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Abstract: International companies are more and more seeking to act proactively by proposing In-
Country Value (ICV) strategies to create sustainable local values in the host countries in which
they carry out projects. Still, such sustainable local values are complex to identify because they
are often indirectly related to their own value chains, project activities, and outcomes. There are,
therefore, both theoretical and industrial needs to model and estimate sustainable values brought by
complex projects in host countries, considering direct and indirect effects. In this paper, a systems
thinking-based approach combined with a frequency analysis first permitted to build up a model of
the sustainable values created by the project in a host country. Then, after underlining the complexity
of such a model, a Domain Mapping Matrix (DMM) approach was proposed to help build a process
to estimate project impacts in terms of ICV creation. An application to a case study built up with
an industrial practitioner (an oil and gas company) permitted to test and validate the overall model
and approach. It notably showed how such a model permitted to facilitate discussions among
stakeholders and laid the foundations of ICV creation-oriented decision-making processes.

Keywords: value creation; stakeholders; In-Country Value; local content; complexity; project man-
agement

1. Introduction: From the Concept of Local Content to That of In-Country Value

Despite the wealth in natural resources of the countries in which some international
companies operate (for instance, mining and extracting companies, oil and gas companies,
and so on), these countries tend to have poorer economic performances than others. The
phenomenon has been described by several researchers, calling it a resource curse [1–3].
Sachs and Warner notably proved a correlation between slow economic growth and natural
resource wealth [4]. Other works showed that such countries tend to specialize in natural
resources at the expense of other industries. This is a possible explanation for a lower
investment into other activities such as education [5], even though it is one of the most
important bases for local economic development. It is also true that the activities of such
companies are generally isolated from other economic activities [6,7]. Host countries have,
therefore, sought to strengthen the positive impact of mining, extracting, and oil and
gas projects, fostering linkages with the rest of the economy [8,9], notably, to help foster
industrialization and economic diversification [10,11].

Some countries decided to put in place measures to counteract this through the concept
of Local Content (LC). At the origin of this concept, it must be noted that the role of firms
then changed from the end of the 20th century [12]: the consideration of environmental,
ethical, and social criteria in the actions of firms is now visible; the criterion of corporate
performance is no longer only financial; and the company is expected to provide values
to its stakeholders in a competitive environment. The concept of LC was developed to
correspond to the set of local resources that a company uses or develops along its value
chain when investing in a project in a host country [13–16]. Generally, it takes into account

Sustainability 2021, 13, 5592. https://doi.org/10.3390/su13105592 https://www.mdpi.com/journal/sustainability

https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0001-9122-1797
https://www.mdpi.com/article/10.3390/su13105592?type=check_update&version=1
https://doi.org/10.3390/su13105592
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su13105592
https://www.mdpi.com/journal/sustainability


Sustainability 2021, 13, 5592 2 of 21

five attributes: purchases of goods and services from national suppliers, employment
of local staff, support of local companies’ development, social investment, and induced
employment effects [17]. To encourage LC, host countries have put in place contractual
and legal requirements through local supply targets or penalty systems [18]. Those may
relate to local production obligations expressed in tons, the percentage of local labor [19],
the proportion of investment to be made in the host country, or other criteria [20]. LC
measures aim at fostering linkages with local industries and generally seek to increase
local employment and the contracting of goods and services to domestic suppliers in the
oil value chain, with or without incentives [21]. In addition to these collaborations and
ethical values, companies also have a willingness to invest in LC. Indeed, it can create
opportunities for the company’s projects, such as reducing procurement or saving money
in terms of salaries of local staff, compared with expatriate workers with the same level of
skill [22]. Still, LC is more and more recognized as insufficient to create sustainable local
values in host countries for several reasons. First, LC measures often focus on the short
term, when workers are trained to meet the high demand for activity, which often leads
to a loss of skills of trained people who are no longer active [23]. Second, companies and
governments often tend to prioritize visible actions that have an impact on communication
instead of focusing on critical but less visible actions such as basic education skills. Finally,
LC can be the source of an increase in inequalities between local communities and territories
within the same country, with those geographically closer to the main location of the project
often having considerably more advantage. This could even generate or accentuate social
crises [24], which called for the emergence of a new vision, moving from Local Content to
In-Country Value (ICV).

ICV activities are defined as activities, industrial or not, aimed at creating sustainable
local value. These activities are within the competencies of companies. However, they
are not necessarily located in their conventional value chain, which means that ICV en-
compasses LC but is not limited to it [25]. It also includes LC development actions (for
instance, education and training in the company’s professions sector, capacity building
for local firms within the same industrial sector, technology transfer, and so on) [26]. ICV
also encompasses the shared use of goods and services with other sectors (for instance, the
construction of a new road, which can be of benefit to local companies or communities; the
oversizing of a power generation infrastructure to bring electricity not only to the com-
pany’s project infrastructures but also to local companies or communities, at a lower cost;
and the oversizing of a water filtration plant to facilitate access to water for local companies
or communities) [27]. Finally, ICV also includes investment into new value chains which
have nothing to do with the industrial sector and usual activities of the companies but
benefit local communities (for instance, developing agricultural activities and infrastruc-
tures to help local communities meet nutritional needs, investing in educational/healthcare
organizations locally) [28].

The ICV concept, therefore, appears to be promising because it encompasses many
more aspects than LC. It calls for a systemic redistribution of created values, a structural
transformation of the economy, more social protection of local communities, and greater
ecological sustainability [29]. It thus aims to catch the most promising local sustainable
value creation opportunities, which can be directly or indirectly brought by a company’s
project in a host country. However, the ICV concept also appears to be a complex one
with multiple induced effects and multiple scales and horizons. Despite this complexity,
the objective for an international company is to put in place an ICV process that allows
recommending the best win-win strategies, with maximal value creation for both the
company and the host country. To achieve this, a company must be able to identify and
estimate the different local value creation possibilities in connection with the projects it
carries out in the host country and implement them with full transparency [30].

However, the ICV concept is still emerging and has received little attention in the
literature. This paper aimed at addressing three research questions to encompass several
aspects of the project ICV creation’s process:
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1. What are the multiple dimensions of ICV, and how can they be modeled?
2. What are the different steps of the project ICV creation process, and how can it be

modeled in a way that integrates multiple dimensions, as identified in Question 1?
3. To what extent can such a model be practically implemented for industrial applications?

To answer these questions, this paper proposed an original approach that permitted
the continuation of such an ICV definition process with two significant results. The first
one was the proposal of an ICV description model, thus enabling any company to identify
and describe potential sustainable value creation indicators in host countries. The second
one was an approach based on Domain Mapping Matrices (DMMs), which helped to
estimate the extent to which these In-Country Values were created when carrying out
a project in a host country, therefore helping managers to identify the most promising
opportunities in terms of project ICV creation processes. After a section introducing a
literature review addressing different areas that contributed to the aforementioned results,
the following two sections presented the research methodology and the results obtained,
respectively. These results were presented and discussed using a hybrid case study built
up in collaboration with an oil and gas company. Finally, the overall conclusions and
limitations were discussed in the Conclusions section.

2. Literature Review
2.1. Understanding Project ICV
2.1.1. Defining Project Sustainable Value

Historically, project value creation has often been reduced to the question of its
success [31]. The definition of project success has drawn debate in itself [32], and the project
iron triangle standard (time, cost, and scope) was notably used for project success and
value creation measurement [33]. Understanding that this was not enough to encompass
all the aspects of project value creation, researchers and industrial practitioners then started
to point out that taking stakeholders into account was necessary [34]. Project value could
therefore be defined as the actual level of a project’s achievement in terms of how much a
project satisfies its stakeholders’ expectations and acknowledges their constraints [35].

The involvement of stakeholders through their diversity and possibly divergent in-
terests permits understanding value as a multi-dimensional parameter [36,37], which is
difficult to manage. Due to the complexity of any project environment, project value cre-
ation can be altered by indirect or induced effects, which can impact multiple stakeholders
at different levels and time horizons [38].

As stated in [39], “the concept of sustainable project management is still in its infancy”,
making the research field about project sustainable value creation even more recent. Some
notable works [40–44] underlined that a project’s sustainable value creation model shall
encompass the study of the project’s impacts on its multiple stakeholders in terms of
sustainability. Indicators were identified or constructed to measure quantitatively or
qualitatively project impacts and effects in terms of sustainability in the short term and
the long term [45]. For instance, stakeholder objectives and preferences could be used to
characterize sustainable values through the construction of indicators [46]. As a whole,
sustainability was finally taken into account by adding sustainable dimensions to the usual
performance indicators of a project [47,48].

As attempts to include sustainability indicators in project value definition have become
more and more numerous, the list of stakeholders to be considered has become more
considerable as well, which complicated the task of project managers [49]. Even though
coordination among stakeholders regarding this issue increased [50], there is still a lack of
consensus about the aspects and indicators of sustainability that should be incorporated in
a project value creation description process [51]. This is all the truer when dealing with the
creation of sustainable values in the context of ICV [28].
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2.1.2. Characteristics of Project ICV and Implications

Despite this lack of consensus on a commonly used framework, it is possible to bring
out determinants of project sustainable value creation through a deeper analysis of the
literature. To identify the characteristics of ICV, a literature review was conducted over
the 2000–2020 period using the Web of Science databases. Ten keyword sets were asso-
ciated with the research process: ““project value” and sustainable/bility”, ““sustainable
value” and project”, ““local content” and sustainable/bility”, “”in-country value” and sus-
tainable/bility”, “project and local/sustainable and “value creation””. Among identified
articles, attention was particularly being paid to those addressing sustainable value creation
in the context of international projects with multiple stakeholders, so their conclusions
could directly or easily be extended to the concept of ICV. This process permitted to identify
four characteristics of sustainable values created by international projects, and thus ICV:

1. They responded to a present and/or met a future need of the project/host country
stakeholders [34,46,52–54].

2. They generated direct and indirect positive effects for the project/host country stake-
holders [45,55–58]

3. They could be captured and retained by the project/host country stakeholders [48,59–62]
4. They had measurable impacts on multiple dimensions [36,47,63–65].

The identification of these characteristics underlined different aspects of the project
ICV creation process. First, there were undoubtedly multiple potential value components
for international projects led in host countries through the impacts they had on their
multiple and diverse stakeholders. Such impacts were often interconnected through the
interdependencies between the different stakeholders within the host country. Moreover,
they had implications over different time horizons due to the evolution of the contexts of the
project, of the stakeholders, and of the host country. As a whole, because of the multiplicity
of its components, the nature of their interactions, and their dynamic behavior, project ICV
creation had all the characteristics of a complex phenomenon [66]. Complexity was widely
studied in the literature [67,68], and the study of such complex phenomena most often
required a holistic vision through the use of systems thinking-based approaches [69–71].

2.2. Using a Systems Approach to Model ICV
2.2.1. Complex Systems Modeling

Systems thinking has been developed from the end of the 1950s/early 1960s [72–75]
and researchers kept on refining the theory and related approaches [76–78]. Systems
thinking permits to apprehend complex phenomena through the establishment of models
which are a representation of the real world [69]. Such models are, therefore, limited
representations of a complex reality but permit to have a better understanding of complex
phenomena and their dynamics [79]. The objective of systems thinking-based approaches
is then to translate a complex phenomenon or system into a communicable model which
shares the characteristics of the phenomenon/system. In the case of this study, these
characteristics were identified in Section 2.1.2. To do so, recent works identified that any
model about a complex phenomenon or system should encompass four dimensions [80–83]:

1. Teleological dimension: The model should integrate/study the objectives underlying
the phenomenon/system, these objectives being driven by the relationships between
the phenomenon/system and its environment (including stakeholders).

2. Functional dimension: The model should integrate/study the activities carried out by
the system or attached to the phenomenon and associate them with their impacts on
the elements of the teleological dimension.

3. Ontological dimension: The model should integrate/study the constituting elements
of the phenomenon/system that permit to carry out the activities of the elements of
the functional dimension.

4. Genetic dimension: The model (and therefore its elements) should be able to evolve
over time because the phenomenon/system is meant to evolve over time.
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2.2.2. Describing ICV Dimensions with a Capital Stocks and Flows Model

Still, models developed using systems approaches do not stick to these dimensions
only and are not structured around them. If these dimensions allow identifying the
elements which should be integrated into the model and make sure that all the aspects of a
phenomenon/system are encompassed, a second phase in the model development process
goes through the identification of the practical dimensions of the addressed problem [84].
These new dimensions then generally become the principal dimensions of the model, under
which all the identified elements are finally regrouped [85].

In the case of sustainable value creation, models based on capital stocks and flows approach
have proved to be relevant in terms of situation analysis and communication [59,86–88]. For all
practical purposes, such models consider that a stock, which is the result of an accumulation
over time, can be considered as a capital stock if it contributes to well-being through the
provision of goods and services. They consider that a capital flow can be defined as an
exchange at a given moment from one capital stock to another (incoming flow when captured
and retained by a capital stock, outgoing flow when created and exchanged by a capital stock).
Five categories of capital stocks were often identified in the literature [59,89,90]:

1. Natural capital: The stock of natural resources and ecosystems (geology, soils, air,
water, living organisms, and so on) that are likely to produce valuable goods or
services in the future [91,92].

2. Social capital: The stock of resources embedded in social structures (cohesion of
people, networks of relationships, shared norms, values, and so on) that can be
activated and enable societies to work effectively [93–95].

3. Human capital: The stock of knowledge, skills, experience, and intelligence that can
be used to raise product quality and improve labor efficiency [96,97].

4. Manufactured capital: The stock of human-made assets (technological assets, energy
stations, delivery systems, and so on) that permit to increase the accessibility to service
and goods to people [98,99].

5. Financial capital: The stock of economic and financial resources which can be mobi-
lized by a country/region/area. [100].

These types of capital stocks have often been cited when dealing with sustainability
and sustainable value creation. However, there is a lack of consensus on the elements and
sub-capitals which constitute these capital stocks and on the flows which exist between
them, which already calls for further study [101,102]. In addition, to the best of our
knowledge, the problem of project ICV creation has never been modeled with such an
approach, even though it is a specific sustainable-value-creation-type problem. This article
here made the hypothesis that project ICV creation could be modeled with a capital stocks
and flows approach and using as a basis the five types of capital stocks.

2.3. Using Domain Mapping Matrices to Model the Projet ICV Creation Process
2.3.1. Value Creation Estimation

The value creation process and its evaluation in the context of multiple and diverse
stakeholders have been much discussed in the literature [59,103,104]. The number of po-
tential evaluation indicators can be impressive, and the relationships between the involved
capitals and sub-capitals are, therefore, likely to be complex.

Operationally, a certain number of local value creation processes may be identified
with a potentially significant number of indicators to be assessed [105]. There may also be
practical difficulties with the consistency between the different levels of detail required for
the different indicators. For all these reasons, difficulties may arise during the implementa-
tion of such a complex evaluation process of value creation [106].

2.3.2. Dependency Structure Matrices (DSMs) and Domain Mapping Matrices (DMMs)

To address the complexity of the value creation process, many fields used Dependency
Structure Matrices (DSMs) [107–109]. DSMs are used during the engineering design process
as a compact way to represent and navigate across dependencies between the components
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of a product [110,111]. Their simplicity and operability permit to give a clear picture of
the complexity of a system from an ontological point of view. Their use is not limited to
design issues, and DSMs have been extended to multiple kinds of objects, for instance,
risks [112,113] or stakeholders [114]. In particular, DSMs were also used in the context of
sustainable development, for instance, to study industrial symbiosis deals with exchanges
of flows between actors to optimize the sustainability of an industrial system [115].

However, Domain Mapping Matrices (DMMs) appeared to be even more promising
in the case of this study. They were derived from the DSMs but permitted to link elements
of different natures [116–118]. DMMs were, in particular, used in recent works to estimate
value creation in different contexts when the value could be described as a set of indicators
related to multiple domains [119–121]. They, therefore, seemed particularly adapted to
modeling the project ICV creation process.

3. Methodology

The overall research process was divided into two main phases.

3.1. First Phase

• The first phase of the research process was designed to validate the hypothesis that
a capital stocks and flows model should be built up to represent the dimensions of
ICV. The first phase, therefore, focused on Research Question 1 with the identification
of the dimensions of ICV and their integration into a description model of ICV. To
construct this model in the end, the following methodology steps were followed:

• Sustainable value indicators possibly related to ICV were identified in the literature
using the state of the art of Section 2.1.2. as well as institutional studies and reports
over the same period of 2000–2020. In particular, several studies were issued by the
UNIDO (United Nations Industrial Development Organization, [122–126]) and the
World Bank [10]. References focusing on sustainability indicators, value modeling,
and estimation, even in other contexts than project management, were also included in
this step as long as they could permit to identify indicators that could be directly used,
transposed, or easily adapted to the context of the project ICV [100,103,104,127–129].
With a total of 1763 articles, 8130 indicators were directly identified. They were
included in the list of indicators as long as they were directly or indirectly related to
one of the three dimensions of the project ICV creation process: teleological, functional,
or ontological (to make sure that all the dimensions of the complex phenomenon
were addressed).

• Each of these indicators was then categorized in terms of nature, either as being part
of a potential capital stock or being a flow between potential capital stocks, using
the five categories of capitals presented in Section 2.2.2. Such a capital stocks and
flows model could easily be adjusted with the deletion of some (sub-)capitals and/or
integration of new ones, which permitted to validate the genetic dimension of such a
model. Some of the indicators, which were close to one another, were gathered under
the same common denomination. Other ones (494 indicators, i.e., 6.08%) were rejected
at this stage because they could not be considered to be SMART (specific, measurable,
assignable, realistic, time-related) [130,131]. These steps allowed to reduce the list to
6940 indicators.

• The analysis of the resulting list of indicators permitted to create sub-capital stocks for
each category of capital stocks by categorizing an indicator as a part of a (sub-)capital
stock or as a flow between two (sub-)capitals. Based on the analysis of 1000 randomly
chosen indicators, a first version of a capital stocks and flows model of project ICV
was built up, using the corresponding breakdown of each of the five capitals into
relevant sub-capitals.

• To validate this first version of the model and the list of sub-capitals, a frequency
analysis was then conducted on the remaining 5940 indicators to study the extent
to which the first version of the model permitted to include them. The number of
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times that each sub-capital and each flow between sub-capitals could be connected
to an indicator was calculated to draw conclusions on the possible validation and
refinement of the model.

3.2. Second Phase

The second phase of the research process was designed to construct the model that
could permit to describe the successive steps of the project ICV creation process. The second
phase, therefore, focused on Research Questions 2 and 3 with the description of the project
ICV creation process, keeping in mind that such a model should be practically implemented
for industrial applications. To do so, the following methodology steps were followed:

• Using the capital stocks and flows model developed to model the dimensions of
ICV, six domains were identified to describe the project ICV creation process with a
DMM model.

• The different matrices of the DMM model were then modeled to describe and assess
the successive steps of the project ICV creation process.

• The model was then tested and validated through its application to an industrial
hybrid case study built up using the data of two projects in the oil and gas indus-
try context.

4. Results and Discussion
4.1. Research Question 1: Building up an ICV Model

The 8130 identified indicators were categorized as indicators quantifying capital stocks
or flows between capital stocks. A tracking system was set up to link groups of indicators
to articles. As described in the Methodology Section, the list was reduced to 6490 indicators
when grouping some indicators under the same common denomination. Furthermore,
the denomination of some of the 8130 indicators made it ambiguous to categorize them
as a capital stock or a flow one. This was notably the case when working on the list of
indicators without going back to the specific context of each article. This phase focusing on
the naming of indicators under common denominations was also the occasion to remove
such ambiguities by comparing them or associating them to other indicators found in
the literature.

Among these 6490 indicators, 1000 of them were randomly chosen to define a pre-
liminary list of sub-capitals to be part of the project ICV creation capital stocks and flows
model. For each of these selected indicators, new sub-capitals were created one after the
other so that the indicators could be described as a measure of a sub-capital stock or as a
flow between sub-capital stocks unless they could be categorized as such with pre-created
sub-capitals. At this stage, 22 indicators (2.2%) could not be attached to a (sub-)capital
stock or a flow between two (sub-)capital stocks, mainly because the actual phenomenon
or system they measured was not sufficiently described or detailed in terms of accessibility
and relevance of information (13 out of 22) or because they appeared to be only an aggrega-
tion of other indicators (9 out of 22). A first structure of the capital stocks description was
then proposed (Figure 1) with a total of 5 capital stocks and 31 sub-capital stocks, which
gave 362 = 1296 possibilities of flows.

Given the diversity of the fields of study, frameworks, and indicators, some difficul-
ties had to be overcome. First, in terms of description, indicators sometimes had to be
subdivided into several (sub-)capital stocks or flows between (sub-)capital stocks because
these indicators were related to phenomena, which could be described, for instance, as a
combination of several flows between different sub-capitals. A flagrant example concerns
all the indicators related to eutrophication. Eutrophication can be described as the process
by which minerals and nutrients accumulate in a natural environment (particularly a body
of water), and that implies changes in some variables (such as pH) and, thus, impacts
animal or plant living species as well as mineral species [132]. Eutrophication-related
indicators were then broken down into several elementary flows in the proposed capital
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stocks and flows model; each of these subdivided flows was attributed a weight to avoid
multiple counting of these indicators when performing the frequency analysis.

Figure 1. Subdivision of capital stocks into sub-capitals as a basis for the project ICV creation stocks
and flows model.

The 6490 indicators were then classified according to the preliminary structure of the
capital stocks and flows model presented in Figure 1, each of the indicators being either
a (sub-)capital stock indicator (SCI) or a flow between two (sub-)capital stocks indicator
(FSCI), or an indicator which was impossible to categorize using the model. A frequency
bibliometric analysis was then performed on this classification, the results of which are
shown in Figure 2. Among the 6490 indicators, 2543 of them were SCIs (36.64%), and 3821
of them were FSCIs (55.06%). When having a closer look at SCIs in terms of bibliometrics,
the most represented sub-capitals in the literature appeared to be N◦13–Land (6.02%) and
N◦31–Labor Market (5.05%). Regarding FSCIs, the literature seemed to point out that flows
originating from or converging towards a financial capital stock were the most numerous,
which was undoubtedly due to the use of financial capital stocks as a means to facilitate
movements of assets between other capitals [59].

Finally, only 126 indicators were uncategorized (1.94%; for the same reasons as the
22 rejected with 1000 randomly chosen indicators). Given the rates of classification using
the model and given the fact that the non-categorization causes were independent of the
model used, this frequency analysis validated the hypothesis to use such a capital stocks
and flows model to encompass the dimensions of ICV in one model.

This model, therefore, allows to describe and categorize ICV indicators. The objective
behind this description was not to study all the possible indicators identified during
this study. Instead, it should be used by project managers and teams as a framework to
identify and describe the opportunities for a project in terms of ICV creation within a
host country. Indeed, given the representativity of this model, the identification of the
local possibilities of ICV creation regarding the five capital stocks, thirty-one sub-capital
stocks and flows between them, would permit to be quite exhaustive in the identification
of possible opportunities. If such a systematic identification was already promising, being
able to describe and evaluate the process according to which a given project creates ICV
given its scope would be even more promising to facilitate discussions and make better
decisions in collaboration with the host country. This was precisely the objective between
Research Questions 2 and 3.
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Figure 2. Frequency analysis of project ICV creation indicators in the proposed capital stocks and flows model.

4.2. Research Question 2: Building Up a Project ICV Creation Process Model

The DMM (Domain Mapping Matrix) approach was applied to a set of 6 domains,
which permitted to describe the process of project ICV creation and, in the end, assess the
extent to which a given project generates In-Country Values in a host country:

• The Decision-Makers Domain (DM)—It represented the different decision-makers
(at least two) involved in the decision. Even within the company or within the host
country, there might be multiple decision-makers, which might, of course, complexify
the capacity to converge and, thus, required to be considered.

• The Objectives Domain (O)– It represented the dimensions on which the decision-
makers measured the creation of value provided by ICV actions [133,134].

• The Capital Stocks Domain (CS)–It represented the five capital stocks (or thirty-one
sub-capital stocks) of the model developed in Section 2. The detail level was adapted
to each context, meaning that this domain could mix several capitals and several
sub-capitals.

• The Flows Domain (F)–It represented the potential impacts of an ICV action, extracted
from the 1296 inter-capital flows of the model developed in Section 2. These flows
could be between two different (sub-)capital stocks (when there was an exchange from
a (sub-)capital to another one) or between a (sub-)capital stock and itself (to model the
possible variation of this given (sub-)capital).

• The ICV Actions Domain (ICVA)–It represented the possible project actions that had a
potential impact on project ICV.

• The Project Strategy and Scenario Domain (PSS)–It represented the possible project
strategies or scenarios. Each scenario was described as a set of ICV actions.

The project ICV creation process DMM model was fully described in Section 4.3.
and was directly illustrated with the industrial case study used to study the practical
implementation of the model. This choice of presentation in this paper was made to
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facilitate the comprehension of this model both in terms of theory (detailed description of
the matrices) and application (direct illustration on a case study).

4.3. Research Question 3: Implementing the Project ICV Creation Process DMM Model
4.3.1. Building Up a Hybrid Industrial Case Study

Because of the difficulty in obtaining data from an actual unique project, the choice
was made to build up a realistic case study based on pieces of several real projects. Several
alternatives were available in the context of several countries: past projects (Nigeria,
Angola, Brazil), projects under implementation (Congo), and projects under design (Papua
New Guinea, Uganda, Azerbaijan). Six main sources of information were identified to
select a suitable case study:

• Description of LC actions: A description of the different LC actions was present. This
description should include several possible alternatives for local content actions.

• Description of ICV actions: A description of the different ICV actions was present.
• Local capabilities: This information reflected the labor required at a reasonably de-

tailed level of detail as well as the labor available.
• Host country data: Data helped defining the impacts to be considered and the sys-

tems to be modeled as a priority. Potential sources included macroeconomic data,
stakeholders’ needs assessments, socio-environmental impact studies.

• Host country vision: A clear documentation, reflecting the host country’s development
strategy objectives, was present. The vision on local content legislation should also
be available.

• Contact within the project: It was crucial to have a well-established local contact
within the project to facilitate access to information.

We considered data from several projects to build the structure of actions and objec-
tives. Two projects particularly helped us. First, a new facility development project was
designed, then postponed due to the world context. We were able to establish contacts
at the project level to obtain information. This information consisted of socio-economic
impact study documents, economic impact studies of past projects, (partial) macroeco-
nomic data of the country and the host country’s priority objectives, data related to the host
country’s labor needs, and different training options. However, we had a few scenarios
or actions. Second, a program of revamping/facility improvement accompanied by an
intensive education program. A questionnaire was sent to 80 local companies (40% of
responses). The selected companies were among the major players in the country. The
purpose of this study was to identify synergies between the oil sector and other local
industries. The questionnaires were composed of three parts: a qualitative part to assess
the most essential training needs, a quantitative part to assess the short- and long-term
labor needs, and open questions about the local actions to be undertaken. As a result of
these initiatives, we were able to build up a set of potential strategies and ICV actions
extracted from these past projects.

The domains were defined in Section 4.2.; their relationships needed to be described.
To connect possible ICV strategies to the decision-makers’ preferences, five matrices were
proposed linking the six previously introduced domains.

4.3.2. The Decision-Makers/Objectives Matrix

The decision-makers’ preferences were identified and weighted using interviews and
documents. The same objectives were considered for all decision-makers; only weights
might vary. These weights were represented by wij coefficients (wij being defined between
objective Oi and decision-maker DMj). This matrix was, therefore, a numerical matrix, the
elements of which were real numbers between 0 and 1, and the sum of all wij was equal to
1 for each decision-maker DMj.

In this case, the company’s experts were interviewed to capture the company objective
weights. For simulating the host country’s preferences, an analysis of the country’s long-
term plan [135] was carried out to highlight future development pillars and aspirations of



Sustainability 2021, 13, 5592 11 of 21

the people. This gives, in Figure 3, a hybrid matrix combining realistic data about the Oil
and Gas (OG) company decision-makers, and fictitious data about the host country (HC)
decision-makers (they were obtained from real documents but not validated by actual field
actors), with nine objectives being considered here.

Figure 3. Decision-makers/host country objectives matrix in this case.

These objectives were all considered important by both stakeholders (no zero in the
weights). However, there were significant differences of perception, like O3, O7, and O9,
were of higher importance for the host country, and, reciprocally, O4, O6, and O8 were
of higher importance for the Oil and Gas company. The use of such a matrix to highlight
the differences in the decision-makers’ preferences regarding the impacts of ICV creation
was considered to add value and trust in the relationships between the company and the
host country.

4.3.3. The Objectives/Capital Stocks Matrix

This matrix represented the alignment of the host country’s impacted subsystems with
the objectives. The OCSik coefficients of this matrix were binary numbers. OCSik = 1 means
that the contribution to capital stock CSk had an implication on objective Oi. The construction
of this matrix also permitted to define the complete set of NCS selected (sub-)capital stocks
CSk; where NCS represents the number of capital stocks that are present in the matrix and is
therefore equal to an integer between 1 and 36. Indeed, a potential (sub-)capital of the model
developed in Section 2 was only present in the model used by the decision-makers if this
(sub-)capital could be linked to at least one of the host country objectives.

Ten capitals were considered in our example (Figure 4). Two were high-level capital
stocks (50–financial capital and 10–natural capital), the other ones were low-level sub-capital
stocks (for instance, 41, 44, and 45 were sub-capitals of the 40–Manufactured Capital).

When filling this matrix, there was an opportunity to identify if some host country
objectives were not reached by any selected (sub-)capital stock (in this case, the objective
row was left blank). When this happened, a discussion should be raised to study if other
(sub-)capital stocks should be included in the model to make sure that no host country
objective row is left blank or that all the decision-makers understand the given objective
row left blank. Similarly, if by any chance, a (sub-)capital stock column was left blank
because it contributed to no host country objective, which was considered important by the
decision-makers, a discussion should be raised to discuss if the corresponding (sub-)capital
stock should be left out of the model or if an additional host country objective should
be added.
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Figure 4. Host country objectives/capital stocks matrix in this case.

4.3.4. The Capital Stocks/Flows Matrix

This matrix (CSFkp) aimed to model the flows between (sub-)capital stocks. As each
capital could be linked to another by several flows of different natures, we modeled these
phenomena as a matrix, where CSFkp = Out (or In) meant that impact Fp was an outgoing
(or, respectively, incoming) flow of (sub-)capital stock Ci.

It was possible that a flow may be both incoming and outgoing for the same (sub-
)capital stock; it was then noted as CSFkp = V because it corresponded to a variation of the
CSk (sub-)capital stock. Each of these elementary variations (Out/In/V) was defined so
they could be measured on numerical scales, which corresponded to the scales on which
the respective (sub-)capital stocks were measured. The construction of this matrix also
permitted to define the complete set of the NF flows (NF being the number of flows selected
in the model), which the decision-makers consider to be important in the dynamics of the
project ICV creation processes in the host country. In the end, the size of this sparse matrix
is NF times NCS, with NF being by definition an integer between 1 and NCS2.

In our example, fourteen flows were identified between the ten (sub-)capital stocks
(Figure 5). They connected two (sub-)capital stocks, like, for instance, Surf (surface of land
to be used by new roads), which was a flow from natural capital to manufactured capital.

Figure 5. Capital stocks/flows matrix in this case.
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4.3.5. The Flows/ICV Actions Matrix

This matrix permitted quantifying the degree of impact of a basic ICV action. This
matrix (FApq) was filled with the quantification of the impact Fp (in terms of flow between
(sub-) capital stocks) generated by action Aq. The scales were numerical to measure the
impact, which was a delta between the old and the new flow value. The scales used might
thus vary according to the type of flow. The aggregation of values of actions in the same
strategy depended on the nature of the impact and on possible synergies between actions.
It could be a sum, a maximum/minimum function, or any other mathematical function.

In our example, three types of project ICV actions were developed. They correspond
to the columns of Figure 6 (the abbreviations used in Figure 6 were defined in Figure 5
and below):

• Local production actions consisted of the realization of project items for the implemen-
tation of the infrastructures. Two alternatives were considered: a baseline scenario
(production minimum Pm) and a scenario where the local production exceeded local
capacity (production maximum PM). These actions were estimated from project data
and employment curves for the baseline scenario. Extrapolation from these data was
carried out for the second scenario.

• Human capital improvement actions consisted of training to make the local workforce
more productive and bring it up to oil industry standards. Three scenarios were
envisaged, seeking to train more or less large numbers of people (training minimum
Tm, average Tav, and maximum TM in Figure 6). Data collected on the project allowed
us to provide estimates.

• A final action consisted of building an infrastructure to produce electricity (Pow).
Only one scenario was described here. This one was entirely fictitious.

Figure 6. Flows/ICV actions matrix in this case.

It must be noted that, at this stage, such a model permitted greater collaboration
between the company and the host country. Indeed, the set of project ICV actions that were
elaborated and proposed by the company could be used as a source of data to identify the
flows between (sub-)capital stocks of the matrices in Figures 5 and 6. However, these flows
between (sub-)capital stocks could also be identified as promising flows from the host
country’s viewpoint; thus, encouraging the company to elaborate project ICV actions that
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could have an impact on such flows. The greater the collaboration between the company
and the host country, the more efficient project ICV actions were likely to be in the end.
Thanks to the example of this case study, the proposed model was considered by industrial
practitioners as a tool that could enhance greater collaboration with the host country,
especially at this step in the process.

4.3.6. The ICV Actions/Strategies Matrix

The purpose of this matrix was to account for the presence of an elementary action
in a project strategy. The ASqr coefficients of the matrix were binary numbers. ASqr = 1
meant that action Aq was part of strategy Sr. This matrix, therefore, permitted to describe
all the possible project strategies and scenarios (Figure 7 in this case). At this stage, there
was no consideration of weighted coefficients for this matrix, representing the fact that
we might, for instance, build a certain number of kilometers of roads. For the moment,
this was modeled through several alternatives, each one representing a discrete number
of kilometers.

Figure 7. ICV actions/strategies matrix in this case.

As a synthesis, the following Figure 8 gives an overview of the complete process,
with five connected matrices allowing to link possible ICV strategies with decision-makers’
preferences. It particularly illustrated the impacts of project strategy S1 over the different
matrices. The ability to describe the complete project ICV creation process and thus study
different alternatives of project ICV strategies was considered as a promising approach
to study the company’s projects. The flexibility of this model and its adaptability to any
project and host country context (with the possibility to include (or not) any (sub-)capital
stock or flow) in the model appeared to be promising to build transparent, trustworthy,
and proactive relationships with host countries.
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Figure 8. The complete process with a navigation process through a 5-matrix chain.
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5. Conclusions

In-Country Value (ICV) was an emergent and promising way to create sustainable
and local values in countries in which heavy industrial projects like oil and gas ones were
carried out. It differed from classical Local Content because ICV actions could also impact
a host country’s system of values through activities developed in synergy with the project
but outside its initial scope. A systems thinking-based approach was used to build up
an ICV description model (Research Question 1). A Domain Mapping Matrix (DMM)
approach was then proposed to help build a 5-matrix chain to describe the complete project
ICV creation process and estimate possible ICV strategies in terms of sustainable and local
value creation (Research Question 2). An application to a hybrid case study built up with
an industrial practitioner and specific country documents permitted to test the practical
implementation of the model and validate the overall approach (Research Question 3).

This study notably proved, according to the company’s experts, how such a model
could permit to facilitate discussions among stakeholders and lay the foundations of
ICV creation-oriented decision-making processes. Indeed, contrary to the processes which
existed within the company before this study, this new approach permitted to describe more
precisely the different steps of the process of ICV creation. The model indeed permitted
to address the diversity of the elements which were involved in the ICV creation process,
whatever their nature (project actions, values, preferences of decision-makers . . . ). The
impacts of a given project strategy could, therefore, be fully described on multiple scales.
Therefore, it permitted to describe precisely and compare the potential levers the company
could use to create local value on multiple capital stocks and flows between capital stocks
within the country, even if these levers and consequences were of different natures. This
approach was even more original because it permitted to connect these possibilities of
value creation to the host countries’ global objectives (and the multiple decision-makers),
which opened a perspective on the assistance of a multicriteria selection process of relevant
ICV strategies considering multiple decision-makers.

Other perspectives of this work could be identified both in terms of industrial appli-
cations and generic modeling of project ICV creation processes. First, if all the necessary
elements (of different natures) were included in the DMM model, the case study showed
that the availability or imprecision of some data could be a brake on their consideration.
Consequently, a research perspective could be to deal with this difficulty to have all in-
formation available at the same time when carrying out such a study. A first possibility
could be to build up a data availability/precision indicator and link it to every (sub-)capital
stock and/or flow so the decision-makers could choose whether to integrate or not a given
(sub-)capital stock and/or flow in the model using a multicriteria approach (combining
this criterion of data availability/precision and criteria regarding the impact on local value
creation). Another possibility would be to use fuzzy numbers in the capital stocks/flows
matrix and in the flows/ICV actions matrix to deal with unavailable or imprecise infor-
mation. Second, if the DMM-based approach permitted to model the interests of multiple
stakeholders and decision-makers, a perspective could be to integrate specific collaborative
decision-making strategies within and between the organizations. Indeed, presently, the
model permitted to assess the impacts of a project ICV strategy on multiple scales using
the weights of different decision-makers and their preferences. However, future work
could permit to go further and define a collaborative decision-making process that would
be based not only on such a quantitative assessment but also on more qualitative factors
that cannot be modeled easily (for instance, dealing with the different time scales of the
potential impacts of a project ICV strategy which were likely not to be simultaneous). Such
collaborative decision-making process might also be the occasion to include a refined and
more precise evaluation in some matrices (for instance, in the ICV actions/strategies matrix,
including a weighted or fuzzy evaluation of the presence of an ICV action in a strategy
instead of a binary number). Finally, if our approach allowed a matrix-based representation
of a project ICV strategy, with the path of its impacts on capital stocks and flows, and on the
decision-makers’ satisfaction, a future perspective of this work will be to adapt this matrix
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form to a graphical representation which could be more easily communicable. A visual
representation of project ICV creation using graphs is meant to be developed, knowing that
reflection must be carried out in the most appropriate way to represent coexisting flows of
different natures.
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