improve
the energy gain through the envelope, the heat-stop windows may be utilized since the
most significant contribution to the energy gain of the Main Hall remains to be the radiation
through the windows. Using the 20 cm. concrete wall and the heat-stop windows, the

energy gain of 28.64 could be achieved.

Combined Envelope Energy Flux Energy Gain Cost
Types (W/mz) (kBTU/h) (Baht/year)
EIFS & Heat-stop 15.70 99.43 348,405
Brick & Double pane 53.07 413.11 1,447,528
Concrete & Double pane 54.01 425.43 1,490,718
Concrete w/ ins & Double pane 41.55 262.05 918,213
Concrete & Heat-stop 28.64 269.16 943,126

Table 7 Average energy gain (W/mz) and daily average energy gain (kBTU/h) through different

combined envelope types, and estimated operating cost for air conditioning system

In addition, the daily average energy gains through different combined envelope types are
also shown Table 7. These results can be used to calculate the operating cost of air
conditioning system. Assuming all energy gains through the envelop become the cooling
load of the air conditioning system, which has the Seasonal Energy Efficiency Ratio (SEER)
equal to 10, and the electricity rate is 4 baht/kWh, the operating cost for air conditioning
system to remove this amount of energy gains can be estimated. The use of the EIFS
walls and heat-stop windows help save the operating cost for air conditioning system
between 0.57-1.14 million baht per year compared to when the brick or concrete wall and
the double pane windows are used. The saving would be reduced to less than 0.37 million
baht per year if the the 20 cm. concrete wall with external insulation are combined with the
heat-stop windows. Thus, the annual operating cost of the air conditioning system due to
the energy gains through the actual Main Hall’s envelope is approximately 0.57-1.14 million

baht less than those of other common envelope types when installed on this building.

25



Investment cost

The investment costs on the envelope and the air conditioning system are compared. The
total investment cost of the Main Hall’'s envelope is estimated to 17.36 million baht, which
6.53 million baht is invested in the EIFS wall and 10.83 million baht in the heat-stop
windows. If the Main Hall was constructed using the concrete walls and double pane
windows, 8.70 million baht would be saved on the investment cost. If the external
insulation was added on the concrete walls, the saving would be reduced to 6.20 million

baht.

Wall & Glass Types Unit Price Area Total Cost
(Baht/m’) (m’) (million Baht)
EIFS 1,700 3,843 6.53
Brick 10 cm 260 3,843 1.00
Concrete 20 cm 610 3,843 2.34
Brick with insulation 910 3,843 3.50
Concrete with insulation 1,260 3,843 4.84
Heat-stop glass 6,000 1,805 10.83
Double pane glass 3,500 1,805 6.32

Table 8 Unit prices (baht/ mz) and total investment cost of different envelope types

On the other hand, installing brick or concrete walls and double pane windows on the Main
Hall’s envelope, the peak cooling demand on the air conditioning system would be 25-50
tons more than the present peak cooling demand. The required capacity of the chillers and
other components needs to be increased. This will result in the additional investment cost
of 2.92-4.50 million baht for the chillers, pumps and other components of the air
conditioning system. In sum, the investment cost of the EIFS wall and the heat-stop
windows is approximately 6.20-10.05 million baht more than those of other common
envelopes when installed on Main Hall’'s envelope. However, the installation of EIFS wall
and the heat-stop windows reduces the investment cost of the air conditioning system by
2.93-4.50 million baht due to the smaller size of the system. It also reduces the investment
cost of the building structure system by 0.51-1.30 million baht since the EIFS wall is 3-8
times lighter than other common envelopes thus the building structure is smaller and costs
less. Therefore, only 1.98-5.04 million baht are added to the total investment cost of the
Main Hall. Considering the saving of 0.57-1.14 million baht annually on the operating cost

of the air conditioning, the simple pay back period with no interest rate would be between 3-
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5 years assuming that the lifetime and the maintenance cost of each envelope type are

comparable.

Investment: Additional Additional Operating:

Envelope Investment: Investment: A/C System
Structure AI/C System

(million Baht) (million Baht)  (million Baht) (million Baht/yr)
EIFS & Heat-stop 17.36 - - -
Brick & Double pane 7.32 + 0.51 +4.50 +1.10
Concrete & Double pane 8.66 +1.30 +4.50 +1.14
Concrete w/ ins & Double pane 11.16 +1.30 +2.93 + 0.57

Table 8 Comparison on investment and operating costs between different combined envelope

types

There are some issues relating to the results of this study that should be discussed and

may be useful for future researches.

High humidity level has always been a major problem in a hot humid climate. The Main
Hall's envelope has illustrated that it is able to prevent moisture penetration and reduce
air infiltration. It significantly decreases the latent heat gain and keeps the indoor
humidity at low level. Consequently, the cooling load demand for the air conditioning
system is minimized. In this study, however, the effects of the moisture penetration
through other common envelope types cannot be completely determined in both field
measurements and simulations. Thus, these effects are simplified and partially
analyzed in the comparisons of the results.

The OTTV of the Main Hall is dominated by the contribution from the solar radiation
through windows rather than the conduction through walls. On the Main Hall's envelope,
the self-shading technique with extended overhangs helps protect its windows from the
direct solar radiation while only allow the diffuse radiation to be utilized and therefore
reduces the energy gain through the envelope significantly. Furthermore, the circular
shape of the Main Hall minimizes the envelope area as well as the surface to floor
areas ratio, which in turn decreased the energy gain on the envelope. Due to these
reasons, when replacing the envelope of the Main Hall with other common envelope
types, the impact on the energy transfer through the envelope will be rather limited,
considering the existing geometry of the Main Hall. This impact will be much greater if

the same method is applied on other typical buildings with similar floor area.
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= Various effective design strategies and construction techniques are implemented to
conserve the energy, and economize the construction and the investment costs of the
building systems. Smaller sized air conditioning system utilized in the Main Hall would
require substantially less maintenance cost, which becomes an additional saving on
operating cost of the system. Nevertheless, the maintenance cost is subject for further

investigation and is not included in the comparisons.

Conclusion — The results of the analysis both based on the field measurements and the
simulations show that the Main Hall’s envelope performs well in preventing energy transfer
into the building. While its envelope is subjected to a series of diurnal ambient
temperature, radiation and humidity cycles, there is relatively no significant effect on the
indoor temperature and humidity levels of the Main Hall. The energy flux through the Main
Hall's envelope is considerably less than those of other typical envelopes if they were
installed on this building. The results of the analysis clearly show that the Main Hall's
building envelope outperforms other envelope types in preventing energy transfer into the

building.

Although the use of the high energy efficient envelope like the EIFS walls and the heat-stop
windows obviously minimizes the operating cost of the air conditioning system, the
investment cost of the envelope increases substantially. However, when taking into
account the saving on both operating and investment costs of the air conditioning and the
structural systems of the building, a simple pay back period of 3-5 years is required for the
investment cost of the Main Hall's envelope. Furthermore, it should be noted that greater
saving and more favorable pay back period should be obtained if this high energy efficient
envelope is applied to other typical buildings, especially those high-rise structures in urban
areas. The analysis of additional saving in the air conditioning and other systems is also

recommended for further investigation.
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Appendices
Appendix A: Temperatures and Heat Flux inside Different Envelope Types in Passive and

Active Conditions
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Figure A1 Temperatures and heat flux inside the EIFS wall in passive condition.

31



351
Temperatures
30 4
Solar Time
25
0 6 12 18 24 30 36 o 48

351

Tautochrones

Temperatures

0.00 020 040 0.60 0.80 X 100

Wall Heat Load

w/m2

40 - Hours

Figure A2 Temperatures and heat flux inside the 10 cm brick wall in passive condition.
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Figure A3 Temperatures and heat flux inside the 20 cm concrete wall in passive condition.
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Figure A4 Temperatures and heat flux inside the 10 cm brick wall with 7.5 cm external wool

insulation in passive condition.
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Figure A5 Temperatures and heat flux inside the 20 cm concrete wall with 7.5 cm external wool

insulation in passive condition.
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Figure A6 Temperatures and heat flux inside the heat-stop glass in passive condition.
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Figure A7 Temperatures and heat flux inside the double pane glass in passive condition.
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Figure A8 Temperatures and heat flux inside the EIFS wall in active condition.
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Figure A9 Temperatures and heat flux inside the 10 cm brick wall with 7.5 cm external wool

insulation in active condition.
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Figure A10 Temperatures and heat flux inside the 20 cm concrete wall with 7.5 cm external

wool insulation in active condition.
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Figure A11 Temperatures and heat flux inside the 10 cm brick wall in active condition.
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Figure A12 Temperatures and heat flux inside the 20 cm concrete wall in active condition.
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Figure A13 Temperatures and heat flux inside the heat-stop glass in active condition.
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Figure A14 Temperatures and heat flux inside the double pane glass in active condition.
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Appendix B: Example of Meteorological Data: Pathumthani Province, January 1-2,

1995
Year Month Date Time DRY WET RH RAIN CLD RADI DIR SPD

1995 1 1 1 22.9 20.8 82 0 5 - 0 0
1995 1 1 2 22.4 20.5 83 0 4 - 0 0
1995 1 1 3 22 20.4 88 0 4 - 0 0
1995 1 1 4 21.5 20.1 87 0 4 - 0 0
1995 1 1 5 21 19.7 88 0 4 0.04 0 0
1995 1 1 6 21 20 91 0 4 0.06 0 0
1995 1 1 7 21.2 20.2 91 0 6 0.35 0 0
1995 1 1 8 23 213 85 0 5 1.01 0 0
1995 1 1 9 26 21.7 68 0 4 1.8 0 0
1995 1 1 10 27.4 221 61 0 4 24 0 0
1995 1 1 " 30 22.9 50 0 4 2.66 0 0
1995 1 1 12 31 22.9 45 0 6 2.78 10 5
1995 1 1 13 31 22.4 42 0 5 2.85 20 4
1995 1 1 14 31.6 22.8 41 0 5 244 50 4
1995 1 1 15 315 22.2 39 0 5 1.82 90 4
1995 1 1 16 314 22.5 41 0 5 0.99 10 3
1995 1 1 17 31 22.3 41 0 4 0.25 0 0
1995 1 1 18 29.3 23.1 57 0 6 0.03 0 0
1995 1 1 19 28 223 59 0 5 0.02 0 0
1995 1 1 20 26 21.9 68 0 4 - 0 0
1995 1 1 21 26 221 70 0 4 - 0 0
1995 1 1 22 25.9 23.2 79 0 4 - 0 0
1995 1 1 23 25 22.9 83 0 4 - 0 0
1995 1 1 24 24 22 83 0 4 - 0 0
1995 1 2 1 23.2 21.8 88 0 4 - 0 0
1995 1 2 2 22.8 21.5 89 0 4 - 0 0
1995 1 2 3 22.4 21.2 89 0 4 - 0 0
1995 1 2 4 22 21 91 0 4 - 0 0
1995 1 2 5 21.8 21 93 0 4 0.04 0 0
1995 1 2 6 21.7 21 94 0 4 0.07 0 0
1995 1 2 7 22 21.2 93 0 4 0.38 0 0
1995 1 2 8 22.9 21.8 90 0 4 1 0 0
1995 1 2 9 25.7 22.8 77 0 4 1.75 0 0
1995 1 2 10 28 23.2 65 0 4 2.36 0 0
1995 1 2 1" 29 23.5 61 0 4 2.64 0 0
1995 1 2 12 30 23 50 0 6 2.86 30 4
1995 1 2 13 30.9 23.2 47 0 7 2.83 80 7
1995 1 2 14 31.3 23.2 45 0 7 2.25 60 5
1995 1 2 15 32 241 47 0 7 1.22 30 4
1995 1 2 16 31.9 24.8 52 0 7 0.83 0 0
1995 1 2 17 311 24.6 54 0 7 0.23 0 0
1995 1 2 18 30 23.8 55 0 7 0.04 0 0
1995 1 2 19 28.2 23 62 0 7 0.04 0 0
1995 1 2 20 27 23 70 0 6 - 0 0
1995 1 2 21 25.8 22.2 72 0 5 - 0 0
1995 1 2 22 25 22 76 0 5 - 0 0
1995 1 2 23 24.2 22 82 0 5 - 0 0
1995 1 2 24 241 22 82 0 4 - 0 0
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Appendix C: Example of Solar Table - Latitude 14 North

Jan/Nov

Feb/Oct

Mar/Sep

Apr/Aug

May/Jul

Hour Alt
6:27 0.00
7:0 7.24
8:0 19.82
9:0 31.53
10: 0 41.53
11: 0 48.76
12: 0 51.44
Daily Totals (hrs/day)
6:23 0.00
7:0 8.28
8:0 21.22
9:0 33.37
10: 0 43.95
11:0 51.63
12: 0 54.59
Daily Totals (hrs/day)
6:13 0.00
7:0 11.07
8:0 24.83
9:0 37.95
10: 0 50.00
11:0 59.32
12: 0 63.13
Daily Totals (hrs/day)
6:0 0.00
7:0 14.42
8:0 28.82
9:0 43.08
10: 0 56.72
11:0 68.91
12: 0 74.80

Daily Totals (hrs/day)

5:47 0.00

6:0 2.98

7:0 17.28
8:0 31.67
9:0 46.14
9:24 51.81
10: 0 60.58
11:0 75.02
12: 0 86.38
Daily Totals (hrs/day)
5:37 0.00

6:0 5.16

6:0 5.16

7:0 18.91
8:0 32.82
9:0 46.89
10: 0 60.93
11: 0 74.58
12: 0 84.27
Daily Totals (hrs/day)
5:33 0.00

6:0 5.91

6:0 5.91

7:0 19.39
8:0 33.09
9:0 46.80
10: 0 60.46
11:0 73.34
12: 0 81.49

Daily Totals (hrs/day)

65.62
63.24
57.58
49.54
37.77
2111
0.00

68.90
66.23
60.58
52.54
40.63
23.01
0.00

77.83
74.50
69.11
61.40
49.60
29.77
0.00

90.00
85.82
81.27
75.49
65.67
45.99
0.00

102.17
101.37
97.96
94.99
92.47
86.91
85.15
78.55
0.00

11111
109.71
109.71
106.81
104.94
104.06
105.26
114.13
180.00

114.39
112.79
112.79
110.10
108.56
108.68
111.57
124.14
180.00

South
0.41
0.45
0.50
0.55
0.59
0.61
0.62
3.22
0.36
0.40
0.46
0.51
0.55
0.57
0.58
3.04
0.21
0.26
0.32
0.38
0.42
0.44
0.45
2.40
0.00
0.07
0.13
0.18
0.22
0.25
0.26

1.25
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.05
0.06
0.13
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.21
0.20
0.13
0.07
0.02
0.00
0.00
0.00
0.00
0.23
0.36
0.34
0.34
0.27
0.21
0.16
0.12
0.10
0.09
1.16
0.41
0.39
0.39
0.32
0.27
0.22
0.18
0.15
0.15
1.56

East/W
0.91
0.89
0.79
0.65
0.46
0.24
0.00
1.35
0.93
0.91
0.81
0.66
0.47
0.24
0.00
1.44
0.98
0.95
0.85
0.69
0.49
0.25
0.00
1.64
1.00
0.97
0.87
0.71
0.50
0.26
0.00

1.83
0.98
0.98
0.95
0.85
0.69
0.62
0.49
0.25
0.00
1.90
0.93
0.94
0.94
0.91
0.81
0.66
0.47
0.24
0.00
1.91
0.91
0.92
0.92
0.89
0.79
0.65
0.46
0.24
0.00
1.90
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Solar Table: Latitude 14 North

North Zenith

0.00
0.13
0.34
0.52
0.66
0.75
0.78
3.28
0.00
0.14
0.36
0.55
0.69
0.78
0.81
3.51
0.00
0.19
0.42
0.61
0.77
0.86
0.89
4.07
0.00
0.25
0.48
0.68
0.84
0.93
0.96

4.67
0.00
0.05
0.30
0.53
0.72
0.79
0.87
0.97
1.00
5.02
0.00
0.09
0.09
0.32
0.54
0.73
0.87
0.96
0.99
5.1
0.00
0.10
0.10
0.33
0.55
0.73
0.87
0.96
0.99
511

Sky
0.00
0.25
0.31
0.27
0.23
0.20
0.19
2.59
0.00
0.26
0.30
0.27
0.22
0.19
0.17
2.55
0.00
0.29
0.30
0.25
0.19
0.16
0.14
2.44
0.00
0.30
0.28
0.22
0.17
0.13
0.11

232
0.00
0.14
0.31
0.27
0.21
0.19
0.15
0.11
0.10
238
0.00
0.21
0.21
0.31
0.27
0.21
0.15
0.12
0.10
249
0.00
0.22
0.22
0.31
0.27
0.21
0.15
0.12
0.11
253

Ground
0.00
0.28
0.47
0.57
0.64
0.69
0.70
5.87
0.00
0.30
0.48
0.59
0.66
0.70
0.72
6.06
0.00
0.35
0.52
0.62
0.69
0.74
0.75
6.51
0.00
0.40
0.55
0.65
0.73
0.77
0.78

6.99
0.00
0.14
0.44
0.58
0.67
0.70
0.74
0.78
0.80
7.40
0.00
0.22
0.22
0.46
0.58
0.68
0.74
0.78
0.80
7.59
0.00
0.24
0.24
0.46
0.59
0.68
0.74
0.78
0.80
7.64

Beam
0.00
0.23
0.48
0.57
0.62
0.65
0.66

0.00
0.26
0.49
0.59
0.63
0.66
0.66

0.00
0.34
0.53
0.61
0.65
0.67
0.68

0.00
0.40
0.56
0.63
0.67
0.69
0.69

0.00
0.07
0.44
0.58
0.64
0.66
0.68
0.69
0.70

0.00
0.16
0.16
0.46
0.58
0.64
0.68
0.69
0.70

0.00
0.19
0.19
0.47
0.58
0.64
0.68
0.69
0.70



Appendix D: Specifications of Measurement Tools

Data Logger
= Number of inputs: 8 channels A N

= Recording: 200,000 events (expandable)

= Measuring Input : Temperature and humidity sensors ' E L :
\ L B

= Resolution: 0.1°C and < 0.5 % RH 1'\, ‘

= |nput resistance : 4.15 + 0.15 M

= Measurement error: + 0.2% (+ 0.8 % max for temperature and + 2% for humidity)
= Configuration & preset without PC / Displayed as data or graph on MS Excel

= Software: displayed as data or graph on MS Excel

= Power supply : 220 Vac/50 Hz 0.4 watt or 12Vdc/25mA

» Logging Rate (Sample Interval) : 1 seconds - 60 minutes; 1 - 24 hrs (programmable)

Humidity Sensor
= OQutput: Interface to data logger
= Measurement range: 10 - 100 %RH
= Measurement error: + 2 %
= Operating temperature : 0 - 70°C
= Supply : 12 Vdc/20mA
= Qutput cable length: 2 m (max)

= Response time: 60 sec

Air & Surface Temperature Sensor
= Output: Pulse modulated, Interface to data logger
= Measurement range: -40 to 125°C
= Measurement error: < £ 0.5°C @ 0 to 50°C
= Measurement error; < £ 1°C @ 0 to 100°C
= Resolution: 0.1°C
= Storage temperature: -50 to +150°C
= Supply: 5Vdc/200 microampere

= Response time: 11.2 sec (moving air with speed of 3.5 m/sec)
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Outputs

International Publications
Praditsmanont, A. & Chungpaibulpatana, S., Performance Analysis of the Building
Envelope: A case study of the Main Hall, Shinawatra University. Energy and Buildings

(to be submitted)

Research Benefits

The urbanization in Thailand has been developed steadily in recent years which results

in the significant increase of the large number of commercial buildings in Bangkok and

over Thailand. These building are fully air-conditioned and consume energy immensely.

With the high oil price and the shortage of energy resources, the energy conservation in

buildings becomes necessity. Energy conservation in each and every building can

produce a significant impact on the reduction of energy import and production in
national level. A few benefits on building energy conservation from this research are
suggested as follows:

- The simulation program in this study can be used to assess the energy performance
of the envelope in other buildings, and the results of the analysis could be taken as
a guideline for improvement the performance of building envelope. The program
could also be utilized in both the design of new buildings and the improvement of
existing buildings in the conservation of energy.

- The results of this research study not only reconfirm the advantage of using this
high energy efficient envelope to conserve the energy but also suggest the
preferable return financially for the investment and operating costs of the building.
As the energy costs constantly increase, the payback period will get even shorter
and the cost advantages will be even higher. These results could be used by the
government to promote the benefits of utilizing the energy efficient materials as a
common building envelope, and to encourage the building industries to develop and
manufacture high energy efficient materials for building envelope.

- This research clearly supports the improvement of the building energy code in
Energy Conservation Promotion Act (ECP Act) for new and existing buildings. The
new energy code for OTTV could be implemented for new buildings on a mandatory

basis, and for existing buildings on voluntary basis.
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