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Integrated Information Supply for Decision Support
in Grid Companies
The paper provides a reference model to support the strategic asset management. Based on
an identification of requirements posed on network companies by legislation and
stakeholders, the need for an integrated information supply to support decision making
and reporting becomes validated. Therefore, existing models are examined concerning
their potential and shortcomings regarding the identified information needs. The concept
for a solution overcomes the drawbacks of existing models by an integration of technical
and economic perspective. It is represented in a multidimensional data model and is the
basis for an evaluation of the validity by expert interviews. The paper concludes with
perspectives of further research.
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1 Introduction

Transmission service operators (TSOs)
are faced with an increasing investment
demand of approximately 40 billion Eu-
ros over the next 10 years (Nguyen
2010; Zdrallek 2005). This demand is
due to an increase in the variation of

load profiles caused by decentralization
(Energiewirtschaftsgesetz 2005), an ag-
ing asset structure, and demographic
changes. Investments are the result of de-
cisions that are constrained by legal reg-
ulations (Anreizregulierungsverordnung
2007). Based on these regulations, TSOs
have to deliver their services reliably
and cost-effectively (Energiewirtschafts-
gesetz 2005). However, the German Fed-
eral Network Agency, Bundesnetzagentur
(BNetzA), has calculated grid fees that are
up to 14 percent below calculated charges
(Microsoft 2008). Therefore, TSOs are
faced with the challenge of operating on
a cost-covering basis as well as realiz-
ing profit reserves. This is only possible
if TSOs are able to identify and quan-
tify the economic and technical risks. On
these grounds strategic decisions can be
taken that consider the current state of
the asset base (Fuhrberg-Baumann and
Jeltsch 2009, p. 8; Osztermayer 2007).
Based on these considerations, it is the
goal of this paper to conceptualize a ref-
erence model for asset management. This
paper builds the role model for an in-
tegrated information supply in order to
close the current gap between the tech-
nical and financial perspectives of asset
management. The reference model serves
as a recommendation for action (Braun
and Esswein 2007). It also standardizes
grid asset management and integrates the
currently distributed functions. More-
over, the reference model enables the
coupling of strategic actions and their
operational consequences as cause-effect
chains by providing a multidimensional
data model.

Industry surveys show a low level of
standardized information supply in grid
asset management, while reporting and
decision support requirements are be-
coming more complex (Czotscher 2009).
The foundation of efficient and effec-
tive decisions is appropriate information,
which is based on technical monitor-
ing. Information includes both financial
and demographic data, which are con-
strained by the financial, organizational,
and reliability specifications of the reg-
ulator (BNetzA). Furthermore, strategic
decisions require the coupling of opera-
tional actions, their consolidation within
the control center, and their financial
and technical valuation with key indi-
cators. Therefore, information supply is
the basis for taking decisions in energy
and network management. Currently, the
process of obtaining information is a
time-consuming and error-prone pro-
cess because of the use of Microsoft Ex-
cel (Panko 2009). The disadvantages in
the current information supply process
lead to a failure to manage assets ap-
propriately because of the gap between
strategic and the operational TSO man-
agement, incorrect condition monitoring
and forecast, and extensive reporting to
the BNetzA.

Grid asset management frameworks
only focus either on technical aspects
or on financial aspects. However, strate-
gic decisions influence operational ex-
penditures (OPEX) and capital expendi-
tures (CAPEX) in the long-term, and thus
these measures are becoming the focus
of attention in addition to the grid qual-
ity key figures. For this reason, the qual-
ity of information on the current asset
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Fig. 1 Research design (modified according to Lehr 2006, p. 137)

state influences the quality of the asset
state forecast. This point is recognized
in practice (Fette 2008). However, the
gap between these different perspectives
still exists within the information sys-
tems. In fact, there are integration ap-
proaches that emphasize the need for IT
integration (Osztermayer 2004; Safirov
and Kamphans 2010, pp. 94 f; Wellßow
2006). However, a tool-based coupling of
these strategic and operative perspectives
has not yet been achieved. Existing as-
set management tools are based on the
data from regulatory management. Ob-
viously, extraction, transformation, and
loading (ETL) are carried out manu-
ally, which is an error-prone process.
Hence, the contribution of our reference
model is to integrate the various func-
tional frameworks into a multidimen-
sional framework in order to give recom-
mendations to improve the information
supply within grid asset management.

The research is carried out using a
multi-perspective approach, which in-
cludes four different levels. These are
presented in Fig. 1.

The level of influence contains factors
that affect TSOs but that cannot be in-
fluenced by them. The result is a conflict
between the financial aspects of cost and
risk reduction and regulatory require-
ments. The second level addresses the
strategic decision. Decisions have to be
taken at the strategic level and these influ-
ence the operational level in terms of key
figures and management perspectives.
The reference model addresses these dif-
ferent management perspectives and in-
tegrates them in order to give a con-
sistent view in one management cock-
pit. The design level addresses the im-
plementation of a Business Intelligence
(BI) architecture. Finally, the level of ef-
fects addresses potential users to vali-
date the functional aspects of the refer-
ence model through audits and expert
interviews.

2 Grid Asset Management

Asset management is defined as the pro-
cess of maximizing investment return on

equipment by maximizing performance,
minimizing cost, and ensuring a defined
service and security standard over the
whole technical life cycle (Schneider et
al. 2005). Its task is to balance customer
needs, regulators’ requirements, and ad-
equate returns on investment for share-
holders. This section first explains strate-
gic asset management and then discusses
current challenges in order to link oper-
ational and strategic asset management
with information systems.

2.1 Asset Management

Taking strategic asset management deci-
sions requires a balance between the dif-
ferent stakeholders because assets have
long lifetimes. Therefore, decisions about
maintenance strategy and construction
are irreversible in the medium- and
long-term (Bahadoorsingh and Rowland
2007). In order to realize additional earn-
ings, the coupling of strategic decisions
and their operational implementation is
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one of the major challenges of TSOs.1

Nevertheless, TSOs have to consider reg-
ulatory requirements, such as grid relia-
bility and price cap regulations (Wenzler
2005, p. 75 ff). Due to these challenges,
strategic asset management is the start-
ing point of the planning process. This
includes grid dimensioning, risk assess-
ment, the identification of asset state and
maintenance strategy, the simulation of
asset state using defect analysis and ag-
ing models, and the financial valuation of
OPEX and CAPEX (Fette 2009; Schnei-
der et al. 2005). The methodological def-
initions of technical tasks, such as asset
state, risk identification, and the choice of
aging models, are important to gain reli-
able results (Osztermayer 2007; Theil and
Demiri 2007, pp. 209 ff; Thurner et al.
1998, pp. 318 ff). However, they have to
be linked with the financial impact. Be-
sides the risk, financial key figures such
as OPEX and CAPEX are the key drivers
of asset management (Balzer et al. 2007;
Fette 2008; Goes 2003; Stender 2008).

2.2 Challenges and Problems in Grid
Asset Management

Regulatory requirements such as price
and revenue caps as well as the Ger-
man Anreizregulierung make it neces-
sary to consider not only the technical
perspective, but also the financial and
risk perspectives of asset management
(Anreizregulierungsverordnung 2007).

The results of the technical planning
process have to be assessed regarding
OPEX and CAPEX over the entire as-
set life cycle. This analysis is not lim-
ited to the aggregated equipment level
only. Furthermore, a more accurate level
of the operative control of every sin-
gle asset is required. Accuracy is neces-
sary because it ensures a higher level of
voltage quality and avoids asymmetries
caused by voltage rises as well as islanding
caused by short circuits. Consequently,
detailed asset management avoids costs
and improves the regulation of quality.

Asset management frameworks show
that besides asset state prognosis and
simulation, the choice of an effective
maintenance strategy is a critical fac-
tor. However, academic research has fo-
cused on single aspects of asset man-
agement, such as reliability simulation
(Konnov 2007; Obergünner et al. 2002,

p. 32 ff), the effectiveness of aging mod-
els (Osztermayer 2007; Bahadoorsingh
and Rowland 2007), and the effects of
maintenance (Theil and Demiri 2007,
pp. 209 ff). Other frameworks deal with
the whole asset life cycle (Balzer et al.
2007; Schneider et al. 2005; Schreiner et
al. 2002, pp. 776 ff) and describe as-
set management as a process over the
entire asset life cycle concentrating on
technical aspects and risk mitigation.
The frameworks of Goes (2003), Ac-
centure (2005), and Stender (2008) de-
velop a performance measurement sys-
tem for asset management. Although this
system is based on technical aspects,
these are neither discussed nor explained
in detail. Balzer et al. (2007) develop
a framework to describe asset manage-
ment as a process. The process starts at
the strategic level, describes the main-
tenance strategy, and explains efficiency
measurement. However, the focus lies on
the measurement and prognosis of as-
set states, as also discussed in the frame-
works of Bahadoorsingh and Rowland
(2007) and Spitzer and Engels (2009).
Osztermayer (2007) examines asset states
and their effects on the quality of sup-
ply. Nevertheless, he ignores the finan-
cial effects concerning the key drivers,
i.e. OPEX and CAPEX. Therefore, a cou-
pling of strategic decisions and opera-
tional actions, and vice versa, is not en-
abled. Even though Accenture (2005) and
Stender (2008) propagate the integra-
tion of different perspectives, implemen-
tation in information systems remain
unmentioned.

It becomes obvious that a lot of
methodological work has neglected the
information supply in TSOs. However,
information is essential to implement the
frameworks and to enable effective as-
set management. While operational in-
formation is available in single parts of
grid management, the high-level infor-
mation supply is a bottleneck. This af-
fects the synchronization of technical and
financial data, reporting, and regulatory
management. Currently, the lack of high-
level information supply leads to inaccu-
racies within the planning process, which
influence the estimation results concern-
ing asset lifetimes and maintenance costs.
In fact, single solutions and tools address
this bottleneck of information supply, as
described in the following section.

2.3 Market Overview

Various discussions with TSO represen-
tatives have revealed that the integration
of different operational information sys-
tems is an important task. However, only
a small number of TSOs use an integrated
system for decision support. Instead, the
majority is confronted with the construc-
tion of an appropriate architecture to
enable automated decision support and
reporting. Furthermore, overcoming the
bottleneck of information supply is clas-
sified as a subordinated task in TSOs
and smaller network service companies.
Currently, asset state simulation and re-
porting based on MS Excel requires a
manual transformation and consolida-
tion process. According to Panko (2009),
the use of Excel as a consolidation tool
leads to a significant number of errors
as the amount of data increases. In fact,
the interviews reveal that quarterly re-
ports need thorough reworking, which
is a time- and labor-consuming process.
Furthermore, the required information is
not available to all employees at all times.
Therefore, there is a risk of reduced com-
parability of identical analyses at different
times. The missing single point of truth
can lead to a loss of knowledge. Finally,
no tool manages to overcome the infor-
mation bottleneck, which is discussed in
more detail in Table 1.

In conclusion, solutions exist which
have their origins in their vendors’ his-
tory. Currently, the vendors consider
themselves as service providers. They
have broad portfolios, but they do not
cover every single aspect of asset man-
agement. In the context of solutions that
provide long-term planning and ven-
dor independency, the current ones are
inappropriate.

The solution proposed by ABB sup-
ports data integration between ABB-
specific solutions that focus on energy
generation and engineering. However,
ABB and other vendors ignore existing BI
tools. GE and Siemens provide sophisti-
cated solutions that have a strong focus
on the data model. The GE tool, though,
refers more to the US market than it does
to the German one. By contrast, Siemens
provides a best practice approach with a
German focus. Both vendors consider a
broad range of operational and strategic
applications. However, choosing those
vendors involves the risk of a lock-in

1Long-term orientation and strategies are in conflict if a grid decision endures because of the long-term use of the assets (60 years). An operative
decision (i.e. the choice of chain assemblies) always influences maintenance in the next 5 to 10 years and possibly determines replacements.
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Table 1 Software Solutions of selected vendors

ABB The TEC Monitor addresses the maintenance and operational monitoring of standardized components and assets. It refers only to
ABB-specific and -certified products, such as the solutions of GE, Westinghouse, and ASEA. ABB Maintenance includes a process
control system and provides local maintenance services. ABB Maintenance is an operational system based on Supervisory Control and
Data Acquisition (SCADA) (ABB Power Management ABB Ventyx) (n.a. 2011a). ABB 800xA Asset Optimization is not an
industry-specific solution, and is rather used as a factory control system. It is also a standardized product, but it renounces applications
for strategic asset management. ABB has developed it to support energy generation and electrical engineering (n.a. 2011b).

Siemens The modular Grid Asset Management Suite represents a reference model and contains its own data model. This model considers
control, analysis, and regulatory management. It is a Siemens best practice approach that provides customization. Furthermore, it
includes a service-oriented connection to Supervisory Control and SCADA. Therefore, it emphasizes the technical aspects of asset
management and renounces the integration of technical, financial, and geographic data.

Signion Integrated Asset Management is based on the current data of technical and geographical information systems. In order to calculate
aging rates, external information such as economic loss curves can be integrated into the simulation. All necessary data are loaded into
an integrated Data Warehouse (LCC asset base), which uses the MS Excel toolset as a graphical user interface for data analysis and
presentation (n.a. 2011c).

IBM The Maximo Energy Management for Optimization and its integrated Intelligent Utility Network focus on information, management,
and the analysis of energy data. They create a sensor- and actuator-based information system that orientates on the Common
Information Model. The data exchange is service-oriented. However, it concentrates on data supply and ignores the functional aspects
of asset management or regulatory management. Instead, these aspects are mentioned in short (n.a. 2011d).

GE The Concorda Software Suite contains various modules such as the Positive Sequence Load Level, Multi-Area Production Simulation, and
Multi Area Reliability Simulation, which were developed for the US market. The simulation component is based on a Monte-Carlo
simulation in order to simulate load profiles and maintenance actions. The components contain many extensions, such as the
integration of US energy market data (MAPS Public Domain Database). The Multi-Area Production Simulation consists of a broad
range of data, such as weather, machinery, and default rates. Furthermore, the toolset enables operational control, data consolidation
for performance measurement and strategic asset management with simulation functions (e.g., market data, default rates, and aging
mechanisms). Furthermore, GE provides a full data and tool maintenance service (n.a. 2011e).

SAG MABI2.0 with its xRCM is an add-on for the SAP-PM and addresses SAP customers. The focus of MABI is the financial aspect of asset
management. The budgeting function refers to asset management, construction management, and asset valuation. This function
defines a balanced budget for every single asset in order to build a ranking and to enable a financial simulation. However, SAG
references other vendors and tools to provide a more technical analysis (n.a. 2011g).

Samco The TWA asset base integrates technical and financial asset data. It is a management toolset to support investment decisions and
regulatory requirements. All relevant data are integrated into one database. Moreover, TWA can be extended with other Samco
solutions to enable the different operational and strategic tasks of asset management. The database has defined interfaces with the ERP
system. However, additional interfaces with technical and geographic data are not exactly defined. The database extracts reports for MS
Excel or for additional exchange or presentation formats, e.g., csv, html/xml, or jpeg. Furthermore, it can be extended to the use of
additional Samco modules, e.g., prognosis (TWA) (n.a. 2011f).

effect. A necessary separation between
visualization, data, and the integration
layer is not yet available. Therefore, it
is not possible to create a long-term-
oriented and flexible architecture. There
is also no possibility to exchange progno-
sis data or simulation methods, to adapt
the data model, or to alter the extent of
the integration level. Regarding changes
within the energy market, flexibility is
necessary because TSOs have to gain ex-
perience in the technical and regulatory
aspects. The solutions of Signion and
Samco are closely related to BI solutions.
However, they are very vendor-specific
and MS Excel/Access-oriented. Further-
more, they were not developed for large-
scale applications with volatile and com-
plex datasets. Moreover, neither solution
is a ready-to-use software that is appro-
priate for regulatory and asset manage-
ment. The discussion with TSOs also re-
veals that a BI architecture already ex-

ists. Nevertheless, BI is used neither as
an integration tool nor as an analytical
support tool.

For these reasons, a standardized BI
tool addresses the necessary integration
of these various asset management per-
spectives and the coupling of operational
asset state information with the results
of strategic grid dimensioning and devel-
opment. A BI reference model represents
all the necessary requirements of regula-
tory and strategic asset management. The
goal of this BI reference model is to over-
come the current problems of contem-
porary, appropriate, and reliable report-
ing and decision support. The data model
builds a conceptual structure to represent
all required technical and financial key
figures. A key figure system is a finite, di-
rected graph that builds a multidimen-
sional data room with elements, dimen-
sions, and cubes. On the one hand, the
conceptual data model is the initial point

to discuss its relevance and validity in or-
der to implement it into real-world ap-
plications. On the other hand, it also ad-
dresses research. In the long-term, it will
enable a comparison of different aging
model methods, i.e. life tables, stochas-
tic Markov chains, fuzzy methods, and
System Dynamic models.

3 Research Framework

The requirements of information supply
have changed. In order to meet the re-
quirements of accuracy in the context of
an increasing amount of data and real-
time reporting, three main aspects have
to be considered. First, relevant data have
to be consolidated automatically. Second,
key figures have to represent the relevant
information for grid decisions and di-
mensioning. Finally, they have to be set
into a key figure system. BI addresses and

18 Business & Information Systems Engineering 1|2012
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meets these requirements (Chamoni and
Gluchowski 2006, pp. 143 ff). In a nar-
rower sense, BI core applications sub-
sume all applications that deal with data
collection, storage, processing, and pre-
sentation. The analytical BI view builds
an extension of core applications with
more complex tasks such as data min-
ing (Kemper et al. 2006). With regard to
the missing data integration, consolida-
tion, and evaluation, a data warehouse
is important (Inmon 2005). The initial
point to implement a BI asset manage-
ment solution is the multidimensional
data model, which describes the objects,
their relations, and their integrity con-
ditions. Furthermore, a data warehouse
provides different viewpoints of the phys-
ically stored data. Taking a multidimen-
sional approach, the linkage of financial
and technical data is enabled in one key
figure system.

In order to standardize asset manage-
ment and to consider both the techni-
cal and the financial aspects, the refer-
ence model uses a methodological tech-
nique. It builds a foundation to gen-
erate both application-oriented instance
models and models of information sys-
tems (Braun and Esswein 2007). Based
on functional asset management frame-
works, all relevant phenomena are cap-
tured, defined, and explained to create
the reference model (Fettke and Loos
2004, pp. 331 ff). All relevant tasks are
captured by interviewing the represen-
tatives of TSOs and reviewing the rele-
vant frameworks. The designed reference
model has the goal to improve the infor-
mation supply in order to generate real-
time, cost-effective, and risk-optimized
reporting. Therefore, the reference model
is not only seen as a recommendation,
but also as a technique (Fettke and Loos
2004, pp. 331 ff).

Designing the reference model first re-
quires an appropriate methodology and a
process model that contains all the neces-
sary artifacts of the universe of discourse.
In a second step, the collected artifacts are
modeled. Based on these considerations,
we apply the Online Analytical Process-
ing (OLAP) system of Totok and Jaworski
(1998). This process model follows both
the reference modeling requirements that
are formulated in Fettke and Loos and
the engineering requirements of Frank
(2007, p. 404). It is divided into three
parts, namely requirements analysis, con-
ceptual modeling, and physical imple-
mentation.

The first part deals with the assess-
ment of the universe of discourse. This
assessment is based on a literature review
of functional asset management frame-
works. Furthermore, all relevant data
sources and flows are considered and ex-
amined. The functional aspects of the
reference model are based on the Gen-
eral Asset Management Process of Power
Systems (Balzer et al. 2007). In particu-
lar, the examination of data sources and
flows is essential to analyze the flow of
information. Therefore, the cause-effect
chains of asset parameters can be ana-
lyzed and an abstract reference base de-
signed. Because the framework of Balzer
et al. (2007) focused only on technical
aspects, the reference model is extended
to financial aspects as well as to the in-
tegration in a key figure system for a
BI implementation. The core of the ref-
erence model comprises a multidimen-
sional data model as a conceptual model.
The most important aspects are asset state
and the importance of assets. They require
the prioritization of assets and the defini-
tion of relevant asset parameters that de-
scribe the state of an asset. Moreover, the
dependencies of relevant parameters have
to be examined and analyzed. Based on
these tasks, the dimensions and elements
of the multidimensional model can be
described precisely. The parameters are
used to describe the asset condition. Col-
lecting asset parameters requires the defi-
nition of functional dependencies within
the functional elements. The collection of
condition data at a specific point in time
is essential to define the behavior of as-
sets, which are defined as condition rates.
According to Balzer et al. (2007), func-
tional dependencies and the behavior of
assets are the bases on which to identify
risks.

Concerning the multidimensional data
model, the elements of the asset param-
eters have to be extended to information
on the likelihood and consequences of a
failure or breakdown. The value proposi-
tion of an extended description of con-
dition parameters and their integrated
data storage is an increased level of ac-
curacy (Schreiner et al. 2002, pp. 776 ff).
The integration of various parameters
and the hierarchical structure of assets
enable drill-down operation from an ag-
gregated asset view to a component-
related one. Moreover, assets are clas-
sified into condition classes. Based on
this classification, OPEX and CAPEX are
determined (Bahadoorsingh and Row-
land 2007). Furthermore, the examina-

tion of cause-effect chains is only possi-
ble if parameters and their dependencies
are described in detail. The parameter de-
scription, examination of dependencies,
and collection of condition data are the
foundations for simulating different ag-
ing models. In this context, the refer-
ence model defines the conceptual model
within the scope of the ANSI/SPARC ar-
chitecture (Elmasri and Navathe 2007).
Therefore, the functional requirements
are defined and presented independently
from the technical implementation.

4 Reference Model for Grid Asset
Management

This multidimensional data model rep-
resents the main components of the as-
set management reference model. The
model is a blueprint to store data within
the represented architecture (Fig. 2).

Module 1 characterizes the ETL level in
which the heterogeneous data are trans-
formed and coupled. ETL requires the
identification of relevant data within the
data sources in order to copy them into
the staging area. The staging area is part
of the ETL level. After harmonization and
aggregation, the data are loaded into the
data warehouse (Module 2). By taking
the multidimensional data model (which
is implemented as an info object), the
data are linked logically in order to repre-
sent reporting and forecasting functions
(Modules 3 and 4).

The key figures are derived from the
underlying hierarchies and dimensions.
The multidimensional data model is
represented by the Application Design
for Analytical Processing Technologies
(ADAPT) (Bulos 1996, pp. 33 ff) be-
cause it is explicitly designed for con-
ceptual multidimensional modeling. Fur-
thermore, it is able to consider complex
algorithms and it can be combined with
other object-oriented approaches.

A multidimensional conceptualization
offers flexibility concerning input data,
their processing (e.g., for a continuous
extension), their integration with diverse
data sources, and their presentation in
a graphical user interface. Multidimen-
sional structuring also addresses the scal-
ability of large datasets. The main value
proposition lies within the ETL pro-
cessing guidelines, which process data
from diverse data sources, transfer them
into the data warehouse, and make them
useable for complex analysis.
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Fig. 2 Business Intelligence Architecture

4.1 Conceptual data model

The model represents the multidimen-
sional semantic data with a selection of
elements at an aggregated level (Fig. 3).
The model only contains those elements
of the asset base that are relevant for de-
termining the Importance and the Con-
dition. Determining the current and fu-
ture conditions is of major interest. By
contrast, the Importance is an indica-
tor that is used to prioritize different as-
sets in their asset hierarchy. Measurabil-
ity is the most important factor to de-
scribe the current Condition data in order
to evaluate the transition rates of aging
statuses (Fette 2009; Bahadoorsingh and
Rowland 2007). By using a transformer as
an example, every single net transformer
is considered. The parts of a transformer
are, for example, its coils and on-load
tap changer. The components of a coil
are the coil core, ferrite rod, and insulat-
ing oil. The current condition of a trans-
former is determined by current data.
These are loaded from a technical infor-
mation system (TIS) (e.g., SCADA) into
the elements of the defined condition

dimensions. Considering the insulating
oil, condition-relevant factors are tem-
perature, color index, breakdown voltage,
acid content, loss factor, surface tension,
and dissolved and detected fault gases
of the insulating oil. The determination
of the current condition status and the
dependencies between the different fac-
tors occurs within an engineering process
that offers a technical perspective on as-
set management. Nevertheless, not every
single asset is part of a regular control and
therefore provides data. Moreover, the
evaluation of condition databases using
the multifactor framework of Bahadoors-
ingh and Rowland (2007) means consid-
ering which set of data is available and
which dependencies exist.

The dimension key figure is built
as a key figure system or pyramid.
This dimension distinguishes between
the technical and financial key fig-
ures that are crucial for asset manage-
ment. The Asset management frame-
work of Stender (2008) strongly re-
lates to financial aspects and finan-
cial key figures. Additional requirements
are adapted from regulatory require-

ments and reporting to the BNetzA (An-
reizregulierungsverordnung 2007; En-
ergiewirtschaftsgesetz 2005; Fette 2008).
Overall, the financial key figure scheme
contains approx. 160 individual key fig-
ures that consider different equipment
and voltage level dimensions for regula-
tory management. Condition-related key
figures for a transformer are the maxi-
mum load, electrical energy not supplied,
and probability of failure. In fact, rele-
vant key figures are controlled using in-
tegrated tools such as those provided by
ABB or Siemens. However, they do not
provide a centralized storage that enables
the coupling of strategic decisions and
operational actions. The required data
for methods such as Failure mode and
effects analysis or System dynamics are
available in a data warehouse. In addition
to the condition data, different default
prediction models for specific regions can
be simulated that consider the changes
in load or breakdown profiles caused
by demographic (energy demand), ge-
ographic (decentralized generation), or
weather changes. As grid dimensioning
and condition control are currently sep-
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Fig. 4 Functional scope of
asset management
(adapted from Stender 2008)

arate, a data warehouse integrates these
functions. The result is a more effective
and efficient representation of the com-
plex analysis and a better forecast of nat-
ural or failure-related breakdown scenar-
ios. Key figures are represented in fact ta-
bles, which build the core components
within the extended star schema. The
composition of different dimensions en-
ables the coupling of operative tasks and
their effects at a strategic level and vice
versa. This is realized using operations
such as slicing and dicing (Hahne 2005).

These different elements, dimensions,
and hierarchies are consolidated in the
multidimensional data model of asset
management. The use of hierarchies is es-
sential for using drill-down and roll-up
operations on key figures from the asset
group level to single components. More-
over, key figures are separated by volt-
age level. The dimension scenario enables
users to compare historical data with cur-
rent calculations. The scenario Expected
is the result of the simulation of the con-
dition data, which is based on aging mod-
eling methods. Then, OPEX and CAPEX
can be determined within the future sce-
narios.2 The dimension Costs consoli-
dates data from the ERP system. The rep-
resentation of asset data refers to the di-
mensions Costs and Capital equipment.
These form the core of management con-
siderations. However, these considera-
tions depend on the level of detail of the

Fig. 5 Fair value

asset base. Therefore, it is necessary to
map and consolidate data from the ERP,
GIS, and control centre. Mapping (iden-
tification and integration) as well as con-
solidation is required in order support
the management at an accurate level.

4.2 Functional Aspects of the Reference
Model

While the definition of hierarchies within
the Capital Equipment dimension is the
foundation to couple the operative with
the strategic key figures, the functional
orientation refers to the coupling of tech-
nical and financial key figures. Figure 4
represents the content of such a func-
tional scope, which outlines the technical
and financial tasks and considers the time
perspective.

The functional scope depends on the
defined dimensions, hierarchies, and el-
ements. The technical planning process
includes the Network risk, Asset struc-
ture, and OPEX perspectives. Their re-
sults are the inputs for the financial val-
uation within the Financial and Cost
perspectives.

4.2.1 Asset Structure perspective

This perspective represents the develop-
ment of the asset structure based on cur-
rent replacement cost (Replacement Cost
New, RCN) (Schneider et al. 2005). Sten-
der (2008) used a fair value approach to
evaluate the asset structure. Fair value de-
pends on the quality of the analysis of the
remaining life expectancy of single or all
assets within the different voltage levels
(Fig. 5).

Remaining life expectancy is deter-
mined using the maintenance strategy.
Therefore, it depends on the OPEX
within the asset groups. The remaining
life expectancy is not a fixed parame-
ter, but is rather influenced by the as-
set conditions and depends on the be-
havior over the lifetime of the asset. The
base is the prognosis of condition statutes
(Fig. 6).

Regarding the condition, we must dif-
ferentiate between current data and ex-
pected scenarios. These different views are
shown in the dimension Scenario. In or-
der to determine the behavior of assets,
it is necessary to model their cause-effect

2This means that the technical interdependencies between different parameters are the foundation for financial evaluation. Maintenance and
replacement are primarily technical necessities, not financial ones, even though they affect OPEX and CAPEX.
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Fig. 6 Condition data

Fig. 7 Representation of a
Markov chain

chains. Modeling requires the calculation
of the condition function vj(t), which is
based on all possible states i. The tran-
sition from a state i to a state j of an
asset B leads to a transition matrix Pij,
which is added to the element Condi-
tion of the dimension Condition data.
The result of the Asset structure per-
spective is the classification of assets into
asset states. Furthermore, the effects of
maintenance actions to changes in life-
time and asset state are simulated. The
technical results are coupled by evalu-
ating the maintenance actions concern-
ing replacement and refurbishment costs
(CAPEX). Cost rates are stored within
the dimension Costs. In conclusion, the
Asset structure perspective enables the
coupling of technical and financial key
figures.

The calculation of the transition rate
depends on the selected method. Var-
ious methods are currently used, such
as fuzzy algorithms (Osztermayer 2007),
Markov chains (Konnov 2007; Thurner
et al. 1998) and life tables (Fette 2008)
(Fig. 7).

4.2.2 Network Risk perspective

The network risk perspective addresses
the evaluation of Asset Importance,
which also requires the coupling of tech-
nical and financial data. In this context,
the results of the failure models and fail-
ure behaviors for specific assets have to
be evaluated using cost data. Importance
and Risk are evaluated using current data
from the Condition data dimension. Im-
portance prioritizes assets in respect to
CAPEX planning and budget restrictions
(Balzer et al. 2007; Fette 2009). How-
ever, a clear definition of Importance is
still missing. The easy way to solve this
is to use the fault statistics from energy
data management. Otherwise, different
parameters are used to evaluate Impor-
tance, such as electrical energy not sup-
plied and the resulting costs, historical
costs, maximum load, or the importance
of customers with respect to possible
damages (Balzer et al. 2007; Fette 2009;
Schreiner et al. 2002, pp. 776 ff). The
function W(t) is chosen to calculate the
importance using the load factor of an as-
set. The following example represents the

calculation of the load coefficient LC(t) at
time t. For the period �t, the load factor
LF(t) is defined. LF(t) describes the pro-
portion of the current Apparent Power
APt(t) and the Rated Apparent Power
APn. The foundation of LC(t) is the re-
sult of the current measurement of the di-
mension Electric Power. Figure 8 presents
the calculation of Importance as part of
the dimension Condition Data.

Concerning risk asset management,
risk is calculated as the probability of
failure multiplied by the extent of loss
in the case of failure. This refers to the
probability of a faultless operation of a
specific asset in a defined period begin-
ning at the time of installation (or last
maintenance service) to a defined data
point in the future. The bases of risk de-
termination are various failure models
that can be derived from VDN interrup-
tion statistics (Obergünner et al. 2002).
Risk evaluation is founded on the Con-
dition Data dimension with relevant data
for every single asset and component.
The risk assessment also considers the
effects of a default (interruption effects
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Fig. 8 Calculation of Importance

Fig. 9 Risk differentiation

and additional defaults), which are con-
sidered when evaluating Importance. Fur-
thermore, these effects are evaluated in
terms of money. The evaluation is based
on the RCN, penalties to the regulator, or
compensation payments. Payment rates
are stored within the Cost dimension.
However, their evaluation is not carried
out automatically; rather, this is the result
of an analytical process (Fig. 9).

4.2.3 OPEX perspective

The OPEX perspective addresses the
management of original and regulatory
cost rates. Based on the asset condi-
tion simulation, the required CAPEX and
OPEX, which consider fair value and
RCN data, are deduced. The short-term
OPEX perspective addresses cost and rev-
enue planning, which is based on the cal-
culation of an efficiency score. The actual
determination and prognosis of OPEX
efficiency is grounded on the technical

asset state. Furthermore, OPEX are in-
fluenced by demographic and legal de-
velopments especially of renewable en-
ergies that lead to changes in the grid
dimensioning. Other technical parame-
ters of the OPEX perspective are power
density (power/km2), connection den-
sity (connection/km2), load density and
power density/connection density per
voltage density (Fig. 10).

4.2.4 Financial and Cost perspective

Both these perspectives represent the
overall results using performance indica-
tors, such as Economic profit, Earnings
before interest after taxes, or Net operat-
ing assets (Fig. 11). Financial planning,
which contains planning for new or re-
placement investments, is based on the
results of the technical asset condition
simulation.

Both perspectives are essential for the
strategic assessment. The financial per-
spective is not isolated from the tech-
nical one. Indeed, Condition, Behavior,
and Importance are the input variables
for a financial evaluation. Furthermore,
the fact that risk assessment and evalu-
ation are not independent of regulatory
requirements must be taken into account
in order to ensure long-term quality and
stability within the grid. The extraction
of relevant data in a data warehouse inte-
grates the different perspectives of tech-
nical simulation and their financial im-
pacts. Moreover, these perspectives are

not limited to one level, but rather re-
fer to every single asset or voltage level.
The data model is extensible to integrate
other parameters that are used to simu-
late the behavior of an asset. In conclu-
sion, the foundation is the data model
with its defined dimensions, hierarchies,
and elements, including their calculation
rules. For this reason, the reference model
builds a recommendation for action con-
sidering the implementation in an in-
formation system that is independent of
current solutions.

4.3 Validation of the data model

The reference model is validated follow-
ing the guidelines of Fettke and Loos
(2004), Dietzsch and Esswein (1998),
and Schütte (1997). Using a constructed
modeler makes it impossible to validate
the reference model in an intersubjective
way. Braun and Esswein (2007) empha-
sized recommendation, reliability, and
reasoning in order to determine the qual-
ity of a reference model. According to
Fettke and Loos (2004, pp. 331 ff), a ref-
erence model is a technology to achieve
a defined goal. Therefore, the model has
to provide appropriate tools and meth-
ods for evaluation and implementation.
In order to enable validation before the
implementation was carried out, we used
expert interviews to obtain statements
about requirements and challenges. High
quality was assured by inviting inter-
view partners to evaluate the model both
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Fig. 10 OPEX perspective

Fig. 11 Financial perspective – representation of Economic profit (EP)

from a functional and from a technical
perspective (Fig. 12).

Four-hour interviews took place with
various participants from TSOs (11 per-
sons), a regulator (1 person), and con-
sulting companies (10 persons) that fo-

cus on analytical solutions in the utili-
ties industry. The instrument to gain re-
liable information was created from dif-
ferent interview guidelines that consider
technical as well as functional aspects.
The interviews were problem-centered

and thus they allowed specific state-
ments about the universe of discourse
rather than being focused on closed ques-
tions. The discussion base was a pre-
sentation with the following task-related
questions:
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Fig. 12 Research phases for reference modeling in strategic asset management
(adapted from Jaeger and Reinecke 2009, p. 37)

Fig. 13 Phases of the interview (modified from Jaeger and Reinecke 2009, p. 41)

� Which tasks were realized automati-
cally/manually?

� Which tasks in the different perspec-
tives have a high/low priority?

� Are important tasks missing from the
reference model?

� Which tasks should be automatically
executed and presented graphically?

� Which activities are covered with sin-
gle suitable tools?

� Does reporting represent the focus of
current asset management?

In addition to the exact answers, the
functional capabilities and appropriate-
ness of the reference model were also
discussed.

Participants received an interview
manual in a pre-meeting. This inter-
view manual was based on the discus-
sion of Stender (2008). Therefore, par-

ticipants were prepared in the second
discussion. Additional materials and ap-
proaches, and even experiences, had to
be researched to determine the respec-
tive status quo. Within the interview
sessions, participants had no limitations
on what they could discuss. As a con-
sequence, they had the chance to for-
mulate problem- and context-relevant
information in an open-minded atmo-
sphere where spontaneity was not lim-
ited. Additional information could also
be documented. The interviews took
place locally. The model was mapped us-
ing the regulatory reports of the BNetzA
and standardized reporting. Concerning
the technical aspects, model mapping
was conducted by three consulting firms
that provide information systems solu-
tions for utilities companies. The focus
of the mapping was on the collection, in-
tegration, and interpretation of the data
(Fig. 13).

The interview evaluation followed the
four-eye principle. It concentrated on
content analysis, while different interpre-
tations were clarified in direct discussions
with the interview partners (Fig. 14). The
interview minutes were collated, which
lead to the presented results. After an in-
troduction to the modeling notation of
ADAPT, participants confirmed the enu-
merated elements from the data model
as the ones essential for building up
the current asset management report-
ing carried out in MS Excel. Validating
the regulatory requirements was easy be-
cause the structured reports were avail-
able. After the first validation, a proto-
type was developed that contained the di-
mensions of Costs, Electric Power, and
Condition Data. Data were adapted from
one of the TSOs. Based on the exam-
ple data of a high voltage circuit breaker,
the model was mapped and evaluated
against the IEC 61000-430 Class A Stan-
dard,3 Power Quality Measurement. The
result was that the model fulfills the
technical requirements of the IEC stan-
dard. Moreover, the model provides even
more detailed data on condition and cost.
Therefore, a more detailed test with IEC
61000-4-30 is possible which means that
a certification can be obtained. Within
this context, the level of abstraction was
discussed, e.g., which machineries should
be part of the data analysis to enable a
more detailed and exact simulation. It

3The IEC Standard supports the compatibility of energy-generating tools and machinery. It measures parameters such as frequency, vibration
curves, reactive power, or voltage changes in order to make them comparable independently of third party tools.
4In the context of this paper, neither company names nor tools are mentioned.
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Fig. 14 Phases of the data evaluation (modified from Jaeger and Reinecke 2009,
p. 53)

became obvious that further discussion
about this topic is necessary.

This discussion proved the functional
fulfillment of the reference model. Fur-
thermore, the analytical process was sup-
ported by the reference model. It also be-
came obvious that the process models,
e.g., the network valuation, are not used
in practice, but only discussed in the lit-
erature. By contrast, TSOs use the expe-
rience of their employees to determine
planning measures and take decisions.

The discussion with the consulting
company revealed that the current solu-
tions are not standardized as required.4

Instead, many solutions are closely re-
lated to MS Office solutions or are part
of a developed structure with an opera-
tional machine control centre. Facing the
increasing data volume, local databases
have been developed and have mean-
while migrated to a database. Currently,
no TSO uses an automated ETL tool so
that the consolidated data are assigned to
a manual process with repeated data en-
tries. Automated ETL and the integration
of financial, technical, and geographical
data are seen as the main challenges. Cur-
rent data models represent short-term ad
hoc requirements and do not follow a
standardized approach using a data ware-
house design. One of the main topics
in the discussion was the awareness of
flexibility. The interview partners stated
that the reference model is more flexible
than current databases are. However, they
see problems with regard to implemen-
tation, especially project implementation
time and ETL automation. Furthermore,
the discussion revealed that current re-
porting is an extensive and error-prone
process that influences data quality and

leads to a high number of administra-
tive efforts, which justifies the effort to
implement the reference model.

The interviews took place in an open-
minded atmosphere in which not only
the reference model was discussed but
also the experiences the interview part-
ners had made in their field. In conclu-
sion, the reference model was considered
valid regarding its functional and techni-
cal aspects, and its technical practicabil-
ity was asserted. It is now seen as a rec-
ommendation for implementation. For
this reason, it reveals the character of a
reference model.

5 Conclusion

This paper’s goal was to improve infor-
mation supply and to overcome the cur-
rent separation between the technical and
financial perspectives in grid asset man-
agement. Therefore, a reference model
was designed to address the demands and
challenges within the TSOs.

Assessing and storing data in a mul-
tidimensional model meets the require-
ments of regulatory reporting and incen-
tive price regulations. Therefore, techni-
cal data have to be coupled with finan-
cial ones, which is explicitly carried out
in the hierarchical dimensions of Capital
Equipment and Voltage Level. This hier-
archical description enables coupling be-
tween strategic decisions and their im-
pacts on operational tasks and vice versa.
Assessing single components and their
aggregations builds the foundation to de-
fine cause-effect chains in an integrated
system. Using the modeling notation of

Abstract
Carsten Felden, Johannes Jakob Buder

Integrated Information Supply
for Decision Support in Grid
Companies

Increasing regulatory requirements
such as price cap regulation have in-
creased the importance of strategic
grid asset management. Empirical stud-
ies reveal that information supply and
consolidation are error prone and long-
term processes. The reason is the miss-
ing automation of extraction, transfor-
mation, and loading. The current gap
does neither fulfill the requirements of
regulatory nor the necessity of stan-
dardized reporting. Furthermore, a de-
tailed planning is not enabled and the
calculation of key figures is extensive.
Currently, a framework that considers
the coupling of financial and techni-
cal key figures, the coupling of strate-
gic and operative key figures as well
as the integration into information sys-
tems is not existent. Therefore, this pa-
per addresses the design of a refer-
ence model as a recommendation for
action to integrate the asset manage-
ment within information systems. It is
validated by expert interviews. More-
over, it provides information to inte-
grate relevant financial and technical
artifacts from distributed systems. Si-
multaneously, it provides recommen-
dations for implementing a Business In-
telligence architecture in the context of
strategic decision support.

Keywords: Business intelligence, Ref-
erence modeling, Utility business
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ADAPT enables the modeling of dimen-
sions, their hierarchies, and their calcu-
lation rules for every key figure. This is
necessary to integrate the diverse data
sources of asset management into a BI
system and to overcome the bottleneck of
information supply.

However, the designed reference model
has not yet been implemented. In fact,
the model is based on practical knowl-
edge and experience, but so far it has
only been validated by domain experts.
A reference model has emerged which
still needs to be practically applied to
achieve learning rates and improvements.
On the other hand, the model is cur-
rently in discussion with a leading TSO
to improve data supply, collection, and
reporting for decision support. The ref-
erence model especially supports regula-
tory reporting. In addition, criteria were
presented in this paper to outline the
value proposition of an implemented ref-
erence model, i.e. the reduction of func-
tional effort, improvement to data qual-
ity, and time reduction in the decision
process.

In the context of the Business and
Information Systems Engineering disci-
pline, the mentioned criteria can be used
to further evaluate the advantages of the
designed reference model. This would
represent an important further step to-
wards practical implementation. Regard-
ing Design Science Research, there is still
a need for further research on evalua-
tion, which is an important subject of
modeling research, as described by Frank
(2007).
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