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Abstract: In India Building sector use about 33% of entire
electrical energy use, out of that 25% is used by the residential
sector. We can reduce it by applying daylighting as a necessary
component for building design procedure. Here in this study,
sustainability of energy through daylighting is investigate with
respect to performance of daylight of a residential apartment in
the Gandhinagar city. Daylight Area (DA) is used as performance
metric. The effect of building orientation on the daylight area is
studied. Behaviour of Occupancy was modelled by applying a
useful daylight illuminance threshold of 400 Ix. By that we have
found that at east orientation building would get 26% daylight
area which is highest among all. After that put Occupancy and
Dimming sensors on that case and get optimum lighting energy
use.

Keywords: Daylighting, Daylight Area, Energy saving, Useful
daylight Illuminance.

. INTRODUCTION

Rapid urbanization in Indiais pushing the strength demand at
an unpreceded fee of eight % per annum. The sprawling of
compact multi-storied excessive upward thrust buildings,
currently an archetype to meet urbanization demands, is an
increasing number of putting strain in city electricity needs.
Moreover, non-stringent constructing bye-legal guidelines
and lack of solar law add to the weight. While such devel-
opment is higher from the factor of minimizing strength usage
for transportation, the close proximity of the excessive-ruse
limits the sky-component and sunlight hours’ penetration.
This is turn impacts the pleasant and the amount of daylight
received, particularly at the decrease floors, and puts stresson
artificial light’s needs. Especialy in arustic like India which
has prolonged daylight seems vital to have regulatory norms
that combine day lights into the housing region. The con-
structing bye-laws of Indian cities prescribe that every livable
room ought to have one or extra apertures like windows,
establishing to external environment such that in no case the
glazing to ground ratio be less than 10% of al habitable
spaces and the prescribed minimal distance among homes is
based totally at the “sustained vertical attitude requirement”
asin step with NBC-2005 Part eight Sec 1.
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These legal guidelines have been first advanced inside the
UK, in general for low riseterraced homes, which assume that
all windows obtain a reasonably desirable amount of “sky
thing” and that there may be consistent angle of obstruction
some of the homes. Given that Indian towns are growing taller
and the windows have varying skyline obstruction, these legal
guidelines grow to be much less powerful. The building de-
sign itself suffers with no guarantee on daylight availability
and performance. This state of affairs requires remedial
measures in building bye laws which can meet with the con-
temporary needs within the developing residential zone. One
of the essential function on India is its low socio-economic
class pushed urbanization. This has caused a big deficit of
cheap housinginIndia. Asaremedial degree, the Government
of India has formulated the scheme of “Housing for
All-2022”, which objectives to construct 20 million less
costly houses in the subsequent seven years. Under this pre-
text it would be really apt to advocate daylight inclusive
building bye-legal guidelines for this upcoming housing in-
ventory. Hence this study intends to recommend a route to-
wards daylight inclusive constructing bye-laws and policy
formula. First, the examine describes the gaps in modern-day
bye-legal guidelines after which estimates the daylight hours
performance of an existing building. It they shows the metric
of Usable Daylight Illuminance (UDI) for comparing the
power saving capability of residential buildings. Finaly, an
energy management matrix is designed as a method for for-
mulate daytime inclusive constructing bye-laws.

(Bardhan & Debnath, 2016)

[I. METHODOLOGY

Method comprises of number of steps to meet specific re-
search objectives.

First step was al about considering an immense literature
review about different important domain pertinent to this
study, which includes reviews about BIM, Energy analysis
software, factors affecting building energy consumption,
factors affecting daylight harvesting etc. That would guide to
the suitability of use of BIM and daylight simulation software
for this study and provided the base to understand the relation
between building orientation and natural daylight harvesting.
Secondly, the best suited software for modelling and simula-
tion work for this study were scrutinized for further work.
Third step was to implement modelling work and simulation
work on the selected case study with enough information
about it. It was necessary to choose building with sufficient
information as it alows the author to model and simulate the
building with enough precision
and facileness.
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That permitted for thoroughly analysis of differently oriented
building aternativesin aBIM environment.

Here after all orientation simulation finally, we get best case
for high daylight area, after al of them we get one best result
for any specific orientation. On that we have apply occupancy
sensor and dimming sensor and get optimum requirement of
daylight energy.

Physical Characteristics: Daylight Performance Simulation of the

-Orientation base case building model using UDI [ Daylight Area

-Floor Space N

Occupancy Schedule: Constraints: f l

-Occupancy: Mon-Sun Location (Climate data) Input for designing building
(8:00-18:00 hrs) Orientation bye-law Framework
-Occupants during Window Type

Daytime: 3 Hours of Lighting Requirement

-Family Size: 6 Electric lighting control

-Total number of lights: 5|

¢ Data Collection

e The building which is taken into consideration for this
study is a residential Apartment building. An Eight storey
building issituated in Gandhinagar city, Gujarat. Basic details
about building are as below,

¢ Name of Building: Vinayak Life style

e Location: Gandhinagar

¢ Coordinates: Latitude: 23.0333°,

¢ Longitude: 72.5833°

o Type of Building: Residential Building

¢ Occupancy Schedule: 8 AM to 6 PM

e Area 1532 symt

o Floor Height: 3m

o Number of Floor: 8

o Every floor consists of three Bed room, one kitchen, one
hall, bathroom and a WC. The choice of the case study is
based on the fact that | have connections with the building
owner and can readily gain access to the building to recon-
stitute the drawings and also obtain daylight result bye digital
lux meter for validation of results.

I11. MODEL MAKING

With the help of this data and 2d plan of building we have
made 3d model of building in revit, same as actual with proper
material.

Figure 1 3d Model

Here we have used Rhinoceros 5.0 for daylight smulation, in
Rhino we have used Divafor Rhino plug-in. for do simulation
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first we have to export Revit (.rvt) file into AutoCAD (.dwg)
file with perspective view. Then After in Rhino we have to
import that AutoCAD file into Rhino. When we import that
file then we have to give some inputs for simulation which are
1) Selection of Whether file. For whether file here we have
download the Ahmedabad whether file from energy plus site.
2) Nodes. For that we have select one plan where we want our
daylightinilluminance level. So we haveto put different node
on the surface of the floor where we can get the result of
daylight llluminancein Lux. Here we have make node 0.79 m
above the floor and 1.5 m distance from each other. 3) Se-
lection of materials. For this when we import CAD file into
Rhino, it creates each component of building as alayer so in
rhino we have to give proper material for each layer so we get
accurate result. 4) Type of simulation which wewant. All this
input process are show in below figures.
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Figure 2 Weather file Selection

Figure 3 Nodes
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E Assign Materials

DIVA

Daylighting Materials

Thermal Materials

Layer Name Material Choices

0: -

A-COLS: |GenericFioor_20
A-DOOR: |GenericFurniture_50
A-FLOR: |GenericFioor_20

A-FLOR-HRAL: |GenericFioor_20

A-GENM: [Water_surface
AGLAZ: |Glazing_DoublePane_LowE_65
A-WALL: [Genericinteriorwall_s0

Default: -

E-LITE-EQPM: [SheetMetal

(<l Lo [ <] el [el e ] el [l e [ €] e

GAMPT: |Water_surface

1-FURN: |GenericFurniture_50

L-SITE: [Water_surface

S-STRS: |GenericFloor_20

Note: The are being from the project-specific local

[
material file, located at C:\Users\lenovo\Desktop\Seminari+135 Degree Final -
DIVA\Resources\material.rad. If you wish to use the default materials in the
C:\DIVA\Daylight folder instead, please re-run the "Location’ command.

| Submit Material Information I

Figure 4 Material Selection

g DIVA Simulation Options

DIVA

Daylight Images Daylight Grid-Based Thermal Single-Zone
Daylight Factor | Point-in-Time llluminance | Climate-Based | Radiation Map

Metric [Daylight Autonomy [¥] »

Occupancy Schedule | 8toBwithDST 60min.occ.csv [ V] 2

Target llluminance [a00 | #
Units JLux [v] 2
Show Daysim Report ?
Use DGP Schedules O ?

Advanced Parameters

Radiance Parameters [-ab 4 -ad 1000 -as 20 -ar 300 -ad ?

Adaptive Visual Comfort IUser(s) cannot adapt. Simulzlzl ?

Geometric Density [100 | %

Cleanup Temporary Directory ?

Run Simulation I Restore Defaults

Figure5 Simulation Metrics

Now first of all we have do simulation for bas case of building
which is situated in East-West direction. For that orientation,
we have do climate base annual Daylight Autonomy (DA)
simulation. After give, al input same like above figure then
click on run simulation and the simulation has been start. It
takes much time to simulate, approximate 6 to 7 hours, and
givesresult of daylight area. Here we have do this simulation
for every 15 degree rotation, and get different results for
daylight area. When we done simulation for base case we got
thiskind of results

Retrieval Number: B7807129219/2020©BEIESP
DOI: 10.35940/ijitee.B7807.019320
Journal Website: www.ijitee.org

1451

I nter national Journal of Innovative Technology and Exploring Engineering (1JITEE)
| SSN: 2278-3075 (Online), Volume-9 I ssue-3, January 2020

Figure 6 Base Case

Here in fig 6 shows that daylight autonomy at each and every
point. In fig where color is dark there the natural daylight is
come less, where the color is light there natural daylight is
come high. According to this natural daylight harvesting the
software give the result of annual which amount of daylight
has been come in future according it software give result in
daylight Area which is shown in figure, Daylight Ar-
ea(DA400lux[50%]): Area of the room at which the specia
daylight autonomy correspondsto at least 50% and that means
that at least 50% of the occupied time the daylight level of the
point are above the target illuminance

Mean Daylight Factor: The daylight factor (DF) is a very
common and easy to use measure for the subjective daylight
quality in aroom. It describes the ratio of outside illuminance
over inside illuminance, expressed in per cent. The higher the
DF, the more natural light is available in the room.

So here for base case we have get Daylight areais 11 % and
Daylight Factor is 0.7%. This results are shown in figure
below. Here we select occupancy schedule as 8 to 6 so total
per year 3650 hourswhich isshown inresult that occupancy is
3650 hours per year. Now for other orientation we got this
kind of results which are shown in table below,

DIVA
Sngs Daysim Simuation Report
o wawngs. "
s Daylit Area (DAsooiu[50%])  11% of loor area
e Mean Daylight Factor 0.7%
Daysm gereates a schedde
e, 5 car e et 2 Occupancy 3650 hours per year
 rermad suatin ogeam. To
s acws ol g

W4 = 3 dargit fackrof 25 o ighe,
2

c " asmpiec or el v

5 The s yight ey 155 r 2 XAt b The eTTage o e 9 WEh 3 70t oty g 1t S

3 DA NAK> $%

Simulation Assumptions
e Dot

The st tuiog i oaledin Aireabst VD (2307 7263),

e Dot
The ol cnvadl o.rs o ccomcy 3t e wore o are 550
Lol
T
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Figure7 Base Case Result
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Here after al orientation simulation we get highest 26%
Daylight Areain two Orientation which are +30 degree & +90
Degree and that same cases we get daylight factor is 3.2% &
2.2% So by this we have choose +30 Degree orientation from
base case is give higher amount of natural light compare to
other orientation. Becausein daylight factor meaning we have
already show that higher factor will give higher natural
lightning, so we choose +30 degree compare to +90 Degree
rotation. So here we choose +30 degree rotation from base
case is a best case for further simulation so we now use it to
further daylight simulation with artificial lightning and oc-
cupancy sensors and dimming sensors.
Table 1 Simulation Results

Orientation Daylig:t Ar- %ﬁ??zgc?g
Base Case 11% 0.70%
+15 Degree 21% 2.90%
+30 Degree 26% 3.20%
+45 Degree 13% 0.70%
+60 Degree 21% 2.90%
+75 Degree 25% 3.10%
+90 Degree 26% 2.20%
+105 Degree 20% 2.80%
+120 Degree 25% 3.10%
+135 Degree 7% 0.60%
+150 Degree 24% 3.10%
+165 Degree 25% 3.10%

L& DIVA

Electric Lighting Off Detailed Electric Lighting Controls

Lighting Control Groups ?

[Manual On/Off Switch V]

168

20 nodes have been selected for shading group no. 1.

Seiect Nodes

[Manual On/Off Switch v
Lighting Power (W): 168

Lighting Group no. 1 l

Operation :

Lighting Power (W):

Lighting Group no. 2 .

Operation :

20 nodes have been selected for shading group no. 2.

Select Nodes

[Manual OniOff Switch V]
[a2

10 nodes have been selected for shading group no. 3.

Lighting Group no. 3

Operation :
Lighting Power (W):

Lighting Group no. 4 Select Nodes

Operation :
Lighting Power (W):

[Manual OniOf Switch V]
84

12 nodes have been selected for shading group no. 4.

Add Lighting Group I Remove Lighting Group

Submit

Figure8 Manual Light Control
Specification for Laminar:

Table 2 Luminas Specification

Specifications Values
Manufacturer Zomtobel
Type LED
Brightness 2970

Life expectancy 21.9 years

Light appearance 6500 k (daylight)

We have add artificia light in all rooms, here we have make
different group of each room.

In abovefig showsthelightning control systems options, First
fig shows manual on/off switch control, that means occupants
has manually do on and off of the switch of light. In second
fig. shows dimming control with occupancy sensors, which
means lights will automatically turn off when no one is in
home and a so dimmed at time when lightning is exceed then
set points, here | have set 400 lux for drawing room, 300 lux
for bedroom & Kitchen as set point.
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Electric Lighting OFf Detailed Electric Lighting Controls
Lighting Control Groups ?
Lighting Group no. 1 [}f
Operation : IDimming w. Occupancy On/Off Sz‘
Lighting Power (W): 168
Lighting Setpoint (Ix): o
Ballast Loss Factor (%): P
Standby Power (W): s
& nodes have been selected for shading group no. 1.
Lighting Group no. 2 JJj Select Nodes
Operation : IDimming w. Occupancy On/Off Eﬂ
Lighting Power (W): e
Lighting Setpoint (Ix): 400
Ballast Loss Factor (%): o
Standby Power (W): s
20 nodes have been selected for shading group no. 2.
Lighting Group no. 3 Select Nodes
Operation: |Dimming w. Occupancy On/off < V]
Lighting Power (W): [z
Lighting Setpoint (Ix): 250
Ballast Loss Factor (%): o
Standby Power (W): s
10 nodes have been selected for shading group no. 3.
Lighting Group no. 4 Select Nodes
Operation : |Dimming w. Occupancy On/Off § V|
Lighting Power (W): e
Lighting Setpoint (Ix): o
Ballast Loss Factor (%): o
Standby Power (W): s
12 nodes have been selected for shading group no. 4.
v

Figure 9 Dimming with occupancy control

IV. RESULT AND DISCUSSION

After that controls we have do simulation so we get thiskind
of results which are shown below.
For Manual Control:

811

Warigs
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Dyl Area (DAyggy [ S0%)])
Mean Daylight Factor 3%
Occupancy
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Figure 10 Result of manual control

Here in fig shows how much of electricity has been consume
for annual lighting in different rooms for Manual Controls,
hereit will show different consumption for each group which
we have set.
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Figure 11 Light on/off Schedule for Manual Control

In above fig shows the Light switch on/off condition for each
month for every group.
For Dimming with Occupancy sensor Control:

3y

Warnings
Nowamings,
Daylt Avea (DA (50%])  26% of floor aea
Simulation Tips ; i
Nean Daylight Factor 3%
Occupaney 3630 hours per year
Daiob o 0F s 18% of el ey sensers v eyl ecin of 2% o el e s o el ikl s ll s

liin gse e ‘o ertal vial ks, he g not ey for [ O

(AR smpi

Diglobt Autanang (04] &

i dfght azamamy s 26% fo actue nccapant ebal, The prcaniageofthe spece weh & it ackonamy nger ien 508

+ lightrg &

Figure 12 Result for Dimming with occupancy
Here in fig shows how much of electricity has been consume

for annual lighting in different rooms for

Dimming with Occupancy sensor controls, here it will show
different consumption for each group which we have set.
In below fig shows the Light switch on/off condition for each

month for every group.

Here in above table we can see that with the help of occu-
pancy & dimming sensors we have save INR 842/- rupees per
flat for whole building its amount be higher. And when we
compare it to bas case it will increase more than that. Here we
apply all smulation on best case which we have got from
different orientation.
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Table 3 Cost Comparison

Sr.(Group) | Req. Req. Elec- | Differences | Rate of Cost for Cost for
Electricity | tricity for Electricity | Manual Con- | Occupancy
for Man- | Occupancy trol(INR) on/off With
ual Con- | on/off dimming
trol With control (INR)

dimming

control (INR/KWH)

1]139.2 35.8kWh | 103.4 kWh 4 556.8 143.2

kwh
307 kWh | 302.5 kWh | 4.5kWh 1228 1210
22.9kwh | 8.3 kwWh 14.5 kWh 91.6 33.2
2121 124.1 kWh | 88 kWh 848.4 496.4
kwh

Tota 681.2 470.7 2724.8 1882.8

V. CONCLUSION

In India, more than 40% of total residential electrical energy
is used for indoor lighting requirements. The building energy
expenditureisrising at arate of 12% per annum as a result of
rapid urbanization in India. However, integration of lighting
technologies including natural lighting in buildings can save
more residential electrical energy usage. This work showed
that estimating the usability of illuminance levels of daylight,
in the functional space, is much more effective than solely
relying on annual incident illuminance levels as the metric for
energy management through day lighting. Here, we have used
an annual daylight area that showed the effectiveness of de-
sign parameters like building orientation in saving lighting
energy through daylight. After applying it we have get 15%
more daylight area compare to base case. Here also we have
apply occupancy and dimming sensors and got optimum
requirements of electricity for lighting. Here we reduce the
requirement of electricity by applying occupancy & Dimming
SEeNnsors.
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