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Abstract. Enterprises are looking for improvements in their processes,
products and services, causing them to become more complex mainly
due to the amount of information and requirements involved. At same
time, governments and costumers are more conscious about Sustain-
able Development requirements. Enterprise Architectures supports the
analysis, simulation, automated systems projects, distribution of respon-
sibilities and authorities, aimed at reengineering or improvement of
companies processes. However, they do not seem to contemplate the
requirements related to Sustainable Development in a systemic and
integrated way. This paper discusses the derivation and incorporation
of Sustainable Development requirements into Enterprise Architecture
Frameworks (EAF). Then, this works presents some initial guidelines
to extend components of GERAM with ISO standards and frameworks
related to sustainability.
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1 Introduction

One way to better analyze, design and integrate enterprise process activities as
well as provide support for decision making during production management is
to use enterprise models. In other words, enterprise modeling can provide sup-
port to the entire life cycle in developing company systems from the definition
of enterprise strategies and requirements to design and implementation of the
systems [1]. There are several Enterprise Architecture Frameworks (EAF) for
Enterprise Engineering, such as PERA (Purdue enterprise architecture frame-
work), CIMOSA (Open system architecture for computer integrated manufac-
turing), ARIS (Architecture for information system), and TOGAF (The open
group enterprise architecture framework). Although neither of them explicitly
and systematically consider in a systemic and integrated way the requirements
Sustainable Development (SD).

Enterprises use some methods to reach the SD using standards and systems,
such as ISO 9001, ISO 14001, and ISO 26000 to achieve the economic, environ-
mental and social requirements of SD. Nevertheless, it seems to be necessary
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consider the SD requirements into an EAF in a more explicit and systematic
way, helping the companies to build their sustainable model.

Thus, this article aims to investigate the support of SD requirements by an EAF
and its components. It is discussed the derivation and incorporation of Sustain-
able Development (SD) requirements into Enterprise Architecture Frameworks
(EAF), and is presented some initial guidelines to extend components of GERAM
(as GERA) with ISO standards and frameworks related to sustainability.

To accomplish these proposal, this research made a literature review of all
important topics, creating through that a conceptual framework with connec-
tions between multiple bodies of literature and knowledge bases to make our
proposal [2,3].

In that sense, searches were carried out at scientific databases such as Web
of Science, Scopus, Springer Link, John Wiley & Sons, Google Scholar, Web
of Knowledge and IEEE Xplore, using as keywords the terms: Enterprise Inte-
gration, Enterprise Engineering, GERAM, Enterprise Architecture, Sustainable
Development, Enterprise Architecture Frameworks, ISO 9001, ISO 14001, ISO
26000 and GRI (Global Reporting Initiative). All of them performed using the
default search engine for each data-base without any customization on the search
engines, selecting the results through the reading of their abstracts.

Section 2 of this paper presents a literature review of standards and frame-
works related to Sustainability, followed by Sect. 3 with a review about Enterprise
Architecture Frameworks. In Sect. 4 it is developed a cross analysis of standards
and frameworks with components of an enterprise architecture and requirements
for sustainable development. Then, guidelines are described to extend compo-
nents of GERAM with ISO standards and frameworks related to sustainability.
Section 5 concludes this paper, by presenting the main results of this research
and by discussing topics for future study.

2 Standards and Frameworks for Sustainability

The standards ISO 9001, ISO 14001 and ISO 26000 have been proposed to adopt
SD and they became important for enterprises seeking Sustainable Development
(SD) commitment [4-6]. ISO Standards such as ISO 9001, ISO 14001 and ISO
26000 became a source of technological knowledge in the economic, environmen-
tal and social dimensions, respectively [7].

ISO 9001:2000 covers quality, customer satisfaction, reduction of waste and
customer complaints, standardization of work processes and communication
improvement as well as an increase in market share. ISO 9001:2000 is based
on a review of the twenty clauses of ISO 9001:1994, resulting in five key man-
agement requirements [8]. ISO 14000 include aspects of quality and the environ-
ment, mitigating the emission of effluents, reducing the environmental impact
by improving customer satisfaction [7]. ISO 14000 consists of seventeen clauses
divided into five categories. Each clause was written to suit a wide variety of
enterprises [5,9]. ISO 26000, unlike ISO 14001 and ISO 9001, this standard
provides guidelines rather than requirements, so it cannot be certified [4,10].
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The standard considers that the enterprise has responsibility for the impacts
of its decisions and activities on society and the environment. Thus it must be
transparent and ethical, in order to contribute to the SD, health and well-being
of society. The structure of ISO 26000 consists of seven clauses [11].

Following these efforts, the GRI framework emerges with guidelines that
consist of recommendations, principles, and a standardized report helping enter-
prises in how to report their commitment with SD [12]. It was created as a com-
mon reporting framework covering the entire organization. The GRI specifies
directives in which organizations report their performance based on SD indi-
cators related to economic, social and environmental aspects [12,13]. The GRI
Reporting Framework contains general and sector-specific content that has been
agreed upon by a wide range of stakeholders around the world to be generally
applicable for reporting an enterprise’s SD performance [12].

Actually EAF do not fully support the implementation of ISO Standards and
GRI, and it is the responsibility of the enterprise itself to create the full scope
and controls to deal with it.

3 Enterprise Engineering with GERAM

Enterprise modeling is considered the principal item of Enterprise Engineering,
because the modeling process creates a model that represents all (or part of)
enterprise operations. This model allows simulations and evaluations that con-
ducts the enterprise operation to an optimized structure, behavior, and content
[14,15]. Reference Architectures for modeling and engineering enterprises aim to
provide a ‘map’ with which is possible to design business processes and other
systems of a company [16,17].

Enterprise Architecture Frameworks (EAF) are intellectual paradigms which
facilitate the analysis, discussion and specification of a given area, providing a
base and a way to understand, design, and discuss a matter [18]. The main goal
of an EAF is to define and implement enterprise strategies, being a guide to
its evolution, balancing all needs and limitations to achieve an acceptable and
feasible project [19,20]. Several EAF were proposed such as CIMOSA, ARIS,
TOGAF, PERA and GERAM.

GERAM (Generalized Enterprise Reference Architecture and Methodology)
uses the best parts of GRAI-GIM (Graphs with results and activities interre-
lated), PERA and CIMOSA architectures to provide a reference to the enterprise
integration area. GERAM provides a description of all components recommended
for an Enterprise Engineering and a collection of tools and methods to perform
enterprise design and changes with success. It also considers enterprise models
as an essential approach to support EE and integration [21-24].

GERAM has nine main components. The most important component is the
Generic Reference Architecture — GERA, which defines a set of concepts to be
used in Enterprise Engineering, as enterprise entities, life cycle, life histories of
enterprise entities, and others (see Fig. 1 adapted of IFIP/IFAC [21] with a new
view proposed in this work).
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GERAM defines again as components the Enterprise Engineering Method-
ologies (EEM), and distinguishes them from Enterprise Modeling Languages
(EML) used by the methodology to describe aspects of the enterprise, like the
structure, content, and behavior of the entities to be modeled. The modeling lan-
guage semantics may be defined by anthologies, meta-models and glossaries that
are collectively called Generic Enterprise Modeling Concepts (GEMC). Partial
Enterprise Models (PEM), which are reusable models of human roles, processes
and technologies, are used to facilitate modeling. Enterprise Engineering Tools
(EET) supports the methodologies and languages used for enterprise modeling.
The modeling process results in particular Enterprise Models (EM) that repre-
sent all or part of the enterprise’s operations (manufacturing or services tasks),
its organization and management, and its control and information systems. These
models can be transformed into an Enterprise Operational System (EOS), or be
used to perform simulations, and to promote changes in the enterprise. The
EOS is a set of enterprise modules (EMO) that support the operational use of
enterprise models. EMO provide prefabricated products like human skills, com-
mon business procedures or IT infrastructure services, used as components in
implementation of the EOS [21].

Users of other reference architectures can use GERAM as a benchmark, and
identify what to expect from the particular architecture chosen, when their fea-
tures are compared [22,25].
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Fig. 1. Proposal for extending GERA with a sustainability view. (Source: adapted
of [21]).
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The component GERA recommends the modeling of the enterprise according
to four basic and complementary viewpoints (other views can be defined) (see
GERA adapted in Fig. 1):

— Function view, which represents the functionality and behavior of the com-
pany (i.e., events, activities and processes) including temporal and manage-
ment of exception aspects;

— Information view, which represents the objects of the enterprise and its infor-
mation elements;

— Resources view, which represents the means of the enterprise, its capabilities
and management;

— Organization view, which represents organizational levels, authorities and
responsibilities.

Despite its comprehensive support to enterprise common aspects, a few
requirements related to SD are explicitly supported by GERA originally.

4 Analysis and Discussion

With the objective of analysis and integrate sustainability requirements into
Enterprise Architectures, based on literature review done in Sects.2 and 3, it
was possible evaluate intersections of covered concepts by a cross analysis of
standards and frameworks with components of an enterprise architecture and
requirements for sustainable development (Table 1). It was built and structured
with a Likert scale according to the literature review conducted by the authors
to demonstrate the existing comprehensive relationships between the concepts
presented by the ISO standards and the GRI and its agreements with the require-
ments needed by SD and components of a EAF.

ISO 9001 helps companies seeking to maintain their image while serving
customers concerned about the environmental impacts the production of their
products causes the environment. The standard also provides guidelines on devel-
oping, implementing, maintaining and improving the quality of organizational
processes. ISO 14001 increases the awareness of the enterprise and its involve-
ment in environmental practices through continuous improvement processes and
programs related to the management system provided by the standard. ISO
14001 has been used as an important factor in selecting potential suppliers,
because it requires the entire supply chain to be committed to SD by acquiring
and producing green products. ISO 26000 has guidelines to implemented social
requirements, then, the enterprise can reach a given level of social responsibility.

GRI report, one of the main performance indicators for evaluating the enter-
prise’s SD commitment today can be used to create guidelines within the
GERAM structure, helping the creation and evaluation of SD indicators dur-
ing the enterprise’s operation. With this, a SD perspective can easily analyze
all the enterprise process and products involved. Furthermore, reporting all
the efforts done to achieve the SD commitment to costumers, governments and
stakeholders.
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GERAM was proposed for analyzing and developing the extensions to inte-
grate SD requirements due the fact that all Enterprise Architecture can be
assessed and broken down according to GERAM structure [21,23,24].

The cross analysis of the Table 1 shows gaps and opportunities to incorporate
sustainability into components of an enterprise architecture.

GERAM components touch various aspects of SD requirements with differ-
ent perceptions and abstractions. The economic aspect is addressed by GERAM
[21]; however it focuses on investment, different from SD, which encompasses
society as part of the economic dimension. As for the social aspect, the architec-
ture considers only workers’ care while conducting their technical work, which
covers their skills to perform the function and show the result of that work (i.e.
the product or service they transform). The environmental aspect is minimally
addressed by GERAM architecture. Nonetheless, it is possible to complement
GERAM economic, social and environmental aspects in order to reconcile with
the requirements of SD.

Table 1. Analysis of intersections of covered concepts.

Techniques, Sustainable Components of an Enterprise
Systems, Development Architecture Framework
Tools Economic Environ- Social Enterprise Metho- Partial Modeling
mental Architectures dologies Models Languages

ISO 9001 5 2 1 3 4 5 2
ISO 14001 3 5 2 3 4 5 2
ISO 26000 2 2 5 3 4 5 2
GRI 5 5 5 2 5 3 2

0 — No relation encountered; 1 — Minimal relation;

Legend: 2 — Weak relation; 3 — Medium relation;
4 — Strong relation; 5 — Very strong relation

Analyzing Table 1, it is possible to propose improvements in the ability of a
EAF (as GERAM) to design enterprises, supporting the goals and requirements
of SD based on presented ISO Standards and GRI. Some guidelines are proposed:

— Enterprise Architectures (as GERA) could include a new view of Sustainabil-
ity in its structure (Fig. 1);

— Enterprise Engineering Methodologies (EEM) could integrate in its phases or
steps techniques, practices and tools systems related to ISO standards and
frameworks as GRI;

— Some Partial Enterprise Models (PEM) related to sustainability already
exists and can be identified in the literature. Thus, these, ISO standards and
sustainability

— frameworks could be merged in partial models and be available in Enter-
prise Engineering Tools (EET) to facilitating particular sustainable Enter-
prise Models (EM);
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— To describing partial or particular model, Enterprise Modeling Languages
(EML) need to be extend to express the related sustainability aspects and
requirements.

In this work, GERAM is presented as the basis and reference for developing
academic or corporate works for extending SD requirements to enterprise mod-
eling and engineering, because these efforts may be mapped in other framework
architectures later.

For example, a possible proposal is shown in Fig. 1, with the creation of a new
view in GERA named Sustainability, that highlight the need to include concepts
of SD, as ISO standards and GRI.

5 Final Considerations

Enterprise architectures, methodologies and tools for Enterprise Engineering
must support the integration of various issues to be addressed in an organi-
zation, such as its information system, factory layout, logistics systems, quality
system, cost, as well as describe human and organizational aspects. However,
the available EAFs do not address accordingly all SD requirements adequately
in a systemic and integrated way.

This works presents some guidelines to extend components of GERAM with
ISO standards and frameworks related to sustainability.

A new modeling view was proposed in GERA. In this sense, when the require-
ments of ISO Standards are transported to GERA it is possible to align the
requirements of SD (i.e., economic, environment and social) with the other com-
ponents of GERAM.

Maybe, it is not necessary a new view in GERA, but, sustainability aspects
should be considered in the others components as EM, PEM, and EML, as
discussed. Details of how to integrate these techniques, systems and tools are
challenges for future work.
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