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PV MODULES_on southeast facade
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COMPUTER SIMULATIONS with.DAYSIM
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Daylight Annual Light
Sensor X y z Daylight Factor Autonomy Exposure
Points (cm) (cm) (cm) (%) (%) (luxh)
a 431.33 720.09 85.00 8.3 87.7 18900422
b 360.62 790.80 85.00 55 85.0 11045531
(o 289.91 861.51 85.00 3.9 81.0 7188247
d 219.20 932.22 85.00 3.1 76.9 5395355
Daylight Factor Distribution Daylight Autonomy Distribution
10,0 100,0
9,0 90,0
8,0 LQ 80,0 1 .\.\l\.
e 70 \ < 700
5§ 601 \-\ S 600
g 5,0 § 50,0
2 40 5 100
8 3,0 ‘\l § 30,0
2,0 20,0
1,0 10,0
0,0 T T T 0,0 T T T
a b c d a b c d
Sensor Points Sensor Points
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COMPUTER SIMULATIONS with. DAYSIM
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Estimation of Electric Energy for Different Types o f Lighting
Controls
Annual El. Total
Lighting Annual El. 70
Energy Use Lighting
Lighting (kWh/ Energy Use <
Control Type | unit area) (kWh/a) c 601
e
Manual = 50 -
on/off s. 27.4 1450.3 f"
[%2)
Switch-off i 40 1
occ. sen. 22.5 1191.1 B
: 2 30 -
Switch on/off i
occ. sen. 58.1 3081.1 L
o 20 -
Photos. cont. o
dimming 12.5 662.7 S 10 L
>
PCdim +off g I I
occ. sen. 12.5 663.1 < 0 : : : : :

. ; Manual on/off ~ Switch-off ~ Switch on/off Photosensor- PC dimming PC dimming
PCdim+on switch occupancy occupancy controlled  with switch off  with switch
off occ. sen. 4.1 2867.4 sensor sensor dimming occ. Sensor  on/off occ.

Sensor
Lighting Control Type
- /-] I




T Wi
L u*a

‘ I HOCHSCHULE FUR TECHNIK STUTTGART

=
-
£
STUTTGART UNIVERSITY OF APFLIED SCIENCES : -.Hllll s
L
-

.f 3
/
/
=
i
I'.

COMPUTER SIMULATIONS with DAYSIM
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COMPUTER SIMULATIONS with.DAYSIM
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Daylight Annual Light
Sensor X y z Daylight Factor Autonomy Exposure
Points (cm) (cm) (cm) (%) (%) (luxh)
a 431.33 720.09 85.00 6.3 86.0 14051937
b 360.62 790.80 85.00 4.4 82.5 8466224
c 289.91 861.51 85.00 3.3 78.2 5444861
d 219.20 932.22 85.00 2.7 74.1 4302422
Daylight Factor Distribution Daylight Autonomy Distribution
10,0 100,0
9,0 1 90,0
8.0 80,0 - .\'.\._\.
e 70 < 700
g 60 L § 60,0
g 5,0 g 50,0 +
% 4.0 1 E, 40,0
° 0 — E 300
2.0 20,0 +
1,0 1 10,0 4
0.0 : : : 0,0 T T T
a b c d a b c d
Sensor Points Sensor Points




"i'i_|_v|'lli

3 ., UL
# [
O ) 5 :
. HOCHSCHULE FUR TECHNIK STUTTGART -f A"
%‘ STUTTGART UNIVERSITY OF AFFLIED SCIEMCES . .Hl“.
[- #"&1 %t +&(  "&# &
Estimation of Electric Energy for Different Types o f Lighting Controls
Annual El. Total 70
Lighting Annual El.
Energy Use Lighting
Lighting (kwh/ Energy Use &\60 T
Control Type unit area) (kWh/a) IS
< 50 +
Manual E
on/off s. 27.5 1457.5 >
. D40 +
Switch-off 2
occ. sen. 22.5 1195.0 B
) 230 +
Switch on/off i
occ. sen. 58.1 3081.1 L
©20
Photos. cont. o
dimming 12.8 667.7 =
510 +
PCdim +off g
occ. sen. 12.8 678.8 < .
PCdim+on/ Manual on/off Switch-off Switch on/off ~ Photosensor-  PC dimming PC dimming
off occ. sen. 545 2887.7 switch occupancy occupancy controlled with switch off with switch
sensor sensor dimming occ. Sensor on/off occ.
Sensor
Lighting Control Type
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COMPUTER SIMULATIONS with. DAYSIM
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Daylight Factor Daylight Factor
Sensor X y z without PV with PV
Points (cm) (cm) (cm) (%) (%)
a 431.33 720.09 85.00 8.3 6.3
b 360.62 790.80 85.00 55 44
c 289.91 861.51 85.00 3.9 3.3
d 219.20 932.22 85.00 3.1 2.7
Daylight Factor Comparison
10,0
9,0
8,0
7,0
W 287 —m— Without P
D ’ ] .
4.0 —m—With PV
3,0
2,0
1,0
0,0 ‘
b c d
Sensor Points
(N |
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COMPUTER SIMULATIONS with. DAYSIM
64 /-32+&("& !/-2+&( -

Daylight Daylight
Autonomy Autonomy
Sensor X y z without PV with PV
Points (cm) (cm) (cm) (%) (%)
a 431.33 720.09 85.00 87.7 86.0
b 360.62 790.80 85.00 85.0 82.5
c 289.91 861.51 85.00 81.0 78.2
d 219.20 932.22 85.00 76.9 74.1
Daylight Autonomy Comparison
100,0
90,0
80,0 - %
70,0
60,0 Without P
5 500 +W' hOI:V
40,0 Wi
30,0
20,0 -
10,0 -
0,0 ; ‘ ‘
a b c d
Sensor Points
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COMPUTER SIMULATIONS with. DAYSIM

64  [-32+&("& 1/-2+&(
Aﬂg‘;;'ngl' Aﬂg‘;;'ngl' Estimation of Annual El.Lighting Energy Use of Different
Energy Use | Energy Use Lighting Control Systems
(kWh/ (kWh/
unit area) unit a) 70
Lighting S
Control Type | without PV with PV £ 60
<
Manual 2 50
on/off s. 27.4 27.5 %
Switch-off S 40 m Without PV
occ. sen. 22.5 22.5 § B With PV
Switch on/off ]
occ. sen. 58.1 58.1 £
(8}
Photos. cont. = -
dimming 12.5 12.8 £ . . |
= o N o = o = O
PCdim +off é = £ T @ g§5 235 o 22 S0
occ. sen. 12.5 12.8 5 = c o 222 935S £0 0 § o
- % i neo LEE © 5 “ e
PCdim+on/ =< ? g S =3% 23 S 3
off occ. sen. 54.1 54.5 S o

Lighting

Control Systems
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PV MODULES both on southeast&southwest facade
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COMPUTER SIMULATIONS with DAYSIM
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COMPUTER SIMULATIONS with DAY SIM
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Daylight Annual Light
Sensor X y z Daylight Factor Autonomy Exposure
Points (cm) (cm) (cm) (%) (%) (luxh)
a 407.67 226.96 85.00 11.3 88.6 24282008
b 478.39 297.67 85.00 8.0 87.0 18938872
(o 549.10 368.38 85.00 3.6 78.1 8452504
d 619.81 439.09 85.00 1.9 60.4 4090584
Daylight Factor Distribution Daylight Autonomy Distribution
12,0 100,0
s N e
e g0 < 700 \
g ' § 60,0 - \l
;iE 6,0 <9? 50,0
2 5 400
8 40 § 30,0 -
20 20,0 -
10,0
0,0 ; ; ; 0,0 ‘ ‘
a b c d a b c d
Sensor Points Sensor Points
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COMPUTER SIMULATIONS with DAYSIM

[-1 %# +&("& +&("&5 % "&( +# &
Estimation of Electric Energy for Different Types o f Lighting Controls
Annual El. Total
Lighting Annual El. 70
Energy Use Lighting
Lighting (kWh/ Energy Use < 60 ¢
Control Type unit area) (kWh/a) E
e
Manual < 50 +
on/off s. 28.3 1320.8 %
[%2)
Switch-off 2 40
occ. sen. 23.0 1072.8 )
2 30+
Switch on/off w
occ. sen. 58.1 2709.1 £
O 20 +
Photos. cont. o
dimming 14.6 678.6 =
S 10 +
PCdim +off =
occ. sen. 14.2 659.8 < o | | | I |
PCdim+on/ Manual on/off Switch-off Switch on/off ~ Photosensor- ~ PC dimming PC dimming
off occ. sen. 56.0 2607.3 switch occupancy occupancy controlled with switch off  with switch
sensor sensor dimming occ. Sensor on/off occ.
Sensor
Lighting Control Type
- - I
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COMPUTER SIMULATIONS with DAY SIM
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COMPUTER SIMULATIONS with DAYSIM

nn . n .
[-91 %#  +&("& +&(5 % &## &
Daylight Annual Light
Sensor X y z Daylight Factor Autonomy Exposure
Points (cm) (cm) (cm) (%) (%) (luxh)
a 407.67 226.96 85.00 8.2 87.0 19471974
b 478.39 297.67 85.00 5.0 83.2 11043863
c 549.10 368.38 85.00 2.4 69.7 5320829
d 619.81 439.09 85.00 1.4 51.9 3007441
Daylight Factor Distribution Daylight Autonomy Distribution
12,0 100,0
90,0 -
10,0 80.0 i —

70,0
60,0
50,0

©
°
Daylight Autonomy (¢

Daylight Factor (%

6,0
S 40,0 4
401 30,0 |
20,0 -
2,0

0,0 T T T 0,0 T
a b c d a b c d

Sensor Points Sensor Points




.

b
A\

i
|
!
m—F
i
\

| HOCHSCHULE FUR TECHNIK STUTTGART

‘l STUTTGART UNIVERSITY OF APFLIED SCIENCES

COMPUTER SIMULATIONS with DAYSIM

+&("& +&(5 %

"&(+#

[-91 %#
Annual El. Total
Lighting Annual El.
Energy Use Lighting
Lighting (kWh/ Energy Use
Control Type unit area) (kWh/a)
Manual
on/off s. 28.8 1341.4
Switch-off
occ. sen. 23.5 1093.0
Switch on/off
occ. sen. 58.1 2709.1
Photos. cont.
dimming 15.8 737.1
PCdim +off
occ. sen. 15.2 707.4
PCdim+on/
off occ. sen. 57.1 2661.9

Annual Electric Energy Use (kWh/m2)

Estimation of Electric Energy for Different Types o

f Lighting Controls

70
60 +
50 +
40 +
30 +
20 +
i I I
0 ‘ ‘ : : :
Manual on/off Switch-off Switch on/off ~ Photosensor- PC dimming PC dimming
switch occupancy occupancy controlled with switch off with switch
sensor sensor dimming occ. Sensor on/off occ.
Sensor

Lighting Control Type
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COMPUTER SIMULATIONS with DAYSIM
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COMPUTER SIMULATIONS with DAYSIM

0.
[-1 %# +& +&(5 % "&(HH#&
Daylight Annual Light
Sensor X y z Daylight Factor Autonomy Exposure
Points (cm) (cm) (cm) (%) (%) (luxh)
a 407.67 226.96 85.00 5.8 84.5 13064170
b 478.39 297.67 85.00 3.8 79.6 8449549
c 549.10 368.38 85.00 1.8 62.0 3785040
d 619.81 439.09 85.00 1.0 40.4 2071822
Daylight Factor Distribution Daylight Autonomy Distribution
120 90,0
80,0 .\.\
10,0
_ 700
:S" 8,0 1 E 60,0
E 60 é 50,0
g ] < 400
Z 40] —§ 300
[=]
200
20
i\. 100
00 \ 00 :
a a b d
Sensor Points Sensor Points
- /- I
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COMPUTER SIMULATIONS with DAYSIM
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Estimation of Electric Energy for Different Types o f Lighting Controls
Annual El. Total
Lighting Annual El. 70
Energy Use Lighting
Lighting (kWh/ Energy Use < 60+
Control Type unit area) (kWh/a) IS
=
Manual S 50+
on/off s. 29.7 1383.0 >
(%2}
Switch-off 2 407
occ. sen. 24.2 1126.0 )
1)
Switch on/off g 307
occ. sen. 58.1 2709.1 L
® 20+
Photos. cont. m
dimming 18.1 841.6 =
: 2 10 |
PCdim +off c
occ. sen. 16.9 786.2 <
0 1 1 1 1 |
PCdim+on/ Manual on/off Switch-off Switch on/off ~ Photosensor-  PC dimming  PC dimming
off occ. sen. 59.0 2751.2 switch occupancy occupancy controlled with switch off ~ with switch
sensor sensor dimming occ. Sensor on/off occ.
Sensor
Lighting Control Type
- - I
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COMPUTER SIMULATIONS with DAY SIM
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COMPUTER SIMULATIONS with DAY SIM
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Daylight Annual Light
Sensor X y z Daylight Factor Autonomy Exposure
Points (cm) (cm) (cm) (%) (%) (luxh)
a 362.42 622.94 85.00 11.2 89.2 24123358
b 291.71 693.65 85.00 7.9 87.6 18834626
c 221.00 764.36 85.00 3.4 78.5 7681464
d 150.29 835.07 85.00 1.8 64.9 3407884
Daylight Factor Distribution Daylight Autonomy Distribution
120 1000
. 90,0 B
001 < 50 — —
< g0 £ 0 \\.
g S 60,0
g 601 2 500
= = 400
g a0 = 300
S 200
20 u 10,0
00 ‘ 00 ; ; ‘
a b c d a b c d
Sensor Points Sensor Points
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COMPUTER SIMULATIONS with DAYSIM

[-1 %# +&("& +&("&5 % "&( # &
Estimation of Electric Energy for Different Types o f Lighting Controls
Annual El. Total
Lighting Annual El. 70
Energy Use Lighting

Lighting (kWh/ Energy Use < 60+
Control Type unit area) (kWh/a) IS
=

Manual E 50 |
on/off s. 27.9 1299.3 >
(%]

Switch-off 2 407
occ. sen. 22.9 1066.3 B
[}

Switch on/off g 307
occ. sen. 58.1 2709.1 L

S 20 |
Photos. cont. |
dimming 14.1 656.7 =

: g2 10 ¢
PCdim +off c
occ. sen. 13.8 641.2 <

0 ‘ ‘ 1 1 |
PCdim+on/ Manual on/off Switch-off Switch on/off ~ Photosensor-  PC dimming  PC dimming
off occ. sen. 55.7 2595.5 switch occupancy occupancy controlled with switch off ~ with switch
sensor sensor dimming occ. Sensor on/off occ.
Sensor

Lighting Control Type
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COMPUTER SIMULATIONS with DAYSIM
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COMPUTER SIMULATIONS with DAYSIM
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[-:1 %#  +&("& +&(5 %  "&# &
Daylight Annual Light
Sensor X y z Daylight Factor Autonomy Exposure
Points (cm) (cm) (cm) (%) (%) (luxh)
a 362.42 622.94 85.00 8.1 87.7 19388300
b 291.71 693.65 85.00 51 84.3 11068598
c 221.00 764.36 85.00 2.5 73.0 5092516
d 150.29 835.07 85.00 1.3 56.0 2617707
Daylight Factor Distribution Daylight Autonomy Distribution
120 100,0
90,0
10,0 < 800 .\\
e | £ 700
g ™ S 600 \\.
£ 6o 2 500
= = 400
g a0 = 300
& 200
2,0 \. 10,0
00 ‘ " b d
b
Sensor Points Sensor Points
- - I
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COMPUTER SIMULATIONS with DAYSIM
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Estimation of Electric Energy for Different Types o f Lighting Controls
Annual El. Total
Lighting Annual El. 70
Energy Use Lighting
Lighting (kWh/ Energy Use < 60+
Control Type unit area) (kWh/a) IS
=
Manual E 50 |
on/off s. 28.5 1326.7 ;’
(%]
Switch-off 2 407
occ. sen. 23.4 1090.1 <)
@
Switch on/off g 307
occ. sen. 58.1 2709.1 L
® 20+
Photos. cont. |
dimming 15.5 721.7 =
: g2 10 ¢
PCdim +off c
occ. sen. 14.8 691.8 <
0 1 1 1 1 |
PCdim+on/ Manual on/off Switch-off Switch on/off ~ Photosensor-  PC dimming  PC dimming
off occ. sen. 56.9 2652.4 switch occupancy occupancy controlled with switch off ~ with switch
sensor sensor dimming occ. Sensor on/off occ.
Sensor
Lighting Control Type
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COMPUTER SIMULATIONS with DAYSIM
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COMPUTER SIMULATIONS with DAYSIM
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11
[-71 %# +&( +& (5% "&# &
Daylight Annual Light
Sensor X y z Daylight Factor Autonomy Exposure
Points (cm) (cm) (cm) (%) (%) (luxh)
a 362.42 622.94 85.00 5.9 85.6 13396080
b 291.71 693.65 85.00 3.8 81.0 8442522
(o 221.00 764.36 85.00 1.8 65.9 3429994
d 150.29 835.07 85.00 1.0 45.6 1989057
Daylight Factor Distribution Daylight Autonomy Distribution
120 100,0
90,0
> ol
e | £ 700
g 8,0 g 60,0 \.\
£ o] 2 500 \\.
= = 400
g a0 = 300
& 200
20 1\. 100
00
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COMPUTER SIMULATIONS with DAYSIM

+&( +&(5 %

"&# &

[-71 %#
Annual El. Total
Lighting Annual El. 70
Energy Use Lighting
Lighting (kWh/ Energy Use <
Control Type unit area) (kWh/a) IS
e
Manual s
on/off s. 29.1 1355.7 >
[%2)
Switch-off 2
occ. sen. 23.8 1109.1 B
S 30
Switch on/off w
occ. sen. 58.1 2709.1 L
O
Photos. cont. o
dimming 17.0 792.2 =
>
PCdim +off =
occ. sen. 15.9 741.8 < 9
PCdim+on/
off occ. sen. 58.2 2714.4

Estimation of Electric Energy for Different Types o

f Lighting Controls

60 -

20 +
N I I

Manual on/off Switch-off Switch on/off ~ Photosensor- ~ PC dimming
switch occupancy occupancy controlled with switch off
sensor sensor dimming occ. Sensor

Lighting Control Type

PC dimming
with switch
on/off occ.

Sensor
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COMPUTER SIMULATIONS with. DAYSIM

& 0%&4 [ "&(+# & 0 % I#
Daylight Factor Daylight Factor Daylight Factor
without PV,without without PV,with with PV, with
Sensor X y z balcony balcony balcony
Points (cm) (cm) (cm) (%) (%) (%)
a 407.67 226.96 85.00 11.3 8.2 5.8
b 478.39 297.67 85.00 8.0 5.0 3.8
c 549.10 368.38 85.00 3.6 24 1.8
d 619.81 439.09 85.00 1.9 14 1.0
(& 0%&4 ["&H#H & 0% #
Daylight Factor Daylight Factor Daylight Factor
without PV,without without PV,with with PV,with
Sensor X y z balcony balcony balcony
Points (cm) (cm) (cm) (%) (%) (%)
a 362.42 622.94 85.00 11.2 8.1 5.9
b 291.71 693.65 85.00 7.9 5.1 3.8
c 221.00 764.36 85.00 3.4 25 1.8
d 150.29 835.07 85.00 1.8 1.3 1.0
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COMPUTER SIMULATIONS with. DAYSIM

(& "& # ["&(H#& 0% #
Daylight Autonomy Daylight Autonomy Daylight Autonomy
without PV,without without PV,with with PV, with
Sensor X y z balcony balcony balcony
Points (cm) (cm) (cm) (%) (%) (%)
a 407.67 226.96 85.00 88.6 87.0 84.5
b 478.39 297.67 85.00 87.0 83.2 79.6
c 549.10 368.38 85.00 78.1 69.7 62.0
d 619.81 439.09 85.00 60.4 51.9 40.4
(& "& # 1"&H#H & 0% #
Daylight Autonomy Daylight Autonomy Daylight Autonomy
without PV,without without PV,with with PV,with
Sensor X y z balcony balcony balcony
Points (cm) (cm) (cm) (%) (%) (%)
a 362.42 622.94 85.00 89.2 87.7 85.6
b 291.71 693.65 85.00 87.6 84.3 81.0
c 221.00 764.36 85.00 78.5 73.0 65.9
d 150.29 835.07 85.00 64.9 56.0 45.6
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