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Abstract

The presented work addresses the topic of enexgiygsain existing public buildings, when no sigoént retrofits on
building envelope or plants can be done and saviagde achieved by designing intelligent ICT-bassdice to
monitor and control environmental conditions, egdogds and plants operation. At the end of 20&0Bhropean
Commission, within the Seventh Framework Prograas, founded a project entitled “Smart Energy Effitie
Middleware for Public Spaces” (SEEMPubS). To achithis goal the project will implement, in a setlemonstrator
buildings, an interoperable web-based softwarehamdware solution for real-time monitoring and cohof lighting,
heating, ventilation and air conditioning serviddspugh both wired and wireless sensor networkshis paper the
first phase of the project, concerning the selectibthe environments to be used as demonstratbttendefinition of

the control and monitoring strategies to reduceggneonsumptions for lighting and air conditionirage presented.
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1. Introduction

One of the major challenges in today’'s society eoms the reduction in energy use and, @tprint in existing public
buildings without significant construction worka.this context, key challenges are concerned thighdesign and the
development of a monitoring and control infrastawetto manage appliances so as to effortlesslynigdienergy
efficiency usage (without compromising comfort émcupants) and to offer to decision makers dedicttels to plan
and manage energy saving strategies. Within thiadr; at the end of 2010 a project entitled “Smasdrgy Efficient
Middleware for Public Spaces” (SEEMPubS) was funblgthe European Commission. The project specifical
addresses reduction in energy usage angf@@@print in existing public buildings and spadgsimplementing an
intelligent ICT-based building monitoring and maimagsystem. Actions of retrofitting on building exiepes or
services to reduce energy consumptions are noyalp@ssible or economically convenient in existigdings and in
particular in historical buildings where consergatis a matter of priority. In SEEMPubS a systermtmitor and
control buildings services and appliances will lesigned and implemented with the aim of optimizngrgy usage
without compromising occupants comfort and offerilegision makers strategies and tools needed togplargy

saving measures.

The proposed system will make use of “LinkSmarthjah is a service-oriented middleware developea jmevious
European project (Jahn et al, 2009; Lardies &009) and designed to support the developmenttefanks of
embedded systems, simplifying the interconnectidmeterogeneous devices that communicate usingrdiit
protocols. The project will use the LinkSmart migldhre potential to create services and applicaonsss

heterogeneous devices to develop an energy-awatfenph.

The SEEMPubS platform will provide functions andltoto add energy efficiency features to the Buildi
Management System (BMS), by monitoring environmiegital energy data in real time, and by controltimg
operation of active systems like lighting and HVA€rvices, taking advantage of natural resourcegigthé and solar

energy) to ensure the best possible comfort canditivith the most efficient use of energy.

A real-time energy-awareness service for all uséthe Public Spaces will be also created andlltasimbine

awareness services with a community portal to algtinvolve people in energy saving issues.

The functionality of the designed platform will Hemonstrated in existing buildings at the Politeardi Torino
Campuses (Italy). Buildings built in different paufs, from historical to contemporary constructiomste chosen as
pilot study, to take into account potentials anavdyacks resulting from the use of smart ICT bagstems in

buildings with different features and constraints.

In the paper the activity carried out during thstfirear of the project to define the new BMS aetdture and in
particular the control strategies proposed for enpgntation in the existing buildings is presenfadthermore a
special focus is set on the procedure adoptedaiuate the effectiveness of the proposed contratesiies: dynamic

simulations have been carried out to assess tliegspotentials with respect to the energy perforoeagoals.

2. Control strategiesand control logics

The activity carried out during the first year bétproject was mainly focused at preparing the mulework for the

development, implementation and validation of tiM3in the Politecnico buildings. To demonstrateeffectiveness



of the new system in reducing energy consumptimreiasing occupants comfort and simplifying fagifitanagers
activities, some rooms, from each Campus site, selected as case studies (Virgone et al, 201@nRavere chosen
on the basis of the following criteria:

— representativeness with respect to Politecnico @Gasrmapd other Public Buildings

— energy saving potentials

— characteristics of the existing services.

Both private and public spaces in historical andleno buildings were selected, in particular clagsrs, student
offices, single offices and open plan offices weliesen as demonstrator. Energy saving potentialiedeto the control
of HVAC services, lighting plants and other elemdtiappliances, were supposed according to the s@vatitectural
and plants features (volume, orientation, typerviedope, type of heating and lighting plant, shgdigstem, etc.), the
type of activity carried out, the occupancy patseaind the solar/daylight availability.

In figure 1 some images of the rooms that will Bedifor the study are presented.
Insert Fig. 1

Six pairs of rooms were selected for the studyhHast room has a reference room — a room withiairarchitectural
characteristics, building services, type of agfigtc. The six reference rooms will run with theeady present systems
and with manual controls, whereas the six siméat tooms, will be equipped with the new BMS fghting,
heating/cooling and electrical appliances contral enonitoring. The monitoring of the energy constions in each

couple of room will provide information on the sags achievable with the designed control system.

Further analyses on the selected rooms were cami¢d determine the future control strategiesoordand outdoor
microclimatic and lighting conditions were monitdréuring different periods of the year and an oVerergy

auditing was carried out to determine the preseetgy performance of the Politecnico buildings {ine et al, 2011).

21 Lighting control strategies

To define the most appropriate lighting controatggies, a general overview of the state of theratighting control
was first carried out (Destefanis et al.20Diipois et al. 2011, Doulos et al. 2008, Guo €2@1.0, Ryckaert et al. 2010,

Tiller et al. 2010). The most recurrent solutioasénergy savings are:

time switching

daylight harvesting

— occupancy control

a combination of the previous.

Time switching is the strategy that entails to turn automaticafiyand off luminaires at scheduled times to avsieless

lighting out of working hours. This is the simpl@std more spread solution in public and commelhmi#tings.

Daylight harvesting is the control strategy that entails to automdticdjust luminaires light flux (dimming) in ordéo
maintain a predetermined illuminance in the roakirtg into account the contribution of daylight.eTéim of this

lighting control strategy is to ensure adequatktiigy condition throughout the working hours and&we energy by



means of reducing the lighting power as a functibdaylighting supply. This strategy is especiaffective in those

rooms or buildings that are characterised by higylight availability and all-day working hours.

Occupancy control will turn luminaires on and off when the presenc@bsence of people is detected in a space. Also
in this case the automatic control avoids energstevproduced by the possibility that users leagesffaces forgetting
the lights on. The control logic could provide &ther switching on and off or for single off, léag the user, in this
second case, the possibility to turn on the lighemdesired. A lighting control based only on pnesedetection will

be effective in those spaces where user absemighly probable, and in particular in public or amercial buildings,

where users are little motivated at caring aboaituse of light.

211 Proposed control logics

According to the information on the rooms featuaebieved during the first phase of the project,estighting control
logics were initially proposed (Pellegrino et @12). In particular, for spaces with high daylightilability and
medium/high users absence probability, a combinatfalaylight harvesting and occupancy control waposed. For
spaces with low daylight availability, a lightingrdrol based on occupancy sensing was proposett aiparticular
solution was planned for large classrooms with aglight: students absence probability during the idavery low, but
the classroom area could be only partially occupibdn a small number of students attend the lestimghis case it
was supposed to use several occupancy sensois to d minimum the light corresponding to the ungded parts of

the classroom. In all cases the possibility to nderthe automatic control via manual command rssaered.

Based on these assumptions, some recurrent conainatf lighting control strategies were initiayoposed for the

selected rooms:

— time switching and manual control: this mix of amhistrategies was proposed for the Student Offidesre
daylight availability is very low and the generglhting is provided by means of High Pressure MEetaide
lamps, which can not be switched on and off insta@busly and can not be dimmed

- daylight harvesting, occupancy detection and macaiadrol: this combination of control strategiesswa
proposed for the private offices (DIST offices, Adistrative offices and DAUIN offices). In theseses the
automatic dimming of lights based on a daylightveating control strategy could be applied succélgstianks
to the high daylight availability and it could bseful to control lights on the basis of room’s qeancy too, as a
medium absence probability could be truthfully ased for these offices

— occupancy detection and manual control: these abstirategies were proposed for the classroomdarttie
open-plan offices, as daylight is not allowed tteetthe rooms (in classrooms) or is quite low duthe glazing
characteristics and the external obstructions prediy the structure of the double fagade in tlenggan
offices

- shading device control based on outdoor illuminasrcgolar radiation: this control strategy was msgd for the

offices with motorized blinds on the roof lightsdontrol overheating and glare from solar radiation

In the following diagrams the lighting control lagiproposed for the selected case studies arenpeds&igure 2
describes the control logics corresponding toatestyy of both daylight harvesting and occupancytrobnThe lights
will be switched on and off when user presencebseace is detected by the occupancy sensor andendimmed up

or down to integrate daylighting in order to aclei¢kie required lighting conditions for visual comfo



Insert Fig. 2

Likewise, figure 3 shows the control logics for trofiing lighting as a consequence of users preselncthese cases

the lights will be switched on and off when usezgance or absence is detected by the occupanaysens
Insert Fig. 3

Figure 4 describes the lighting control logics dasd for big classrooms with no daylight, and fegérshows the
logics for those rooms where, together with theteile lighting, shading devices can be automatjcetintrolled on the

bases of the sun position and the solar radiatieasored on the building roof.

Insert Fig. 4and 5

22 HVAC control strategy

221 Methodology of work

The goal of the SEEMPuUbS project is to decreasetteegy consumption of buildings while ensuring¢benfort of
the users. We have to take into account two diffiefactors: 1- the type of heating system usethénselected rooms;

2- the intermittent use of the building.

The economic advantage of intermittent use of hgatystems in intermittently-occupied buildinggy(eschools, office
buildings) is no longer in doubt. Neverthelessjrapt energy consumption requires that the heatstart time be
defined with great precision. In many cases, tdadxisks, the lowering of the temperature duringfoecupancy

period is limited, which leads to reductions in mgyesavings.

An intermittent heating controller allows the intal temperature to be lowered during non-occupgecipds, while
maintaining the desired temperature during occupaeciods, when these periods are clearly defifedigse et al,
1997a, 1997h, 1999). The different phases of hgatia as follows and are illustrated in figure 5:

— Upper control during occupancy period. The inteaiatemperature Ta must be maintained at the $égipoint
temperature Jby means of the heating law.

— Minimum power: switching-off of heating at the eofdtthe occupancy period.

- Lower control during the non-occupancy period & thternal temperature reaches the low set-ponpésature
T,. The low set-point temperature avoids the riskafdensation or frost.

— Recovery at maximum power, so as to reach the $etfpoint temperature, from the beginning of the
following occupancy period scheduled. Restart tisngptimized by the controller.

— Further possibility to integrate in the processicpated stopping of heating with an optimizeddiaelay

before the end of occupation period scheduled.
Insert Fig. 6

In our case, we want to go further by having adeta of the occupancy. A schedule is always deffiabowing
turning off the heating when the room is unoccupiedess a presence is detected. Neverthelesss#nean always

act on the system by changing the set point tenyreraf the fan coils with individual switcher. fact, lot of



classrooms or offices are not used during allithe bf the scheduled period. If no presence isatiete the heating is

stopped after a little delay.

Furthermore, since access to all the informaticsirisiltaneously available, strategies of interopiitg may be found

allowing for example the anticipation of the hegtstop if the other loads (solar or internal) aneugh.

2.2.2  Heating control strategy

The control strategy proposed is based on a comzation between all sub-systems (heating/coolimgpting, other

electricity used). The algorithm logic for heatisgoresented in figure 7:

— The strategy supposes that every room possessegritpanel of circuit breaker: a circuit breakarleating (in
the case of fan coils it is on the ventilator thvatact), one for lighting and one for electricitygs.

— A minimum indoor temperature should be defined Whiee heating has to restart.

Insert Fig. 7and 8
Two practical examples of communication betweensydtems are described hereafter:

— The heating schedule is on “unoccupied”, but soraemriers the office for work. If necessary, lightt be
switched on thanks to the presence detector, whiltlalso switch on the heating system for the cornbf the
person using the office.

— Another example is to anticipate the heating systesitch off when heat gains from lighting and elect
devices (computers, ...) exceed the heating poweatsnéenormal feedback control would let the indoor
temperature increase above the set-point befoppistp the heating systems, with an unnecessaryevedst

energy. The graphic in figure 8 explains this point

2.2.3  Theoretical application

The following schema explains the adoption of #tiategy on a room (figure 9).

Insert Fig. 9

3.  Numerical smulations

The potential in saving energy of the proposedrobsblutions has been assessed by means of byidirformance

simulations. The procedure adopted was as follow:

— analysis of available software and selection ofrtiwst appropriate with respect to the simulatioalgo

— monitoring of environmental condition in the sekettooms (illuminance, air temperature, relativentity);
— models construction and simulation of environmeataiditions;

— comparison between monitored data and simulatisulte

— further set up of rooms model;



— simulation of rooms performance in terms of enargysumption and environmental conditions when apgly

the new control strategies.

31 Lighting simulations
3.1.1 Methodology

To assess the effectiveness of the proposed lgkbntrol solutions, for each analysed room, thénggs from future

control strategy respect to the present one has ¢edeulated from total annual electric lightingeegy consumptions.

In general, the total annual energy used for lightiepends on different aspects, mainly relatefuidding usage in
terms of target illuminance and occupancy profiker behaviour, lighting plant characteristicshiigg control system
and indoor daylight availability. Therefore, to @alate the energy consumption for those rooms witaytight is
allowed to enter a dynamic Climate-Based Dayligltdelling (CBDM) approach (Reinhart et al.. 2006 afilaljevic
2000) (Mardaljevic et al. 2009) was used to estngainual daylight availability and, as a conseqgegtuccalculate the

electric energy consumption as a function of thpetgf lighting control system adopted.

Climate-based daylight modelling allows the prdditiof various lighting quantities using sun ang skinditions that
are derived from standard meteorological datagefsresent there is quite few software that allandimate-based

daylight simulation. Among them Radiance and Dayaimthe most well-known and used in the lightilegdf

Daysim calculates the annual daylight availabilityarbitrary buildings based on the Radiance bacttway tracer,
using external daylighting conditions derived fretandard meteorological local datasets. It inclugpesific occupant
behaviour model algorithms to mimic occupant uspaysonal controls such as light switches and vemélinds and
to predict the electric lighting use due to autaddighting controls such as occupancy sensorghatbcell
controlled dimming systems. In addition to daylightmetrics, among its outputs, the total annuatgy used for
lighting [kWh] and the LENI value [kWh/fgear] are included (EN 15193, 2007).

For the SEEMPUBS project both Radiance (Larsonk&zeare, 1998) and Daysim (Reinhart 2001) were. 0d&
first one to validate the models, the second orestimnate the lighting energy use and the savibtgimed with the

proposed control solutions.

3.1.2 Modd validation

To start the lighting simulation with Radiance axyBim a 3D model of the selected rooms and theareal
environment were prepared (Figure 10). The roontdels were prepared using the parametric softwakét Bnd then

imported in Radiance and Daysim through the softvigotect.

To correctly characterise the model's opaque amtsparent surfaces, in field measurements of lumsineflectances
and transmittances were carried out. The modelglation was done comparing the output of the Rackasimulations
with the quantities measured inside the rooms, satine sun position and sky condition (Mardalje@9; Reinhart

Herkel, 2000; Reinhart, Walkenhgr2001; Reinhart, Breton, 2009).



As an example, table 1 presents some first reshtned for a clear and an overcast sky condifitie. measurements
were done in correspondence of two points on &botal plane: one near the window (point 1), omdrfam the
window (point 2). The relative differences betweatculated and measured values ranges from -1229.496,

therefore confirm an acceptable accuracy of theahoskd for the lighting simulation.
Insert Fig. 10

Insert Tablel

3.1.3 Simulation resultsfor lighting energy demand

Annual energy demand for lighting, in a buildingroom, depends on several factors:

— indoor daylight availability;

— building usage, in terms of occupancy profile, iegghilluminance and user behaviour with respedidth
electric and daylighting systems;

- lighting plant characteristics, mainly concernethvihe installed electric power density and thepaeld lighting

control system.

To calculate the total annual energy used for iighDaysim requires to define the arrival and departime, the
presence of lunch or intermediate breaks duringimngrhours and the target illuminance, while, tog tiser's
behaviour with respect to lighting and blinds, sadiféerent algorithms can be used. Different staticauser behaviour
models, based on field study data, are in factémeinted in Daysim to mimic how building occupantsiiact with
manual controls of lighting plants or shading desicactive users who operates the electric lightirrglation to
ambient daylight condition, open blinds in the mingy and partly close them to avoid visual discomfpassive users
who keep the electric lighting switched on througthttie working day and keep the blinds loweredubfmut the year.

When running a simulation two different options émer behaviour can be selected:

- Active (equals design intention); passive (equakigh risk): according to this option the energsnded for
lighting is calculated considering an active usgr bince there is the possibility that a useraissive, the
passive simulation is carried out to see, throtghdaylighting metrics, how robust a building desigagainst
users working in opposition to it.

— Mixed use: both type of users are considered,ithelation is run twice, once for each user typej tre

resulting mean energy use is reported.
The options to simulate lighting and shading cdrdystem are:

- shading control: manual, automatic or no movabéalsiy;
- lighting control: six different control strategiase considered: 1) manual on/off switch near thar,d?) switch
off occupancy sensor, 3) switch on/off occupanaisse, 4) photosensor controlled dimming system 5)

combination switch off occupancy and dimming sys@mombination on/off occupancy and dimming system

Furthermore, as for the characteristics of thetiighplant, the following data are required:



- installed lighting power density (W/n
- standby power (W/R) for occupancy sensor, photosensor, etc;
— ballast loss factor (%);

— delay time of the occupancy sensor (minutes).

In the following some first results of lighting egg demand for one of the rooms selected as demnadosstn the
SEEMPuUbS project are presented. The selected tabefer this first analysis is a single office tivinternal movable

shading device, southwest oriented. Inputs for Kitian are:

— occupancy profile: from 9,00 a.m. to 6,00 p.m. witnch and intermediate breaks;

- user requirements and behaviour: target illuminarfc&00 Ix, mix of active and passive user’s bebavifor
lighting and active behaviour depending on the'sge¥ed to avoid direct sunlight on work plan ftindbs;

- lighting control systems: the initially proposechtl solution for the considered office was a camabion of
switch on/off based on occupancy and dimming baseghotosensor. In this phase of the study alirobn
options available in Daysim were actually simulai@dompare their effectiveness with respect tonthaual

control, which is the solution used at presenhaPolitecnico buildings.

Results are presented in figure 11 and table 2.coh&ol solution proposed at first (combinatioriahbased on
occupancy plus dimming) seems not to provide reiesavings with respect to manual control (16%)sTasult is
consistent if we consider that a user with mixetivacand passive behaviour was selected for mararatol and that

the presence of the shading device in a southwiesited room may reduce greatly the annual daybghilability.

The results obtained with Daysim demonstrate tbathis room, the most effective control strategyuld be a
combination of dimming based on light availabilitgd switch off based on occupancy. In this caseggreavings with

respect to manual control rise up to 39%.
Insert Fig. 11

Insert Table 2

3.2 HVAC simulations

321  Software presentation

TRNSYys is a internationally recognized softwareickted to the simulation of dynamic systems, dgwedbby the
Solar Energy Laboratory (SEL), University of Madisa the United States. It allows performing dynasimulations
of the thermal behaviour of a mono or multi-zondding. It can also follow hourly consumption (hieaf, air

conditioning) or production (solar panels) annuargy facilities of a building.

TRNSys is in fact a software which compiles diffdrmodules (called “types”) and allows to link theme to the other
to create a realistic model of the building (or tbem) tested. Each type has it own part in theuktion. For example,
three types are used to create meteorologicaladdbee simulated place, and a special type to mthaebuilding (walls

and their compositions, windows...).



The new version of TRNSys (v17) was used to perfiiose simulations. The new 3D plug-in of this i@msvas used
on several cases of the project to go further énitkeroperability between parametric architectacdtware (Revit) and

energy simulation software (TRNSys; Daysim, etc.)

3.2.2 Modedling of two officesin historical building

The figure below (figure 12) presents the TRNSysuation diagram used to simulate the building$lite different

types to model all the specifications of the Paliieo campus (fan coils or AHU...).
Insert Fig. 12

To approach more precisely the reality of the Bofitco campus, two special types were used to aimidn coils
(present in nearly all the rooms of the SEEMPuliigot). Those types use the hot water temperahdelee flow rate
of the fan to calculate the exact energy consumpifdhe system. A schedule has also been adoptetiteate the

occupancy and no occupancy periods of the genesdirfy system of Politecnico (figure 13).
Insert Fig. 13

The hot water temperature of the general heatistesywas supposed to vary as a function of theooutdmperature

in Torino according to a classical heating lawfig14).
Insert Fig. 14

3.2.3 Simulation results

In this section we present the first results ofgtmulation concerning two offices in the Valenti@astle (Politecnico
di Torino). One of the offices, the reference rooepresents the present situation of the officeypancy, fan speed
selected manually by the occupant, heating basedautomatic schedule which doesn’t take into actthe

occupancy ...). The second office is used to testbntrol strategy described in the precedenigpaph.

The aim of this study is to measure the energynsgpotential of the control strategy proposed enStEEMPubS
project. To perform this goal, a simulation hasrbe®de of one cold week (winter condition) andhbating needs

and the internal temperature of the two officesenmeasured.

An important part of our strategy is based on tle@magement of the heating (or cooling) during periaithout

occupancy. To see the influence of our strateggcampancy schedule was created, which simulatesypas of day:

— an office day: occupation of the office from 8an6fum,

— ateaching day: occupancy from 8am to 10am, thiem kinch from 1pm to 2pm, and finally after théeafioon
class from 4pm to 6pm,

— a conference day: no occupancy during the day,

— Weekend: no occupancy.
In the simulation performed here we have in the ¢ffices this repartition:

— an office day: Monday and Friday,



— ateaching day: Tuesday and Wednesday ,
— aconference day: Thursday.

— Weekend day: Saturday and Sunday.
In the next table (table 3) the results on theihgateeds of the two offices during this cold weed presented:
Insert Table 3

The next figure (figure 15) presents both inteteatperatures of the rooms during the week witrettternal

temperature of Torino used to perform the simulkatio
Insert Fig. 15

As we can see on table 3, the control strategy st test office allows to perform an importanergy saving (-66%
compare to the reference room). This result isreequence of the management of periods withoutpaets. In a
classic office like the reference room, the occuyas managed by a general schedule for the dmtitding which cut
off the heating from 6pm to 8am and during weekdndshe heating is on every day, no matter ifdbeupant is out
for the day. In the test office, a presence detastased which allows to turn off the heating df presence is detected

for more than 30min.

Furthermore, in the classical office, the fan spisembntrolled by the occupant who usually pubithie maximal value,
which is 3, so the heating will always be to itsxmzal power to reach the set point temperaturédérbom (no matter
which the real occupation is). On the other handhé test office, a regulator is used to choosdah speed; for
example if the set point temperature is 21°C aerdriloor temperature of the room is 20°C, the rgulwill select
the minimal speed to reach 21°C, but if the temioeeais 16°C in the office, it is the maximal spedurch will be

chosen.

4. Conclusions

Actions of retrofitting on building envelopes ongees to reduce energy consumptions are not alwagsible or
economically convenient in existing buildings angarticular in historical buildings where conseiwa is a matter of
priority. Nevertheless savings can be achieveddsyging intelligent ICT-based service to monitod &ontrol

environmental conditions, energy loads and plaptsation.

The paper has presented some activities carriéul thve first phase of the SEEMPubS project andairiqular it
describes the methodology adopted to define anidi@esthe control strategies to be applied in aahnstrator
buildings of the Politecnico di Torino to prove tiéicacy of the ICT-based BMS that will be desidrand

implemented in the following phases of the project.

Based on the analysis of buildings and rooms’ attarestics, new control strategies have been prgbdsoth for
lighting and for heating, in order to provide enesgvings in buildings where heavy retrofitting W®are not possible,
like for historical buildings. The effectivenesstbé& proposed control strategies is being evaludedigh building

performance dynamic simulations.



As far as lighting is concerned, the first energyisg results, obtained for a single office soutkt@iented,
demonstrated that the initially proposed contrélison wouldn’t provide the expected savings, whikdter results
could be achieved with a different combination ofwpancy based and daylight harvesting controlhétigavings are

expected for rooms with greater annual daylighilakdity (for instance rooms with a minor use d¢iaglings).

A further consideration regards the impact of oeawgy profile and users’ behaviour: at present therahms
implemented in Daysim have been used to calcutetenergy demand, but different results could haineéd by

implementing an “ad hoc” occupancy profile or usehaviour algorithm, as was done for thermal sitinfha.

To conclude with the thermal simulation part, atfanswer about energy saving potential of therobstrategy
imagined for the SEEMPubS project has been achigvddsign conditions. This turned out to be al&f$ on this
test simulation, but it was based on a referense wdth a scarce control. This result has to bepteired by an analysis
of thermal comfort discrepancies induced by thistia and by a yearly study, which also includesmer days.
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Fig.1. Internal view of some rooms that were sel@dor the study in the historical Politecnico diriho Campus

(Valentino Castle)

Fig. 2. Control logic in case of both daylight hasting and occupancy control.
Fig. 3. Control logic in case of occupancy coninobpen plan offices

Fig. 4. Control logic in case of occupancy coninotlassrooms

Fig. 5: Control logics in case of shading devices.

Fig. 6. Intermittency of heating strategy illusioat

Fig. 7. Algorithm for heating strategy

Fig. 8. Example of interoperability between thectrieal loads and the heating system
Fig. 9. Evaluation, during time, of the differervpers

Fig. 10. 3D model of the building around the sintetbrooms.

Fig. 11. Energy demand for different control stgids

Fig. 12. Global TRNSYS simulation model

Fig. 13. TRNSYS simulation model to simulate faisco

Fig. 14 Hot water calculation law used

Fig. 15. Indoor temperatures results of the sinmutat



Table 1. Comparison between measured and calculated illuminances

Sky Point Measured Calculated Relative
condition llluminance (Ix) Illluminance (Ix) difference (%)
Clear Sky 1 26618 31840 19.6

2 1088 958 -12.0
Overcast 1 246 276 11.9
sky

2 74 96 29.4

Table 2. Calculated percentage of energy saving with different control strategies, respect to manual control

Control strategies Energy savings with respect to manual control (%)
Switch off occupancy sensor -26%

Switch on/off occupancy sensor +14%

Photosensor controlled dimming system -18%

Combination switch off occupancy and dimming systerr89%

Combination on/off occupancy and dimming system %16

Table 3. Maximal power P and heating needs E resulting from the simulation

Reference office Test office Savings (%)
P (W) 8794 6755 -23
E (kwh) 169 58 -66
P/A (W/m2) 148.4 114 -23

E/A kWh/m?) 2.86 .97 -66




