International Workshop on Energy Performance and Environmental 1
Quality of Buildings, July 2006, Milos island, Greece

An expert model for monitoring building’s operations via BEMS

K. Iatropoulos, H. Doukas, D.K. Patlitzianas and J. Psarras
Decision Support Systems Lab (EPU-NTUA), School of Electrical and Computer Engineering, Na-

tional Technical University of Athens, Greece

N. Tourlis and S. Louizidis
LDK Consultants, Athens, Greece

ABSTRACT

Nowadays, the necessity for the reservation of
comfortable living conditions as well as energy
efficiency in the buildings sector is more and
more emerging. Towards this direction, an ex-
pert model for the intelligent monitoring of the
energy efficiency in conventional buildings has
been developed. A description of this model
will be the aim of this paper. The general phi-
losophy of the model is based on the principles
of the “Building Energy Management Systems
(BEMS)”. The innovation lies on the usage of
an appropriate experienced decision support
unit, which supplements the main components
of BEMS, making a diagnosis of the internal
conditions for each situation. Through the “ex-
perience”, the unit decides about the necessary
interventions, giving thus the suitable com-
mands to the devices’ activators. The model was
applied to an office building of a Greek com-
pany with satisfactory results.

1. INTRODUCTION

The requirements for the assurance of the neces-
sary thermal comfort, visual comfort and indoor
air quality in buildings are increased. Efforts are
currently focused on the satisfaction of the en-
ergy needs for buildings, by safeguarding opera-
tional needs with the minimum possible energy
cost and the environmental protection.

The Building Energy Management Systems
(BEMS) can contribute to the achievement of
the possible energy and cost savings. A number
of modern techniques and methods have been
proposed in the international literature for im-
proving specific systems’ controls. To the best

of our knowledge, techniques for HVAC con-
trol, such as pole-placement, optimal regulator
and adaptive control (Zaheer-Uddin, 1994; Za-
heer-Uddin, 1993) have been presented. More
computerized methods, such as genetic algo-
rithms (Huang et al. 1997) and neural networks
(Kanarachos et al. 1998) have been proposed for
the control optimization of specific HVAC sys-
tems, too. Other methods for optimized build-
ing’s systems control have, also, been proposed
including empirical models (Yao et al., 2004),
weighted linguistic fuzzy rules (Alcala et al.,
2005), simulation-optimization (Fong et al.,
2006) and online adaptive control (Wang et al.,
2001). Integrated control systems utilizing ge-
netic algorithms, optimized fuzzy controllers for
the indoor environmental management (Ko-
lokotsa et al., 2002a, b), and occupancy predic-
tion (Clark, 1997) have been developed, applied
and tested.

Furthermore, BEMS are currently being de-
veloped to be applied in buildings, namely the
“intelligent buildings” and a number of studies
(Al-Rabghi et al. 2004; Kua et al. 2002; Wong
et al. 2005), have been presented for modern in-
telligent buildings and control systems, reveal-
ing the ongoing interest of the scientific com-
munity on this topic. Following the above stud-
ies, evident is the need for the existence of an
integrated “decision support model” for the
management of the daily energy operations of a
typical building, which can incorporate the fol-
lowing requirements in the best possible way:
the guarantee of the desirable levels of living
quality in buildings and the necessity for energy
savings. With respect to the above, the main aim
of this paper is to present an intelligent BEMS
using rule sets for the management of all related
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energy building’s operations. Moreover, the
model’s impact on the energy consumption and
indoor quality of a typical office building in
Greece is presented. Apart from the introduc-
tion, the paper has the following sections:

- The second section is devoted to the presen-
tation of the adopted methodology.

- The third section is devoted to the presenta-
tion of the computerized decision support
model.

- The last section summarizes the main con-
clusions.

2. METHODOLOGY

The decision support model’s infrastructure is
based on a typical BEMS logic (Levermore,
2000).

As illustrated in Figure 1, the model’s phi-
losophy is based on the general concept of a
model with the capability of being adapted to
any building’s specific requirements, provided
that appropriate “mapping” of the building’s ar-
eas and its elements, can be easily elaborated.

The model includes indoor - outdoor sensors,
controllers and a decision unit with the follow-

ing capabilities:
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Figure 1: The Model’s Philosophy.
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Figure 2: The Model’s Procedure.

- Interaction with the sensors for the diagnosis
of the building’s state.

- Incorporation of expert and intelligent sys-
tems techniques in order to select the appro-
priate interventions.

- Communication with the building’s control-
lers.

Furthermore, it includes the database for the
building energy characteristics and the knowl-
edge database, where all essential information is
recorded.

The procedure represented in the Figure 2 is
defined as follows:

- User Requirements: Users inside the building
define their requirements for indoor condi-
tions by setting values to control parameters,
namely the temperature, relative humidity,
air quality and luminosity.

- Parameter Requirements: Users’ require-
ments are compared to defined parameters’
ranges. For each area type, specific parame-
ters’ ranges have been defined, which pro-
vide comfortable indoor conditions (Ameri-
can Society of Heating, Refrigerating and
Air-Conditioning Engineers, 2003). The
comparison result is:
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- If there is no deviation between user’s in-
put and the parameters’ ranges (No), then,
user’s input is selected.

- If there is a deviation between the user’s
input and the parameters’ ranges (Yes),
then, the model proceeds as follows: (a) If
the model status is set to “Manual”, the
model ignores the deviation and uses the
user’s input; (b) If the model status is set
to “Auto”, the model normalizes user’s
input within parameters’ ranges, choosing
values with minimum deviation from
user’s input.

- Intervention Necessity: The recording of cur-
rent indoor conditions through appropriate
sensors and the deviation between them is
calculated.

- If there is no deviation between current
and user input state, the control procedure
exits.

- If deviation occurs, then the intervention
necessity appears.

- Intervention Selection: When intervention
necessity appears, the model decides upon
the appropriate intervention method. Through
a logical and comparative sequence, the deci-
sion unit defines the intervention method and
produces adequate signals for the building’s
controllers.

Finally, the model’s decisions are a sequence
of signals and commands to the controllers and
actuators for the application of the model’s out-
put. With respect to the above, the model has
the ability to modulate (with the help of the
rules) intelligent interventions in order to ensure
the thermal comfort and the energy savings.

3. MODEL DEVELOPMENT
3.1 Architecture

The decision support unit was implemented
with the following software tools and applica-
tions:

- The “MS Access” was used for the develop-
ment of the database for the building energy
characteristics and the knowledge database.

- The “Visual Basic 6.0” was the programming
language that provided interconnectivity,
through the database, sensors and controllers
of the building.

- The “Clips”, and particularly version 6.2 re-
leased in spring 2002 (Giarrantano, 1998),
was embedded in the model, to provide proc-
essing of model’s rules and inference to the
decision process.

3.2 Development of Rule Sets

The aim of the decision support unit design was
to utilize rule sets altered by the data recorded
from the BEMS’s operation. In this context, a
typical building was modeled and control points
were defined for the indoor conditions and the
electro-mechanical components of the building
and were parameterized. In particular, the pa-
rameters were categorized.

In this context, a set of rule sets has been cre-
ated, covering all probable requests of a typical
building. These rules, which combine input and
output parameters, have the following categori-
zation: internal comfort conditions, building en-
ergy efficiency and compatibility of decision
support unit. The first rule set ensures indoor
comfort conditions for every area or room in the
building. The second basic rule set includes
rules concerning the energy efficiency of a typi-
cal building. Based on these rule sets, the deci-
sion unit procedural steps are the following: sys-
tem initialization, intervention necessity, devia-
tion scaling of indoor conditions, intervention
selection and intervention intensity determina-
tion.

3.3 APilot Appraisal

The specific building, used for the presented
model’s application was an office building con-
sisting of three (3) floors and a total surface of
485.22 m”. Energy demands of the building are
fully covered by electricity, whilst other primary
energy sources are not used. More specifically,
building energy loads consist of lighting (indoor
and outdoor), hydraulic elevator, HVAC, office
equipment and electric pumps.

The building is equipped with a typical
BEMS and the presented model elaborated the
appropriate «mapping» of the building areas and
its elements. A fully updated description of the
building’s structure, including technical specifi-
cations for every component was originated.
Thereafter, the model was applied for a time pe-
riod of about a year (from the model’s operation
from December 2004 to December 2005). The
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building’s annual electricity consumption was
reduced from 106,5 MWh to 100,5 MWh in this
year mainly due to the intelligent unit’s effec-
tive management of all indoor building opera-
tions, by applying the optimal actions such as
shutters closing, preheating, etc.

In particular, room condition measurements
showed that temperature, relative humidity and
air quality levels were in the defined ranges,
varying according to user requirements. Dis-
comfort situations almost never occurred. Pre-
heating and switching off procedures contrib-
uted to the energy comfort both in summer and
winter. Thus no irregular indoor conditions oc-
curred, but energy savings were recorded.

4. CONCLUSIONS

The integration of computer and information
technology into the BEMS has been very popu-
lar recently. Such central co-ordination systems
are able to monitor and control many of the ac-
tivities and services associated with buildings.
Within the evolution of those systems the role
of the decision support models will be signifi-
cant. Those models can contribute to the con-
tinuous energy management of the daily opera-
tions of a typical building, aiming to preserve
the comfort conditions of buildings’ occupants
and minimize the energy consumption and cost.

The presented intelligent model using rule
sets for Building Energy Management can be an
innovative and useful decision support system
that will secure the desirable levels of indoor
quality as well as energy savings. The system
enables central monitoring of energy consump-
tion in buildings, by translating the building’s
energy knowledge into several rules and finally
into electronic commands to actuator devices.
Based on the results of its pilot application, it
can be considered that the current model’s op-
eration was satisfactory, since it contributed to
the improved indoor air quality of the building,
while assuring the possible energy saving.
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