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ABSTRACT

The dynamics of oil markets are influenced by both international and local contexts, which determine their potential for success and sustainability. 
This article uses a conceptual methodology to analyze the characteristics that are present in successful energy markets. These characteristics can 
help identify inhibitors and barriers that may hinder the growth and development of the market. The analytical-propositive methodological design 
consists of three phases: Firstly, a diagnosis is conducted to describe the costs associated with oil production, which will allow for the identification 
of economic characteristics. Secondly, attributes of the Colombian oil market are identified through a documentary and regulatory analysis. Finally, 
strategic guidelines are inferred, which can be used as inputs for the formulation of energy policies. The results highlight that sustainable development 
policies must involve both public and private actors to strengthen decision-making and the quality of processes, thereby providing greater scope.

Keywords: Oil Market, Energetic Policy, Sustainable Development, Barriers, Inhibitors 
JEL Classifications: Q35, Q38

1. INTRODUCTION

World energy consumption statistics present renewable energies 
as a replacement option, but there is a dominant position of fossil 
resources (Ortega & Marín, 2021). Energy commodities such as oil 
and gas play a strategic role in the growth of a country (Henriques 
and Sadorsky, 2011); having resources available is important to 
not put energy security at risk and ensure demand for processes. 
productive (Krishnan, 2016). Government agendas consider points 
such as possessing and maintaining a varied offer in the energy 
basket, to provide a reliable supply, prevent rationing, and plan 
supply scenarios (Cardozo, 2007; Villacís Espín, 2015); Due to 
fluctuations in the price of hydrocarbons, economic instabilities 
arise (Regnier, 2007), which modify the plans and budgets of 
governments (Tang et al., 2010).

World energy consumption statistics present renewable energies 
as a replacement option, but there is a dominant position of fossil 
resources. Energy commodities such as oil and gas play a strategic 
role in the growth of a country (Henriques and Sadorsky, 2011); 
having resources available is important to not put energy security 
at risk and ensure demand for processes. productive (Krishnan, 
2016). Government agendas consider points such as possessing and 
maintaining a varied offer in the energy basket, to provide a reliable 
supply, prevent rationing, and plan supply scenarios (Cardozo, 
2007; Villacís Espín, 2015); due to fluctuations in the price of 
hydrocarbons, economic instabilities arise (Regnier, 2007), which 
modify the plans and budgets of governments (Tang et al., 2010).

The Colombian government predicted that by 2021 the country will 
lose oil self-sufficiency (CGR, 2017a). This scenario establishes 
that all the crude oil produced in the national territory will not 

This Journal is licensed under a Creative Commons Attribution 4.0 International License



Grimaldo-Guerrero, et al.: Colombian Oil Energy Security through a Framework of Risks and Vulnerabilities

International Journal of Energy Economics and Policy | Vol 14 • Issue 5 • 2024480

be enough to supply the refineries and the missing resources will 
have to be imported. The Colombian government raised the need 
to accelerate mining-energy development (DPN, 2015; Ley 1753, 
2015) and exposed the need to maintain self-sufficiency in fossil 
fuels (UPME, 2015), to avoid the loss of self-sufficiency. They 
proposed alternatives such as the exploitation of unconventional 
hydrocarbons, the exploitation of offshore hydrocarbons, and the 
import of gas.

At present, commercial exploitation of offshore hydrocarbons is in 
the department of La Guajira, and discoveries in different areas of the 
Colombian Caribbean Sea (Castellanos et al., 2017; Bogotá Sanabria 
et al., 2018; ANH, 2018). The start of offshore activities requires the 
preparation of the Caribbean region to optimize its development 
and growth (Castellanos et al., 2017); due to the economic, 
environmental, and social implications, there is a great challenge to 
achieve convergence and generate sustainable development.

The Colombian oil sector is a strategic asset for the nation’s 
finances due to its economic contributions (López et al., 2013), it 
contributed from 30% to 50% of total exports, by 2018 it had 40% 
of total exports (DANE, 2019); during the years 2006 to 2013, they 
maintained participation above 30% of foreign direct investment 
(UPME, 2015). By the end of 2014, the fall in hydrocarbon prices 
caused a fiscal deficit in the government in subsequent years 
(CGR, 2017b; González Tique and Hernández García, 2016), 
forcing the restructuring of the contractual model (ANH, 2018). 
And the increase in 2D and 3D seismic exploration activities by 
the ANH (ANH, 2018).

The present research conducts a review of the Colombian oil 
market and the identification of gaps that can serve as facilitators 
for the sustainable development of the sector (Idemudia, 2012; 
Adams et al., 2019). The work begins with Section 1, which 
presents the motivation to maintain the oil market as a strategic 
sector for the nation’s development. Section 2 outlines the stages 
and procedure of this analytical-propositional research. The 
institutional framework involved in the development of oil projects 
is depicted in Section 3. Section 4 presents the relationship of 
hydrocarbon prices as the final decision-making element for the 
execution of oil projects. Section 5 links the current situation of the 
country with the concepts proposed by (Mallon, 2006) to achieve 
a successful energy market, which will allow the recognition of 
inhibitors that can be used as key factors for sector development. 
Section 6 builds upon the concepts of Section 5 and proposes 
guidelines within a framework of vulnerabilities for the different 
levels of the oil sector. Section 7 denotes the limitations of the 
study and future research directions associated with the oil market.

The outcome of the study will enable the identification of specific 
characteristics of the sector and key points to close gaps, thus 
facilitating sustainable development in the oil industry, mitigating 
risks to energy security, and enhancing market conditions.

2. METHODOLOGY

The research design adopts an analytical-propositional approach, 
aiming to analyze, from both conceptual and methodological 

dimensions, the standardized characteristics applied to the 
development of successful oil markets. The methodology involves 
examining the institutional framework regulating the development 
of oil projects and analyzing the relationship of hydrocarbon 
prices as a determinant variable for project execution decisions. 
Drawing on concepts outlined by Mallon (2006), inhibitors are 
identified, and through a vulnerability framework, strategies and 
strategic guidelines are defined for strengthening the Colombian oil 
market. Procedural systematization is organized into three research 
phases. The first phase describes costs attributed to the price of 
oil production. The documentary review was conducted across 
various information sources regarding costs associated with the 
design and execution of oil projects, allowing for the identification 
of economic characteristics affecting production prices, which in 
turn have a close relationship between energy supply and demand.

The second phase examines the characteristics outlined by Mallon 
(2006), who presents ten conditions that underpin the success of the 
renewable energy market; these are analyzed within the context of 
the Colombian oil sector. These elements are regarded as catalysts 
for organizational and social development processes in the energy 
sphere, as they allow for the identification of facilitators, inhibitors, 
and barriers. Recognizing energy policies entails not only 
identifying these elements but also understanding the framework 
within which they are interacting. International experiences from 
one country to another demonstrate that a lack of understanding 
of these processes can lead to a chain of doubts or conceptual and 
procedural gaps concerning the most relevant strategic vision in 
line with the intended objectives (Estrada Gasca, 2013). From 
this perspective, the analysis requires identifying the strengths 
and weaknesses of Colombia’s oil sector concerning planning 
and policy formulation processes, as well as the methodological 
approaches adopted as inputs for defining and implementing short, 
medium, and long-term plans.

Finally, the third phase entails identifying actions or objectives 
for the sustainable management of long-term planning processes. 
The outcomes are articulated as intervention proposals, whose 
subsequent analysis enables the determination of their relevance 
for integration into the definition of energy policies suitable for 
adoption in Colombia.

3. COLOMBIAN INSTITUTIONAL 
FRAMEWORK FOR THE HYDROCARBONS 

SECTOR

Colombia’s renewable and non-renewable resources are owned 
by the state, which is responsible for managing and creating 
development and utilization plans. Ministries are tasked with 
improving effectiveness and are entrusted with managing and 
coordinating a strategic sector of the State. Figure 1 presents an 
organizational chart of entities directly involved in the execution of 
an oil project, segmented according to the dimension of sustainable 
development they predominantly affect.

In Colombia, the Ministry of Mines and Energy (MME) is 
responsible for administering non-renewable natural resources 
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and ensuring energy security (MME, 2018). It also formulates 
policies for the sustainable use of mining and energy resources 
for Colombia’s development. Additionally, the MME manages 
planning, formulation, and coordination processes in the mining-
energy sector through the Mining-Energy Planning Unit (UPME) 
(UPME, 2018), while the National Hydrocarbons Agency (ANH) 
administers the utilization of hydrocarbon resources by granting 
permits for exploration and subsequent exploitation.

Projects conceived within executing units are closely related 
to other ministries such as the Ministry of Environment and 
Sustainable Development (MADS), which manages and 
administers natural resources (MADS, 2018), and the Ministry 
of the Interior (MI), responsible for ensuring citizen participation 
(MI, 2018). The Directorate of Territorial Environmental Planning 
and the National Environmental System (SINA), under the MADS, 
aims to coordinate policies, plans, and programs in environmental 
and renewable natural resources, identifying protection areas 
and ensuring proper use of the territory and its natural resources. 
Environmental approvals for projects are obtained through an 
environmental license issued by the Environmental Licensing 
Authority (ANLA) (ANLA, 2018).

Figure 1 is organized into three levels. The first level encompasses 
the dimension of sustainable development, while the second 
level includes the ministries responsible for ensuring the security 
and compliance of this dimension. Lastly, entities with strong 
relationships are identified.

Within the economic dimension, the Ministry of Mines and Energy 
(MME), along with the UPME and ANH, are situated. They are 
tasked with maintaining the hydrocarbon resources necessary 
to meet demand. The exploitation of mining and oil resources 
accounts for approximately 5% of the nation’s GDP (BANREP, 
s.f.), and the hydrocarbon sector represents 60% of the mining-oil 
GDP (ANDI, 2018), making it a strategic sector for state finances.

The social dimension is managed by the Ministry of the Interior 
(MI), which certifies the presence and ensures the participation 
rights of the population and ethnic minorities in the project’s 
area of influence through the mechanism of prior consultation 
(MI, 2019). This mechanism facilitates the dissemination, 
socialization, and training of different concepts and regulations 
to ethnic communities, public institutions, and companies, to 
formulate agreements and enable project development (Castillo, 
2012; Morris et al., 2009).

The environmental dimension is overseen by the Ministry of 
Environment and Sustainable Development (MADS), along 
with the SINA and ANLA entities. The MADS enables territorial 
planning to identify strategic zones for resource utilization and 
creates protection zones according to environmental guidelines 
(MADS, 2019). ANLA is an autonomous entity responsible for 
granting or denying environmental licenses following the law 
(FB, 2017).

The relationship among these entities facilitates the conception 
and unhindered development of the oil project. Negative concepts 
could lead to delays and even project cancellation. These impacts 
would have economic ramifications and, depending on the 
generated revenues, could jeopardize continuity.

4. PRODUCTION COST SENSITIVITY

The final investment decision, where profitability in the project 
is defined within the existing context, primarily considers the 
probability of success, political stability, fiscal regime, and 
product price (Daniel, 2002; Lagos León, 2010; Long, 2008; 
Njeru, 2010; Adams et al., 2019; Davis and Lund, 2018). The 
first factor tends to have a high success rate due to investments 
and steps taken to gather information and reduce uncertainty 
(Lagos León, 2010). Political stability instills confidence in 
investors, which improves depending on the political leaders 
in office and their statements regarding support for the sector 
(Daniel, 2002; Long, 2008; Adams et al., 2019). Fiscal policies 
within the sector can either be favorable or unfavorable, and 
this relationship may improve depending on the market price 
of the product (Daniel, 2002; Corkin, 2009; Njeru, 2010; 
Metcalf, 2018).

The design and execution of projects aimed at mining-energy 
development face the main challenge of high costs and the 
time required to achieve a return on invested capital. Two 
components associated with this dynamic categorize costs as 
Capital Expenditure (CAPEX) and Operational Expenditure 
(OPEX). Figure 1 presents the concepts and elements to consider 
for calculating costs integrated into the structuring of an energy 
project.

In the specific case of extractive industries such as oil and mining, 
investment, execution, administration, operation, maintenance, 
and other associated expenses are high (Daniel, 2002; Al-Saadoon 
and Nsa, 2009; Davis and Lund, 2018). In Colombia, production 

Figure 1: Organization chart and entities associated with an oil project
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costs vary depending on the region. The average extraction cost 
(placing a barrel of crude from the reservoir to the surface) in 
the country is USD 19.4 (Malagón, 2016). For oil prices below 
40 dollars, production is not profitable because the extraction 
activity has a value close to 25 dollars, with the remaining costs 
attributed to activities such as transportation and processing 
(Malagón, 2016).

Cost variations depend on logistics, reservoir type, and the quality 
of the crude produced (Oyewole, 2016). Figure 2 presents CAPEX 
and OPEX values for oil barrel production in countries with oil 
production. The graph lists them in descending order based on 
their total cost.

Compared to other countries, Colombia ranks seventh (7th) with 
a total cost of 35.3 USD, placing it alongside countries such 
as Norway, Angola, and Nigeria, whose production sources 
lie in offshore exploitation. Regarding CAPEX costs, it has an 
average value of 15.5 USD, ranking twelfth (12th), while OPEX 
costs have an average value of 19.8 USD, placing it fourth (4th). 
Figure 3 presents the components that contribute to CAPEX and 
OPEX costs. Partially, it can be concluded that costs are rooted 
in the following three components: Equipment values, field 
administration and operation, and payments of taxes and royalties 
agreed upon by the E&P contract of the ANH (ANH, 2018). 
Literature highlights the need for clarity and stability in fiscal 
policy to maintain low volatility and aid in economic recovery 
(Daniel, 2002; Long, 2008; Adams et al., 2019; Bernanke, 2012; 
Fernández-Villaverde et al., 2015; Davis and Lund, 2018; Brown 
et al., 2018; Metcalf, 2018). The relationship between utility, 
income, and deductions can be formulated (Njeru, 2010; Castillo 
and Dorao, 2012):

TU=TI−TC−RT (1)
TI=P*Q (2)
TC=CAPEX+OPEX  (3)
TU=P*Q−
(CAPEX+OPEX)−RT  (4)

Where:
TU=Total Utility
TI=Total Income
TC=Total Costs
RT=Royalties and Taxes
P=Price of a barrel of hydrocarbon
Q=Number of barrels of hydrocarbon

In this sense, it can be inferred from (4) that to achieve high 
profitability, the following conditions may exist: (1) High 
hydrocarbon prices, (2) High production, (3) Low production 
costs, and/or (4) Incentivizing fiscal policies. It is worth noting 
that the price of hydrocarbons is uniform across all markets 
(Lanteri, 2014), thus becoming a variable dependent on the global 
economy and difficult to control. Conversely, production can be 
adjusted to achieve lower or higher production volumes based on 
administrative and operational decisions in the field, and costs 
can be reduced through excellent management; the latter two 
variables are manageable, primarily the latter. Fiscal policy is the 
only instrument within the government’s control that can attract 
investors through tax deductions, royalties, or charges in line with 
market conditions (Brown, 2018; Metcalf, 2018).

The relationship (4) depicts a dependence on profits and the volatility 
of hydrocarbon prices (Tang et al, 2010), which in turn relies on the 
approval of oil projects, as it enables short investment return times.

5. KEY FACTORS FOR INHIBITOR 
IDENTIFICATION

Mallon (2006) proposes, based on lessons learned and errors 
in energy market policies, key factors for designing and 

Figure 2: CAPEX, OPEX and Total costs in dollars to produce a barrel of oil in different countries

Source: Statista, 2015
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implementing energy policies. He suggests the following 10 
concepts: (1) Transparency, (2) Defined objectives, (3) Contextual 
frameworks, (4) New resources and technologies, (5) Appropriately 
applied incentives, (6) Land use planning, (7) Risk distribution 
improving cost-benefit, (8) Energy market reform, (9) Suitability, 
and (10) Stability. These factors allow for the creation 
of a conceptual framework regarding Colombia’s social, 
environmental, and economic context, which influence the oil 
market and can generate schemes for designing energy policies 
for sustainable development.

The definition of clear and straightforward policies, not subject 
to free interpretation, covering all necessary bases, is crucial. 
Providing transparency allows market freedom and encourages 
greater stakeholder participation (Kozulj, 2002). Defined 
objectives must be offered with clarity regarding expected 
outcomes, to focus goals and relate to those with common ends, 
ensuring better impacts and results. Proposals for energy policies 
should fit within contextual frameworks guided by international 
agreements, as they provide clarity and enable international 
cooperation (Toro, Garavito, López, & Montes, 2015).

The introduction of new resources and technologies will entail 
process improvements and higher CAPEX and OPEX compared 
to previous values (Kong and Ohadi, 2010), necessitating policies 

to incentivize technological migration in the market. With 
appropriately applied incentives, investment will follow a route 
in selecting technologies under a profitable CAPEX and OPEX 
strategy (Metcalf, 2018), which must be adjusted to maximize 
long-term utilization and enable sequential migration.

The lack of clarity in environmental protection boundaries 
(T-445/16, 2016), areas of ethnic communities (ICESCR, 1966; 
T-129/11, 2011), and characterization for their use (SU217/17, 
2017) underscores the need for land use planning to remove 
obstacles and delays, providing assurances to investors. 
Environmental impacts on oil projects are significant; integrating 
new technologies and land use planning will allow for risk 
distribution, improving cost-benefit (Martínez Alier, 2004; Alfaro 
Ramos and Guevara, 2013).

Energy market reform should aim for market liberalization 
(Kozulj, 2002), allowing new participants to enter and generate 
market changes. The suitability of the policy to be implemented 
must be linked to its efficiency and deficiency, which should be 
tested for self-sufficiency and profitability. The success of a project 
is tied to its CAPEX and OPEX; they will define profitability, 
necessitating a long-term vision policy to provide stability and 
ensure market security for stakeholders.

Figure 3: Costs imputed to mining-energy development projects. Adapted from: Al-Saadoon and Nsa, 2009; Lagos León, 2010; Njeru, 2010
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6. FRAMEWORK OF RISKS AND 
VULNERABILITIES

Security is based on the ability to prevent, avoid, and control as 
many risks as possible and to create a secure environment based 
on facts and perceptions. Achieving this requires identifying 
vulnerabilities within the system, reducing their effects, and 
strengthening reaction capacities to hazards. This allows for 
improvements in security in terms of availability, accessibility, 
affordability, and acceptability (Cherp and Jewell, 2014); this is 
achieved through the integration of different stakeholders involved 
in the sector.

As discussed in Section 5, it enables the approximation and 
identification of vulnerabilities within the Colombian oil market, 
presented in Figure 4. This relational framework is proactive, 
integrating management guidelines for sustainable and competitive 
development within the institutional framework of the Colombian 
oil market. The framework comprises three levels: government, 
regulators/state entities, and market agents, reflecting the 
responsibility that involves the government and public entities, 
requiring collaboration with the private sector for plan execution.

At the first level, where ministries are situated, emphasis is placed 
on investor protection, regulatory stability, and transparency in 
mechanisms defining citizen participation and environmental 
limitations within the project’s area of influence, aiming to 
prevent low credibility and distrust among the population. The 
second level presents administrative vulnerabilities stemming 
from communication gaps, extended time lapses, and insufficient 
guarantees for the population. Market agents within the oil sector 
occupy the innermost zone, as most of the investment comes 
from the private sector. Their vulnerabilities primarily concern 
infrastructure and project cost structure.

The results obtained from the vulnerability framework suggest 
that current conditions are amenable to improvement, and it is 
necessary to quantify the degree of vulnerability through energy 
security assessments considering variables such as government, 
infrastructure, and market resilience.

7. CONCLUSIONS

The development of nations is determined by their ability to supply 
their own resources, but in scenarios of scarcity, they must rely on 
suppliers to meet demand. There are not inherently more efficient 
and/or productive regulatory models; they merely prioritize the 
needs and functions of technical and administrative bodies related 
to the sector.

The research presented the institutional framework concerning the 
petroleum sector in its various sections, establishing the relationship 
between profits and variables such as price, production, and 
costs/expenses. Price emerges as the decisive variable in project 
approval, while royalties and taxes represent variables that the 
government can manage to generate incentives. A methodology 
used to define a framework for market success in the context of the 
Colombian oil market was related, and a vulnerability framework 
was designed from this, which can serve as input for designing new 
assessments and guidelines for market management and operation.

The methodology allowed for the identification of risks and 
vulnerabilities, emphasizing that private sector participation and 
government support are key factors for the performance of the oil 
market, primarily to instill confidence and credibility. Incentives 
for investment must be considered, along with fostering an 
environment of stability and reliability, especially in times when 
hydrocarbon prices are not high.

Figure 4: Vulnerability framework within the levels of the colombian oil sector
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The literature presents the relationship between state finances 
and the profitability outcomes of the oil production chain; thus, 
investment is necessary to achieve the goals set forth in (DPN, 
2015; Ley 1753, 2015).

The results obtained from the vulnerability framework suggest 
that current conditions are amenable to improvement, and it is 
necessary to quantify the degree of vulnerability through energy 
security assessments considering variables such as government, 
infrastructure, and market resilience. Pragmatic research and 
analysis are being conducted related to the sustainable development 
of the oil market using international models, forming supportive 
frameworks for decision-making in the Colombian oil sector. It 
is expected that the research will contribute to the conception 
of strategic energy planning processes and a policy roadmap to 
manage the growth of the hydrocarbon sector.
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