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ABSTRACT 
 
Metering of domestic and small industrial consumers in a 
deregulated power market, as  in Norway, is a big challenge 
for the utilities. Huge amounts of data have to be collected, 
stored and exchanged in the most efficient way. Using the 
Web for this purpose has up till now just been for information 
and self-registering of meter state.  
Basing itself on XML and Semantic Web technologies, the EU 
project ScadaOnWeb is the first major project to apply 
Semantic Web technologies to the domain of engineering data 
by making available an ontology for SCADA applications 
(SCADA – Supervisory Control and Data Acquisition). One of 
the objectives in the project is to demonstrate and evaluate 
the technology in five demonstrators, among them the 
“metering of domestic and small industrial consumers”-
demonstrator implemented by SINTEF Energy Research and 
Powel ASA in Norway. The demonstrator combines existing 
commercial software solutions with this new technology and 
standard platform. It will demonstrate that the Web may be 
an effective and reliable channel also for huge amounts of 
structured numeric data in SCADA applications of this kind. 
The SCADA activities regarding our demonstrators are not 
time critical, so the real-time aspect in the traditional way of 
understanding this word is not part of this project. 
 
INTRODUCTION 
 
Domestic and small industrial consumers in a deregulated 
power market are from the utility industry’s point of view 
characterized by freedom to choose among power suppliers. 
As customers they have one contract of supply with a supplier 
and one contract of connection and power transport with the 
local grid owner. This situation has caused the need for 
setting up sophisticated requirements regarding metering and 
billing routines and software tools. One major challenge in 
this situation is to manage all metered customer data for the 
purpose of billing, settlement and value added services. 
 
A key factor of success for the utility is to come up with 
systems for efficient management of metered consumption as 
time series and metered consumption linked to typical load 
profiles for establishing synthetic load curves prepared for 
billing, settlement and services. External as well as internal 
exchange of data has to be executed in a standardised way. If 

not, efficiency will be reduced – and the power market could 
collapse. [1], [2] 
 
The ScadaOnWeb project [3], [4] represents important 
possibilities for coming up with a demonstrator that combines 
existing commercial software solutions with a new 
technology and standard platform for these important tasks. 
Web interfaces for access to own data and market data is 
included in the demonstrator. For exchange of data the de-
facto standard applied in Nordic market – ODEL [5], [6] is 
applied as an XML [7] file. 
 
The ScadaOnWeb project (ScadaOnWeb – Supervisory 
Control and Data Acquisition, www.scadaonweb.com) is a 
EU project under the 5th Framework Program. The project 
started  1.  September 2001 and will end in August 2003. 
 
ScadaOnWeb have three major activities: Definition of the 
ScadaOnWeb technology, implementation of technology to 
support five demonstrators and dissemination and standardi-
sation of results. The technology involves: meta-data, 
property ontologies, identification of objects that are 
monitored and controlled, standard transaction templates, and 
access control appropriate to process monitoring and  
control applications. 
 
The five demonstrators play a key role in validating 
ScadaOnWeb technology and ensuring rapid industry 
acceptance and standardization. The developed software will 
be installed for pilot implementations in a flood warning 
system, a balance group in the energy market, flexible 
metering of domestic and small industrial consumers, 
condition based maintenance of remote equipment and control 
of distributed wind and hydro generation. 
 
TECHNICAL FOUNDATION 
 
It is intended to establish the ScadaOnWeb technology as a 
standard platform to process monitoring and control 
applications that are distributed over the Web.  
 
Semantic Web  
 
The ScadaOnWeb project makes semantic information 
available for web applications, which was previously 
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standardised using earlier technologies, such as 
STEP/EXPRESS and OMG/UML. ScadaOnWeb covers: 

variables

positions
states/times

gigabytes of 
structured data

extract and 
download subsets

 

• Identification of objects: The objects that possess the 
properties can be defined by a model of the system - 
electrical grid, process plant, hydraulic basin, etc.. The 
meta-data will support references to this model, and to 
key domain specific models such as the EPRI-CIM 
model for power systems standardised by IEC TC57, and 
the Application Protocol for Electro-technical installation 
standardised by ISO/IEC TC184/JWG9. 

semantics

ODEL is an object oriented data model and file format for all 
metering and settlement information in the energy market 
developed by SINTEF Energy Research (prev. EFI) in 
Norway. ODEL, an abbreviation of Object oriented Data 
model for ELectricity supply, can also be applied for 
information exchange between the network operator and the 
end user, and the format is gradually developed for exchange 
of other kind of information such as information concerning 
fault and interruption data and power quality.  

• Property ontologies: Dictionaries of properties have  
been created by the European process industry, and by 
the ESPRIT ElectroNet project. Figure 1  Structured binary data and semantics 

 • Units and coordinate systems: The lack of a W3C 
standard for units and coordinate systems is a major 
deficiency holding back the use of the web for 
engineering data. Today some unit's capability exist 
within the MathML format for materials data developed 
by NIST in the USA and the unit's specification already 
done within STEP. 

File structures: Special compact binary data structures can be 
defined for the transfer of multi-dimensional datasets between 
computers. HDF5 is here a leading implementation.  
HDF5 is a completely new Hierarchical Data Format product 
consisting of a data format specification and a supporting 
library implementation.  It is designed to address some of the 
limitations of the older HDF product and to address current 
and anticipated requirements of modern systems and 
applications.  

ScadaOnWeb defines standards for units and coordinate 
systems in order to support European collaborative 
engineering and B2B commerce on the Web. 

The HDF5-XML DTD being developed by NCSA (National 
Centre for Supercomputer Applications, USA) is limited to 
structural information and does not include semantics. 

 
XML and HDF5 [8] 
 

The ScadaOnWeb project will define the semantics for any n-
dimensional dataset, whether implemented by a database or a 
file structure. The ScadaOnWeb project will implement high-
level semantic interfaces to n-dimensional datasets held as 
binary files. This has the advantages of low cost and the best 
fit to existing web technology. 

The ScadaOnWeb project will define a new type of Web 
multimedia - the structured data block. Many applications in 
engineering and commerce do not record values one at a time, 
but in blocks of many thousands - corresponding to different 
times, different positions, different measuring points and 
different variables. These thousands of values could be stored 
one at a time in an XML document, but this is not practical. 
This would be equivalent to storing an image with each pixel 
as a separate XML document element. Instead a binary file in 
HDF5 format will be 'wrapped' by meta-data in XML format 
to become a new type of Web multimedia. The 'wrapping' of 
the binary dataset will be an extension to other meta-data 
formats such as RDF (Resource Description Framework) and 
MPEG-7. This “wrapping” of structured binary data is 
illustrated in Figure 1. 

 
ODEL AND XML 
 

The meta-data for the binary dataset will cover: 
• 

• 

• 

the identification of the physical objects that possess 
the properties; 

The model does not presuppose a specific protocol for 
communication or any specific physical media for 
transmission. The use of ODEL as standard format for 
exchange of information between different program systems  
is illustrated in figure 2. 

the nature of the properties, defined with respect to 
property ontologies; 
the units of measure and coordinate systems used to 
describe the properties. 

N-dimensional structures of numeric data are crucial for many 
applications in remote sensing, test rig monitoring, 
engineering analysis, and SCADA. There are two 
complementary approaches to handling these structures: 

An ODEL-message is built using different objects in the 
ODEL-model. The objects have several attributes, where 
some are required and some are optional. These options make 
ODEL a flexible data model. ODEL is a supplement to 
EDIEL, the format used between network operator, power 
supplier and market operators in the Nordic energy market. 

Databases: Special high performance multidimensional 
DBMS can be developed for such data. 
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Figure 2  ODEL version 2.0 as in-house format 
 
Objects and attributes 
 
The ODEL standard describes a set of objects containing 
attributes where some are required and some optional. When 
the sender leaves out an attribute, the standard describes 
default values to be used by the receiver. The attributes that 
are required will fully describe the different properties of the 
object specified. For many objects ODEL specifies a change 
of required attributes if a certain attribute is specified 
(reference) - this is used for alternative addressing or 
identification of an object. The standard also describes 
constraints as e.g. which units are allowed to specify 
regarding energy: kWh, MWh, kVAhr etc. 
 
ODEL contains 35 objects having from 4 (Net-owner object) 
to 22 attributes (Time-series). The objects carries information 
about: 
• Actors (Supplier, Customer...)  
• Meters (Opening, closing, reading...)  
• Quality (Outages, Voltage-violation...)  
• Time-series (Supplier, Customer...)  
• Info-exchange (Alarm, Customer-information, Price...) 
• Energy-not-served (FASIT-BK, Switch-info...) 

FASIT: Fault and interruptions statistics information 
system.[9],[10] 

• And more... 
 
XML 
 
XML, the "Extensible Markup Language", is a W3C-
endorsed standard for data exchange. The language defines a 
generic syntax to mark up (identify) data with simple, human 
readable tags. XML supports definition of objects using 
"elements" that can contain other elements and/or attributes.  
Use of XML supports a lot of technologies that can be used to 
define e.g. constraints to the contents of  certain XML files 
(XML-schema), and e.g. to specify how XML can be 
transformed into HTML or other XML formats  by using 
XSLT technology.  
 
It was decided to transform the ODEL standard into XML 
format, to widen the international use. The XML version of 
ODEL is similar to the original regarding the definition of the 
objects and attributes and the connected constraints. One 
important task of the transformation process was to define the 

constraints of the standard, by specifying a XML schema file 
(ODEL v1.xsd) that defines all the objects in the standard. 
The transformation of ODEL into XML was performed as a 
task of the ScadaOnWeb project, and was finished during 
2002. 
 
Example: A meter reading 
 
As an example we consider a meter reading of a customer at a 
given date and time. A file containing the meter reading in 
ODEL format could be sent from a network operator to a 
supplier when a customers meter has been read so that the 
supplier can charge the customer for electricity supply. 
 
An instance of a meter-reading using the original ODEL 
syntax could be as shown in Table 1. 
 
TABLE 1  An instance of a meter-reading using the original ODEL syntax 
 

##Meter-reading 
#Installation=1 
#Plant=7.303.003.051 
#Meter-location=1 
#Time=2000-08-21.00:00:00 
#Unit=kWh 
#Value=3.1 

 
 
Here is the equivalent XML version of the object. 
 
TABLE 2  An equivalent XML version of the meter-reading object 
 

<?xml version="1.0" encoding="UTF-8"?> 
<Meter-reading xmlns="http://www.sintef.no/namespace" 
xmlns:xsi="http://www.w3.org/2001/XMLSchema-
instance" 
xsi:schemaLocation="http://www.sintef.no/namespace 
ODEL v1.xsd"> 
 <ReferenceMissing  
 Installation="1"  
 Plant="7.303.003.051"  
 Meter-location="1"  

Time="2001-08-21T00:00:00"  
Unit="kWh"  

 Value="3.1"  
 /> 
</Meter-reading> 

 
The XML version is more verbose, as it contains information 
that refers the constraints file (ODEL.xsd). Since the 
constraints file must be referred in all ODEL files, changes in 
the definition of the standard will be available to all users of 
the standard. The XML version also explicitly defines that   
reference attribute is missing, which in turn defines which 
attributes are required (Installation, Plant and Meter-location).  
Beyond the mentioned differences the two methods clearly 
result in quite similar textual appearances. 
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ODEL - a “de-facto” standard 
 
The ODEL standard has been used to interchange information 
between the parties in the electricity market in Norway since 
the mid 90'. Similar requirement for data exchange is present 
in other countries, and a need for an international standard for 
electricity market information is obvious. ODEL in XML 
format could be the answer. 
 
THE “CUSTWEB” DEMONSTRATOR  
 
The main achievement of the ScadaOnWeb project is the 
proposal of a systematic and new way of defining process/-
engineering information and data. The new definition allows 
the exchange of this type of information/data in such a way 
that the receiver can identify systematically and perhaps 
automatically what he gets without being told orally 
or through other documents outside of ScadaOnWeb, what 
data he has received. The “CustWeb” demonstrator applies 
these achievements in the technical foundation and shows the 
usability of Web technology. 
 
System architecture 
 
The ScadaOnWeb technology is meant to be a platform for 
integrating information from several computer systems and 
have this information made easily available for Web based 
applications. Figure 3 gives an overview of how this 
integration can be done, possible sources of the information, 
and how the information can be used. 

SoW middleware

SoW
’database’

MDMS

SCADA

NIS

CIS

Web info
- market
- weather

Other
SoW

server

SoW
server

SoW
services

SoW UI

Web
client Intelligent

use of energy

Consumer

 

Type 2: (figure 5) The request (1) could be for new 
information that is not already in the local storage. Then the 
server will make a request (2) to an external data system. The 
external system must then translate the request (3) and return 
the correct information back to the SoW server (4). When the 
server then receives the new data, it updates the local storage 
(5); (for future local requests) and forwards the data to the 
client (6).The data transfer between the two systems (2 and 4) 
will use the ODEL message format. 

Figure 3  ScadaOnWeb (SoW) server overview 
 
As the figure shows, the ScadaOnWeb (SoW) server consists 
of several elements: 1) A local ‘database’ to store both data 
information and meta-information about these data (as 
semantic or ontology information). The storage media can be 
a traditional database or just binary files in HDF5-format; 2) 
Middleware to easily access and update the database; 3) 
Modules (normally Web services) implementing business 
logic using the middleware to operate on information. These 
business modules can also be used directly by application at 
the customer (client) side; 4) Web pages combining the 
business and user interface modules to give the user a 
complete application; 5) The server can import, retrieve, 

export, or publish information from/to other internal infor-
mation systems, for instance meter data management systems 
(MDMS), supervisory control and data acquisition (SCADA), 
network information systems (NIS), and customer 
information systems (CIS); 6) Also external information can 
be handled, either directly from the Web (for instance market 
or weather information) or through exchange with other SoW 
systems. 
 
Data transfer 
 
The possible data transfers of the concept is tried visualized in 
the figures below, showing 4 different types of data flows 
between the ScadaOnWeb server and a MDMS system 
(MDMS – Metering Data Management System): 

1. Only locally stored data. 
2. Need for getting externally stored data. 
3. Need for getting externally data by collecting it from 

the meter. 
4. Update data locally by cyclical or change-based 

updates 
 
All data transfers of type 1, 2 and 3 are originally initiated by 
the users Web client (1), as an accurate or vague request for 
data to either present or operate on. This request is sent to the 
SoW server where it is translated to determine how to get the 

requested data. 
Web Client

SoW
server

Local
storage

Get local
data

1 3

2

 
Type 1: (figure 4) As a way to 
minimize the response time, a history 
of data is stored locally. If the 
requested information already exists 
in the local (recently updated) 
storage, the request (1) is just handled 
in the local server (2) and returned as 
fast as possible to the client (3). 
 
 
Figure 4  Request on locally stored data 
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Figure 5  Request with need for externally stored data 

SIN_Stene_A2.doc Session 4 Paper No 15   - 4 - 



CC  II  RR  EE  DD 17th International Conference on Electricity Distribution Barcelona, 12-15 May 2003 
 

Type 3: (figure 6) A small 
extension to the Type 2 transfer, 
is that the requested information 
does not exist in the external 
data system, but must be 
collected from a meter (data 
collector). In addition to all 
operations on the SoW server 
side, this transfer must also 
collect data (3,4) and update the 
external storage (5) before 
returning the data. 

• Open interface to front end systems for collecting 
metered values. 
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MDMS
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3

7
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data

2

3 4

56

• Add on module for archiving of metering instruments. 
 
Thanks to flexibility and an extensive “time series calculator” 
the MDMS represents a solution for network companies, 
suppliers as well as system operator in deregulated power 
markets. 
 
The demonstrator implementation 
 
The demonstrators of the ScadaOnWeb project implement 
only transfer functionality of type 1 and 4 (as presented in 
Figure 8). However, implementations of the other transfer 
types will be commercial implementations in the future or 
other existing applications will be used. 

 
Figure 6  Request on data by collecting it from the meter 
 
Type 4: (figure 7) The last transfer type is for automatic 
updates (either initiated time-based or change-based), and will 
be used together with the other types. This operation transfers 
information from the external data system to the SoW server 
(1,2,3) in such a way that the SoW local storage is as updated 
and complete as possible. 
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Figure 7  Updating data locally by cyclical or change-based updates 

 
Figure 8  The demonstrator implementation The presented transfer types have been introduced to make it 

possible to have an optimal response time for most requests, 
but also allow the system to make its own requests if needed. 

 
The real-time aspect in the traditional way of understanding 
this word is not really part of this project. We take whatever 
the Internet offers us, the faster the better. If we happen to 
have a slow internet connection, we cannot do anything to 
prevent it. ScadaOnWeb applications will certainly not 
guarantee any timing schedules, i.e. responses in a certain 
time, etc.  We extend the rather narrowly defined term 
SCADA to a formal and general definition of engineering and 
process data using the internet as exchange medium, giving 
up, however, the strong real-time restrictions of 
traditional SCADA systems in the concrete demonstrator 
applications. 

 
MDMS – Metering Data Management System  
 
MDMS represents an ultimate system for time series 
management, processing and calculations. Imported time 
series are tested, verified, stored and prepared for further 
processing. The procedures for processing and calculation are 
flexible to an extent that makes it fair to state that MDMS 
represents a generic system for time series management and 
calculations. 
MDMS is a system that makes it possible to come up with 
solutions for the following purposes:  

Main functionality • Import, validation, management of remote metered 
information.  

The demonstrator implements the following functionality: 
• Processing metered information for export and reports to 

external actors. • 
• 

• 

• 

• 

Login to identify and authorize the customer. 
Presentation of important historical information and 
registrations for this customer on monitors. • Calculation expressions for manipulating time series. 

• Grouping and segmentation of time series. Compare this customer with a ‘typical’ customer (i.e., 
having the same main characteristics) to make the 
customer aware of how efficient, or inefficient, he is. 

• Modelling different hierarchies of customer classes, time 
series groups, market relations etc. 

• System Operator functionality to be set up for imbalance 
market and balance services. 

Presentation of the possible effect different energy 
conservation methods can give, in order to make it 
interesting for the customer to choose. • Web interface for presentation of time series. 

• Prepare for exchange of EDI messages. Simulate how different tariffs will change the total 
energy cost for this customer, based both on historical • Interface to billing systems. 
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• 

• 

• 

• 

• 

load profile and possible changes in future use. 
Make it possible for the customer to change his grid or 
power tariff agreement directly on the Web. 
Inform the customer of historical payments and invoices., 
including estimation of the next bill. 
Make it possible for the customer to register manually 
meter readings, and validate the entered value. 
Show historic interruptions that have occurred at the 
customer’s location, together with information about 
planned outages in the future. 
Make it possible for the customer to introduce demand 
side bidding on parts of his load in such a way that the 
network operator can use this load scheduling possibility 
as a power reserve. 

 
DISCUSSION AND CONCLUSIONS 
 
Experience from power markets shows three different main 
aspects influencing on what we in this paper have called 
technical foundation: 
• The amount of customer information is rapidly 

increasing and this creates a need for more effective data 
handling. 

• Exchange of customer related information, both 
externally and internally, represents bottlenecks in 
achieving an efficient market. This requires solutions 
based on open standards. 

• The customers demand this information and related value 
added services, available through the Web. 

 
Some benefits achieved by using the Web and the 
ScadaOnWeb technology in the power market are: 
• Reduced costs for customer services. 
• More direct and dynamic customer relationship. 
• More efficient way to introduce new services. 
• Increased customer loyalty and more attractive for 

potential new customers. 
• Efficient and secure access to customer information. 
 
The leading utilities in Norway have introduced many of the 
functions listed above using traditional Web technology and 
specialities of their own. They may have achieved some of 
these benefits already but the solutions have limitations on 
capacity and flexibility. With the “CustWeb” demonstrator 
based on the ScadaOnWeb technology and open standards we 
hopefully have gained a solution for the future. 
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