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ABSTRACT The main features of the ElectroNet model are

For most electric utilities the exchange of data within Summarized as follows.
the utility, among utilities and between utility and supply
industry is a major concern. The exchange of data implies & A model for the things in a network and how they are
common understanding of data pieces: names, attributes, connected.
values and methods and their exact meaning. Thus data hdsA model for the properties possessed by the objectsin
to be modelled on a higher level, using "information thenetwork.
modelling”. This paper presents a model for the descriptior) A model for the state of the network and the way in
of properties enabling the user to exchange properties on Which the connections of the objects in the network and

basis of a common information model. their properties can depend upon the state.
4) A mode which shows how electrical functions and
1. INTRODUCTION equipment are presented on a schematic diagram.

Due to the opening of the electricity market and the In this paper, we describe important parts of the above

general tendency of integrating information systems themodel 2): Properties are aspects of physical objects that
importance of a formalised information and data exchange is_ ' pa " measured or observethey are representing the

growing. The EIectr_oNét prpject aims at defining a core of exchanged information. As a consequence the
common European information and dgta modeI. for th opical information model for the description of properties
exchange of data for system and operational planning of H s the most important part of an overall information model.
and EHV networks [1].  Important aspects of thiS | ina quality may limit the applicability towards practical,

mforlmatloré modtel havz be(;:n (cjjes::rzlbecé}; [2, 3, 4, g].t real-world problems — or — it may allow flexible and easy to
n order o understand e CIMerence BEWESNhandie future possibilities.

information, data and their associated models, the following
definitions must be given [6]:1formation is knowledge of
ideas, facts and/or processes, Data are symbols which
represent information for processing purposes, based on
implicit or explicit rules. An information model is a formal
description of ... information ... which forms a model of a
portion of interest of the real world. A data model is an
information model that is specialized to take account of a
particular instantiation method”.

Today, different standards and quasi-standards exist for
the description of properties. The most significant ones are
IEC 61360 [7], AP212 [8] and the EPRI-CIM [9] / IEC
61970 [10]. However for the field of electrical power
engineering a wider set of properties will be needed.

This paper first gives an overview about these existing
standards in section 2. In section 3, the most important
aspects of the information modelling language EXPRESS
are summarized. This is necessary in order to understand the
notation of the ElectroNet property model parts given in
! ElectroNet: An ESPRIT 1V European Community project section 4. The paper ends with concrete property modelling
No 22297, 1996-1999 examples in section 5 and conclusions in section 6.
(http://www.eus.ee.ethz.ch/el ectronet)
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2. STATE OF THE ART IEC 61360 requires that such conditions are specified as

Nowadays data and thus properties of electrical energy P&t of the definition of a DET.
supply systems are exchanged on the basis of commonly
used and well-known exchange formats, like the ones of 2.2 AP212
UCPTE [11] and IEEE [12] or on the basis of data models ISO 10303 Standard for theExchange ofProduct
that are defined using the relational paradigm. These Model Data” is intended to provide an unambiguous
exchange formats and models explicitly describe network representation of computer interpretable product
components together with the attributes, thus providing a information throughout the life-cycle of products [13].
fixed model for the definition of a network. The attributes STEP does not only define basic structures for product
(properties) are considered to be independent on each other representation, but also information models dealing with
and are of the types: real, integer, text string and flag. They specific problems of particular application areas, the so-
have fixed units and they are used to represent one fixed called APs (application protocols).
level of a property (maximum or minimum or nominal etc.). Application protocol AP212 "Electrotechnical design
The actual situation using these “hard-coded” dataand installation” [8] is concerned with aspects of electrical
models and exchange formats does not meet thengineering. Here predefined data models are given, which
requirements of modern information technology. A muchcan be used to describe different aspects of electrotechnical
wider range of properties including the description ofinstallations. One part of AP212, the UoF (unit of
dependent properties, matrix properties and some flexibléunctionality) "data element” deals with the representation
grouping mechanisms should be covered. There is also @f properties.
need to have a mechanism for various alternative These data elements can be attached to entities in a very
representations of network components in the same moddexible way. So nearly all main entities can be equipped
framework. with an arbitrary number of data elements and there is no
The property model presented here has been created limitation concerning types of data elements.
the context of the ElectroNet project taking into account  Three different types of data elements are distinguished,
already existing standards and quasi-standards. The mosamely standardised data elements, user-defined data
important ones are AP212, IEC 61360 and the EPRElements and predefined data elements. They may have
CIM/IEC 61970. hierarchical or dependency relationships.
In order to be able to judge about the possibilities  Standardised data elements are described by means of
offered by these standards, they are briefly reviewed in thitheir data element code and the name of the corresponding

section. standard. So particularly IEC 61360 is supported.
User-defined data elements are represented by their
2.1 IEC 61360 data element code and definition. They additionally

IEC 61360 "Standard data element types with€ference to source documents and custodians.
associated classification scheme for electrical components” Both standardised and user-defined data elements are
[7] is a standard defining rules on how to define datad®Scribed as single values or lists of values. Single values
element types (DETSs) (properties, property types, attribute® further tagged as minimum, maximum, nominal,

parameters ..). Each DET shall be provided with a cleaPPecified or typical level. Single values may be strings,
definition. No ambiguity shall arise. Attached to the NUMbers (positive or negative integers or real numbers),

definition is also information concerning the form of logical values, binary values (sequence of binary digits) or

presentation of values of the DET, the unit of values, namgneasures with unit.

symbol, references to source documents for the definition _redefined data elements are explicitly describing
etc. mainly geometrical and environmental properties. The only

IEC 61360 distiguishes between two kinds of DETS: electrotechnical properties defined here are rated power,
Quantitative DETs and Non-guantitative DETs. A rated current and rated voltage distinguishing AC and DC

quantitative data element type represents a physicafa/ues.

quantity, a quantity of information or a count of objects. A

quantitative DET is represented by a numerical value. A2-3 EPRICIM/IEC 61970

non-quantitative data element type identifies or describes an The EPRI-CIM (Common Information Model) is a data
object by means of codes, abbreviations, names, reference®del developed for EMS (Energy Management System)
or descriptions. purpose [9]. [10] (IEC 61970) is a follow-up project.

IEC 61360 recognises the fact that the actual value of a  In this data model a fixed attachment of properties to
DET can be influenced by the actual value of another DETentities is given. For example: A transformer (model)
In these cases, the first DET is conditioned by the latterconsists of a resistance R1, two reactances X1 and X2 and a

shunt capacitance B1. The connectivity of this transformer




model is implicitly assumed to be known. This model can
easily be mapped to structures of relational data bases. As a
conseguence each entity is characterised by means of the
attributes describing it.

One special feature of the EPRI-CIM (not found in
other models) is the so-called curve concept. Curves are
relationships between one independent variable (X-axis) and
one or two dependent variables (Y 1- and Y 2-axis). They are
mainly used as schedules. This concept is reused in the
current project in slightly extended form.

3. INFORMATION MODELLING LANGUAGE

In order to describe an information model, a language
must be chosen: EXPRESS [6] is a data description
language defined as a part of the STEP standard
(1SO10303-11 [13]). EXPRESS-G is a subset of EXPRESS,
its graphical representation. EXPRESS has similar
objectives to other modelling languages, such as NIAM,
IDEF1X, ER or UML. In order to stay within the framework
defined by STEP [13] information models given herein are
depicted using this EXPRESS[-G] notation.

3.1 EXPRESS-G symbols

Figure 1 summarises the most important symbols
needed to understand EXPRESS-G notation. Here each
rectangular box corresponds to an entity (class in Object
Oriented Programming (OOP)).

The small circles aways indicate the end of the line to
which they are attached. Boxes with a line at the right hand
side are showing simple types such as REAL, INTEGER,
STRING, NUMBER, BINARY, LOGICAL and
BOOLEAN. Boxes with dashed border and a dashed line at
the right hand side are indicating enumeration types,
representing a limited list of predefined attributes, e.g. an
enumeration type "colours” may comprise a list: "green,
black, blue”.

limited, this is indicated by means of a question mark
instead of letteb.

Within a list the sequence of instances becomes
relevant. Lists are indicated by means of the notation
L[1:7].

Relationships may also have inverse attributes; this is
indicated by means of the term (INV). So the corresponding
attribute belongs to the entity (“has-a”) at the circled end of
the connecting line. Thick lines are representing superclass
— subclass hierarchies ("is-a”).

In Figure 1, entity A has an attribute 1 (a enumeration
type) and an attribute 4 (a list of one or two real number
values). Entity A is an Entity B type (the thick line). Entity
A has also an attribute 2 of type entity B. Entity B has an
attribute 3 (a set with at least one element) which points
back to entity A.

— r|bute4L[l:2] attribute 2
________ entity  [(INV) attribute 3 S{1:7| entity B
i 1 ; A
' ENUM :I: attribute 1
1
_______ - O

Figure 1. Most important EXPRESS-G symbols

4. ELECTRONET PROPERTY MODEL

Based on the standards and quasi standards reviewed,
the ElectroNet consortium has created a very flexible topical
information model for the representation of both numerical
and non-numerical properties. As the information model
should be made as generic as possible, but still directly
applicable to practical systems, not only requirements of
planning applications must be met, but other technological
areas must be supported as well.

The property information model is organised using
schemas. Each schema depicts the information model
needed for the representation of particular aspects of
properties. They are given in the following subsections.

In general all properties are described by means of
their classification, stating what an instance of the entity

Structures are indicated by means of lines connectingyqherty is intended to represent. An optional attribute is

the corresponding boxes.

indicating the admitted levels, distinguishing, whether a

Thin lines are showing relationships. They are implyingproperty is to be understood as a maximum, minimum,

a direction, so one instance of the entity at the non-circlequpica|

nominal, setting, calculated, actual or estimated

end "points” to at least one instance of the entity at thg ;e One property may be conditioned by one or more
circled end of the line, where the corresponding attribute,ipar properties.

belongs to the first entity.

One instance may as well point to an aggregation OBeIong

instances. Basically aggregation types: set, bag,

types used here are sets and lists.

Within a set one instance may only appear once. Th

The attachment of properties to objects — to which they
is done by means of the entity

asically _ list anfossession_of property. E. g. all properties needed to
arrays are distinguished. The most important aggregatiofegcribe the object transformer

are attached using this
mechanism (E.g. “The propemgactance is possessed by
®he objecttransformer”).This is a significant difference to

sequence of instances is not relevant. This is representgfle EpRI-CIM model where the properties of a transformer

using the notatior§ a:b], wherea describes the minimum

are attached as attributes directly.

and b maximum number of instances. If sets should not be



In Figure 2, the expression (ABS) indicates that this entity The dashed line in Figure 3 indicates an optional

cannot be instantiated directly. It corresponds to an abstract attribute (1ISO_639): It can, but need not be given.

(ABS) class in OO programming. Thus, the entity

possession_of property can only point to one (“1” near thel.2 Dependent properties

thick line) of the instances of the non-(ABS)-entities below

“(ABS)property”. Note that “(ABS) simple_property” is Dependent properties can be described by means of
again an abstract entity. As a consequence attributes débrmulas and data points. Formulas may be specific
possession_of property can even point to lower levels thaformulas with predefined parameters or very generic

simple_property, see Figure 3. formulas depending on programming language expressions.

Data points are represented by means of the entity
oo 17 numeric_space_property_description. (s. Figure 4).
| property level | IO— —SP —property_ P ( 9 )
class of_property ittt il
Dependent_ description Dependent_property_ | |
. property q description : :
classification level possessing ; T ) I
possessed I__ZET___I
conditioned_by S[0:7 (ABS) property | possession_ y_class. | (ABS)
of property O O specific_formula_
1 class of _ unit_of_ property_description_
property property element
! O ! ! l (ABS) icf |
) i ; generic_formula_
(ABS) simple_ matrix_ grouped_ dependent_ IUMEICESDACES o— P,
property property property property property_description property_description
Figure 2. Overview Figure 4. Dependent properties

4.1 Simple properties

Simple properties can be of boolean, string or numeric  The description using data points (s. Figure 5) can be
type. For string properties the language can also be given. lwo or three dimensional. The corresponding values are
addition, a property representing a timestamp is considerediven as list. As intervals between single values do not need
to be a simple property (s. Figure 3). Due to the fact, that alo be equidistant, attributes can be given to indicate the
attributes belonging to a timestamp are optional attributesncrement of values. Furthermore different types of
(year, month, day, hour, min, s, ms) the user can adopt theterpolation are supported e.g. linear or logarithmic. To be
accuracy of information to his requirements. as general as possible, different coordinate systems can be
Numeric properties are further subdivided into real, integerdescribed as well.
and complex values, where the complex values may be

described using the cartesian or the polar representatior - < dass | class of
"unit_of_property” can be assigned to numeric propertie num;ic_szjace_ —  property
see section 4.5. pommmmmmm- 11 property description | ____T_
R = ! coordinate_ | | ——— X unt |
N ¢ z_class.
(ABS) | 10639 | unit_of_ o ysem | S I 1 5
simple_property I © i property | | [ P — N unit of
| IR !Ianguageicode (I) yfinterlpolation: interpolation_-i 1Z_interpolation prop_er ,&
S S—— 1 we ]
toy-——-———----- | Z_unit
time_ boolean_ string_ (ABS) (ABS)
i ABS)
stamp property property numeric Jlaroperty numeriE:_ZD)_space_ x_interpolation numeric 3D, space.
X T 1 1 property description xy_values L[1:7] property_description
real_property (ABS) | integer_property A e array |
complex_property 1
6 Q variable x_ fixed_x_ variable z_ fixed_z_
cartesian_complex_ polar_complex_ increment incremen increment increment
property property

Figure 3.Simple properties Figure 5. Data point properties




For the representation of values within an interval
[x_start, x_end] two basic descriptions of specific formulas
(s. Figure 6) are provided :

Polynomial formulas:

4.3 Grouped properties

Simple properties may be grouped as arrays, where
each component is a list of the same basic value type i.e.
boolean, complex etc. Arrays can be further summarised as
grouped properties, that may be grouped again (s. Figure 8).

Y =A+BX+BXP+ ..+ BX” )

Exponential formulas:

Y = A + B;D,;F + B,DF + ...+ B.D,™ 2)

These descriptions can as well be combined:

Y =A + 3B X% + 2B,D;%* A3)
T NP e L
property specific_

formula_ x end O REAL
| e  rea. | |
unit_of_ xunit | descrintion A_coefficient e
property -I
element S[1:7]

(ABS)
specific_formula_
property_description_
element

1]

& .}

polynomial_formula_
property_description_
element

B_coefficient O REAL

exponential_formula_
property_descrition_
element

:Cfrealfeyponent E_exponent_coeffici
1

L-d REAL | |

C_integer_exponent

|
L———d INTEGER | |

| REAL |
D_exponential_base

| p—

| REAL

(ABS)
grouped_
property
group_member §[1:7
1
O Q
property_ property_
array aroup
array_vaue (ABS)
value arrav

1

language_code FoT-sTo
r=-==--- O 1639 1|
!

_________

(e |

string array real_array
&
(ABS)
complex_array
| P

cartesian_
complex_array

polar_
complex_array

Figure 6. Formula properties

Furthermore a generic description of formulas by a
programming language expressions can be given (s. Figure
7), for formulas of the kind:

Y =1(Xy, X2, X300, X1) 4
(where X,, represents different property types)

generic_formula_
property_description

programming_language_
expression

programming lenguage. Programming_language

name

programming_
language

O x_variablesL[1:7
STRING I. __nit____ -
generic_formula_
x_variable
start_value
(Q REAL I

end_value
Q REAL

T

source_reference

i

unit_of _
property

Figure 7. Generic formula property

Figure 8. Grouped property

As the ElectroNet project is concerned with the
exchange of data, it provides an encoding mechanism to
transfer groups of properties, which are exchanged several
times, where only the values change, but the meaning of the
position within a group stays the same (s. Figure 9).

possession_ class_of _ unit_of_
of_property property property

alocated to Q
classification | unit
1

array_position
property_group_element_encoding

T group_elements S[1:?7]

(ABS) ' i
grouped_ M‘J_o property_group_encoding
property

Figure 9. Encoding mechanism

4.4 Matrix properties

The ElectroNet property model recognises a matrix as a
specific kind of property. One major reason for thisis that it
is not possible to deal with an element of a matrix without




the knowledge of al the other elements, i.e. the matrix is
needed as a property on its own. In order to avoid any
inconsistencies matrices are defined as property types but
not the elements of the matrices (s. Figure 10). Matrices are
described by means of their unit of property, the numbers of
rows and columns, their bandwidth and the type of matrix,
distinguishing, whether a matrix is a full, upper, lower or

diagonal matrix.
unit of_ {5 unit | matrix_ | no_of_columns
1
numbering_method |—

I .
Lbendwidth___ 3 nTEGER I

matrix_t S TS
4—”’*(:} matrix_type | 1
o | LI '
matrix_

matrix_rows L[1:7]

system

Figure 10. Matrix properties

Elements of the matrix are described as rows, where
each row corresponds to a value array. The attachment of
individual matrix elements (represented by two sub-indices
of the matrix) to objects, is done by means of a matrix
numbering system.

4.5 Unit of property

IEC 61360 specifies that for properties which require a
unit of measure, the unit shall be the Sl unit such as Q,
V[oltage], A[mpere]. In the context of the project, this
requirement has not been considered very useful. It should
be possible to specify units in terms of the SI unit together
with one of the standard prefixes n[ano], i, m[illi], KJilo],
M[ega], G[iga], T[era] etc. As a consequence a part of the
property model allows the specification of types of units by
the "si_prefix” (s. Figure 11).

| (ABS) unit_of _property |
| Y

o}

| (ABS)named_unit |

L. elements §[1:7

SI_unit conversion_ unit
1 based_unit

derived_unit_
element

! prefix
: name exponent
]
QO si_prefix Lo STRING
1

REAL

conversion_factor

Figure 11. Unit of property

The "unit_of_property" schema handles also the need
for exchanging properties in terms of the p.u. (per unit)
system. The p.u. can therefore be treated like a unit.

4.6 Property constraints

There exist cases when the instantiated values of a
class_of property (i.e. a DET) are constrained. These
constraints represent limitations on the possible values
which an instance of a class_of property can take.

The ElectroNet property model contains a separate
schema which allows constraints to be defined. The model
also includes rules for checking that instantiated values
follow these rules. The constraints that can be defined are
such that the instantiated value of a class_of property shall
be either
- higher than a lower limit
- lower than an upper limit
- within a range defined by a lower and an upper limit
- one value out of a set of discrete values.

class of_property

continuous_class_ discrete_class
domain_of_class domain_of_class

domain domai nJ)

property_range

set_of_point_
property_values

open_lower_bound | |
|
|

| lower_bound
|

: upper_bound

|
<) REAL I
- REAL I

Figure 12. Constraints

open_upper_bound ! members S[1:7

|
|
BOOLEAN [ O-'1!

|
|
|
BOOLEAN I. -

pm—————————

An important issue of the constraint modelling is that
an instantiated value of a class_of property can only be
checked for constraints violations if the instantiated value is
not associated with a unit_of property. Thus, the
unit_of _property is established as part of the definition of
the class_of property.

5. EXAMPLES

The concepts presented in this paper are by definition
abstract, “conceptual”, “high-level”. This section intends to
clarify the application of the ElectroNet property model by

giving a few concrete examples.

5.1 Property information modelling

Dependent property (Figs. 2, 4, 7). Typical
dependent properties for a simple AC high voltage
transmission line are the various dimension properties of the
tower (height, distance between conductors, number of




conductor strands in the bundle, etc.) and the resulting
model properties for R [Q], X [Q], B [1/Q]. There are well
defined functional dependencies (formulas) between these
properties. The formulas can be formulated as part of the
generic_formula_property description, see Figure 7.

Grouped property (Figs. 2, 8 and 9): The typical
transmission Pi-line-model properties R, X and B can be
grouped together to allow a triplet of real values to be
exchanged for each instance of this Pi-line-model.

Unit of property (Figure 11): Power transmission
occurs at very high levels, e.g. the voltage is in the range of
thousands Volt, powers are in the range of hundred-
thousands Volt-Amperes. This fact can be used when
defining voltages with kV and powers with MV A units.

Property constraints (Figure 12): Many AC line
models include the modelling of resistances R. When
defining R to be a class of property and associating this
class of property to a real number type and the associated

The object 'transmission_line' is represented in the
model as an instance of the high-level ElectroNet entity
object (instance #4). This instance #4 possesses the instance
of thereal_property (instance #1) through one instance of
the entity possession_of_property (instance #5). Finally,
the instance of theeal property (instance #1) holds the
instances ofSl_unit (instance #2) andlass_of_property
(instance #3) as attributes.

A pseudo ASCII-STEP Physical File (SPF, [13])
representation of this example will look like:

#1=real_property(#3, $, $, #2, 5.2);
#2=SI_unit('Ohm’, $);
#3=class_of_property('resistance");
#4=object(‘transmission_line_model’);
#5=possession_of property(#4, #1);

The STEP physical file (SPF) is a standardised
exchange format. Its use is implied when applying STEP
technology.

constraint of type2 07, one clearly prevents the use of line
models with negative resistances. For the case where an The “$’-signs in the above five lines are part of the
equivalent line model should, however, be used, one musdgnguage syntax of this standard SPF-Format. The meaning
create a special “equivalent” line model where no valueis not relevant here. The above five lines define in a unique
constraints are set on R. way the fact that the transmission_line has a resistance of
5.2 Ohm. For a computer program, this is, however, not
enough: Together with the information model concepts, the
computer program knows from these five lines, that 5.2 is a
A particular object “transmission_line_model” is taken real number, it knows that ‘Ohm’ is a SI_unit (this is a
as an examp|e: A Sing|e property of 5.2 Ohm (a resistancétandard defined outside of the ElectroNet project and is
is attached to this transmission_line_model. This fact can biist referenced here), it knows that ‘resistance’ is a class of
modelled as follows using the property information model@ property.
of this paper:

5.2 Data exchange

Note that the “words of the language” in these five

The value 5.2 is a real number. Thus an instance of dnes are semantically defined by the concepts presented in
real_property (instance #1, see “code” at the end of thisthis paper. The syntax of this language is defined by STEP
subsection) is needed, having the real number 5.2 as one Bf3]. Thus, STEP not only allows the formal description of
its attributes. Sincereal_property is a subtype of concepts by Express-G diagrams (or the language
numericJ)roperty, gmp|eJ)r0perty and property it also EXPRESS, not used in this paper), but also the formalised
represents a potential instance of these entities. Due to tise of the concepts to exchange data which conform to the
fact that only real_property is non-abstract, only this entityinformation model presented before.

is instantiated. o .
Other aspects of the transmission line can be

The unit 'Ohm' is a Sl defined unit, so there is anformulated within the ElectroNet information model: The
instance of the entitgl_unit (instance #2) also representing connectivity, different states and schematic drawings of the
the entitiesnamed_unit andunit_of_property. The SI_unit  line. These information models, however, are outside of the
instance has the string 'Ohm' as the attribatee. scope of property modelling and thus outside of this paper.

In order to describe the knowledge that 5.2 Ohm is a 6. CONCLUSION
‘resistance”, there is an instance of the entity  This paper presents a model for the definition and
class of_property (instance #3) defining resistance as adescription of properties enabling the user to exchange
data element type (DET). properties on basis of a common information model
developed in the context of the ESPRIT IV ElectroNet



project No. 22297. An information model which alows the PDT Days 1997 (April 16, 1997, Sophia Antipolis,
exchange of "property data” represents only one part of the France)
ElectroNet information model which also includes a model[3] T. Dreyer, A. Azarian, R. Bacher, D. Lambrecht and D.
for “things in a network and their connectivity”, a model for Brown: “Information Exchange Between Electric
“states of the network” and a model for “the presentation of  Power Systems: Achievements within the ElectroNet
electrical functions and equipment” [4, 14]. It has, however,  Esprit IV Project”. Proceedings of PDT Days 1998
its own existence and represents the core of the whole (25/26 March 1998, Garston, Watford, UK)
information model: It allows the exchange of "real world [4] David Leal, Inaki Laresgoiti, D. Lambrecht and R.
values” for any objects of concrete power systems. The Bacher: “An Open System Approach to Power Systems
presented information model provides a very flexible and  Information Exchange”; Proceedings of EPSOM'98
extensible concept for the description of properties of any  (23-25 Sept. 98, Zirich, Switzerland)
network components. [5] L. Baggini, A. Invernizzi, B. Cova, B. Delfino, G.B.
Denegri and S. Massucco: “Electrical Network Studies
The model allows the creation of new properties in a and Data Exchange Requirements and Tools”;
consistent way. Properties defined in the model should be Proceedings of EPSOM'98 (23-25 Sept. 98, Zurich,
understood in a clear and unique way due to the fact that the Switzerland)
semantics of each aspect of a "property” are part of thge] D. Schenck, P. Wilson, Information modelling: The
information model. As a consequence, data associated to EXPRESS way, Oxford university press (1994)
properties within the world of electrical power systems can[7] IEC 61360: Standard data element types with
be stored and be exchanged in an unambiguous and non- associated classification scheme for electrical
redundant way. components
[8] AP212: Electrotechnical design and installation,
Future work will concentrate on the implementation of IEC/TC3 - ISO TC184/SC4 JWG9 N23-9
the information model in order to demonstrate the real{9] EPRI-CIM IEC Draft - EMSAPI: Energy Management

world-applicability and its performance. System Application Program Interface, Document 1,
Common Information Model, Version 1, December
This topical information model is also part of a model 1996 (tp://ftp.macro.com/epriapi/apilv0la.pdf

presented in IEC TC57 (Power system control and[10]Draft IEC 61970: Energy Management System
associated communications) and IEC TC3 (Documentation  Application Program Interface (EMS-API) — Part 301:
and graphical symbols). Efforts will be made to establish  Common Information Model (CIM), Draft Revision 1,
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