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# # 5174295525 : MAJOR ARCHITECTURE
KEYWORDS : LOCAL OBSTRUCTIONS / SOLAR RADIATION / VISIBLE SKY

SATAP CHUASTAPANASIRI : THE EFFECT OF LOCAL OBSTRUCTIONS ON
SOLAR RADIATION. THESIS ADVISOR : VORAPAT INGKAROJRIT, Ph.D., ,
131 pp.

The purpose of this study was to explore the effect of local obstructions on
solar radiation. Emphasis was placed on the effect of obstructions on a ptot of land
sized 20x20 meters (100 square two-meters). The study was conducted on four floor
plans of large-scale residential buildings: the I-shaped adjacent to the plot of [and,
the double I-shaped opposite the plot of land, the L-shaped adjacent to the plot of
land and the U-shaped plot of land. Under the provision of the Ministerial Regulation
No. 33 (B.E. 2535}, the residential buildings were constructed with a minimum space
of six meters wide from the land and with their heights ranging from ten to three
. hundred meters. The study was aimed at measuring the amount of the sky view and
the average amount of solar radiation onto the ground.

Findings cleary suggest that the floor patterns of local obstructions have
different effects on the amount of solar radiation. The |-shaped local obstruction
adjacent to the land has the smallest effect on the average amount of solar radiation
onto the ground, while the U-shaped large-scale construction has the greatest effect
on the amount of solar radiation. The average amount of measured solar radiation
decreased to 1.54 KWh/m2 per day or to approximately one-fourth of the solar
radiation\ that can on average be measured in Thailand per year. Thus, this study
presents'lhe equation that can be used for caiculation of the average amount of solar

radiation on the ground, with the local obstructions’ floor patterns and height as

variables. ) s
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AN 2.1 @hmﬁu%’uﬁmomﬁmﬁﬁ"@ﬁmuq@;ﬁw?ﬂm LI NFINNY 32111191 2507-2551

(Monthly global and diffuse solar radiation MJ/m2)

Jan || Feb || Mar || Apr || May || Jun || Jul || Aug || Sep || Oct || Nov || Dec || Avg || Max || Min

Global |[16.07(|17.15(|19.27|(19.65|(17.82(|16.83(|16.23||15.92|(14.98|(15.38(|16.24(|16.25|(16.82|(19.65||14.98

Diffuse|| 5.96 || 6.93 || 7.85 || 7.80 || 8.30 || 8.83 || 8.89 || 8.78 || 8.99 || 7.65 || 6.22 || 5.69 || 7.66 || 8.99 || 5.69

Ratio |[ 0.37 || 0.40 || 0.41 || 0.40 |{ 0.47 || 0.52 || 0.55 || 0.55 || 0.60 |[ 0.50 || 0.38 || 0.35 || 0.46 || 0.60 || 0.35

dl o a k1 e A a a .
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3171 2.14 Viewshed Calculation

‘ﬁlm (esri, 2010 : online)

midnmmilastnannuailfuiunszyfianuazduniaisandiag e
i lUf w3 IuAY Sunmap waz Skymap da lUiNamAUINNMIIFANNTEUTIN (FIFATI+IIF
n32a18)
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Eﬂﬁ' 2.15 Sunmap Calculation

‘ﬁlm (esri, 2010 : online)
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®  MIAWIUAILUNKALIAYIBINT Skymap Calculation
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v a of
mmauimwaoma 21714 ﬁ"uuLLa:aa

i
|
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311 2.16 Skymap Calculation

‘ﬁlm : (esri, 2010 : online)

® MIMWIBUMIBLNBAN AN BINALLEWALIATB9WN Overlay of viewshed with
sunmap and skymap
° ' A & W o \ \ [ A
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® Design Sky
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Altitude  Number  Azimuth  Solid angle

of band  of zones incrememt  sublended
cenire inband  (degrees) by zone

(degrees) (steradians)
6 30 12 0.0435
18 30 12 0.0416
30 24 15 0.0474
42 24 15 0.0407
54 18 20 0.0429
66 12 30 0.0445
78 6 60 0.0455
90 1 360 0.0344
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2.5.1 Vertical Urban forms and their Climatic Performance (Huang ,Yuan et al.,2009)
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Table 1 case studies
Case 0 Case 1 Case 2 Case 3 Case 4 Case § Case 6 Case 7
aHi{m) 0 3 8 9 12 15 18 21
Hi{m) 27 24 21 18 15 12 9 8
H3(m) 27 30 33 36 39 42 45 48
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131 (Huang et al..2009 : online)
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Figure 10 Solar envelope for different oni ingg solar access of adjacen! buidings, The
distance between buildings is 12m, If the solar cnvc!opc c;m:u iation stars from 2m above the ground
floar higher densities can be achieved. The dark shade represents peripheral areas and the light
shade the ceniral areas. (G Capeluio ef al, 2006)
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Figure 11 Same fgure as abo.o’e r\especﬁrrg solar access of & 2m sadewaik The dack shade
represents peroheral areas and the lght shade the central 2reas. The volume genermied would be higher
than the previous figure. [G.Capeiuio of af, 2006)
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Frgure1 Sc.'ar Enve.'opes Sofar Rights Envelope (SRE), Solar Coliection Envelope (SCE), and Solar
Volume (SV) (Source: Morelfo E., Ratti C.2008)
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LA

Figure. 12: {Left) Standard design guidance FSI 1.9. (Middle)Solar envelope alfows higher FS! of 3.8
and improved solar poteniial (Right) The basis of solar envelope guidance. (G. Capeluto et al ,2006)
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5L 9% BR 38

Horizontal Uniform

Mk
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Figure 7: Horizontal randomness is preferable

Second, arrangements with higher buildings, less
site coverage and more open space are more
preferable than those with lower buildings and higher
site coverage. (Figure 8}

Figure 8: Low site coverage is preferable

Randomness in vertical layout should also be
encouraged. In order to make this happen, building
and planning regulations on building height would
have to be made more flexible. (Figure 9}
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Autodesk Ecotect - Calculation Wizard...

| solar access analysis |

SOLAR ACCESS

Solar access refers to the availability of
incident solar radiation (insolation], on
surfaces and paints within your model

Solar radiation calculations use hourly
recorded direct and diffuse radiation data
fram the weather file. Overshadowing
and shading calculations require only the
geometry of the building and it
surmaundings.

“fou should check the latitude and
longitude of pour site and select the right
weather data file before performing these
calculations.

WHAT DO YOU WANT TO CALCULATE 2

* Incident Solar Radiation

Calculates total, direct and diffuse solar radiation falling on objects.

bed/Ti itted Solar Radiati
pplies suface and material properties, calculating the t_oh_al incident,

planar suifaces - points, vectors and the grid are ignared.

" Sky Factor & Ph hetically Active Radiation (PAR]
Shaws total radiation, percentage visible sky and plant radiation.

" Shading, Dvershadowing and Sunlight Hours
Shaws percentage shading. visible sky and total sunlight haurs.

¢ Before and After Comparison
Compare the changes in a specific solar access value. For this you must
be able to configure the model between the twa conditions by simply
turning the sppiopriate zones on of off
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Autodesk Ecotect - Calculation Wizard...

| solar access analysis |

CALCULATION FERIOD

Given the dynamic path of the Sun
through the sky and changing climatic
conditions, solar radiation and over-
shadowing valuss will vary over time as
well a3 spatially.

The Turrent Date and Time' and Current
Diay' options refer to the datetime:
displayed in the toolbar at the top of the
main application window. If you choose
the 'Specific Perod' option you will be
asked in the next page to select a
datetime range.

OVER WHAT PERIOD TO CALCULATE ?

" Cument Date and Time
Calculate instartaneous values at the current date and time. Onoe
calculated, values for each object will automatically update whenever
the model date and/or time is changed

© For Current Day
Caloulale values for the period of the curent day, s set in the main
prouel

i+ For Specified Period
Chaose this option to specify & particular from' and 'to’ date for the

calculation an the following page.
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Autodesk Ecotect - Calculation Wizard...

| solar access analysis |

SPECIFIC DATE/TIME PERIOD

Solar access calculations are camied out
each hour between the specified start
and top times for each dap between the
from and to dates. W alues for times
between hours are interpolated using the
hours before and after that time. Shading
and overshadowing are taken dirsctly
from the shading mask.

A times befare sunrise or after sunset
do not form part of the calculation and
are ighared,

WHAT DATES & TIMES DO YOU WISH TO USE ?
Date Range

Select the dates over which solar
radiation i to be calculated. You can

select 5 default periad using the From: [07 smewomt (=, 1 =

selector sbove, on interactively set
your own range. 0 |3 Ewwem (2

| from

Time Range
Select the hours of ach day over which to generate
the shading,

} from —————— 1o {
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| solar access analysis |

PERIDD-BASED YALUES

Given this variation in calculated values
over time, you will still need to store a
single number for each object attibute or
grid paint,

Use thiz page ta choose between the
total sum of all values, their average or
the maximum value of each metic on

each paint ar surface.

These options are ot available if you
selected a calculation for anly the Current
Time.

WHICH PERIOD-BASED YALUES SHOULD BE STORED ?

{+ Cumulative Values

Calculates the total sum of all values in each metic cver the chosen
ealculation period.

" Average Daily Yalues

Caleulates the sum of all values in each metic. and then divides this
by the nurber of daps ower which the analysis was rwn to give
average daily results.

" Average Hourly Values

Calculates the sum of all values in each metic, and then divides this
by the rumber of hourly values added to give the overall average

i Peak Values

Calculates and stores only the maximum value reached in each metric
aver the chasen calculation periad.

gﬂﬁ 3.61 ms‘s:q@iﬁagmﬁamsﬁﬂmm
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Autedesk Ecotect - Calculation Wizard...

| solar access analysis |

MODEL DBJECTS OR GRID

Walues can be calculated aver the
analysis grid (i it is cumently displaved) or
for objgcts in the model. The analysis grid
pravides mare flexible display options (e
cantauring) but is limited in size and
aspect. Ahzorption and Tranmsission can
only be calculated for planar sufaces,
not points or the analysis grid.

To see wariation over the surface of 3
large object, you might consider braaking
it up inta smaller sections using the
*Surface Subdivision' item in the Modify'
menu

WHAT SHOULD VALUES BE CALCULATED FOR ?

¢+ Dbijects in Model
Stores results a3 objgct attibutes. Y'ou can cantrol these ging the
‘Object Atibute Y alues” item in Display’ menu, Use the following to
limit the: abjects for which the calculation is performed.
I Drly Use Objects on Themal Zones
[T Only Use Selected Dbjects

™ Clear values from all other objects.

€ Analpsiz Grid (insolation only)
Caleulates values awer visible points in the analpsis anid [must be
curently displayed for this to be awailable] For a full spatial distibution
over all three dimensions of the grid. select the follawing option.
[T Hsa Ful 30 Extents of Analpsis Grd

Display/adiust Analysis Grid [press FZ to retum) > > >

gﬂﬁ 3.62 miizi_qlmﬂﬁaﬂ’i'@lmﬁaﬁﬁmm
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-
Autodesk Ecotect - Calculation Wizard...

| solar access analysis |

Calculation Type: | Incident Solar Fadialion an Points & Surfaces -

Period: From:

31st December

o

- e =
[<Custo> — [+] [0800 [#|[1800 [2] | I

Walues to Store: | Cumulative El v Direct Radiation Onlp -

e S e S A O ot G BT

I dutnSave Mol

Calculate Over: Model Objects

B Bl I~ Thermal Zones Only
I Clear atiibute values fram all other abjecls in the model

[ Pl g
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4.1.1 USiamsuaaiinriasnn nsdisanasuuualte (1) Ysedanan

1719 4.1 USHawnsuadiAuriaannsdiianasuuuai e (1) Ysedanan

VISIBLE SKY
A Heights Case 1 side Local obstruction adjacent to plot land
(%)

(m) N E S W

0 100 100 100 100

10 93.95 93.95 93.95 93.95
20 89.79 89.79 89.79 89.79
30 87.90 87.90 87.90 87.90
40 86.39 86.39 86.39 86.39
50 85.26 85.26 85.26 85.26
60 84.88 84.88 84.88 84.88
70 84.88 84.88 84.88 84.88
80 84.12 84.12 84.12 84.12
90 83.36 83.36 83.36 83.36
100 83.36 83.36 83.36 83.36
110 83.36 83.36 83.36 83.36
120 83.36 83.36 83.36 83.36
130 83.36 83.36 83.36 83.36
140 83.36 83.36 83.36 83.36
150 83.36 83.36 83.36 83.36
160 83.36 83.36 83.36 83.36
170 83.36 83.36 83.36 83.36
180 83.36 83.36 83.36 83.36
190 83.36 83.36 83.36 83.36
200 83.36 83.36 83.36 83.36
250 83.36 83.36 83.36 83.36
300 83.36 83.36 83.36 83.36




Relation of Visible sky & Building Heights (%)
Case : 1 side Local obstruction adjacent to plot land
110
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o & A @ A a a & W & a
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4.1.2 Piinumsweaiurioann nadldiarnsuuudala (1) dasedhandn

A1719 4.2 YSunmnsuediuriasninsdl fsanansuuuaite (1) dasstnunan

VISIBLE SKY
A Heights Case 2 sides Local obstructions opposite to plot land
(m.) (%)
N-S E-W
0 100 100
10 87.90 87.90
20 79.58 79.58
30 75.80 75.80
40 72.78 72.78
50 70.51 70.51
60 69.75 69.75
70 69.75 69.75
80 69.75 69.75
90 66.73 66.73
100 66.73 66.73
110 66.73 66.73
120 66.73 66.73
130 66.73 66.73
140 66.73 66.73
150 66.73 66.73
160 66.73 66.73
170 66.73 66.73
180 66.73 66.73
190 66.73 66.73
200 66.73 66.73
250 66.73 66.73
300 66.73 66.73
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Relation of Visible sky & Building Heights (%)

Case : 2 sides Local obstructions opposite to plot land
110
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A Building Heights (m.)

3U7 4.2 nvusesdSinansuasiurissninsdidsanansuuudale (1) dassthundu
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4.1.3 Y mntuadiiuriadn nytiksanasiuualuea (L) Usziauunan

9

139 4.3 YTumntuadtiuriadnn nytidsansiuuaiues (L) Uszdauunan

q

VISIBLE SKY
A Heights : Case 2 sides local obstructions juxtapose to plot land
(m.) (%)
N E S w
0 100 100 100 100
10 83.93 83.93 83.93 83.93
20 72.78 72.78 72.78 72.78
30 67.30 67.30 67.30 67.30
40 63.14 63.14 63.14 63.14
50 60.30 60.30 60.30 60.30
60 58.98 58.98 58.98 58.98
70 58.41 58.41 58.41 58.41
80 57.66 57.66 57.66 57.66
90 55.39 55.39 55.39 55.39
100 54.63 54.63 54.63 54.63
110 54.06 54.06 54.06 54.06
120 54.06 54.06 54.06 54.06
130 54.06 54.06 54.06 54.06
140 54.06 54.06 54.06 54.06
150 54.06 54.06 54.06 54.06
160 54.06 54.06 54.06 54.06
170 54.06 54.06 54.06 54.06
180 54.06 54.06 54.06 54.06
190 54.06 54.06 54.06 54.06
200 54.06 54.06 54.06 54.06
250 54.06 54.06 54.06 54.06
300 54.06 54.06 54.06 54.06
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Relation of Visible sky & Building Heights (%)
Case : 2 sides Local obstructions juxtapose to plot land

110

100 —\
90

80 \

NN
60 \NL

50

Visible sky %

40

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 250 300

A Building Heights (m.)

3UN 4.3 nmwusaslIinamsueainiasn nadkiianansuuudines (L) duFeyunaun
nnmMTieTidayanudt iaanugiaingiiasiganszu: 10 WwWas Unmns
& W o A e A a A & o o
NpIARBINazilALYINAY 83.93% Uazidaana1Ilinlnugs 100 WwWas Yiunansuadiuiaan

A @ A e & A A A A o ~ A X a «
’ﬂ:&lﬂ’]%ﬂﬂﬂﬁgﬂm’muwa 4 ¢l A 54.06% Llﬂzuﬂ’]ﬂd‘ﬂLL;Jaﬁlﬂ']i"ﬂzllﬂ'ﬁqllfﬂﬂwamuﬂﬂﬂ(ﬂqu



4.1.4 Pnamuasduriasinadidsarnnsuuuaagy (U) ausaufidn 3 dw

Tagidalas 1 a 1w

M7 4.4 USnansveainisansdiaenauuudag (U) 3 dautaunan 3 6w

Tagidalas 1 dn

VISIBLE SKY
A Heights Case 3 sides local obstructions enclosed to plot land
(m.) Open | side (%)

N E S w

0 100 100 100 100
10 76.56 76.56 76.56 76.56
20 60.30 60.30 60.30 60.30
30 52.36 5236 52.36 52.36
40 46.31 46.31 46.31 46.31
50 42.16 42.16 42.16 42.16
60 40.42 40.42 40.42 40.42
70 39.51 39.51 39.51 39.51
80 38.75 3875 38.75 38.75
90 34.97 34.97 34.97 34.97
100 34.22 34.22 34.22 34.22
110 33.46 33.46 33.46 33.46
120 33.46 33.46 33.46 33.46
130 33.46 33.46 33.46 33.46
140 33.46 33.46 33.46 33.46
150 33.46 33.46 33.46 33.46
160 33.46 33.46 33.46 33.46
170 33.46 33.46 33.46 33.46
180 33.46 33.46 33.46 33.46
190 33.46 33.46 33.46 33.46
200 33.46 33.46 33.46 33.46
250 33.46 33.46 33.46 33.46
300 33.46 33.46 33.46 33.46
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Relation of Visible sky & Building Heights (%)
Case : 3 sides Local obstructions enclosed to plot land / open 1 side
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Total Approximate Annual Radiation on Horizontal plane
A Heights 5
(KWh/m'ly)
(m.)
North

0 1,812.29
10 1,768.07
20 1,718.89
30 1,691.05
40 1,674.42
50 1,663.77
60 1,656.44
70 1,651.08
80 1,647.11
90 1,644.00
100 1,641.48
110 1,639.66
120 1,637.96
130 1,636.74
140 26359
150 1,634.78
160 1,634.11
170 1,635.58
180 1,633.05
190 1,632.51
200 1,632.10
250 1,630.90
300 1,630.63
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Solar Radiation (Kwh/m?2/y)
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Total Approximate Annual Radiation on Horizontal plane
Case : 1 side adjacent to plotland
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Total Approximate Annual Radiation on Horizontal plane
A Heights 2
(KWh/m'/y)
(m.)
East

0 1,812.29
10 1,746.70
20 1,650.69
30 1,594.63
40 1,563.48
50 1,546.03
60 1,534.75
70 1,526.60
80 1,521.38
90 1580457
100 1,515.59
110 1,514.02
120 1,512.69
130 1,511.66
140 1,510.64
150 1,509.71
160 1,509.04
170 1,508.21
180 1,507.53
190 1,506.85
200 1,506.17
250 1,504.49
300 1,503.49
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Total Approximate Annual Radiation on Horizontal plane
Case : 1 side adjacent to plotland on East
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Total Approximate Annual Radiation on Horizontal plane
A Heights 2
(KWh/m /y)
(m.)
South

0 1,812.29
10 NAS0.95
20 1,643.20
30 1,569.43
40 1,524.92
50 1,504.38
60 1,493.98
70 1,486.17
80 1,481.20
90 1,477.40
100 1,475.50
110 1,473.77
120 1,472.26
130 1,471.15
140 1,470.34
150 1,469.78
160 1,469.38
170 1,469.01
180 1,468.60
190 1,468.28
200 1,468.06
250 1,467.33
300 1,467.09
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Total Approximate Annual Radiation on Horizontal plane
Case : 1 side adjacent to plotland on South
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Total Approximate Annual Radiation on Horizontal plane
A Heights 2
(KWh/m /y)
(m.)
West

0 1,812.29
10 1,663.72
20 1,655.95
30 1,603.72
40 1,574.91
50 1,556.35
60 1,545.03
70 1,538.36
80 1,533.71
90 1,529.75
100 1,526.61
110 1,524.03
120 1,521.73
130 1,520.23
140 1,519.36
150 1,518.68
160 1,518.18
170 1,517.26
180 1,517.28
190 1,516.86
200 1,516.34
250 1,515.26
300 1,515.02
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Total Approximate Annual Radiation on Horizontal plane
Case : 1 side adjacent to plot land on West
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Total Approximate Annual Radiation on Horizontal plane
A Heights
North-South
(m) .
(KWh/m /y)

0 1,812.29
10 1,706.73
20 1,549.80
30 1,448.20
40 1,387.05
50 T35 85
60 1,338.13
70 1,324.96
80 oo
90 1,309.12
100 1,304.89
110 1,301.13
120 1,297.93
130 1,295.60
140 1,293.60
150 1,292.28
160 1,291.20
170 1,290.27
180 1,289.36
190 1,288.50
200 1,287.86
250 1,285.94
300 1,285.43
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Total Approximate Annual Radiation on Horizontal plane
Case : 2 sides Local obstructions Opposite to plot land on North-South
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Total Approximate Annual Radiation on Horizontal plane

A Heights
East-West
(m) -
(KWh/m'/y)
0 1,812.29
10 1,679.63
20 1,494.35
30 1,386.05
40 1,326.04
50 1,290.03
60 1,267.40
70 1,252.66
80 1,242.78
90 1,235.23
100 1,229.91
110 1,225.74
120 1,222.21
130 1,219.60
140 1,217.70
150 1,216.10
160 1,214.93
170 1,213.66
180 1,212.52
190 1,211.43
200 1,210.24
250 1,207.46
300 1,206.23
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Total Approximate Annual Radiation on Horizontal plane
Case : 2 sides Local obstructions Opposite to plot land on East-West
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Total Approximate Annual Radiation on Horizontal plane

A Heights
North-East
(m.) -
(KWh/m /y)

0 1,812.29
10 1,668.43
20 521%6
30 1,420.63
40 1,361.61
50 1,326.83
60 1,303.33
70 1,286.22
80 1,274.67
90 1,266.09
100 1,260.14
110 1,255.42
120 1,251.28
130 1,248.23
140 1,245.34
150 1,243.04
160 1,241.24
170 1,239.50
180 1,237.81
190 1,236.20
200 1,234.70
250 1,230.44
300 1,228.58
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Total Approximate Annual Radiation on Horizontal plane
Case : 3 sides Local obstruction juxtapose to plot land on North-East
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Total Approximate Annual Radiation on Horizontal plane

A Heights
East-South
(m.) 5
(KWh/m ly)

0 1,812.29
10 1,663.72
20 1,414.87
30 1,250.61
40 1,154.53
50 1,106.09
60 1,078.15
70 1,057.96
80 1,044.89
90 1,035.67
100 1,030.47
110 1,026.17
120 1,022.45
130 1,019.56
140 1,017.16
150 1,015.22
160 1,013.80
170 1,012.26
180 1,010.85
190 1,009.56
200 1,008.41
250 1,005.08
300 1,003.50
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Total Approximate Annual Radiation on Horizontal plane
Case : 3 sides Local obstruction juxtapose to plot land on East-South
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Total Approximate Annual Radiation on Horizontal plane

A Heights
South-West
(m.) 5
(KWh/m'ly)

0 1,812.29
10 1,663.72
20 1,426.93
30 1,267.88
40 1,174.81
50 1,124.83
60 1,096.49
70 1,078.30
80 1,066.05
90 1,056.20
100 1,049.80
110 1,044.51
120 1,039.75
130 1,036.57
140 1,034.27
150 1,032.66
160 1,031.48
170 1,030.47
180 1,029.48
190 1,028.63
200 1,027.75
250 1,025.74
300 1,025.13
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Total Approximate Annual Radiation on Horizontal plane
Case : 3 sides Local obstruction juxtapose to plot land on South-West
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Total Approximate Annual Radiation on Horizontal plane
A Heights
West-North
(m) .
(KWh/m /y)

0 1,812.29
10 1,686.22
20 1,525.60
30 1,430.41
40 1,875.05
50 1,339.21
60 1315.97
70 1,300.91
80 1,290.02
90 1,281.03
100 1. 2560
110 1,267.91
120 1,262.64
130 1,258.97
140 1,255.83
150 1,253.77
160 1,251.99
170 1,250.61
180 1,249.43
190 1,248.35
200 1,247.25
250 1,244.57
300 1,243.98
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Total Approximate Annual Radiation on Horizontal plane
Case : 3 sides Local obstruction juxtapose to plot land on West-North
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Total Approximate Annual Radiation on Horizontal plane
A Heights
Open 0On North
(m) .
(KWh/m /y)

0 1,812.29
10 1,756.55
20 1,198.61
30 949.10
40 840.44
50 726.54
60 680.67
70 650.09
80 629.72
90 614.45
100 604.78
110 596.92
120 589.95
130 584.49
140 581.11
150 578.10
160 575.90
170 573.73
180 571.74
190 569.95
200 568.11
250 563.48
300 561.59
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Total Approximate Annual Radiation on Horizontal plane
A Heights
Open On East
(m.) :
(KWh/m /y)

0 1,812.29
10 1,604.77
20 1,296.58
30 1,094.57
40 974.98
50 907.75
60 867.54
70 840.85
80 822.37
90 807.47
100 797.00
110 788.42
120 780.65
130 775.32
140 770.75
150 767.74
160 765.29
170 763.38
180 761.62
190 760.14
200 758.65
250 755.05
300 754.15
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Total Approximate Annual Radiation on Horizontal plane
Case : 3 sides Local obstruction enclosed to plot land / open East
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Total Approximate Annual Radiation on Horizontal plane
A Heights
Open On South
(m.) E
(KWh/m /y)

0 1,812.29
10 1,606.59
20 1,327.89
30 1,160.00
40 1,062.23
50 1,002.25
60 962.88
70 936.05
80 917.59
90 903.12
100 892.28
110 883.68
120 875.96
130 870.47
140 865.80
150 860.06
160 859.11
170 856.56
180 854.19
190 852.03
200 849.85
250 844.08
300 841.93
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Total Approximate Annual Radiation on Horizontal plane
Case : 3 sides Local obstruction enclosed to plot land / open South
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Total Approximate Annual Radiation on Horizontal plane

A Heights
Open On West
(m) -
(KWh/m /y)

0 1,812.29
10 1,605.46
20 1,285.36
30 1,076.62
40 952.70
50 886.93
60 846.73
70 817.58
80 798.19
90 783.98
100 715108
110 767.58
120 761.06
130 756.13
140 751.87
150 748.56
160 746.02
170 743.56
180 741.14
190 738.93
200 736.90
250 731.02
300 728.58
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Total Approximate Annual Radiation on Horizontal plane
Case : 3 sides Local obstruction enclosed to plot land / open West
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1) Relation of vilsible sky & Solar Radiation on horizontal plane
Case: 1 side local obstuction on South
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Relation of vilsible sky & Solar Radiation on horizontal plane
Case: 2 side local obstuctions opposite on North-South
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Relation of vilsible sky & Solar Radiation on horizontal plane | |

Case: 2 side local obstuctions opposite on East-West
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Relation of vilsible sky & Solar Radiation on horizontal plane :
Case: 2 sides local obstruction juxtapose on North-East [
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Relation of vilsible sky & Solar Radiation on horizontal plane
Case: 2 sides local obstruction juxtapose on East-South ‘ |
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Relation of vilsible sky & Solar Radiation on horizontal plane
Case: 2 side local obstruction juxtapose on South-West ‘
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Relation of vilsible sky & Solar Radiation on horizontal plane
Case: 2 side local obstruction juxtapose on West-North
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Relation of vilsible sky & Solar Radiation on horizontal plane
Case: 3 side local obstructions enclosed / open on East
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Relation of vilsible sky & Solar Radiation on horizontal plane i
Case: 3 sides local obstructions enclosed / open on South ' '
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Relation of vilsible sky & Solar Radiation on horizontal plane — ]
Case: 3 sides local obstructions enclosed / open on West
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Relation of Visible sky & Total Radiation on Horizontal plane
Case : 1 side wall adjacent to plot land

1,900

2 1,800 /
o
o /
© 1,700
c
5 ‘*‘_‘/‘/&.%/
s 1,600
I
S . W

> 1,500
"=
2 g 1,400
=
—
© 1,300
£
)
5 1,200
o
<
© 1,100
o
—

1,000 T T T T T T T T T )
82 84 86 88 90 92 94 96 98 100 102
Visible Sky (%)
¢ North O East —a— West e South

a 6 a

Eﬂﬁ 5.15 NINLFAIUSHINNITUDIAWITAININUUT U WA I BURI DAL UL A NI D L

ITIUNIUOUVBINAK 20x20 LUAT NITHIBNAITUULAL LB (1) UszTanan

#1314 5.1 LLamgﬂLmuaumiwmmtﬁﬂ‘%mmwﬁomuummﬁmﬂ@maﬁaﬁ'&ﬂ Tuszuunmeanan

AsHEIaNAIwuLar e (1) Usedaian :nnnsie i lagaunIsnanashuuLTILau

et ]UNIWEINTAL R-square
wile = -0.039x" + 19.54x + 281.8 0.989
e y = 0.803%" - 115.1x + 5490 0.991
azinaen y = 0.530x - 71.34x + 3771 0.993
Azuan y = -0.863x + 167.4x - 6438 0.972
Top? Y = Bsinamasnuussariaslagaasnadluszinunanan (KWhim’y)
nem X = USunmmInasinriasn (%)




115

a

° = o A da A A @
ﬁ]’mLLUU%’]aadluﬂimmmmiLL‘LI‘LI@l’JvLa N Usesanan WUQ?LN@@W@]W?NQQWN%G?&@U

S A o o = = o et
it Seluuuusiaadih ﬁammiﬁmmga 90 u.1dudw bl 1astFudlunituadiunraana
nm:ﬁ@hwhﬁ'uﬁ'a 4 A BIAAIINRANNIIAIWI HANLNWEINIW AU DINLL AT

= o c!l sﬁ! 1 3 1 a a d‘y d';:i o o
wWnauaangedlumaswinuni 2 TadreananiannMIUTIN AR wINgnuaTIny
= o A A4 & @ ¥ 4 A A A '
WMEUNUNBNNNILAUYI 89N mmmmmmmimm@imyummgamnmw 90 V.
USUNTINITNBILAUN DININE W T LA ZAINNTZAL 83.36 % LazadN lanaa L

o 6

= a & o U A o o = o
SIS ﬂimmmiua\‘imumaanmwauwummuLLﬂmummﬂmm TaunaI9%
a = v d' A £ a a d'ca (% a a a ol A

LLaammmumuawqmuammsmammﬂizmmumuw lmﬁmuﬂsmmmqma
2 v =Y v =) L= Qs >
1,467 KWh/m'/y WaznIha1anst19taadlssdaauiiaasinaaniuasasinanazdnadiin
a § LU s 2 Oq; ¥ a { a
wsdaNadnlnsiAssnuAaUT= 1,510 KWh/m fy N9fmnwananfnysunmnis
& o ¥ oA, A 1 @ o o . o
VILRAUNDININAIAINLYIINDY 83.36 % (32AUANEI 90 w.Ldudwly) azwuinszeu

[ a > { o { 2
WAINULFIDInTazaaadlusaitesfalasafnlszunm 0.88 KWhim'fy



116

A o a 1 2 aa
2) mmmmmiuuumvl,a ()] ﬂ@l‘iﬂ‘ll']u‘l’]@%

Relation of Visible sky & Total Solar Radiation on Horizontal Plane
Case : 2 sides local obstruction Oppose to plot land
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Relation of Visible sky & total Solar Radiation

Case : 2 sides local obstruction Juxtaposes to plot land
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Relation between Visible sky & Solar radiation on Horizontal surface
Case : 2 sides local obstruction Juxtapose to plot land
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Relation between Visible sky & Solar radiation on Horizontal surface
Case : 3 sides local obstruction enclosed to plot land / open 1 side
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