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Article 

The Interoperability Quick Assessment Tool (IQAT©) for Software Solutions 
Supporting Public Services 

Dr. Efthimios Tambouris, Dr. Raul-Mario Abril-Jimenez, and Valerio Mezzapesa 

Abstract 

The public administration landscape in the European Union is heterogeneous due to the legislative, cultural, language, 
operational, and technological diversity between Member States. At the same time, the implementation of the European 
Single Market requires supporting the free movement of products, services, capital, and people. As a result, cross-border 
public services are essential for citizens, businesses, and public administrations. Therefore, the development of 
interoperable European public services and software solutions is a priority for the European Union. In this article, we 
present the Interoperability Quick Assessment Tool (IQAT©) that can be used for assessing the interoperability of 
software solutions supporting public services. IQAT© assesses the potential interoperability of a software solution against 
a set of predefined criteria that are defined for that purpose. We demonstrate IQAT© by using it to assess the 
interoperability of the Internal Market Information System (IMI), a trans-European solution, and derive interesting results 
on its potential interoperability. 

Keywords 

Interoperability, software solutions, IQAT©, ISA, European Commission 

Copyright of the following documents discussed in this article belongs to the European Commission: Interoperability Quick Assessment 
Tool (IQAT©), European Interoperability Framework (EIF©), European Interoperability Reference Architecture (EIRA©), Interoperability 
Maturity Model (IMM©), and Cartography Tool (CarTool©). 

 
 

 

INTRODUCTION 

The public administration landscape in the European 
Union (EU) is heterogeneous due to legislative, cultural, 
language, operational, and technological diversity 
between Member States. Traditionally, public authorities 
in one Member State are concerned with providing high-
quality services to their citizens, businesses, and other 
public authorities. At the same time, the implementation 
of the European Single Market

1
 requires supporting the 

free movement of products, services, capital, and 
people. Furthermore, the public sector is the biggest 
financial player in Europe.

2
 As a result, there is an 

increasing need for public authorities to also provide 
cross-border public services as well as software 
solutions to support these services. 

Taking into account the heterogeneous public 
administration landscape, it comes as no surprise that 
Interoperability (IOP) has become an important concern. 
Consequently, the EU has launched a number of 
programs and initiatives to address IOP challenges 
within Member States but also between Member States. 
The current ISA

2
 initiative (Interoperability Solutions for 

                                                      
1
 https://ec.europa.eu/growth/single-market_el 

2
 http://ec.europa.eu/eurostat/statistics-

explained/index.php/Government_finance_statistics 

Public Administrations, Businesses, and Citizens) 
maintains a number of relevant programs, including the 
European Interoperability Framework (EIF©),

3
 the 

European Interoperability Reference Architecture 
(EIRA©),

4
 and the Cartography Tool (CarTool©).

5
 The 

CarTool© is intended to document software solutions 
that are reusable and interoperable and can thus be 
used as relevant good practices. There is therefore a 
need to be able to assess the IOP level of software 
solutions in order to determine whether these should be 
considered for reuse. 

The main objective of this article is to present the 
Interoperability Quick Assessment Tool (IQAT©) for 
European software solutions supporting public services. 
It should be noted that although IQAT© has been 
developed for determining whether European software 
solutions should be considered as good practices, it is 
actually generic and thus can be used for assessing the 
IOP of virtually any software solution supporting public 
services. 

                                                      
3
 https://ec.europa.eu/isa2/eif_en 

4
 https://joinup.ec.europa.eu/asset/eia/description 

5
 https://joinup.ec.europa.eu/asset/eia/asset_release/cartography-tool-

v101 

https://ec.europa.eu/growth/single-market_el
http://ec.europa.eu/eurostat/statistics-explained/index.php/Government_finance_statistics
http://ec.europa.eu/eurostat/statistics-explained/index.php/Government_finance_statistics
https://ec.europa.eu/isa2/eif_en
https://joinup.ec.europa.eu/asset/eia/description
https://joinup.ec.europa.eu/asset/eia/asset_release/cartography-tool-v101
https://joinup.ec.europa.eu/asset/eia/asset_release/cartography-tool-v101
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The rest of this article presents the following: 

¶ Some important background work on EU 
initiatives and programs as well as academic work 
on assessing IOP 

¶ The cornerstones used for developing IQAT© 

¶ The proposed IQAT© 

¶ An application of IQAT© 

¶ Conclusions 

EU AND INTEROPERABILITY 

In this section we present the most important IOP 
initiatives and programs launched by the European 
Commission. These formulate the context of this study, 
and thus constitute essential background information for 
IQAT©. In addition, we present the relevant high-level 
requirements for IQAT© development. Finally, we 
present a brief review of existing IOP assessment 
methods and conclude that a new method is needed to 
address the requirements of this work. 

Interoperability Initiatives in the European Union 

The EU considers IOP as a key enabler for the digital 
market. IOP has been defined (EIF© 2017) as: 

ñé the ability of organizations to interact towards mutually-
beneficial goals, involving the sharing of information and 
knowledge between these organizations, through the business 
processes they support, by means of the exchange of data 
between their ICT systems.ò 

Particular emphasis is placed on the IOP of software 
solutions developed to support public services. These 
solutions are sometimes developed by the European 
Commission or other bodies (in some cases co-funded 
by Member States) to facilitate cross-border exchange of 
information and delivery of electronic public services 
between Public Administrations in support of the 
implementation and advancement of EU policies. 

To address IOP issues, the European Commission has 
launched a number of initiatives including IDA

6
, IDABC

7
, 

ISA, and now ISA
2
. The current ISA

2 
program: 

ñsupports the development of digital solutions that enable 
public administrations, businesses, and citizens in Europe to 
benefit from interoperable cross-border and cross-sector public 
services.ò

8
 

The main dissemination channel of ISA
2 

is Joinup,
9
 a 

collaborative platform providing services aiming to help 
eGovernment professionals share their experience with 
each other. 

                                                      
6
 http://ec.europa.eu/idabc/en/document/2548/3.html 

7
 http://ec.europa.eu/idabc/ 

8
 https://ec.europa.eu/isa2/isa2_en 

9
 https://joinup.ec.europa.eu 

Some important ISA
2
 IOP programs are now outlined. 

The European Interoperability Framework (EIF©): 

ñé offers public administrations concrete recommendations on 
how to improve governance of their interoperability activities, 
establish cross-organizational relationships, streamline 
processes supporting end-to-end digital services, and ensure 
that both existing and new legislation do not compromise 
interoperability efforts.ò

10
 

The European Interoperability Reference Architecture 
(EIRA©)

11
 is a reference architecture for designing and 

describing digital public services across borders and 
sectors. Finally, the CarTool©

12
 documents European 

interoperable software solutions to facilitate reuse. 

In terms of IOP assessment for public services, the 
Interoperability Maturity Model (IMM©)

13
 holds a 

prominent position. This enables assessing the IOP of 
public services using a conceptual model that has been 
developed for that purpose. 

More information on the ISA value-creation model and 
how various programs fit into it can be found in Bovalis 
et al. (2014). 

Problem Definition and High-Level Requirements 

The European Commission was in need of a simple 
method to assess the IOP of software solutions 
supporting public services. A consultation with European 
Commission stakeholders suggested that the most 
important high-level requirements to guide this work 
were: 

¶ A ñQuick & Light IOP Assessment Toolkitò: The 
overall IQAT© would be used by the solution 
owners, thus it should be easy-to-use, concise, 
and comprehensive. 

¶ ñFlexibility of the IOP Scoring Modelò: The 
proposed IOP scoring model should be flexible 
enough to allow a comparable ranking of software 
solutions with different configurations. 
Furthermore, the IOP score of a software solution 
should always be on a scale between 0% and 
100%. 

¶ ñEnable good quality responses to be given by 
solution ownersò: IQAT© should contain structured 
and closed-ended questions in order to mitigate 
errors and facilitate gathering of good quality 
responses from solution owners. 

¶ A ñStand-alone Toolò: IQAT© should be 
implemented as a stand-alone tool (e.g., a 
Microsoft

®
 Excel

®
 file) to be downloadable from 

                                                      
10

 https://ec.europa.eu/isa2/eif_en 
11

 https://joinup.ec.europa.eu/asset/eia/ 
12

 https://joinup.ec.europa.eu/asset/eia/description#CarTool 
13

 https://ec.europa.eu/isa2/solutions/imm_en 

http://ec.europa.eu/idabc/en/document/2548/3.html
http://ec.europa.eu/idabc/
https://ec.europa.eu/isa2/isa2_en
https://joinup.ec.europa.eu/
https://ec.europa.eu/isa2/eif_en
https://joinup.ec.europa.eu/asset/eia/
https://joinup.ec.europa.eu/asset/eia/description#CarTool
https://ec.europa.eu/isa2/solutions/imm_en
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the Joinup portal. In a later phase other 
configurations could be considered (e.g., an online 
web tool). 

Interoperability Assessment Methods for Software 
Solutions 

In general, IOP assessment methods can be grouped in 
two categories (Guédria et al. 2009). Methods in the first 
category aim to assess the actual IOP between two 
systems that exchange data and/or information (also 
called a posteriori measurements). Methods in the 
second category aim to estimate the potential IOP of a 
specific software solution (also called a priori 
measurements). In this latter case, the system under 
investigation is assessed against a set of criteria that is 
defined for that purpose. 

The method proposed in this study belongs to the 
second category. Therefore, the objective is to assess 
the potential IOP of software solutions supporting public 
services. In the remainder of this article, all references to 
ñassessing IOPò will actually mean ñassessing potential 
IOPò. 

Having scoped what we wanted to develop, the next 
step was to search for relevant guidelines. Unfortunately, 
the academic literature does not contain any generic 
method providing guidelines for developing an IOP 
assessment method. Therefore, we had two broad 
alternatives for developing IQAT©. The first was to adopt 
(or possibly adapt) a published assessment model. The 
second was to develop an own model based on 
contextual constraints and high-level needs and 
requirements as well as relevant good practices. 

We first exploited the first alternative by searching the 
relevant literature. A few attempts have been made to 
review the literature on IOP assessment methods 
(Guédria et al. 2008; Rezaei et al. 2014; Gerontas 
2016). These suggest that a relatively large number of 
assessment methods have been proposed albeit using 
different underlying principles and methods. Examples 
include the Levels of Information Systems 
Interoperability (LISI) model developed in 1998 by the 
United States Department of Defense, C4ISR Working 
Group; the Interoperability Assessment Methodology; 
the Enterprise Interoperability Maturity Model (EIMM) 
developed by the ATHENA project; and the 
Organizational Interoperability Maturity Model amongst 
many others (Rezaei et al. 2014). Other relevant work 
includes the Spectrum of Interoperability Model (Lavean 
1980), the IOP score (Ford et al. 2007), and the 
Government Interoperability Maturity Matrix (Sarantis et 
al. 2008). 

The literature reviews concluded that no existing method 
can be adopted due to the specific existing landscape 
and its compliance requirements. For example, it is 

important that the assessment method complies with 
existing ISA

2
 programs, mainly EIF© and EIRA©. As a 

result, it was decided that we had to develop our own 
assessment method. The first step was to set the 
cornerstones of the method. This is presented in the 
next section. 

IQAT© CORNERSTONES 

IQAT© was based on four important cornerstones, as 
follows. 

Cornerstone 1: Compliance with EIF© v3 

The new version of EIF© (Version 3) was recently 
published and includes one conceptual model, four 
levels of IOP, 12 principles, and 47 recommendations 
(Figure 1 from the European Commission, 2017). Drafts 
of this version were available earlier; i.e., when the 
research reported in this article was conducted. 

A first decision for IQAT© development was that 
compliance with all EIF© v3 Recommendations would lie 
at its heart. In other words, it was decided that the IOP 
score of a software solution would heavily depend on the 
degree of its compliance with EIF© v3. 

Cornerstone 2: Compliance with EIRA© v1.0 

The EIRA© (EIRA© 2016): 

ñé is composed of the most important architecture building 
blocks needed to promote cross-border and cross-sector 
interactions between public administrations.ò 

Figure 2 presents the technical view of EIRA© including 
its building blocks. This figure suggests that 
communication of an EIRA©-compliant software solution 
is performed through the ñHuman Interfaceò building 
block and the ñMachine-to-Machine Interfaceò building 
block. 

Thus, a second decision for IQAT© development was 
the assessment of compliance with EIRA© v1.0. In other 
words, it was decided that the IOP score of a software 
solution would depend on the degree of its compliance 
with the EIRA© v1.0 technical architecture. 

Cornerstone 3: Compliance with IMM© v1.0 

The IMM© distinguishes between the internal domain 
(here the organization produces the public services part 
of its service portfolio) and the external domain (here the 
public service reuses existing services from other 
administrations and/or businesses). 

The IMM© defines and assesses three IOP areas: 

¶ Service Delivery; i.e., the delivery of the public 
service to end-users 

¶ Service Consumption; i.e., the consumption of 
reusable machine-to-machine services from other 
public administrations and businesses 
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¶ Service Management; i.e., controlling and 
monitoring the process flow related to service 
interactions with the external domain (Figure 3) 

In the IMM©, the assessment of IOP maturity is 
performed using a questionnaire. The sections of the 
questionnaire reflect the above-outlined IOP areas: 
Service Context (Section A), Service Delivery (Section 
B), Service Consumption (Section C), and Service 
Management (Section D). 

Finally, the IMMÉ suggests that a public serviceôs IOP 
maturity can be classified into one of the following 
maturity levels: 

¶ Ad Hoc (Poor IOP): The service has almost no 
IOP in place. 

¶ Opportunistic (Fair IOP): The service implements 
some elements of IOP best practices. 

¶ Essential (Essential IOP): The service implements 
the essential best practices for IOP. 

¶ Sustainable (Good IOP): All relevant IOP best 
practices are implemented by the public service. 

¶ Seamless (IOP Leading Practice): The service is a 
leading example for others. 

Thus, a third decision for IQAT© development was to 
use the IMM© v1.0 as important background material 
due to its relevance to the objectives of this study. 
However, it is important to note that the IMM© assesses 
the IOP of public services, while the scope of our 
research is software solutions. For this reason, IMM© 
content, where built upon, had to be properly adapted. 

Cornerstone 4: Adherence to Open Specifications 

Open specifications are important for the EU in all areas 
including IOP. Thus, the last decision for IQAT© 
development was to endorse the use of open 
specifications wherever relevant. 

 

Figure 1: EIF© Conceptual Model Relations (from European Commission, 2017) 
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Figure 2: Technical ï Application View of EIRA© (from EIRA© 2016) 

 

Figure 3: IMM© Interoperability Areas (from IMM© 2016) 
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INTEROPERABILITY QUICK ASSESSMENT TOOL 

In this section, the proposed IQAT© is presented. We 
start by outlining a proposed conceptual model and IOP 
areas. Then, the most important part is presented which 
includes the IQAT© criteria and questions. Finally, the 
proposed scoring model is presented followed by the 
IQAT© software tool. 

IQAT© Conceptual Model 

Figure 4 presents the proposed conceptual model for the 
IOP quick assessment of software solutions. This model 
is heavily influenced by the IMM© (IMM© 2016). 

 

Figure 4: Conceptual Model for IOP Quick Assessment of 
Software Solutions 

It is acknowledged that not all solutions might have the 
same configuration. However, it is implied that a solution 
is usable if it contains at least one interface; i.e., either 
Human-to-Machine (H2M) or Machine-to-Machine 
(M2M). For this reason, specific preconditions, in terms 
of EIRA©, for the conceptual model have been identified. 

The following two cases have been identified: 

¶ There are solutions that do not have human end-
users and thus H2M is not relevant to them. In this 
case, the solution does not contain the EIRA© 
Building Block ñHuman_Interfaceò. 

¶ There are solutions that do not exchange data 
with other solutions and thus M2M is not relevant 
to them. In this case, the solution does not include 
the EIRA© Building Block 
ñMachine_to_Machine_Interfaceò. 

Therefore, three possible software solution 
configurations have been identified, as shown in Table 1. 

Table 1: Software Solutionôs Possible Configurations 

Configuration 1 Configuration 2 Configuration 3 

IOP Governance IOP Governance IOP Governance 

SW Architecture SW Architecture SW Architecture 

Human-to-
Machine Interface 

Machine-to-
Machine Interface 

Human-to-Machine 
Interface 

Machine-to-
Machine Interface 

  

IQAT© Interoperability Areas 

The definition of IOP assessment areas is influenced by 
the approach followed in the IMM©. IQAT© has a 
number of important similarities to and differences from 
the IMM©. The most important are: 

¶ The focus of IQAT© is on a software solution, and 
not on a public service 

¶ The overall approach of IQAT© is towards 
assessing potential IOP of a software solution and 
not the actual level of IOP of an operational public 
service 

The IOP conceptual model comprises the following four 
IOP areas to be assessed: 

¶ IOP Governance: This area assesses the overall 
governance of IOP. It assesses factors relevant to 
actions that took place before the actual 
development of the software solution. It also 
includes factors relevant to the existence of 
policies and processes to safeguard IOP. 

¶ Software Architecture: This area assesses the 
maturity of the internal software architecture of a 
software solution as well as the coordination of 
interactions with other software solutions, based 
on EIRA© v1.0. 

¶ Human-to-Machine (H2M) Interface: This area 
assesses the interaction, including semantic 
aspects, between a software solution and its 
human end-users. 

¶ Machine-to-Machine (M2M) Interface: This area 
assesses the interaction, including semantic 
aspects, between a software solution and other 
software solutions. 

A summary of all IOP areas and preconditions is 
presented in Figure 5, which also includes the EIRA© 
architecture building blocks that are relevant for 
assessment purposes. 
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Figure 5: Description of the Four IOP Areas 

 

IQAT© Criteria, Questions, and Answers 

Starting from the identified IOP areas presented in the 
previous sub-section and the IMM© questionnaire,

1
 the 

IOP criteria have been defined. Subsequently, we have 
mapped EIF© v3 Recommendations to these criteria in 
order to develop the relevant questions and possible 
answers for each criterion. 

Table 2 summarizes the complete list of proposed IOP 
assessment criteria. 

Table 2: List of IQAT© Interoperability Areas and Criteria 

IOP Area IOP Criterion 

IOP Governance G1. Interoperability by Design 

G2. Interoperability Strategies and Plans 

G3. Interoperability Processes 

SW Architecture A1. Architectural Maturity: Solution 
Building Blocks 

A2. Architectural Maturity: Business 
Processes Orchestration 

A3. Availability: Service Registration 
Service 

A4. IOP Test Scenarios/Services 

A5. Documentation 

H2M Interface H1. User-Centricity: Multi-Channel 
Delivery 

                                                      
1
 https://joinup.ec.europa.eu/sites/default/files/imm_lite_questionnaire.pdf 

IOP Area IOP Criterion 

H2. User-Centricity: 
Device/Platform/Browser Independency 

H3. Accessibility: e-Accessibility 
Specifications 

H4. Accessibility: Multi-lingualism 

H5. OpenData 

M2M Interface M1. Data Exchange 

M2. Data Exchange: Interaction Type 

M1. Data Exchange: Transfer Channel 

M1. Data Exchange: Data Format 

Table 3 presents the criteria along with the relevant 
questions to assess each of them for the area ñIOP 
Governanceò. For all questions, the possible answers 
are: 

¶ ñConsidered and appliedò 

¶ ñConsidered and partially appliedò 

¶ ñNot consideredò 

¶ ñConsidered and found to be not relevantò 

The criteria and questions follow. The full questionnaire 
for all assessment areas is expected to be publicly 
available soon via the Joinup platform. 

https://joinup.ec.europa.eu/sites/default/files/imm_lite_questionnaire.pdf
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Table 3: Criteria and Questions for the ñIOP Governanceò 
Area 

Criterion G1. Governance by Design 

For each statement, please indicate whether the statement 
was considered during the design or procurement phase of 
your solution. 

1 When designing the solution, preference was given to 
open interoperability specifications 

2 When designing the solution, the effectiveness and 
efficiency of different solutions as well as different 
technological options considering user needs, 
proportionality, and balance between costs and benefits 
were evaluated 

3 When designing the solution, coherence with the relevant 
legislation has been evaluated 

4 When designing the solution, mechanisms for co-creating 
and involving the users were put in place 

5 When procuring or designing the solution, a structured, 
transparent, objective, and common approach in 
assessing and selecting standards and specifications was 
used; EU recommendations, in this respect, were taken 
into account and coherence for these approaches across 
borders was achieved 

Criterion G2. Interoperability Strategies and Plans 

Please indicate whether the following IOP strategies and plans 
have been considered and applied during the operation of 
your solution. 

1 Interoperability strategy 

2 Long-term preservation policy for information (especially 
for information that is exchanged across borders) 

3 Data quality assurance plans for base registries and 
related master data 

4 Security and privacy strategies (or recommendations, 
guidelines, etc.) to ensure secure data exchange 

5 Interoperability agreements (Interoperability Service 
Agreements, Interoperability Collaboration Agreements, or 
Interoperability Provider Agreements) 

6 Information management strategy 

7 Other IOP-related strategy/plan (please name below) 

Criterion G3. Interoperability Processes 

Please indicate whether the following IOP processes were 
considered and applied to support the operation of your 
solution. 

1 Procedures to constantly simplify processes and use 
digital channels whenever appropriate for the delivery of 
your solution, to respond in a timely manner and with high 
quality to usersô requests and reduce the administrative 
burden imposed on administrations, businesses, and 
citizens 

2 Processes for appropriately generating/collecting, 
managing, sharing, protecting, and preserving data and 
information (which are perceived as a public asset) 

3 Processes to integrate the opening of data in common 
business processes and working routines, and also when 
developing new information systems 

4 Change management processes to ensure continuous 
service delivery 

5 Processes to select relevant standards and specifications, 
evaluate them, monitor their implementation, check 
compliance, and test their interoperability 

6 Processes to enable co-creation and involvement of users 
in the assessment and evolution of the solution 

7 Processes to document your business processes using 
commonly accepted modeling techniques and agree on 
how these processes will interact to deliver the solution 

We now present an example of how the various criteria 
and questions were derived. We start with the first 
question for the first criterion. It states: 

ñWhen designing the solution, preference was given to open 
interoperability specifications.ò 

This question has been inserted to assess compliance 
with EIF© v3, Underlying principle 2: Openness, 
Recommendation 4, which states: 

ñGive preference to open specifications, taking due account of 
the coverage of functional needs, maturity and market support, 
and innovation.ò 

as well as Recommendation 33, which states: 

ñUse open specifications, where available, to ensure technical 
interoperability when establishing European public services.ò 

The same method has been followed in all criteria and 
all questions and possible answers. In addition, a table 
showing the mapping between IQAT© criteria and 
questions as well as EIF© v3 Recommendations has 
been produced, but this is not included in this article due 
to space restrictions. 

IQAT© Scoring Model 

The proposed scoring model is based on a simple linear 
weighted model: the total IOP score equals the sum of 
the scores of the four IOP areas. 

Each area has a coefficient where its value needs to be 
defined. Hence, there are four area coefficients, namely 
a1, a2, a3, and a4. Similarly, the score of each area 
equals the sum of the scores of the IQAT© criteria in that 
area. Again, each criterion has a coefficient wij where its 
value needs to be defined. As an example, w23 denotes 
the coefficient of the 3

rd
 criterion within the 2

nd
 area. 

Finally, the score of each criterion is based on the 
answer in the relevant question (Figure 6). 

It should be noted that the values of the coefficients 
were fine-tuned during the consultations with 
stakeholders and pilots were performed (a pilot example 
is provided in the next section). 
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Figure 6: Interoperability Scoring Model 

 

The main rules of this model are: 

¶ The ñpotential IOP scoreò is always between 0% 
and 100%. 

¶ The ñIOP area scoreò for each and every IOP area 
is always between 0% and 100%. 

¶ The ñIOP criterion scoreò for each criterion is 
always between 0% and 100%. 

¶ If H2M or M2M areas are not applicable for a 
given software solution, these IOP areas do not 
contribute to the overall IOP score. Thus, IOP 
area coefficients are automatically readjusted, 
whenever needed. This makes it possible to rank 
software solutions with different configurations. 

¶ In the (theoretical) case where both H2M and 
M2M areas are not applicable, the relevant 
solution is considered as not interoperable (ñIOP 
scoreò is 0%), as by definition IOP implies data 
and/or information exchange through human or 
machine interfaces. 

¶ If an IOP criterion is ñnot applicableò in a specific 
solution, this IOP criterion does not contribute to 
the IOP area score. Thus, IOP criteria coefficients 
are automatically readjusted for each IOP area. 

An important property of the proposed IOP scoring 
calculation method is its flexibility: weights assigned to 
each IOP area are readjusted based on the applicable 
software solutionôs configuration. 

The proposed IQAT© suggests a four-stage maturity 
model to indicate the potential IOP maturity of a specific 
software solution. The stages are: 

¶ Excellent Potential Interoperability (90% to 100%): 
This stage includes solutions that, on average, 
performed excellently in the relevant criteria and 
are thus considered as having excellent potential 
IOP. 

¶ Very Good Potential Interoperability (75% to 
89.9%): This stage includes solutions that, on 

average, performed very well in the relevant 
criteria. These solutions have small room for 
further improvement to become excellent. 

¶ Fair Potential Interoperability (50% to 74.9%): This 
stage includes solutions that, on average, 
performed fairly in the relevant criteria. These 
solutions have significant room for further 
improvement. 

¶ Poor Potential Interoperability (0% to 49.9%): This 
stage includes solutions that, on average, 
performed poorly in the relevant criteria. The 
potential IOP of these solutions is considered as 
having substantial room for improvement. 

The thresholds for each IOP stage have been fine-tuned 
based on the IOP score calculated for the software 
solutions involved in various pilots performed within this 
research (a pilot example is presented in the next 
section). 

Based on these four stages, it is suggested that every 
software solution assessed as having ñVery Good 
Potential Interoperabilityò (or above) should be 
considered as a candidate for inclusion in the European 
Interoperability Cartography (EIC). 

IQAT© 

IQAT© supports a short and comprehensive 
questionnaire to collect information on the software 
solution under assessment from the solution owner, in 
order to automatically calculate its potential IOP score. 
The tool includes one section per IOP area and one 
question per IOP criterion with closed answers, and 
implements the defined IOP scoring model. 

The tool is implemented in Microsoft Excel without 
macros in order to be easily used by any solution owner. 
It consists of three front-end worksheets and two back-
end worksheets, as follows: 

¶ Front-end: The worksheets ñCoverò, ñIOP Quick 
Assessment Toolò, and ñIOP Final Scoresò are 
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visible to the solution owner and only the cells to 
be filled-in are unlocked (e.g., Figure 7). 

¶ Back-end: The worksheets ñIOP Parameters 
Dashboardò and ñIOP Calculation Dashboardò are 
not visible to the solution owner. They are only for 
ISA internal use and for easy maintenance and 

sustainability of the tool. In fact, all IOP 
parameters (weights, thresholds, etc.) are fully 
configurable. 

 

 

 

Figure 1: Screenshot of the Tool 

 

Figure 8: IMI Results 

The Excel tool is expected to be available soon in Joinup. 
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CASE STUDY 

In this section we present the use of IQAT© to assess 
the potential IOP of a specific trans-European solution, 
namely the Internal Market Information System (IMI). 

IMI is a secure online tool enabling national, regional, 
and local authorities to communicate quickly and easily 
with their counterparts in other EU countries, Iceland, 
Liechtenstein, or Norway.

1
 

IMI allows public authorities to share information in 
different ways as follows:

2
 

¶ 1-to-1 workflow: Authorities in different countries 
exchange information using pre-translated 
questions and answers. 

¶ 1-to-many workflow: An authority sends out 
information to multiple recipients. For example, an 
alert mechanism for service activities that might 
cause serious damage to the health or safety of 
people or to the environment. 

¶ Repositories: An authority can store information in 
a database inside IMI, which can then be made 
accessible to all IMI users or a defined group of 
users. For example, IMI is currently used for 
companies licensed to transport Euro cash by 
road. 

IQAT© was used to assess the potential IOP of IMI. For 
that purpose, an interview was conducted with the 
solution owner to present the method and explain the 
criteria and questions. The solution owner subsequently 
answered the questions and the tool computed the IOP 
scores, as shown in Figure 8. 

Figure 8 provides the results in numerical and textual 
form as well as in the form of a spidergram. The results 
suggest that IMI performed excellently in the areas of 
IOP Governance as well as Machine-to-Machine 
Interface. 

IMI performed well in the area of Human Interface but 
there is room for improvement. By delving into the 
specific criteria and answers, the solution owner may 
obtain some potentially interesting information. Here, it 
becomes evident that IMI is provided only as a web 
application. No multiple channels are used, but this 
might not be a problem for this specific solution. In 
addition, IMI does not conform to any e-accessibility 
specification; e.g., ISO/IEC 40500:2012. 

                                                      
1
 http://ec.europa.eu/internal_market/imi-

net/_docs/training/imi_basics_en.pdf 
2
 http://ec.europa.eu/internal_market/imi-

net/about/index_en.htm#maincontentSec2 

Finally, IMI performed marginally in the area of Software 
Architecture. Delving into criteria and questions, it 
becomes evident that this is due to the following: 

¶ The fact that certain modules have been 
implemented as either components or services but 
not both 

¶ The fact that no solution service has been 
registered through a Service Registration Service 

¶ The fact that the solution provides neither Test 
Scenarios nor Test Services 

¶ Limited documentation 

All these constitute areas where there is room for further 
improvement of IMIôs potential IOP. These 
recommendations were taken into consideration to 
improve IMIôs potential IOP. 

CONCLUSION 

This article presents the Interoperability Quick 
Assessment Tool (IQAT©), which was developed to 
assess the IOP of software solutions supporting public 
services. IQAT© estimates the potential IOP of software 
solutions by assessing compliance with EIF© v3, EIRA© 
v1.0, as well as the employment of open specifications 
and standards. IQAT© is based on the Interoperability 
Maturity Model (IMM©) acknowledging, however, that 
the IMM© assesses the actual IOP of public services 
while IQAT© assesses the potential IOP of software 
solutions supporting public services. 

IQAT© is based on a conceptual model that enables 
deriving the four important IOP areas, namely IOP 
Governance, Software Architecture, Human-to-Machine 
Interface, and Machine-to-Machine Interface. For each 
area, a number of criteria are defined. For each criterion, 
a closed question is defined along with a small number 
of answers. In addition, a simple but flexible scoring 
model is introduced enabling scoring the potential IOP of 
any software solution as well as ranking software 
solutions even if they have different configurations. 
Furthermore, we have presented an Excel file that 
enables gathering answers, computing IOP scores, and 
providing IOP results in terms of a spidergram. This tool 
grants high accessibility, as it has complex logic 
implemented seamlessly on a single Excel file and high 
maintainability as all IOP parameters can be accessed 
and modified easily through meaningful Dashboards. 

The article finally presents the application of IQAT© to 
assess the potential IOP of the Internal Market 
Information System (IMI) software solution. The results 
enable not only the attainment of an IOP score, but, 
most importantly, identification of areas where IOP 
improvements are possible. 

http://ec.europa.eu/internal_market/imi-net/_docs/training/imi_basics_en.pdf
http://ec.europa.eu/internal_market/imi-net/_docs/training/imi_basics_en.pdf
http://ec.europa.eu/internal_market/imi-net/about/index_en.htm#maincontentSec2
http://ec.europa.eu/internal_market/imi-net/about/index_en.htm#maincontentSec2
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The expected benefits of IQAT© can be summarized as 
follows: 

¶ It spots areas for improving the IOP in a given 
software solution 

¶ It supports portfolio management decisions by 
suggesting software solutions that could be 
published in the CarTool©, by clustering solutions 
with regard to IOP maturity, and by identifying 
solutions that should be improved in terms of IOP 

¶ It is applicable to any software solution 

¶ It saves time and resources in the assessment of 
the actual level of IOP by acting as a gateway to 
it; e.g., if the IQAT© score is below a suggested 
threshold it might be recommended not to invest 
further efforts in assessing the actual IOP 

¶ It supports end-users of the CarTool© in verifying 
the overall IOP score of any published software 
solution 
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Article 

Enterprise Architecture as a Framework for Digital Transformation 
in the EPC Industry 

Paresh Bhaide and Rajiv Rao 

Abstract 

Digital Transformation has become mainstream. However, industries such as Engineering, Procurement, and 
Construction (EPC) are still playing catch-up due to the highly complex environment in which they operate and the low 
levels of technology adoption by various stakeholders. The core business of EPC companies involves bidding for 
infrastructure projects and managing the project execution. The types of infrastructure projects typically include power 
plants, railways, roads, power transmission and distribution, metals and minerals extraction, construction of buildings, and 
airports. In most cases, the project sites are in remote locations where there are challenges with physical and network 
connectivity. While for projects such as power plants the project site is limited to a single location, railway projects could 
have multiple sites along the length of the railway line. 

For successful execution of project activities, seamless exchange of information is imperative between the central offices 
and the project sites. Digital technologies can play a pivotal role in ensuring the smooth execution of bidding and project 
management tasks. However considering the low level of technology adoption, a framework is required to guide the 
Digital Transformation for EPC companies to enable adoption of a holistic view of the business ecosystem with the ability 
to address the wide gap between existing legacy technology setup in companies and todayôs cutting-edge technologies. 

This article explores the possibilities of using Enterprise Architecture (EA) as such a framework based on insights derived 
from an actual case and highlights important guidelines to apply EA for Digital Transformation in EPC. 

Keywords 

Digital Transformation, Enterprise Architecture, Frameworks, EPC, Construction, Project Management 

 
 
 

INTRODUCTION 

Digital Transformation Defined 

An organizational transformation driven by the evolution 
of newer business trends due to possibilities presented 
by technology is called ñDigital Transformationò. Some 
such technologies are Social, Mobile, Analytics (Big 
Data), and Cloud (SMAC), sense and respond, Internet 
of Things (IoT), and Artificial Intelligence (AI). 

Digital Transformation manifests itself in different forms 
depending on the nature of the industry. For consumer-
driven industries such as retail or banking, Digital 
Transformation usually involves providing a superior 
consumer experience, automating and optimizing 
processes that support the consumer experience, and, 
more significantly, leveraging digital to re-imagine 
business models. However, in other industries such as 
infrastructure or oil & gas, Digital Transformation drives 
efficiencies through ease of access to information, 
improved stakeholder interaction with partners, 
suppliers, etc. using digital channels, real-time decision-

making, and better forecasting capabilities to improve 
profitability and enhance productivity. 

It is thus essential to understand the unique 
characteristics of each industry and the key business 
drivers for that industry before embarking on a Digital 
Transformation journey. 

The EPC Context 

EPC business can be broadly classified into two stages: 

¶ Pre-award stage where companies explore 
opportunities and respond to tenders by 
submitting bids for projects 

¶ Post-award stage where companies manage 
projects by performing engineering, procurement, 
and construction activities 

A snapshot of the activities involved in the EPC value 
chain is shown in Figure 1. There are many 
characteristics that are unique to the EPC industry that 
should be considered for Digital Transformation. This is 
explained in subsequent sections. 
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Figure 1: EPC Industry Value Chain 

 

Customer Profile 

EPC firms have a finite customer base of primarily 
governments and other large institutional customers. 
They rely on repeat business from the same customers. 

The nature of customer interactions also differs 
significantly. In a banking or retail context, the customer 
interactions are mostly transactional and are completed 
within a finite time period. In the case of EPC customers, 
the interactions are spread over the project lifecycle, 
typically a few years, with constant back and forth 
communication. 

Product/Service Offerings 

The products and services offered by industries such as 
banking and retail have become standardized over time 
thereby providing a degree of certainty to the customers 
on what they can expect. EPC on the contrary deals with 
execution of projects. Influenced by a number of internal 
and external factors, the output of these projects is not 
as concretely defined or standardized as in the case of 
other industries. Customers also have to wait to realize 
the value from EPC projects unlike other industries 
where products or services can be readily consumed. 

High-Cost Pressures and Low Margins 

Executing EPC projects calls for a diverse set of 
capabilities including business development, engineering 
design, construction, quality, and project management. 
There are only a few players who possess end-to-end 

capabilities across the value chain. As a result, it is 
common to find firms entering into joint ventures with 
partners to enable them to bid for projects that they may 
not be able to execute on their own. This trend has 
resulted in increased competition and lowered profit 
margins. 

 

Figure 2: Key Stakeholders in EPC Project Management 
(Source: World Bank Report [1]) 

Another reason for high-cost pressures and low margins 
in EPC is the involvement of multiple stakeholders. A 
World Bank Report [1] cites direct involvement of 
multiple stakeholders during the entire duration of the 
project. 

In sectors such as insurance, the involvement of other 
stakeholders occurs: 

¶ During the approval of a product; e.g., insurance 
product 
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¶ Assessing the compliance during selling of the 
products ï essentially, each selling transaction is 
not checked but a sample would be checked 

While regulatory bodies play a key role here, there is no 
direct impact on sales which are transactional in nature 
with minimal involvement from other parties. However, in 
the case of EPC projects, the very creation of the 
product (viz. a construction) directly involves regulatory 
bodies, government agencies, and utility providers. 
Thus, activities of these bodies are a part of the critical 
path of a project. Any slippage in the activities involving 
other stakeholders leads to delays and escalation of 
expenses such as interest payments and pressure on 
margins. 

Commercial, Legal, and Other Aspects 

Although low margins and cost pressures are universal, 
EPC companies operate in an environment where 
stakes are high, resulting in even higher cost pressures. 
A single project with cost and time overruns could have 
an adverse effect on the financial stability and the very 
existence of the company. Similarly, Environment, 
Health, and Safety (EHS) is very important for an EPC 
company as it could determine future business 
prospects. Any safety or environmental mishap can 
create a negative reputation that could be difficult to 
overcome. 

It is evident that improving efficiencies during the bidding 
and project execution stages across the business 
ecosystem is the major driver for profitability in EPC 
companies. This is over and above other drivers such as 
customer experience or product/service differentiation. 
While the effectiveness of the bidding process has an 
impact on business growth and expected profit, 
efficiency during project execution has implications 
largely on actual profit and financial performance. 

Digital Transformation in the EPC Context 

According to the World Bank Report [1] on the EPC 
industry, the key focus areas for companies should be 
addressing the challenges faced during: 

¶ Pre-award ï ensure submission of a competitive 
bid 

¶ Post-award ï improve efficiencies during project 
execution 

Effectiveness of Bidding Process 

The ability of EPC companies to submit competitive bids 
is crucial in growing the business. Companies should 
focus on building capabilities in the following areas: 

¶ The right pricing of a bid through: 

¶ Estimation based on historical cost data, risk data, 
and pre-bid vendor commitments 

¶ Pre-Qualification (PQ) repository and knowledge 
base 

¶ The right billing/financial milestones that tie down 
vendor payment to customer receivables 

¶ The right contractual clauses with customers, 
partners/vendors, and other stakeholders ï this 
can be aided by an historically acquired 
knowledge base in addition to having the right 
setup to track contractual terms 

Efficiency in Project Execution 

The ability of EPC companies to ensure timely 
completion of projects within budgets is critical for 
financial stability and sustained profitability. Companies 
should focus on the following operational efficiencies: 

¶ Efficient monitoring of project schedules and costs 
through effective project governance using digital 
technologies 

¶ Scope and contract management for early 
detection of design/scope changes, reducing 
damage claims, and disputes 

¶ Tracking asset utilization and maintenance 
schedules of equipment 

¶ Monitoring EHS aspects at project sites 

To address these challenges, EPC companies require a 
combination of foundational and innovative technology 
capabilities. Thus, it has become imperative to enhance 
basic IT capabilities as well as increase digital 
enablement to keep pace with the market and 
competition. 

EA AS THE FRAMEWORK FOR DIGITAL 
TRANSFORMATION IN THE EPC INDUSTRY 

Frameworks for Digital Transformation 

Frameworks for planning Digital Transformation, such as 
the Digital Capability Framework [2], highlight IT 
excellence, transformation capability, and a basic level 
of operational excellence as pre-requisites. Operational 
excellence is linked to IT excellence. Unless there is a 
fair level of IT infrastructure, it is difficult to capture the 
information required to measure the relevant operational 
parameters. 

EA provides a framework to build foundational 
capabilities in IT excellence and operational excellence, 
and guide transformation in organizations [3]. Further, 
EA frameworks, such as the TOGAF

®
 standard, provide 

iterative approaches encompassing business, 
application, information, and technology architecture 
domains, making EA the framework of choice to drive IT 
transformation in EPC companies. EA has already 
evolved from a ñtechnology-drivenò to a ñbusiness 



 

Journal of Enterprise Architecture ï Volume 14, No. 1 22 © 2018 Association of Enterprise Architects 

outcome-drivenò discipline [4]. However, EA is also a 
potential framework to drive Digital Transformation which 
is integral to business strategy. The way forward to 
achieve this is to extend the ñEnterpriseò in EA into the 
Digital Business Ecosystem. 

However, EA needs to evolve to address the challenges 
of the digital arena. This is covered in detail in 
subsequent sections. 

Adopting EA for Digital Transformation 

The TOGAF standard is one of the most widely-
accepted EA frameworks in the industry. While applying 
the TOGAF Architecture Development Method (ADM)

 

[5], the following considerations should enable the needs 
of Digital Transformation to be addressed: 

¶ In each phase of the ADM, due consideration 
should be given to the business ecosystem and its 
implications. For EPC, extending the business 
ecosystem implies identifying opportunities for 
operational excellence by leveraging technologies 
for collaboration with customers and partners. 

¶ Collaboration with remotely located stakeholders 
(staff at project sites) and external stakeholders 
also demands the right information architecture 
across the business ecosystem. A study of 
various information assets, their consolidation, 
and standardization is key to successful Digital 
Transformation. Because EPC projects have long 
durations, rolling out any information architecture 
initiatives requires careful consideration of their 
impact on running projects. The desirable 
outcomes include improved operational efficiency 
and the availability of the right information during 
the pre-award stage that results in business 
growth. 

¶ The digital era demands keeping pace with 
technologies and new possibilities for business. 
Hence, while developing the architecture domains, 
due diligence of the business and technology 
trends in the market is required. Applying a 
parallel two-stream approach ï Foundational EA 
and Vanguard EA ï to address the wide gap 
between as-is and to-be in EPC is beneficial. A 
snapshot of the trends in the EPC industry along 
with potential digital opportunities is shown in 
Figure 3. 

¶ In order to address the wide technology gap 
between as-is and to-be, the right strategy should 
be applied while selecting the solution so that 
EPC companies can fast-track new technology 
adoption where feasible. An evaluation of a 
ñCOTS-basedò (Commercial Off-The-Shelf 
products or packaged software) approach versus 
ñcustom-buildò approach needs to be carried out. 
For example, a digitally-enabled COTS product for 
standardized functionality such as HR or supply 
chain speeds up the adoption of mobility and 
analytics. Thus, the use of a custom-build 
approach can be restricted only to those business 
capabilities that are differentiators for the 
organization. 

¶ Lastly, the world of digital brings associated 
security and data privacy challenges. It is 
necessary that the required foundational policies 
and procedures are in place before the technology 
rollout. Due analysis of each solution component 
should be carried out and corresponding 
guidelines should be identified as part of the 
Transformation Planning exercise. 

 

Trend/Change Driver Potential Digital Opportunities 

Mobility Mobile applications enable EPC professionals to 
execute a growing range of tasks anywhere and 
anytime: 

¶ Accessing job cost and other project reports 

¶ Sharing drawings, photos, and other project 
documents 

¶ Submitting daily field reports 

¶ Processing service work orders 

¶ Completing punch lists 

¶ Tracking equipment and inventory 

¶ Accepting materials at the job site 

¶ Leverage mobility for field activities such as progress 
reporting, quality inspection, EHS, etc. 

¶ Mobile apps that work offline and sync data back to 
servers when network is available 

¶ Virtual bookshelf solutions for project sites for 
employees to view documents on handheld devices 

¶ Mobile initiatives help achieve holistic project 
governance 
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Trend/Change Driver Potential Digital Opportunities 

Analytics ¶ EPC companies are capturing data with great 
granularity, including vendor transactions, field 
reports, change orders, and client interactions 

¶ Forward-thinking EPC companies can use 
analytics to gain competitive edge 

¶ Analytics can provide EPC companies with 
insight for decision support ï provided 
companies ask the right questions, maintain 
the right data sources, and use the right 
statistical tools to interpret answers 

¶ AI-based search engines for mining the enterprise 
knowledge repository and retrieving tacit information 
required for projects 

¶ Project reports and dashboards for different 
stakeholders ï project managers, senior management, 
regulators, etc. 

¶ Commercial and financial modeling ï to measure 
profitability, dynamic modeling based on ñwhat-ifò 
scenarios 

Cloud The most advantageous aspect of cloud computing 
for EPC companies is its ability to connect the site 
with the office at optimal cost and in a quicker 
timeframe: 

¶ Better insight to sites 

¶ Enable transfer of more timely and accurate 
site-to-office information 

¶ Empower managers with the information they 
need to keep projects on track 

¶ Create a centralized hub for project documents 
in the cloud to provide employees, sub-
contractors, and clients with the ability to share 
and retrieve the latest project information 

¶ Leverage cloud model ï Software as a Service (SaaS) ï 
for enhanced stakeholder interaction while also 
reducing IT expenses 

¶ APIs for integration between cloud-based and on-
premise systems 

¶ Better sharing of information within the ecosystem aids 
project governance 

Figure 3: Digital Trends and Opportunities for the EPC Industry 

 

CASE IN POINT 

This section explains a case in point where EA was used 
as a framework for Digital Transformation for a large 
Indian EPC company. 

The companyôs growth strategy entailed rapid 
diversification into different business segments and 
geographies while streamlining costs and optimizing 
cash flows. However, inefficiencies in legacy business 
processes were affecting project execution timelines and 
hindering growth. The result was ineffective schedules 
and cost control leading to cost and time overruns. 
Further, extensive customization and lack of integration 
between core systems led to increased technology 
complexity. The result was a complex technology 
landscape with high lead times for technology adoption 
by employees across offices and remote project sites. In 
order to achieve the business aspirations, the company 
had to improve the efficiency of its core and support 
functions. 

Initiatives harnessing digital technologies were viewed 
as key to improving efficiencies. However, the company 
also lacked many foundational capabilities without which 
the desired outcomes were not possible. To address 

these challenges, the company chose EA as the 
framework. 

Because during the preliminary assessment a wide gap 
between as-is and to-be became evident, two parallel 
streams were started, as illustrated in Figure 4: 

¶ Foundational EA stream to address capability 
gaps in foundational areas such as finance, 
project control, and supply chain 

¶ Vanguard EA stream to harness digital 
technologies ï SMAC and IoT ï to improve 
efficiencies and increase technology adoption 

To start with, the Vanguard EA stream started with an 
exhaustive due diligence of various trends in the industry 
to identify potential opportunities applicable for the 
organization. The entire ecosystem of the organization 
encompassing the customers, core enterprise, and the 
extended enterprise (suppliers, government agencies, 
sub-contractors, etc.) was analyzed. The trends were 
thus identified and their implications played back through 
stakeholder workshops to draw insights and identify 
opportunities for digital enablement. 



 

Journal of Enterprise Architecture ï Volume 14, No. 1 24 © 2018 Association of Enterprise Architects 

From the analysis, the team identified digital 
opportunities in the areas of mobility, analytics, cloud, 
and AI such as: 

¶ Mobility strategy & Bring Your Own Device 
(BYOD) 

¶ AI-based search engines for mining knowledge 
repository 

¶ Enterprise collaboration platform for knowledge 
sharing and workforce engagement 

¶ Project and enterprise-level reporting and 
dashboards 

The Foundational EA stream, in parallel, used traditional 
EA approaches such as value chain and business 
capability models for gap analysis. This stream was also 
responsible for understanding the details of the as-is 
setup at the organization to identify challenges that it 
could identify in accelerating digital enablement. Based 
on this analysis, initiatives were identified to address 
capability gaps in areas such as project control, supply 
chain, finance, and HR. A balance of COTS-based and 
custom-build approaches was adopted. The custom-
build approach was taken to move forward in areas 
where the organization had unique differentiators such 
as quality control and EHS. 

The final set of recommendations and a prioritized IT 
roadmap were reached by merging the findings from 
both streams. The collaborative analysis led to cross-
pollination of ideas leading to more initiatives. For 
example, building functionality into mobile and web apps 
required integration with back-end systems through an 
Enterprise Service Bus (ESB) which was a foundational 
capability. 

Similarly, analysis of the technology architecture by the 
Foundational EA team revealed that some on-premise 

applications could be migrated to the cloud. The 
initiatives to set up policies and procedures such as 
BYOD were also included as part of the roadmap to 
pave the way for a safe technology adoption. 

A parallel stream and collaborative approach helped to 
speed up the blue printing of Digital Transformation and 
also to come up with a roadmap that addressed the 
move from low IT adoption to digital. 

A lean EA practice was established to oversee the 
governance aspects during implementation of the 
initiative called ñTechnology Watchò, to track and 
evaluate digital trends and opportunities on an ongoing 
basis. This was an important mandate for the EA 
practice. 

 

Figure 4: Adopting EA for Digital Transformation in EPC 

An overview of the assessment phases, approach taken 
for each phase, along with key outcomes and 
deliverables is described in Figure 5. 

 

Phase Approach Taken and Key Outcomes Deliverables 

Architecture 
Visioning 

The initial three to four weeks focused on extensive stakeholder interaction to 
understand business pain areas and aspirations. The exercise spanned stakeholders 
across the EPC value chain including business units (power plants, railways, 
transmission and distribution, urban infrastructure such as buildings, airports, etc.), 
enabling services (engineering and design, supply chain, construction services, and 
project management), and corporate functions (finance, HR, health and safety, etc.). 
The intent of this phase was to: 

¶ Facilitate the articulation of a business vision that is acceptable for the 
organization 

¶ Develop an understanding of the current state EA 

¶ Gather as many fine-grained requirements as possible, which at a later point in 
the assessment would help to identify potential opportunities and solutions to 
maximize business benefit 

Thus, almost 30+ meetings were held with 50+ business stakeholders during this 
phase. A representative example of stakeholders interviewed included C-level 
executives, their direct reports and the project managers of a major project from each 

Business Objectives and 
Requirements 

Baseline Architecture 
Description 
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Phase Approach Taken and Key Outcomes Deliverables 

business unit, and IT SMEs 

The key outcomes from this phase were: 

¶ A horizon of five years for the roadmap was mutually agreed 

¶ Business imperatives ï these were derived by analyzing the pain points 
gathered during the stakeholder workshops, and were centered around the 
following points: 

¶ Cost reduction/optimization due to non-availability of required data 

¶ Increase efficiency to execute projects faster and help undertake larger 
projects 

¶ Maximizing cash flows by adopting the right mechanisms to manage the 
interdependencies arising from contractual obligations with vendors and 
customers 

Architecture 
Definition 

Since the EA discipline was not very mature, a detailed business architecture had to 
be defined. One of the outcomes of the stakeholder interactions was an agreement 
on the value chain for the enterprise (a view provided in Figure 1). A mapping of IT 
enablement for each of the capabilities in the value chain was also done. A 
Red/Amber/Green (RAG) color code heat map was used to indicate if a capability 
was non-existent and had to be acquired (Red), or the existing capability needed 
enhancement (Amber), or the existing capability was sufficient (Green). For example: 

¶ During the bidding and estimation stage in business development, PQ 
management was a challenge as the bid manager did not have the information 
readily available to conduct a PQ assessment; this included information such 
as experience from previous EPC projects, prospective partners, vendors, or 
sub-contractors for tie-ups in order to submit a competitive bid ï this capability 
was given a Red color code 

¶ During the engineering and design phase, there were challenges in managing 
the workflow and approvals during proposal engineering (bidding), basic and 
detailed engineering, procurement engineering (vendor/sub-contractor 
drawings), and review engineering; since a COTS application was being rolled 
out to address these gaps at the time of assessment, the capability was given 
an Amber color code 

The business architecture at a detailed capability level 3 was defined. The business 
capability maps turned out to be one of the key deliverables that the customer 
appreciated as it provided them a single view of their organization and also formed 
the basis of their business process standardization exercise. 

Before embarking on the other architecture domains, a set of guiding architecture 
principles was agreed. Some of the key principles were to leverage existing 
investment, a cloud-first approach, ease of integration, and a judicious mix of COTS 
products and custom-build applications. Custom-build was preferred where a 
particular capability provided a competitive advantage that a COTS product could not 
offer. 

The Architecture Definition is primarily governed by selection of the right set of 
applications and ensuring that the right system becomes the custodian of a particular 
information entity (e.g., Enterprise Resource Planning (ERP) holds the master list of 
project codes, cost objects, etc. and this data is distributed to other consuming 
applications such as project planning, scheduling, and cost control system, etc.; 
similarly, a vendor is first registered in the vendor registration system and, on 
approval, the vendor information is propagated to the ERP system). Hence, the 
Architecture Definition focused mainly on the application and information architecture. 
The technology architecture was primarily governed by specifications provided by the 
selected applications. However, broad guidance on infrastructure sizing parameters 
was provided. 

Architecture Principles 

EPC Value Chain and 
Business Capabilities 
(200+ detailed business 
capabilities) 

Gap Analysis ï Heat Maps 

Future State Application and 
Information Architecture 

Transformation As part of the exercise, more than 30 initiatives were identified and a five-year Prioritized list of 30+ 
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Phase Approach Taken and Key Outcomes Deliverables 

Planning transformation roadmap was created. 

Since the technology adoption in the organization was at a nascent stage and the gap 
to be addressed vis à vis market pressure was quite high, a two-pronged approach 
was chosen for Transformation Planning ï strengthen the foundation capabilities 
while keeping in sight the latest technologies. 

The sequencing and prioritization of the initiatives involved: 

¶ A parameter-based approach to weigh the implementation risk and business 
benefit of a particular initiative 

¶ Analyzing interdependencies among the initiatives for proper sequencing; for 
example, a Business Process Reengineering (BPR) exercise was 
recommended to address challenges in the ERP system ï this exercise had to 
be completed before implementing other initiatives that were tightly coupled 
with the ERP system such as project schedule and cost control, Supply Chain 
Management (SCM) tools, etc. 

¶ Logical grouping of initiatives into themes to help make portfolio management 
during implementation easier; for example: 

¶ Initiatives such as supplier lifecycle management, strategic sourcing, and 
procurement contracts were grouped under the SCM theme 

¶ Similarly, initiatives such as cost budgeting, schedule and cost control, and 
contract and claims management were grouped under the Project Control 
theme 

initiatives 

5-year Digital 
Transformation Roadmap 

Vanguard EA While the TOGAF ADM was adopted for addressing the foundational aspects of EA, 
the team realized the need for a different approach to harness emerging digital 
technologies (SMAC, IoT) and identify digital solutions for building capabilities that 
could provide a competitive advantage in an otherwise traditional industry. The 
Vanguard EA team started by analyzing industry trends and change drivers in the 
EPC sector. Digital initiatives undertaken by EPC companies worldwide were studied. 
The stakeholder workshops conducted during the Architecture Visioning phase were 
used as the forum to brainstorm potential digital solutions by mapping the trends to 
business pain points. 

For example, effective knowledge management was a key pain point. Social 
collaboration has emerged as a key trend in EPC not just within the organization but 
also across the extended ecosystem (joint venture partners, vendors, etc.) for 
effective knowledge management. There were many social collaboration platforms 
available in the market, but in order to maximize usage and sustain interest in the 
platform, a gradual transition was needed. Before a full-scale rollout of the platform 
the following initiatives were deemed necessary: 

¶ A fully-functional portal that provides various self-service capabilities such as 
access to Human Resources Management System (HRMS) functionality, 
content management, etc. that integrates with the platform 

¶ To support usage of mobile devices including BYOD, but at the same time 
ensuring security, implementing Mobile Device Management/Mobile Access 
Management (MDM/MAM) solutions for mobile device enrollment, security and 
retirement, and also for mobile app security and distribution 

The initiatives identified from the Vanguard EA stream were included in the Digital 
Transformation roadmap along with other foundational initiatives and sequenced 
according to their dependency on foundational capabilities. 

However, to expedite progress on the digital path, tactical solutions were 
recommended in the interim so that the organization prepares itself in parallel for 
digital adoption. For example, exposing specific functionality such as quick status 
reporting from site via mobile, and use of an open source data virtualization tool until 
the capability to leverage analytics is developed within the organization. 

Industry trends and change 
drivers 
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Phase Approach Taken and Key Outcomes Deliverables 

Architecture 
Governance 

The following artifacts that were delivered as part of the EA roadmap exercise 
became part of the architecture repository and, thus, formed the basis for 
governance: 

¶ Architecture Principles 

¶ Architecture Viewpoints ï Application and Data Architecture 

¶ Guidance on Technology Architecture 

¶ Roadmap with sequence of initiatives with justification for the sequence 

Apart from this, a detailed approach was provided on Architecture Governance to be 
followed during the implementation phase. This covered: 

¶ The organization structure such as Architecture Review Board, its position in 
the larger transformation 

¶ Objective for the Architecture Governance in the context of the organization 

¶ Building blocks for governance, such as tools and processes to be followed 

¶ Indicative metrics, best practices, and stakeholder communication guidelines 

Architecture Governance 
Guidelines 

Figure 5: Applying EA as a Framework for Digital Transformation in a Real Industry Scenario 

 

Outcomes 

By adopting EA as the framework for Digital 
Transformation, the company was able to achieve a 
number of outcomes: 

¶ The EA approach with dual focus helped the 
organization to create a blueprint to guide Digital 
Transformation by addressing the foundational 
capability gaps while also leveraging digital 
technologies to create a sustainable competitive 
advantage 

¶ A common view of the business ecosystem 
agreed by all stakeholders provided a reference 
business architecture in the absence of any 
readily-available business/ecosystem reference 
architectures for the EPC industry 

¶ The organization engaged business stakeholders 
and forged relationships to enhance the reputation 
of the EA practice; various approaches included 
stakeholder interviews, identification of 
foundational pain areas, and innovation 
workshops to discuss ideas, gather insights, and 
identify opportunities for digital enablement 

¶ Digital initiatives using mobile and cloud-based 
technologies were proposed to increase digital 
adoption, especially among employees working in 
remote project site locations 

¶ The EA practice evolved to include dedicated 
focus for tracking and evaluating digital trends, as 
well as Vanguard EA activities 

CONCLUSION 

This article explores the application of EA as the 
framework for Digital Transformation in the EPC industry 
with the help of a case study. The EA practice in EPC 
companies needs to evolve, giving new emphasis to 
digital enablement while continuing to address 
foundational IT challenges. The focus of Digital 
Transformation should be to increase efficiencies across 
the EPC value chain. Enterprise Architects can use new 
approaches and modeling techniques for digital needs 
and continue with traditional approaches for foundational 
capabilities. EA practice within EPC companies should 
also start to play a more pro-active role. It needs to keep 
track of the latest trends and map them to the needs of 
the organization, and secure stakeholder buy-in to 
realize these opportunities. 
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