ACTAMEKO
ISSN: 222-B70X
DecembeR022 Volumell, Number4, 1-11

b

~ o

9@l fdzr GA2y 2F (0KS St SOUNRMO
aeadsSy F2NJFNIGAFAOAILFE f A3IK

Francesco Nicolet}j Vittorio Ferrar®, Dimitrios Kaliakatsos Mario A. Cucum§ Antonino Rolld,
Natale Arcurit

o >
QJ( (e

1 Department of Mechanical, Energy and Management Engineering (D]MEi@@rsity of Calabrjd/ia P. BuccB7036 Rende (CS), Italy
2 Department of Computer, Modelling, Electronics and System Engineering (DUMik&sity of Calabrid/ia P. BucgB7036 Rende (CS),
Italy

ABSTRACT

Natural lighting in building environments is an important aspect for the occupants' mental and physical health. Furthérenaeper
exploitation of this resource can bring energy benefits relatethéoreduced use of artificial lighting. This work provides some estime
of the energy that can be saved by using a lighting system that recognises indoor illuminance. In particular, it is abbgeothe
switching on of lights according to the dayligietected in the room. The savings from this solution depend on the size and oriente
of the window. The analysis is conducted on an office by means of simulations using theDBIRW¥de. The locations have an influen
on the luminance characteriss of the sky. The analysis is conducted with reference to one city in the south and one in the nc
Italy (Cosenza and Milan). The energy saviafnsstindependent of latitude and therefore representative of the Italian territory. it
highly varable according to exposure, beitite highest for southern exposure (9% withthe windowsizeequal to 36% of the floor
ared) and between 266 and 48%(as a function of window siz&r northern exposure.
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reduce winter and summer heat load, 3) reach adequate daylight
1. INTRODUCTION within the rooms. In addition to user awareness to reduce waste,

- .. intelligent solutions thetter exploit solar radiation are divided
Buildings are the place where man spends most of his timgf\,assive and active systems. Passive systems do not require 2

large amount of energy is used inside buildings to meet hymgfto| system. Examples include bioclimatic solar greenhouses
needs and to prowde thermagr_ometnc and visual comfort. In[g]y green rooffl0] [11] Trombe wall§l2] Active systems, on

the coming years, it is very important to adopt solutions{@ “other hand, use sensors and actuators, which often
reduce ensumption. The most widespread strategy to redyggmunicate via loT technology to make automatic adjustments
consumption consists of improving the efficiency of the.bu.|ld[_nLg] [14] The visual comfort of the occupants, which is often
envelope (reducing thermal losses through transmissiorhiifected, is also a primary objective. This research inemnce
opaque surfacgsH[S) and the efficiency of plant componentg;ith analyzing a dynamic system for controlling artificial lighting
[6] It is especially important to also utilize solar gains in a sggakloid unnecessary switching on when natural illuminance is
way because they bring thermal and visual benefits. The $qlafyate. Daylight plays a key role in visual comfort inside
source, in fact, has a considerable influence on the behavigy; ings. Estimating daylight inside a room is not a simple
the building. Sciefiti research in this regard is dedicated Hoblem. Over the years, different methodologies have been

three main objectives: 1) production of electrical_and therﬂweloped to consider the different variables involved
power through solar pangr§ [8], 2) control of solar inputs to
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Numerous computational codes are available to estimate thiEhe models mainly used to simulate the distibaf light
illuminance on the working plaf&5}17] These codes, inside a room are divided into "radiance models" and "ray tracing
however, are difficult to adapt to a real case since they usetuels". The two models provide equal releitgy based on
sky luminance models presegithin their libraries. In particular,valid assumption$he code used in the present work belongs to
the models are predominantly related to the CIE clear sky mitefirst category. The method consists of sobfilegch instant
[18] or standard overcast sky distributions. The use df locaf timeg a system of equations obtained from the balance on each
measured or estimated luminance is not allowed. In this regarface of the room. Each surface is treated as a body that reflects
the authors developed the INLLDBR calculation codd9] incident light isebpically. It is defined by the reflectivity and
[20] The luminous contributions that the code considers atiew factors toward all other surkateray tracing models, the
light carried by direct rays, scattered light from the sky path of the solar ray through its various reflections on the walls
reflected light from the outside ground. It allows realisbicthe room is followed. llluminance is calculated by setting the
estimation of illuminance at various points in the room. The codeximum number of reflections. No system of equations is
is veryflexible since it allows the use of measured distributisobred.
of sky luminance and also classical model calculations. Tlaylighting studies are very diversified. In fact, the problems
resolution method used is "radiosity model" by which luminaace always significantly different depending on the building
distributions in walls are evaluated by an implicit method. €beformation and scale. Alhagla ef28] obtained in a study
validationof the code was performed with an example cdlat the benefits of daylight depend on location. In particular, in
conducted in Japan and allows the extension of case studiest focations, the exploitation of sunlight leads to an increase in
perform parametric analysis. In the present study, we investigateooling heat demand in the summer period. On the other
the possibility of replacing the artificial lighting system usirtaad, in locations where the climatolder, the use of daylight
system thatan adapt to confer setpoint illuminance based @ould favour the input of solar radiation and thus reduce the
the already present daylight contribution. This is a conwoiter heat demand. Athienitis et [@P] analysed control
strategy that is often applied in smart buildings. This wsyktemsdr artificial lights associated with daylight to manage
provides numerical data to quantitatively assess the eradegiricity use and reduce energy consumption. The authors were
savings from this inv@sent. It depends, in fact, on a number ddlso able to achieve excellent results in terms of visteinggll
factors: in particular, the geometry of the room and the size Hmelbenefits achieved on electricity consumption are remarkable,
orientation of the window. The objective of the work is #though the authors claim that there is a risk of overheating
provide useful indications to take advantage of daylight and dasieg summer periods.
electricity from ariifial lights. In addition, this solution provides Krarti et al [30] studied different geometric room
visual comfort and makes the environment healthier for dwmafigurations in order tanalyse the impact of daylight on
occupants. Two Italian locations will be simulated in the wentkergy consumption. The analysis was conducted with different
one in southern Italy and one in northern Italy: Cosenza wmadow sizes and different types of glass. They analysed four
Milan. locations in America. They also observed that geographical
1.1, Literature Reiew location has a low impact on daylight. o
- Hee et a[31]presented a review amalysescientific paper
Controlling artificial light according to natural illuminanceygere the impact of windows on room illuminance and the
Useful to prOVide an enVironment W|th constant i”uminance Q\@uiting energy Savings are assessed_ amyisted the
time, reducing unnecessary waste. The daylight recordegiffitent optimization techniques used to choose glass. Their
rooms depends greatly on the geometry of the rooms andafifice is to perform a careful economic evaluation when
ratio of window to wall areas. In addition, illuminance depemosing giass and defining the size of the opening in a room.
on the position of the sun. In the past, many authors have madgnhe largest number of scientific studies concerns the
important contributions on this topic. . ~assesment of solar radiation introduced through windows,
The most important parameter used in building design isfifsther with daylight. Of course, these effects are important
daylight factor (DF), defined byotter[21] The estimation of pecause they have a considerable influence on the energy balance
this was improved by Dreslg@2] by famulating empirical of a building. The present work, however, has a different
relationships. Hopkinson et [@3] introduced the need to gpjective. In fagsolar contributions are defined by the geometry
consider external obstacles and ground reflection. Lajethe building and the ratio of windows to opaque walls. This
Tregenzg24] defined an analytical method called-Blolt, paper, unlike the others, does not aim to evaluate the best
which is based on overcast conditions. Numerous modelsagéRitectural design for the building. Instead, the aim is to
formulated in order to estimate DF; these use scaled modelguate, for a givduilding (thus for a given daylight and solar
empiri@l formulas and corresponding diagr@3is[26] gains), whether the artificial lighting system can be more efficient,
The DF, however, alls for valid considerations only undey making it intelligent, to exploit daylight. For example, when
overcast conditions because on clear days it is highly depeggefbom is long and narrow, the illuminance established in the
on the position of the sun in the sky. In these cases, in fagldhs awafrom the window is not sufficient. These rooms are
would result that thellnd_oor |Ilum|nanc§ distributions would R@inerally not suitable for exploiting daylight properly. Moon et
depend on the oritation of the window. It would be 3| [32] performed an analysis on the contthe lighting
appropriate to define indices to evaluate illuminance ONs@dtem using photosensors in the room. They performed
annual scale. This greatly increases the complexity ofsitR@lations using Lightscape software. The use of software to
problem. For our purpose, therefore, classicalbd3Bd simylate daylight can be interesting as it allows comparison
methods are not useful. Nabil e{z] showed that alternating petween different locations with reference to the same geometry
clear, intermediate and cloudy days makes indoor lighting highlyis therefore necessary to understand whether the presence
dependent on window orientation. of an artificial light control system can lead to savings by trying
to quantify thenfi33}{35] Li et al[36]carried out experimental

ACTA IMEKO | www.imeko.org December2022| Volumell| Number4| 2



studies on daylight and energysoomption for atrium corridors. term, on the other hand, all the radiative components that
Doulos et al[37]showed that the power factor for LED lampénfluence the value of the illuminance on the surface under
worsens when they are dimmed and this could make the uggahination appear. In particular, wiithf»  indicates the
fluorescenlamps more advantageous than LEDs under certgighsmissivity of the glazed surface, tvith»  indicateshe
conditions. Bellia et 488] observed experimentally that thergminance of the celestial vault (this varies according to the point
are no significant differences between using a proportigfghe celestial vault considered), witindicates the angular
dimmable system and an on/off system. In particular, fQfioht of the point of the celestial vault considered,swith
southern exposures they observed tieadifference is very Iow.j gicates the azimuth of the point considered in tlestiod

The '”Sta”a“oﬂ of a dimmable system Is therefore Ugblt withYd indicates the area of the glazed element under
recommended in these cases due to the higher costs compared

to an on/off system Xamination, witfO indicates the view factor between the

The number of variables on which lighting problems dep&/@Z€d element under examination "w" and-thé élement
is high and it is not always cleav many benefits the presencés. a coefficient that has a unlt. vglue if the elemenestion is '
of a dimmable system can bring. The present work aimditgetly affected by solar radiation and a zero value otherwise,
overcome this gap and to provide useful information jth 1 rindicates the transmissivity of the glazed surface

locations in the latitude range equa| to those of |ta|y to direct solar |”Um|nat|0m( ), W|th| indicates the helght of
direct solar radiation, with indicates the azimuth of direct
2. METHODOLOGY solar radiation, with indicates the angle between direct solar

radiation and the normal to the surface of ttk""element,
witht| P indicates the transmissivity of the glazed surface
. X . to reflected radiationdm the ground, witld indicates the
calculation code. This code allows to evaluate the Iummimce fth d. wifis indicates th ; f th
distribution within an environment. In particular, it divid "lémlr:ance ot the ground, w . indicates the surlace ot e
opaque structures and tr an sdphagementofthegrpynd wifg indicates theyvigw fagiorg o
surfae elements respectively. On each of these the illumin®gé&een the “th" element and the-th "in question; isthe
value depends on: reflexivity of he elements internal to the environment in
a. A component of direct solar radiation which, passiggestion is indicated ad is the surface of theth "element
through the transparent surfaces, hits the surface uridside the environment that reflects part of the incident radiation
examination; (O) on the" ith "element in exam, finally, indicates the view
b. A component of the diffuse solar radiation which, gassfictor between thetth "element and the®th "element. This
through the transparent surfaces, hits the surface underi ance equati omhdsompagqueéeeal &
examination; the environmengigurel shows a graphic representation of the
c. A component of solar radiation reflected from the extergalious radiative components exchanged by the different
environment which, passing through the glass surié€essurfaces and considered in the INLADBR code.
the surface under examination; _ Considering the external ground as an isotropic surface and
d. A component due to the infinitaemal reflections by the gssuming that the reflectivity does not vary between direct

other surfaces that make up the environment in questiofyg gifuse radiation, it is posstolealalate the luminance of
These components influence both the illuminance of opagje

surfaces and the illuminance of glazed surfaces. In the presergtround) by means dtq. 2

2.1.The INLUX -DBR code and its experimental vatiation
The lighting analysis was carried out using the INDBKX

analysis, it is considered that the glazed suaf@cesade by = * 20 0BT 0O .

means of ordinary clear glass, therefore the direction of the sblar “ h @
radiation incident on the surface remains unchanged. Having to o _ _ )

consider the effects due to the radiation reflected from re withO indicates the diffused illuminance on the

ground outside the environment, the latter isedigid i n t Borizgnialgplane.
surface elements.
Taking into account the various incident radiatir~

components, it is possible to determine the illumii@uot¢he  COLAR TRAJECTORY
ot ho sur face b(y). me ans of tr -TRASPARENTELEMENT
S OPAQUE ELEMENT
. o ~ " ~ (. " { - GROUND ELEMENT
O Y6 tfik D O 2 O

O kY0 0 AITO |
- Lo ' @
Tt P D YO OO ‘

Y6 J 2000 8 ¥
»/f/_,‘ b\’\y EXTERNAL
Tty 8
Inthe first term, -ttthee al0d mgm umapnce oI L e ol

multiplied by the relative surfad® (0 appearsn the second Figurel. Representation oftte various radiative components exchanget
the different surfaces inside the roam
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In the case in question, the illuminance on the glass su
depends solely on the radiative components reflected by
surfaces inside the environment. In fact, it is considerec

Comparison measured - calculated data

hypothesis a single glazed surface in the room. Consequer
is possile to simplify th&gq. (1). Thereforethe illuminance on 20
a glass element inside the room can be determined by mee 13%
the Eq. (3) 10% I
;UD
U Y . ~ 0%
O Y0 Yo 3 2030 h (3) Overcastday  Intermediate day Clear day NAH.J}QVN
conditions
ENRMSE 16.8% 14.7% 28.6% 20.9%
where withO indicates the internal illuminance of theHWw RMBE 7.8% 34% 0.6% 42%

element of the glazed surface under examinatide;@& is
the view factor between thetfif element and the “th" Figure2. Analysis of the error indices during the experimental campaign
element of the glazed surface in exam. by means of an experimental site located in Osaka
Finally, a system of unknown @ equains with & ) . .
& variables is obtained which is solved with an iterative metho@h® code requires some input data such as direct solar
by means of a finite difference methodology starting fronr]agmtlo_n and diffuse hourly monthly average and_|llum|nance on
uniform initial solution. the horizontal plan&hese parameters were obtained through
The calculation code has been implemented in the Maiidh® OEuropean Database of Da
environment and other details previded in19} Oneof the ~Provided by Satéght [44] The luminance of the sky was
advantages of this computational code is that it can implerl§fgmined by setting the Perez model. The latter was chosen on
different methodologies to model the behavior of the celedfigl Pasis of an accuracy analysis carried out in a previous study

vault For example, it is possible to use: [20] which showed the goodness of the model. The Perez model
1) The distribution of clear and cloudy (38} [40]is a fulsky calculation methodology based on the clarity
2) Perez's model of clear sk} index. The latter is determined by meafnshe following
3) Igawa's modé#i1} relation:
4) The model of Kittler anBarula[18] [42] . "0
5) The Tregenza modéi3] 0 OET ,
- - EL e %
6) Experimental models created ad hod#®tdcation — Yo  wWwokm X ©)
in question. - 0 U® o T h

The developed code was validated by means of data measured
in an experimental site in Osaka. In the experimental validawere with"O indicates the diffused irradiation on the
clear,overcastand intermediate days were considered. Th@rizontal plane and wit® indicates the direct irradiation on
validation was carried out considering twor éndices: the the horizontal plandhis index can vary between p (with
NormalizedMean Bia&rror (NMBE)and theNormalizedRoot  completely cloudy skies) and @& (with completely clear
Mean Square ErroNRMSE) evaluated between the measursides). As a function tfie clarity index, eight sky conditions
and calculated illuminance at various points in the environnefle been identified, varying the parameters and formulas for
In particular, the NMBE is calculated by means dblloeing  calculating the luminance of the #ig quantity varies point by
equation: point in the celestial vault and appeaEs)iiil).

In particular, the luminance thie sky can be calculated by

3 @ means of the following relationship:
5 n 6 o ok @
TheNRMSE is calculated by means ofdlewingrelation: \yhere with&x indicates the relative luminance and With
indicates the zenith luminance.

Relative luminance can Hetermined by means of the

B h

8 =t
¢

6060

s v B ¥ 2) (*; h (5 following relationship:
o 0 | o0 ®
A DQnaTg |

The values of these error indices are summarizggiie2.

It is observed that there is a good correspondence betwéegre is the solar height of the considered point of the-sky,
the measured values and the calculated values. Of coursis fie angular distance between the consideredptietsky
error increaseas the solar radiation entering the environmemd the position of the sun. The functionso and™Qw can

increases. be determined by means of the following equations:

2.2. Calculation methodology of the electrical energy saving . o ADA— ©)
The analysis was conducted with reference to two different

locations: Cosenza (Lat: 39° 18 'N) and Milan (Lat: 45° 28 l?‘?og o AR oRi 68 10

The distributionof the point illuminance and the average .
illuminance in the environment were determined using thén Egs. (9) and (10 the parameter& w A ‘Qand Qare
INLUX -DBR code. functions of the solar height, the brightness of the skyand
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the clarity index. More information on the calculation of these
parameters can be foundief [25] 12 8 4

The luminance of zenith, which appear&qn(7), can be
determined by meanéthe following correlation developed by - — —
PereZ45]asthe sky condition varies.

0 O ® wOEl oA 7 QD h 11

11 7 3

where the constanis, &, ceeandQ arefunction of the clarity
index- . 10 6 2

2.3.Case study = - =

The analysis will be conducted with reference to a case study 9 5 1
The geometry of the room for which the stiginting system is o]
simulatedis @ @ ol 0in which there is a window with ., - = = ]

double glazing and transmissivity equaitaw The size of the Y

windowvarieetweerugr t andp & ¢ . The minimum Figure3. Position ofreference points in which the analysis of the nat
size is fixed on the basis of what is reported by the Italf4fyinance was conducted.
legislation[46] which imposes a minimum size of the glass
surfaces of a room ey (p @ P) of the total floor areZhe illuminance in all poinis highethanu T it Qf@ally, withthe
reflectiviy of the room's opaque vertical and horizont#estern exmure only in the last two lines farthest from the
structuress summarized imablel. windowthe natural illuminands higher than a it O @

By means of the INLUXOBR calculation code, an analysis The same analysis was conducted at 42t80 July 15th.
was carried out for a whole year in order to evaluate The results are reportedrigures.
distribution of natural lighting inside the room. In particular, the
natural illuminance was evaluated with reference to the 12 points
shown m Figure3.

January 15™ 12:30 - North orientation January 15% 12:30 - East orientation

In each ofthese points iwill be assumed to place a .. . mﬁ'\ar E
luminescent lamp with powes ¢ and brightness of imm 2 N
= 2000 / N
o ¢ i 1O 1 .Ahe set lamp control logic envisages actlvatlnc 500. A6 N
£ 1000 o 862

row of lamps only if the natural illuminance of two points out: N
three (for the same row) is less thamit O @ \
As the orientation and size of the window vary, t
distribution and intensity of naturaighting varies.
Consequently, the number of swibchof the lighting system
and the electrical consumption will vary. The final goal
precisely to determine the energy savings that can be obtain

y(m) 06
January 15'" 12:30 - West orientation
s w

6‘3‘/”%@

I
3

varying the configuration. ;: 8 om - /
s ] £ 2000 il 7/5/ § 500 lux..
E ERRE 29 4377

3. ANALYSIS OF RESULTS R \y

318
x (m)

y(m)

In Figured it is possible to observe the distribution of natur
lighting on the 12 points selected for the town of Cosenze|1: at 4 Natural il 12 voints of th ol 3 ;
12:3(mon 15 January. The analysis isechorit with reference F/94re# Natural illuminance on 12 points of the work plane. Januafy-

) P X L time 12:30 am Cosenza
to a surface window equalui@ 1I  for differentvariation of

the exposure ) July‘ls"‘ 12:30 - North orientation July15"' 12:30 - East orientation
With the windowexpogdto the northonly in the row closest
to the windowtheilluminance intensitg greater than minQ @ - w 554]{ 2 i oo, E
with the exposure to the easte natural illuminancis higher %‘m' ar / gl 3 , \
~ ~. . . . y £ 500 X
thanu 1t It Othe first row and in two points out of three 0™ /S / £ A 45\7"“’”‘
. - E 200 3 .
the second linewith the southern exposurg¢he natural 2 SR BU/M - /
2 0 6 \5-2 . Ll — "o
2 n 55 e
x(m) ym 2 '\‘0.‘-——"""" 4 x(mjz
Tablel. Characteristics of the walls of the reference raom ¢
July 15 12:30 - South orientation July 15™ 12:30 - West orientation
Dimensions Area (n¥) ’ E 2889, S
some 2267;,’// 2000 - S — w
Floor 6 %6 e 36 0.2 % o o Ry N
Ceiling 6x6 1P 36 0.7 / / 033 8 om0 y
Rear wall 6x3 M 18 0.5 gww - 4 E . i /’ 500 fue
Left wall 6x3 P 18 0.5 i m;}i}’;:/ / T gl SR — =
Right wall 6x3 e 18 0.5 s e i
Front wall 6x3 M 12.96 0.5 00 X
Ref.:vir|1dow 4.2x1.2 e 5.04 0.15 Figure5. Natural illuminance on 12 points of the work plane. Julj 16me
Work plane 6x6 n? 36 - 12:30 am- Cosenza
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The results are similar but the values obtained for natural - ‘ ‘ ‘ .
lighting aresharpy lower. This is due to the higher solar e
trajectory in the sky in the summer months. This affects the solar s T a2y
heght which varies from ¢ @ X Jhnuary 15th at 12:23®
toa X & XxJuly 15th at 12:20n This lower solar trajectory
causes less direct solar radiation to hit the surfaces inside the
room in July. It goes from an average solar radiation of
¢ mEl B @¥d Afor Januarsop p B1 B @A A tor July.
Furthermore, the lower illuminance in July is due to the lower 20000
brightness of the celestial vault due to the greater distance of the
sun.

The distribution of the luminance of tHey waries a lot o ‘ ‘ ‘ .
between the month of January and the month ofThig/can 0 s 10 @:ggg) 240 300 360
be easily observedkigure6 which shows how the luminance
of the sky varies as the angular heigiid azimutioof the Figure7. Comparison of sky luminance distributions for noon of Januaf
celestial point considered at 121000n January 15 (a) and afnd Jubi9" Cosenza
noon on 15 July (b) in tle@y of Cosenza.

It is observed that in all cases for all points of the cele: =
vaultthere is a higher intensity of the luminance of the sky in2
month of January than in the month of July. This is due to
above.

For the case in question, consideringtai  southfacing
window, the opaque elements arranged centrally in the r

50000

Lp (cd/m?)
=
[=]
2
j=]
(=]

30000 -

10000 -

North East

12000
=& January
—8—uuly

X
=]
=1
2
3

1000 8000 +

g
g

500 4000

Mean llluminance (lux)

Mean llluminance

2000

o . . .
08:00 10:00 12:00 14:00 16:00 08:00 10:00 12:00 14:00 16:00

have a radiative exchange with the points of the celestial time time
comprised between an angular height of¢ &nd an angular . South West
heightof ¢ a.J 600 12000 —— e

The difference in sky brightness also be evaluated withs s
reference to the distributions obtained by varying the azir g+«

S 3000

for| v and ¢ v with reference to noon on 15th Januarz

= 2000

10000
8000
6000
4000

Mean llluminance (lux)

L3
= 1000 2000

0
08:00 10:00 12:00 14:.00 16:00 0 08:00 10:00 12:00 14:.00 16:00
fime time

January

70000 [
Figure8. Mean llluminance on the work plane as a function of tiGesenz:

60000

and to noon on 15th JulyThe distributions obtained were
represented iRigure?.

Once againthe brightness of the sky in January is much
greater than that of July under the same conditions.

In Figure8 it is observed how the average illuminance in the
room varies as the orientation of the window varies at the hours
of January 15th and July 15th.

In Figure 9 and Figure 10 it is possible to observe,

50000
!

g 40000 |

3

2

230000 1

20000+

10000 [

° 6 120 180 240 300 380 respectively, how the ithination in point 7 and point 8 of the
a)  (deg) room(sedrigure3) varies as the orientation of the window varies
on January 15th and July 1%tiereforethe two central points
13000 . furthest from the window were taken into consideration.

With reference to the case with the windgposed to north,
in July in the first anddt hours of the dayatural illuminance
is the higheddue to the longer and lower solar trajectory in the
celestial vault. Therefore, in the first and last hours of tte day
certain amount of direct solar radiation will affect the internal
opaque susfces, consequently affecting the natural internal
lighting. In the central hours of the day, the direct solar radiation
incident on the glass surface is obviously zero and this affects the
natural lighting inside the room. In January, however, the solar
4000 Sae ey trajectory will be shorter but higher in the celestial vault and this
3000 ‘ ] ‘ generates a typidddeltike trend of the natural illuminance

1} 60 120 180 240 300 360 N .
b)  (deg) |nS|d(_a the room. o

With the window exposed to southe natural lighting has

Figure6 a) Sky luminancdistribution (Perez) as a function of azimuth trends similar to those described in referentiee case with
elevation angles. Noon on January 15th, Cosenza north orientation but with much higher intensity. In fact, in this

b) Sky luminance distribution (Perez) as a function of azimuth and ele th in front of th ind in its traject
angles. Noon on July 15th, Cosenza case the sun passes In front o € winaow In Its trajectory.

12000 | §

11000

10000

9000

8000

Lp (cdlmz)

7000

6000

5000
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Illuminance on point 8 (lux)

3500

0
=]
3
]

2500

lluminance on point & (lux)
ey
a 2 g B
s 2 g
= 8 8 8 8

Figure9. Local llluminance on point 7 as a function of tjf@esenza
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Figurel0. Local llluminance on point 8 as a function of tjf@esenza

Finally, with reference to the cases with theraasd
westen exposurg in the first and last hours of thay,
respectively, there is a peak of illuminance due to the solar

July is once again due to the longer solar trgjedtamh affects

the amount of direct solar radiation entering the room through
the window. In the central hours, on the other hand, there is a
greater intensity of natural lighting in the month of January due
to the lower solar trajectory.

The electricity consumption in reference to die of
Cosenza was also analyzed as the area and the orientation of the
window changed. By hypothesis it is considered that the
environment is used as an office and has a working period of 8
hours ranging ém 8:00 am to 4:00 pm. To evaluate the
convenience of each individual configuration taken into
consideration, two different energy saving indices have been
introduced:

1) The percentage of energy savings compared to a case in

the total absence of natural ligh) (In particular, in the
case in which it is assumed that in the room in question
there is no contribution due to natural light, an annual
electricity consumption is estimatéd equal to
g @ & 7E. The energy saving indéxcan be calculated
using the following formula:

0 0
Y z 8 12

2) The percentage of energy savings compared to a

reference cas® (). In particular, the case with a nerth
facing window is taken as reference andrelative
annual electricity consumption is indicated with
v8t 1l . This case has been imposed as a reference as it
constitutes the configuration with the lowest natural
illuminance. Therefore, the indéxcan be determined
by means of the followgrformula:

0 0
Y z 8 13

Table2 summarizes the monthly and annual electricity
consumption depending on the orientation and area of the
window. Furthermore, the same table shows the values of the
iBgi[ﬁes'Y and for the vaoius configurationy’ .

(sunrise and sunefThe higherintensity of natural lighting
respectively in the first and last hours of the day in the month of

Table2. Electrical Energy Consumptions in a roomx 3 m? of a building located in Cosenza

MONTH J F M A M J J A S o) N D Year R R

Exposur Days 21 20 22 19 22 21 21 22 21 22 21 17 249 - -
Reference NORTF 544 518 57.0 451 523 544 544 544 523 570 544 440 633 26 0
window EAST 295 302 356 349 404 385 385 404 340 333 295 257 411 52 35
12x42m?= gy KWh 45 00 00 205 380 431 431 00 00 00 00 00 18 78 71
(14 ;)'?I‘;gfaree WEST 295 28.1 356 328 404 454 431 404 34 333 295 239 416 51 34
Window  NORTF 454 389 475 41 475 454 476 475 453 38 385 36.7 520 39 18
18x42m2= EAST 204 216 214 246 356 363 363 309 204 238 182 165 306 64 52
7.56 n? SOUTK kwh 00 00 00 00 238 295 249 47 00 00 00 00 83 90 86
(21 % floor arez wWEgsT 204 216 214 267 333 363 34 308 204 237 204 165 306 64 52
Window  NORTF 408 345 38 328 427 408 408 451 363 38 363 33 459 46 27
18x54m2= EAST 181 151 214 205 285 295 272 237 204 166 158 146 252 70 60
9.72 n? SOUTF kWh 00 00 00 00 95 249 136 000 00 00 00 00 481 94 92
(27 % floor ares wgsST 18.1 151 213 205 285 317 272 238 204 166 181 146 256 70 59
Window  NORTF 408 346 380 328 38 408 408 38 34 38 36.2 33 445 48 30
24x54m2= EAST 181 151 190 185 285 272 272 238 204 166 159 147 245 71 61
12.96 n? SOUTF kwWh 00 00 00 00 47 9 68 00 00 00 00 00 206 98 97
(36 % floor aree \weST 181 151 190 185 285 272 272 238 204 166 136 147 243 72 61

ACTA IMEKO | www.imeko.org

December2022| Volumell| Number4| 7















