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Abstract—Data science has great potential in smart grids, but
applying it must not jeopardize dependability—thus requiring
high-quality data. Ideally, quality is ensured in early development
stages. To enable this, we propose using architecture models for
data quality assessment. The study focuses on a domain-specific
language based on the Smart Grid Architecture Model and
models created with it. The first goal is to evaluate how suitable
such models are for assessing contextual data quality—the data’s
fitness for use. We discovered the assessability is mainly limited
by the modeling language not facilitating standards-independent
data definition. Consequently, we set out to improve the language.
We arrived at three proposed modifications using a case study–
based design-science approach: including an element for generic
data definition, separating data and information, and adding
attributes to data flows. Our research demonstrates the feasibility
of model-based data-quality assessment and takes a step towards
integrating data science into smart-grid architecture.

Index Terms—Data science by design, Dependability, Informa-
tion quality, Model-based systems engineering, SGAM

I. INTRODUCTION

In recent decades, major global trends have affected electric-
ity grids. For example, a worldwide surge in electric vehicles
places increasing demand on grids [1]. Additionally, the rising
percentage of renewable energy in the energy mix forces power
grids to become more flexible. One promising approach for
achieving greater flexibility is to transform existing grids to
so-called smart grids. They are grids intimately linked with
information and communications technology, which enables
widespread automated control and monitoring [2]. Data sci-
ence has the potential to improve these tasks, as shown by
Zhang et al. [3]. However, power grids are critical infrastruc-
ture and hence need to be dependable. Consequently, any data-
driven decision making also needs to be dependable and thus
requires high-quality data [4]; in particular, contextual data
quality—the fitness-for-use of data [5]—is necessary to ensure
the data is suitable for its intended application.

In addition to smart grids having to be dependable, they
are also highly complex. Designing and engineering such
complex systems dependably, requires a suitable engineering
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approach; model-based systems engineering (MBSE) has es-
tablished itself as an effective method for dealing with such
tasks [6]. MBSE is a branch of the interdisciplinary field
of systems engineering combined with concepts from model-
driven engineering [7]. In the smart-grid domain, the Smart
Grid Architecture Model (SGAM) framework is the basis for
most MBSE approaches. Notably, Neureiter et al. [8] made the
framework usable for concrete engineering task by developing
a domain-specific language (DSL) for SGAM.

Thus far, we have established the need for high-quality data
in smart grids, making the assessment of data quality neces-
sary. However, most methods for data quality assessment rely
on data content, as opposed to just metadata [9]. Thus, at least
a prototype or a simulation are required which are available
only in later development stages. Unfortunately, significant
changes to a complex system so late in the development
process are time consuming and costly. MBSE provides a
potential solution to this problem: Since models already play
a vital role in the engineering of complex systems, they could
be used for assessing data quality in early development stages.
These assessments would then enable timely countermeasures
to data quality issues. This helps ensuring that the completed
system facilitates sufficient data quality—thus establishing a
basis for data science by design. However, we are not aware
of any assessment method that only utilizes system models.
Therefore, we set out to determine to what extent contextual
data quality can be assessed based on a model created using
the SGAM DSL. Additionally, we investigate which changes
to the language are necessary to improve assessability.

This paragraph outlines the remainder of this paper: The
next chapter—Relevant Background—provides basic knowl-
edge of MBSE in smart grids and data quality. Subsequently,
the research approach is presented in Chapter III. After that,
Chapter IV discusses the current data quality assessability of
the SGAM DSL. Next, in Chapter V we propose changes to the
DSL. And finally, Conclusions and Future Work summarizes
this paper’s findings and prompts further research.

II. RELEVANT BACKGROUND

This paper occupies the intersection of data quality research
and MBSE in smart grids. The following chapter provides the
necessary background in both fields.
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