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Abstract : This study examines control performance of daylight dimming systems for lightshelf conditions applied to
a small office space. Computer simulations using Lightscape software was performed for lightshelf and photosensor
configurations through a year under various daylight conditions. Results imply that dimming controls for the space
with lightshelves in June under clear sky was superior to those without lightshleves. In December, the dimming control
failed to keep target illuminance. Under overcast sky, the dimming control was not successful to save lighting energy
due to insufficient daylight. Photosensors with noshielding kept the lighting control effective. Strong linear relationships
existed between desktop and photosensor illuminance under all daylight and lightshelf conditions. Effective lighting
energy savings was achieved under clear and partly cloudy sky conditions and insignificant difference was noticed
between them. Clear sky achieved minimum 50% of lighting energy savings, but overcast sky achieved at least 25.6%

due to insufficient daylight.
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Figure 1. Layout of space.
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Figure 2. Configuration of lightshelf (Left: Alt. #1, Center: Alt. #2, Right: Alt. #3).
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Figure 3. Section of fluorescent fixture.
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Figure 4. Shielding conditions for photosensor (Left: Full shield, Center: Partial shield, Right: Noshield).
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Table 1. Dimming Control Setting for Lighitng Fixture

Condition Dimming Setting
DI < 35 LO=100
35< DI <395 LO=-0.2568*DI +100.53
DI > 395 LO=10
where,
- DI: Desktop Illuminance [Ix]
- LO: Light Output [%]
Table 2. Daylight Conditions
Day Time Orientation Sky
3/21 Clear
6/21 08:00-17:00 South Partly cloudy
12/21 Overcast
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Figure 5. Control performance for design alternative #1
(Top: Mar/21, Middle: June/21, Bottom: Dec/21).
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Figure 6. Control performance for design alternative #2
(Top: Mar/21, Middle: June/21, Bottom: Dec/21).

ZHAle] a3 J¥yRd, Ad 2 XEAAN 27
o we} WalEdct. vEE 2E A giokl st
o ZYAlY] A= 6¥ol 3 oz Vet
S (overcast sky) ZAol] A8E FEAAM L 2t
274 Aol Azks UeRA] e o' iAE
At ARG (Full Shielding)zA2] 73$-, gtz
%] ke ZZHANo Shielding)2] 7ol Bl
alo] = ZEEES Woly Qe Ao® vehdth

Bt 3% 7F =8 699 A9, AeyEdd

o
2
o

120
—— Optimum
100 0O C-No
O C-Partial
A C-Full
X 80 X PC-No
§_ - PC-Partial
g 60 + PC-Full
- < OC-No
5 — OC-Partial
O 40 X OC-Full

N
o

0 200 400 600 800 1000 1200 1400 1600
Desktop lluminance by Daylight [IX]

120
—— Optimum
O C-No
100 O C-Partial
A C-Full
X 80 X PC-No
5 - PC-Partial
=3 + PC-Full
3 ® & OC-No
£ — OC-Partial
3 40 X OC-Full

20

120

0 200 400 600 800 1000 1200 1400 1600
Desktop llluminance by Daylight [IX]

—— Optimum
C-No
C-Partial
C-Full
PC-No
PC-Partial
PC-Full
OC-No
OC-Partial
OC-Full

X 1O+ X> 0O

Light Output [%)]

HE &

0 . .

0 200 400 600 800 1000 1200 1400 1600
Desktop llluminance by Daylight [Ix]

Figure 7. Control performance for design alternative #3
(Top: Mar/21, Middle: June/21, Bottom: Dec/21).
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Table 3. ANOVA for Relationship between Desktop and Photosensor Illuminance by Daylight

Ao}, HAHe] IRyl EEHsE A

Light Lo . Unstandardized Coefficient . ANOVA
Shielding ~ Variable Sig. - r
-shelf B Std. error F test Sig.
Constant -41.77 16.01 -2.60  0.00
No F(1,84) = 1205.09 0.00 0.934
Slope 0.567 0.016 34.71 0.00
. Constant -31.71 18.71 -1.69 0.01
Alt. #1  Partial F(1,84) = 721.71  0.00  0.895
Slope 0.513 0.019 26.86 0.00
Constant -30.22 19.33 -1.56 0.12
Full F(1,84) = 650.3 0.00 0.884
Slope 0.503 0.02 25.50 0.00
Constant -65.01 13.30 -4.88 0.00
No F(1,84) = 1256.96 0.00  0.937
Slope 0.643 0.018 3545  0.00
. Constant -48.96 15.97 -3.06  0.00
Alt. #2  Partial F(1,84) = 701.69  0.00 0.892
Slope 0.576 0.022 2648  0.00
Constant -48.08 16.15 -2.97 0.00
Full F(1,84) = 667.64 0.00 0.887
Slope 0.568 0.022 25.83 0.00
Constant -44.74 9.21 -4.85 0.00
No F(1,81) = 2366.35 0.00 0.967
Slope 0.576 0.012 48.64 0.00
. Constant -23.91 12.33 -1.93 0.05
Alt. #3  Partial F(1,81) = 1013.18 0.00 0.926
Slope 0.504 0.016 31.83 0.00
Constant -22.98 13.19 -1.74 0.08
Full F(1,81) = 853.69 0.00 0913
Slope 0.495 0.017 29.21 0.00
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Table 4. Electric Lighting Energy Savings for Lightshelf Alternatives (unit: %)
Sky Day Full shielding Partial shielding No shielding
Alt. #1  Alt. #2 Alt. #3  Alt. #1  Alt. #2 Alt. #3  Alt. #1  Alt. #2  Alt. #3
3/21 83 79 83 85 81 84 85 82 85
Clear 6/21 70 45 51 73 50 57 74 54 60
12/21 77 76 77 79 78 78 80 79 79
3/21 78 75 79 81 79 81 82 81 83
Partly cloudy 6/21 80 72 79 83 78 82 84 81 84
12/21 63 61 62 69 67 68 71 69 70
3/21 29 24 28 36 31 35 40 36 39
Over cast 6/21 37 30 35 43 37 42 47 41 45
12/21 17 15 17 25 23 25 30 28 30
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