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Abstract

This article deals with intelligent lighting whiclerms a specific subsystem of intelligent
buildings or constructions. The aim of the expenié to evaluate the suitability of different
algorithms for lighting simulation in ESP-r tooldato compare the power consumption of “classical”
and "intelligent" lighting. From these two traditi control approaches is more realistic the one,
which is using a simulation of human presence hadrttelligent one, which uses calibration.

Open-source program ESP-r is a sophisticated tal is developing at the University of
Strathclyde in Glasgow. It represents a simulagarironment for general use which supports in-
depth assessment of the factors that affect enewggumption and environmental performance of
buildings.

The evaluation of simulation showed that softwameld that are designed to simulate
intelligent systems are very helpful in solving dfie problems of various subsystems of the buidin
Designers can evaluate the control system alrgathei proposal process.

When we consider the price of 1 kWh of electri@s/approximately 0.063 €, the cost savings
will be only € 16 per one year. From this result & conclude that an intelligent lighting contia
smaller homes or workplaces only increase comfbogupants or users. The real savings, which
return of investments about 10-15 years can onlgdbeved in case of larger homes or buildings.
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1 Introduction

The advantage of virtual models lies in their vilisaand financial modesty. The proposed models
can be easily maintained and updated by the us&rsvision, without the necessity of inconvertible
damage. The financial difficulty lays in their inkat SW entity, so the investments aren’t oriented
into materials and technology, but to the softwdeeelopment, exactly to intellectual property, whic
increases the attractiveness of this issue innfloernation society.

The lighting belongs to inseparable part of thddig. By appropriate manner of automation we can
increase comfort and by control of daylight andfiaial lighting, we can significantly contributet
energy savings of lighting. The experiments presim this article examine the energy intensity of
different lighting scenario.

2 Model for lighting simulation

The open-source program ESPr is sophisticated(tpa@n source), which is being developed at the
University of Strathclyde in Glasgow [1]. ESPr issimulation environment for general use, which
supports in-depth assessment of the factors thiattabn energy consumption and environmental
performance of buildings. It is realistic and kebdse to the actual physical system. It attempts to
simulate real world as rigorously as possible drallavel that is consistent with current best pcac

A virtual model of a single family house was créateuring the process of model creation the
model’s position has to be entered and an apptepclanate database has to be attached to it. These
data are important for simulating process, becabse program considers the environment in
calculating. The model is created by entering tberdinates of the individual walls peaks, which
represent zones of different rooms.
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Fig. 1: Model of a simple family house (ESPr — Project ngamavindow)

Classic Lighting

Consumption of the "classical" lighting (CL) is ofefd for each days and periods. Consumption is
calculated according to the desired or recommeriggding in the zone (Tab.l1). Control is not
necessary because the periods are defined as pewople turn on and off the light€ESP-r
simulation offers the possibility of the presenéahe inhabitant, so that the simulation would be
closer to reality. Both methods have been impleetkfur comparison.)

Table 1: Used data (STN EN 12464-1)

Bedroom| Bath. | Children’s.| Toilet | Living room| Kitchen | Entranceg Corridor.
Area (nf) 16.00 5.00 14.00 3.50 25.75 14.00 3.00 9.00
Luminosity (lux) 150 300 200 10( 150 20( 100 100
Incandescent (W) calc 170 106 198 25 273 198 21 64
Incandescent (W) real 170 110 200 40 280 200 40 80
Fluorescent (W) 33 20 38 5 53 38 4 12

The line “Incandescent (W) calc” represents caledlasalues and in the line "Incandescent (W) real”
are the values used in the simulation. Fluorestzmps are not used in the simulation, only in the
results analysis.

Intelligent Lighting

Intelligent control (IC) sets the desired lumingsfor the control. When the level of luminosity
reaches the desired level (near sensors), theslighe dimmed or shut down (when daylight is
sufficient). It's possible to use the data whiclsveatered in CL. Algorithms and types of calculadio
have to be selected and adjusted according to casdigured rule (two versions were created).
Dimming as a type of control was used in both wersi For dimming three different types of
algorithms can be chosen. The first simulation uses idealized type and the second uses the
calibration type. During the dimming, when the sped limit is reached, the lights turn off. In ¢i
control it is necessary to specify the desired ll@fallumination (in lux - Tab. 1). The differende
the "classical" control is in the fact, that coligs have consumption. This consumption is couated
equipment consumption. It is the same during thelevday, so we don’t need to specify control or
periods.



3 Simulation

An important aspect is the setting of number otwlaltions performed per hour. In these simulations
we set this number to 6.
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Fig. 2: Results for ideal intelligent control (left), fdre classical control (right)

Simulation was done for one year for each modelo#éisn’t make sense to do it for longer period, due
to the fact, that the climate database is defimdg for one year (so for more years are data répgat
Simulations are relatively computationally intergsiglthough this simulation doesn’t represent big
sophisticated system. Mentioned simulation of Ikesanearly 800 seconds (PC with 4core processor).
The library size of results of IL simulation is abh@&30 MB and 120 MB for CL.

4 Results

Simulation results of “classical(Tab. 2 and Tab. 3)epresent simulation without contr¢Counts
only pre-set hours for lightingAs we expected, the highest values are reachedhis
simulation. These values are obtained in ideal ti@amd, if the lights turn on and off at the same
intervals. More realistic use of “classical” lighgi gives the simulation called “classical 2", which
simulates user presence, which turns on and oflighes in each zone. From the tables the diffeeenc
of 9.53% is obvious. It can be concluded that tineukation of CL will be better when simulation
using the probability of the user, “classical 2’uised.

Table 2: Results of the simulations in kWh

kWh Bedroom| Bathroom| Children’s.| Toilet | Living ro. | Kitchen | Entrance Corridor| Control | SUM

classical 257.05 | 160.59 | 594.34 | 39.44 751.86 53176 39.64 2275. 0 | 2550.1

classical 2 212.96| 160.35 594.34 3874 601.41 ®28¥6.77 | 175.22 0 | 2328.25

intelligent 169.18 | 116.4 391.78 20.42 482.48 265.36.09 | 172.89] 350.2] 1978.85

intelligent2 | 136.41| 136.41] 451.32 2459 490.01 .@8910.22 | 173.87 350.2 2062.73

Table 3: Results of the simulations in hours

hour Bedroom | Bathroom| Children’s.| Toilet Living ro. | Kitchen | Entrance | Corridor | SUM

classical 1633. 67/ 1581.67 | 3093.67| 1112.67 3197.67| 2780.67 1112.671.83116824

classical 2 1362.67| 1579.5 | 3093.67] 1096.17 2649.83 27665 3882.2311.67| 15343

intelligent 11455 | 1355.17| 2571.33 753.1f 2265.5 1641.67 319.2311.67|12364

intelligent 2 | 1209.17| 1568.33] 3016.5 971.67 2343.83 1884.,67 325.2311.67|13631




Defined IC shows better results in the control, ackhiuses an ideal dimming feature
(wintelligent®). This simulation is ideal and notal. However, it is close to the realistic (“intgdnt

2"), as is shown in the difference 4.24%, which bancaused also by the fact, that the photocells in
both methods are placed in two different waji$e objectivity of these solutions can be appairity
comparing with data from the real houséndlysis of the results is carried out in ESP-riseparate
modulg.

For CL, simulation “classical 2" is closer to réxaland for the IC it is “intelligent 2”. Betweendbe

two approaches is 12.87% difference which is t&ssng than we expected. But there has been also
included the consumption of intelligent control,igfhmakes 17.7% of the total consumption. Without
control the savings are about 35.96%.

Today, classical incandescent bulbs are replacetebffuorescent lamps with the lifetime eight tane
higher and the consumption five times lower, sodbresumption compared to incandescent lamps can
be up to half. One-year consumption of the flucgasdamps is defined as the year-round usage for
the given zone (Tab.2) divided by the needed paeguirement of incandescent lamps for the zone
(Tab.1), and then multiplied with the necessary @oaf the fluorescent lamps (Tab.1). In this way we
have set up Tab.4.

Table 4: Results for fluorescent lamps

Bedroom| Bathroom| Children’s.| Toilet | Living ro. | Kitchen | Entrancg Corridor| Control | Bedroom

clas. 2 —incand| 212.96| 160.35| 594.34 38.74601.41 | 528.46 16.77 | 175.22 0 |2328.25

clas. 2 —fluor. | 41.00 | 29.82| 113.46| 462 113.13 100/89.72 | 26.88| 0 | 431.52

intel. 2 —incandl 136.41| 136.41] 45132 24.59490.01 | 289.65 10.22 | 173.87 350.2 2062.73

intel 2 —fluor. | 2626 | 2537 | 86.16| 298 9218 5530 105 2667 3f 666.16

It is obvious that savings with fluorescent lampmpared to the conventional bulbs exceed five times
multiple. Another obvious fact is that IC consuroptis higher than in the classical (for fluorescent
lamps). We can conclude that for the fluorescemipkait is better to use CL than to use IC due ¢o th
low savings and high price of IC soluti¢in small and medium-sized family homé&3%je difference is
54% percent, but the consumption is only 4-600k{4% means around 200kWHhhe savings of
lighting without control are about 115 kWh, so whbe house area is three times greater, than the
consumption for controls is balanced. It means thatconsumption will be the same, but the initial
cost of IC remains still bigger in comparison w@h.

lWhile for the ideal sensors are placed one meten the ground and face up, the second method, wisieb the calibration
(Integral reset) are oriented at the ceiling armihfadown. Light sensors in these simulations daiequl differently because
they use different algorithms and they requireedéht location.
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Fig.3: Liftime consumption in kWh

5 Conclusion

The model simulations creation and evaluation shihas the software tools, which are designed to
simulate intelligent systems are very helpful itvsm many various problems in area of intelligent
building or building in general. By this mannersimers can assess the systems of control alieady
their design phase.

In consideration of the price per 1 kWh of eledtyi¢0.063€), the achieved savings for the ent&ary
for the selected house are only about 16 €. Frammwe can conclude that the intelligent lighting
control for smaller homes or workplaces affords higher comfort for users or inhabitants. Thd rea
savings, which give payoff around 10 to 15 years ba only achieved with larger houses or
buildings. For two times bigger house (as we cal)ptthe consumption of electricity will be two
times higher (4650kWh - LTC) for classical lightinbhe power consumption of intelligent lighting
will be also increased around twice, with the fwt consumption of control will increase only
slightly, so consumption will be about 3430kWh fgghting and 400kWh for control (together
3830kWh). This represents a saving about 21.4%clwmeans that the savings are almost linearly
proportional. For larger houses (> 300 square metecould be possible to reach the savings up to
about 33% (2310kWh - LTC). Considering the pricahaf solution the payoff time is in the range of
15-20 years.
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