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Abstract

Electricity consumption is the highest energy drainer when it comes to artificial
lighting used in offices even though maximum office-hour coincides during the day
time. Although few simple design inclusions in the initial phase of designing can
reduce electricity consumption as well as add bonus effects such as physiological and
psychological improvement through use of daylight, it is still neglected due to lack of
awareness and negligence. Even if not included in the design phase, simple design
modifications might change the scenario altogether. Proper daylight use can be of
economic and health benefit. The author aimed to evaluate on the use of solar panel
louvers in existing buildings to avoid glare from excessive daylight and its optimum
utilization in open plan offices in context of Dhaka. To achieve this, it required field
survey, questionnaire survey, user satisfaction interviews, background study and
software simulation. Daylight simulation has been performed by producing the virtual
urban environment based on the survey of a true site urban office building located in
Dhaka, Bangladesh. Through software simulation Climate based daylight modelling
has been done using Ecotect, RADIANCE- based DAYSIM. It was made possible to
assess possible solar panel louver options with varying angles, that would provide
optimum Daylight use and help reduce unwanted glare as a more sustainable option.
ECOTECT is used as a modelling interface to launch the DAYSIM program. For a
sustainable building design, general methodology and information provided in this
paper will accompany in future scope of research and implementation.
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INTRODUCTION

Open office spaces are becoming a beneficial trend in the commercial sectors due to
the scope of its resource sharing, space flexibility and interactive environment. As
open plan provides much flexibility of space usage it also means that much of the
daylight, if facade treatment is done properly, can be used by most of the daily users.
Lack of partitions maximizes the use of daylight to the maximum of the spaces.
Proper use of daylight is going to have a huge impact in the amount of energy
consumption with the help of better improvised ideas and statistics for using it in
offices.

Many options are available for preventing solar heat gains, excessive glare from
abundance admittance of daylight in modern building offices with glass facades.
Some of which are cost effective but tedious to maintain, automated but costly to
maintain. Options such as manual or automated blinds are quite common and on-the-
go solutions for such situations. Although automated solar shading can be a
cost effective and sustainable solution in the long run usage of the building.
Automated shading will be helpful in operating as it will adjust itself in accordance
with the sun path and generation of electric power will be supplementing its
operational power needs.

There are many variables of solutions available for optimum daylight use but the
ultimate goal of these design solutions are user satisfaction in work places and to
provide optimum illuminance level which is 300lux Standard for Office work and
desk level works (Joarder M., 2009)

Although proper daylight usage through improvised solutions are available but it is
not advisable to come up with design solutions later after completion of building
design rather during the initial design phase any building should be designed by
considering such vital factors which has negative impacts on energy consumption,
user comfort and well-being. Specially in office places where people spent most of
their vital time of the day inside, losing health and mental balance.

1. Literature Synthesis

The criteria of visual and thermal comfort, productive and sustainable use of power
consumption defines a well-designed office which are directly related to as well as can
be achieved by successful use of daylight. Visual comfort is very important for well-
being and productivity of the occupants in buildings (Leech et al., 2002; Serghides et
al., 2015). The effect of visual comfort on occupant work performance, productivity,
comfort and satisfaction can be assessed from many past studies where natural light
plays a vital role in physical and therapeutic ways (Veitch, 2001). Visual comfort
defines lighting conditions, even distribution of light, prevention of excessive glare
and optimum light level ambience. Insufficient light and especially daylight or glare
reduces the ability to see objects or details clearly (Leech et al., 2002). Architectural
design has a direct impact on office lighting and office lighting has a direct impact on
well-being and productivity of the users. The access to natural lighting as well as
artificial lighting is essential in order to ensure well-being of occupants in areas where
natural lighting is missing or during evening when the natural lighting fades (Aries et
al.,2010).



Visual comfort at work has an impact on comfort after work as well. Open plan offices
have negative effect on visual comfort which leads to a negative impact on occupant
as well. Visual comfort plays such a vital role in the overall productivity, comfort and
well-being of the occupants that buildings need to avoid excessive use of artificial
lighting yet still maintain some level of optimality (Yun et al., 2012). Therefore, one
needs to study daylight, artificial lighting, glare and visual comfort together in order
get a more sustainable design in resource as well as occupant comfort.

1.1 Statement of the problem

It is a common practice in offices to use artificial lighting even though maximum
office hour takes place during the day time. Electricity consumption is the highest
energy drainer when it comes to artificial lighting used in office spaces. Even though
few simple design inclusions in the initial phase of designing can reduce electricity
consumption as well as add bonus effects such as physiological and psychological
improvement through use of daylight, it is still neglected due to lack of awareness and
negligence. Even if not included in the design phase, simple design modifications
might change the scenario altogether. Proper daylight use can be of economic and
health benefit.

1.2  Aim and objectives

Aim

The author tried to come up with a comprehensive study of the benefits and efficient
use of daylight in open plan office space by thorough analysis of primary and
secondary data sources. With proper deduction and simulations, it can be ensured that
daylight use will eventually reduce pressure on electricity consumption and benefit
the users on physiological and psychological levels.

Objectives

- Analysis of current indoor luminance quality to understand the existing
scenario.

- Comparison with Standard requirement with the existing situation and the
design best solution to achieve the desired effect.

- Determine the effects of daylight inclusion along with interior finishes and
elements such as- floor finish, furniture tops, ceiling height, window configuration
and relevant items, as such.

- Determine the effect of daylight use in economic, physiological and
psychological parameters for user satisfaction.

- Software simulations to determine the feasibility of hypothetical solutions.

- Analyze and draw conclusions from the simulations of the overall impact of
daylight for office work efficiency.

1.3 Scope and limitation of the work

Scope

The study provides opportunities for considerations of fagade treatment inside and
outside of a building in more sustainable ways with variable aspects as of solar
panels.

Limitation
If compared with other variant or simultaneously work with another variant could
make some result or approach of the study less sustainable.



Constraints like time limit is a huge factor, since only one office’s performance was
considered for drawing conclusions.

2 Research Methods
Dynamic Simulation is the main research method selected for this study. The flow
chart below explains the process:
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Figure 1: Flow diagram of the simulation process (after Rahman, H. 2018)
3 Case Studies

3.1 Selection of Case Study

For the purpose of this simulation study, an open plan office building was selected
with glass fagade on maximum sides. Simulations were done considering the
surroundings of the site.



Location: House 37, Road 11, Block H, Banani, Dhaka 1213, Bangladesh.

\

Figure 2: Location Map of Office "Moar"
Source- Google Maps

Zone type: Mixed Use Zone of the “Posh” area of Banani

o

Figure 3: Land Use Map | Source- Google Maps



Office Plan Layout: Open plan

Roadside

apispeoy
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Figure 4: Office Floor Plan | Source- Author
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Figure 5: Images- (a) South side of the Office allowing excessive daylight, (b)
Existing Window Section | Source- Author

4 Application of Dynamic Simulation Method

This section describes application of the simulation methods. Simulation is done to
make the decision about the configuration of skylight influencing light inside the open
plan office structure. To complete this stage, the author has gone through the steps
that has been shown in above diagram (Figure 1). Others steps described in detail,
below:

4.1 Geographical Locations Micro Climate Study for Simulation

Dhaka has tropical climate and three distinct seasons. Those are the hot-dry (March-
May), the hot-humid (June-November) and the cool-dry season (December-February)
(Ahmed, K. S., 1995). Throughout the hot-dry or summer, the sky can remain both
clear with sun and overcast. During monsoon period which is hot-humid, the sky
remains significantly overcast at most of the time. During the winter which is cool-
dry, the sky remains typically clear. Composite climates as Dhaka, where mutually
overcast and clear conditions are experienced during the course of every year. This
guides designers for the suitable daylight enhancing solution (Ahmed, Z. N., 1987).



Figure 6: Cloud cover for TRYs, Dhaka (Source:
U.S. Department of Energy [61])

4.2  Decide On a Design Variant

During site survey, Solar panel louvers seemed more logical and sustainable,
considering visual and thermal comfort, productive and sustainable use of power
consumption. As it is a commercial building, one successful application of solar panel
louvers will encourage others to do so.

Solar panel louvers come in many combinations of shape, size, finish, frame and
installation details. Solar panel louvers can use transparent or translucent finish, in
glass or polymer of various configurations to achieve the goals of even light
distribution, glare prevention and solar control. (Mestek Architectural, 2012)

A variety of solar panel louvers exists for applications on exterior facade.
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Figure 7: (a) Solar Panel type, (b) Solar Radiation & Light interaction with the
Panel, (c) Image showing different angles' situations



SHADOVOLTAIC

Figure 8: Image of the Shadovoltaic panels and its features | Source- MESTEK
Architecture(2012)

4.3 Software Used for Simulation

AutoCAD, Ecotect, RADIANCE and DAYSIM are the software used for whole
simulation process. AutoCAD has been used to produce 2D diagrams, 3d modeling
has been produced in Ecotect. For further depth simulation RADIANCE and
DAYSIM has been used. Both RADIANCE and DAYSIM have been authenticated
widely and successfully for daylighting analysis (Joarder, A.R., n.d) Ecotect also used
for running Radiance and Daysim.

4.4 3D Model Generation and Dynamic Simulation Parameters

Physical survey data

- Total floor area: 193sqm Usable space: 182sqm Service area: 11 sqm

- Ceiling: Plastered concrete ceiling painted white Internal wall: Glass Partitions
(transmittance- 0.8) Floor: Tiles (reflectance: 0.3)

- Glazing: Double Glazed floor-to-ceiling windows/ facade

Figure 9: Office building(case study) | Source- Author



Figure 10: Ecotect Model of the Office Floor showing the existing luminance
condition
| Source- Author

The Office has glass fagade on the South and East side which provides abundance of
daylight but at the same time excessive glare. The image below shows the level of

daylight entering the office.

Li ing Analysis
[ .

Figure 11: Ecotect showing Daylight level inside the Office | Source- Author

Shadovoltaic Solar panel louvers will not only control the daylight entering the office
but will generate and store energy required to run the automated panels. Automated
panels make it easier with maintaining the panel angles in accordance with the Sun

angle.



Figure 12: Above-Existing South side image of the Office, Below- Ecotect Simulation
image | Source- Author

The assessments for the daylight simulation were based on the following
parameters:

- Location: Dhaka, Bangladesh (longitude: 90.2 deg; latitude: 23.5 deg)

- Local terrain: Urban Ground reflectance: 0.2

- Time: 9.00 am — 5.00 pm Window (dirt on glass): Average Design
illumination: 300 lux

- Dynamic sky model: Perez sky model Duration for dynamic simulation:
Month of January

(Joarder, A.R., n.d)
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Figure 13: Plan showing the column/structural grid with node references
Source- Author

4.5  Identification of Daylight Simulation Performance Evaluation Metrics
The findings of simulation are evaluated based on the following dynamic performance
metrics done with Daysim to get an overall annual understanding

- Daylight Factor (DF): It is the ratio of the light level inside a structure to
the light level outside the structure. It is defined as: DF = (Ei/ Eo) x 100%

Daylight Autonomy (DA): It is the percentage of the occupied times of the
year when the minimum illuminance requirement at the sensor is met by daylight
alone (Joarder, A.R., n.d).

Contlnuous Daylight Autonomy (DAcon): The percentage of the
minimum illuminance requirement met by daylight alone at the sensor during the full
occupied times of the year (Joarder, A.R., n.d).

- Maximum Daylight Autonomy (DAmax): The percentage of the occupied
hours when the daylight level is 10 times higher than design illumination represents
the likely appearance of glare (Joarder, A.R., n.d).

- Useful Daylight Illuminances (UDI): The aims of UDI are to
determine when
daylight levels are ‘useful’ for the user and when they are not. Based on occupant
preferences in daylit offices, UDI results in three metrics, i.e. the percentages of the
occupied times of the year when daylight is useful (100- 2000lux), too dark (<100
lux), or too bright (> 2000 lux) (Nabil, A., et al, 2006)

About this metrics details with example are described in Joardar, A. R. “Climate



Based Daylight Modelling and Dynamic Daylight Performance Metrics for
Sustainable Building Design in Bangladesh” research paper.

4.6 Performance Measurements from Simulation Results
Ecotect simulation showing the existing sunpath, daylight level condition and the 3
solution options. The images are shown below:

Lighting Analysis

Daylight Factor
Viewe Range 2.2

Figure 14: Sun Path for simulation & Ecotect Daylight level intensity | Source-
Author



Figure 15: (a) Lux Intensity (b) Contour Bands (c) DF% (d) Human Sensitivity |
Source- Author produced via RADIANCE simulation

Possible Solutions of Louvers

-

Al

30

Figure 16: Louver Options- Solution:1 | Solution:2 | Solution:3 shown
respectively Source- Author



5 Simulation Studies

The table below summarizes the performance metrics of Panels on indoor daylighting
level:
Table 1: Simulation results for three solar panel louvers at different angles
Source- Author

Lighting (Existing) | Sol 1 | Sol 2 | Sol 3
Configuration % % % %
DA % 100 99.95 | 99.85 100
DA max % 87.1 63.85 | 16.25 | 32.25
UDI<100 0 0 0 0
UDI % 2.15 15.45 | 42.85 29.8
100-2000
UDI >2000 97.35 84.45 | 56.85 69.7

Table 2: Ranking Metrics of the Three Solutions Compared with the Existing
Condition | Source- Author

Type |(Existing)| Solution_1|Solution_2| Solution_3
DA 4 3 2 4
DA max 1 2 4 3
UDI 1 2 4 3
100-2000
UDI 2 4 3 1
>2000
Total 8 11 13 11
Rating
Place 3rd ond 1st ond

6 Result

From the readings of the DAY SIM analysis report, final result from the core points of
the work plane has been shown in the tables above. It can be seen that Solution- 2

came 15! through ranking system.

7 Discussion

71 Solar Panel Louver Configuration:

Soltuion-2 seems to be the best Louver option as the simulation result shows that even
though its DA (99.85%) is lower than the rest, the other factors such as DAmax,
UDI100-2000, UDI>2000 is at desired level than the rest.



7.2 Solar Panel Louver Features:

Photovoltaic glass Jouvers are available in
vanous colors, surface finishes, pattems and
coatings (o meet specific design requaements

Features and benefits

Il Combines the functions of solar shading
with the gencration of electrcal power

l Available in widths up to a nominal 24°

B Available in supported spans up o a
nominal 13" (depending on wind loads
and other design criteria)

B All principal support components are
manufactured from comrosion-resisiam
extruded aluminum alloy with stwanless

steel fixings

B Fully opesable or fixed. An operable
BIPV system which tracks the sun's
position typically generates about 20%

more electnoty than a fixed system

Figure 17: Features of Shadovoltaic panels | Source- MESTEK Architecture
(2012)

Such features as the solar shading property, generation of electrical power are
preferable for sustainable daylight use design solution elements. Solar shading would
mean reduction of unwanted glare, even distribution of daylight and generated power
can be used for driving the sensors o f the automated solar panel louvers.

CONCLUSION

Daylight can be a great source of passive energy, supplementing electricity
consumption. Thus resulting economic efficiency. Statistics have also showed the
beneficial factors of daylight use on users mental and physical health (Yousef Al horr,
2016). Through proper analysis of simulations, modifications can be made in existing
offices to make efficient use of daylight. The author aimed to emphasize on the
efficient use of daylight to improve indoor illumination and work efficiency. Through
simulations of different modification propositions, these design strategies might give
scope for further modification ideas and act as a general guideline regarding daylight
usage and indoor luminous environment of offices in Dhaka’s context.
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DAYSIM Analysis Reports:

Of Existing Condition

DATIS! Sashiae Oupe D DATIS! Lot Oepwr e
Do S gt

ey -

IR e e e et (e s e A

- ahert.

e N e oo el o e s
32ne o, -um:‘wn‘w@

- R A e T I S

-mmmwu—vnm‘h-m‘:\

T C—
o i TiSoi eorais hove 3 Em, 2568 %
I
Detied Simulation Rusults
-
B N s =
e e oy 3 romie - e g Toe o i 2 vt s om o oo o e 3 o
-—m-nm-—w-":—-_’lmm T ot v sk samns v e M
A b " Degerare e e S e e e
- AT g oo .
h-qil ot g B g e
Annr -
ot o e B g ey

T e S g = P g . e P s P ey

s g
- -
-w—u—n—«z‘uw--«.u o e et

EYS
a 150 M
o 1
Tt
S € TEST e i o b 15300018 e € TENT von Bl b
e

=

S Ty
* BTG IR L v one v st = e e S st Do it
= G 8 R o ek oo e

tcack 30 ek

- L 0
v o * DA v B iy CITESToNS 0 Embeet 0%
DOPAT o VS5 0 P SE RS Woren P Atyaa rd
Vewapoart s mug e

the C TEAT vou fousll o 16 3ur L1 fo - TEAT vor ) o i XNt
— — e ——— —




P iad

st o Emec 5
e CTESTIw  Caoted 30
W P Anyas i

e

Yy e o o

it
i i
: | ._W
S : : i
m it
ﬁ { i fl .ﬂ._n.
§f§8 BT I b | i Pl
w:ﬂ S i w_ | 2
i G b i ihs i
B F
H ColGE bty e
i T wm HiH
pomible gy BIETE
i PR AR |
..~ _ .m hm: piziz » : :
O  Engg _ |
P HIRTHE 1 ﬂ
il f BiE G ool | |
.“ i1 i m _m-m m“mmm mm i %m mm { |
w h. m“ i : mn. nmmm. wmm -—m“m W ! w.— m -4 Wﬂﬂ titbdreathle
i wm m_M .._«_,__.m w ] m“ : .W_m.wwmmﬂﬁ\, m

Solution-1




Solution-2:
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