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Abstract
The South American region has experienced a steady increase in its demand for electricity and
faces several challenges in the development of the electricity sector. Among them, high
fluctuations in hydro generation, high and volatile prices of fossil fuels, and environmental
and social impacts associated to energy activities. Strengthening cooperation for cross-border
electricity trade is considered a sustainable alternative for addressing these challenges. For the
expansion of electricity trade among countries within the region, both infrastructure and a
regulation that defines the conditions of the electric power exchanges between countries are
required. A good regulatory framework would allow all market players to have access to the
commercialization of energy with other countries in the region, guarantee that the treatment of
exchanges is non-discriminatory, and maintain the efficiency, cost effectiveness and security
characteristics operation of all electricity systems. In this context, this paper proposes a
regulatory model setting conditions for the import and export of energy from the "surplus"
available for exchange. The empirical analysis of the regulatory proposal, based on
simulations, shows that the exchange of energy from Chile with its neighboring countries is
feasible in a clear and transparent manner, reducing the marginal costs of energy and the total
cost of operation, keeping the average cost of generation relatively constant.
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1. Introduction
Over the last decade, South America has experienced a robust economic growth,
mostly driven by the increase in commodity prices but also by the implementation, in most
countries, of sound market-oriented policies. The economic dynamism, including a significant
improvement in the welfare of the population, has led to a double boost in electricity demand.
Overall electricity consumption per capita in South America has increased at a rate of 3,3
percent per year, reaching, on average, 2,200 kWh in 2014 (World Bank, 2014).
Historically, electricity in South America has been mostly generated by large
hydropower plants. In 2015, installed capacity of hydro sources accounted for 153 GW,
providing about 65% of all electricity generated in the whole region (World Energy Council,
2016).

Brazil leads the continent with 91.8 GW installed capacity. Argentina, Chile,

Colombia, Paraguay, Venezuela and Ecuador also have a significant hydropower capacity.
Peru and Bolivia, on the other hand, rely mostly on fossil fuels -oil and natural gas- for power
generation.
Over the past few years, the region has become highly vulnerable to climate impacts
including droughts and floods. This has generated uncertainty about energy security since
power generation depends significantly on hydro sources. In fact, during the last decade, the
main hydro countries such as Chile, Brazil, and Colombia have experienced severe drought
periods that led to blackouts leaving large urban areas without electricity (Garcia et al., 2010).
Moreover, new large hydro projects have been either postponed or abandoned due to social
and environmental concerns, including deforestation and displacement of communities.
Although the region’s energy matrix is one of the least polluting in the world, the
weight of fossil fuel energy sources has increased substantially, gaining ground at the expense
of hydroelectric sources. As a result, according to projection by OECD, unless current trends
in the energy generation market change, greenhouse gas emissions will increase by 60% by
2050 (OECD, 2011).
Increasing energy demand, growing risk of stable hydropower generation, and growing
emission concerns have put significant pressure on the region countries to start considering
alternative ways for dealing with these energy challenges. Cross-border electricity trade could
be a cost-effective alternative in that regards and should be seriously considered and evaluated
as a viable option.
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Increasing evidence from different parts of the world -including Northern Europe,
United States, Western and Southern Africa, and South Asia- robustly show the benefits of
interconnections between large electrical systems. For example, the empirical evidence from
cross-border energy trade in North America among the U.S., Canada and Mexico show that
cross border -interconnections have generated technical and economic benefits (Parfomak, et
al. 2017).
Similarly, the European system under the support of the ENTSO-E, has shown that the
interconnected operation of the electrical networks of large local systems brings significant
benefits, not only in relation to the reliability of the operation and use of natural resources
available in the region, but also from the point of view of economic efficiency (IEA, 2014).
Some estimations show that the electricity system interconnection in Europe could increase
the efficiency of trading day-ahead, intra-day and balancing services across borders providing
a total of 3.4 billion euro per year in the short run (Newberry, 2015).
Several studies for South Asian countries have also shown that the expansion of crossborder electricity trade would provide great technical, economic, environmental, and
reliability benefits (Saroha and Verma, 2013; Chattopadhyay and Fernando, 2011). For
example, for the Greater Mekong Subregion in Southeast Asia there are estimations showing
that regional cooperation could reduce energy costs by nearly 20%, implying savings of $200
billion during the 2005–2025 period (ADB, 2012).
In the case of South America, although there are no experiences of regional
interconnection, the simulations developed by the UNDP (2009), the IDB (2013) and the DoSUSA (2015) show positive results for multiple interconnection alternatives between countries
of the region. These evaluations show positive results not only from an economic point of
view, but also regarding the efficient use of the territory and the reduction of emissions as a
result of the optimization of the non-conventional renewable resources available in the region
and operational safety provided by global backups against extreme contingencies at local
levels or natural catastrophes.
One potential concern with energy trade is the threat to energy security for the
importing countries. The use of electricity exports as “energy weapon” is an extortion risk
potentially faced by countries importing electricity from countries with bargaining power over
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them. As in the case of Solar power imports to Europe from the deserts of North Africa
(Lilliestam and Ellenbeck, 2011), this risk is very low in the case of South America and even
less among Chile, Perú, and Argentina, which are the countries considered in the simulations.
In this context, this paper presents a proposal for the treatment of short-term electricity
exchanges between countries in South America. For these purposes, the exchange of energy
between Chile and its neighboring countries is simulated, based on real data from the
operation of the electric system. In particular, simulations include the treatment of the
economic pre-dispatch and dispatch during the actual operation, the treatment of the
remuneration of the transmission systems by the exported and imported energy together with
the management of congestion rents or tariff revenues produced in the interconnection lines
and the treatment of energy transit between countries as a result of the existence of large
interconnected networks (markets).
The remainder of the paper is organized as follows. Section 2 presents a short status of
cross- border electricity trade in South America. Section 3 proposes a regulatory framework
for treatment of cross- border electricity trade between Chile and its neighboring countries.
Section 4 discusses our methodology and sources of data. Section 4 discusses the results
obtained from simulations. Section 6 presents conclusions.
2. Cross-Border Electricity Trade in South America
Globally, the international trade of electricity is about 3% of the total production. A
small figure compared to 64% for oil, 31% for gas, and 16% for coal (Oseni and Pollitt, 2014).
In the case of South America, cross-border electricity trade is just 2 % of its total production.
There are only two geographic areas where this occurs actively. One is the northern part of the
subcontinent, which includes Colombia, Ecuador, and Venezuela, and the other is in the
southern part and involves Brazil, Chile, Paraguay, Argentina, and Uruguay (Yepez-García
et.al, 2010). Figure 1 shows the existing interconnections among South American countries.
As can be seen in the figure, Argentina, Brazil, Paraguay, and Uruguay have the highest
number of interconnections currently in operation. Paraguay is largest net power exporter in
the region, being a major electricity supplier to Brazil and Argentina. In the case of Chile and
Argentina, there exist only one interconnection in operation, but the commercial exchange of
electricity has been quite limited (Nasirov, et al , 2018).
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Figure 1: Interconnections in South America

Source: Palma and Haas (2016)
South America holds an enormous potential for cross border energy trade considering
the diverse and complementary energy resource endowments and different demand patterns
among countries. For example, Perú and Bolivia are rich in natural gas resources, Chile has
the largest solar energy market in the region (Nasirov et al.2018), and Brazil and Ecuador are
home to almost 50 percent of the hydro capacity in the region. Regional interconnection and
electricity trade could provide several important benefits (Singh et al., 2018, Ochoa, et al.,
2013, Balaguer et al., 2011), including:
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(i)

better reliability and security of the local power systems as having access to a
larger grid and a greater number of generation sources increases the diversity of the
generation system

(ii)

reduction in generation costs due to an optimal resource allocation for power
generation

(iii)

decrease in environmental costs by increasing the availability of cleaner supply
sources. It also reduces the system balancing challenges generated by the use of
intermittent renewable energy sources such as wind and solar

(iv)

increase in competition through the larger availability of electricity from different
sources at lower costs, improving also productive efficiency

Despite the potential benefits of interconnections and favorable resource potential,
cross- border power trading has been limited within the region due to significant obstacles.
Apart, the region requires a huge infrastructure investment however, the principal obstacle is
political and regulatory.
Currently, sectoral regulation in most countries in South America does not consider the
existence of regional electricity markets, nor the possibility of exchanges with neighboring
countries, either through mechanisms to optimize available resources in the short term or
through long-term supply contracts.
The lack of a regulatory framework for the treatment of imports and exports of
electricity prevents the integration of large electricity grids and is a growing concern in South
America. In particular, in the absence of regulation, it is impossible to estimate the economic
benefits for the countries that operate interconnected, since there is regulatory uncertainty
regarding the revenues and costs associated with the joint operation of the electricity systems.
3. A Regulatory Framework for Cross- Border Electricity Trade
Materializing a regional interconnection is a complex task in multiple dimensions. On
the one hand, the construction of physical links between the systems to be interconnected is
necessary, which, beyond the investment necessary to cover the costs of capital and operation,
usually faces political, institutional, planning and user rights barriers that hinder its
6

implementation. On the other hand, it is necessary to establish a regulatory mechanism that
allows an efficient planning of the electrical systems -with the purpose of having a good
coordination between the different agents and operators involved- and an allocation of the
costs of the interconnection construction that generate the right incentives to make the
investment (Kranton and Minehart, 2000). An efficient regulation that makes the operation
and commercialization of energy more flexible inside and outside the country allows not only
to optimize the short-term operation of the generator total capacity but also to increase the
total benefit of the electricity sector, thereby contributing to the increase in the well-being of
the society.
The general objective of a regulatory framework is to establish a regional electric
power market, which allows the optimization of the generator capacity and generates benefits
for the agents of the sector. This requires, at least, the generation of the necessary incentives
for the investment in transmission infrastructure for interconnection and that the operating
costs of the systems that are interconnected do not increase.
In particular, a regulatory framework needs to establish four specific components: a
definition of the short-term market, the treatment of congestion rents, the remuneration of the
transmission system and the treatment of energy in transit. To simplify the analysis and start
with a proposal with which it is possible to initiate electricity exchanges between different
countries, a regulatory proposal focused exclusively on short-term or opportunity exchanges is
presented. In that sense, it is a proposal that does not commit investments in large
infrastructure works or long-term financial contracts necessary to leverage these investments,
but allows the optimization of the resources currently available, so that the integrated
wholesale market shows the lowest short-term operating costs.
The proposed regulatory framework seeks to comply with the following principles:
1. Efficiency: encourage economic efficiency in the operation of the market, which
requires, on the supply side, the dispatch at minimum cost of the generation resources
available daily in the local market.
2. Flexibility: facilitate the adjustment of the generation resources available in each
country during the day of operation, in such a way as to ensure the use of the lowest-
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cost generation resources without putting the market or individual country efficiency at
risk.
3. Transparency: allow an effective and permanent monitoring that mitigates the
potential exercise of market power and the strategic behavior of the agents.
4. Stability: provide participants with the appropriate tools with which they can
manage their risk to the extent that this is necessary.
5. Symmetry: the design must be non-discriminatory both between exporting and
importing countries and between local and foreign economic agents.
Under these principles, a regulatory proposal is proposed for the treatment of interconnections
that considers the following definitions and rules of operation:
3.1 Market Structure and General Operating Rules
The short-term market should operate in a similar way to the local markets of the
countries of the region. For Chile, this implies defining pool type energy markets based on
declared costs, where the supply curve available for the supply of international demand is
determined on the day before the operation based on the surpluses of local markets, which are
determined by their available capacities for export and hourly prices. There must be an agent,
called the Coordinator, who is the administrator of the wholesale market and whose main role
is to be in charge of placing the offers and demands in the border nodes. The Coordinator must
manage the exchanges under a logic of systemic optimization, independent of the interests of
local companies.
3.2 Definition of Surplus for Export
Energy exchanges between countries are determined on the basis of the surpluses of
local markets, which depend on the capacities available for export and prices. From the
programming of the operation or pre-dispatch, the operator of each system will determine the
supply/demand of the system available for export/import, which may vary as local forecasts
are not met or there are deviations due to disturbances or failures.
The following are considered short-term surpluses:
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i.

The energy that is available for export in the event of congestion in the internal
transmission network of the countries, subject to compliance with predetermined safety
standards for each country.
The offer available for export during the day of operation will correspond to that
determined in the programming of the operation carried out the previous day. This is
only up to the extent that the availability of generating units during the actual operation
remains within the margin of 5% in relation to what was planned the day before. If
there are disturbances that affect generating units for an amount greater than 5% of
what was programmed for each instant of time, generation re-dispatches must be made
in the local market, defining new surpluses for export, which should replace those
previously defined.

ii.

The energy that is available for export due to the technical impossibility of reducing
the contribution of thermal power plants, necessary as a consequence of the increase of
unconventional renewable generation. The foregoing is subject to compliance with
predetermined safety standards for each country.
When the thermal generation has technical restrictions to reduce its instantaneous
generation beyond a minimum technical value, there is an excess of Non-Conventional
Renewable Energy (NCRE) generation that cannot be placed in the local market. The
latter occurs due to the technical constraints of the conventional generation. In this
case, the operator of the electrical system must determine if the operation of the
electric system is more economical by accepting the dumping of this energy that did
not have space for placement in the local market, or exporting it, generating the surplus
and the supply curve for export.

iii.

The energy that is available for export, determined by the operator of the electrical
system, as a result of an economic evaluation of the effects of loading and unloading
ramps, starts and shutdowns of thermal units due to penetration of renewable energies.
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iv.

The energy of those units that have not been considered for the economic dispatch in
the local market. Those plants, due to their variable cost of operation are not part of the
local offer of the following day, nor to the reserve, nor to the Complementary Services
(SS.CC.), and, therefore, their energy can be exported.

3.3 Pre-dispatch considering electricity exchanges
The pre-dispatch of the local market must be carried out by the operators or
coordinators of the operation, following the same premises and principles that currently apply.
The operator of each system must determine and report the short-term surpluses for export and
the demand curves resulting from the local pre-dispatch, in order to define imports. Then, the
surpluses must be reported in the local node of the interconnection line.
Surpluses determined from the pre-dispatch are binding to the extent that the
conditions and assumptions remain in force, within a margin of +/- 5%, with respect to the
condition projected the previous day. Outside of that range there is the possibility of making
re-dispatches that modify export/import commitments.
The exchange program between countries must comply with each of the following
conditions:
1. The exchange must be less than the existing capacity.
2. Do not produce congestion in the local transmission network of each country.
3. Do not affect the security and quality of service, according to the regulation of each
country.
3.4 Energy Commercialization
The trading agent of the transactions will be the independent operator of the system.
The supply curves for exportation and demand curves for importation are determined by the
operator, with the objective of minimizing the operating cost of the system, not wasting energy
surplus available from the daily operation, minimizing congestion of the transmission system,
minimize the economic decoupling scenarios of the electricity market and avoid
environmental restrictions of the local park.
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When the local system imports energy, it will be considered for purposes of the
balance of injections and withdrawals, as a "local injection" own by the operator. Therefore, it
will be valued at the marginal cost of the local market, covering the value reported the day
before the operation and under which it was called to the daily dispatch. Once established and
payments are made resulting from the balance of injections and withdrawals in the local
market, the operator must pay the operator of the neighboring country for the energy delivered
valued at the supply price, as if the neighboring country were a generating plant that sold its
production to the spot market. In this case, whoever is collecting the tariff revenues is the local
operator because they must return 50% of the revenues to the operator of the neighboring
country.
Equally, when the local system exports energy, it will be considered for purposes of the
injections and withdrawals balance, as a "local withdrawal" own by the operator. Therefore, it
will be valued at marginal cost in the node where the physical withdrawal takes place and will
have to pay all the charges associated with the withdrawals from the system. The participation
of this energy exported in the payment of these charges must be deducted from the total
amount paid by market participants, so that all local agents participating in these markets
(payment for transmission, complementary services, compensation) have a direct economic
benefit due to export.
In each border node where there is a physical link that allows interconnection, the
balance of injections and withdrawals must be made, in order to determine the amounts to be
traded by the commercializing agents.
3.5 Payment for use of the transmission system for each country
For purposes of determining the payments for use of the local transmission systems,
the imported energy is considered as an injection of the local system and its participation in
the payment for use of the transmission system is the same as that of any local injection. In an
equivalent way, the exported energy is considered as a withdrawal from the local system and
its participation in the payment for use of the transmission system is the same as that of any
local withdrawal.
3.6 Payment for the necessary infrastructure to exchange and treat congestion rents
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The payments for the use of the interconnection infrastructure will be charged 50% to
each operator. Similarly, the congestion rents that occur in the interconnection line during the
operation will be divided into 50% for each system operator. This revenue may be used to
finance the payments system of local transmission, thus reducing the payment of the local
users and increasing profit received by consumers.
3.7 Role of the Coordinator
As previously mentioned, the Coordinator is in charge of defining the supply curve for
the exchange between neighboring countries, verifying that the product to be traded (energy)
is homogeneous or carrying out the homologation with the neighboring operator if necessary,
and performing the optimization of the operation.
Additionally, the Coordinator must be responsible for calculating the Marginal Cost of
the system and making the balance of injections and withdrawals, defining the payment that
must be made to both local agents and those who participated in the import/export. If surpluses
are generated by the commercialization of imported/exported energy at marginal cost, the
Coordinator distributes them among the owners of the transmission system.
Finally, the Coordinator is the entity in charge of verifying the veracity of the data
delivered by the agents of the system. To do this, it must have the authority to carry out audits
and punish agents of the local market who deliver erroneous information.
4. Energy Exchange Simulation Methodology
For the simulation of the regulatory proposal, the monthly operation is considered
using the same rules already existing in the Chilean market, simulated using a Plexus predispatch from EnergyExemplar, and the proposed regulatory framework for export and import.
Then, based on the results of the simulation, the effects on the marginal cost, the average cost,
the total cost of operation and the composition of the energy matrix are evaluated.
The simulation of the operation is carried out by incorporating, during relevant hours
of the day, the import/export according to merit order, replacing local generation for the
imported energy or increasing local generation in the case of exportation. Subsequently, the
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new marginal cost of the system is determined, considering the same rules that are used for the
calculation of the isolated system.
In the case of imports, the energy is incorporated into the daily operation as a power
generating plant, which provides energy to the system only and exclusively during the day
hours in which such import is considered present (supply received from the external system).
This means that such "central" is added to the Variable Operating Costs Table (VOC), and at
the time of performing the operation, this "central" displaces all the local exchanges that
present higher variable costs, following the same existing rules for the local market.
In the case of exports, energy is considered as an increase in the demand of the local
system, equivalent to the power exported to the external system. This additional demand
coincides with the hours of the day when a high supply of energy is available in the local
market (for example, solar photovoltaic during the day), given the regulatory objective of
optimization and efficient use of energy resources available in the countries that are
interconnected.
Once established the daily operations with import, export and the combination of both,
the marginal cost, the total cost, the average cost and the energy generated by each unit present
in the dispatch are determined in each scenario. To calculate the hourly marginal cost, the
existing rules in the local system are considered. In particular, the marginal cost of the system
corresponds to the variable cost of the most expensive unit dispatched in each hour, as long as:
1. This unit is not dispatched to a technical minimum.
2. This unit is not at maximum power.
3. This unit does not present any of the limitations/restrictions established in the marginal
cost calculation procedure.
Additionally, the condition is added that the unit does not correspond to the import of
energy, to avoid the risk of price arbitrage by a local agent present in the market that sends
energy to the local market (import). Once the marginal cost has been determined, the average
cost of generation, the total cost of operation, the energy generated by each unit and therefore
the composition of the energy matrix is also determined. The total cost of operation is the sum
of all the energy contributions of the plants that deliver their production to the system, each of
them valued at its own variable operating cost. The average cost of operation is simply the
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total cost of operation divided by the sum of the energies contributed by all the generating
units that deliver their production to the system.
Finally, the calculation of the Balance of Injections and Withdrawals of the system is
made. For this, power flows are used for transmission lines, resulting from the operation in
each scenario, and the ownership of power plants and transmission lines is considered. In this
way, the market share of each agent and the tariff revenues produced by the marginal cost
differences between the nodes of the transmission system are determined.
In summary, the simulation methodology considers the following steps:
1. Definition of the temporary framework (i.e. the day) of operation that will be used for
the analysis of the regulatory proposal.
2. Modeling the economic operation of the electrical system for that day. Case without
export and without import.
3. Imported energy, exported energy, or both, are incorporated as the case may be, in
daily operation. The exported energy is modeled as a higher demand. The imported
energy is modeled as an injection with a variable cost.
4. The operation of the electrical system is simulated and marginal costs, average costs,
generation by power plant (and by type of primary energy), and power flows by
transmission lines are obtained.
5. Information is obtained and used regarding ownership of plants, ownership of
transmission lines and contracts for the purchase and sale of energy.
6. With all these inputs we proceed to calculate the Balance of Injections and
Withdrawals of the System, thereby determining the participation of each agent in the
"business" of the export/import model, as appropriate.
The methodology used for the simulations is not only relatively simple to apply and
allows the effects on the electrical system of energy exchange conditions, but also allows
comparing the results obtained from the operation with the base case without
importation/exportation.
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5. Results
To analyze the effects of the regulatory proposal empirically, a first energy import
scenario is defined from Peru, a second energy export scenario to Argentina and a third
scenario in which both previous scenarios occur simultaneously. These scenarios are then
simulated considering an average day of real operation of the Interconnected System of the
Great North (SING) in Chile.
Import simulations from Peru consider that Chile has low production costs during the
day hours due to the high penetration of solar energy, while Peru presents low energy costs
during the "no-sun" hours, since its energy matrix is based on natural gas and run-of-river
hydropower. Therefore, the import of energy from Peru would occur in two schedules: from
0:00 to 8:00 hours, and from 17:00 to 23:59 hours. A first positive effect of the import of
energy from Peru is that it allows Chile to substitute the participation of the power plants or
engines based on diesel oil, which would improve the indicators of environmental pollution.
Additionally, the results of the simulation show that daily operating costs decrease from 1.8 to
1.64 million dollars, corresponding to an operation that is 8.9% cheaper, and the average
hourly cost of the system decreases from an average of 34.8 USD/MWh at an average of 31.7
USD/MWh, which implies a decrease of 8.7%. In relation to the average daily marginal cost
of the system, the import under the proposed regulatory framework would allow a 43.8%
decrease with respect to the case without importation, basically due to the substitution of
generation with high cost during the hours where there are no contributions in generation of
non-conventional renewable energies (NCRE). Finally, the simulations show that the import
of energy from Peru would generate an Annual Total Benefit of the order of 10.37 million
dollars, of which 5.2 million dollars are a benefit for Chile. This order of magnitude is not
negligible since it is equivalent to 10% of the annual value of trunk tolls of the Northern
Interconnected System (SING) to 2016.
The simulations of energy exported to Argentina consider that Chile has low
production costs during the day hours due to the high penetration of solar energy, while
Argentina has a high energy cost during the day, product of the high local demand and the
need to dispatch diesel units to satisfy it. For that reason, the export of energy to Argentina
would take place between 8:00 and 5:00 p.m. The results of the simulations show that the
15

daily cost of operation would increase from 1.80 to 1.86 million dollars, 3% more expensive,
and the average hourly cost of the system would increase 0.7% on average, from 34.8
USD/MWh to 35 USD/MWh. The average daily marginal cost of the system would increase
by 2.6% compared to the current scenario without exports. However, the export of energy to
Argentina would generate an Annual Total Benefit of the order of 16.82 dollars per year, of
which 8.4 million correspond to benefit for Chile. Again, this order of magnitude is not
irrelevant since it is equivalent to 16% of the annual value of trunk tolls of the SING to the
year 2016
Finally, in the case of import from Peru and export to Argentina, under the same
conditions and schedules of the two separate scenarios, the results of the simulation show that
daily operating costs decrease from 1.80 to 1.68 million dollars, 6.8% lower than the current
case without import or export. The average hourly cost of the system would decrease on
average 9%, from 34.8 USD/MWh to 31.6 USD/MWh, and the average daily marginal cost of
the system would fall by 42%. The results show that the scenario of export and import of
energy with neighboring countries, under the proposed regulatory framework, would generate
an Annual Total Benefit in the order of 40.6 million dollars per year, of which 20 million
correspond to a benefit for Chile.
Figures 2, 3 and 4 summarize the results of the simulations and show respectively, for
each of the scenarios considered, the effects of the different ones on the marginal costs, the
daily operating costs and the average costs of the system.
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Figure 2: Marginal cost of the system

180
160
140
120
100
80
60
40
20
0
1 2 3 4
5 6 7
8 9 10
11 12 13
14 15 16
17 18 19
20 21 22
23 24

Base

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
147 69 38 37 40 40 40 38 37 35 34 35 39 36 34 32 36 151162161161161161157

Import

40 40 40 40 40 40 40 37 36 35 34 35 39 36 34 32 36 37 77 78 37 37 77 78

Export

147 69 38 37 40 40 40 38 43 40 40 40 40 40 41 41 40 151162161161161161157

Import and Export 40 40 37 37 37 37 40 37 43 40 40 40 40 40 41 41 40 37 77 78 37 37 77 78

Sources: Own elaboration based on simulation results
Figure 3: Daily Costs of System Operation (Thousand dollars)
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Figure 4: Average costs of the system
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The results of the simulations show that the regulatory proposal is compatible with the
objective function of the Coordinator, which is to minimize the operating costs of the system.
When considering the importation of energy, it is effectively possible to operate the system
using a supply pool with a lower variable cost of operation. In the case of the export of energy,
it is feasible to operate the system with a cost similar to the cost of the base operating scenario.
The cost could become even lower as more thermal energy is displaced to accommodate the
NCRE during the export thanks to the contribution of inertia (reserve) from the Argentine
system. It is also important to highlight that the proposal allows the reduction of the short-term
marginal cost variability of the system, a favorable condition for the participation of NCREs in
long-term financial contracts, since it allows to reduce the injection/withdrawal risk of the spot
market.
Additionally, from the point of view of the use of the national transmission system, the
proposal does not affect or influence the costs since the basis of the optimization is the
condition of not causing congestion in the local system, so that a better utilization of the
transmission assets included in the tariff is achieved. Regarding the interconnection line, the
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price difference between both electricity systems allows not only to sell energy in a
neighboring country but also to generate sufficient income to compensate the entire
transmission system associated with the interconnection and generate benefits for its owner.
Finally, it is relevant to consider the effects of the energy exchange with neighboring
countries in Chile's energy matrix. In general, under the different scenarios considered, energy
demand is supplied using the same technology with the exception of diesel oil that undergoes
relevant variations. Table 1 presents the composition of the energy matrix.
Table 1: Composition of the Energy Matrix
Technology

Base

Import

Export

Imp + Exp

Diesel

4%

1%

4%

1%

LNG

12%

12%

12%

12%

Hidro

0%

0%

0%

0%

Carbon

77%

76%

78%

77%

Solar PV

5%

5%

5%

5%

Wind

1%

1%

1%

1%

BESS

0%

0%

0%

0%

Import

0%

4%

0%

4%

TOTAL

100%

100%

100%

100%

As can be seen in Table 1, which shows the energy matrix in Chile for the base case
and for each considered exchange scenario, diesel oil decreases its participation each time
there is an injection of short-term supply from a neighboring country. This result, although not
very important in magnitude, is undoubtedly positive since diesel oil is more expensive and
more polluting than the energies that replace it.
6. Conclusions
Currently, sectoral regulation in most countries in South America does not consider the
existence of regional electricity markets, nor the possibility of exchanges with neighboring
countries, either through mechanisms to optimize available resources in the short term or
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through long-term supply contracts. The lack of a regulatory framework for the treatment of
imports and exports of electricity prevents the integration of large electricity grids and is a
growing concern in South America. In particular, in the absence of regulation, it is impossible
to estimate the economic benefits for the countries that operate interconnected, since there is
regulatory uncertainty regarding the revenues and costs associated with the joint operation of
the electricity systems.
In this context, this paper presents a proposal for the treatment of short-term electricity
exchanges between countries. The results of simulations show that this regulatory proposal is
not only feasible but also that it would reduce the marginal energy costs and the total operating
cost of the system, without increasing the average cost of generating electricity. The
international exchange of energy allows efficient use of energy resources of the country,
without mortgaging the security and quality of service, or sacrificing the operating principle at
minimum cost prevailing today in the national regulation.
As for the order of magnitude of the benefit of the energy exchanges, in the case of the
exportation it would be of the order of 16% of the annual value of trunk tolls of the SING to
the year 2016; 10% in the case of the importation; and 38% in the case of importation and
exportation. This is how the regulatory proposal generally allows benefits to be generated in
the short-term operation in such a way that it is attractive for the private agents that
participate.
Finally, an important aspect to mention for future research is the applicability of this
regulatory proposal in high power links, which involve heavy capital investments and require
an optimization exercise on a higher level, even market base energies with seasonal regulation,
such as reservoirs, are made available to the interconnected market.
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Appendix 1: Economic Evaluations of Different Scenarios
Table 1.1: Summary of Economic Evaluation of Import
TO

69.8

GWh

Monthly imported energy

B

2.09

Million USD

B = Ax30/1000: imported energy valued at 30
USD/MWh. Value to pay COES per import.

C

3.81

Million USD

Gross revenue per balance injection/Withdrawal of
energy in Chile

D

1.71

Million USD

D = C-B: Total Net Income of monthly import

E

20.55

Million USD

E = Dx12: Total Net Income of annual Import

F
G
H

10.18
10.37
5.19

Million USD
Million USD
Million USD

F = VAT interconnection line
G = E-F: Total Annual Import Benefit
H = G/2: Chilean Annual Import Benefit

Table 1.2: Summary of Economic Evaluation of Export
TO 41.9 GWh

Monthly exported energy

B

3.77 Million USD

B = Ax90/1000: Energy exported valued at 90
USD/MWh. Amount to be paid by CAMMESA for
energy.

C

1.52 Million USD

Gross expense per balance injection/Withdrawal of
energy in Chile

D

2.25 Million USD

D = B-C: Total Net Income of monthly import

E 27.00 Million USD

E = Dx12: Total Net Income of annual Import

F 10.18 Million USD
G 16.82 Million USD
H 8.41 Million USD

F = VATT interconnection line
G = E-F: Total Annual Export Benefit
H = G/2: Chilean Annual Export Benefit

Sources: Own elaboration based on simulation results
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Table 1.3: Summary of Economic Evaluation for Import + Export
A1 69.8 GWh
A2 69.8 GWh
B1 2.09 Million USD
B2 6.28 Million USD
C1 3.74 Million USD
C2 2.89 Million USD
D1
D2
D
E
F
G
H

1.65
3.39
5.03
60.42
20.36
40.06
20.03

Million USD
Million USD
Million USD
Million USD
Million USD
Million USD
Million USD

Monthly imported energy
Monthly exported energy
B1 = A1x30/1000: imported energy valued at 30 USD/MWh.
Value to pay COES for import.
B2 = A2x90/1000: Energy exported valued at 90
USD/MWh. Amount to be paid by CAMMESA for Energy.
Gross revenue per balance njection/Withdrawal of Energy in
Chile
Gross expenses for balance injection/Withdrawal of Energy in
Chile
D1 = C1-B1: Total Net Income of monthly import
D2 = B2-C2: Total Net Income of monthly export
D = D1+D2: Total Net Revenue of the interconnected operation
E = Dx12: Total Net Income of the interconnected operation
F = VAT interconnection line
G = E-F: Total Annual benefit of the interconnected operation
H = G/2: Chilean Annual Benefit of the interconnected operation
Sources: Own elaboration based on simulation results
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Appendix 2: Power Generation
Table 2.1: Import Scenario
Hourly Generation: Base Scenario

Hourly Generation: Import Scenario

100%

100%

80%

80%

60%

60%

40%

40%

20%

20%

0%

0%
1

3

5

7

9 11 13 15 17 19 21 23

Diesel

LNG

Hydro

Solar PV

Wind

BESS

1 3 5 7 9 11 13 15 17 19 21 23

Coal

Energy in MWh
Base

Import

Diesel

2235

450

LNG

6342

Hydro

Diesel

LNG

Hydro

Coal

Solar PV

Wind

BESS

Import

Energy Variation %
Base

Import

Diesel

4%

1%

6342

LNG

12%

12%

126

126

Hydro

0%

0%

Coal

39732

39267

Coal

77%

76%

Solar PV

2622

2622

Solar PV

5%

5%

Wind

580

580

Wind

1%

1%

BESS

19

19

BESS

0%

0%

TOTAL

0

2250

TOTAL

0%

4%

51656

51656

Technology

100%

100%

Technology

Technology

Technology

Sources: Own elaboration based on simulation results
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Table 2.2: Export Scenario
Hourly Generation: Base Scenario

Hourly Generation: Export Scenario

100%

100%

80%

80%

60%

60%

40%

40%

20%

20%

0%
1

3

5

7

9 11 13 15 17 19 21 23

Diesel

LNG

Hydro

Solar PV

Wind

BESS

Technology

Energy in MWh
Base

0%
1

Coal

Exportation

3

5

7

9 11 13 15 17 19 21 23

Diesel

LNG

Hydro

Solar PV

Wind

BESS

Technology

Coal

Energy Variation %
Base
Exportation

Diesel

2235

2215

Diesel

4%

4%

LNG

6342

6342

LNG

12%

12%

Hidro

126

126

Hydro

0%

0%

Coal

39732

41192

Coal

77%

78%

Solar PV

2622

2622

Solar PV

5%

5%

Wind

580

580

Wind

1%

1%

BESS

19

19

BESS

0%

0%

51656

53096

TOTAL

100%
TOTAL
Sources: Own elaboration based on simulation results

100%
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Table 2.3: Import and Export Scenario
Hourly Generation: Base Scenario

Hourly Generation: Import and Export
Scenario

100%
100%

80%

80%

60%

60%

40%

40%

20%

20%

0%
1

3

5

7

9 11 13 15 17 19 21 23

Diesel

LNG

Hydro

Solar PV

Wind

BESS

0%
1

Coal

3

5

7

9 11 13 15 17 19 21 23

Diesel

LNG

Hydro

Coal

Solar PV

Wind

BESS

Import

Energy in MWh

Energy Variation %

Technology

Base

Imp + Exp

Base

Imp + Exp

Diesel

2235

398

Diesel

4%

1%

LNG

6342

6342

LNG

12%

12%

Technology

126

126

Hidro

0%

0%

Carbon

39732

40759

Carbon

77%

77%

Solar PV

2622

2622

Solar PV

5%

5%

Wind

580

580

Wind

1%

1%

BESS

19

19

BESS

0%

0%

TOTAL

0

2250

TOTAL

0%

4%

100%

100%

Hidro

Technology

51656

53096
Technology
Sources: Own elaboration based on simulation results
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