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6 LIGHTING CONTROL SYSTEMS

6 Lighting control systems

6.1 Introduction

A building can be compared to a system with a vigrigf physical processes interacting with each
other and with the environment. From the controlmpaf view, it is considered as having multi-
variant dynamic subsystems showing linear or noedrr behaviours. Environmental and occupancy
changes in a building increase the complexity oftcol operations. Occupants not only impose
control goals related to thermal comfort, visuahdort or indoor air quality but also influence the
building processes impacting indirectly on the @ohfunctions of the different processes (HVAC,
lighting, etc.).

Due to the increase of environmental concerns tiighcontrol systems will play an important role
in the reduction of energy consumption of the ligigt without impeding comfort goals. As
mentioned in the IEA Annex 31 (IEA 2001), energytlse single most important parameter to
consider when assessing the impacts of technicslesys on the environment. Energy related
emissions are responsible for approximately 80%aiofemissions (IEA 2001), and central to the
most serious global environmental impacts and hdsancluding climate change, acid deposition,
smog and particulates. Lighting is often the latgasctrical load in offices, but the cost of lighg
energy consumption remains low when compared &parsonnel costs. Thus its energy saving
potential is often neglected. According to an IEAIdy (IEA 2006), global grid based electricity
consumption for lighting was about 2650 TWh in Z)@vhich was an equivalent of 19% of total
global electricity consumption. European office ldings dedicate about 50% of their electricity for
lighting, whereas the share of electricity for ligig is around 20-30% in hospitals, 15% in
factories, 10-15% in schools and 10% in residertiigldings ( EC 2007).

Low Energy Building

|

Occupant g Integration )

Figure 6-1. Low energy building concept.

The human requirements and the quality of the wagkenvironment are often expressed in terms of
thermal and visual comfort. The optimal conditiooisthermal comfort can be easily described as
the neutral perception of the interior environmemhere occupants do not feel the need for change
towards warmer or colder conditions. Visual comfdrdowever, is not described easily. Rather than
referring to a state of neutral perception of tierior environment, it is perceived as receiving a
message. Aspects such as daylighting, glare, lunt@aatios, light intensity and contact to the
outside have their influences on our perceptionistial comfort.
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6 LIGHTING CONTROL SYSTEMS

To fulfill the the requirements about comfort andeegy efficiency, building managers have
implemented programs to reduce lighting energy nexuents by installing more efficient light
sources and luminaires. However, this is not sigfit. Lighting energy management has to provide
the optimal lighting level for the tasks being parhed using the most efficient light source suitabl
for the application, and providing light only whemd where it is needed. This can be achieved by
using lighting control strategies and lighting catsystem. The main purpose of these systems is to
reduce energy consumption while providing a productisual environment. This includes:

— Providing the right amount of light

— Providing that light where it's needed

— Providing that light when it's needed

In fact, lighting control will depend on the congiced zone. Thus, it is necessary to define the
following factors beforehand:

— The lighting needs (level of illumination, ambienetc.)

— The task zone/area (position, size, dispositioo.,)et

— The occupation time

— The control needs of the user

6.2 Identification of the lighting control needs

Development of a questionnaire for users
Lighting control is continuously evolving due todltonstant evolution of requirements for visual
comfort and the increasing demand for lighting igyesavings. But there is often a lack of a clear
identification of the needs. Annex 45 proposes hgra questionnaire in order to help the designer
to identify the needs so that optimized solutioas de adopted. Note that the identification of the
person answering the questionnaire is useful toeustdnd the needs : a building energy manager
pays more attention to the energy consumption dred énergy savings than the occupant. The
questionnaire available in appendix B should previtformation on:

— The different practices within the building

— The perception of the control barrier’s

— The needed control type

— The controlled area

— The flexibility and modularity of the lighting coral system

For example, the identification of the usages hehpes designer to understand the way he has to
design the installation. In a school, an On/Off teys coupled with daylight dimming may be
adequate but in some offices, it could be necessargo one step further by integrating more
advanced techniques. Similarly, asking the percepof the people on the barriers of lighting
control may give information about the type and liyaof lighting control system that can be
applied (basic On/Off switching system, advancedligat dimming system, etc.). It is also
important to collect information about:

— Flexibility and modularity of the lighting systemhich gives information
about the future affectations of the building. Fesme buildings (e.g.
rented offices) light structure walls are displaceshd spaces are
reorganized regularly. A change of the lighting tmhsystem then has to
be possible and easy.

— Maintenance scheme and needs.
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6 LIGHTING CONTROL SYSTEMS

6.2.1 Specification book
The building owner needs an efficient lighting sy

An objective evaluation of a system requires th&ndgon of performance parameters. In addition,
it depends on baseline conditions to which the @eniance should be compared. Performance
parameters include:

— Visual performance and comfort

— Building energy use

— Cost effectiveness

— Ease of use

— Maintenance

— Flexibility (versatility)

— Existing building constraints

— System stability

— Systems integration

An optimal system performance needs not only tahea good performance with respect to saving
electrical energy, but also to be accepted by thd-eser. The end-user may be disturbed by the
operation of the system and disable it. A high uaeceptance guarantees undisturbed operations
and consequently energy savings. Existing buildingse specific constraints and requirements.
There is a need to analyze the existing lightingteyn and to determine the upgrade possibilities
considering the technical and economical constsaimterefore, an audit of the existing lighting
installation is necessary. Advanced control recaiieéements such as electronic dimmable ballasts
and distributed electric indoor grids. Similarlyaet use of wireless technologies (switches, sensors,
etc.) is a suitable solution for retrofit so thaetplacement and exploitation costs can be limited.

The occupant needs to control the system

Within the limits of comfort, it is difficult to déne exactly what the needs and priorities of the
occupant are. They vary from one occupant to anpthied also with time for the same occupant.
For instance, some occupants may be concerned leyggnsavings, and some prefer better
algorithmic lighting scenes even if it requires ra@nergy and generates higher costs. Therefore, it
is recommended that the occupant should have thesipidity to change the system’s behaviour
according to his will.

The occupant needs to understand the system

The user acceptance of a lighting control systerbagier if the system and its working principle
have been explained. On-site visits by practitierend informal discussions with end-users showed
that about 90% of them accept the system operafiaghey know/understand what its aims and
working principles are. It has also been demonstiahat occupants react to a need (a specific
condition) but not necessary to the disappearamtei® need. For example, if an occupant switches
on the lights due to a sudden obstruction of the,gbe probability that he will switch off when the
high daylight levels have turned low.

The lighting control system must be easy to use

The usability of the system must be defined to a&ddrall the types of users (building operators,
occupants, facility managers, maintenance teanssaliers, etc.). Usability expresses the quality of
the experience of an user when interacting witlystem.
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6 LIGHTING CONTROL SYSTEMS

It is the combination of factors affecting the exigace of the user with the product or system:
a.Ease of learning
— How quickly can an untrained user learn to opethtesystem sufficiently
well?
b. Efficiency of use
— How well and fast can an experienced user carry tasks using the
system?
— What about the required time for servicing and nt@ivance ?
c. Error frequency and severity
— How often do users make errors when operating yiséesn?
— How severe are these errors and how easily can beeyletected and
corrected?
d. Subjective satisfaction
— Does the user feel comfortable with the system ?
— Does the user feel that using the system bringsaaiwantages ?
— In what way does he interacts with?
e.Maintenance
— What about determination and implementation of thmintenance
schemes ?

6.3 Suitable Lighting Control Strategies
6.3.1 Introduction

Lighting and lighting control represents a sign#it contribution to the energy consumption of
building. In order to estimate the lighting energgnsumption and related impact of controls the
simplified equation from the European standard E3493 could be used:

W=W +We, (KWh) (6-1)
Where

W - Total energy used for lighting the amount of energy consumed in period t, by the
luminaires when operating, aparasitic loads when the luminaires are not opegat
in aroom or zone, measuredkiVh.

W - Energy consumption used for illumination - th@aunt of energy consumed in
period t, by the luminaires ttulfill the illumination function and purpose in é
building, measured in kWh.

Wp ;- Luminaire parasitic energy consumption - thegsatic energy consumed in period
t, by the charging circuit ofmergency lighting and by the standby control system
controlling the luminaires, meared in kWh.

AP X F)x [ xF Py )+ 1 X o))
W, Z 1000 (KWh) (6-2)
Where

tp — Daylight operating hours.

tn - Non-daylight operating hours.

P, —Total installed lighting power, measured in watts

Fp -Daylight dependency factor - factor relating the&age of the total installed

lighting power to daylight availaility in the room or zone.
Fo - Occupancy dependency factor - factor relating tisage of the total installed

142



6 LIGHTING CONTROL SYSTEMS

lighting power to occupancy pexdn the room or zone.
Fc - Constant illuminance factor- the factor relatitogthe usage of the total installed
power when constant illuminancertrol is in operation in the room or zone.

The estimation of the parasitic energyH) required to provide charging energy for emergency
lighting and for standby energy for lighting conlsoin the building is established using the
following equation:

{{Ppc X |.ty - (tD +iy )j}+ (Pem Xte)}

W, =Y o (kWh) (6-3)

Where

ty - Standard year time - time taken for one standegakr to pass, taken as 8760h.

tp — Daylight hours - the operating hours during tteg/light time.

tn - Non-daylight hours - the operating hours durthg non-daylight time.

te - Emergency lighting charge time - the operatirayrs during which the emergency lighting
batteries are being charged in hours.

Pyc - Total installed parasitic power of the contralsthe room or zone - the input power of all
control systems in luminaires in the roomzmne, measured in watts.

A detailed description of these equations is giveAnnex 4 : EN 15193.
The reduction of the energy consumption is posshifeplaying on the different elements of the
equations, for example:

— The installed power can be reduced by using low stonption light
sources and efficient control gear (electronic &st$, electronic DC
transformer, etc.).

— Daylight dimming can lead to an important reductioh the energy
consumption by adjusting the light flux smartly acding to the daylight
level. This is what is done by the;pparameter.

— Operating hours can be reduced by adjusting lightaccording to
predicted or real occupation strategies throughRhearameter and the
amount of working hours (t and ¢). In fact, only a fraction of a
building’s lighting system is required at any givéme. Lights frequently
are left on in unoccupied places where there isrmamd for lighting
Through the reduction of the,ttp and 5 values, energy savings can be
calculated.

The first lighting controls level, also the mostdely used, is the manual switch to put on or off an
individual luminaires or a group of luminaires. Bhtype of control is not robust enough with
respect to energy efficiency as it relies solely the behaviour of the occupants who are not
necessarily concerned by energy savings, espednthe tertiary sector buildings. Lighting control
strategies provide additional cost-savings througdl time pricing and load shedding. Reducing
lighting power during electricity peak-use periogben energy rates are at the highest can also be
achieved through a Lighting Management System (LMS)

Lighting Management Systems allow building operatto integrated lighting systems with other

building services such as heating, cooling, vetibla in order to achieve a global energy approach
for the whole building, in particular for green lding or an energy-producing building.
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6 LIGHTING CONTROL SYSTEMS

Energy efficiency of lighting control systems depeon the strategies implemented as presented in
figure 6-2.

Energy Efficiency

PlkW] ™ Visual comfort Athermal comfort A Thermal consumption ™

P[kW] ™ Visual comfort A

Blinds

Daylight Harvesting and
Constantilluminance control PIkWI™, T[HI]™
strategies

(DHCS, CICs)

Predicted or real control strategy

TIHr] N
(PoOCS, ROCS)

No control-Low Consumption Lamps

PIkWI]N
(LcL)

No control, classical lamps
Figure 6-2. Relation between control strategy and energy &fficy.

6.3.2 Predicted occupancy control strategy

The Predicted Occupancy Control Strategy (POCS)sed to reduce the operating hours of the
lighting installation. It generates energy savitgsturning lighting on and off on a preset dailyne
schedule. Schedules usually vary on a daily basisoaling the building occupancy. By
automatically turning off lights at a preset tim#he systems assist building operators /facility
managers to avoid having the lighting be on durimgoccupied hours, mainly at night and at
weekends. Different schedules can be programmediftarent areas of the building based on the
occupant needs.

Turn OFF

Controller scheduler
D bmw

Figure 6-3. Time scheduling control scheme.

The time scheduling control strateggnables switching on or off automatically basea tome
schedules and occupancy patterns for different gomeventy-four hour timers allow the occupants
to set certain times for lighting. The timer is s&i switch lighting on during occupancy.
Measurements have shown that the best energye@itisiolutions are combining the use of a cut off
system with a manual switch on system; potentiaingaare between 10 and 15% (without
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6 LIGHTING CONTROL SYSTEMS

daylighting) (Floyd et al. 1995, Rundquist et &D96). Note that the gain may be more than 50%
in case of 24 hours lighting (Maniccia et al. 199831 2003).

This strategy is used most widely in applicationisese building occupancy patterns are predictable
and follow daily and weekly schedules like classr® meeting rooms and offices.

D e

Controller @ Larnp

Outdoor daylight sensorb
Figure 6-4. Dusk dawn control scheme.

The Dusk or Dawn control strategis a type of predicted occupancy strategy baseduwnrise and
sunset which can be calculated for every buildiogdtion. Light is switched on automatically when
it gets dark, and off when there is enough dayligfttis control type is not often applied for indoor
lighting but is very efficient for atriums with gabdaylight availability or for glazed corridors
linking buildings. This strategy is not necessaalghieved with an outdoor daylight sensor. The on
and off hours can be provided by a scheduler.

6.3.3 Real occupancy control strategy (ROCS)

Real Occupancy Control Strategy limits the openmatione of the lighting system based on the
occupancy time of apace. In opposition to the predicted occupancytrabnt does not operate by a
pre-established time schedule. The system detebenwhe room is occupied and then turns the
lights on. If the system does not detect any atiin the room, it considers the room as unoccupied
and turns the lights off. To prevent the systemnireurning the lights off while the space is still
occupied, a delay time (ranging typically from @15 minutes) can be programmed.

Occupied
Non Ocect

SO ELL pied

T
@ Occupancy sensor

Figure 6-5. Occupancy control scheme.

Real Occupancy Control Strategies are best usagjhications where occupancy does not follow a
set schedule and is not predictable. Classic apgtibns include private offices, corridors,
stairwells, conference rooms, library stack arest®rage rooms and warehouses. The savings
potential of real occupancy control varies widetgrh 20 to 50% (system combination) (Maniccia
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et al. 2000, NBI 2003). It depends on the leveldgitection, the place of the sensor, the coupling
with daylight-harvesting and of course the movemsasftthe occupants.

6.3.4 Constant illuminance control strategy

The Constant llluminance Control Strategy (CICSRets into account the ageing of the lighting
system in the room. It compensates the initial @&ng of the lighting system introduced by the
use of the maintenance factor (MF) at the desigiyst

o /

r.
Y Constant illurminance
sensor

S Larmp

Figure 6-6.Constant illuminance control scheme.

The constant illuminance control strategges a photocell to measure the lighting level with
spaceor determines the predicted depreciation (ageifighe lighting level. If the light level is too
high, the system’s controller reduces the lumematibf the light sources. If the light level is too
low, the controller increases the lumen output lbé tight sources. The result is a system that
minimizes lighting energy use while maintaining tomim and constant lighting levels.

6.3.5 Daylight harvesting control strategy

The Daylight Harvesting Control Strategy (DHCS)aals facilities to reduce lighting energy
consumption by using daylight, supplementing ittwdrtificial lighting as needed to maintain the
required lighting level.

Q

, Indoor daylight sensor

Outdoor daylight senhs.ohr._(j
Figure 6-7. Daylighting harvesting control scheme.

The Daylight harvesting control strategyses a photocell to measure the lighting levelhimta
space, on a surface or at a specific point. Iflight level is too high, the system’s controllerdgces

the lumen output of the light sources. If the ligavel is too low, the controller increases the keim
output of the light sources. Sensors are often usddrge areas, each controlling a separate group
of lights in order to maintain a uniform lighting@Vel throughout the area. The result is a systea th
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6 LIGHTING CONTROL SYSTEMS

minimizes lighting energy use while maintaining fomm lighting levels. This system can also
provide the constant illuminance strategy.

Daylight harvesting systems are generally usedoaces that have relatively wide areas of windows
or skylights. Typical applications include classna®, high-rise office buildings and retail facilise
The savings potential varies from 20% (daylightyesting alone) to more than 50% (daylight-
harvesting plus real occupancy. (NBI 2003)

To illustrate the potential gain obtained with teedifferent strategies an office building has been
simulated according to the energy calculation mdttlescribed in French regulation RT2005. Tests
have been done for two climatic zones - Paris ameN on a 600 m? office building. The results are
shown in Figure 6-8.

B0%
Lighting potential saving in
office building %

50%

40%

30%

209% OParis
i
= Nice

10% I
e L L L=

0%

T T T T T
Classic Switch Predicted Real occupancy Daylight-Harvesting Daylight-Harvesting
(reference) occupancy strategy strategy strateqy plus real
accupancy
Strateqgy

Figure 6-8. Estimation of energy savings according to the Fienlcermal regulation calculation tool "method Th-
CE".

In office buildings, predicted occupancy controtadegy (based on scheduler) allows 10% gain
whereas real occupancy (based on presence deteaitorys 20% gains. We can notice that
Daylight-harvesting impact depends on the climatoe. So, in office building potential gains vary
from 30% (Paris) to 40% (Nice). Coupling of differestrategies should result in more energy gains,
for instance, daylight harvesting and real occupgaachieves up to 50% gains. These gains are
function of the room and window sizes, buildingemtation and sensor(s) position(s).

6.3.6 Lighting management system and building managemegstem

All the strategies described above can be applredlmost any building. They can be stand alone
systems or part of a fully interoperable lightingamagement system (LMS). With LMS one can
schedule the light operations in any area withie thuilding, or monitor occupancy patterns and
adjust lighting schedule as required. The LMS gifaaslity managers the ability to remotely control
building lighting energy consumption. It also etebthe facility manager to perform load shedding
strategies in case of high electricity demand ia Building. The utilization costs is thus reduced a
the control strategy has turned off or dimmed sdigbts or lighting components during peak-use
periods.

Moreover, thanks to LMS, building operators will ladle to record lighting scenes or predefine

scenarios. For instance, a simple push on a buttard select avideo projectionscenario which
would consist of dimming light level, lowering blits and setting down the screen.
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LMS also give a finest way to control lamps. Buildj operators will be able to manage lamps in
one zone independently. The lighting rows closethie windows (usually less than 4m as best
practice) will be controlled with daylight stratggvhereas the others will not be. An additional
advantage of LMS is their ability to monitor the eqation of the lighting systems such as the
number of operating hours in a given area, the nemndd times the lights are switched on. Using
this information, maintenance operation like relangp(action to replace a burned out lamp) can be
scheduled.

In case of implemented Building Management Syst&M§), the management of the lighting
system can be combined with heating, ventilatiom, Gonditioning, security, etc. This type of
integrated management system will allow sharinguattdrs and sensors. Some examples of
integration are given below.

6.3.7 Lighting control integration levels

Three levels of integration can be distinguished tioe indoor lighting control.These are listed
below:
— The first level takes into account the artificiajting alone.
— The second level takes into account artificial ligly and its control by
external information like daylighting, occupancy,..
— The third level takes into account artificial lighg dealing with artificial
lighting plus external interaction with externaleatents like HVAC
systems and blinds.

Complexity
Anrtificial lighting
Level 3 + external informations + +
HVAC
Artificial lighting
+ gxternal information
Level 2 (daylighting, occupancy...)
Artificial lighting alone
Level 1 —

Figure 6-9. Levels of integration strategies.

Level 1 (artificial lighting alone)

In this integration example, the user controls dénficial lighting through a manual switch/dimmer.

O Manual switch-dimmer

Controller

"
=
I

Figure 6-10.Simple strategy.
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This allows artificial lighting control accordingpta manual switch (ON/OFF or dimming). This
solution is one of the most used systems in bugdaonsisting of only a switch for a lamp or a
group of lamps.

Level 2 (artificial lighting control based on exteral information)

In this integration example, an illuminance senaond an occupancy sensor have been combined to
the manual switch-dimmer in order to increase tisual comfort of the occupant. For each sensor,
a priority level is set.

Manual switch-dirnmer |

Figure 6-11. Coupling between Artificial lighting, daylightingnal real occupancy.
This system allows artificial lighting control acabng to:

— A manual switch (on/off) or dimming with a high janiity level

— An occupancy sensor with an intermediate prioriyél

— An illuminance sensor (in order to assume a cortsight level) with a
low priority level

We can notice that the plan becomes rather morepticated when we want to share sensors. The
saving potential of this solution is quite the saasedaylight harvesting plus occupancy sensor.

Level 3 (artificial lighting and daylight and HVACsystem)

In this integration example, there is a full intagjon of the lighting system with the HVAC systems
and the blinds system in order to increase thealismd thermal comfort of the occupant.
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Manual switch (blinds)
Manual switch-dimmer
Temnerature setpoint

N

e amp
lluminance sangor .Temperature
] . @ o 7 sEnsor

X S 0 i I
Motion sensor i =
® | Light Cartraller |4_>| HVAC Controller ‘
____________ ===

=
Fan Cail
Unit

S €] Glare sensor Indoor and outdoar blinds
Wind speed sensar

Figure 6-12.Coupling b:etween artificial lighting, daylightingnd HVAC.

This system allows control of artificial lightingdaylighting (with blinds) and HVAC.
Supplementary sensors are presented with theirmvanity level, such as:

— A manual temperature set point button with a higtopty level

— A manual switch blind button with a high prioritgvel

— An indoor temperature sensor and wind speed senghbra intermediate
priority level

— A glare sensor with a low priority level

The communication scheme of this third integratiemel is complicated because of the multiple

interactions between the sensors and the contso{led double-arrow). In this system, the sharing
of equipments and sensors is necessary as shofuigume 6-13.

Manual switch ON/OFF (High priofity) ———

Motion sensor (Interme diate priofity) — s—r——— Light contreller o Light level
llluminance sensor (Jow priority)
Sensar shating Interactions
Manual switch upfdown (High priority)
Elind
Wind speed sensor (Intermediate priority Blind controller v positions
—_—

Glare sensor (Low priority)

<
—

Temperature set point button {high priority)

Heating
HVAC controller Cooling

Temperature sensor (Low priority) =

Figure 6-13. Interaction of the sensors on the different conotypes.
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=T

HVAC controller ™

’ \
More artificial [

[ Time to reach light possible |
| desired position + |

current position \ | 4

Blind controller Up/Down possible Light controller

v 1
. I
Reguest Up/Down

Request More
artificial light

Reguest

Answer

Additionnal information

Figure 6-14.Example of interactions between controllers.

Figure 6-14 represents the possible interactionsvéen the different controllers. Contradictory
situation may lead to problems. A blind-up requésim the HVAC controller and a blind-down
request from the light controller have to be sohmdan arbitration system to adapt the best sotutio
in function of predefined priorities. If correctiynplemented, the energy saving potential of this
integration level is more significant than a lev&lintegration solution with daylight harvesting
alone.

It is important to note that this kind of integrati is not designed for buildings which consume éarg
amount of energy (other cheaper solutions are, Iposhore relevant and less expensive).
Nevertheless, it seems to be a real challengedohr¢he requirements of new building generations
(Green building and in positive energy building).

Sharing of equipment and sensor

The equipment sharing is an important issue to@ahia proper integration of the control strategies
(level 1 to 3). In order to maintain a good indadimate, the control system can generally act an th
applications as shown in Table 6-1.

Table 6-1.Equipments and sensors involved in the controltsgées — impact classification.

Sensor
Equipment Temperature Indoor illuminance Outdoor Occupancy
sensor sensor illuminance sensor sensor
Solar Visual comfort SA | Visual comfort MA Visual comfort MA -
protection Thermal comfort Thermal comfort Thermal comfort
system MA SA SA
Atrtificial - Visual comfort MA Visual comfort MA | Visual comfor t MA
lighting Thermal comfort
system MA
Heating Thermal comfort - - Thermal comfort
system MA MA
Cooling Thermal comfort - - Thermal comfort
system MA MA

MA implies a main actoiSAimplies a secondary or minor actor.
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6.3.8 Lighting control strategy analysis

Table 6-2. Lighting control strategy analysis 1.

6 LIGHTING CONTROL SYSTEMS

Strategy Predicted occupancy | Real occupancy Constant Daylight harvesting
illuminance
Main -Low costs -Relatively low -Constant light -Constant light
Advantages -Easy to install and | costs level considering level.
use -High rate of aging. -Possibility to
-10to 20 % gain energy saving for - 510 15% gain Couple with Blind
space with and HVAC
intermittent - 20 to 50% gain.
occupation for
example when
people regularly
go through (20 to
50%1).
Main -Setting of clock -Ultrasonic sensor -Sometimes high -Sometimes high

Disadvantages

has to be changed
if operating hours
change.

can be fooled by
HVAC systems
(vibration of air
flow)

-low precision
sensors will cause
uncomfort for the

costs.
-Not easy to
configure.

costs.
-Not easy to
configure.

occupant.
Main -Classrooms, -Corridors, -Offices (open - Offices (open
Usages -Meeting rooms stairwells space), space),
-Offices (open -library stack - Classrooms, - Classrooms,
space). areas, - High-rise office - High-rise office
-Store, -Storage rooms buildings buildings
supermarket -Warehouses - Retail facilities. - Retail facilities.
-Museum -Toilet.
Basic -Scheduler -Occupancy sensor | -Photosensor -Photosensor
Components -Time clock (Infra red or/and -Dimmer -Dimmer
-Switch ultrasonic) -Multi - switch
-Dimmer -Switch
-Dimmer
Table 6-3.Lighting control strategy analysis 2.
Strategy Level 1 : Artificial | Level 2 : Artificial lighting control | Level 3 : Atrtificial lighting
lighting alone based on external information and daylight;, and HVAC
system
Complexity - Low - Intermediate - High
Potential of | - Intermediate - High - High

energy saving

Control

- Predicted occupancy

- Predicted occupancy

needed

. - Predicted
strategies - Real occupancy - Real occupancy
: occupancy : ; ! ;
involved - Real 6CCUDANC - Constant illuminance - Constant illuminance
pancy - Daylight harvesting (main) - Daylight harvesting (main)
LMS - No LMS or BMS -LMS

- BMS (optional)

- BMS needed

160% is considered for Real occupancy plus Daykghtvesting
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6 LIGHTING CONTROL SYSTEMS

6.4 Lighting control architecture

The lighting control architecture supports the ieplentation of the defined strategies. It can be
organized in four levels:

— Lighting service

— Lighting plant

— Lighting zone

— Lighting device

The lighting service level deals with the overgdhting management system, it could also be called
the lighting backbone. Lightinglant as an analogy to HVAC central plant deals with toatrol of
central technical areas. It often appears at eadlding floor. Lighting zone deals with the diffemé
interactions in a zone (zone = a room or a setadms). Finally, lighting device is the terminal
device, which controls the visual comfort of a sifiecarea.

Wiring device control

Embedded device control
Figure 6-15. Level structure of the lighting control architectur

These levels have been established thanks to g stuthe various lighting systems. These systems
are described with generic component listed in Fegt+16.

® O

o] é am | —

Light sources Ballast Sensor Controller Actuator Wire Wire Wire
Digital analogic 230V

Figure 6-16.Lighting components.

The key point of lighting architecture definitios the position of the actuator. We can consider any
lighting fixture as one or a mixed of these architees.

6.4.1 Lighting control levels
Plant Control Architecture

The Plant Control Architecture (PCA) is an architge where actuators and controllers are placed
in one panel board at the lighting plant level. Shype of architecture is usually used for on/off
control in buildings like industrial buildings, sepmarket. It could also be used for specific zones,
for example, a complete storey in an office builgliror even for individual corridors or staircases.
This architecture is simple and robust and thusahlyjdised.
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Building X Power

Lighting Service
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Lighting Plant =
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Lighting Zone
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1 = i
Ballast e Controller m Switch or dimmer
== switch i
Legend f m—
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~ | dimmer

Figure 6-17.Plant control.

Zone Control Architecture

The Zone Control Architecture (ZCA) is an architex where the actuator and controller act on a
defined area of the building floor. This architexus widely used for offices with open spaces,
schools and hospitals because it enables easy ebarighe control strategy.

Building X Dower

Lighting Service / /
Floor 2 { (
!

Floar
Lighting Plant

/
(
e O RG]
FEIEAC I
S | i a

! ! i n n =

Lighting Device H ; £ n . L é:- S

— &= Di 2

i Ballast

. =5
Ballast BENE Controller L Switch ot dimmer
i £ Switch

. Legend . n G !
@ @ Light source (all types) . Actuator ll'l Sensor (PIE) dimmer

Figure 6-18. Zone control.
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6 LIGHTING CONTROL SYSTEMS

Wiring Device Control Architecture

In the Wiring Device Control Architecture (WDCA)hé actuators are located at the wiring device
level. It can be a wall, ceiling or floor wire. Thectuator is usually embedded with the sensorss Thi
kind of architecture is most popular for residehtaiildings, small offices and hotels because
commands are distributed in the room to allow thecupant to perform fine control. This
architecture is commonly used for simple controlevdrtheless, there exists more integrated
dimming applications. Moreover, WDCA can easilydmmbined with plant control architecture.

s Power
Lighting Service / /
Flocr 1 Floce 2
Lighting Plant
Zome & Zome B Zome C Zone D
Lighting Zone
/ / 3 7 [
d = — B 2 WA
Lighting Device N~ Q ! | / : “JI i | o
; FIE switch FIF. Dimrer :
Balast Criod¥ Dinuning ballast !
| :
FiEmiiEoEy Ballast B Convoller | “)I Switstior difimes
) == switch i
! Legend ¥ a i

| Light source (all types) . Actuator Mm Sensor (PIR)
p - |

dimtner

Figure 6-19. Wiring device control.

Embedded Fixture Control Architecture

The Embedded Fixture Control Architecture (EFCA) as architecture where actuators and
controller are positioned in the lighting devicesually in the ballast. Most of the EFCA systems are
connecting all control gears through a BUS systéihey provide individual or mutual control
thanks to controllers that are commonly placednat loor panel board, in the false ceiling or in a
device. On one side the binding between devicehygsjral through, for example, wiring. On the
other side, the binding is logical, through for tasce, links between the push buttons, sensors)(PIR
and the actuators are set by the controller. Tiygclbehind the binding and the programming makes
configuring the system really flexible and versatilThis kind of architecture uses proprietary or
open networks protocdldike KNX, LON, Zwave and of course the well-know»ALI.

In Figure 6-20 protocols are represented with aeline. Some BUS system can directly provide
power to the lamp (like LED), they are called Paov@@ver BUS.

2 See 1.4.4 Networks
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Figure 6-20.Embedded Device control.

Architecture SWOT Analysis

Table 6-4 presents the SWOT Analysis of the lighting contaothitecture. (The SWOT analysis is
a strategic planning method used to evaluate then§ths, Weaknesses, Opportunities, and Threats
of elements or strategies).

Table 6-4. SWOT analysis of lighting control architectures.

. - Easy to Mixing with | Visual performance
Architecture Costs Flexibility install BMS and comfort
Plant Control Intermediate |Intermediate | Quite easy Possible Low
Zone Control Intermediate | Intermediate Easy Quite easy Intermediate
Wiring Device Low Low Very easy Difficult Intermediate
Control
Embedded High High No expert is Easy High
Fixture Control needed
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6.4.2 Lighting control components
Controllers

A lighting controller is an electronic device usad building to control the operation of one or
multiple light sources at once. Majority of lighty controllers can control dimmers which, in turn,
control the intensity of the lights. Other typesaidntrollers can also control lighting, according t
specific scenarios. Lighting controllers communéeatith the dimmers and other devices in the
lighting system via an electronic control protod@ALI, DMX, ZigBee, KNX, etc.). The most
common protocol used for lighting today is Digitélddressable Lighting Interface which is
commonly known as DALI. Controllers vary in size camomplexity depending on the types of
buildings (from small residential buildings to bigrtiary one). For most of the time the purpose of
lighting controllers is the same: to combine thentrol of the lights into an organized, easy-to-use
system, and to reduce lighting energy consumption.

Figure 6-21.Lighting controllers.

Sensors

A sensor is a device that measures or detects lavedd condition, such as motion or light level
and converts the condition into an analog or digiggpresentation. The sensor specifications include
performance factors (range, accuracy, repeatapgysitivity, drift, linearity and response time)
and, practical and economical considerations (costgintenance, compatibility with other
component and standards, environment and sengitnlitoise).

llluminance sensor

llluminance sensors indicate the illuminance lewelthe sensor detection area. They are used to
measure indoor illuminance (e.g. on a working pleawed outdoor illuminance (e.g. on the roof of a
building). llluminance sensors are mostly used toiteh or to dim luminaires. Some basic
illuminance sensors enable day/night detection.yTbhan also be used in integrated control
strategies, particularly if solar protections angolved.

llluminance sensor commands the lighting contrateyn to dim or to switch on/off according to
the daylight level. llluminance sensors have topbeced so that they measure the light levels which

are representative of the space. It is useful tokntae llluminance sensor position in the lighting
control panel so that building operators can fihdm in the future.

Figure 6-22. Example of indoor illuminance sensor.

Outdoor illuminance sensors measure the outdoamilhance level. They can be combined with the
lighting control so that indoor luminaires can bantrolled by dimming or switching.
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Table 6-5.llluminance sensor — Input/Output and applications.

Compgnent Information Inputs/Outputs Applications in buildings
3 . Input : llluminance on the work plane Visual comfort

Indoor illuminance ) o . .

— Output : Analogue or/and digital signal to Energy consumption
controller

Outdoor illuminance Input : Qutdoor |IIum|nance_ _ _ Energy consumption.
Output : Analogue or/and digital signal to

sensor
controller

Particular case of day/night sensors

This device enables the comparison of outdoor iilence with a predefined threshold in order to
trigger actions on outdoor lighting (street lighginor closing of shutters. They were developed
primarily for street lighting and are generally yeobust.

L

£

Figure 6-23. Example of day/night sensor.

Table 6-6. llluminance sensor — Input/Output and applications

Component Information Inputs/Outputs Applications in buildings
Input : Outdoor illuminance Visual comfort (outdoor
Day/night sensor | Output : Analogue or/and digital binary | lighting, shutters, etc.)
signal (on-off) Energy consumption (blinds,
heating, etc.)

Presence sensors

Presence sensors detect the presence of occupade&tdrting theimovementsThe most common
sensors used in the building sector are passivaiedl (PIR) sensors that react to variations ofanf
red radiations due to movement of persons.

Table 6-7.Presence sensor — Input/Output and applications.

Component Information Inputs/Outputs Applications in buildings
Input : Movement Security
PIR sensor Output : Analogue or/and digital binary | Visual comfort
signal (occupied/not occupied) Energy consumption
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Passive InfraRed (PIR) sensor

These sensors are usually equipped with Fresnskkethat define the zone of detection. Two kinds
of PIR are usually distinguished: the movement serend the occupancy sensor. They have the
same working principle but differ on the numbersafanned areas.

Figure 6-24.PIR sensor. Figure 6-25. Multi-function PIR sensor.

Multi-function PIR sensor can integrate up to 4 étions listed below:
— Occupancy detection
— Indoor illuminance sensor (level of illuminance ftire switch on of the
lamps)
— Infra-red sensor
— Atimer (turn the lamps off after a certain delay)

The PIR sensors have some inconveniences, such as:
— Some human activities are achieved without any moset. e.g. watching
television, reading book, sleep, etc.
— They are position sensitive and may be irrelevdniboking to a dead
zone

Active InfraRed (AIR) sensor

Active InfraRed devices use infrared technology sisting of an infrared diode which constantly or
episodically sends infrared rays into the contrdllrea. A receiver monitors the reflected wave
levels. The non-appearance of a reflected ray onaification of its properties (wavelength or

amplitude) indicates a change occurred in the detezone.

Sender Receiver

Phe o _'

Figure 6-26.Infra red sensor.

Ultrasonic Presence (UP) sensor

Ultrasonic devices send out inaudible sound wavdsthe same time, a device is scanning for
sound waves which are reflected at a specific riita.change in the reflected wave is detected, it
indicates that something or someone has moveddmi#iection zone.
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Figure 6-27. Ultrasonic sensor.

There are products combining the two technologies, example, the PIR and the ultrasonic
presence detections. They are called Passive Deahiology sensors. They see and hear the
occupant so that presence is detected even ifetiseamo movement.

Wind speed sensors

Cup or propeller anemometers are adapted to wintaarilows in duct measurements. They are the
most common sensors for wind speed in systems nateyg this data for management of external
shadings. They are useful for the control of blinds

Table 6-8.Wind speed sensor — Input/Output and applications.

Component Information Inputs/Outputs Applications in buildings
wind speed | Input: wind speed Security
sensor Output : Analogue or/and digital signal (wind | Visual comfort _
speed) Energy consumption

CO, sensors

CO, sensors can in certain cases where advanced agoilcontrol strategies are applied be used
as presence detectors. Particularly when sharing@s among applications is being considered.

Table 6-9.Wind speed sensor — Input/Output and applications.

Component Information Inputs/Outputs Applications in buildings
Input : CO, concentration Thermal comfort

CO2 sensor | oytput : Analogue or/and digital signal (CO, | Visual comfort
concentration) Energy consumption

Sensor Position

Positioning the sensors cannot be neglected. Famgke,to get a relevant indication of the

illuminance level on the work plane, the illuminansensor should be installed on the workplane.
For obvious practical reasons, sensors are nevaaly placed on the workplane. Similarly, to have

a proper evaluation of the thermal comfort levdie ttemperature and humidity level should be
measured at the centre of the room. This is haptigsible in practice in an occupied space. It is
highly important for movement sensors to have adyoiew of the space so that they correctly can
detect the movement in the area.
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Actuators

Actuators are used for the automation in all kinafstechnical process plants. They are used in
wastewater treatment plants, power plants and e@veefineries. This is where they play a major
part in automating process control. Depending oairthype of supply, the actuators may be
classified as pneumatic, hydraulic or electric attws. They measure or detect real-world
conditions, such as displacement or light level aodverts the condition into an analog or digital
representation.

Switch

The switch is the most common interface betweenitfteging system and the occupant. The switch
can integrate several modes :

— On-off switch

— Timer for switch-off

Figure 6-28. Manual switch.

Switching hardwares are relatively simple and galigrvery cost effective. Switching is
appropriated in singly occupied spaces where lighel changes are generated by the behaviour of
that occupant (when the occupant switches the digitt or when the lights are switched on by an
occupancy sensor). For multiple-occupant spacemnaatic on/off switching must be used with
care. An automatic control that causes unexpedtehges in light level, while a space is occupied,
may confuse or annoy occupants.

Switching systems that automatically change light¢sording to daylight, should only be used in
spaces where the daylight levels are very highrymost of the day. In this case lights will be off
during most of the day and the occupants will netlimthered by cycling. Switching may also be
acceptable when occupants are transient or perf@ymbon-critical tasks. Switching systems are
often appropriate for atria, corridors, entrywaygrehouses and transit centres, especially when
there is abundant daylight.

Dimmer

Dimming systems adapt the light levels graduallyg @ahus reduce power and light output gradually
over a specified range. Dimming can generate ingurtenergy savings. However, dimming
hardware/devices are more expensive than switcliagices. The dimming can be achieved
through two modes:

— Continuous dimming

— Step by step dimming

Figure 6-29. Dimmer.
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Continuous dimmings a continuous adaptation of the luminous flux tbke light source(s) in
function of external information. Most of the timthis kind of dimming is achieved through a DC
control command on the ballast of the luminairesfdiarge lamp) or through the transformer
(halogen lamp). Some manufacturers have adoptedralard analogue 0-10 V dimming protocol
that allows ballasts from different manufactureyoe used with compatible systems.

Step by step dimming a way to control the light output of the luminas based on a limited
number of configurations. The rated dimming levale based on information generated by the
controller, received by the actuator and transrditte the light source. The number of dimming
steps is defined by the protocol used. DALI-bas@urding system is an example of this kind of
step by step dimming (256 dimmed levels). Switchgygtems perform very well in climates with
stable sky conditions, such as south of France]enimming systems is predisposed to save more
energy in climates with variable sky conditions¢Blas Brussels.

Wireless sensors and actuators

Wireless sensors (Presence sensor, illuminancesegts.) and actuators (dimmers, switches, etc.)
are based on old existing concepts what their msid functionalities concern. It is the way the

control is achieved that makes them now attractivareless. Their main advantage is their

flexibility (no need for cabling). Thus, both indfation and operational costs can be reduced
significantly. That is why they are used more andre in refurbishing and open space area.

Wireless sensor networks in commercial and indabtouildings are exposed to an increasing
number of interference sources, like WiFi nodesgmnmivaves, Bluetooth devices, RFID, and other
wireless sensor networks. Most wireless sensor odsvperform well in acleanRF environment
after initial installation. The challenge is to m&in good performance when there is another
deployment of supplementary RF source.

Others components

The building shell can be integrated in severaleywf active or passive components that impact
directly on heat/cool energy or illuminance levéhese components can be placed in roof or in
facade. See I|EA task 31 and IEA task 21 on dayligghfor more details. The visual comfort may
be influenced by the daylight availability. We catentify a large list of components influencing the
daylighting of the building such as the dynamiczitay systems or the blinds, louvres and shutters
family.

Dynamic glazing systems

Electrochromic, gazochromic and crystal-liquid ghag (EC, GC and CL) are color changing
glazing (through voltage control). These windowsog to a new generation of technologies called
switchable glazing-or smart windows. Switchable zghg can change the transmittance,
transparency, or shading of windows in reactionawm environmental signal such as sunlight,
temperature or an electrical control. Smart windadter from transparent to tint by applying an
electrical current. Potential uses for these tedbgies include daylighting control, glare control,
solar heat control, and fading protection in windoand skylights. By automatically controlling the
amount of light and solar energy that can passuglothe window, smart windows can help save
energy.
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Blinds, louvres and shutters family

Generally, louvres and shutters are opaque, rigiderable blades or panels with manual or
automatic controls such as clocks, timers, illunmo@a sensor or thermostats. Flexible and
translucent designs are also available. Louvresaedheat gain and can transmit, disperse, reflect o
reduce daylight. Automatic blinds coupled with lircontrollers and combined with lighting
control can significantly reduce the need for etieclighting during the day.

Networks

The evolution of building automation and direct g control in the 1980’s has favoured the
development of communication technologies in buiggi. Today building automation system offers
two main possibilities to integrate the control different equipment/applications in a building,
namely:
a. Proprietary systems
b. Open systems
— Standard system (which comes from a standard)
— De facto standard (which comes from industry beattice)

A proprietary systenis a closed system that is developed by a singdmufacturer/contractor. The
manufacturer holds the knowledge underlying theed@ment of the system. In such systems, the
initial costs might be relatively low and easy tetsup, but the building owner is locked into
products of a single manufacturer and can not &dkeantage of innovative technologies easily.

An open systeris one where standards are developed, publishddvaintained by an independent
recognised organisation body (CEN, 1ISO, ASHRAE/AN&L.) or an industrial alliance (de facto
standard). Any change to the system requires tmengents of users, industry, professionals before
being approved by the standards / organisatiorheralliance. Open communication protocols are
now becoming used for the integration of equipmizain different manufacturers. This offers the
following benefits:
— Media sharing. In this system, different produatsm different
manufacturers run on the same communications cables
— Vendor independence. This applies for initial puasé of different
equipment and / or system extension

Standardization of protocols

The CEN TC247 WG4 has been working on standardisatif data transmission methods between
products and systems for HVAC applications. Thisrkiag group has divided the communication
within a building automation system into three tgp® communication requirements:

— The Management net. It is used for workstationviarkstation
communication

— The automation or control net. It is used for glaontrollers and
workstations

— The field net. Used for terminal unit controllesensor devices, drives
etc.
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The work of CEN TC247 is to enhance the implemepotabf Building Automation System (BAS)
by supporting a number of standards. To bring daest, the standardization work promotes open
systems architecture.

Table 6-10 gives a list of communication protocatsd the media that are required:

Table 6-10.Communication protocols and media. (Adapted fror@@group - UK)

Level Protocol Transmission Media

Management BACnet (ISO 14684-5) | Ethernet, PSTN / dial up modem, IP, MS/TP
WorldFIP(EN50170) Twisted Pair

Automation BACnet (ISO 14684-5) | Ethernet, LONtalk, PSTN / dial up modem
KNX (1SO 14543) Ethernet
LONtalk (EN 14908) | Twisted pair, RF, CPL, IP

Field KNX (1SO 14543) Twisted pair, Mains signalling

LONtalk (EN 14908) | Twisted pair, RF, CPL, IP

Some commonly used open standards have not beegnsed by CEN TC 247, but are in use, for
example :

— MODBUS which is often used to attach HVAC plant mudels such as a
chiller to a BAS.

— IT standards such as Microsoft COM, DCOM or intdrregandards
(TCP/IP, HTTP, etc.) which is used at the managentarel.

Proprietary systems and protocols
ZWAVE (Will become a de facto standard)

Z-Wave is a new technology in wireless remote cohtteveloped by Zensys
(http://www.zen-sys.cohn from Denmark. Z-Wave is a next-generation wisse
ecosystenthat lets all home electronics talk to each otlaerd to the customer,
via remote control. It uses simple, reliable, lowwvger radio waves that easily
travel through walls, floors and cabinets. Z-wavees a sharp Mesh network
topology and hasnot master node. Therefore, a Zema@twork can span much further than the
radio range of a single unit.

ENOCEAN

The Enocean company (Enocean 2007) has developechaology that is based
P on the efficient exploitation of slightest changesthe environmental energy
ﬁmmm using the principles of energy harvesting. In ordertransform such energy
OCeanm”  flyctuations into usable electrical energy, elentamnetic, piezogenerators, solar
cells, thermocouples, and other energy convertersised.

The products (such as sensors and radio switchesj fEnocean are batteryless and were
engineered to operate without maintenance. The rpestasive example of a product stemming
from the proprietary RF protocol is the batterydravireless light switch. This product is been
marketed with the argument that it requires leasetiand wire to install because no wire is required
between the switch and the light fixture. They abmid the need to run switched circuits as the
actual power switching is performed locally at tload itself. The above list is not exhaustive. In
fact there are many others proprietary protocolsHome and building automation (and especially
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for lighting) such as system from Creston, LegraWdavenis, Lutron, Delta Dore, Schneider
electric, Insteon and so on.

Open systems and protocolsstandard systemand de facto standard
BACnet

BACnet (http://www.bacnet.org/) stands for The Big Automation and
F?m Control network. It was developed by ASHRAE andnigw published as an
ASHRAE/ANSI standard, a CEN standard and an ISQi¢aad. BACnet is a
communications protocol for building automation atwhtrol networks. It is equally suitable for
both the automation and management levels, espeéml HVAC, lighting control and fire alarm
equipment. It is recognized as an ANSI and CEN dtad as well as ISO standard 16484-5. The
protocol is based on four layers of the OSI model.

LonWorks

LonWorks (http://www.echelon.com/) was developedHphelon in the USA. It
LoMMARK" 5 g general purpose network using the LonWorksawol and the Neuron chip.

It is most suitable for device-level integrationdawidely used in buildings on
twisted pair cable using a transceiver known as HDT The use of Standard Network Variable

Types (SNVTs, pronouncesnivet$ contributes to the interoperability of LonWorksfroducts
from different manufacturers.

MODBUS (De facto standard)
Modbus-IDA MODBUS (http://www.modbus.org) designed by Gould diimon Company is

=== not an official standard and is supported by mosbgPammable Logic

Controllers (PLC). It relies on a Master/Slave sérprotocol. Modbus is
considered to be very simple and easy to implenagnt use, and has been adopted not only by the
industrial manufacturing milieu but also by many maéacturers of building equipments Modbus
has become extremely popular for the reason thas free, inexpensive to implement both in
hardware and software. It is however limited to plexdata exchange and is not used for more
sophisticated requirements.

KONNEX

Konnex (http://www.knx.org) results from the forinmerger of the 3 leading

K systems for Home and Building automation (BatiBUSB and EHS) into the

s specification of the new Konnex Association. Themoon specification of the
KNX system provides, besides powerful runtime chargttes, an enhanced
toolkit of services and mechanisms for network managen@ntthe Konnex device network, all
the devices come to life to form distributed applions in the true sense of the word. Even on the
level of the applications themselves, tight intérac is possible, wherever there is a need or biénef
All march to the beat of powerful interworking mddewith standardised data-point types and
Functional Blockobjects, modelling logical device channels.
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X10 (De facto standard)

X10 (http://mwww.x10.com is an industry standard for communication among
devices used for home automation. It primarily uggswer line wiring for
signalling and control, yet now a radio-based trors is also defined. X10 was
developed in 1975 in order to allow remote contr@i home devices and
appliances. It was the first domestic automatiochteology and remains the most
widely available. X10 was the first home automatitathnology and remains the most widely
available. However, now it seems obsolete. Datagrare very low (around 20 bit/s). To summarise,
with its tiny command set and poor reliability XJ0otocol is simply too limiting for today’s home
environment control.

ZIGBEE

@ ZigBee™ The ZigBee(http://www.zigbee.org) Specification deises the infrastructure and

- services available to applications operating on #igBee platform (ZigBee,
2004). ZigBee is a published specification set @hhlevel communication protocols designed to
use small, low power digital radios based on thEHE802.15.4 standard for wireless personal area
networks (WPANS). ZigBee's current focus is to defia general-purpose, inexpensive self organ-
izing mesh network that can be shared by industraitrols, medical devices, smoke and intruder
alarms, building-automation and home automatione Téchnology is designed to be simpler and
cheaper than other WPANSs such as Bluetooth. The wmsable ZigBee node type is said to require
only about 10% of the software of a typical Bluetb@r Wireless Internet node, while the simplest
nodes are about 2%. There are currently discusdietseen the ZigBee commission and BACnet
commission to set up a bridge betweenwieed andwirelessopen protocols.

Communication systems and protocols specific to ligfing systems
DALI

DALI (DALla, DALIb) is a digital communication praicol designed specifically
for lighting systems. DALI is effective for scenelsction and for getting feedback
regarding faulty light sources. This makes it vargeful to use together with
building automation systems where remote supergisind service reports are required. DALI was
originally introduced in 1999 by ballast manufaeits who wanted to introduce a standardized
digital ballast control protocol. It is designed be very easy to install and to (re)configure. All
actuators, controllers and sensors are connecteddaingle control cable. A DALI-system consists
of load interfaces ( electronic ballasts), contpalinels ( push buttons), sensors (occupancy sensor)
and control interfaces (controller) and gateway$-{0V converter). Example of possible DALI
operations:

— Individual, group or broadcast messaging

— Request status data from an individual luminaire

— Assigning of addresses to luminaires using a discioyg algorithm which
makes the need for hard addressing obsolete

— Selection of lighting scenes

It is important to note that DALI is not a new Bdihg Management System (BMS), DALI is only

available for lighting. However, it can be an easyd to existing BMS like BACnet, Lonworks or
KNX thanks to gateway.
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DMX 512/1990

DMX 512/1990 is a Digital Multiplex Data Transmissi standard for Dimmers and Controllers

operating in simplex mode (unidirectional). It caontrol up to 512 channels. Data is transmitted in
packets. Each packet updates all the devices IedtaEach packet consists of up to 513 frames.
After a start frame (consisting of zeros), up ta25ftames can follow containing the data for each
device connected. The devices are not directly eslelrd. The information sent to them is defined by
the frame position within the packet.

Conclusions

The main issue for the success of integrated smhstiin buildings is to define the appropriate
communication protocol and the media for the infatran transfer. It is most likely that BACnet,
Konnex and LonWorks will be the major actors indHield as there will be integrating HVAC,
lighting, fire safety, security functions. Howev&ALIl and wireless low power technologies have a
certain future regarding lighting control. On the band, DALI has been established worldwide as
the standard for digital lighting control. It is apen non-proprietary standard that makes genuine
freely addressable lighting control a reality (iwdiual, group, and all together). DALI seems to be
much easier to install, extremely versatile and muwore cost-effective than any lighting control
systems already on the market, despite its grdatetionality.

On the other hand, wireless technologies (low comsiion or battery less) may present a new
solution to bring the installed cost down and tcsere energy efficiency. Over the past 10 years
many new RF solutions have been developed into emary-day life. It is expected that soon a

reliable, robust, easy-to-install and secure wsslaetwork technology for connecting devices in
buildings will gain market acceptance and substdrghares of new and retrofit installations soon.
ZigBee and Zwave are heading in this direction. Bitreless they are still not well defined on a
semantic point of view. Moreover it doesn’t exidtieient tools to design, install, commission and

troubleshoot this kind of technologies.

Internet Protocols (IP)

IP is said to be among the most important technigedor our industry. IP networks are deployed in
the Internet, in extranets, and in intranets. Nuooer different media are concerned, for example,
fiber optics, cables and wireless. IP is a powesfahicle for enabling communication but it does
not specify the content of messages in such détatl is needed e.g. to make two systems exchange
a temperature value.

Today, IP serves as the intermediary network tetdmo It is principally found in building

backbones and access networks to the field-aremankt Technologies that provide mechanisms to
be transported over IP include LonWorks (EIA-85BACnet/IP and KNX/IP.
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i Media/Option Standard App_llca_tlons Sect_or O.f Main Advantages
protocol for lighting application
BACnet IP, Ethernet, Yes ISO 16484- Building Norm
PTP, ZigBee, 5 e automation Many networking
MS/TP, Lontalk, options
Arcnet
LonWorks |IR, PLC, TP, Yes EN 14908 Buildingand | Norm
RF, IP R home
automation
KNX IR, PLC, TP, Yes ISO 14543 | ,.us LB and HA Norm
RF, IP
PROFIBUS |IP, TP Not a norm but Industrial Robustness
an industrial *
standard
MODBUS IP,PTP, MS/TP | De facto s Industrial Robustness
Simplicity
WorldFIP IP, TP EN50170 * Industrial Robustness
X10 PLC, RF OPEN not a R HA lot of products
norm
Bluetooth RF IEEE 802.15.1 |* Electronics low cost
ZigBee RF Base on IEEE ewww LB and HA low consumption
802.15.4
DALI TP IEC 62386 R Lighting Dedicated to lighting
control
DMX MS/TP YES R Theatre Dedicated to lighting
lighting
Zwave RF Not a norm but LB and HA Low consumption
Industrial waen Many application in
standard USA
INSTEON RF, PLC Proprietary P HA Robustness
Simple to use
Wavenis RF Proprietary P HA Simple to use
IN ONE RF, PLC Proprietary P HA Simple to use
Simple to install
Enocean RF Proprietary HA Battery less
* % % %
Many products
Very few lighting applications : * IP: Internet Protocol RF:Radio Frequency

Few lighting applications :

Some lighting applications exists :
Many lighting applications exists :

Dedicated to lighting :
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IR: Infra Red PLC: Power Line Communication

PTP:Pear to Peay TP: Twist Pair,
MS/TP:Master Slave/ Token Passing
LB: Little Building, HA: Home Automation




Component analysis
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Table 6-12 below gives an overview of the typicak of the different components.

Table 6-12.Components application overview.

Simple strategies Integrated strategies
Predictable |Real Constant Daylight Integration | Integration
Components | Occupancy |Occupancy |llluminance |Harvesting |with blinds |with HVAC
Control Control Control Control
Strategy Strategy Strategy Strategy
Sensors
Scheduler v v v v
Clocks v v v
Illuminance v v v v
sensor
Presence v v v
sensor
Temperature v
sensor
Wind sensor v
Actuators
Switch v v v v 4
Dimmer v v v v
Others
Skywells 4 v 4
Smart v v
windows
Automatic
blinds Y Y
Networks
Proprietary v v 4 4 v v
Open v v v v v v

6.5 Recommendations

General Recommendations

This section suggests a generic analysis schenaesign lighting control systems for new and
existing buildings. Thdirst stepis to collect the building owner needs and the estation of the
different users of the building (facility managdmwilding operator, occupants). This step is crucial
to design a lighting installation as it will:
— enhance the acceptation of the system by the u@etpected visual
comfort level, adapted human interface, etc.),
— facilitate the overall management of the system dogviding relevant
information and tools like fault detection, energonitoring, dashboard

etc.

This may be difficult in case of new building espeaty when the owner is not the end user. The
second stejs to achieve the functional analysis in ordetttanslate the needs into technical terms,
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that is, to choose the relevant control strategmesyork architectures, systems and equipments. It
includes the definition of a commissioning (Cx) plaorresponding to the above mentioned
functional analysis.

Thethird stepis to produce user guides for :

— The building operator to understand the system@ptimise its operation
(fault detections, maintenance, etc.)

— The facility manager to understand the performaimudicators of the
dashboard (energy consumption, running cost, pai bene, etc.)

— The occupants to understand the control strate@pesdicted occupancy
control strategy, real occupancy control strateggnstant illuminance
control strategy, daylight harvesting control ségy, etc.) and how to use
the control system to optimize his visual comforittwan eco friendly
behaviour (e.g. remote control, dimmer, task ligitietc.)

Specific Recommendation for existing buildings

Installing lighting control system in existing bdihg requires, in addition to the user needs angys
an audit of the existing lighting installation irrder to get a detailed description of the existing
strategies, architectures, systems and components.

This audit allows to determine the control potehti the lighting installation (e.g. presence of
separated lighting circuit for different zones, geace of electronic ballasts, possibility to irista

and use a wireless network, electrical network tyaétc.) and to design a relevant system for this
building.

For example, wireless networks or power line comination system (PLC) seem very attractive as

they are flexible and less expensive to installwéwer these solutions have limitations when the

lighting system is very large (in buildings over.000 m?) due to signal attenuation, electromagnetic
compatibility disturbance, etc. Figure 6-30 preseatgeneral scheme to design an energy efficient
lighting installation with specific considerationrfthe control system.
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Do an audit of your
lighting installation

v
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instead of stand alone.

Figure 6-30. General scheme for energy efficient design of lightcontrol.
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6.6 lllustrations

6.6.1 |Illustration 1: NOSS National Office for Social Searity — Belgium

This case study is an example of a very simpletiigy control
system working in a very efficient way. The buildjnis
organised in landscape offices (open plan) of ab2itwork
stations.

- Control and management of the daylight

There is no advanced daylight control system in @SS
building. The users have vertical lamellas that ythean
manually control in order to assume their visuahdort.

Figure 6-32Landscape office at day time Figure 6-33.Luminaire Figure 6-34.Landscape office at night time.
with daylight sensor.

Control and management of the artificial light
Landscape offices

The atrtificial lighting is controlled by :

— A manual switch in each local (landscape officepmler to switch lights
manually on or off

— Two rows of luminaires (near to the windows and jgexein the local) are
connected to a daylight dimming system based on itheividual
measurement of the luminance of the area undelutiénaire.

— A central clock cut the luminaires off at 19:00. second cut off
command is sent at 21:00.

Circulation areas
. —

The atrtificial lighting is automatically switchednacat 7:00 in all corridors (day

time mode). At 19:00, the artificial lighting of éhcirculation areas is set on
night time mode. two luminaires on out of are swigd off in order to save

energy. But one luminaire out of three stays on fbe movement of night

workers (for security, cleaning, etc.). A cycle thiree days is used to avoid un-
uniform ageing of the luminaries. This is done thgh special cabling so that
the luminaire that stays on for the night changastenight.

Figure 6-35.Circulation area.
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Rest rooms

During day time, the artificial lighting of the resooms is continuously On. During night time, the
artificial lighting of the rest rooms is controlleoly a presence PIR sensor with a delay set on 15

minutes.
Table 6-13.NOSS building - lighting control system properties.

Features System properties

Predicted Occupancy Control Strategy
Strategy Real Occupancy Control Strategy
(Time Scheduling Control Strategy)
Daylight Harvesting Control Strategy

Integration level Level 2
Architecture Zone Control Architecture
Network Open systems - Standard system

Building Information

Architect : Régie des Batiments
Building owner : Régie des batiments (occupant :3E)
Location : Place Victor Horta, nr 11, B-1060 BrusséBelgium

6.6.2 lllustration 2: The Berlaymont Building - a louvredacade — Belgium

The concept of Ventilated Double Skin Facades (VIDSHncreasingly often applied in new office
buildings or retrofittings. For common VDSF equipgbweith parallel glazing panes, a link can easily
be made between the amount of daylight penetratiegbuilding and the total glazed area of the
facade. Louvres facades are a particular concepfentilated Double Skin Facades equipped at the
outside with inclinable glazed lamellas. They oféedynamic behaviour, which is function of many
elements: slope of the lamellas, climatic condisqdiffuse or direct light), incidence angle of the
sun, control algorithm, etc. Such a louvre facadmaept has been applied on the Berlaymont
building, the new retrofitted building of the Euregn Commission in Brussels (Belgium).

The multi-storey louvre ventilated double skin fdeaof the Berlaymont presents a cavity that is
partitioned neither horizontally nor vertically anlderefore forms a single large volume. Metallic
floors are installed at each storey in order t@ailaccess for cleaning and maintenance.

Figure 6-36.View of the large cavity Figure 6-37. ouvres in Figure 6-38 Shadow on the Building — 10
and the louvres in vertical position. horizontal position. December — 14:00

The difference between this type of facade anddlassicalmulti-storey facade lies in the fact that
the outdoor facade is composed exclusively of matile louvres.
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Facade description

The Berlaymont building is a louver VDSF buildings interior skin is composed of traditional

double glazing elements. Its external skin is mafl@ whole of suspended frameworks on which
are fixed the glazed plates (200 cm out of 50 cmith un-uniform thickness (8 mm on the bottom
of the facade and 12 mm on the top of the facades @ their dimensioning with the wind.

Figure 6-39.Cross-section of a lamella. Figure 6-40.View Figure 6-41 View of the
through the louvres. building.

The glazed lamellas of the exterior skin are mapgeotitwo glass leafs which enclose a multi-layer
perforated film presenting a white face to the ex#d side to better reflect the light. On the inter
side, the louvres present a dark face so as towalloe seeing them. Indeed, the contrast of
brightness being positive, view is possible frone tihside to the outside but impossible the other
way.

Control and management of the daylight

The slope of the lamellas is ensured by enginesclwlre ordered from a central processing unit.
The control of the slope is done according to vas@arameters, such as:
— The position of the sun (date and hour)
— The position of the lamellas on the facade (oriéintaand height)
— The information collected by the outdoor sensoigontal illumination,
wind speed, rain, outside temperature)

When the outdoor horizontal illuminance is highéan 25000 Ix, the lamellas are positioned
according to their position on the facade.

If the lamellas are located in a sunny zone (whiefunction of
the date and the lamella’s position on the facatle®y are tilted
.2 so as to be perpendicular to the rays of the sueiiTslope lies
= ) thus between 0° and 80°, in order to work as splatection;

A F If the plates are located in a shaded zone andhéf éxternal
~-.J horizontal illumination is higher than 25.000 bhey are placed
in position of luminous penetration (slope with £},0to work
as reflectors of light.

0° slope 45° slope 110° slope

Figure 6-42.Different louvres positions.
When the horizontal outdoor illuminance is loweath25000 Ix, all the lamellas are set in position
of luminous penetration (110° of slope) to allowetllaylight penetration in the building. Other

modes are also integrated into the control algonitsuch as maintenance mode and alarm mode in
case of fire.
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Figure 6-43 Louvres in horizontal position — 90° slope.  Figure 6-44.Louvres in light penetration
mode — 110° slope.

The control strategy of the lamella is structurexlaa open-loop system organized as presented in
Figure 6-45.

v
es
Cleanln

|Free| |Frose|
|

[between 0° et 80°] [110°]

Figure 6-45. Structure of the control strategy of the dayligigiof the Berlaymont Building.
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Control and management of the artificial light

The control of the artificial light in the individal offices of the Berlaymont Building is a function
of:

— An individual switch. An individual switch controlghe luminaires for
each local (Manual On and Manual Off)

— The absence detection. If there is nobody in a lldcéfice), the light
switch off after a delay (than can be adjusted)

— The daylighting level. The illuminance level of tratificial lighting is
automatically set to 300 Ix or 500 Ix in the lodalffice) in function of the
outdoor illuminance level (daylighting level). Thi®ntrol of the artificial
lighting is function of general settings for eaclng the building.

Table 6-14.Berlaymont building - lighting control system prafies.

Features System properties

Strategy Constant llluminance Control Strategy
Daylight Harvesting Control Strategy

Integration level Level 3

Architecture
Network

Plant Control Architecture

Open systems - Standard system

Building Information

Architect: P. Lallemand, S. Beckers, Berlaymont @00
Building tenant : European Commission
Location : Rue de la loi, nr 200, B-1000 Brussdg|gium.

6.6.3 lllustration 3: Intecom project - France

The aim of the Intecom project was to develop snsgstems to integrate the lighting control, blinds
and HVAC applications to improve the indoor enviment and reduce energy consumption. A
good integration can be achieved through a limitkta exchange. CSTB has focused on the
interactions at the zone level among the threeiappbns: HVAC, lighting and blinds. At the zone
level, the different applications enable to readaé tollowing goals during occupied period:

— Provide desired thermal comfort

— Provide desired illuminance level

— Avoid glare or provide requested contrast level

When the space is unoccupied, only the energy etgntarget needs to be met. The control
strategies has been first assessed by simulatiomg uke SIMBAD Building HVAC toolbox. The
implementation has been carried out wusing the gdrmirpose simulation tool
(MATLAB/Simulink/Stateflow). Two emulators have beealeveloped, namely; a zone emulator
and a building emulator. The communication betwbailding and prototypes was supported by the
Lonworks standard protocol.

The zone emulator consists of a single room wittam coil unit, a luminaire with
electronic ballast and a screen blind.

.One zone sample.
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The building emulator consists of a six-zones binigpwith aVAV system for
air conditioning and the same characteristics asztbtne emulator for the light
and blind equipments.

Figure 6-47.Six zones sample.

The following facts can be considered on the comiation among the controllers:
— The blind can answer to a request of the artifidigiht or HVAC system.
— The light controller can request blind for more tght
— The HVAC controller can request the blind to redwsm#ar gains or ask
the light to switch on to bring more internal gains
— The interactions among the applications will dep@mdthe amount and
type of data that is exchanged.

Goal
. Glare lluminance ||_| Thermal
c%ﬁ:;ﬁgr Controller mm( Controller N Controller
Equipment Artificial
oriented Blind rL.'glﬁlta HVAC
controller Controller Controller Controller
0, ¢

Figure 6-48. Communication between goal oriented and equipmeetited controllers.
The simulation studies have shown that:

— There is significant potential for energy savingsdavisual comfort with
integrated control of light and blinds only if tHigihting system possesses
a dimming actuator.

— The integration of HYAC and blinds applications dasot gain any major
advantages.

— The integration of HVAC, light and blinds applicatis can bring up to
50% of energy savings during summer periods.

— In the case of integration of HVAC, light and bligdthere is a tendency
of an increased number of blind movements duringhsier. This is
usually not accepted by occupant.
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Table 6-15.Intercom project - lighting control system propesi

Features System properties

Real Occupancy Control Strategy
Strategy Constant llluminance Control Strategy
Daylight Harvesting Control Strategy

Integration level Level 3

Architecture
Network

Plant Control Architecture

Proprietary system

6.6.4 lllustration 3: DAMEX project - Finland

The objective was to improve energy efficiency af affice building by maximizing daylight
utilization. This was achieved by means of the graged control system consisting of illuminance
sensors, venetian blinds and electric lights, @mtérfaced to the DALI bus (Figure 6-49).

Short description of the characteristic featurethef system:

— Both blinds and lights were controlled using onlyvartical outdoor
illuminance sensor without any indoor light sensors

— According to measured vertical fagade illuminanaed current date and
time, the control system selects a predetermingtating scene to be used.
The scenes stored in the system memory containthedl information
which is needed to control the devices.

— Only a little instrumentation is needed. The prirleipvas to apply the
daylight measurements and computer simulations iadelling the
lighting process and then utilize the model in goht

— Individual light output levels for each luminairer damp and blind
position were created and stored using DALI progmaing software. The
predetermined scenes were created using real dyhgasurements and
lighting software. The DALI system is capable obshg 16 different
scenes.

The measurements gave important information howoardighting and window luminances are
changing in different daylight situations. Predetered scenes were selected to minimize the glare,
not to maximize the indoor light levels. The blimtigles were selected to keep the luminance of the
window within an acceptable range. Delays in coh&n@ short enough to prevent intolerable glare
in dynamic daylight situations with high sun intétys

Results showed that the described system can leetefély used to utilize the daylight in office
building without causing glare to the users. Thargl caused by the daylight reduces often the
savings otherwise achievable through daylight.

An example of the results is shown in Figure 6356re the data is measured or”'2#f December,

l.e., the shortest day of the year. Due to the gl#re blinds shut at 10:51 AM when vertical
illuminance exceeded 16000 Ix, and opened agaia28 PM when the vertical illuminance falls
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under 12000 Ix. The figure presents the verticainlinance (highest curve), indoor sensor data of
the horizontal illuminance (middle curves) and tiimds (lower curve).

The relative power of the lighting during one dayshown in Figure 6-51. The minimum power at
noon was 43% and the average power 73% of the #igig value. The main conclusion is that
even in December it is possible to achieve enemyirgs in the Finnish climate. In summertime
when days are longer, the savings are remarkabkleguise with an optimal blind control the need of
electric light is minimal during normal working hosi

& __)
Blind control unit

DALI -bus

Motorized Luminaires with
venetian Dali-ballasts
blinds

Digidim Toolbox
software in PC

Figure 6-49. The integrated control system interfaced to DALE.

Results of 21st Dec 2007
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Figure 6-50.Illustration of the sensor data and operation bEtblinds during one day.
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Results of 21st Dec 2007
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Figure 6-51.Electric power reductions during the day of Figuse50.

6.7 Conclusions

Lighting is an important part the global buildingergy consumption. It can represent about 5 to 10
kwh/mz2.year in the residential sector and reachmore than 60 kWh/mz2.year in tertiary sector.
Lighting consumption can be easily reduced with@éint light sources. Further energy gains can be
achieved with smart lighting control strategiesodhy, the most common form of control (the
standard wall switch) is being replaced by automaystems which are based on occupancy or
daylight harvesting. Most common examples are oaogy sensors which turn the lights off when
the area is unoccupied, time-based controls anddthramer plus photocell combination. All are
more effective than the standard switches in sawngrgy. Potential gains vary from 10% with
simple clock to more than 60% with a total integr@tsolution (occupancy plus daylight plus
HVAC). However, each sensor can turn the lights lojf mistake if they are not well specified,
installed and maintained. On the other hand, ifytbperate well they provide a direct benefit to the
occupant in term of energy saving, comfort and eafsese, in new building as well as in refurbish
one.

Furthermore, today new components are coming omiheket like smart windows and intelligent
automatic blinds. The last component allow obtagnsignificant energy savings. However, no
concrete study can actually show this. Finallyhlipg management/control systems can easily be
associated with BMS. Smart integration with othéeghnical equipments (such as Blinds and
HVAC) can be done to decrease energy consumptiahimprove general comfort. Such solution
can allow building operator to provide thight amount of light where and when it is need€u the
other hand, it increases the complexity of the tigh system so that commissioning becomes
essential for a good integration.

Lighting automation systems must be calibrated wirestalled, if possible after the building is
occupied and the facility staff has to be involviedhe commissioning process. The building sector
is rife with anecdotes on lighting control systemkich do not run as expected or do not work at all
because they were improperly installed or because facility managers or occupants do not
understand them. The commissioning process willicedthese problems.
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