PROCEEDINGS
__ _ACTES

~ EPIC’ 98

2éme Conférence Européenne Performance énergétique
et qualité des ambiances dans le batiment
et |
3eme Conférence Internationale sur la Qualité de I'air
intérieur, ventilation et économies d’énergie
dans les batiments

2nd European Conference on Energy Performance
and Indoor Climate in Buildings
and
3rd International Conference on Indoor Air Quality,
Ventilation and Energy Conservation in Buildings

Lyon - FRANCE
19 - 21 November 1998




ADVANCED DECISION SUPPORT TECHNIQUES IN COMBINATION
WITH SMART CARD AND LOCAL OPERATING NETWORK
TECHNOLOGIES FOR INTELLIGENT ENERGY MANAGEMENT IN
BUILDINGS

D.Kolokotsa', K Kalaitzakis', G.Stavrakakis', G.Sutherland?, M.Santamouris’, S.Soultanidis’,
P.Moumtzis®, J.Brunet®, P. Guillaumin®, L.Pelegrini’, G.Romiti’, L.Bakker®

!Technical University of Crete, Department of Electronics and Computer Engineering
K (pidiana Campus, 73100 Chania, Crete
Tel: +30 821 37209, Fax:+30 821 37202 e-mail: denia@systems.tuc.gr
? University of Athens Department of Applied Physics
University Campus, Building PHYS-5 157 84 Athens, Greece
Tel:+30 17284841, Fax:+30 | 7284847, e-mail:gordon@dap.uca.gr
* AMPER S.A.
49-51 Sof. Venizelou Str., Lykovrissi, 14123 Attica, Greece
Tel:+30 1 2898287, Fax:+30 I 2819706, e-mail-amper@hol.gr
* INGENICO DATA SYSTEMS
9 Quai de Dion - Bouton, 92816 Puteaux Cedex, France
Tel:+33 1 46 25 82 86. Fax:=33 1 46 25 82 71, e-mail_jbrunet@ingenico.f
* GENERAL IMPIANTI SRL
Via Montechiano 3 1-60030 Moie di Maiolati, ltaly
Tel:+39 731 814482, Fax:+39 731 814899, e-mail:gromiti@tin.it
¢ TNO Building and Construction Research
P.O. BOX 49 Lange Kleiweg 5. Rijswijk Delft, NL-2600 AA. The Netherlands
Tei:+31 15 2695250, Fax:+31 13 2695241, e-mail:{.bakker@boww.tno.nl

ABSTRACT

The purpose of the present paper is to present recent developments of integrated building energy management
system combining intelligent decision making systems and smart card technology using Local Operating Network
(LON) techniques applying mainly to existing buildings and to new buildings with minimum construction
modifications. The development of the above Integrated Energy Management System (IBEMS) is focusing on
25% energy savings at existing buildings comparing to conventional contol systems improving at the same time
the indoor conditions and comfort. The project is funded in part by the European Commission in the framework of
the Non Nuclear Energy Program JOULE IHI (CT97-0044)

1. INTRODUCTION

One of the main disadvantages of the existing BEMS is that in order to be integrated in
existing buildings a great number of modifications are required.

The purpose of the present paper is to present the architecture and the offering capabilities of an
Intelligent Building Energy Management System (IBEMS) which is in the process of development
under the framework of the Joule IIT European Commission Project CT-970044 BUILTECH system.

2.SYSTEM'S GENERAL DESCRIPTION

. The IBEMS development consists from the following parts:

e Development of a global fuzzy rule based decision support system.

» Development of the generic method using adaptation and self leaming techniques aiming
to adapt in real time the global decision making system.

» Integration of smart card for occupants access to the building services offering an active
man machine interface.

e Development of an advanced PLC (Programmable Language Controller) easy to install
and operate especially in existing buildings and able to execute the fuzzy rules of the
decision making system in real time.

o The Local Operating Network (LON), for data transmission throughout the building, in
order to complete the hardware development.

The architecture of the IBEMS (Intelligent Building Energy Management System) can be

seen in the figure 2.1.

3. THE ROLE OF THE PLC CONTROLLER

The prototype PLC based controller consists from a Central Unit that includes the power
supply, the CPU module and a number of digital and analog Input /Output ports.

Every module includes its individual processor for the /O implementation, the diagnostics
generation and the data interchange to and from the Central Unit.

-
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Figure 2.].

The PLC controller which can be seen in figure 3.1. includes the fuzzy decision making
system that aims to improve the indoor comfort and in parallel to minimize the energy
consumption. The inputs to the fuzzy PLC controller are the environmental parameters that
are monitored through the system's sensors:

*  Dry bulb temperature

* Mean radiant temperature
* Relative humidity
*  Air velocity

* Indoor illuminance
*  Qutdoor illuminance

* Luminance of task, background and source areas

= CO,levels

* Total Volatile Organic Compounds (TVOCQ) levels

Tkose inputs are used for the estimation of the controlled parameters of the fuzzy controller,
which are:

*  The Predicted Mean Vote (PMV)

*  The [lluminance levels (ILL)

* Daylight Glare Index (DGI)

= CO,levels

= (TVOC) levels

The controlled parameters form the inputs of the fuzzy "if ... then" rule base expert system
that aims to improve the indoor conditions of the building and minimize the energy
consumption. The fuzzy algorithms are giving priority to the use of renewable energy sources
as well as passive techniques to improve the indoor conditions. The fuzzy algorithms are
developing and been tested under MATLAB/ SIMULINK. The model of the building zone
and fuzzy controller can be seen in figure 3.2. The system's outputs (actuators) depend on the
experimental buildings characteristics and facilities.

Five existing buildings have been already selected for the integration and experimental action
of the IBEMS. Since the educational and office buildings are characterized by high energy
consumption, three offices and two educational buildings in different climatic zones
throughout Europe are selected for the implementation and testing of the developed IBEMS.

Firgure 3.1,



BN
AN

ap1-2:34
ot antt
; bm- br-\&"~-—- D—EL--— | Py Ou R ; :
Joway B 2 o ’1; b p— NL_p®l e
Oarvatva ~ Gana (2] 1 el ol | B . {
PR * 0 icoto o nao1-234
ne n
ws
-
i
; 2
Figure 3.2

4. THE ROLE OF THE SMART CARD SYSTEM ,
The smart card system consists from the autonomous terminal and the smart cards, which are

the chip cards.

The smart card system is suggested as the interface berween the users and the building
services (PLC, Central PC etc.) and it is the system's Man Machine Interface. The architecture
of the smart card system can be seen in figure 4.1.

It combines the following parts:
v The motherboard connected with the smart card reader, the keyboard display and the

PLC.

v The keyboard and the text / graphic display which appear with the keyboard display unit.

Figure 4.1.

The role of the smart card system is described below:

The smart card system acts as an occupant presence sensor. Every time the smart card is
inserted in the system the area is considered as occupied. This means that when the smart
card chip enters the terminal the building services (lighting, heating, cooling, and
ventilation) start up through a message sent to the zone's PLCs. The aim is after a period
of time the system starts automatically half hour before the average arrival hour of the
users.

As mentioned above the smart card system is inserted as the man machine interface.
Therefore its aim is by getting people involved in the process of the building energy use,
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to become more energy conscious and increases the energy awareness. This is
accomplished by: *

The users through the smart card terminal can insert their thermal, visual and air quality
preferences. Since it was really impossible for the users to type the level of the environmental
parameters preferred (such as temperature: 21 °C, humidity: 60%, lighting: 300 Iux) the users
have the ability to set their preferences in a relative form. This implies that they can 'ask’ for
more or less heat/cool, more or less fresh air, more or less light. The preferences appear in the
screen in the form shown in figure 4.2.

TEMP.  VENTIL.

Figure 4.2.

Another role that the smart card system has to play is to send messages to the users through
the terminal in order to increase awareness.

The messages sent can be seen in figure 4.2. The ‘FIX’ button allows the user to fix the
lighting manually in case no electric or daylighting is needed (e.g. conferences,
presentations).

All the above text messages are sent through the LON network (described in section 5) from
the PLCs.

The data preferences are sent to the PLC where are evaluated so the controller to be able to
understand the occupants preferences and adapt the fuzzy rule base expert system to users
needs.

5. THE LOCAL OPERATING NETWORK

The connection and transmission of data of the described system is achieved by the Local
Operating Network.

The diagram of an automated building offering the maximum degree of flexibility and
expandability is shown in figure 5.1.

In figure 5.1 we can see that each input (sensor) is assigned to an actuator (output) by a
software.

The data transmission throughout the system is achieved by the Local Operating Network
system. The hardware of the system is then fully connected. The LONWORKS and
LONTALKS combination of the LON ECHELON Inventor Company provide a worldwide
protocol with interoperability and interchangeability properties.

A LONWORKS network consists from a number of nodes communicating over one or more
media using a common protocol. The main parts of the network are:



o The Neuron Chip, which contains the cemmunication.  protoco] ensuring nodes
interoperation.

Transceivers (TP, Power lines, IR, RF, FO).

Network equipment (Router, Repeater, Gateway, and PC cards, Router/Modem).

PCor microprocessor communications software (DDE or MIP).

Configuration, Supervision and maintenance software.

The LON Network is an application suitable for buildings control due to the opportunities that
it offers. More specifically the LONTALK protocol has been designed for applications
Invoiving sense, monitor, conirol and identification fanctions.:

Figure 7.1

* The Lon networks offers free topology (ring, bus or star and all the combinations of the
above). .

* The LONTALK protocol supports end-to-end acknowledgments with automatic retries.
When this service is used, a node sending a message will €xpect an acknowledgment
from all intended receivers and will automatically retransmit the message unless af]
intended receivers respond. Absence of an acknowledgment, or a "heartbeat", can be used
to trigger an alarm condition.

¢ Many LON nodes are small, simple devices: !ight switches, temperature sensors, on-off
controls, etc. Such devices cannot tolerate substantial increases in size and cost. The
LonTalk protocol has been designed for implementation using a single, low-cost, VLSI
chip that can be economically and practically incorporated in these low-cost devices.

* The nodes used are "Intelligent ones.

® The LonTalk protocol allcws to choose the packet length on the basis of the application
instead of divide the packets into subpackets. This is very useful concerning building
switches, sensors and actuators because due to their variety of function and use different
(4 to 25 bytes) packet length is produced.

® The LONTALK protoco] $Ipports commurications on z variety of wired and wireless
media, including:

* Twisted pair

* Pcwer line (powered o- unpowered)
* Radio frequency

* Ceaxial cabling

* Fiver optics

and for applications to buildings, the bui'dir ¢s nower lines are used and no modifications
are necessary for the application. Therefore the IBEMS can be installed in existing
buildings where the energy use is high. :

~

628



Concerning media access, if priority is the only criterion for accessing the network, lower
priority nodes can be completely starved out by more talkative ones. The LonTalk
protocol allows a mixing of democratic media access (collision avoidance, resolution, and
detection) with optional selection of priority.

The LonTalk protocol provides the opportunity to bind network variables, together with
the possibility to poll them.

A great number of manufacturers exist that support any kind of application of the LON
networks including buildings.

6. CONCLUSIONS

The described IBEMS integrates an intelligent fuzzy rule based controller with a Man
Machine Interface in a "smart network". The energy saving is ensured by the fuzzy decision
making system, while the users and their perception of comfort is the dvnamic part of the
system. The LON network provides the alternative of applying the IBEMS to existing
buildings where the energy consumption is high 2nd the cost of construction modifications to
achieve minimization of energy use would be the only solution.
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