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Executive Summary 
Introduction 
Power systems around the globe are changing rapidly due to a confluence of technological, 
social, meteorological and business drivers. Wind and solar, especially paired with competitive 
auction procurement, have become the lowest cost new generation options in many regions of 
the world. In several countries, the emergence of plentiful and affordable shale gas is leading to 
the retirement of older incumbent generators, and greater liquidity and flexibility in liquified 
natural gas (LNG) markets. Battery storage, demand response, electric vehicle charging and 
other distributed energy resources (DERs) are altering the way power systems are planned and 
operated. Few locales, if any, will be immune to these dynamics.  

These changes are highlighting the need for flexibility and resilience in energy systems. This is 
seen clearly in select South American countries that have traditionally relied heavily on large 
(dammed) hydropower stations and who now also see increasingly rapid growth in variable 
renewable energy (VRE) sources. Over the past decade, some of these countries have 
experienced dramatic changes in hydropower availability due to variations in precipitation 
associated with “El Niño” and “La Niña” hydrological phases.  In Brazil, for example, 
hydropower plants typically provided 80% of annual power generation needs before 2010, but in 
the El Niño years of 2014-2015, its contribution fell to 64%. Similar situations exist in Colombia 
and to a much lesser extent in Argentina and Chile. 

This document summarizes opportunities for select representative countries in South America to 
adapt to these buffeting forces to ensure reliable, affordable, sustainable and resilient power 
systems. Special attention is placed on the potential role for natural gas to help ensure flexible 
and resilient power. Argentina, Brazil, Chile and Colombia are all vying to play stronger 
leadership roles in the continent, and all have stated increasingly bold commitments to 
sustainable development.  

 
Figure ES-1. Flexibility issues and options in power systems of key South American countries 
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Figure ES-1 summarizes the approach taken in this study to consider options in both electricity 
and natural gas sectors for providing flexibility and resiliency over different time scales. The 
analysis considers flexibility and resiliency needs at a high level but does not weigh specific 
cost-benefit investment opportunities. 

Table ES-1 compares and contrasts risks and constraints associated with the need for greater 
flexibility in the power sectors of all four countries. Brazil and Colombia are most exposed to 
threats from El Niño and La Niña impacts on hydropower output. Brazil and Chile are 
experiencing the fastest growth in VRE deployment. Currently, Argentina is most exposed to 
risk from fuel-supply uncertainty due to its relatively high reliance on natural gas generation, 
although Brazil, Chile and Colombia are not immune to these risks. All countries except Brazil 
face significant challenges in extracting greater flexibility from their existing thermal fleet of 
generators. Argentina probably has the best chance of continuing to build large hydropower 
plants, but even there, public opposition to that choice is still relatively high.  

Table ES-1. Risks and Constraints for More Flexible Power Generation in Select South American 
Countries 

  Argentina Brazil Chile Colombia 

Flexibility 
Catalysts 

Weather events affecting hydropower Medium High Medium High 

Increasing adoption of run-of-the-river 
power plants Medium High Medium-High High 

Increasing VRE integration Medium High High Low 
Thermal power generation inflexibility High Low High High 
Fuel-supply uncertainties High Medium Medium Medium 

Table ES-2 summarizes some of the key barriers and challenges to further development of the 
electricity and natural gas sectors in the four countries targeted in this study. Relative to the 
others, Argentina faces challenges because of its aging infrastructure (exemplified by a blackout 
in June of 2019) and from directing sufficient revenue for investment in both electricity and 
gas—a situation that is primarily due to its prolonged economic instabilities (high inflation rates 
and currency fluctuation) and market distortions associated with subsidies. All four countries 
face limitations associated with transmission capacity, public opposition to large hydropower 
plants and market mechanisms to promote greater flexibility in the electricity sector. In the gas 
sector, all four countries face limitations in underground storage and pipeline capacity. Chile is 
relatively unique in being the only country with insufficient domestic gas reserves, while Brazil 
faces techno-economic challenges associated with developing its offshore resources. 
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Table ES-2. Barriers and Challenges for Electricity and Natural Gas Development in Select South 
American Countries 

 Critical Issue Argentina Brazil Chile Colombia 

Relative 
barriers 
and 
challenges 
in the 
electricity 
sector 

Aging infrastructure x       
Transmission capacity limitations x x x x 
Insufficient revenue for investment x       
Public opposition to large hydropower plants x x x x 
Limited international interconnections     x  x 
Lack of market mechanisms to promote greater 
flexibility x x x x 

Demand concentration in specific regions x   x   
Relative 
barriers 
and 
challenges 
in the 
natural 
gas sector 

Techno-economic challenges associated with 
domestic production   x     

Insufficient long-term domestic gas reserves     x   
Lack of underground storage infrastructure x x x x 
Pipeline capacity limitations x x x x 

Insufficient revenue for investment x       

Country-specific Options 

Argentina 
The Argentinian energy sector currently faces strong headwinds due to the shrinking economy, 
high inflation, and the depreciating peso. Nonetheless, Argentina has very ambitious plans to 
develop natural gas fields in the Vaca Muerta formation and build infrastructure to move gas to 
market. This play has the potential to not only supply Argentina’s domestic needs but could—
under the right conditions—allow Argentina to export gas by pipeline to Chile, Brazil, and 
potentially other countries, and to ship it in the form of LNG around the globe. Development of 
the resource, and the infrastructure needed to move the gas considerable distances, is challenged 
by the current economic difficulties, regulatory risks, and decades of market distortions that 
impact the flow of investments. While the Macri government (2015-2019) took steps to reduce 
these distortions, economic uncertainty remains, and new political developments could reverse 
decisions made over the past few years. Addressing remaining market distortions so that 
investment will flow to where it is most needed is a key challenge for Argentinian policymakers, 
although this is a difficult task in a period of economic crisis.  

Adding more natural gas pipelines and underground storage appears to be a high priority for the 
country given the seasonal imbalances in the market.  

The Argentinian power system is dominated by natural gas and hydropower generation (Figure 
ES-2). Over the past few years, it has taken successful steps to accelerate the deployment of 
renewables through its auction programs. Continued focus on deploying VRE can be a source of 
low-cost electricity that offsets the need for gas- or oil-fired generation, although siting and 
constructing new transmission lines remains a challenge. Demand-side energy efficiency 
activities may be one of the least costly ways for Argentina to support reliable electricity 
services, especially given the demand growth that occurred during the peak years of previous 
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energy subsidies. Coordinated planning of energy infrastructure build-out using state-of-the-art 
modeling tools may be an option for Argentinian decision-makers to prioritize. 

  

  

Figure ES-2. Evolving generation mixes in Argentina, Brazil, Chile, and Colombia, 2001-2018 

Brazil  
Brazil’s power sector continues to be dominated by hydropower, although its share of total 
generation has been in decline since roughly 2011. Brazil has sophisticated energy planning 
capabilities and has installed more nonhydro renewables than any other South American country 
over the past decade. It is working to integrate more VRE and demand-response capabilities into 
the grid, and reforming electricity pricing mechanisms to better reflect supply and demand over 
shorter time intervals. It may also benefit from greater interconnection of transmission lines with 
neighboring countries and greater integration of distributed energy resources (DERs). Figure ES-
2 illustrates how Brazil’s generation mix has evolved over the past decade. 

Brazil is working to develop its considerable offshore natural gas resources, and like Argentina, 
would benefit from more gas infrastructure, especially large-scale underground storage. It has 
taken advantage of floating storage and regasification units (FSRUs) to import LNG during 
periods of peak demand without having to commit to permanent land-based infrastructure. This 
reliance on FSRUs is expected to grow over the coming years, at least until obtaining more 
certainty over development prospects for offshore resources. Brazil is also taking steps to 
introduce more competition within the natural gas sector and reduce the dominance of Petrobras 
over production, transmission, and distribution.   
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Chile  
Chile has been at the global forefront in introducing market-oriented liberalization and 
privatization of its energy sector. Chile faced a gas crisis starting in 2004 (when Argentina 
abruptly reduced pipeline exports) that had profound impacts on the country. The immediate 
response was to briefly rely on other petroleum products in electricity generation to make up for 
the lost gas supply and to construct several LNG import terminals. Coal generation also grew 
rapidly over the past decade as a longer-term substitute for natural gas, but the government 
announced in mid-2019 that it would phase out coal generation by 2040. Figure ES-2 reflects 
these changes. 

Chile has also seen rapid growth in VRE since 2014 and has extremely high-quality solar 
resources in the north and wind in the south. Planning and constructing transmission capacity to 
move the power to the demand centers in and around Santiago (and to mining load centers in the 
northern regions for night-time operations) remains a top priority for Chilean decision-makers. 
The share of electricity coming from hydropower plants with large reservoirs has fallen rapidly 
as the country moved to greater reliance on run-of-the-river configurations, which are not 
capable of providing medium- and long-term flexibility services. 

Chile is likely to rely more heavily on imported natural gas in the near term given the shrinking 
availability of hydropower and the planned phase-out of coal. It has plans to build new LNG 
import infrastructure and recently began to import gas again from Argentina via pipeline. Greater 
interconnection of electricity lines with neighboring countries, use of demand response, and 
deployment of a variety of energy storage options are three other opportunities for Chile to 
improve flexibility and resilience in the power sector.  

Colombia  
Like much of Brazil, Colombia is heavily dependent on large hydropower and is exposed to 
drought conditions during El Niño years. Colombia is a major exporter of coal, yet that fuel 
supplies only about 10% of the country’s electricity generation mix, slightly less than the level of 
natural gas generation (Figure ES-2). The country’s natural gas production is in fairly rapid 
decline, while demand continues to grow, leading Colombia to begin importing LNG in 2016 
using FSRUs. LNG imports are expected to grow rapidly in the near future. A pipeline connects 
Venezuela and Colombia, but no trade occurs despite the former having the largest gas reserves 
in South America. Both countries use the majority of their natural gas for reinjection at oil 
production sites to increase formation pressure. Also, like Brazil, Colombia has recently 
discovered significant offshore gas reserves, but analysts do not expect growth in production for 
a least a decade when drilling and infrastructure build-out can be completed. 

Colombia has a partially liberalized electricity sector but still provides subsidies to non-low-
income consumers. It is beginning to rectify the distortions that these subsidies can cause. 
Colombia is the only country analyzed here that does not yet have a developed market for VRE 
deployment, although the country’s first successful VRE auction in late 2019 is likely to change 
the situation. Colombia is targeting over 2,000 MW of new renewables to be deployed by the end 
of 2020. 
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Conclusion 
Argentina, Brazil, Chile, and Colombia face unique challenges in building out their electricity 
sectors to achieve resilient, reliable and sustainable systems. Each country faces challenges from 
uncertain hydropower output due to variable interannual weather conditions, but Argentina is 
less exposed to these variations. All have goals to rapidly boost domestic VRE generation, and 
all except Chile have significant natural gas resources that they plan to aggressively develop. 
Argentina’s Vaca Muerta formation may be the biggest uncertainty in South America’s evolving 
electric power sector calculus: this promising resource base could have far-reaching regional, 
and even global, repercussions on energy markets, yet the country faces significant economic 
and political challenges in developing it. In the meantime, imported LNG may be the most 
expedient option for Brazil, Chile, and Colombia on the margins given the recently improved 
liquidity of, and contract terms for, that fuel.  

While technology and market innovations in the form of rapidly falling costs for VRE, LNG 
contracting, battery storage, and other distributed energy options can sometimes outpace the 
institutional and policy capacity to effectively guide them, other breakthroughs could occur to 
better harmonize the deployment of flexibility and resiliency options. These South American 
countries face significant challenges in meeting future electricity sector aspirations, but the speed 
of change is occurring so rapidly that unexpected developments should be considered likely. On 
a positive note, each of these countries is building from a strong base of renewable hydropower 
toward a diverse portfolio of solar, wind, and gas, targeting clean and resilient power systems.   
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1 Introduction 
Power systems around the globe are changing rapidly due to a confluence of technological, 
social, climate and politico-economic drivers (21CPP and IEA 2019, BNEF 2019, IEA 2018, 
DNV GL 2019). Wind and solar, especially paired with competitive auction procurement, have 
become the cheapest new generation options in many regions of the world. In several countries, 
the emergence of plentiful and affordable shale gas is leading to the retirement of incumbent 
generators, and greater liquidity and flexibility in liquified natural gas (LNG) markets. Battery 
storage, demand response, electric vehicle charging and other changes at the distribution grid 
edge are altering the way power systems are planned and operated. Few locales, if any, will be 
immune from these dynamics. 

These changes are highlighting the need for flexibility and resilience in energy systems. This is 
seen clearly in select South American countries that have traditionally relied heavily on large 
hydropower stations and who now also see rapid growth in variable renewable energy (VRE) 
sources. Over the past decade, some of these countries have seen dramatic changes in 
hydropower availability due to variations in precipitation associated with “El Niño” and “La 
Niña” climate phases.  In Brazil, for example, hydropower plants typically provided 80% of 
annual power generation needs before 2010, but in El Niño years of 2014-2015, its contribution 
fell to 64% (EPE 2019a). Similar situations exist in Colombia and to a much lesser extent in 
Argentina and Chile, although the Chilean power sector has also faced chronic drought 
conditions over the past 5-10 years. At the same time, all four countries have either fostered 
strong growth in VRE or are starting to do so. 

This research report explores opportunities for select countries in South America to adopt to 
these buffeting forces to ensure flexible, reliable, affordable, sustainable and resilient power 
systems. Special attention is placed on the potential role for natural gas to help ensure flexible 
and resilient power. Argentina, Brazil, Chile and Colombia are all vying to play stronger 
leadership roles in the continent, and all have stated increasingly strong commitments to 
sustainable development strategies. 

Section 2 of this report summarizes key trends in power systems around the world and highlights 
special characteristics of these changes in the South American context. As new technologies 
(solar, wind and batteries), business models (corporate purchasing of renewables, auctions, 
aggregated demand response) and social desires (sustainability, individual control of energy 
choices, cyber-secure systems) penetrate electricity systems, the need for increased flexibility, 
resilience and reliability becomes increasingly clear. Policy and regulatory responses to these 
changes often lag behind.  Section 2 creates a roadmap of electricity and natural gas policy 
options for each of the countries to consider. 

Section 3 then presents a similar picture for the role of natural gas both globally and in South 
America. Natural gas still plays a relatively modest role for power generation in most of South 
America, although its use is growing rapidly in the four countries analyzed here. The availability 
of more flexible contracts to purchase LNG—shorter durations, smaller volumes, and greater 
availability in the spot market—combined with greater availability of offshore commercial 
infrastructure options such as floating LNG (FLNG) vessels having production, liquefaction, 
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storage and transfer capabilities, and floating storage and regasification units (FSRU) as 
alternatives to onshore regasification, has added greater overall liquidity to LNG markets around 
the globe for both exporters and importers. Argentina, Brazil, Chile and Colombia have taken 
advantage of these developments, and will likely do so increasingly in the near- to mid-term 
future. 

Sections 4–7 then provide case studies on the unique situations in Argentina, Brazil, Chile and 
Colombia, respectively. Argentina (Section 4) is in the midst of developing what is perhaps the 
most promising shale gas play in South America, Vaca Muerta, and what some have called the 
equivalent of the Eagle Ford Basin (Texas) for South America. The country is also facing 
tremendous economic challenges that will shape both the development of Vaca Muerta and the 
evolution of the larger energy economy. 

Section 5 focuses on Brazil, the dominant economy of South America, and one that has relied 
extensively on large hydropower plants and sugar-cane-based ethanol for decades. In recent 
years, both wind and solar project development has also grown dramatically, as well as the 
development of offshore natural gas, and the importation of LNG. Like Argentina, but less 
severe, Brazil has also faced economic and political challenges in recent years. 

In Section 6, the situation in Chile—a country that has been at the forefront of market-oriented 
electricity sector reforms—is highlighted. Chile has excellent solar resources in the northern part 
of the country and wind in the south but requires long transmission lines to connect the resources 
to demand centers in and around Santiago in the middle of the country.  Chile has also vowed to 
retire a slew of coal plants built in the first decade of the new century when gas imports from 
Argentina were suddenly cut off due to crisis in the latter’s economy.  

Finally, Colombia is the focus of Section 7. Like Brazil, Colombia is highly dependent on 
hydropower although it faces severe drought conditions only during El Niño years rather than the 
combined El Niño and La Niña hydrological phenomenon in Brazil.  Traditionally, Colombia 
also has large coal and natural gas output, but in recent years, net natural gas availability has 
declined, pushing Colombia to import growing quantities, mainly in the form of LNG. After 
several failed attempts to energize the renewable energy market—similar to the earlier situation 
in Argentina—Colombia appears ready to implement an aggressive plan to expand wind and 
solar, and perhaps other renewable generation sources. 

Finally, Section 8 synthesizes and summarizes key findings from the study. A variety of tools 
and approaches can be used to address flexibility and resiliency needs in South American power 
markets. Conducting effective long-term planning exercises is essential to coordinate the 
elements of flexibility in a systematic fashion. Energy storage in different forms, natural gas, 
demand response and other distributed energy options may all have roles to play in ensuring 
resilient, affordable, and sustainable electricity systems that have high shares of hydropower and 
rapidly growing markets for variable renewable energy. 
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2 Power System Transformation: Increasing Need for 
Resiliency and Flexibility in Select South American 
Regions 

2.1 Global Power Sector Trends 
Electricity sectors in a variety of countries are undergoing a period of rapid change as power 
systems move towards decarbonization, digitalization, and decentralization (Figure 1). This 
transformation has significantly changed the way power systems are designed, planned, and 
operated, thus creating new goals and challenges for energy security, affordability, reliability, 
resiliency, sustainability, and flexibility. Some key drivers behind these changes include 
increasing efforts to reduce greenhouse emissions, lower cost variable renewable energy (VRE) 
options, efficient and affordable energy storage systems, as well as innovative technologies that 
enable consumers to generate and store their own electricity, control their energy usage, interact 
with system operators, and provide services to the electricity grid in distributed or aggregated 
ways. 

 

Figure 1. Key drivers of global power system transformation 

2.2 Power System Flexibility 
Power system flexibility has been receiving increasing attention as VRE and demand-side 
technologies are more widely adopted. This is not restricted to system performance in the short-
term, but also over medium- and long-term horizons. Various definitions of power system 
flexibility have been provided in the literature. For instance, Ela et al. (2018) define flexibility as 
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“the ability of a resource, whether any component or collection of components of the power 
system, to respond to the known and unknown of power system conditions at various operational 
timescales”. Milligan et al. (2015) divides power system flexibility into physical flexibility and 
institutional flexibility. The former refers to the physical operations of power systems while the 
latter is defined as “the ability to deploy the physical flexibility when needed and when it is 
available through operational practices and/or market design structures.” In the same sense, 
power system flexibility can be divided into three layers: the institutional layer (comprising 
agents with clear roles and responsibilities), the layer of policy, regulatory, and market 
frameworks (defining technical rules and economic incentives), and the layer of hardware and 
infrastructure (defining the providers of physical flexibility) (IEA/21CPP 2018a). 

A flexible power system should be able to withstand rapid intermittences, slow periodic 
fluctuations, and infrequent abrupt changes in both supply and demand sides in the most cost-
effective manner possible; otherwise the system may experience economic consequences as well 
as reliability and resiliency disturbances including voltage and frequency deviations, load 
curtailment, unnecessary VRE spillage, and price volatility. Flexibility needs to be harnessed in 
all parts of the power system and for all possible time horizons (IRENA 2018).  Sources of 
flexibility can be centralized (large-scale generation units, grid interconnections, wholesale 
electricity market mechanisms, etc.) or distributed (small-scale generators, storage systems, and 
demand-response systems, retail market mechanisms, etc.). 

Key components of power system flexibility include market efficiency, reliability, and resiliency, 
as described in Figure 2. 

 

Figure 2. Key components of power system flexibility 
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Flexibility needs to be considered in long-term electricity planning even in systems without an 
immediate flexibility deficit. This is because power systems change over time, as do their 
flexibility requirements. 

The characteristics generally used to quantify the flexibility of a component or a collection of 
components in the power system are described below. 

• Capacity: Range of available power (spinning/non-spinning) to be dispatched or load to 
be curtailed. 

• Speed: Rate of incremental or decremental power generation/consumption change from 
generating units/loads. 

• Duration: Amount of time that generation units or loads can maintain specific power 
levels. 

Flexibility addresses different issues that span timescales that range from sub-seconds to years as 
illustrated in Table 1 (IEA/21CPP 2018a). 

Table 1. Timescales and Issues of Flexibility 

 
Source: Adapted from IEA/21CPP (2018a) 

2.3 The Shifting Electricity Landscape in Select South American 
Countries 

Select countries in South America are facing increasing risk and reliability concerns driven by 
high dependence on hydropower (and occasional/seasonal drought periods) and, increasingly, 
rapid growth of VRE sources. Countries including Argentina, Brazil, Chile, and Colombia are 
experiencing seasonal fluctuations in peak energy demand, increasing seasonal and annual 
fluctuations in hydropower supplies, and growth in variable solar and wind power, thereby 
increasing the need to expand emphasis on flexible energy sources. Figure 3 shows the 
aggregated electricity generation installed capacity in Argentina, Brazil, Chile, and Colombia in 
2009 and 2019 (as of March), respectively. In the last ten years, the share of hydropower in total 
installed capacity decreased nearly 10 percentage points, mainly due to social opposition to large 
new hydropower plants, increased restrictions on environmental licenses, and new plans for 
energy diversification. On the other hand, the VRE installed capacity increased nearly 9 
percentage points in the same period, mainly due to significant cost reductions of both wind and 
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solar systems, governmental subsidies and incentives for VRE developments as well as high 
decarbonization goals. 

  

Source: Data from Ministerio de Economía y Finanzas Públicas de Argentina (2009), Ministerio de Minas y Energía 
de Colombia (2010), Compañía Administradora del Mercado Mayorista Eléctrico (CAMMESA) (2019), Ministério de 
Minas e Energia (MME) (2019a), Comisión Nacional de Energía (CNE) (2019a), and XM Colombia (2019) 

Figure 3. Aggregated installed capacity in Argentina, Brazil, Chile, and Colombia 

2.4 Main Drivers of the Need for Power System Flexibility  

2.4.1 Socio-environmental issues associated with hydropower and the 
increasing adoption of run-of-the-river power plants 

Hydroelectricity has historically been the main source of load-following and flexibility reserve in 
many South American countries. Importantly, impoundment hydropower plants (those with large 
accumulation reservoirs such as the Tucuruí Power Plant in northern Brazil and the San Carlos 
Power Plant in northern Colombia) contribute to the stability of the power system and provide 
great flexibility by storing water to be released to generate power as needed. However, creating 
reservoirs for these power plants requires flooding of large areas of land, which entails 
significant socio-environmental impacts. On the other hand, diversion (also known as run-of-the-
river) hydropower plants have become the most viable option in many countries—especially  
Brazil, Chile, and Colombia—due to their reduced social and environmental impacts, which 
makes it easier and faster to obtain all the required environmental licenses and construction 
permits. In Chile, for example, the share of impoundment hydropower plants in the country’s 
hydropower installed capacity decreased from 64% in 2008 to only 32% in 2018 (CNE 2019b).  
Diversion power plants generate electricity by diverting a river’s flow into a canal/penstock to 
generate power before returning the water to the river downstream. However, due to the lack of 
large reservoirs, their ability to provide flexibility is very limited during some seasons of the 
year. Despite having lower socio-environmental impacts compared to impoundment power 
plants, diversion power plant projects in critical regions still face public opposition issues.  
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2.4.2 Weather events affecting hydropower 
Argentina, Brazil, Chile, and Colombia are countries generally affected by seasonal weather 
phenomena that significantly impact hydropower production. The El Niño Southern Oscillation 
(ENSO), for example, is a natural phenomenon that changes trade winds and water temperatures 
in the tropical Pacific Ocean (TPO), causing changes in both temperature and rainfall in several 
countries. ENSO consists of a warm phase (El Niño), with TPO waters having temperatures 
above average, and the cold phase (La Niña), with TPO waters experiencing temperatures below 
average. The Oceanic Niño Index (ONI) is one of the main indices used to monitor ENSO 
phenomenon. The ONI is defined as the three-month moving average of sea surface temperature 
anomalies in the Niño-3.4 region, which is located in the east-central Pacific Ocean (NOAA 
2019a). 

The El Niño periods are known for causing severe droughts and presenting higher temperatures 
in northern South America, and plentiful rainfall in the southern part of the continent. The La 
Niña periods, however, present the opposite characteristics. El Niño periods have historically 
presented higher impacts on both rainfall and temperature variation than La Niña periods. 
Continental countries like Brazil have experienced opposite regional effects in the same ENSO 
phase, thus reducing the overall country impacts. On the other hand, countries like Colombia 
experience significant impacts in both ENSO phases due to their smaller latitudinal extension. To 
illustrate the ENSO impacts on the hydropower production in Colombia, three different years are 
analyzed. Table 2 provides the ONI for three years with very different ENSO intensities. The 
warm periods in red and the cold periods in blue are based on a threshold of +/- 0.5o C.  The 
successive negative ONI values below the threshold in 2011 indicate a year with high La Niña 
intensities. The year of 2014 presented no significant El Niño/La Niña intensities. The successive 
positive ONI values above the threshold in 2015 indicate a year with high El Niño intensities. 

Table 2. Oceanic Niño Index in 2011 (La Niña), 2014, and 2015 (El Niño) 

Year Jan-Feb-Mar Feb-Mar-Apr Mar-Apr-May Apr-May-Jun May-Jun-Jul 
2011 -1.1 -0.8 -0.6 -0.5 -0.4 

2014 -0.4 -0.2 0.1 0.3 0.2 

2015 0.6 0.6 0.8 1.0 1.2 

Year Jun-Jul-Aug Jul-Aug-Sep Aug-Sep-Oct Sep-Oct-Nov Oct-Nov-Dec 

2011 -0.5 -0.7 -0.9 -1.1 -1.1 

2014 0.1 0.0 0.2 0.4 0.6 

2015 1.5 1.8 2.1 2.4 2.5 
Source: Data from NOAA (2019b) 

Figure 4 shows the active (useful) daily hydroelectric water capacity volume in Colombia for the 
same years of Table 2. The year with higher capacities (2011) corresponded to the year with high 
La Niña intensities. On the other hand, the year with lower capacities (2015) corresponded to the 
year with high El Niño intensities. It clearly shows how hydroelectricity output in Colombia is 
affected by ENSO phases with high intensities. 
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Source: Data from XM Colombia (2019) 

Figure 4. Active daily hydroelectric capacity volume in Colombia 

In addition to ENSO, other regional weather phenomena can also affect rainfall and consequently 
the hydropower production in specific regions. Text Box 1 briefly describes the recent droughts 
caused by a regional weather phenomenon in Southeastern Brazil. 
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2.4.3 Increasing VRE integration 
Colombia is an example of a South American country heavily dependent on hydropower that has 
been facing increasing risk and reliability concerns primarily due to the variation in rainfall and 
the increasing adoption of diversion hydropower plants, which calls for greater medium- and 
long-term flexibility. Other countries, such as Argentina, Brazil, and Chile also face hydropower 
variability concerns. However, they are also experiencing significant penetration of VRE, which 
calls for greater short-term flexibility. Figure 6 shows the aggregated VRE (wind and solar) 
installed capacity in these three countries from 2010 to 2019 (as of July). VRE capacity 
increased from 1,107 MW in 2010 to nearly 24,000 MW, accounting for about 10% of the total 
installed capacity in 2019. 

Text Box 1. Recent Droughts in Southeastern Brazil  

The South Atlantic Convergence Zone (SACZ) is a hydrological channel that brings moisture 
from the Amazon region to the Southeastern part of Brazil. It usually occurs in late spring 
and most parts of summer. The South Atlantic Subtropical High (SASH) is a high air pressure 
(anticyclone) system whose center is generally located between the continents of Africa and 
South America. When the SASH is positioned in the central part of the Atlantic Ocean, it 
facilitates the formation of rainfall areas in coastal regions of Brazil. When it is positioned in 
the continental area, however, it may work as an atmospheric block that prevents the 
formation of the SACZ. Brazil experienced intense droughts in the years of 2014-2017, 
which were mainly caused by a continental SASH that prevented the formation of the SACZ. 
This phenomenon significantly reduced the amounts of rainfall in the southeastern part of the 
country, especially in the states of São Paulo, Minas Gerais, and Espírito Santo, which 
together account for nearly 25% of the total hydroelectric capacity in Brazil. Figure 5 shows 
the average water storage capacity in the Brazilian Southeast/Central-West subsystem (which 
comprises the aforementioned states) in 2014 in comparison with the long-term average water 
storage capacity (from 1931 until 2014). 

 
Source: Data from MME (2019a) 

Figure 5. Average water storage capacity in the Brazilian Southeast/Central-West subsystem 
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Source: Data from CAMMESA (2019), MME (2019), and CNE (2019a) 

Figure 6. Aggregated VRE installed capacity in Argentina, Brazil, and Chile 

The dependency on hydropower and the increasing integration of VRE pose different challenges 
for the electricity sector in South American countries. Hydropower variations are typically 
seasonal, and the effects of abnormal rainfall periods should be carefully considered in the 
medium and long-term energy planning strategies. On the other hand, wind and solar power are 
variable and somewhat uncertain by nature, thus causing short-term planning concerns. In 
particular, Brazil has been facing flexibility challenges due to both hydropower dependency and 
VRE growth. 

2.4.4 Thermal power inflexibility and fuel supply uncertainties  
Additional drivers of the need for flexibility in South America, especially in those countries 
more dependent on thermal power generation such as Argentina and Chile, include the 
inflexibility (in terms of capacity, speed, duration) of existing thermal power plants and the 
uncertainties associated with fuel production, consumption, imports, and exports. This is 
especially true for older fossil fuel or nuclear plants that have limited ability ramp up or down 
output rapidly, or are expensive to start up and shut down as conditions change. 

2.5 Natural Gas as an Increasingly Important Generation Option in 
South America 

Natural gas is an important option to provide a critical source of flexibility to the electricity 
sector in South America. From 2014 to 2018, more than 35% of the total natural gas consumed 
in Argentina, Brazil, Chile, and Colombia was used for electricity generation (Figure 7). Despite 
holding significant natural gas reserves, South America remains a net importer as demand has 
grown rapidly and a shortage of upstream investment, limited transport infrastructure, as well as 
regulatory barriers have prevented sufficient investment in domestic supply. Argentina, with its 
Vaca Muerta shale formation, and Brazil, with its offshore Pre-Salt fields, have significant 
natural gas reserves. Both countries, however, face uncertainties and challenges concerning 
future domestic gas production and transportation. There is a potential for LNG to serve a more 
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prominent role, at least in the short to medium term, while long-term outcomes will depend on 
how domestic gas exploration and development proceeds, among other factors. Argentina, 
Brazil, and Chile have imported LNG mainly through the spot market for more than ten years. 
Colombia joined the group of LNG importers in 2016. Section 3 provides more information on 
natural gas trade in these key South American countries.  

 
Source: Data from IAPG (2019), MME (2019b), CNE (2019c), and PROMIGAS (2019) 

Figure 7. Aggregated natural gas consumption in Argentina, Brazil, Chile, and Colombia 

Many oil-fired power plants are being converted to burn cheaper and cleaner natural gas and 
many countries have plans to gradually reduce or phase out coal power generation. Social and 
environmental opposition to new hydroelectric projects has also hastened the move towards 
natural gas, although some countries may also oppose the greater use of fossil fuels due to their 
emissions. Furthermore, natural gas is increasingly used to support and complement VRE 
sources, including wind and solar. Sections 3-7 provide additional information on the potential 
for greater use of natural gas as a low-cost and flexible source of energy supply. Further analysis 
is needed to determine how much of that natural gas supply might come from domestic 
production as well as from cross-border pipeline and LNG imports, and the specific policies and 
business models appropriate for each country. 

2.6 Policy Options to Enhance Flexibility 
One key challenge of ensuring power system flexibility is to find resource adequacy strategies 
(i.e., strategies that ensure sufficient resources to satisfy the forecasted load) that can be adapted 
to the reality of each country in order to ensure proper revenue sufficiency (i.e., sufficient 
revenue to sustain a certain resource adequacy strategy). This includes domestic generation 
options, demand-side management, fuel imports, flexible technologies, as well as power system 
interconnections between regions of the same country and also between strategic neighboring 
countries. The flexibility issues and potential solutions in both electricity and natural gas sectors 
are illustrated in Figure 8 and discussed as follows. 
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Figure 8. Flexibility issues and options in power systems of key South American countries 

2.6.1 Electricity Sector Policy Options 
In the electricity sector, various options exist on both the generation and demand sides (ranging 
from centralized and large-scale solutions to small-scale and distributed alternatives) as well as 
opportunities for enhancements in the existing system/market planning and operation models. 

Generation Mix Diversification: A diverse generation mix is essential to ensure greater 
flexibility provision by reducing the dependence on a single fuel or resource type, leveraging the 
complementary strengths of various generation options, and mitigating fuel cost volatility. This 
includes new types of generation as well as the retrofit of existing inflexible thermal power 
plants. 

Demand-side Management: Historically, supply-side assets have been used as the main sources 
of flexibility in many countries (IRENA 2019). However, demand-side assets can also be 
providers of short-, medium-, and long-term flexibility. This includes price-based or incentive-
based mechanisms that aim to adjust electricity demand within certain limits in order to improve 
grid operation and electricity market performance.  

Storage Systems: Storage options include batteries and thermal storage for short-term and low-
capacity needs as well as emerging technologies for longer-duration and larger-scale capacity 
(e.g., systems able to convert electricity into ammonia and hydrogen). While traditional 
hydropower can serve as a seasonal storage approach, pumped hydro storage, in particular, is a 
promising option capable to provide flexibility at various time scales.  

Regional and International Interconnections: Transmission capacity expansion could foster 
greater flexibility and energy exchange between regions of the same country and also between 
strategic neighboring countries in order to better achieve regional complementarities (and even 
the opposite effects of weather events in different regions) and maximize the use of VRE.  

Distributed Energy Resources (DERs): In addition to centralized and large-scale options, 
distributed energy resources (DERs) (e.g., distributed generation, storage, and demand response) 
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are also expected to play a bigger role in South America. If properly controlled, DERs can 
provide additional flexibility, contribute to the reduction of network losses, as well as defer or 
replace the need for specific transmission or distribution grid expansion and upgrades. As 
innovative and affordable DER technologies emerge, the number of end-users interested in 
investing in such technologies is expected to increase. In addition, new types of incentives, 
financing options, and diversified markets for DERs can be further investigated to identify 
technical and regulatory opportunities for greater DER integration. 

Effective Pricing Mechanisms: The aforementioned options for the electricity sector depend on 
an effective coupling of market and system operations and planning with proper economic 
signals and a detailed representation of the constraints that may directly affect generation 
availability and electricity prices. For example, the adoption of day-ahead, intra-day, and real-
time electricity markets would make it possible to determine electricity prices with finer 
temporal resolution and boost the provision of short-term flexibility. Capacity markets, on the 
other hand, can be designed to incentivize flexibility at longer time scales. 

2.6.2 Natural Gas Sector Policy Options 
In the natural gas sector, policy options include infrastructure expansion (i.e., pipelines, 
underground storage, and LNG terminals) along with investments in domestic production and 
import diversification. 

Investments in Domestic Production: Such investments are essential to ensure lower gas prices 
reduce the dependency on fuel imports and, thus, allow gas-fired power plants to provide 
affordable flexibility services. In particular, investments in diversified natural gas options (e.g., 
conventional, unconventional, associated, and non-associated) can also help several countries to 
mitigate overall production uncertainties and technical challenges.  

Import Diversification: When domestic production is insufficient to meet demand, a diversified 
and robust natural gas import portfolio is essential to reduce the dependency on specific suppliers 
and contracting mechanisms. The available import options should consider short-, medium-, and 
long-term as well as seasonal flexibility needs. 

Robust and Competitive Markets: Natural gas markets should be designed to attract 
investments in production, transmission, and distribution in order to reduce monopolies and 
stimulate greater competitiveness, lower prices, and better services. Pricing mechanisms should 
consider technical constraints related to production, transmission, and distribution and ensure the 
revenue sufficiency of producers, consumers (e.g., flexible thermal power plants), and 
intermediary agents.  

Pipeline Infrastructure Expansion: The expansion of onshore and offshore pipelines could 
facilitate greater domestic production and provide natural gas service to new locations, thus 
increasing the overall and regional system flexibility capabilities. 

Underground Storage: The development of underground storage reservoirs would allow greater 
domestic production, mitigate supply and demand uncertainties and fluctuations, and increase the 
flexibility of supply, thus allowing a greater use of natural gas in many applications such as 
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power generation. Developing underground storage, however, is often limited by geological 
constraints. 

Flexible LNG Contracts and Technologies: The increasing flexibility of LNG contracts (in 
terms of volumes, duration, etc.) and technologies (floating storage and regasification units 
(FSRUs), floating liquefaction units, etc.) (see Section 3) could also help many South American 
countries to mitigate natural gas supply and demand uncertainties and fluctuations, and allow 
gas-fired power plants to provide greater flexibility in the electricity sector. 

Summary 

An integrated planning and operation framework for the electricity and natural gas sectors could 
potentially close the existing gap between the two sectors in South American countries. For 
instance, the power system planning and dispatching models that already take into account 
different hydrological conditions could also consider the constraints associated with the natural 
gas sector such as gas production, storage, transportation, and LNG storage/regasification limits, 
thus providing more realistic solutions and also mitigating price fluctuations associated with 
natural gas availability (Barroso et al., 2008).  
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3 Natural Gas Trends for South America 
3.1 Trends 
Natural gas is the third most prominent source of primary energy in the world after oil and coal, 
although in South America it plays a relatively minor role in overall energy use. Industrial, 
transportation, buildings (for water and space heating) and electric power are the leading 
consuming sectors of natural gas in South America. The participation of natural gas in these 
sectors varies by region.  

3.1.1 Characteristics of Natural Gas 
Globally, natural gas is growing as a source of energy because it has certain characteristics that 
are appealing from the perspective of governments, consumers and developers, including: 

1) Natural gas emits approximately half of the burner-tip carbon emissions and fewer air 
pollutants than coal per unit of energy, which appeals to governments looking to meet 
sustainability and pollution reduction goals (Middleton et al. 2017) 

2) Natural gas power plants are, in general, more flexible than coal or nuclear, which 
becomes an important characteristic as the share of variable sources of renewable energy 
increase in the power sector (Trabish 2014) 

3) The global availability of natural gas is growing due to the increase of LNG exports and 
the adoption of technologies that makes the extraction of unconventional gas—such as 
shale and tight gas—cost-effective (International Gas Union 2019).  

In recent years, the global trade of natural gas via maritime shipments has increased more rapidly 
than cross-border pipeline shipments of gas (Figure 12). Long-distance trading and new 
extraction technologies have created a global gas market with numerous and diverse suppliers 
and consumers where natural gas is a fungible commodity, thus enabling importing countries to 
diversify the sources of their imports, and to demand better and more flexible contract terms 
from suppliers.  

South America is still a new and small market for natural gas. To understand the outlook of 
natural gas in South America, it is important to understand the dynamics and current situation of 
the global market for natural gas.  

3.2 Natural Gas Demand 
The top natural gas consumers in 2018 were the United States, Russia, China, Iran, Japan and 
Canada. Global consumption of natural gas grew by 28% between 2008 and 2018, while in the 
later year alone, demand was up by 5.3%, one of the largest year-over-year increases in the last 
three decades (BP 2019).  

As an example, since 2000, China has generally experienced a double-digit year-to-year growth 
in gas consumption.  Since 2017, China’s coal-to-gas switching policy has encouraged more use 
of natural gas in industry and buildings over coal in order to reduce air pollution. These policies 
and the rebound of China’s heavy industry from a three-year slump contributed to an 18% 
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increase in gas consumption in China in 2018 (Miyamoto and Ishiguro 2018; BP 2019). 
Additionally, the demand for natural gas increased by 10% in the United States—the largest 
annual increase on record for the largest gas-consuming country—which also contributed to the 
global increase in consumption in 2018 (U.S. Energy Information Administration (EIA) 2019d).  

Japan is the largest importer of natural gas in the world. After the Fukushima nuclear accident in 
2011, Japan’s reliance on imported LNG rose dramatically to offset nuclear plants that were at 
least temporarily closed due to overall public concern about the safety of nuclear power. More 
recently, Japan announced plans to re-start at least some of its nuclear plants, lowering the 
country’s reliance on imports (Stiles 2016; Japanese Ministry of Economy, Trade and Industry 
2016).  

Other significant markets for LNG are Europe, China, and South Korea (Deloitte Center for 
Energy Solutions 2016). 

3.3 Natural Gas Supply 
Natural gas is extracted from underground deposits and distributed through pipelines to 
consumption centers or liquefaction facilities for export. The liquefaction of natural gas 
compresses its volume to about one six-hundredth of its original volume, making it easier and 
more cost-effective to ship over long distances. LNG is safer to transport because it is non-
flammable and non-toxic. Historically, the United States and Russia have been the two largest 
natural gas producers in the world, followed by Iran, Canada, Qatar, and China (Figure 9) (BP 
2019; Deloitte Center for Energy Solutions 2016).  

 
Source: Data from BP (2019) 

Figure 9. Leading natural gas producers  
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3.3.1 LNG Build-Up and The Shale Gas Revolution 
For decades, Russia (before and after the dissolution of the Soviet Union), focused its export 
strategy on Europe and was the primary or only source of natural gas for many countries in the 
continent. Russia’s monopolistic status allowed the country to require take-or-pay and 
destination clauses in its contracts, which required payments to Russia for any gas not consumed 
below a certain quota and prevented buyers from redistributing the gas to other countries, 
respectively (Mitrova and Boersma 2018). 

The United States, the largest global producer since 2011, consumed most of its production and 
only exported small amounts to Mexico and Canada. In the 2003 to 2006 period, the gap between 
the consumption of natural gas in the United States and its domestic supply started to grow 
significantly, making the U.S. market increasingly reliant on imports. The United States 
appeared as an attractive export market for gas producers around the globe and numerous LNG 
facilities were built in this period in Qatar, Algeria and other producing countries targeting a 
perceived growing market for American imports (Mitrova and Boersma 2018).  

The U.S. strategy to address the looming deficit was to build up its LNG-import infrastructure 
and to invest in developing drilling technologies that could extract the vast reserves of shale gas 
in the country. A combination of advances in underground visualization techniques, horizontal 
drilling, and hydraulic fracturing allowed the United States to unlock vast amounts of natural gas 
reserves. Between 2006 and 2008, the estimated natural gas reserves in the United States 
increased 35% mostly due to shale gas reserves, which had become cost-effectively recoverable 
through the use of new drilling and hydraulic fracturing technologies (Mouawad 2009; 
Massachusetts Institute of Technology 2011). 

3.3.2 LNG Market Dynamics 
Unlocking shale reserves in the United States had repercussions around the globe, even before 
the U.S. LNG exports started to gain momentum in 2016. Two large projects in Russia that had 
been planned with the U.S. demand in mind had to be delayed or cancelled, and the LNG from 
liquefaction facilities that became operational in 2008 and 2009 in Qatar, Algeria and other 
countries had to be redirected to Europe and Asia (Mitrova and Boersma 2018).  

Qatar, Australia, Malaysia, the United States, Nigeria, and Russia were the top 6 exporters of 
LNG in the world at the end of 2018, with Australian and U.S. output growing the fastest 
(Figure 10) (BP 2019). 
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Source: Data from BP (2019) 

Figure 10. LNG exports by top exporting countries  

3.3.3 Natural Gas Prices 
The relatively fast reversal in the prospect of the United States becoming a large market for LNG 
imports created an oversupply of LNG in the rest of the world. In 2016, natural gas prices 
worldwide declined to a 17-year low (Figure 11), largely associated with the decline in global 
petroleum prices at that time. Japan restarted some of its nuclear plants to reduce its dependence 
on gas and China’s demand growth fell somewhat due to a weakening economy. New 
liquefaction facilities had come online in Australia and other countries that increased capacity 
expecting to supply a market that did not materialize. At the start of 2017, the global LNG 
capacity was over 300 million tonnes per year, even though the total LNG trade in 2016 was 268 
million tonnes. U.S. exports grew almost six-fold between 2015 and 2016, although they still 
represented only 1% of global LNG exports (Japanese Ministry of Economy, Trade and Industry 
2016; Tan 2016; BP 2019; Finn 2017). 
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Source: Data from BP (2019) 

Figure 11. Natural gas prices in selected countries  

3.3.4 LNG and Natural Gas Diversity and Flexibility 
Gas abundance also empowered buyers to demand more flexible contracts. In Europe, countries 
such as Poland and Lithuania built facilities to import LNG, which reduced the countries’ 
reliance on Russian gas and enabled them to get better contract terms and prices from Russia. 
(Mitrova and Boersma 2018; Patzek, Male, and Marder 2013). The European Union, Japan and 
other jurisdictions have begun challenging destination clauses for LNG import contracts. These 
clauses may set a limit to the quantity of gas that can be resold, or the countries it can be resold 
to (Harding and Sheppard 2017; Vinter, Wilson, and Park 2018; Tsukimori 2017).  

The expected growth in natural gas demand around the globe (which materialized in 2018), the 
production growth above demand in some natural gas producing countries, and the mobility of 
LNG have contributed to the tripling of the market for LNG in the last 20 years. The gap 
between inter-regional pipeline natural gas and LNG trades narrowed to the smallest on record in 
2018 (Figure 12). LNG in 2018 contributed to 46% of total inter-regional trade in natural gas and 
the trend is for that percentage to keep growing as countries with vast reserves, such as the 
United States, Australia and Egypt, look to expand their export capacity. 
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Source: Data from BP (2019) 

Figure 12. Natural gas inter-regional trade  

The trade gap between pipeline and liquefied natural gas is closing even though LNG is more 
expensive than pipeline gas due to liquefaction and transportation costs. LNG transportation 
costs depend on current charter rates, which in turn depend on demand and vessel fuel costs and 
can be very volatile (Rogers 2018). However, the geographical reach of pipelines is limited due 
to the cost of pipeline construction and the difficulty of traversing certain types of terrain with 
pipelines.  

LNG contracts and deliveries are generally more flexible than pipeline trades; this can make 
LNG a preferred commodity for countries that have variable demand for natural gas and limited 
storage capability, such as Brazil. LNG is also convenient for countries like Japan that do not 
have access to natural gas pipelines from producing countries. Other countries with significant 
proven reserves, such as Colombia, import LNG because of the expense and time necessary to 
build the infrastructure to commercialize their domestic natural gas reserves. Argentina relies on 
flexible LNG to address its natural gas demand seasonality (high demand during the winter and 
low during warmer months).  

Figure 13 shows the geographies covered by pipeline and LNG trade. LNG trade routes are more 
widespread. Countries like Argentina export through pipelines to neighboring countries while 
importing LNG because of the difficulty of reaching consumption centers with pipelines.  
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Source: BP (2019) 

Figure 13. Major natural gas trade movements in 2018  

3.3.5 Floating Liquefaction and Regasification Facilities 
FLNG facilities produce, liquefy, store and transfer natural gas resources. FLNG units can be 
moored above offshore gas fields and are able to process, store and distribute large quantities of 
gas by liquefying it, reducing or eliminating the need for pipelines. These facilities are being 
bought or leased by exporting countries because they reduce the time and short-term cost for 
natural gas to reach the market and do not have any onshore footprint (Gallagher 2018). 
Similarly, LNG-importing countries can commission or lease floating storage and regasification 
units (FSRU) that can be deployed relatively fast to start LNG imports quickly. For example, 
Argentina’s first LNG-receiving facility was Bahía Blanca’s FSRU that allowed Argentina to 
import LNG between 2008 and 2018. Bahia Blanca was also the first FSRU in South America. 
When Argentina’s domestic production increased, the country decided not to renew Bahía 
Blanca’s FSRU lease and avoided having any stranded assets (Gilbert 2018). 

3.4 Continental Implications for South America 
In 2018, natural gas imports in South America totaled only 2.3% of the global trade (BP 2019). 
Historically, the region has relied more heavily on intra-regional pipeline trade. Imports into 
South America as a percentage of total global trade peaked in 2014 at 4%, when severe droughts 
affected the domestic production of hydropower between 2013 and 2015 (See Section 2). Since 
then, natural gas imports have declined by 29%. The market for natural gas in South America is 
not projected to grow much in the near term, unless the region suffers repeated severe drought 
conditions. However, the region is working on lessening its reliance on hydropower by 



24 

This report is available at no cost from the National Renewable Energy Laboratory at www.nrel.gov/publications. 

developing its natural gas infrastructure across the supply chain (Honoré 2016; International 
Finance Corporation 2019). 

3.4.1 Natural Gas Reserves 
South America has important natural gas reserves. Venezuela has the sixth largest proved natural 
gas reserves in the world and approximately 80% of the proven reserves in South America (BP 
2019). Argentina and Brazil have the second and tenth largest technically recoverable shale gas 
resources worldwide, respectively (Table 3). About 84% of Brazil’s reserves are located offshore 
(U.S. EIA 2013; BP 2019; U.S. EIA 2019a).  

Table 3. Proven and Unproven Technically Recoverable Natural Gas Reserves in  
Selected Countries of Latin America 

 
Proven reserves 
at end of 2018 

(trillion cubic feet) 

Unproven, technically 
recoverable resources 

(trillion cubic feet) 

Argentina 12.2 802 

Bolivia 10.3 36 

Brazil 13.4 245 

Colombia 3.7 55 

Peru 12.4 N/A 

Venezuela 223.8 167 

Chile 0.16 48 

Source: Data from U.S. EIA (2013) and  
Organization of the Petroleum Exporting Countries (2019) 

3.4.2 Production and Trade 
On average, South American countries produced 13.7 bcf per day and consumed 14.4 bcf per day 
in 2018. At least in theory, the region could be self-sufficient for 95% of its consumption. 
However, pipeline intra-regional gas trades have been fraught with uncertainty. The pipeline 
infrastructure could have provided the basis for a stable intra-regional market, but several 
problems occurred in the last two decades.  

In 2001, Argentina was hit with a severe economic crisis that compromised its ability to supply 
gas to the countries it was exporting to—most notably Chile, a country that at the time relied 
heavily in imports from Argentina, but also Brazil and Uruguay (Honoré 2016).  

In 2016, Colombia and Venezuela finished the construction of a pipeline that connected both 
countries.1 However, Colombia reduced exports to Venezuela in 2009 due to drought conditions 
that affected Colombia’s hydropower production and stopped gas exports altogether in 2014 for 

 
 
1 Despite Venezuela’s abundant natural gas reserves, the country’s state-owned production company (Petróleos de 
Venezuela) has focused most of its attention on oil production. Most of the associated gas that is produced in 
Venezuela is reinjected into oil fields to aid production there. 
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the same reason. In 2015, Venezuela announced that it would not renew a contract to import gas 
from Colombia citing irregular supply and frequent problems (Honoré 2016; Ulmer 2015; 
Alsema 2009).  

Bolivian exports to Brazil have been relatively stable. However, in 2018, Bolivia failed to meet 
the minimum gas volumes required by its contract with Brazil and had to pay a penalty. Disputes 
about prices have increased between the two countries over the years and Petrobras, the Brazilian 
state-controlled vertically integrated oil corporation, does not plan to renew its contract with its 
Bolivian counterpart after it expires at the end of 2019. Petrobras will reportedly reduce imports 
from Bolivia gradually in the coming years. Private investors, however, may import gas from 
Bolivia through the existing pipeline (Lombrana, Gilbert, and Valle 2019; Argus Media 2019). 

3.4.3 Regional Drivers to Increase Natural Gas Infrastructure 
South America has historically relied on large hydropower plants to supply each country’s 
domestic market for electricity. In 2018, 56% of the electric power production in South and 
Central America came from hydropower plants (BP 2019). South America brought more 
hydropower online in 2018 than any other region in the world except for East Asia (International 
Hydropower Association 2019). However, severe droughts during the last two decades and 
future extreme weather conditions may increasingly challenge the conditions for hydropower 
generation in some countries of South America (International Hydropower Association 2019).  

To mitigate the effects of hydropower variability, governments in the region have considered 
natural gas power generation as an alternative. Intra-regional gas trade instability and recurring 
droughts are among the most important factors that have contributed to the growth of the LNG 
market in South America, along with the flexibility of LNG import contracts, and the need to 
integrate variable renewable energy resources.  

3.4.4 Liquefied Natural Gas Imports to South America 
Argentina was the first country to build a regasification plant to import LNG in 2008. Chile and 
Brazil followed suit the year after. The relatively abundant global availability of LNG has 
enabled importing countries in South America to reduce their reliance on other countries of the 
region for natural gas imports.  

Between 2009 and 2018, LNG imports to South and Central America more than quadrupled 
(Figure 14). In 2018, Chile, Argentina and Brazil were the largest importers and accounted for 
75% of total imports to South and Central America (BP 2019). Bolivia, a country with abundant 
natural gas resources and a modest consumption, had for decades been a near monopoly in South 
America. However, Bolivia’s exports to its neighboring countries fell by approximately 30% in 
2018 (Lombrana, Gilbert, and Valle 2019; Barroso et al. 2008). 
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Source: Data from BP (2019) 

Figure 14. LNG imports in selected countries of South America and total for South America and 
Central America  

3.4.4.1 Brazilian LNG Imports 
The sharp growth in imports in the last decade masks the annual variability of gas imports in the 
region. Between 2015 and 2016, gas imports in Brazil fell 62% as the effects of the worst 
drought the country had experienced receded and hydropower and other forms of generation 
reduced the share of natural gas in the electric generation matrix (see Sections 2 and 5) (BP 
2019; Torres Diaz 2018). 

Brazil imports LNG from a variety of countries. In 2017, Nigeria and Angola were the largest 
suppliers of natural gas to Brazil. In 2018, the United States became the largest supplier, 
followed by Trinidad and Tobago and Russia (International Gas Union 2019; 2018). Brazil has a 
large potential for domestic production from its Pre-salt basins.2 However, the country does not 
have enough pipeline capacity to send gas from its deep-water fields at the rate demanded in the 
mainland and significant volumes of gas are re-injected (Torres Diaz 2018). 

LNG, with its global availability from diverse countries and flexible contracts, has become a 
reliable option for Brazil to address the intra- and interannual variability of natural gas demand, 
particularly because the country does not have significant natural gas storage capabilities. 

 
 
2 Pre-salt refers to geologic layers formed before a salt layer accumulated above it (Waisberg 2011). 
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3.4.4.2 Argentinian LNG Imports 
Since 2014, Argentina’s LNG imports have declined due to the economic slowdown, warmer 
winters and the rapidly-growing domestic production. In 2018 the country both closed3 one of its 
importing facilities and resumed exports to Chile after 12 years, as domestic production from the 
Vaca Muerta play increased (Gilbert 2018; Excelerate Energy 2019; EFE 2018). Argentina has 
the second largest reserves of technically recoverable shale gas resources after China, and the 
only country outside of North America to commercially develop shale gas (U.S. EIA 2017). 
Currently, only 4% of Vaca Muerta’s play has been developed (La Nación 2019). The 
government is looking to attract investors to further develop Vaca Muerta as well as buyers for 
its natural gas. However, investors and developers have expressed reluctance to invest in the play 
due to “country risk” (Diamante 2019). Despite the enormous potential of Vaca Muerta, 
Argentina has not seen the same exponential grow as in the United States, due to political risk, 
access to capital, and regulatory uncertainty (Zborowski 2018; Paraskova 2018). Additionally, 
the memory of the crisis of 2001, in which Argentina defaulted on its commitment to supply gas 
to Chile and other neighboring countries, could hamper finding buyers in South America 
(Diamante 2019).  

Argentina commissioned a liquefaction facility in 2019 to export LNG to countries in the 
Northern Hemisphere during Austral summers, when the country experiences an oversupply of 
gas (Owen 2019). Argentina does not have large-scale natural gas storage facilities and during 

 
 
3 More accurately, Argentina did not renew its contract with Excelerate Energy for a floating storage regasification 
unit that had been in operation since 2008. 

Text Box 2. The Panama Canal and Natural Gas Trade between North and South America 

In 2016, the Panama Canal was expanded to allow the transit of larger ships including, for the 
first time, LNG tankers. More than 600 LNG tankers have transited through the canal since 
the expansion. Initially, the administrators of the canal limited LNG transit to one tanker per 
day; but in October 2018, new rules helped increase the daily LNG traffic to up to five 
tankers. In 2018, the number of tankers traversing the canal increased 77%, from 163 in 
2017, to 290 (Chapa 2018; U.S. Energy Information Administration 2019c; Furtado 2019).  

The Panama Canal is crucial to enable LNG trades between the LNG terminals in the Pacific 
and the Atlantic coasts. Nearly all the LNG existing and planned exporting facilities in the 
United States are or will be in the Gulf and East coasts, as well as five planned exporting 
facilities in Canada. The Panama Canal opens the market for South American terminals in the 
Pacific—in particular, the Chilean market. Colombia’s next importing facility is planned on 
the country’s Pacific coast (Natural Resources Canada 2018; Federal Energy Regulatory 
Commission 2019; BNAmericas 2019).  

Seasonal complementarity presents an opportunity for gas trade between North and South 
America. However, droughts are a threat to gas trade between the two regions because they 
reduce the depth of the canal and, consequently, the cargo that the largest ships can carry, 
making such exports less competitive (Furtado 2019). 
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the winter months, when domestic supply is insufficient to meet demand, has relied on pipeline 
imports from Chile and Bolivia and LNG imports from a diverse group of countries, including 
Qatar—Argentina’s biggest supplier—the United States, Trinidad and Tobago, Equatorial 
Guinea, and Nigeria (TiempoSur 2016; International Gas Union 2019). Despite increasing 
production from Vaca Muerta, Argentina will continue to rely on imports until more pipeline 
capacity is built or large-scale storage is developed.  

3.4.4.3 Colombian LNG Imports 
Colombia has historically been able to meet domestic demand for natural gas with domestic 
production. However, natural gas consumption is experiencing consistent growth and its most 
productive fields are depleting and new developments are not coming online fast enough 
(Mendoza 2018; Pitts 2019). In 2016, Colombia opened its first LNG import terminal and 
imported its first cargo of natural gas—0.03 million tonnes from Trinidad and Tobago—in 2017. 
In 2018, imports grew to 0.22 million tonnes from Trinidad Tobago and the United States 
(International Gas Union 2019; 2018).  

In 2013, the U.S. EIA estimated that Colombia has 55 trillion cubic feet of technically 
recoverable shale gas, and in 2017 Colombia discovered a large offshore field in the Caribbean 
Sea. The government estimates that offshore discoveries could triple Colombia’s gas reserves. 
Colombian imports of LNG are still modest compared to its neighbors in the continent. However, 
that could change in the short term because developing new fields will require years, particularly 
in deep water. Colombia is considering building a second LNG importing facility to anticipate a 
potential growth in the gap between domestic supply and demand (Mendoza 2018; Martinez 
2017). 

3.4.4.4 Chilean LNG Imports 
The production and proven reserves of natural gas in Chile are not significant. Since 2010, Chile 
has depended on gas imports to meet at least 75% of its demand (Bernal 2018; U.S. EIA 2019b). 
In 2018, 67% of gas consumption in Chile was met with LNG imports from Trinidad and 
Tobago, the United States and Equatorial Guinea (International Gas Union 2019; BP 2019). 
However, in December of 2018, 48% of Chilean gas imports came from Argentina, just weeks 
after the two countries resumed trading gas after a 12-year pause caused by Argentina’s 
instability as a gas exporter, as explained above. In the first five months of 2019, the pace of 
imports from Argentina continued with an average of 39% of total imports. That percentage is 
expected to fall during the Austral winter when consumption in Argentina peaks (O’Ryan and 
Orellana 2019; Asencio 2018; Paraskova 2018).  

3.4.5 LNG Exports 
Peru and Argentina are the only two LNG-exporting countries in South America. Peru was the 
first country in South America to build a liquefaction facility—the Melchorita plant which began 
operations in 2010. In 2014, Peru produced 12.6 bcm of natural gas, consumed 7.2 bcm and 
exported 5.7 bcm of LNG (World Energy Council 2019). Argentina commissioned the first 
FLNG facility in the Americas in 2019 (Snyder 2019). 
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Summary 

While imports of LNG by Argentina, Brazil, and Chile—the three countries in South America 
that import the most LNG—have declined 36% from their peak in 2014, the relative accessibility 
to this form of natural gas will likely continue to make it a desirable fuel source for power 
generation in the immediate future. LNG’s supply flexibility could continue to provide a reliable 
option for Argentina’s seasonal demand while it develops Vaca Muerta. LNG’s supply diversity 
is attractive to Chile, after the country suffered important economic losses during Argentina’s 
crisis of 2001. LNG offers a way for Brazil and Colombia to quickly ramp up natural gas imports 
during unpredictable drought periods that may last for more than one year. Both countries have 
significant natural gas reserves and LNG can provide a bridge until such reserves hit the market. 
It remains to be seen what the long-term role of LNG in the region will be, given the 
decarbonization pledges that the different countries have made and the potential to develop 
domestic natural gas resources.  

Sections 4–7 now address more country-specific issues and options for Argentina, Brazil, Chile, 
and Colombia, respectively. 
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4 Argentina 
4.1 Electricity Sector Overview 
Argentina is the second largest electricity producer and consumer in South America after Brazil. 
In the last thirty years, the Argentine electricity sector has undergone profound changes, mainly 
driven by political and economic factors, which have significantly impacted the country’s power 
system flexibility. This section provides an overview of the Argentine electricity sector, briefly 
describing its history, organization, and development.  

4.1.1 Market Liberalization and Privatization 
Until the early 1990s, Argentina’s electricity sector was state-owned, and electricity generation, 
transmission, and distribution were vertically integrated. In 1992 under President Carlos Menem, 
the Electricity Regulatory Law No. 24,065 was created to foster increased competition and 
private investment in the power sector, catapulting Argentina to become one of the first 
developing countries to liberalize the sector. Law 24,065 also established the basis for the 
creation of the National Electricity Regulatory Entity (ENRE) to regulate the electricity sector, 
and the Argentinian Wholesale Power Market Administrative Company (CAMMESA) to 
perform generation dispatch, operate the national power grid, and coordinate the newly created 
Argentine competitive wholesale electricity market (Pampa Energia 2019).  

4.1.2 The 2001-2002 Crisis and Electricity Subsidy Policies  
A decade later, however, the evolution of the electricity sector reform was undermined by strong 
government intervention (through subsidies and top-down regulations) in the sector that began 
with president Eduardo Duhalde (2002-2003) after the 2001-2002 political and economic crisis 
and persisted even after the economic recovery throughout the two following presidential 
administrations (2003-2015). The 2001-2002 crisis was marked by deep recession, depreciation 
of the Argentine peso, large debts, and profound impacts on the electricity and natural gas 
sectors. In an attempt to mitigate the impacts of high unemployment and poverty rates, and 
currency devaluation, the government subsidized consumer prices for privatized public services 
such as electricity and natural gas. In the electricity sector, prices along with transmission and 
distribution tariffs (which were originally valued in U.S. dollars) were frozen and fixed in 
Argentine Pesos. The government also revoked price adjustment provisions and inflation 
indexation mechanisms (Olave et al. 2015) and introduced a mechanism to calculate the spot 
electricity prices based only on the price of natural gas (which is regulated by the government), 
regardless of the fuel and type of generation used. Such measures resulted in distorted electricity 
pricing, which contributed to an investment collapse in the electricity sector and an 
unprecedented electricity market structural deficit (Pampa Energia 2019). In particular, 
electricity companies suffered significant losses due to the decline in revenues with the 
devaluation of the Argentine peso, leading to huge debts in U.S. dollars and, consequently, 
delaying needed investments and reducing the quality of service and operating performance of 
services to consumers (Haselip et al. 2005).  

From 2003 to 2015, the Argentine government spent about 51 billion U.S. dollars on power 
subsidies to keep consumer’s electricity bills low (MercoPress 2016). Figure 15 shows the 
average residential electricity rate in some South American countries in 1996 and 2009, 
respectively. While most countries experienced an increase in residential rates, Argentina 
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experienced a residential reduction of nearly 67% over the same period. This led to a 
considerable demand growth in the residential sector that rapidly reduced the country’s capacity 
and reserve margin. 

 
Source: Data from CAF (2011) 

Figure 15. Average residential electricity prices in South American countries4 
 

4.1.3 Efforts to Increase Generation Capacity and Flexibility until 2015 
Some of the government initiatives to respond to the electricity demand growth and generation 
shortage during President Cristina Kirchner’s administration include the ‘Energy Plus’ program, 
the National Program for the Rational and Efficient Use of Energy (PRONUREE), and 
Resolution No. 95/2013. The ‘Energy Plus’ program was implemented in 2006 restricting the 
electricity traded in the spot market to cover only the demand of regulated consumers. Through 
this program, a new competitive market (‘Energy Plus market’) was created for large consumers 
to cover the electricity demand exceeding their base demand (Mastropietro et al. 2016). This 
program sought to guarantee supply of regulated consumers and encourage flexibility through 
self-production of electricity in the industrial sector (International Business Publications 2015). 
In 2007, PRONUREE was launched to promote energy efficiency on the demand side and 
contain the demand growth that resulted from government subsidies. Through Resolution No. 
95/2013, the hitherto competitive electricity market started to be fully controlled by CAMMESA. 
Under this resolution, free bilateral trading was suspended, and the single-buyer model was re-
enacted, thus leading producers and consumers to sell and buy electricity directly to and from 
CAMMESA, which also became the sole fuel supplier for the power plants participating in the 
wholesale electricity market. 

4.1.4 The Electricity Sector After 2015 
President Mauricio Macri took office in December of 2015 with the promise to liberalize the 
economy and normalize the electricity and natural gas markets by gradually cutting subsidies and 
addressing price distortions without social disturbance (CLAS, 2018). Within a week of taking 
office, the government declared an “Energy Emergency” until December 2017 through 

 
 
4 Different from Argentina, Colombia has a cross-subsidy program for retail electricity customers based on 
socioeconomic and geographical strata (see Section 7). The average residential electricity prices in Colombia shown 
in Figure 15 consider the rates for all strata.  
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Presidential Decree No. 134/2015 to avoid what it considered to be a possible ‘system collapse’ 
and raise awareness of energy efficiency and conservation (AAIP 2015). In 2016, the 
government announced the planned reduction of electricity subsidies until 2019, as illustrated in 
Figure 16.  

 
Source: Data from Ganem (2018) 

Figure 16. Gradual reduction of electricity subsidies from 2016 to 20195 

Other recent public initiatives in the electricity sector include international public tenders to 
attract private investments in the expansion of the country’s installed capacity (especially with 
renewable sources) and the enactment of Resolution 70/2018, which reauthorized power 
generators, co-generators, and self-generators participating in the wholesale market to freely 
procure their own fuel for power generation. 

4.1.5 Consumption 
Figure 17 shows Argentina’s electricity consumption from 2005 to 2018. In the period of 2005-
2015, the electricity consumption increased 43% (mainly led by the residential sector whose 
consumption increased 76%, followed by the commercial and industrial sectors with 
consumption growth of 39% and 15%, respectively) while the country’s power generation 
installed capacity increased only 30%. Following the subsidy reductions on electricity prices and 
the economic recession, the electricity consumption remained stable from 2015 to 2018, around 
133 TWh. 

 
 
5 Consumers under the Federal Social Rate (special rate designed to protect low-income citizens from rising 
electricity tariffs) are not subject to subsidy reductions (Ganem 2018). 
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Source: Data from CAMMESA (2019) 

Figure 17. Argentina’s electricity consumption by sector 

4.1.6 Generation 

4.1.6.1 Hydropower and Thermal Power Generation 
Argentina is well endowed with hydropower resources. However, the country has tapped only 
about 25% of its hydropower potential (IAE 2015). Before the 2001-2002 crisis, hydropower 
plants accounted for 40% of Argentina’s total power generation installed capacity. However, 
their high initial investment costs combined with high inflation rates, currency fluctuations, and 
socioenvironmental issues led the country to expand its generation capacity primarily with 
thermal power plants. Figure 18 shows the total and regional installed capacity in Argentina in 
2001 and 2018, respectively.  From 2001 to 2018, the hydropower installed capacity increased 
approximately 20% whereas the thermal power capacity increased nearly 80% in the same 
period. Figure 19 shows the evolution of Argentina’s electricity generation mix in the same 
period. As can be seen, hydropower generation remained relatively constant whereas thermal 
power generation (especially from natural gas) has increased significantly. It is also possible to 
observe the higher, but still modest, participation of VRE, especially from 2017 onward. 
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Source: Data from CAMMESA (2019) 

Figure 18. Total and regional installed capacity in Argentina in 2001 and 2018 

 
Source: Data from CAMMESA (2019) 

Figure 19. Electricity generation mix in Argentina from 2000 to 2018 

Some of the thermal power plants in Argentina can operate with different fuels including coal, 
oil, and natural gas, depending on their availability and price. With the natural gas shortages 
following the 2004 gas crisis (see Section 4.2.2), liquid fuels such as gasoil and fuel oil made up 
an increasing share of Argentina’s thermal power generation until the mid-2010s, as shown in 
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Figure 20. The recent increase in domestic natural gas production has significantly reduced the 
dependency on liquid fuels for power generation in the past few years. 

 
Source: Data from CAMMESA (2019) 

Figure 20. Share of Argentina’s thermal power generation by fuel 

4.1.6.2 VRE 
Argentina is also richly endowed with renewable resources. The country has abundant wind 
power potential, especially in the Patagonia region which has one of the richest wind resources in 
the world. In addition, there is abundant solar energy potential, especially in the Northwest and 
Cuyo regions which have high solar irradiance levels. However, the enormous renewable energy 
potential in Argentina remains largely untapped (Yaneva et al. 2018) due to the lack of effective 
mechanisms to attract investments to the sector, however that may now be changing. 

The first legal instrument for the promotion of renewable energy in Argentina was established in 
1998 through Law 25019/1998 (National Wind and Solar Energy Rules) which declared wind 
and solar power generation of national interest and introduced a feed-in tariff mechanism with 
tax credits for renewable energy sources. Such mechanism, however, did not offer sufficient 
incentives to attract significant investments in wind and solar power projects (International 
Business Publications 2015). In 2007, the government enacted Law 26190 which introduced new 
incentives (tax benefits, subsidized tariffs, etc.) not only for wind and solar power, but also for 
other renewable energy sources such as small hydropower, geothermal, and biomass with the 
objective of increasing the electricity consumption from renewable energy to 8% in 10 years (by 
2017). However, despite offering additional and more attractive incentives, Law 26190 shared 
many of the same limitations that undermined its predecessor (Law 25019/1998) and did not 
result in substantial investments in the sector (LaMarca 2011). For example, the Renewable 
Energy Generation Program (GENREN) was an auction effort launched by the government in 
2009 seeking to contract 1 GW of renewable energy projects. However, only around 15% of the 
895 MW awarded got constructed as the country risk was too high and developers had struggled 
to obtain financing (Yaneva et al. 2018). About six years later, Law 27191/2015 was enacted to 
expand the tax benefits of Law 26190 and introduce new incentives, such as accelerated 
depreciation on income taxes and import duty exemptions, to encourage investments in 
renewable energy projects. It also set the goal of covering 20% of the total electricity 
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consumption with renewable energy sources (excluding large hydropower plants) by 2025. In 
order to make it viable, the same law also introduced the Trust Fund for Renewable Energy 
(FODER) run by the country’s Investment and Foreign Trade Bank (BICE), aimed to provide, 
among other things, capital contributions and payment guarantees to facilitate the financing of 
renewable energy projects.  

The launching of the RenovAr program in 2016 was the turning point for Argentina in becoming 
one of the most promising markets for renewable energy in Latin America. RenovAr tendering 
mechanisms are comprised of a mix of incentives and guarantees for renewable energy projects 
where the awarded contracts take the form of long-term power purchase agreements (PPAs) 
administered by CAMMESA. The RenovAr auctions 1.0, 1.5, 2, and 3 have so far drawn strong 
investor interest. They already contracted more than 4 GW of renewable power through four 
heavily oversubscribed auctions. As shown in Table 4, wind and solar power account for nearly 
95% of the contracted capacity. In addition, the prices of the awarded projects with these 
technologies have decreased significantly, except for the round 3, which targeted smaller-scale 
projects connected to medium- and low-voltage networks (Renewables Now 2019). Text Box 3 
describes the main reasons for the success of the RenovAr program. 

In 2017, the Renewable Future Market (MATER) was launched by the government through 
Resolution 281/2017, allowing large consumers and renewable energy producers to sign freely 
negotiated private PPAs. The success of this market, however, will depend on attractive 
financing options for new renewable energy projects. 

Table 4. RenovAr’s Awarded Capacity and Price by Technology 

 Round 1.0 Round 1.5 Round 2 Round 3 
Technology Capacity 

(MW) 
Price 

(USD/MWh) 
Capacity 

(MW) 
Price 

(USD/MWh) 
Capacity 

(MW) 
 Price 

(USD/MWh) 
Capacity 

(MW) 
Price 

(USD/MWh) 

Wind 707 59 765 53.34 665  41.2 128.7 58.04 
Solar 400 59.75 516 53.34 556.8  43.5 96.75 57.58 

Biomass 15 110 - - 117.2  106.70 8.5 106.15 
Small 
Hydro 

11 105 - - 20.8  98.9 7.38 103.44 

Biogas 9 154 - - 35  156.80 12.75 158.57 
Landfill 
Biogas 

- - - - 13.1  129.2 5 129.5 

Source: Data from Yaneva et. al (2018) and Renewables Now (2019) 
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4.1.7 Transmission Infrastructure 
Argentina has more than 20,000 miles of transmission lines that deliver power to all regions of 
the country and interconnections with Brazil, Chile, Paraguay, and Uruguay. However, there has 
been an increasing concern regarding the reliability of the Argentine power system. In the last 
ten years, some regions have been suffering from frequent electricity outages, mainly due to the 
deteriorated condition of their power grid which operate at near capacity as the investments in 
generation, transmission, and distribution capacity have not increased at the same pace of that of 
electricity demand (Yaneva et al. 2018). In the Buenos Aires Metropolitan region, which 
accounts for nearly 40% of Argentina’s electricity consumption, outages are common in summer 
months as the electricity demand spikes with temperatures. After several power outages that 
struck Buenos Aires and surrounding areas in the midst of a heat wave in the 2015-2016 
summer, the government launched a call for tenders for new thermal power generation, where 

Text Box 3. What Has Made RenovAr Successful?  

Unlike previous efforts to facilitate greater integration of renewable energy in Argentina’s 
energy mix and attract private investments in the sector, RenovAr program has been standing 
out for its attractive incentives along with a simple, efficient, and transparent auctioning 
process (PWC 2017). The prices of the long-term PPAs are denominated in U.S. dollars (to 
avoid exposure to fluctuations of the Argentina peso) and adjusted annually based on the 
efficiency gains and cost increases (FIEL 2017). In terms of guarantees, FODER trust fund 
provides two types of guarantees for RenovAr projects - a liquidity guarantee, designed to 
ensure the payments of the electricity delivered to the grid, and a solvency guarantee, which 
works as a put option to reduce the country risk (Yaneva et al. 2018). In addition, the FODER 
fund is backed by more than US$700 million in additional guarantees from the International 
Bank for Reconstruction and Development (IBRD), which is a member of the World Bank 
Group, in case the government fails to provide the funds for project companies that exercise 
the put option. Figure 21 shows the origin of the awarded RenovAr 1.0, 1.5, and 2 bidders 
with and without the IBRD guarantee.  

 
Source: Adapted from Yaneva et. al (2018) 

Figure 21. RenovAr (Rounds 1.0, 1.5, and 2) awarded bidders by country of origin 
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some of the awarded projects were committed to start operating in the 2016-2017 summer 
(Pampa Energia 2019). Another event that exposed the vulnerability of Argentina’s electricity 
infrastructure was the massive blackout of June 2019, as described in Text Box 4. 

 

4.2 Natural Gas Sector Overview 
Argentina is the largest producer and consumer of natural gas in South America and has the 
potential to be among the world’s top gas markets in the future. This section provides a brief 
overview of the history, organization, and development of the natural gas sector in Argentina. 

4.2.1 Liberalization and Privatization Policies in the early 1990’s 
The natural gas sector in Argentina has a very similar history to that of the electricity sector, at 
least over the last 30 years. The market liberalization and privatization policies in the early 
1990’s attracted many investments to the sector. Among the state-owned companies that were 
privatized in that period was YPF, one of the world’s first entirely state-owned oil and gas 
companies, which was founded in 1922. With the new investments in the gas sector, domestic 
production rapidly overtook demand and, as a consequence, Argentina started to export natural 
gas to some of its neighboring countries such as Chile, Uruguay, and Brazil (Oxford Institute for 
Energy Studies 2016). In particular, Chile became a key importer of natural gas from Argentina 
and several pipelines were built between the two countries.  

4.2.2 The 2004 Gas Crisis  
With the government subsidies on natural gas during and after the economic crisis of 2001-2002, 
the country suffered from lower investments in natural gas exploration and production and 
increasing demand. The situation worsened in 2004 with the so called ‘2004 gas crisis’ as 
domestic production was insufficient to meet demand. The government then decided to 
significantly reduce its natural gas exports in an attempt to limit domestic shortages. Chile, 
which had become heavily dependent on natural gas imports from Argentina, was severely 
impacted by the breaches of natural gas contracts. Another government effort to respond to the 
gas crisis was the creation of the Argentina Energy Anonymous Society (ENARSA) in 2004 
(i.e., a majority state-owned company responsible for, among other things, the exploration, 
production, and commercialization of oil and gas) reinserting the state as a key participant in the 
sector. 

Text Box 4. June 2019 Blackout 

On 16 June 2019, a massive blackout hit Argentina, Uruguay, and parts of Paraguay, leaving 
tens of millions without electricity for several hours. According to preliminary reports 
(Secretaría de Energia, 2019a), the problem possibly started with a short-circuit that 
disconnected a 500-kV transmission line between the provinces of Buenos Aires and Entre 
Rios in Argentina. Then, due to failures in the protection system, other lines were 
disconnected leading to what the Argentina Secretariat of Energy called “a collapse of the 
Argentine Interconnection System (SADI)” (Nordrum, 2019).  
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4.2.3 Efforts to Increase Domestic Natural Production Until 2015 
Government efforts to boost natural gas exploration and production during Former-President 
Cristina Kirchner’s Administration included the creation of the ‘Gas Plus’ market in 2008 (i.e., a 
special market with attractive prices for natural gas from new discoveries and tight formations 
(International Business Publications, 2015)) and the renationalization of YPF. In 2012, the 
government claimed that Repsol, a Spanish oil and gas company which was the owner and 
operator of YPF, had reduced its investments in Argentina which led the country to lose its oil 
self-sufficiency in 2010. Former-President Cristina Kirchner then introduced a bill to 
renationalize YPF. The bill was passed by the Congress and signed by Kirchner in the same year.  

From 2003 to 2014, the production of oil and natural gas decreased nearly 30% and 20%, 
respectively (Secretaría de Energia, 2019b). This was not due to the lack of resources, but rather 
the lack of investments in the hydrocarbons sector resulting from high subsidies and price 
distortions (Folgar 2016). In 2014, the Hydrocarbons Law was created, which promoted 
incentives to attract investments in the production of unconventional hydrocarbons, especially in 
the Vaca Muerta formation (IEEFA 2019). These efforts, however, were not sufficient to ensure 
Argentina’s self-sufficiency of natural gas so the country used pipeline and LNG imports to fill 
its consumption gap. 

4.2.4 The Natural Gas Sector After 2015 
Like in the electricity sector, President Macri reduced natural gas subsidies to consumers from 
2015 onward, except for those under the Federal Social Rate mechanism for natural gas, which 
has similar rules to that of electricity. On the production side, a new subsidy mechanism (Gas 
Plan) was created through Resolution 46/2017 to boost unconventional gas production. The Gas 
Plan mechanism guarantees minimum prices in U.S. dollars until 2021 for unconventional gas 
sold in the domestic gas market (FARN 2019). 

4.2.4.1 Domestic Production 
In 2011, YPF announced a large discovery of shale oil and gas in the Vaca Muerta field (see 
Text Box 5). The increasing gas exploration from this field has boosted the domestic production 
in recent years. From 2015 to 2018, the annual natural gas production increased nearly 10%. In 
particular, gas from shale and tight formations had significant growth, as shown in Figure 22.  
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Source: Data from Secretaría de Energia (2019b) 

Figure 22. Evolution of Argentina’s natural gas production by type 

In June of 2019, shale and tight gas accounted for 43% of the total domestic production, where 
more than 30% came from Vaca Muerta, thus offsetting substantial declines from mature fields 
(U.S. EIA 2019). 
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4.2.5 Consumption 
Unlike other South American countries, such as Brazil and Colombia, the natural gas demand in 
Argentina has a strong seasonal pattern, as illustrated in Figure 24. During warmer periods 
(October through April), domestic production usually exceeds consumption. On the other hand, 
during winter (May through September), domestic production is insufficient to meet the demand 
growth (which is mainly driven by residential heating) and, due to the lack of underground 
storage infrastructure, the country has to shut down surplus production in warmer periods and 
resort to pipeline and LNG imports. Figure 25 shows the natural gas consumption by sector in 
the last ten years in Argentina. The most significant growth has been in the power generation 
sector, mainly due to the government efforts to reduce the dependency on expensive liquid fuels 
such as fuel oil and gas oil, and the gradual reduction of natural gas subsidies in other sectors. 

Text Box 5. Vaca Muerta Shale Formation  

 
Source: U.S. EIA (2017) 

Figure 23. Neuquen Basin in Argentina 

The Vaca Muerta shale formation is located 
in the Neuquen Basin in Northwestern 
Patagonia region. It covers approximately 
12,000 mi2 of the 53,000 mi2 of the Neuquen 
Basin (Oxford Institute for Energy Studies, 
2016). Vaca Muerta is estimated to hold the 
world’s second-largest shale gas reserves, 
with about 300 Tcf of dry, wet, and 
associated recoverable shale gas resources 
and 16 billion barrels of oil. Figure 23 shows 
the regional prospective of each hydrocarbon 
in the Vaca Muerta region. This basin has 
similar geologic properties (thickness, 
pressure, and mineral composition) to the 
Eagle Ford play in the United States (U.S. 
EIA 2017).   
There are currently more than 40 active oil 
and gas producers in Vaca Muerta. However, 
as of July 2019, only about 4% of its acreage 
has entered the development phase (U.S. EIA 
2019). The Argentine government estimates 
that, at full development, Vaca Muerta can 
accommodate approximately 85,000 wells 
from which about 1,000 were drilled so far 
(Secretaría de Energía 2018a). 
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Source: U.S. EIA (2019) 

Figure 24. Monthly natural gas production and consumption in Argentina 

 
Source: Data from IAPG (2019) 

Figure 25. Natural gas consumption by sector from 2008 to 2018 in Argentina 

4.2.6 Imports and Exports 
Argentina’s natural gas imports and exports have presented significant variations over the last 
two decades (Figure 26), which have been mainly driven by domestic production fluctuations 
and increasing consumption, especially for power generation. 
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Source: U.S. EIA (2019) 

Figure 26. Argentina’s natural gas imports and exports 

4.2.6.1 Pipeline Imports 
After the gas crisis in the mid 2000’s, Argentina resumed importing significant amounts of 
natural gas from Bolivia (which had been stopped in 1998) through the existing Yacimientos-
Bolivian Gulf (Yabog) pipeline. However, the pipeline imports are expected to decrease 
significantly in 2020 as the country expects to increase its domestic production and reduce 
imports. 

4.2.6.2 LNG Imports 
In addition to resuming pipeline imports, Argentina also imports LNG (mainly bought on the 
spot market) to fill its supply gap. The Bahia Blanca FSRU, in the province of Buenos Aires, 
came online in 2008 as the first LNG regasification terminal in South America. In 2011, the 
Escobar FSRU, also in the province of Buenos Aires, was inaugurated, thus increasing the 
country’s regasification to 1000 MMscf/d. LNG imports have increased the flexibility of 
Argentina’s natural gas sector and helped the country to mitigate the issues associated with the 
variations and seasonality of the natural gas consumption. With greater domestic production, 
LNG imports are also expected to decline. In October of 2018, the Exemplar FSRU departed the 
LNG terminal of Bahia Blanca after the Argentine government decided not to renew its lease due 
to its high costs and underutilization, especially in summer months, and the expectation of 
increasing natural gas production from Vaca Muerta (FARN 2019). Figure 27 shows Argentina’s 
LNG imports by country of origin. The country has imported most of its LNG from Trinidad and 
Tobago and Qatar. In 2018, however, Argentina imported 21% of its LNG from the United 
States, which started exporting LNG to Argentina in 2016. 
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Source: Data from GIIGNL (2019) 

Figure 27. Argentina’s LNG imports by country of origin 

4.2.6.3 Exports 
As a result of the increasing production of unconventional natural gas, several measures have 
been adopted by the Argentine government to monetize the country’s gas surplus. Two of the 
recent measures are described in Text Box 6. 
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Text Box 6. Recent Measures to Monetize Argentina’s Unconventional Natural Gas  

Resuming of natural gas exports to Chile 

At the end of 2018, Argentina resumed exporting natural gas by pipeline to Chile after a 12-
year interlude mainly caused by diplomatic conflicts between the two countries following the 
Argentine gas crisis in the mid-2000s. The Argentine government authorized gas producers 
such as YPF and Total to export natural gas to Chile during the eight-month period (October-
May) of lower residential demand in Argentina (Reuters 2019).  

Argentina becomes an LNG exporter 

Argentina recently joined the group of LNG exporting countries for the first time. In June of 
2019, the country shipped its first LNG cargo from the Tango floating liquefaction unit, 
which has a production capacity of 0.07 Bcf/day and is located in the port of Bahia Blanca. 
Tango is expected to produce up to eight LNG-export cargoes per year (U.S. EIA 2019).  
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4.3 Power System Flexibility 

4.3.1 Sources of Flexibility 
The main sources of flexibility in Argentina are impoundment hydropower plants (medium and 
long-term), run-of-the-river power plants (short-term), and thermal power plants, mostly new 
gas-fired plants (short, medium, and long-term). Argentina is the only country in South America 
with significant pumped storage hydropower capacity. The pumped storage hydropower plants of 
Rio Grande (750 MW) and Los Reyunos (224 MW) account for nearly 10% of the country’s 
installed hydropower capacity, thus being an important source of flexibility. In addition, the 
recent integration of wind and solar plants (mainly contracted in the RenoVaR auctions) are 
helping the country to diversify its generation mix and increase its long-term power system 
flexibility. 

4.3.2 Drivers of the Need for Flexibility 

4.3.2.1 Rainfall Variability 
Since Argentina is in the southern part of the South American continent, its hydropower 
generation can be significantly reduced during the periods of La Niña. Figure 28 shows how the 
intense La Niña of 2010-2012 affected the hydropower generation in the Salto Grande dam, 
which is the country’s second-largest hydropower plant, located on the Uruguay river between 
Concordia, Argentina, and Salto, Uruguay. During such periods, Argentina has to resort to 
alternative, and possibly very expensive, sources of generation to provide long-term flexibility 
and meet its electricity demand. For example, a strong La Niña during the wintertime, when 
there is lower availability of domestic natural gas, may lead the country to use imported liquid 
fuels such as fuel oil and gas oil which can cost more than three times the price of domestic 
natural gas. 

 
Source: Data from CAMMESA (2019) 

Figure 28. Hydropower generation of Salto Grande Dam in Argentina 
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4.3.2.2 Public Opposition to Hydropower Plants 
Argentina is facing increasing social opposition and stricter environmental laws for new 
hydropower projects. The country still has a significant untapped hydropower potential, 
especially in the southern region. However, various socio-environmental along with political and 
economic instabilities are significant barriers to the future development of impoundment and 
run-of-the-river hydropower plants in Argentina since investors may opt for projects with lower 
initial investment costs and environmental impacts.  

4.3.2.3 Growing VRE Integration 
The increasing penetration of VRE in Argentina has increased the need for power system 
flexibility at shorter timescales. Figure 29 shows how fast Argentina’s VRE installed capacity 
increased in the last ten years, especially after the first RenoVar auction in 2016. From June of 
2017 to June of 2019, the wind power installed capacity increased from 327 MW to 1,071 MW. 
In the same period, the solar power installed capacity increased from 9 MW to 330 MW. The 
VRE installed capacity in Argentina is expected to keep growing as the country aims to launch 
new public auctions for renewable energy and attract more private investments to the sector. 

 
Source: Data from CAMMESA (2019) 

Figure 29. VRE installed capacity in Argentina 

4.3.2.4 Thermal Power Inflexibility and Fuel Supply Uncertainties 
Argentina still has a significant number of old combined cycle power plants which can only 
provide limited or costly flexibility services. The country is expected to significantly increase its 
domestic natural gas production over the next years. However, future production, and 
consequently imports and exports, are still uncertain due to various technical challenges to be 
addressed along with political, and economic uncertainties that are expected to persist and affect 
the flexibility of supply at least in the short term.  
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4.4 Key Policy Options to Enhance Flexibility in Argentina 
Various policy options exist in both electricity and natural gas sectors to ensure Argentina’s 
power system flexibility and reliability, and also to reach the country’s short and long-term goals 
in both sectors. Table 5 shows some of the main goals for the electricity and natural gas sectors 
described in the Argentina Energy Plan (Secretaría de Energía 2018a). 

Table 5. Argentina Energy Plan Goals 

Sector Subsector Goal 

Electricity Renewable Energy 
• 20% of the country’s electricity 

consumption from renewable6 
energy sources by 2025. 

Natural Gas 

Domestic Production • Double domestic production in 5 
years and reach 8.4 Bcf/day. 

Imports 
• Stop importing LNG by 2022. 
• Stop importing pipeline natural 

gas by 2026. 

Exports 

• Exports to Chile (Bcf/day): 1 (by 
2022). 

• Exports to Brazil (Bcf/day): 0.3 
(by 2022), 1 (by 2025). 

• LNG exports (Bcf/day): 40 (by 
2023), 120 (by 2025). 

• Be the world’s fifth largest LNG 
exporter by 2026. 

Source: Secretaría de Energía (2018a) 

4.4.1 Electricity Sector Policy Options 
Generation Mix Diversification: Argentina has been working to diversify its generation mix, 
mainly with VRE sources, to enhance its power system flexibility. The country’s goal is to have 
20% of the electricity demand covered by renewable energy generation (excluding large 
hydropower plants) by 2025. This is a challenging goal given that, in 2018, only 2.5% of the 
country’s electricity demand was covered by non-large hydro renewable generation 
(CAMMESA 2019). However, the already awarded RenovAr projects that will be put into 
operation in the next few years combined with new RenovAr rounds and additional private 
investments may help the country to reach this goal. The creation of the MATER market for 
renewable energy PPAs described in Section 4.1.6.2 represents an important step towards greater 
private investment in renewable energy in Argentina. However, its success will depend on the 
availability of international financing and guarantees to protect investors from various risks. 
Other generation options, such as geothermal, could be further explored to increase the country’s 
generation mix diversification. Argentina has about 1.6 GW of geothermal potential, which 
remains largely untapped.  

 
 
6 Excludes large hydropower plants (above 50 MW). 
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Demand Side Management: Argentina has a great potential to enhance its flexibility on the 
demand side. However, the country lacks regulatory mechanisms in both wholesale and retail 
levels to encourage and properly compensate demand side resources for energy efficiency, and 
flexibility services. According to Argentina’s Energy Scenarios 2030 report (Secretaría de 
Energía 2018b), additional energy efficiency measures may reduce the need for additional 8 GW 
of power generation capacity by 2030. 

Storage Systems and Regional Interconnections: Additional investments to expand and 
upgrade transmission infrastructure are essential to connect future wind and solar projects (which 
may be located far away from the main consumption centers) to the power grid in a reliable way, 
and mitigate the uncertainties of VRE sources. In some cases, additional investments in energy 
storage (other than existing pumped-storage) can further fascilitate integration of these VRE 
sources in a cost-effective manner.  

Distributed Energy Resources (DERs): In addition to utility-scale renewable generation, 
distributed energy resources (DERs) may play a key future role in Argentina to reduce the 
dependency on centralized generation units and provide technical services to the grid. The 
Renewable Energy for Rural Markets Project (PERMER), which provides benefits for DER 
development in rural communities, is an example of a government initiative towards greater 
DER integration.  

Effective Pricing Mechanisms: In order to address the current flexibility issues, Argentina 
needs to develop effective regulatory mechanisms designed to encourage a greater emphasis on 
market efficiency, reliability, and resiliency, across and between different components of its 
power system (see Section 2), while ensuring revenue sufficiency of market participants. The 
current subsidy reductions for retail customers, for example, represent an important step toward 
greater market efficiency.  

4.4.2 Natural Gas Sector Policy Options 
Investments in Domestic Production: The existing political and economic instabilities in 
Argentina have posed many obstacles and uncertainties for future domestic production. The 
future of Vaca Muerta shale play, for example, will depend on several factors such as new 
government incentives as well as private financing options designed to attract national and 
international investments in many sectors. 

Pipeline Infrastructure Expansion and Underground Storage: Future domestic production 
and exports will also depend on the expansion of the existing transmission capacity, especially 
from Vaca Muerta to various consumption centers, which are located mainly in Buenos Aires 
and Littoral provinces7. In July of 2019, the Argentine government launched an international 
tender for the construction of a pipeline from Vaca Muerta to the province of Buenos Aires. This 
$2 billion pipeline will stretch over 600 miles and its first stage (from Vaca Murta to Salliqueló) 
is slated to be completed by 2021 (Bnamericas 2019). Additional pipeline interconnections with 

 
 
7 Argentina’s Littoral region is located in the far northeast and includes the Mesopotamia region and the provinces 
of Santa Fe, Formosa, and Chaco. 
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neighboring countries, such as Brazil, may also boost domestic production, mitigate supply-
demand imbalances, and diversify export markets. However, it will depend on the country’s 
ability to honor current contracts. Argentina is especially committed to rebuilding trust with 
Chile, after several natural gas-related diplomatic issues between the two countries in the mid-
2000’s. 

Another important option that could help Argentina address the issues related to its natural gas 
demand seasonality is the development of large-scale storage facilities. The country is currently 
conducting feasibility studies to identify geologically suitable sites for natural gas storage (U.S. 
EIA, 2019). YPF and Tecpetrol (the two largest producers of unconventional natural gas in 
Argentina) are working together on a project to store nearly 90 Mcf/day of natural gas from Vaca 
Muerta in depleted wells in the Los Bastos field, during warmer months (Gianetti et al. 2018). 

Robust Market / Import Diversification / Flexible LNG Contracts and Technologies: 
Opportunities exist for greater domestic supply and import/export diversification in Argentina. 
However, it will depend on the country’s ability to develop effective and robust pricing 
mechanisms to stimulate greater competitiveness, lower prices, and improved service quality. 
LNG imports will still play a big role in Argentina, especially during winter months, until the 
country finds a way to address the consumption seasonality issues. On the other hand, greater 
LNG exports will depend on the construction of natural gas liquefaction facilities (floating or 
land-based) as well as additional transmission infrastructure from production facilities to LNG 
liquefaction terminals.  

Summary 

Argentina has a great potential for modernizing its electricity sector and ensuring greater 
flexibility and reliability of its power system. In the natural gas sector, the country has an 
enormous potential to increase its domestic production, reduce and even eliminate imports, and 
significantly increase its natural gas pipeline and LNG exports in the next years. However, 
further developments in both sectors will rely on massive investments in infrastructure as well as 
public policies and strategies aimed at addressing current and future flexibility challenges and 
needs.  
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5 Brazil 
5.1 Electricity Sector Overview 
The Brazilian electricity sector is the largest in South America and the third largest in the 
Americas. In this section, a brief overview of the history, organization, as well as the evolution 
of the electricity generation and consumption in the Brazilian electricity sector is presented. 

5.1.1 Brief History and Sector Organization  
The Brazilian electricity sector has undergone profound changes. Until the 1940s, it was 
characterized by private ownership with poor regulation for electricity generation, transmission, 
and distribution. Then, state ownership with centralized control was predominant from the 1950s 
to the early-1990s. Since the mid-1990s, the sector has been characterized by mixed ownership, 
increased privatization, and sophisticated regulation (Da Silva 2007).  In 1997, the Brazilian 
Electricity Regulatory Agency (ANEEL) was created to regulate and monitor the generation, 
transmission, distribution, and commercialization of energy. In 1998, the National System 
Operator (ONS) was created to monitor and coordinate the National Interconnected System 
(SIN). In 2004, a new regulatory framework based on long-term electricity auctions was 
introduced. In the same year, the Energy Research Office (EPE) was created to support the 
policy decisions of the Ministry of Mines and Energy (MME) with planning studies for the 
energy sector. 

The Brazilian electricity market is coordinated by the Chamber of Energy Commercialization 
(CCEE) and is comprised of two contracting environments as described in Table 6. 

Table 6. Contracting Environments in the Brazilian Electricity Market 

Characteristics Free Contracting Environment  
Regulated Contracting 

Environment  

Participants 
Generators, traders, and large 
consumers  

Generators, utilities, and 
traders 

Trading 
Free trading between buyers 
and sellers 

Through auctions coordinated 
by CCEE 

Contracting Free agreements Regulated by ANEEL 

Price 
Mutually agreed between 
buyers and sellers 

Defined through auctions 

Source: Adapted from CCEE (2019a) 

There are two types of long-term electricity auctions currently adopted in Brazil in the regulated 
contracting environment: 

• Regulated Auctions are designed to fulfill the electricity demand of utility companies. 
Through regulated auctions, long-term contracts (spanning from 20 to 30 years depending 
on the generation source) are established between utilities and independent producers 
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(existing and/or new power plants). In particular, the auctions for alternative sources are 
designed to promote renewable energy sources such as wind, solar, biomass, and small 
hydropower in the Brazilian electricity sector. 

• Reserve Auctions are designed to improve the supply adequacy of the National 
Interconnected System by increasing the reserve margin of the entire system. Through 
reserve auctions, reserve energy contracts are established between independent producers 
(existing and/or new power plants) and CCEE, which divides the reserve energy costs 
among all consumers.  

In both auction types, the tenders are centralized (i.e., ANEEL and MME define the amount of 
energy to be procured, contract provisions, and type of energy source) (Mastropietro et al 2016).  

5.1.2 Consumption 
From 2000 to 2015, electricity consumption increased nearly 60%, due to the industrial 
development and economic growth. However, since 2015 Brazil has suffered from economic 
instabilities, which have significantly impacted the electricity consumption, especially in the 
industrial sector. Figure 30 shows the evolution of the electricity consumption by sector in Brazil 
from 2000 to 2018. 

 
Source: Data from EPE (2019a) 

Figure 30. Electricity consumption by sector in Brazil 

5.1.3 Generation  

5.1.3.1 Hydropower 
Brazil has been historically characterized by a hydro-dominated generation mix due to its 
enormous hydroelectric potential and the many advantages of this generation source (low 
operation cost, storage capacity, clean, renewable, etc.). However, the share of hydropower in the 
country’s installed capacity has decreased significantly in recent years mainly due to 
socioenvironmental issues, the high initial investment costs, and the additional investments in 
transmission lines, especially for projects located in remote areas distant from consumption 
centers (EPE 2018b).  
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Figure 31 shows the total and regional installed capacity, respectively, in Brazil in the years of 
2008 and 2018.  Nearly 80% of the new hydroelectric installed capacity in the last ten years is in 
the North and Central-West regions, which together account for more than 65% of the 135 GW 
untapped hydroelectric power capacity in Brazil (EPE 2018b). Both regions, however, are facing 
challenges to expand their hydroelectric capacity since they contain environmentally sensitive 
areas, such as the Brazilian Amazon rainforest and the Pantanal, which have strict environmental 
laws and face strong public opposition to new hydroelectric projects. Figure 32 illustrates 
changes in the generation mix in Brazil since 2001 and highlights the fall-off in hydropower 
output during the drought years of 2011 to 2015. 

 
Source: Data from EPE (2019a) 

Figure 31. Total and regional installed capacity in Brazil in 2008 and 2018 
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Source: EPE (2019a) and IEA (2019) 

Figure 32. Evolution of electricity generation mix in Brazil, 2001–2018 

5.1.3.2 Other Renewable Energy Sources 
In contrast to hydropower, the share of wind power and biopower in the installed capacity 
increased significantly in the same period due to the increasing availability of biomass, the cost 
reduction of wind power systems, and the incentives for renewable energy production. 

Since 2009, several renewable energy auctions have been successfully implemented, thus 
contributing to an exponential growth of the variable renewable energy (VRE) installed capacity, 
which increased from less than 1 GW in 2009 to 18 GW in 2019, accounting for more than 10% 
of the total installed capacity in the country (Figure 33). 
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Source: Data from EPE (2019a) 

Figure 33. VRE installed capacity evolution in Brazil8 

As shown in Figure 34, the move toward increasing VRE integration in Brazil started in 2004 
with the first feed in tariff program for wind power (PROINFA).  The first regulatory framework 
for distributed generation (DG) in Brazil was officially issued in 2012 where ANEEL established 
net metering rules in Brazil, thus allowing small-scale customers to produce their own generation 
and receive credits in kWh for the surplus exported to the grid. Since then, the number of DG 
units has increased significantly. In 2019, Brazil reached more than 82,000 DG units totaling 1 
GW of installed capacity, with approximately 870 MW from solar PV units (ANEEL 2019). 

 
 
8 2019 data thru July. 
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Source: Adapted from EPE (2018c) 

Figure 34. VRE evolution in Brazil 

Biomass power plants have increased their participation in the Brazilian generation mix in the 
last decade as well. They are considered non-dispatchable power plants in long-term energy 
planning since electricity generation is generally not their main process (i.e., the energy they 
export to the grid is derived from the by-products of other industrial processes) and also because 
of the seasonal and variable production of biomass.   

5.1.3.3 Transmission Infrastructure  
The Brazilian transmission system is comprised of more than 85,000 miles of transmission lines, 
and more than 98% of the electricity demand is connected to SIN. Figure 35 shows the existing 
Brazilian transmission system with the planned expansion until 2027. One of the main 
advantages of an interconnected transmission system like SIN is the possibility to exchange 
energy between regions and explore the complementarity of different sources of generation. 
Brazil’s transmission system is relatively well connected with its neighboring countries. The 
country has interconnections with Argentina, Paraguay, Uruguay, and Venezuela. 
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Source: Adapted from EPE (2018a) 

Figure 35. Existing and planned (until 2027) Brazilian transmission system 

5.2 Natural Gas Overview 
Brazil is a significant natural gas market. The country is currently the third-largest producer and 
the second-largest consumer of natural gas in South America, only surpassed by Argentina and 
Venezuela on the production side, and by Argentina on the consumption side.  

5.2.1 Sector Organization  
The Brazilian natural gas sector is regulated by the National Agency of Petroleum, Natural Gas, 
and Biofuels, which is linked to the Ministry of Mining and Energy (MME). Petrobras, which is 
a majority state-owned oil and gas company, produces approximately 80% of the total natural 
gas produced in Brazil and has substantial control over natural gas transmission and distribution. 
Most of the natural gas volumes traded in the wholesale market are based on long-term contracts 
with Petrobras (IEA 2018b).  

5.2.2 Consumption 
Before the completion of the Bolivia-Brazil (GASBOL) pipeline in 1999, the share of natural gas 
in Brazil’s total primary energy supply (TPES) never surpassed 4% (Oxford Institute for Energy 
Studies 2016). With increasing investments in domestic natural gas production and the 
development of LNG markets, the share of natural gas in the TPES increased to 13% in 2018.  
As shown in Figure 36, the natural gas consumption in Brazil has displayed a significant growth 
in different sectors, but the most rapid growth has been in the electricity sector. The natural gas 
demand in the residential and commercial sectors accounted for less than 2% of the total demand 
in 2018. This can be explained by the limited need for heating due to the predominant tropical 
climate in Brazil, the limited natural gas urban infrastructure, and the government subsidies for 
liquefied petroleum gas (LPG), or propane, used for cooking (Oxford Institute for Energy 
Studies 2016). 
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Source: Data from EPE (2019a) 

Figure 36. Natural gas consumption in Brazil by sector versus net production 

In 2000, the country announced an emergency program (Thermopower Priority Program – PPT, 
in Portuguese) that offered lower natural gas prices for 20 years to natural gas-fired power plants 
commissioned by December 2004 (Oxford Institute for Energy Studies 2016). With the PPT 
program, the thermal power installed capacity in the country increased from 10 GW in 2000 to 
nearly 20 GW in 2004, thus pushing the natural gas demand beyond Brazil’s traditional supply. 

5.2.3 Domestic Production 
Domestic natural gas production in Brazil has increased significantly in the last 15 years but has 
not followed demand growth. In 2007, the country announced a major deep-water hydrocarbon 
deposit discovery in the Pre-salt areas of the Campos, Santos, and Espírito Santo basins with 
potential to boost the oil and gas industry and position the country among the top ten oil 
producers.  

As of 2018, Brazil held approximately 13 trillion cubic feet (Tcf) of natural gas proved reserves 
where more than 80% are located offshore (ANP 2019a). Most of the domestic natural gas in 
Brazil is associated with oil production and a substantial percentage of the produced gas is 
reinjected to maintain reservoir pressure. In 2018, more than 30% of the produced gas was 
reinjected (ANP 2019b). Brazil also has unconventional gas reserves, but a great part of them are 
located in environmentally sensitive areas distant from demand and transportation infrastructure, 
thus challenging further exploration and development. 

Exploration and development of oil and gas from the Pre-salt fields are not fully mature and face 
several techno-economic challenges, mainly due to the high costs to remove significant 
concentrations of carbon dioxide (CO2) from natural gas in some regions and the large distances 
between the exploration fields and the shore (Coelho 2019). Despite the challenges, the 
production of natural gas from Pre-salt fields increased from 2 million m3/day in 2010 to more 
than 61 million m3/day in 2018 (ANP 2019b).  
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5.2.4 Imports 
With the government incentives for thermal power generation in the early 2000s, the natural gas 
demand was pushed beyond Brazil’s traditional supply sources and the country started to import 
significant amounts of natural gas via pipeline (especially from Bolivia) and LNG transactions as 
shown in Figure 37.  

 
Source: Data from ANP (2019b) 

Figure 37. Natural gas net production and imports in Brazil 

5.2.4.1 Pipeline Imports 
The construction of GASBOL was an important step towards greater use of natural gas in many 
sectors. However, the nationalization of Bolivia’s hydrocarbons in 2006 led to the decline of 
many gas fields and the reduction in the levels of proven reserves of natural gas due to the lack 
of investments in the sector, especially in exploration. As a consequence, the country has been 
failing to deliver the minimum gas volumes required in its long-term contract with Petrobras, 
which is planning to gradually reduce the volumes of natural gas imported from Bolivia 
(ARGUS 2019). 

5.2.4.2 LNG Imports 
LNG has become an important source of flexible supply to meet peak demand. In 2008, Brazil 
inaugurated its first LNG regasification terminal (Port of Pecem) in the state of Ceará. Today, the 
country has two FSRUs operating in three terminals (Pecem, Baía de Todos os Santos, and Baía 
de Guanabara). Brazil imports most of its LNG in the spot market from countries in the Atlantic 
basin, such as Trinidad and Tobago, Nigeria, and the United States, due to better logistics and 
lower transportation costs.  

Although LNG has become an important flexible option for power generation in Brazil, the 
imported LNG volumes have remained significantly below the country’s maximum 
regasification capacity (EPE 2018d). Due to the low demand and the high operational costs, 
Petrobras terminated the contract of the Golar Spirit FSRU, which left Baía de Guanabara Port in 
2017. Figure 38 shows Brazil’s LNG imports by country of origin. LNG imports from the U.S. 
have increased in the last three years, reaching 36% of the total imports in 2018. 
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Source: Data from GIIGNL (2019) 

Figure 38. Brazil’s LNG imports by country of origin 

5.2.4.3 Natural Gas Transportation Infrastructure 
The limited natural gas transportation infrastructure has prevented greater use of natural gas in 
the electricity and industrial sector. Figure 39 shows how the existing natural gas transportation 
network, with approximately 5,900 miles of gas pipelines, is underdeveloped in comparison to 
the electricity network, which encompasses more than 85,000 miles of transmission lines. 

 
Source: EPE (2018a) 

Figure 39. Brazil’s natural gas (left) and electricity networks (right) 
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5.3 Power System Flexibility  

5.3.1 Sources of Flexibility 

5.3.1.1 Impoundment Hydropower Plants 
Historically, large impoundment hydropower plants have been the main source of short-, 
medium-, and long-term power system flexibility in Brazil. Most hydropower plants are centrally 
dispatched by ONS, which performs the economic dispatch, minimizing the system operation 
cost and optimizing the water storage considering different future water inflow scenarios.  

5.3.1.2 Thermal Power Plants 
In recent years, however, dispatchable thermal power plants (natural gas, coal, oil, etc.) have 
become important flexibility providers, complementing hydropower in periods of unfavorable 
hydrological conditions. Thermal power plants in Brazil are primarily comprised of flexible 
generating units that have low fixed costs and high variable costs, operating with low capacity 
factors. However, several high-efficiency combined-cycle power plants contracted in recent 
auctions operate with relatively higher capacity factors. In the Regulated Contracting 
Environment, thermal power plants are contracted in auctions through availability contracts with 
prespecified fixed payments associated with their availability to be dispatched at any time and 
variable costs associated with fuel costs.  

As previously mentioned, LNG has become an important fuel to address hydropower variation 
and seasonality and enhance the flexibility needs of the country. Imported LNG is almost 
exclusively used for electricity generation in dry seasons (EPE 2018d). Figure 40 shows how 
LNG imports increased during the periods of reduced hydropower production in 2012-2015.  
LNG prices in such periods are usually lower since the periods of lower rainfall in Brazil (May-
September) correspond to the periods of lower natural gas demand for heating in the Northern 
Hemisphere. However, due to costs associated with transportation and regasification, imported 
LNG prices (from the spot market) are about 30% higher than domestic natural gas prices (EPE 
2019b). 

 
Source: Data from EPE (2018a) and ANP (2019a) 

Figure 40. Hydropower production and LNG imports in Brazil 

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1

0
5000

10000
15000
20000
25000
30000
35000
40000
45000
50000

Bc
f/

da
y

GW
h

Hydropower (GWh) LNG imports (Bcf/day)



68 

This report is available at no cost from the National Renewable Energy Laboratory at www.nrel.gov/publications. 

Over the past few years there has been increasing discussion among several stakeholders on the 
future flexibility provision from natural gas and hydropower plants in Brazil. In particular, 
generation from natural gas power plants has received increasing attention, as described in Text 
Box 7. 

 

Text Box 7. Base-Load Generation from Natural Gas Power Plants in Brazil  

The use of efficient thermal power plants—primarily natural gas power plants—has received 
increasing attention in recent years. This option is justified by the potential of greater natural 
gas production from the Pre-Salt fields and the possibility to better explore the flexibility 
capabilities of hydropower plants, which could store more water to be used in dry seasons. 
This option, however, would rely on effective market mechanisms to monetize the natural gas 
from the Pre-Salt fields in order to ensure competitive and stable natural gas prices and to 
reduce uncertainties and risk exposures of producers and consumers. Currently, natural gas 
power plants with high variable costs (i.e., under inflexible take-or-pay natural gas 
arrangements or heavily dependent on LNG from the spot market) have been dispatched for 
long periods of low hydropower production (due to prolonged adverse weather events), thus 
resulting in higher electricity prices, which are passed on by utilities to their customers, and 
increasing price volatility. Figure 41 shows how the electricity spot prices increased in the 
Northeast region of Brazil as more thermal power plants were dispatched during the El Nino 
of 2014-2016. EPE acknowledges the increasing importance of natural gas power plants in 
Brazil (EPE, 2018e) and is working with other stakeholders on strategies to ensure lower 
operational costs and better integrate them in the Brazilian electricity market. 

 
Source: Data from CCEE (2019a) and ONS (2019b) 

Figure 41. Spot electricity price and thermal generation in the Northeast region of Brazil 
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5.3.1.3 Other renewables 
The increasing integration of non-dispatchable renewable energy sources such as wind, solar, 
and biomass have contributed to the diversification of the Brazilian generation mix and the 
provision of flexibility at higher time scales.   

5.3.2 Drivers of the Need for Flexibility 

5.3.2.1 Rainfall Variability  
One of the main drivers of long-term flexibility (in a monthly basis or more) in Brazil’s 
electricity sector is the seasonal rainfall variability. In addition, occasional weather phenomena, 
such as the El Niño Southern Oscillation (ENSO) can intensify the effects of wet and dry periods 
in unpredictable ways.  Due to its large latitudinal extension, Brazil has experienced different 
regional effects in the same ENSO phase. During periods of El Niño, the North and Northeast 
regions have rainfall below normal whereas the Central-West and South regions have rainfall 
above normal. During periods of La Niña, the effects on rainfall are typically the opposite. This 
behavior is illustrated in Figure 42 for the South region and Figure 43 for the Northeast region, 
which are significantly affected by ENSO events. The figures show a comparison between 
average water storage capacity (in GW) and two periods with significantly different levels of 
precipitation (i.e., December-April as defined by ANEEL). The wet period of 2008-2009 was 
characterized by significant La Niña occurrences (ONI ≤ -0.5) whereas the wet period of 2009-
2010 was characterized by significant El Niño occurrences (ONI ≥ 0.5). The Southeast region, 
with the highest hydropower installed capacity in Brazil, does not present characteristic changes 
in precipitation during ENSO events. However, other weather phenomena such as atmospheric 
blocks over the South Atlantic convergence zone can lead to significant reductions in rainfall, 
and consequently lower hydropower production in that region.  

 
Source: Data from EPE (2018a) 

Figure 42. Water storage capacity in two distinct wet periods in Brazil’s South region 
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Source: Data from EPE (2018a) 

Figure 43. Water storage capacity in two distinct wet periods in Brazil’s Northeast region 

5.3.2.2 Public Opposition to Hydropower Plants 
Increasing social opposition and stricter environmental laws for projects that require flooding of 
large environmentally sensitive areas have contributed to the reduction of new impoundment 
power plants and the increasing adoption of run-of-the-river power plants, which generally 
cannot provide long-term flexibility (in a monthly basis or more) due to the lack of large 
reservoirs (EPE, 2018e). In addition, the North region, with approximately 50% of the Brazilian 
untapped hydroelectric power capacity, is mainly comprised of rivers with low falls and high 
flows, which makes it difficult to build large reservoirs (CNI 2018). In general, the available 
reservoirs can store enough water in wet periods to be released to generate power in dry periods, 
maintaining low electricity prices throughout the year. Prolonged weather phenomena that 
reduce rainfall for long periods can lower water in reservoirs to critical level. In such a case, 
thermal power plants (mostly natural gas) with high variable costs are dispatched to complement 
hydropower generation. Run-of-the-river power plants, which can provide short-term flexibility 
services are also facing increasing public opposition. The Belo Monte power plant, which started 
operating in 2016, is an example of a diversion power plant that suffered from huge public 
oppositions during its construction due to the displacement of several indigenous communities 
native from the Brazilian Amazon (Fearnside 2017). 

5.3.2.3 Growing VRE Integration 
The growing penetration of VRE sources, such as wind and solar, has increased the need of 
short-term flexibility at lower timescales. Most of the VRE installed capacity is located in the 
Northeast region, which calls for additional short-term flexibility provision in that region. 

5.4 Key Policy Options to Enhance Flexibility in Brazil 
As Brazil looks to define planning strategies to ensure power system flexibility and an effective 
integration of the electricity and natural gas sectors, a variety of policy options are available for 
policy makers to implement. This section presents some key policy options to enhance flexibility 
in Brazil and recent efforts to implement some of these options. 

5.4.1 Electricity Sector Policy Options 
Generation Mix Diversification: VRE sources are expected to continue increasing their 
participation in the Brazilian generation mix as the costs of wind and solar systems continue to 
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decrease (EPE 2018e). They may provide long-term flexibility, especially in the Northeast region 
which has been suffering from prolonged droughts. Other alternative generation options that 
could contribute for greater future flexibility but need further development in Brazil include tidal 
power and waste-to-energy.  

Demand Side Management: There is also a great potential for flexibility provision through 
demand side management in Brazil, and the country has started to leverage this potential. In 
November of 2017, ANEEL approved the first demand-response pilot program for large 
consumers in Brazil. This program, which started in 2018, was designed to be an alternative to 
the out-of-merit dispatch of thermal power plants used to compensate the lower hydropower 
generation and the wind power variability in the Northeast region. It allows large industrial 
customers located in the North and Northeast regions to reduce their electricity consumption in 
exchange for financial incentives. However, only two industrial customers are currently 
participating in this program due to existing participation restrictions. CCEE and ONS are 
working to identify opportunities to increase customer participation and implement future 
demand-response programs in the whole country (ONS and CCEE 2018). In July of 2019, EPE 
published a report on the potential of demand response in Brazil and its implications on the 
Brazilian long-term energy planning (EPE 2019c).  

Storage Systems: With the reduced participation of hydropower plants with large reservoirs in 
the Brazilian generation mix, there is a significant opportunity for the development of pumped-
storage hydroelectricity for flexibility provision in the country. EPE is currently working on 
technical studies aimed to identify the pumped-storage capacity in Brazil and define key 
regulatory aspects for integrating pumped-storage hydropower plants in the Brazilian power 
system (EPE 2019d). 

Regional Interconnections: The expansion of the existing transmission capacity could allow the 
country to foster greater flexibility and energy exchange between regions in order to better 
explore the existing regional complementarities (and even the opposite effects of weather events 
in different regions) and maximize the use of VRE (which could be transmitted from remote 
areas to the main consumption centers). 

Distributed Energy Resources (DERs): Brazil has over 1 GW of DG installed capacity—which 
is mostly compensated through net metering —and this number is expected to grow quickly in 
the coming years. However, one option to better take advantage of the benefits provided by 
DERs is to develop a compensation mechanism able to precisely monetize their value (not only 
in terms of flexibility, but also reliability, resilience, etc.) to the system taking into account 
different time scales and flexibility requirements.  

Effective Pricing Mechanisms: Brazil is already working to reformulate its electricity pricing 
mechanisms. CCEE is currently testing a new spot market pricing mechanism with hourly prices. 
Since 2017, there has been several discussions among regulators and market participants to 
replace the existing weekly pricing mechanism based on different load levels and adopt a daily 
pricing mechanism with hourly granularity. Such mechanism would generate accurate price 
signals to reflect the real system operation cost and better allocate the system costs among 
different market participants while boosting flexibility and efficiency in the electricity sector. 
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This new pricing mechanism is currently being tested by CCEE and is expected to be officially 
implemented in 2021 (CCEE 2019c).  

5.4.2 Natural Gas Sector Policy Options 
Investments in Domestic Production: Brazil has high expectations for greater natural gas 
production, especially from the Pre-Salt fields which have already attracted many investments. In 
February of 2019, Shell, Patria Investments, and Mitsubishi Hitachi Power Systems announced 
the construction of the 565 MW Marlim Azul gas power plant that will be supplied by Pre-salt 
gas produced by Shell Brazil, which is the second-largest natural gas producer in Brazil after 
Petrobras (PATRIA, 2019). Future production is still uncertain, but further investments on 
natural gas exploration and production could help the country to address technical challenges and 
boost the power generation sector with greater flexibility.  

Robust and Competitive Market: Brazil has been working on a new gas market aimed to 
promote competition and reduce the state monopoly held by Petrobras. Text Box 8 describes two 
recent government initiatives in this direction. 
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Pipeline Infrastructure Expansion and Underground Storage: About 95% of the Pre-Salt 
natural gas production centers are more than 90 miles from the shore (Coelho 2019) which calls 
for investments in offshore pipelines. In addition, the development of underground storage 
facilities could contribute to greater security of supply and reduce the dependency on imports for 
the power generator sector (Almeida et al. 2018). According to a preliminary study conducted by 
EPE, underground storage could ensure the security of natural gas supply in Brazil in adverse 
situations. In addition, the synergy between LNG terminals and underground gas storage 

Text Box 8. ‘Gas to Grow’ and ‘New Gas Market’ Initiatives in Brazil  

In 2016, President Michel Temer’s administration launched the ‘Gas to Grow’ initiative that aimed to 
overhaul the natural gas regulatory framework in Brazil, improving tax rules and the integration 
between the electricity and gas sectors, with the goal of promoting competition and lowering prices by 
opening the gas market to new participants and reducing the existing control of Petrobras over the gas 
sector in Brazil (Figure 44). 

 
Source: Adapted from IEA (2018) 

Figure 44. Main changes of the ‘Gas to grow’ program 

The initiative was submitted to the Brazilian congress, but the house has not moved forward with the 
project due to the lack of external consensus among representatives of the natural gas sector. In 
December of 2018, President Michel Temer published an executive order introducing  a pipeline 
capacity contracting scheme based on entry-exit model and allowing the Brazilian National Agency of 
Petroleum, Natural Gas, and Biofuels (ANP) to regulate the access to and sharing of the essential 
infrastructure (gas pipelines, natural gas processing units, and regasification facilities). Since Jair 
Bolsonaro took office as president of Brazil in January 2019, there have been several discussions on 
the development of a new regulatory framework for the natural gas market in Brazil. In June of 2019, 
the National Council for Energy Policy (CNPE) – which is linked to the Ministry of Mines and 
Energy (CNPE 2019) – published a resolution with the main guidelines to stimulate greater 
competition in the Brazilian natural gas market. In July of 2019, Bolsonaro’s administration launched 
the ‘New Gas Market’ program, which aims to open the market to new participants and reduce the 
monopoly of Petrobras over natural gas exploration, production, transmission, and distribution in 
order to stimulate competition and, potentially result in higher production, lower prices, and better 
services for final consumers (MME 2019a).  
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facilities could lead to a greater operational flexibility of the Brazilian gas pipeline infrastructure 
(EPE 2018f). 

Import Diversification and Flexible LNG Contracts and Technologies: Despite expectations of 
greater domestic production from the Pre-salt fields, LNG will still play a big role for power 
generation in the coming years in Brazil, mainly due to the flexibility provided by FSRUs, which 
can store LNG and re-gasify it when needed. In addition, the recent LNG market trends toward 
increased flexibility, fungibility, and commoditization, described in Section 3 may stimulate 
greater competition, thus leading to lower prices and additional benefits to LNG buyers like 
Brazil. Brazil’s regasification capacity is expected to increase in about 60 million m3/day in the 
next years with the development of new LNG-to-power projects, thus allowing the country to 
acquire LNG through long-term contracts (in addition to the current purchases in the spot 
market). Two new private FSRU terminals (Porto do Açu in the state of Rio de Janeiro and Barra 
dos Coqueiros in the State of Sergipe) are planned to be constructed and start operating within 
the next 5 years. Such terminals will import LNG through long-term contracts to supply natural 
gas to three new LNG-to-power projects with nearly 4.5 GW of total installed capacity (UTE 
Porto de Sergipe, UTE GNA I, and UTE GNA II). However, there is no current plan to connect 
these terminals to the country’s interconnected gas pipeline system. 

Summary 

Brazil has a great potential for increased power system flexibility and further policy development 
in both electricity and natural gas sectors. The country has already been promoting interesting 
initiatives in both sectors, which could serve as a reference for other South American countries.  
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6 Chile 
6.1 Electricity Sector Overview 
This section provides an overview of the Chilean electricity sector, briefly describing its history, 
organization, and development. 

6.1.1 Market Liberalization and Privatization 
Chile was the first country in the world to restructure its electricity sector towards liberalization 
and privatization (Houllier et al. 2012). The traditional vertically integrated monopoly model in 
generation, transmission, and distribution was dismantled and, in 1986, the Center for Economic 
Load Dispatch (CDEC) of Chile was created to perform centralized generation dispatch based on 
marginal cost pricing (Pollitt 2004). In 1992, the country enacted the ‘Electricity Act’, which 
promoted the privatization of state-owned companies, introduced market competition, and 
opened the electricity sector to new participants aiming to attract investments to the sector 
(Mastropietro et al. 2016). 

6.1.2 Installed Capacity and Generation Mix 
Between 2008 and 2018, the Chilean power sector has seen a doubling of generation capacity, 
largely due to new coal, wind and solar plants (Figure 45). Total hydropower capacity increased 
slightly, but its share of the total declined significantly due to the growth in other generating 
supply. 

 
Source: Data from CNE (2019a) 

Figure 45. Total and regional installed capacity in Chile in 2008 and 2018 
* Includes SEA, SEM, and the isolated systems of Los Lagos and Isla de Pascua. 
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Source: Data from IEA (2018) and CNE (2019a) 

Figure 46. Electricity generation mix in Chile from 2001 to 2018 

Likewise, the Chilean generation mix has changed significantly over the last two decades, with 
basically flat levels of hydropower output, rapid increases in coal generation, and varying levels 
of gas, and oil generation, as shown in Figure 46. Wind and solar generation have grown 
especially rapidly since 2014. The Chilean power generation sector is highly concentrated. The 
country has more than 160 generation companies, but most of them are subsidiaries of four major 
companies (IEA 2018a).  

6.1.2.1 Hydropower decline 
Hydropower has been historically an important electricity generation source in Chile. In the mid 
2000’s, hydropower plants accounted for more than 50% of the country’s generation mix. 
However, the public opposition to the construction of such plants, due to their socio-
environmental impacts, has been increasing significantly in recent years, thus leading investors 
to look at generation options with lower environmental impacts and initial investment costs. In 
2018, hydropower accounted for about only 30% of the Chilean generation mix, partially as a 
consequence of several years of drought. 

6.1.2.2 The Growth of Gas-fired Generation and the Impacts of the Argentina Gas 
Crisis 

In the late 1990s and early 2000s, Chile imported significant amounts of pipeline natural gas 
from Argentina and natural gas rapidly became the country’s second largest source of electricity 
generation after hydropower. In 2003, natural gas accounted for about 35% of Chile’s electricity 
generation (IEA 2018). From 2004-07, however, Argentina faced a severe natural gas crisis (see 
Section 4) which forced the country to drastically reduce its natural gas exports. The curtailment 
of natural gas exports by Argentina had serious implications for the electricity sector in Chile, 
leading the Chilean government to intervene on a deregulated and privatized electricity sector. 
The shortage of natural gas combined with the severe droughts in 2007-2008 led Chile to resort 
to expensive liquid fuels as a short-term solution to fill its electricity generation gap (IEA 
2018b). According to Chile’s National Energy Commission (CNE), the oil-fired electricity 
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generation increased from less than 1 TWh in 2006 to more than 12 TWh in 2007 (CNE 2019a). 
In 2005, a regulatory reform was introduced to replace the existing contracts under price 
regulation with long-term contracts established through auctions (Bustos-Salvagno, 2019). This 
reform aimed to attract investments to expand the existing generation capacity, reduce price 
volatility, and ensure the security of supply. In the early 2010’s, gas-fired generation grew again, 
mainly due to the commissioning of two LNG regasification terminals. The Argentina gas crisis 
also led the Chilean government to foster VRE (see Section 6.1.2.4) as an option to diversity the 
country’s generation mix and reduce the overall marginal cost of generation.  

6.1.2.3  The Rise and Decline of Coal-fired Generation 
Following the Argentina natural gas crisis in the mid 2000’s, Chile faced a significant natural gas 
shortage, especially in the power generation sector. As a consequence, the country resorted to 
coal power generation to ensure the security of electricity supply and limit the use of expensive 
liquid fuels (IEA 2018), thus becoming the most-coal dependent power system in South 
America. The coal power installed capacity increased from about 1.8 GW (18%) in 2005 to more 
than 4.3 GW (22%) in 2015.  In addition, the annual capacity factor of many coal-fired power 
plants increased significantly in the same period. In 2015, for example, coal -fired power plants 
accounted for 22% of Chile’s installed capacity, but they generated about 40% of the country’s 
electricity (CNE 2019a). 

In January of 2018 the group of generating companies that own all coal power plants in Chile 
made a voluntary agreement with the Chilean government to stop developing new coal power 
generation projects without carbon capture and storage systems (CCSs) and gradually 
decarbonize (by retiring existing plants or equipping them with CCSs) their generation mix 
(MMA 2018). In June of 2019, President Sebastian Piñera announced a plan to phase-out coal-
fired power generation in Chile by 2040. This initiative was mainly driven by the country’s 
efforts to reduce greenhouse emissions, reduce air pollution, and meet the long-term renewable 
energy generation targets (60% by 2035 and 70% by 2050) (IEA 2018).  

6.1.2.4 The Increasing Integration of VRE 
Chile has integrated VRE generation capacity at a very fast rate. As shown in Figure 47, the 
VRE installed capacity increased from 1.2 GW in 2014 to more than 3.6 GW 2018. As of July of 
2019, VRE accounted for more than 16% of the country’s installed capacity.  
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Source: Data from CNE (2019a) 

Figure 47. VRE installed capacity in Chile from 2010 to July 2019 

The move toward increasing VRE integration in Chile started in 2004 with Law 19,940 that 
granted total transmission charges exemption to various renewable energy projects with capacity 
below 9 MW and partial exemption to projects with capacity between 9 and 20 MW (Manríquez 
2018). In 2008, the Non-Conventional Renewable Energy Law (NCRE Law 20,257) was enacted 
to boost NCRE sources. This law required utilities to acquire a certain amount of NCRE and 
established a goal of 10% of NCRE generation by 2024. In 2013, Law 20,698 (also known as 
Law ‘20/2025’) was enacted updating the NCRE generation goal to 20% by 2025. In the 
following year, the government set a carbon tax of $5 per ton of carbon dioxide emissions for 
power generators (Rypl 2018). In January of 2015, the government enacted Law 20,805 that 
introduced new rules to the technology-neutral electricity procurement auctions in Chile. The 
auctions were divided into several time blocks with long-term PPAs denominated in U.S. dollars 
awarded for each block (Rypl 2018). Such mechanism has reduced the risk exposure of VRE 
producers since they can bid on time blocks of higher expected generation and/or lower 
uncertainty. As a result, Chile has experienced a significant growth of wind and solar energy in 
recent years and such growth has helped the country to gradually solve some of its critical 
electricity sector problems such as the high electricity prices, low investment in new generation 
capacity, and the high dependency on fossil fuels (Rebolledo 2018). 

The wind and solar energy potential in Chile is enormous. According to the Chilean Ministry of 
Energy and the German Agency for International Cooperation (GIZ) (Chilean Ministry of 
Energy and GIZ, 2014), there is a potential of more than 1800 GW of solar power (about 548 
GW of concentrated solar power (CSP) and 1263 GW of solar photovoltaic), which is mostly 
located in the northern part of the country around the Atacama Desert (which has some of the 
highest and most consistent solar radiation levels on earth (Rebolledo 2018)), and 37 GW of 
wind power, mostly located in the southern part of the country. However, most of this VRE 
potential in Chile remains untapped (Ministerio de Energía and GIZ 2014).  
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6.1.3 Consumption 
Chile’s electricity consumption has increased significantly in the last years, mainly due to the 
country’s economic growth. From 2008 to 2018, it increased over 30%. Figure 48 shows Chile’s 
peak demand evolution in the last ten years. In 2018, it reached 10.5 GW.  

 
Source: Data from CNE (2019a) 

Figure 48. Chile’s peak demand evolution from 2008 to 2018 

6.1.4 Transmission Infrastructure 
Chile has a unique geographical and social distribution that pose many challenges to its 
transmission planning and operation. The country occupies a nearly 2,500 miles long and about 
125 miles narrow coastal strip with a variety of climates and terrains. However, the great 
majority of the population and the electricity demand is located in the central part of the country 
around the capital of Santiago. The Chilean transmission grid is currently composed of 3 
interconnected systems. The National Electric System (SEN) extends from the north desert of 
Atacama to the central-south part of Chile and covers more than 98% of the country’s population 
and installed capacity. The Aysen Interconnected System (SEA) and Magallanes Electric System 
(SEM) serve small and less populated areas in the extreme southern part of the country. Before 
November of 2017, SEN was divided into two separate systems: The Central Interconnected 
System (SIC), a hydrothermal system with large impoundment hydropower plants, and the 
Greater North Interconnected System (SING), with significant thermal power generation and 
mining load centers (Maluenda et al. 2018). With the interconnection of SIC and SING, the 
Chilean National Electricity Coordinator, can better explore the complementarity between wind 
and solar power in the north and hydropower in the south.  

6.2 Natural Gas Sector Overview 
Among the South American countries studied in this report, Chile has the lowest natural gas 
production, consumption, and proved reserves based on domestic resources. The country is also 
the most dependent on natural gas imports. 

6.2.1 Sector Organization 
The main government entities involved in the Chilean natural gas sector are the Ministry of 
Energy, which creates and coordinates policies and regulations for the sector, the National 
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Energy Commission (CNE), which is responsible for analyzing tariffs and regulations, and the 
Superintendent of Electricity and Fuels (SEC), which is responsible for setting rules and 
standards and ensuring compliance with existing regulations (IEA 2018). In addition, the state-
owned company ENAP is the main producer, importer, and marketer of natural gas in Chile.  

6.2.2 Consumption 
Chile’s natural gas consumption fluctuated widely over the past twenty years. The increasing gas 
imports from Argentina in the late 1900’s and early 2000’s boosted domestic consumption in 
many sectors. In 2004, it peaked to 0.83 Bcf/day. After Argentina’s gas crisis in the mid 2000’s, 
gas imports were drastically reduced, and Chile was forced to use LPG, coal, and diesel as 
substitutes for natural gas. Gas consumption in Chile consequently plummeted nearly 60% by 
2008. In the early 2010’s, after the commission of two LNG regasification terminals, natural gas 
consumption began growing again, but at a lower rate. In 2018, Chile’s gas consumption was 
around 0.46 Bcf/day, 61% higher than in 2008, but 45% lower than in 2004. Figure 49 shows the 
Chilean natural gas consumption by sector from 1990 to 2018. 

 
Source: Data from CNE (2019b) 

Figure 49. Chilean natural gas consumption by sector 

6.2.3 Domestic Production and Imports 
Figure 50 shows the Chilean natural gas domestic production as well as pipeline gas and LNG 
imports from 2000 to 2018. 
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Source: Data from CNE (2019c) 

Figure 50. Chilean natural gas production, pipeline imports, and LNG imports 

6.2.3.1 Domestic production 
As of 2018, Chile has only 0.16 Tcf of natural gas proven reserves (BP, 2019). The country 
produces small volumes of natural gas, mainly in the southern region of Magallanes, which 
consumes most of the country’s domestic gas production for power generation and heating. In 
2018, domestic production accounted for only 25% of the gas supply. In Chile, natural gas 
exploration and production can only be carried out by ENAP or by private entities through 
concessions or binding agreements with the state (IEA 2018).  From 2007 to 2018, ENAP 
produced more than 70% of the Chilean domestic natural gas. 

6.2.3.2 Pipeline Imports 
In 1997 Chile began to import natural gas from Argentina via pipeline and several pipelines were 
built between the two countries. By the mid 2000’s the country had become heavily dependent 
on gas imports, especially for power generation. In the same decade, however, Argentina was 
struck by a severe gas crisis that forced the country to drastically reduce and eventually cut all 
gas exports to Chile, Brazil, and Uruguay. In 2018, Chile resumed importing small quantities of 
natural gas from Argentina during the periods of lower residential demand in Argentina.  

6.2.3.3 LNG Imports 
In response to the drastic reduction of gas exports via pipeline from Argentina, Chile built two 
onshore LNG regasification terminals. The Quintero LNG terminal, located in the central part of 
the country, was commissioned in 2009 and has a regasification capacity around 0.2 Bcf/day. 
The Mejillones LNG terminal, located in the far north part of the country, was commissioned in 
2010 and has a regasification capacity around 0.5 Bcf/day. Figure 51 shows Chile’s LNG 
imports by country of origin. Chile has imported most of its LNG from Trinidad and Tobago 
since 2012. However, the LNG imports from the U.S. have increased in the last three years, 
reaching 25% of the total imports in 2018.  
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Source: Data from GIIGNL (2019) and CNE (2019c) 

Figure 51. Chile’s LNG imports by country of origin 

6.2.4 Exports 
Since 2016, Chile has exported small quantities of natural gas to Argentina, which is mostly used 
for power generation, through winter-season contracts that allow Chile to import and re-gasify 
LNG and use the existing cross-border pipelines to export it to Argentina (IEA 2018). 

6.2.5 Pipeline infrastructure 
Chile’s natural gas network is regionally disconnected given the country’s longitudinal 
extension. The Quintero and Mejillones LNG terminals supply most of the natural gas consumed 
in the central and northern regions. The southern region is mostly supplied by local production 
from the Magallanes region (IEA 2018). 

6.3 Power System Flexibility 

6.3.1 Sources of Flexibility 
The main sources of existing flexibility in Chile are impoundment hydropower plants (medium 
and long-term), run-of-the-river power plants (short-term), thermal power plants such as coal 
(medium and long-term) and gas-fired (short, medium, and long-term). The country’s first CSP 
plant with energy storage is expected to be commissioned in late 2019 and will provide 
dispatchable power around the clock (Helioscsp 2019). Like Argentina and Brazil, Chile has also 
diversified its generation mix with VRE, which has enhanced the country’s long-term flexibility. 

6.3.2 Drivers of the Need for Flexibility 

6.3.2.1 Rainfall Variability 
The seasonal and occasional fluctuations in hydropower supplies, mostly related to variations in 
rainfall caused by weather patterns can significantly jeopardize the system’s flexibility at 
different time scales. Since 2007, Chile has been suffering from severe droughts that have 
significantly reduced its hydropower production as well as the storage capacity in the main 
reservoirs. According to the World Resources Institute (WRI 2015), Chile will be among the 25 
most water-stressed countries in the world by 2040. Figure 52 shows the storage capacity (GWh) 
reduction in the main Chilean reservoirs in the last two decades. 
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Source: Data from Systep (2019) 

Figure 52. Storage capacity in the main Chilean reservoirs 

In some regions of Chile, the impacts of long-term droughts have been significantly intensified 
during La Niña events. Figure 53 shows how the intense La Niña events of 2007-2008, 2011-
2013, and 2016-2018 affected the storage capacity (m3) in the Colbún Dam, one of the largest 
reservoirs in Chile, located in the central part of the country.  

 
Source: Data from Systep (2019) 

Figure 53. Storage capacity in the Colbún Dam 

6.3.2.2 Public Opposition to Hydropower Plants 
Like Brazil and Colombia, Chile has also relied on large impoundment hydropower plants for the 
provision of storage and flexibility services at low operational and opportunity costs (Moreno et 
al. 2017). Due to various socio-environmental challenges associated with the construction of new 
large reservoirs, the country has also been exploiting its hydropower potential through run-of-
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the-river projects. Table 7 shows the SEN hydropower capacity (in GW and as percentage of the 
total hydropower installed capacity) by type of power plant in 2008 and 2018, respectively. The 
run-of-the-river power plants, which accounted for only 36% of the total hydropower capacity in 
2008, now account for more than two thirds of the Chilean hydropower capacity, thus posing 
increasing challenges to the provision of medium and long-term flexibility. 

Table 7. SEN Hydropower Capacity 

Hydropower plant 2008 2018 

Run-of-the-river 1.9 GW (36%) 6.7 GW (68%) 

Impoundment (large reservoirs) 3.4 GW (64%) 3.2 GW (32%) 

Source: Data from CNE (2019b) 

6.3.2.3 Growing VRE Integration 
The rapid growth of VRE capacity in Chile has posed challenges that go beyond the well-known 
short-term flexibility concerns. The lack of transmission and storage infrastructure has already 
led to oversupply and, consequently, the curtailment of VRE in some regions9 (IEA 2018). The 
recent interconnection of the SIC and SING systems represent an important step to improve the 
operation of the system. However, the country lacks transmission lines to carry wind and solar 
power from remote areas to the main consumption centers, and storage systems to better utilize 
wind and solar power at different times. 

6.3.2.4 Thermal Power Inflexibility  
Like Argentina, Chile has many thermal power plants that provide limited, costly flexibility 
services. The increasing integration of VRE in Chile has impacted the flexibility operation of 
many thermal power plants. In order to maximize generation from VRE sources, thermal power 
plants are operating with lower capacity factors and their cycling (number of start-ups/shut-
downs and ramp up/down) has increased significantly in recent years (Generadoras de Chile 
2017). Recent studies on flexibility in Chile indicate an expected increase in cycling of thermal 
power plants for different VRE integration scenarios, which may imply additional operation and 
maintenance costs for thermal power producers and electricity price fluctuations (Maluenda et al. 
2018; PSR and Moray 2018). According to a study commissioned by the Chilean Generators 
Association and conducted by PSR and Moray (PSR and Moray 2018), the flexibility (mostly 
cycling) costs of thermal power plants in Chile could reach nearly US$ 350 million in 2030.  

6.4 Key Policy Options to Enhance Flexibility in Chile 
Chile has been working to define effective strategies to enhance its power system flexibility 
(Electricidad 2019). This section provides some key policy option as well as some recent efforts 
in both electricity and natural gas sectors to enhance the country’s power system flexibility. 

 
 
9 In some cases, curtailment of VRE generation can be the least-costly way to provide increased flexibility. 
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6.4.1 Electricity Sector Policy Options 
Generation Mix Diversification and Distributed Energy Resources (DERs): The increasing 
integration of VRE sources has contributed to the diversification of the Chilean electricity mix. With 
the plan to gradually retire all its coal-fired power plants over the next 20 years, Chile needs to find 
additional sources of flexibility that can be operated in efficient and economic ways. Distributed 
generation, for example, is an option to reduce the dependency on centralized generation options and 
help the country mitigate its transmission system limitations. 

Effective Pricing Mechanisms / Demand Side Management: Chile lacks a regulatory framework and 
market-based incentives focused on demand side management for consumers at wholesale and retail 
level. In the wholesale market, for example, there are opportunities to integrate demand-response 
mechanisms in the spot, capacity, and balancing markets (Valdes et al. 2019) to provide technical and 
economic benefits to the grid such as the reduction of costly thermal power cycling. Demand-response 
implementation in the mining sector, for example, and other sectors of the economy, could save 
millions of dollars in operations costs and defer investments in new generation plants (Morales et al. 
2015). 

Storage Systems and Interconnections: Investments in energy storage technologies such as batteries, 
pumped storage, and thermal storage systems associated with CSP plants are essential to mitigate VRE 
uncertainties and enhance short-term flexibility in Chile. The expansion and upgrade of the existing 
transmission infrastructure is also essential to deliver VRE from remote areas, such as the Atacama 
Desert, to the main consumption centers and to better supply the mining load centers in the northern 
regions for night-time operations. Chile also lacks international interconnections with its neighboring 
countries (Peru, Bolivia, and Argentina). Such interconnections would allow the country to enhance its 
power system flexibility through electricity imports and exports when needed. A recent study 
conducted by the Chilean National Electricity Coordinator highlights the importance of transmission 
expansion as well as the increasing role of other generation options such as natural gas, pumped 
storage, and CSP for the provision of flexibility in Chile (Chilean National Electricity Coordinator 
2018).  

6.4.2 Natural Gas Sector Policy Options 
Import Diversification and Flexible LNG Contracts and Technologies: Chile is expected to expand 
LNG imports at least in the short and medium terms as gas-fired power plants become an increasingly 
important option to fill the future generation gap to be left by retiring coal-fired power plants and 
mitigate the variabilities of hydropower, wind and solar output. Two new regasification terminals 
(Penco-Lirquen and Talcahuano) are planned to be constructed. Both projects, however, have suffered 
significant delays to obtain all necessary approvals and licenses for their construction (EPE 2018). 
Greater gas imports via pipeline from Argentina may also help Chile to diversify its natural gas supply. 
However, it will depend on Argentina’s capacity to export natural gas on a consistent and reliable basis.  

Summary 
Chile has significant flexibility challenges to be addressed in the coming years. In the electricity sector, 
policy options range from generation mix diversification to international interconnections. Different 
from the other countries considered in this report, Chile’s policy options in the natural gas sector are 
restricted to pipeline and LNG imports due to the country’s small natural gas reserves and domestic 
production. 



89 

This report is available at no cost from the National Renewable Energy Laboratory at www.nrel.gov/publications. 

References for Section 6 
BP. 2019, BP Energy Outlook. Accessed July 2019: 
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-
economics/energy-outlook/bp-energy-outlook-2019.pdf 

Bustos-Salvagno, J. 2019. “Chilean experience on long-term electricity auctions: Changes and 
challenges ahead,” IAEE Energy Forum.                                                                              
Available: https://www.iaee.org/en/publications/newsletterdl.aspx?id=816 

Chilean Ministry of Environment (MMA). 2018. “Gobierno y generadoras anuncian fin de 
nuevos desarrollos de plantas a carbon.” Accessed March 2019: https://mma.gob.cl/gobierno-y-
generadoras-anuncian-fin-de-nuevos-desarrollos-de-plantas-a-carbon/ 

Chilean Ministry of Energy and GIZ. 2014. “Energías renovables en Chile: El potencial eólico, 
Solar e hidroeléctrico de Arica a Chiloé.” Accessed July 2019: http://4echile.cl/4echile/wp-
content/uploads/2017/03/Energias-Renovables-en-Chile-El-potencial-eolico-solar-e-
hidroele%CC%81ctrico-de-Arica-a-Chiloe.pdf 

Chilean National Electricity Coordinator. 2019. “Estudio de Operación y Desarrollo del SEN sin 
centrales a carbón - Informe Principal.” Accessed May 2019: https://www.coordinador.cl/wp-
content/old-docs/2019/01/20190102-Estudio_OPyDES-Sin-carb%C3%B3n_Informe_ 
Principal.pdf 

Comisión Nacional de Energía (CNE). 2019a. “Information and Statistics.” Accessed March 
2019: https://www.cne.cl/en/estadisticas/electricidad/ 

Comisión Nacional de Energía CNE. 2019b. “Consumo Mensual GN.” Accessed May 2019: 
https://www.cne.cl/estadisticas/ hidrocarburo/ 

Comisión Nacional de Energía CNE. 2019c. “Hydrocarbon.” Accessed May 2019: 
https://www.cne.cl/estadisticas/ hidrocarburo/ 

Electricidad. 2019. “Comisión asesorará al Ministerio de Energía para definir ruta de flexibilidad 
en sector eléctrico.” Accessed August 2019: http://www.revistaei.cl/2019/08/05/comision-
asesorara-al-ministerio-de-energia-para-definir-ruta-de-flexibilidad-en-sector-electrico/# 

EPE. 2018. “International LNG Market: Impacts on Brazil.” Accessed November 2018: 
http://www.epe.gov.br/sites-en/publicacoes-dados-abertos/publicacoes/Publicacoes 
Arquivos/publicacao-183/LNG%20International%20Market%20Report%202018-2027_rev1.pdf 

Generadoras de Chile. 2017. “Long-term analysis of the Chilean national electricity system 
considering variable and intermittent energy resources.” Accessed March 2019: 
http://generadoras.cl/media/page-files/237/Terms%20of%20Reference%20AG%202017 
_01%20-%20English%20Version%20v%2013022017.pdf 

Helioscsp. 2019. “Cerro Dominador Concentrated Solar Power developer plans larger plants in 
Chile.” 16 October. http://helioscsp.com/cerro-dominador-concentrated-solar-power-developer-
plans-larger-plants-in-chile/ 

https://www.iaee.org/en/publications/newsletterdl.aspx?id=816
https://mma.gob.cl/gobierno-y-generadoras-anuncian-fin-de-nuevos-desarrollos-de-plantas-a-carbon/
https://mma.gob.cl/gobierno-y-generadoras-anuncian-fin-de-nuevos-desarrollos-de-plantas-a-carbon/
http://4echile.cl/4echile/wp-content/uploads/2017/03/Energias-Renovables-en-Chile-El-potencial-eolico-solar-e-hidroele%CC%81ctrico-de-Arica-a-Chiloe.pdf
http://4echile.cl/4echile/wp-content/uploads/2017/03/Energias-Renovables-en-Chile-El-potencial-eolico-solar-e-hidroele%CC%81ctrico-de-Arica-a-Chiloe.pdf
http://4echile.cl/4echile/wp-content/uploads/2017/03/Energias-Renovables-en-Chile-El-potencial-eolico-solar-e-hidroele%CC%81ctrico-de-Arica-a-Chiloe.pdf
https://www.coordinador.cl/wp-content/old-docs/2019/01/20190102-Estudio_OPyDES-Sin-carb%C3%B3n_Informe_%20Principal.pdf
https://www.coordinador.cl/wp-content/old-docs/2019/01/20190102-Estudio_OPyDES-Sin-carb%C3%B3n_Informe_%20Principal.pdf
https://www.coordinador.cl/wp-content/old-docs/2019/01/20190102-Estudio_OPyDES-Sin-carb%C3%B3n_Informe_%20Principal.pdf
https://www.cne.cl/en/estadisticas/electricidad/
https://www.cne.cl/estadisticas/%20hidrocarburo/
https://www.cne.cl/estadisticas/%20hidrocarburo/
http://www.revistaei.cl/2019/08/05/comision-asesorara-al-ministerio-de-energia-para-definir-ruta-de-flexibilidad-en-sector-electrico/
http://www.revistaei.cl/2019/08/05/comision-asesorara-al-ministerio-de-energia-para-definir-ruta-de-flexibilidad-en-sector-electrico/
http://www.epe.gov.br/sites-en/publicacoes-dados-abertos/publicacoes/Publicacoes%20Arquivos/publicacao-183/LNG%20International%20Market%20Report%202018-2027_rev1.pdf
http://www.epe.gov.br/sites-en/publicacoes-dados-abertos/publicacoes/Publicacoes%20Arquivos/publicacao-183/LNG%20International%20Market%20Report%202018-2027_rev1.pdf
http://generadoras.cl/media/page-files/237/Terms%20of%20Reference%20AG%202017%20_01%20-%20English%20Version%20v%2013022017.pdf
http://generadoras.cl/media/page-files/237/Terms%20of%20Reference%20AG%202017%20_01%20-%20English%20Version%20v%2013022017.pdf
http://helioscsp.com/cerro-dominador-concentrated-solar-power-developer-plans-larger-plants-in-chile/
http://helioscsp.com/cerro-dominador-concentrated-solar-power-developer-plans-larger-plants-in-chile/


90 

This report is available at no cost from the National Renewable Energy Laboratory at www.nrel.gov/publications. 

Houllier, M. A. and de Menezes, L. M. 2012. “A fractional cointegration analysis of European 
electricity spot prices,” in Proc. 9th International Conference on the European Energy Market, 
pp. 1-6.International Energy Agency (IEA) (2018a), Electricity Information 2018. Accessed 
January 2019: https://webstore.iea.org/electricity-information-2018 

International Energy Agency (IEA). 2018. “Energy policies beyond IEA countries: Chile 2018 
review.” Accessed August 2019: https://webstore.iea.org/energy-policies-beyond-iea-countries-
chile-2018-review 

Maluenda, B. and Moreno, J. 2018. “New market interactions in the Chilean electricity system 
with high integration of variable renewable energy,” in Proc. 41st. IAEE International 
Conference, pp. 1-15.  

Manríquez, E. F. I. 2018. “Demand response and renewable energy integration in the Chilean 
electricity market.” Accessed July 2019: 
http://repositorio.uchile.cl/bitstream/handle/2250/167802/Demand-response-and-renewable-
energy-integration-in-the-chilean-electricity-market.pdf?sequence=1&isAllowed=y 

Mastropietro, P.; Batlle, C.; et al. 2016. “The evolution of electricity auctions in South America,” 
Energy Sources, Part B: Economics, Planning, and Policy, vol. 11, no. 12, pp. 1103-1110, 2016. 

Morales, O.; Mocarquer, S.; et al. 2015. “Benefits of industrial demand response in the Chilean 
electricity market,” IEEE Power and Energy Society General Meeting. Available: 
http://www.systep.cl/documents/Morales_PES_GM_2015.pdf 

Moreno, R., Ferreira, R., Barroso, L., Rudnick, H., and Pereira, E., 2017. “Facilitating the 
integration of renewables in Latin America: The role of hydropower generation and other energy 
storage technologies,” IEEE Power and Energy Magazine, vol. 15, no. 5, pp. 68-80, Sept.-Oct. 

Pollitt, M. 2004. “Electricity reform in Chile: Lessons for developing countries,” Journal of 
Network Industries, vol. 5, no. 3-4, pp. 221-262. 

PSR and Moray. 2018. “Flexibility costs under high variable renewable energy generation: The 
Chilean case.” Accessed April 2019: http://www.morayenergy.com/archivos/pdf/moray-energy-
presentation-at-ieee-power--energy-society-general-meeting-pdf-1.pdf 

Rebolledo, A. 2018. “Chile and the solar revolution,” in Global Innovation Index 2018: 
Energizing the World with Innovation. Available: https://www.wipo.int/edocs/pubdocs/ 
en/wipo_pub_gii_2018.pdf 

Rypl, N. C. 2018. “Chile’s new coal fleet challenged by renewables and air pollution,” Powering 
Past Coal Alliance (PPCA). Available: https://poweringpastcoal.org/insights/policy-and-
regulation/chile-new-coal-fleet-challenged-by-renewables-and-air-pollution 

Systep. 2019. “Estadisticas.” Accessed August 2019: http://www.systep.cl/?page_id=1203 

https://ieeexplore.ieee.org/xpl/conhome/6235194/proceeding
https://webstore.iea.org/electricity-information-2018
https://webstore.iea.org/energy-policies-beyond-iea-countries-chile-2018-review
https://webstore.iea.org/energy-policies-beyond-iea-countries-chile-2018-review
http://repositorio.uchile.cl/bitstream/handle/2250/167802/Demand-response-and-renewable-energy-integration-in-the-chilean-electricity-market.pdf?sequence=1&isAllowed=y
http://repositorio.uchile.cl/bitstream/handle/2250/167802/Demand-response-and-renewable-energy-integration-in-the-chilean-electricity-market.pdf?sequence=1&isAllowed=y
http://www.systep.cl/documents/Morales_PES_GM_2015.pdf
http://www.morayenergy.com/archivos/pdf/moray-energy-presentation-at-ieee-power--energy-society-general-meeting-pdf-1.pdf
http://www.morayenergy.com/archivos/pdf/moray-energy-presentation-at-ieee-power--energy-society-general-meeting-pdf-1.pdf
https://www.wipo.int/edocs/pubdocs/%20en/wipo_pub_gii_2018.pdf
https://www.wipo.int/edocs/pubdocs/%20en/wipo_pub_gii_2018.pdf
https://poweringpastcoal.org/insights/policy-and-regulation/chile-new-coal-fleet-challenged-by-renewables-and-air-pollution
https://poweringpastcoal.org/insights/policy-and-regulation/chile-new-coal-fleet-challenged-by-renewables-and-air-pollution
http://www.systep.cl/?page_id=1203


91 

This report is available at no cost from the National Renewable Energy Laboratory at www.nrel.gov/publications. 

Valdes, J.; González, A. B. P.; et al. 2019. “Industry, flexibility, and demand response: Applying 
German energy transition lessons in Chile,” Energy Research & Social Science, vol. 54, pp. 12-
25. 

World Resources Institute (WRI). 2015. “Ranking the world’s most water-stressed countries in 
2040.” Accessed August 2019: https://www.wri.org/blog/2015/08/ranking-world-s-most-water-
stressed-countries-2040 

  

https://www.wri.org/blog/2015/08/ranking-world-s-most-water-stressed-countries-2040
https://www.wri.org/blog/2015/08/ranking-world-s-most-water-stressed-countries-2040


92 

This report is available at no cost from the National Renewable Energy Laboratory at www.nrel.gov/publications. 

7 Colombia 
7.1 Electricity Sector Outlook 
Electricity consumption in Colombia has grown 3% per year in average since 2010. The 
Colombian government estimates that electricity demand in the country will continue to grow at 
the same average rate until the year 2030. Colombia’s electricity system is stressed during 
droughts because 70% of its installed capacity comes from hydropower and its water storage 
capability is limited. The government aims at diversifying the generation fleet by increasing 
natural gas, wind, and solar generation (Rudnick and Velásquez 2019; International Renewable 
Energy Agency 2018). 

7.1.1 Sector Reform 
Colombia has historically relied on hydropower to supply domestic consumption. Increasingly, 
this has presented a challenge as electricity consumption grows and severe droughts caused by El 
Niño cripple domestic electricity production.  

Different from the other South American countries studied in this report, Colombia developed a 
competitive (bid-based) wholesale electricity market, which was established between 1994 and 
1995 in response to the country’s poor electric reliability and, in particular, Colombia’s energy 
crisis of 1992. This crisis resulted in a large blackout and a long period of electricity rationing 
(Organisation for Economic Co-operation and Development 2015).  

The reform required unbundling vertically integrated utilities and allowing competition in 
generation and retail10, while maintaining regulated monopolistic activity in transmission and 
distribution. Colombian regulations require open access to the transmission and distribution 
grids. Colombian regulations define the participants allowed in the wholesale energy market: 
electricity generators, distribution network operators, retail suppliers, non-regulated customers 
(large consumers with monthly peak demand of more than 100 kW) (Nieves Zárate and 
Hernández Vidal 2016; Rudnick and Velásquez 2019). 

7.1.1.1 Wholesale Electricity Market 
The Colombian wholesale electricity market has three main components: 1) bilateral energy 
contracts, 2) a day-ahead energy spot market, and 3) a firm energy procurement that functions as 
a capacity market based on auctions (Table 8).  

Table 8. Transaction Types Allowed in the Wholesale Energy Market in Colombia 

Type of Transaction Term Purpose 

Bilateral Contracts Set by the 
parties 

Market-based mechanism for large customers to secure 
energy and hedge against spot market spikes 

Spot Market Day-ahead Secure energy to meet system demand in the short term 

Firm Energy 
Procurement 

20 years Ensure supply during periods of hydropower deficits 

 
 
10 Retailers can sell electricity to large and small customers. 
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Large consumers (those with a monthly peak demand of 100 kW or more), retailers, and 
distributors are allowed to participate in the day-ahead spot market; whereas registered 
generators are mandated to participate. The bid of the most expensive plant required to meet 
demand determines the spot market-clearing price (Giraldo and Robinson 2016).  

The firm energy procurement mechanism provides market-based incentives for generators to 
supply electricity during periods of scarcity. Established in 2007 to address the shortages caused 
by the country’s heavy reliance on hydropower and recurrent droughts, Colombia’s firm energy 
procurement mechanism is analogous to and served as a model for capacity markets in North 
America and Europe (McRae and Wolak 2019).  

The Colombian Ministry of Mines and Energy is responsible for establishing Colombia’s 
domestic energy policy and coordinating its execution. Colombia's Mining and Energy Planning 
Unit (UPME) is responsible for planning and overseeing the development and exploitation of the 
country’s energy resources (Bnamericas 2019b). The Colombian wholesale electricity market is 
administered and operated by XM, a public utility corporation (equivalent to an independent 
system operator (ISO) in the United States) and a subsidiary of the state transmission 
Interconexiones Eléctricas S.A. (ISA) (XM 2019a; U.S. EIA 2019). The Electricity and Gas 
Regulatory Commission (CREG) is a public utilities commission that functions at the federal 
level to regulate the provision of electricity and natural gas in Colombia. 

7.1.1.2 Electricity Subsidization 
Colombia has a system of energy subsidization designed to help people afford their utility bills 
according to geographical and socioeconomic criteria. Households receive a subsidy level 
according to a system of six tiers that correlate to annual income. The first-tier groups 
households with the lowest income and receives a subsidy of 50% as long as they do not exceed 
a threshold of 173 kWh per month.11 Tier 2 receives 40% and Tier 3, 15%, with the same 
consumption threshold. Tier 4 does not receive any subsidies and tiers 5 and 6 pay an extra 
contribution of 20%, which is meant to offset the subsidies provided to tiers 1, 2 and 3 
(Ministerio de Minas y Energía 2018).  

Figure 54 shows the evolution of electricity subsidies in Colombia from 2012 to 2018 (with 2018 
values estimated). The government is considering lowering subsidies to public utilities12 because 
their total net cost was more than $734 million in 2018—of which electricity subsidies 
contributed approximately $481 million. Furthermore, the government has found that many 
households are currently miscategorized. The government estimates that up to 61% of the 
households classified in the lowest three strata would not qualify as low-income because strata 
are defined geographically and not based on actual household income. Similarly, some low-
income households are classified in the higher tiers (Cigüenza Riaño 2019). 

 
 
11 The consumption threshold is 130 kWh per month for households in cities with an altitude of more than 1,000 
meters (3,281 feet) above sea level.  
12 The Colombian government subsidies electricity, gas, water and sewer services. 
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Source: Data from Unidad de Planeación Minero Energética (2013; 2018) 

Figure 54. Subsidies and contributions paid to and by electricity customers in  
Colombia 2012–2018 

7.1.1.3 Renewable Energy Law 
Colombia enacted in 2014 the Renewable Energy Law to regulate non-hydropower renewable 
sources of power. The country does not have legally-binding solar and wind renewable energy 
(which the country refers to as non-conventional) deployment goals, but it has the aspiration to 
increase their capacity to 9%—approximately 1,500 MW—by 2023 (Symmes Cobb 2019a).  
Other sources indicated even higher deployment targets (Renewables Now, 2019). Projections 
from the government planning agency estimate that by 2030, 17% of the country’s total capacity 
could come from solar and wind plants, with an additional 3% from biomass plants (International 
Renewable Energy Agency 2018). 

7.1.2 Consumption 
In 2017, electric consumption in Colombia was 67 TWh. Approximately 69% of demand came 
from small consumers, which regulation defines as consumers with a monthly peak demand 
under 100 kW and includes residential customers and small business (see Figure 55). Small 
consumers are called regulated consumers and cannot participate in the wholesale electricity 
market. Industrial manufacturing accounted for 14% of demand, mining for 7%, and other large 
commercial and industrial customers 11%. Colombia exports less than 1% of its generation to 
Ecuador and Venezuela (XM 2018).  
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Source: Data from Unidad de Planeación Minero Energética (2019) 

Figure 55. Electricity consumption by sector in 2017 

Domestic demand for electricity in Colombia is projected to grow at an annual rate of 3% 
between 2015 and 2029 (the most recent comprehensive expansion planning report was 
published in 2014). Figure 56 shows the estimated demand growth by region. Regions with the 
highest urbanization and population density, namely West, Central and Coast-Caribbean, will see 
the highest growth rate, above the national average of 3%. The “Other” category comprises the 
largest consumers of electricity in the country, such as Ecopetrol and Drummond Ltd., one of 
Colombia’s largest mine operators (Unidad de Planeación Minero Energética 2014). 

 
Source: Data from Unidad de Planeación Minero Energética (2014) 

Figure 56. Colombia's domestic electricity demand projection, 2018–2029 
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7.1.3 Generation 

7.1.3.1 Hydropower and Thermal Generation 
By August 2018, 69% of the country’s installed capacity was hydropower. Coal and natural gas 
plants represented 10% of total generation capacity each. The rest is a combination of different 
types of oil products and less than one percent is “other” renewable energy, including 0.8% 
biomass (Unidad de Planeación Minero Energética 2018). Colombia is the largest coal producer 
in South America, but 90% of its production is exported (BP 2019).  

Like many other countries in the region, Colombia has historically relied heavily on hydropower 
to meet its domestic demand for electricity. In 2017, Colombia had an installed capacity of about 
12 GW, the third largest in South America. However, annual hydropower generation varies 
significantly depending on the strength of the El Niño weather phenomenon. Hydropower 
generation increased from 67.1% of total generation in 2016, which marked the end of the 
longest El Niño event since 1950, to 80.3% in 2017 (XM 2018; International Hydropower 
Association 2018). Such variations are also caused by the country’s limited water storage 
capacity (Rudnick and Velásquez 2019).  

Figure 57 shows the total and regional installed capacity to generate electricity in Colombia in 
2012 and 2019. The share of hydropower capacity in Colombia has remained at a high level 
despite the government efforts to diversify the country’s electricity matrix since the inception of 
the wholesale energy market. A big part of the push to liberalize the market was to incentivize 
the development of alternative forms of electricity, but hydropower capacity has remained 
steady, while natural gas has fallen. In the generation mix, gas generation is also shrinking, while 
hydropower output has been up strongly in recent years (Figure 58).  

 
Source: SIEL (2019), UPME (2017), DNP (2017) 

Figure 57. Total and regional installed capacity for Colombia, 2012 and 2019 
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Source: IEA (2019), XM (2019b) 

Figure 58. Colombia’s evolving generation mix, 2001–2018.  
Note: IEA data is through 2017 with an extrapolation for 2018 based on generation percentages from XM.  

7.1.3.2 Other Renewable Energy Sources 
Generation capacity from non-hydropower renewable forms of generation is negligible. Biomass 
capacity represents 0.8% of total capacity, wind 0.1% and solar 0.06%. Since at least 2018, the 
Colombian government has tried to hold auctions to attract renewable energy investment, but 
such attempts had been delayed for various reasons until February 2019, when the first auction 
took place. The results had to be discarded, however, because not enough buyers participated, 
which triggered rules to avoid market power concentration (Bnamericas 2019a). On 22 October 
2019, a second attempt was made to auction new wind and solar projects after incorporating 
lessons learned from earlier in the year and this time buyers and sellers met all requirements. A 
reported 1298 MW of long-term wind and solar off-take contracts were announced (Renewables 
Now 2019). Some of the changes between the two auctions include: exclusion of fossil and 
hydro resources, reduction of minimum project size from 10 MW to 5 MW,  allocation of hourly 
0.5 MWh blocks on a daily basis, inclusion of “take or pay” with guaranteed delivery from 
seller, inclusion of 15 year contract durations, and movement of the auction to an online platform 
(Stout 2019). 

7.1.3.3 Transmission Infrastructure 
Colombia’s national transmission system has 16,000 miles of transmission lines, owned and 
operated by transmission utilities. Transmission utilities operate as regulated monopolies, each in 
their respective territory. Transmission utilities can participate in government auctions for new 
projects. ISA is owned by the government and is the biggest of the four transmission utilities in 
Colombia. ISA owns 70% of Colombia’s national transmission system. The other transmission 
utilities are EEB, TRANSELCA and DISTASA (DISTASA 2019; Interconexión Eléctrica S.A. 
E.S.P ISA 2019). ISA is also a system and market operator through XM, its subsidiary.  
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Colombia’s transmission system is connected to Ecuador and Venezuela. Interconnection lines to 
Ecuador provide 395 MW of import capacity and 535 MW export capacity. Interconnection lines 
to Venezuela provide 205 MW of import capacity and 336 MW export capacity (Rudnick and 
Velásquez 2019).  

Figure 59 shows the transmission lines in Colombia, including the lines that provide 
import/export capacity to Venezuela and Ecuador. The largely rural south east area of the 
country is not covered by transmission lines. 

 
Source: UPME (nd) 

Figure 59. Colombia's transmission lines 
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7.2 Natural Gas Overview 
Colombia’s oil and gas sectors are in transformation. Production from domestic oil and gas fields 
is declining, while the country’s primary energy demand has grown at an average rate of 4% 
annually since 2007. In 2018, Colombia’s natural gas imports exceeded exports for the first time 
since 1998, and the country had its largest gas deficit since 1977. Natural gas production from 
the fields in the Guajira Department, the most productive area in Colombia, has fallen to half of 
its 2010 peak. Colombia imported LNG for the first time in 2016. The Ministry of Mines and 
Energy estimates 5.7 and 11 years of current oil and gas reserves at current production levels, 
respectively (Symmes Cobb and Acosta 2019; BP 2019). 

7.2.1 Sector Organization 
Colombia’s natural gas sector did not develop significantly until the 1970s, when the Guajira 
field was discovered. In the 1980s, the government instituted policies to stimulate the domestic 
consumption of natural gas, and in the 1990s, the pipeline system was expanded by more than 
1,000 miles in order to interconnect existing fields with larger cities around the country. In 1997, 
Ecopetrol, the government’s oil and gas company, was divided in two: oil extraction activities 
remained under Ecopetrol, while gas production and transportation activities were housed under 
a new company, Ecogas (Comisión de Regulación de Energía y Gas 2013b).  

Colombia’s Energy and Gas Regulatory Commission (CREG) is responsible for regulating and 
protecting the rights of sector participants. CREG’s mandate is to ensure consumers receive 
utility services in a safe and cost-efficient way. Colombia has a liberalized natural gas market 
with a structure similar to the electricity market (Comisión de Regulación de Energía y Gas 
2013a). The supply and commercialization chain is divided in four segments: production, 
transportation, distributers and retailers, and pure retailers. Up to 48 companies participate in 
each segment (Comisión de Regulación de Energía y Gas, 2019). 

7.2.2 Consumption 
Approximately half of Colombia’s natural gas production is reinjected. Figure 60 shows the 
sectors that consume the most natural gas in Colombia, excluding the reinjected gas. Thermal 
production of electricity and the industrial sectors consume most of the production available after 
reinjection and internal consumption by the natural gas sector. Colombia has a significant 
number of natural gas vehicles; therefore, the transportation sector is an important consumer of 
natural gas (U.S. EIA 2019; Rudnick and Velásquez 2019; Unidad de Planeación Minero 
Energética 2018, 2014).  
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Source: Data from Unidad de Planeación Minero Energética (2018b) 

Figure 60. Main sectors for the final consumption of natural gas in Colombia 

7.2.3 Domestic production 
Colombia’s natural gas production has been declining for the last decade. Currently, the 
government estimates 11 years of reserves in existing fields. Shale oil and gas extraction could 
nearly triple Colombia’s reserves, extending oil and gas reserves to 15 and 30 years of reserves, 
respectively. Hydraulic fracturing projects had been on hold since 2018, when Colombia’s High 
Court ruled there needed to be absolute certainty no environmental damage would result from the 
projects. The country’s top administrative court, the Council of State, is hearing a case on 
whether hydraulic fracturing should be allowed but has given permission to four pilot projects to 
go ahead (Newbery 2019; Symmes Cobb 2019b). Most of the untapped natural gas reservoirs of 
significant size are off the Colombian coast in the Caribbean Sea (Symmes Cobb and Acosta 
2019; Natural Gas News 2019). Production has been declining since its peak in 2009. Colombia 
started importing natural gas in 2016 (Table 9). 
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Table 9. Colombian Production and Imports by Year, 2006–2017 
(million cubic feet) 

Year Production Imports 

2006 1,378,352 0 

2007 1,223,973 0 

2008 1,382,617 0 

2009 1,919,376 0 

2010 1,143,015 0 

2011 1,102,311 0 

2012 1,086,464 0 

2013 1,043,847 0 

2014 957,387 0 

2015 899,597 0 

2016 904,145 500 

2017 856,362 501 
Source: Data from Unidad de Planeación Minero Energética (2018b) 

The government aims to increase electricity production from natural gas plants to improve 
electric reliability and to reduce the country’s dependence on hydropower.  

In 2017, two private companies made the biggest natural gas discovery in nearly three decades in 
Colombia. More discoveries in the Caribbean provide encouraging results. However, it is 
estimated that it will take approximately ten years for the production from the new fields to reach 
commercialization (Ramirez 2018).  

7.2.4 Imports 

7.2.4.1 Pipeline Imports 
Colombia and Venezuela share a gas pipeline, but due to the fact that Venezuela re-injects most 
of its produced natural gas to maintain reservoir pressure, the government is not currently 
looking to import gas from Venezuela. 

7.2.4.2 LNG Imports 
Liquefied natural gas has emerged recently as another near-term solution to the growing 
consumption of gas in the country. 

Colombia started importing LNG in 2017 through its first FSRU (commissioned in 2016), 
located at the Atlantic port of Cartagena. The national mining and energy planning unit (UPME) 
has proposed a second terminal on Colombia’s Pacific coast. This project would also require the 
construction of a pipeline from the coast to the city of Cali (U.S. EIA 2019; Sbroiavacca et al. 
2019).  
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In 2018, Colombia received 59% of its total LNG imports from Trinidad and Tobago and the rest 
from the United States (International Gas Union 2019). The government estimates that LNG 
imports will double from 2018 to 2019. The effects of El Niño in 2019 are driving the increased 
demand for natural gas (Portafolio 2019). 

Given the financial investment and lead time needed to start commercial production from the 
recent gas deposit discoveries, Colombia may need a third FSRU within a decade (Bnamericas 
2018). 

7.2.4.3 Natural Gas Transportation Infrastructure 
Colombia has nine pipelines with a total length of 3,781 km (2,360 mi). Figure 61 shows 
Colombia’s natural gas transportation network. The country has seven natural gas transportation 
companies from which Promigas and TGI are the two most important.  

 
Source: Energy and Gas Regulatory Commission (CREG, 2016) 

Figure 61. Colombia's natural gas pipelines and offshore licenses 
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7.3 Power System Flexibility 

7.3.1 Sources of Flexibility 

7.3.1.1 Thermal Power Plants 
Approximately 30% of Colombia’s power capacity comes from thermal plants. The Colombian 
government has tried to increase the share of thermal generation in the electricity matrix to 
prevent stresses on the electrical system during the country’s dry season or during severe 
droughts. The main mechanism to incentivize stable generation is the country’s reliability market 
in which providers of dispatchable electricity are compensated for reducing the volatility in 
energy prices generated by hydropower output variability (see Figure 63). The reliability market 
was implemented in 1996. However, the reliability market has not been effective in increasing 
the share of thermal generation since its inception (Rudnick and Velásquez 2019). Critics of the 
Colombian reliability market point out that this mechanism encourages generators to withhold 
output to create scarcity conditions and increase their profits (McRae and Wolak 2019). 
Additionally, the reliability market discourages investment in solar and wind power because the 
reliability market is not designed to incentivize variable sources of electricity (Giraldo and 
Robinson 2016). 

7.3.1.2 Imports 
Colombia has transmission infrastructure that enables energy exchanges with Venezuela and 
Ecuador. Electricity imports and exports have not historically been more than a fraction of one 
percent. However, Ecuador is planning to build extra hydropower and thermoelectric capacity to 
supply energy to Colombia when the Colombian system is stressed (Argus Media 2018).  

7.3.2 Drivers of the Need for Flexibility 

7.3.2.1 Rainfall variability 
Colombia is vulnerable in different ways to the recurrent weather phenomena known as El Niño 
and La Niña. In the years when El Niño occurs, Colombia experiences a higher risk of droughts 
and forest fires. Although El Niño is not caused by human activity, there is evidence that climate 
change may exacerbate the intensity and impacts of El Niño (Harindranath 2018). Given the 
country’s reliance on hydropower, occurrences of El Niño severely reduce the ability of the 
electricity system to meet demand. Droughts caused by El Niño, deficient electricity supply 
planning and the failure of important generators during vulnerable periods have contributed to 
water rationing, as well as brownouts and blackouts in Colombia since the 1990s (Semana 2007; 
Clavijo, Vera, and Cuéllar 2016). 

Due to its reliance on hydropower and limited water storage capacity, electricity production in 
Colombia is especially vulnerable to droughts; 6% of total capacity in reservoirs can store water 
for more than six months (Giraldo and Robinson 2016). The wholesale energy market is 
frequently subject to extreme variation in the net capacity available in the system, which causes 
spikes in spot prices. El Niño events can reduce hydropower capacity by 20% during periods of 
five to twelve months (XM 2019a).  

Figure 62 shows the relationship between monthly average impoundment levels as a percentage 
of their nominal total volume and the strength of the El Niño phenomenon between January 2012 
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and June 2018. The largest determinant of impoundment levels is seasonal precipitation. The 
period that roughly correlates with the Boreal summer is the dry season in Colombia. Nearly 
every year, the lowest water levels in impoundments are correlated with the end of the dry 
season, usually sometime between February and April. December, the start of the dry season, 
correlates with highest water levels in impoundments. A very strong El Niño event occurred in 
the 2015-2016 season. At the end of this period of unusual El Niño intensity, average 
impoundment levels dropped below 40% of total volume (Golden Gate Weather Services 2019; 
XM 2019a).  

 

 
Source: Data from XM (2019a) 

Figure 62. Impoundment volume monthly average as a percentage of total volume capacity 

Figure 63 shows the inverse relation between spot price volatility and hydropower generation. 
The figure shows important decreases in hydropower generation in February and March 2017. 
During that period, the spot market experienced spikes in prices. The average spot price in 2017 
was 107.77 COP/kWh, 65% lower than the 305.19 COP/kWh of 2016, a year of a strong El Niño 
event13 (XM 2018). Hydropower creates such volatility because it is a low-cost form of 
electricity when it is available, which depresses the market clearing price. But when hydropower 
availability drops, it creates scarcity due to the dependence of the system on hydropower output. 

 
 
13 In 2017, the average exchange rate between the Colombian peso (COP) and the U.S. dollar was just below 3000 to 
1. https://www.x-rates.com/average/?from=USD&to=COP&amount=1&year=2017 
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Source: XM (2019a) 

Figure 63. Spot price and hydropower generation 

La Niña events produce higher than normal precipitation in Colombia, which affects several 
sectors of the Colombian economy, such as agriculture. However, La Niña effects on electric 
system reliability are typically not severe. 

Weather phenomena such as El Niño, growing electricity consumption, and Colombia’s reliance 
on hydropower challenge the country’s electric system reliability. The government projects an 
average 3% annual growth in electricity demand for the period between 2017 and 2030 
(International Renewable Energy Agency 2018). The government estimates that climate change 
will reduce hydropower production by 6% per MW of installed capacity by 2050 (Macías Parra 
and Andrade 2013), although other analyses provide different estimates depending on scenario 
assumptions (Arango-Arumbo et al. 2019, Guerra et al. 2019).  

Droughts can disrupt power supply during the most intense El Niño events, but they also cause 
electricity price spikes in less severe years. The government is looking to increase the capacity of 
natural gas generators to increase the ability of the system to respond to drought conditions, and 
to increase the penetration of solar and wind to achieve the country’s decarbonization goals. 
Increasing the amount of renewable energy generation in the system can also help Colombia 
reduce its consumption of natural gas, of which Colombia has recently become a net importer. 

7.3.2.2 Public Opposition to New, Large-Scale Hydropower Plants 
The country is also experiencing opposition to new, large hydropower projects. Ituango, a 2.4 
GW dam and hydropower project is facing lawsuits and cost overruns due to construction 
problems in the order of $1 billion. The government is considering stopping the development of 
this hydropower plant (Hydro Review 2019; International Renewable Energy Agency 2018).  
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7.4 Key Policy Options to Enhance Flexibility in Colombia 

7.4.1 Electricity Sector Options 
Generation mix diversification: Colombia has been working to diversify its electricity matrix 
since the inception of the wholesale energy market and the reliability market in the mid-1990s. 
However, the country’s dependence on hydropower remains at a similar level. Colombia’s 
second—and this time successful—attempt for a renewable auction in October 2019 has ignited 
enthusiasm that VRE will play an increasingly important role in the future. Other than continuing 
with renewable energy auctions, the country could also reform its reliability market to 
compensate variable renewable energy for its ability to complement hydropower generation. 
Additionally, contracts for solar and wind could include a “green charge” to compensate those 
technologies for their environmental and emission reduction attributes.  

Energy storage: As demonstrated by the electricity scarcity and market price volatility caused 
by droughts, Colombia has insufficient storage capacity in its embankment hydropower plants. 
Given the public opposition to new large hydropower construction, it may be difficult to expand 
current embankments. However, expanding water storage capacity could even out the constant 
fluctuations in hydropower output that the country experiences even in years with normal 
rainfall. However, storing water during dry years may stress other sectors, in particular the 
agricultural sector. Natural gas storage could also help the country during droughts if Colombia 
creates capacity to store excess natural gas during years where hydropower capacity is available 
at a high level.  

Regional interconnections: Existing electric interconnections to Ecuador could be a source of 
flexibility. Ecuador is looking at expanding its power capacity with the explicit goal of exporting 
to Colombia. Ecuador is also highly reliant on hydropower, however. This could reduce 
Ecuador’s capacity to export energy when Colombia needs it the most, which is during long El 
Niño events. The governments of Panama and Colombia are working on the standardization of 
regulations to interconnect the electricity systems of both countries. The Colombian government 
has announced that a competitive bidding process for a transmission line between the two 
countries could be launched in 2020 (Bnamericas 2019c). These links could increase the 
flexibility of both Colombia and the Central American region. 

Demand side management: During the El Niño event of 2016, the Colombian government 
implemented a two-month program to avoid electricity shortages and blackouts in which users 
that reduced their consumption were rewarded and users that increased their consumption were 
penalized. The program was successful in reducing demand by 1,179 GWh, roughly three times 
the original target (Rudnick and Velásquez 2019). The government could formalize regulations 
to implement this program. Even when the system is not experiencing scarcity, this program 
could reduce the use of natural gas.  

Effective pricing mechanisms and reliability market: Reducing the country’s dependence on 
hydropower could help stabilize prices in the spot market because high reliance on hydropower 
depresses prices when hydropower is available and produces price spikes when it is not 
available. Such volatility also creates uncertainty for developers of thermal power plants, and, 
even for Ecuador, if the country decides to export electricity to Colombia. The reliability market 
has proven ineffective in increasing the share of thermal power in the electricity matrix even 
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after the reforms of 2006. Options include looking at the experience of successful capacity 
markets in other countries and reasonable compensation for solar and wind. The next renewable 
energy actions will be a test for the government’s ability to increase the existing wind and solar 
capacity, which is one of the lowest for the major countries in South America.  

7.4.2 Natural Gas Sector Policy Options 
Investment in domestic production: Colombia has vast offshore gas reserves, which will take 
years to develop and reach consumers. The country will have to invest heavily and attract 
significant capital in order to spur offshore play development and to build the gas transportation 
infrastructure to reach the country’s gas network. 

New LNG ports: To bridge the growing gap between demand and domestic gas production, 
Colombia has commissioned one FSRU and is planning a second unit. Depending on the 
country’s ability to develop its new gas plays on time, the government may need to commission 
a third LNG port. Paradoxically, droughts also affect the capacity of the Panama Canal to accept 
large ships. Since the United States is the closest large exporter of LNG, Colombia may want to 
consider new regasification capacity on the Atlantic coast to avoid potential constraints in the 
Panama Canal.  

Summary 

Colombia has been a leader in the region in the reform of its energy markets. However, the 
country still faces some important challenges, such as its heavy reliance on hydropower and the 
declining domestic production of natural gas. The country’s natural gas and renewable energy 
potential could offer relief in the long term. In the short term, continuing with the strategy of 
importing LNG seems to be one of the most viable options.  
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8 Synthesis and Conclusions 
Providing affordable, sustainable, reliable, flexible, and resilient power to end-users are 
increasingly important objectives for countries around the world. In South America, meeting 
these goals is further challenged by two factors: 1) the apparently growing variability of 
hydropower output associated with both El Niño and La Niña hydrological patterns, and 2) rapid 
growth in variable renewable energy output, mainly wind and solar, which is not “dispatchable” 
in the same way as thermal generators. How to supply power most economically during periods 
of low hydropower output—and over shorter periods when VRE might not be available—is a 
critical challenge for many countries in South America.  

8.1 Comparing and Contrasting Challenges 
This study presented some options for Argentina, Brazil, Chile and Colombia to determine how 
their objectives might best be met. Table 10 compares and contrasts risks and constraints 
associated with achieving greater flexibility in power generation for all four countries.  Brazil 
and Colombia are most exposed to threats from El Niño and La Niña impacts on hydropower 
output. Brazil and Chile are experiencing the fastest growth in VRE deployment. Currently, 
Argentina is most exposed to risk from fuel supply uncertainty, although Brazil, Chile and 
Colombia are not immune to these risks. All countries except Brazil face challenges in extracting 
greater flexibility from their existing thermal fleet of generators. Argentina probably has the best 
chance of continuing to build large hydropower plants, but even there, public opposition to that 
choice is still high.  

Table 10. Risks and Constraints for More Flexible Power Generation in Select South American 
Countries 

  Argentina Brazil Chile Colombia 

Flexibility 
Catalysts 

Weather events affecting hydropower Medium High Medium High 
Increasing adoption of run-of-the-river 
power plants Medium High Medium-High High 

Increasing VRE integration Medium High High Low 
Thermal power generation inflexibility High Low High High 
Fuel-supply uncertainties High Medium Medium Medium 

Table 11 summarizes some of the key barriers and challenges to further development of the 
electricity and natural gas sectors in the four countries targeted in this study. Relative to the 
others, Argentina faces challenges due to aging infrastructure (exemplified by the blackout in 
June of 2019) and in directing sufficient revenue for investment in both electricity and gas; a 
situation that is mainly due to its prolonged economic instabilities (high inflation rates and 
currency fluctuation) and market distortions associated with subsidies. All four countries face 
limitations associated with transmission capacity, public opposition to large hydropower plants 
and market mechanisms to promote greater flexibility in the electricity sector. In the gas sector, 
all four countries face limitations in underground storage and pipeline capacity. Chile is 
relatively unique in being the only country with insufficient domestic gas reserves, while Brazil 
faces techno-economic challenges associated with developing the offshore Pre-Salt resources. 
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Table 11. Barriers and Challenges for Electricity and Natural Gas Development in  
Select South American Countries 

 Issue Argentina Brazil Chile Colombia 

Relative 
barriers 
and 
challenges 
in the 
electricity 
sector 

Aging infrastructure x       
Transmission capacity limitations x x x x 
Insufficient revenue for investment x       
Public opposition to hydropower plants x x x x 
Limited international interconnections     x  x 
Lack of market mechanisms to promote greater 
flexibility x x x x 

Demand concentration in specific regions x   x   
Relative 
barriers 
and 
challenges 
in the 
natural 
gas sector 

Techno-economic challenges associated with 
domestic production   x     

Insufficient long-term domestic gas reserves     x   
Lack of underground storage infrastructure x x x x 
Pipeline capacity limitations x x x x 

Insufficient revenue for investment x       

8.2 Country-Specific Options 

8.2.1 Argentina 
The Argentinian energy sector currently faces strong headwinds due to the shrinking economy, 
high inflation, and the depreciating peso. Nonetheless, Argentina has very ambitious efforts to 
develop the Vaca Muerta formation and build infrastructure to move gas to market. This play has 
the potential to not only supply Argentina’s domestic needs, but it could—under ideal 
conditions—allow Argentina to export gas by pipeline to Chile, Brazil and potentially others, 
and ship it in the form of LNG to other countries. Development of the resource, and the 
infrastructure needed to move the gas considerable distances, is challenged by the current 
economic difficulties and decades of market distortions that impact the flow of investments. 
While the Macri government has taken steps to reduce these distortions, economic uncertainty 
remains, and new political developments could reverse gains made over the past few years. 
Addressing remaining market distortions so that investment will flow to where it is most needed 
is a key challenge for Argentinian policymakers, although this is very difficult in a period of 
economic crisis.  

Adding more natural gas pipelines and underground storage appears to be a high priority for the 
country given the seasonal imbalances in the market.  

Over the past few years, Argentina has taken successful steps to accelerate the deployment of 
renewables through its auction programs. Continued focus on deploying VRE can be a source of 
low-cost electricity that offsets the need for gas- or oil-fired generation, although siting and 
constructing new transmission lines would likely be challenging. Demand side energy efficiency 
activities may be one of the least costly ways for Argentina to ensure reliable electricity services, 
especially given the demand growth that occurred during the peak years of energy subsidies. 
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Coordinated planning of energy infrastructure using state-of-the-art modeling tools remains an 
important task for Argentinian decision-makers. 

8.2.2 Brazil  
Brazil’s power sector continues to be dominated by hydropower, although its share of total 
generation has been in decline since roughly 2011. Brazil has sophisticated energy planning and 
operations capability and has installed more renewables than any other South American country 
over the past decade. It is working to integrate more VRE and demand-response capabilities into 
the grid, and reforming electricity pricing mechanisms to better reflect supply and demand over 
shorter time intervals. It may also benefit from greater interconnection of transmission lines with 
neighboring countries and greater integration of DERs. 

Brazil is working to develop its considerable offshore natural gas resources, and like Argentina, 
would benefit from more gas infrastructure, especially large-scale underground storage. It has 
taken advantage of FSRU units to import LNG during periods of peak demand without having to 
commit to permanent onshore infrastructure. This reliance on FSRUs is expected to grow over 
the coming years, at least until more certainty over development of offshore resources is 
revealed. It is also taking steps to introduce more competition within the natural gas sector and 
reduce the dominance of Petrobras in this sector.   

8.2.3 Chile  
Chile has been at the global forefront in introducing market-oriented liberalization and 
privatization in its energy sector. Chile faced a gas crisis starting in 2004 (when Argentina 
abruptly reduced pipeline exports) that had profound impacts on the country. The immediate 
response was to briefly rely on petroleum products in electricity generation to make up for the 
lost gas supply and to construct several LNG import terminals. Coal generation also grew rapidly 
over the past decade as a longer-term substitute for natural gas, but the government announced in 
mid-2019 that it would phase out coal generation by 2040.  

Chile has also seen rapid growth in VRE since 2014 and has extremely high-quality solar 
resources in the north and wind resources in the south. Planning and constructing transmission 
capacity to move the power to the demand centers in and around Santiago (and to mining load 
centers in the northern regions for night-time operations) remains a top priority for Chilean 
decision-makers. The share of electricity coming from hydropower plants with large reservoirs 
has fallen rapidly as the country moved to greater reliance on run-of-the-river configurations, 
which are not capable of providing medium- and long-term flexibility services. 

Chile is likely to rely more heavily on imported natural gas in the near term given the shrinking 
availability of hydropower and the planned phase-out of coal. It has plans to build new LNG 
import infrastructure and recently began to import gas again from Argentina via pipeline. Greater 
interconnection of electricity lines with neighboring countries, use of demand response, 
deployment of a variety of energy storage options are three other opportunities for Chile to 
improve flexibility and resilience in the power sector.  
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8.2.4 Colombia  
Like much of Brazil, Colombia is heavily dependent on large hydropower and is exposed to 
drought conditions during El Niño years. Colombia is a major exporter of coal, yet that fuel 
supplies only about 10 percent of the electricity generation mix, on par with natural gas 
generation. The country’s natural gas production is in fairly rapid decline, while demand 
continues to grow, leading Colombia to begin importing LNG in 2017 using FSRUs. LNG 
imports are expected to grow rapidly in the near future. A pipeline connects Venezuela and 
Colombia, but no trade occurs despite the former having the largest gas reserves in South 
America. Both countries use the majority of their natural gas for reinjection at oil production 
sites to increase formation pressure. Also, like Brazil, Colombia has recently discovered 
significant offshore gas reserves, but analysts do not expect growth in production for a least a 
decade when drilling and infrastructure build-out can be completed. 

Colombia has a partially liberalized electricity sector but still provides subsidies to non-low-
income consumers. It is beginning to rectify the distortions that these subsidies can cause. 
Colombia is the only country analyzed here that does not yet have a developed market for VRE 
deployment, although the country’s first successful VRE auction of late 2019 is likely to improve 
the situation. Colombia is targeting over 2,000 MW of new renewables to be deployed by the end 
of 2020 (Renewables Now 2019). 

8.3 Opportunities for International Collaboration 
In addition to the country-specific policy choices that each jurisdiction faces, the international 
community can offer a variety of bi- and multi-lateral assistance and cooperation to further 
enhance flexibility and resilience in South American electricity markets. 

The Inter-American Development Bank and other multilateral organizations have supported 
regional studies in South America that evaluate the impact of greater cross-border electricity 
trade (UNDP 2009, IDB 2016, IDB 2017)). There are complex technical and market design 
challenges that must be overcome to enable such cross-border trade, but grid integration studies 
can provide powerful insights to electricity system planners and policymakers on the most 
beneficial actions to take in order to address power sector goals. Greater cross-border trade in 
electricity can help better balance supply and demand, reduce peak loads, and integrate sources 
of variable renewable energy. 

Supporting capacity building efforts to enable the use of advanced tools and data gathering 
techniques is another activity that can help some countries in South America. Some are still 
relying on outdated models to plan and operate their power systems. Argentina, for example, 
could benefit from using more advanced models to simulate the coordinated build-out of its 
natural gas and electricity sectors, prioritize infrastructure investment needs, and understand key 
tradeoffs related to reliable and resilient power system options. The International Renewable 
Energy Agency (IRENA), for example, has applied its FlexTool to assess flexibility options in 
Colombia on a granular basis and determined that the grid would not face flexibility challenges 
by 2030 after achieving its targeted renewable energy goals (IRENA 2018).  Likewise, recent 
examples of grid integration studies in India and the Philippines found that these countries could 
operate their grids reliably after reaching ambitious clean energy targets (USAID 2017, USAID 
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2018). Stakeholders in South America could conduct similar studies to inspire confidence in 
future integrated clean energy plans and further raise ambition. 

8.4 Conclusion 
Argentina, Brazil, Chile and Colombia face unique challenges in building out their electricity 
sectors to achieve resilient, reliable, and sustainable electricity systems. Each country faces 
challenges from uncertain hydropower output, but Argentina is less exposed to these variations. 
All have goals to rapidly boost domestic VRE generation, and all except Chile have significant 
natural gas resources that they plan to aggressively develop. Argentina’s Vaca Muerta formation 
may be the biggest uncertainty in all of South America’s evolving electric power sector calculus: 
this promising resource base could have global repercussions on energy markets, yet the country 
faces significant economic and political challenges in developing it. In the meantime, imported 
LNG may be the most expedient option for Brazil, Chile and Colombia on the margins given the 
recently improved liquidity of, and contract terms for, that fuel.  

While technology and market innovations in the form of rapidly falling costs for VRE, LNG 
contracting, battery storage, and other distributed energy options are sometimes outpacing the 
institutional and policy capacity to effectively guide them, other breakthroughs could occur to 
better harmonize the deployment of flexibility and resiliency options. These South American 
countries face significant challenges in meeting future electricity sector goals, but the speed of 
change is occurring so rapidly that unexpected developments should be considered likely.  On a 
positive note, they are each building from a strong base of renewable hydropower toward a 
diverse portfolio of solar, wind, and gas, targeting clean and resilient power systems.  
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