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Integrated Natural Gas-Electricity Resource
Adequacy Planning In Latin America

Natural gas (NG) is considered as one of the most promising sources to supply the world
energy demand, with a consumption expanding at a very accelerated pace. The largest use
still is for industrial heating. The second largest use is for electric power generation, which
experienced a strong growth after the development of combined-cycle generation
technology (CC-NG) in the 1980s. Besides efficient, CC-NG is competitive in modules quite
smaller than those of other technologies, such as coal. This has contributed to foster the
implementation of power plants based on CC-NG in electricity markets worldwide and
created interdependency between the electricity and the gas sectors.

Latin America boasts natural gas reserves and high-growth energy markets. The need to
diversify away from heavy investments in hydropower and expensive oil has driven many
countries to promote the use of natural gas, especially for power generation. This was
facilitated given the abundant reserves of gas in several countries in the region, particularly
Venezuela, Argentina and Bolivia, and their interconnection with other markets. These
developments were coupled with additional challenges, such as (i) the competition between
hydro and thermal generation in a heavily hydro balanced region, (ii) the building up and
later breaking of cross-country natural gas agreements, (iii) the competition between natural
gas and other resources for power generation and electric transmission, and (iv) the
development of the natural gas industry in an environment where its requirements are very
volatile due to the randomness of hydro inflows.

More recently, liquefied natural gas (LNG) started to be considered an option to ensure the
adequacy of natural gas supply for power generation. Brazil and Chile are leading the
implementation process of regasification facilities. However, the region has also potential to
become an exporter of LNG in the medium-term once the potential gas reserves that require
deep drilling become commercially available.

This chapter addresses natural gas-electricity resource adequacy expansion and planning in
Latin America. Five “case studies” were chosen for the analysis: an individual analysis of the
developments of natural gas in four countries (Brazil, Chile, Colombia and Mexico), and
power and natural gas integration in the Southern Cone. The emphasis is on the institutional
and operational arrangements adopted in each country, and the competition between
electricity transmission and natural gas pipelines. The success/difficulties observed in
handling recent conflicts in the region that arose from natural gas supply difficulties are also
provided. A section devoted to analyze the introduction of LNG in the region is also
presented.
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12.1 Introduction

Latin America has been in recent years one of the most intensive regions for natural gas and
electricity development [1]. The region is very hydropower dependent (about 57% of the
region’s installed capacity is hydro) and the need to diversify away from heavy investments
in hydropower and oil is driving many countries to promote use of natural gas, especially
for power generation. Examples of these developments are in Brazil, Chile and Colombia.
Other countries, such as Mexico, take advantage of natural gas to displace oil-fired
generation. The countries of the region have great diversity in size, electrical installed
capacity, electrical power demand, and electrical transmission/natural gas network
characteristics (level of meshing and geographical extension). Figure 12.1 shows the share of
hydro and thermal power and the installed capacity in each country in the region.

Hydropower reserves are still high and the continent boasts abundant natural gas reserves
and high-growth energy markets, as shown in Figure 12.2.

MEXICO
42.500 MW
23%H;67%T

Central America
7.500 MW
45%H;55%T

BRASIL
COLOMBIA 73.000 MW
13.100 MW 90%H;10%T

64%H;36%T

CHILE
10.600 MW
40%H;60%T

ARGENTINA
27.000 MW
36%H;64%T

Total Installed Capacity (2001): 221 GW (57%H, 43%T)

Fig. 12.1. Installed Capacity in Latin America: Brazil, Mexico, Chile, Argentina, and
Colombia, etc
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Fig. 12.2. Hydro Potential and Natural Gas Reserves in Latin America

The economic reforms have opened to private investors a number of sectors previously
reserved to the state. This has led the region to develop an infrastructure of electricity and
natural gas pipelines, both in each country separately as well as cross-border energy
interconnections. These interconnections consist of basically cross-border electricity
transmission links, power projects at the border (mainly hydro plants jointly owned by
different countries) and cross-border natural gas pipelines. Figure 12.3 shows the main
cross-border energy interconnections in the Southern part of Latin America.

Because the regional infrastructure is still developing, heavy investments in both generation
and transmission investments are required. In those countries where hydropower is an
expansion option, it is also necessary to determine the most economic trade-off between
cheaper distant hydro, with higher electricity transmission costs, and more expensive “local”
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gas or coal fired thermal generation, with lower electricity network costs plus the cost of the
correspondent gas pipeline.

BRAZIL

CUIABA

A  Shared hydro stations

e ced Electrical links

Gas pipelines

Fig. 12.3. Southern Cone: Electricity and Gas Cross-Border Interconnections

Another important issue in Latin America is the multi-country electricity-gas markets. These
are a natural evolution to the existing “official” cross-border interconnections, which were
originally established by the countries” governments for sharing reserves and carrying out
limited economic interchanges. A significant development took place, as Bolivia and
Argentina became abundant natural gas suppliers for Brazil and Chile, providing a fuel that
was economically and environmentally attractive for the receivers. The energy and gas links
were originally built as private initiatives and were mainly carried out under a local (not
regional) framework and without integrated planning and were thus decoupled from each
other. Recent episodes in the electricity and gas sectors in the Southern Cone, both in terms
of crisis (for example, natural gas supply difficulties in Argentina that directly affected the
Chilean and the Brazilian markets) and in terms of new opportunities (such as new natural
gas sites and new gas pipelines) have brought up and restored the opportunity to work
towards robust energy regional integration. Nevertheless, the environment is one of mutual
mistrust among countries to build back any dependence of energy supply. As explained
next, the difficulties faced by Chile after a unilateral cut of gas transfers from Argentina,
breaking mutual government agreements, will make it very difficult to formulate any
energy integration between those two countries.

12.2 Electricity and Gas Deregulation
The electricity and gas industries in the region experienced deregulation processes in several
countries in the region, which made them evolve from centrally State controlled industries
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to privately driven ones, as illustrated in Figures 12.4a and 12.4b and explained in Chapter
17. Both Chile and Argentina formulated open markets in both sectors, creating market
competitive conditions where feasible. A completely open market driven sector is that of the
gas distribution to final consumers in Chile, where no prices are fixed by the government, as
it is understood that competition naturally arises among different fuels. For example,
natural gas can be replaced by bottled liquefied gas, so that neither is regulated, and price
balances are reached when several suppliers compete for the market.
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Fig. 12.4a. Electricity Sector Reform Process

These coherent processes in both electricity and gas have facilitated their interaction and
competition, stimulating hybrid solutions, which used the technical and economic
advantages of both. For instance, private investors can transmit energy as natural gas
through pipelines or as electricity through transmission lines, either generating electricity at
the gas field end or at the consumption end. Additionally, regulations facilitated this
competition by forcing open access schemes to monolithic transport facilities that were built
in several countries in the region. Figures 12.4a and 12.4b describe in general the
deregulation process of the electricity and gas industries in the region.
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Fig. 12.4b. Gas Sector Reform Process

12.3 Integrated Gas-Electricity Adequacy Planning In Brazil:

Technical and Economical Aspects

Brazil is the largest energy market in South America, accounting for 40% of the continent’s
energy consumption. On the electricity generation side, the country is hydro-dominated.
Despite its gas reserves and imports, Brazil has a relatively undeveloped gas market.
Historically, natural gas has contributed very little to Brazil’s energy mix. The country has
little or no need for space heating; hence there is little market potential for gas in the
residential and commercial sectors, and local distribution networks are not very developed.
As a result, gas consumption in the country is concentrated in the energy-intensive
industries that replaced oil derivatives and electricity use by natural gas. Although the
natural gas demand for industrial/vehicle use has been growing at relative high rates, this
demand growth solely is unlikely to justify large investments in gas production and
transportation. This implies that, at the moment, the power sector is the largest potential
market for natural gas, which can provide the necessary anchor to spur production and
infrastructure investments in this sector.

However, development of the natural gas industry in an environment where its requirements
are very volatile due to the randomness of inflows is a key issue in Brazil. This immediate
dependence on gas consumption from power generation creates special challenges for the
country in the electricity-gas integration. Theses challenges will now be briefly discussed.

12.3.1 The Brazilian Electricity and Natural Gas Sectors

The Brazilian interconnected power system had, in 2007, a total installed capacity of about
100 GW. The system is hydro-dominated: 85% of the 100 GW installed capacity and more
than 90% of the 400 TWh energy production comes from hydropower. Some plants have
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large reservoirs, capable of multi-year regulation. Thermal generation includes nuclear,
natural gas, coal and diesel plants. The area supplied by the system is served by 80,000 km
of a meshed transmission network. The main direct international interconnections are the
back-to-back links with Argentina, with a maximum transfer capacity of 2,200 MW. Power
sector reform with emphasis on privatization and competition was initiated in Brazil in
1996. The reform process was disrupted in mid-implementation by a severe energy
rationing that took place along 9 months in 2001 - 2002.

Following some regulatory changes that occurred after rationing, a new model for the
power sector was launched in 2004. The main objectives of this new model are to provide
more secure conditions for investors and assure security of electricity supply. A review and
assessment of this power sector model are provided in greater detail in [2,3] and in Chapter
17 of this book. Its main highlights are: (a) every load (regulated plus deregulated
consumers) must be covered 100% by bilateral financial contracts at all times and all
contracts must be “backed” by firm energy certificates; and (b) Discos must contract their
energy through public Power Purchase Agreements (PPA) auctions, with standardized rules
and contracts of different maturities.

The objective of rule (a) is to enforce security of supply by a contract obligation with physical
coverage. The need to cover with contracts load growth will drive the system’s expansion, and
if the system is 100% contracted and contracts have physical coverage, then supply reliability
is assured within the ‘supply risk’ defined in the calculation of the physical coverage capacity
of each plant (firm energy in case of hydro). In turn, the objective of rule (b) is to promote the
most efficient purchase mechanism for regulated consumers and provide secure conditions for
investors. Regulated auctions for new energy are carried out on a least-cost basis three or five
years in advance of delivery. This is to give enough time to build the project. Long-term PPA
(15 to 30 years) is offered to investors and can be used as collateral with banks to obtain
financing. In addition, all competing projects in the auction must have a prior environmental
license in order to reduce environmental risk in the future. Energy supply auctions have been
constantly carried out in the country since 2004. The first auction to contract new energy was
carried out in 2005 and was of great interest to international investors looking to South
America’s energy market. Candidate suppliers included a wide variety of technologies,
comprising new hydro projects, gas, coal and oil-fired plants, sugarcane biomass and
international interconnections. Overall, the auctions until now contracted some 10 GW
including a mix of technology from all candidate suppliers.

On the natural gas side, Brazil has proven gas reserves (are estimated at 220 billion cubic
meters (bcm)), accounting for 4% of South America’s total proven reserves. Despite this low
level of reserves, Brazil is thought to have substantial potential for new gas resources. In
particular, the discovery of a large offshore natural gas field (Santos basin) was announced
in 2004. Even though this field requires very deep sea drilling (4000 m), its reserves are
estimated at 420 bcm, which can double the level of the current reserves. National gas
production (available to market) is in the range of 27 MMm3/day. Production in the recent
discovered Santos field are expected to increase this figure in about 20~25 MMm?3/day when
it starts operating (current forecast is 2011). Since 1999 Brazil has been importing gas from
Bolivia through the “Gasbol” pipeline. It is the largest capacity pipeline in Latin America,
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with 30 MMm?3/day, built by private investors. Imports in 2005 were in the range of 26
MMm?3/day. Brazil used to import gas (2.8 MMm3/d) from Argentina to supply a 600 MW
thermal plant on the Brazilian side of the border between the countries. However, as will be
discussed later, Argentina has struggled to meet its own domestic gas needs and has started
cutting exports to Chile and Brazil.

Without considering gas for power use, natural gas consumption in 2007 was in the range of
48 MMm3/day. Most of the gas is used in the industrial sector. Because there is virtually no
need for space heating in Brazil, gas use for the residential and commercial sectors remain
limited to cooking and water heating. The use of gas for transport has been increasing. This
is mostly encouraged by the competitive price of compressed natural gas (about half the
price of gasoline when driving the same distance). There has been a strong growth outlook
over recent years, where industrial and transportation sectors have been the main growth
areas (motivated by government policy and increase in oil prices).

Since the 1990s Brazil has been calling for a larger share of thermal capacity to be fuelled
mainly by natural gas. This is to reduce dependence on hydroelectricity and to boost natural
gas demand. However, little happened until 1999-2000, where under imminence of the
energy supply crisis, a program for an incentive for thermal generation was launched. This
program resulted in the construction of about 7000 MW of gas-fired plants by 2005 (out of a
planned 14,000 MW capacity). This corresponded to maximum gas consumption in the
range of 35 MMm?3/day, about the same amount as the entire ‘non-power’ gas demand. In
addition, thermal plants” dispatch depends on the hydrology: if the system is “‘wet’, the
entire electricity load can be met with hydro generation alone.

As Brazil is a country the size of a continent, several distinct gas markets can be expected to
develop, each characterized by its own supply sources, demand centers and transportation
networks. Today three natural gas markets can be distinguished in Brazil: the largest and
most developed system by far comprises the South, Southeast and Central-West regions.
Coastal cities from the Northeast form the country’s second natural gas system. The third
system, with abundant reserves still to be developed, is the Amazon region, located North
in the country. Integration between the Northeast and Southeast is planned.

Figure 12.5 shows the main (cross-regions) natural gas and electricity transportation
networks. It can be seen that the gas network is still developing its infrastructure when
compared to the existing electricity network.

As opposed to the power sector, Brazil currently does not yet have a clear policy or
guidelines concerning the gas sector. The law that liberalized the petroleum sector in 1997
treats gas as a by-product of oil. The Brazilian government worked on a new law in 2008 for
the gas sector.
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12.3.2 Brazil’s Main Challenges in Electricity-Gas Integrated Adequacy Planning

The main challenges in electricity-gas integrated adequacy planning in Brazil are those
related to the high dependence of the country on hydropower and in turn the reliance of the
gas market on gas consumption for thermal generation to develop. This section details three
of them: operating flexibility, integrated electricity-gas operations planning and flexible
LNG supply.

12.3.2.1 The challenge of operating flexibility

In hydro-dominated systems thermal generation is generally useful as backup for periods of
low rainfall. This means that the existing thermal plants may be idle in periods of high (or
average) precipitation, which occurs most of time. This pattern is illustrated in Figure 12.6,
which shows a recent record of the observed energy market prices in the Brazilian Southeast
system.
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Fig.12. 6. - Historical Monthly Short-Run Marginal Costs

Figure 12.6 shows that the system marginal cost is very volatile, leading to very “sporadic”
dispatch of thermal generation (associated to bad inflow conditions). The reason for this
behavior is that predominantly hydro systems are designed to ensure load supply under
adverse hydrological conditions, which occur very infrequently. Hence, for most of the time
there are temporary energy surpluses, which result in very low market prices and no need
of thermal dispatch. In turn, an occurrence of a dry period usually calls for the dispatch of
all thermal plants “at the same time”, which in turn calls for a robust pipeline network
capable of meeting this “volatile” gas demand. One of the consequences of this “feast or
famine” price characteristic is that it creates a very “volatile” gas demand from power
generation. Since it is not economical to build production and transportation infrastructure
to be idle for most of the time, this “irreqular” consumption pattern from power generation
creates a complex problem for investment decisions in new gas fields and in new pipelines
that may be either excessive or insufficient depending on hydrological conditions. Take or
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pay and ship or pay clauses on the gas contracts between gas producers and thermal plant
owners are mandatory to alleviate part of the financial uncertainty: these clauses are used to
stabilize, from the gas producer point of view, the irregular cash flow that would arise from
market operation of the power plants. On the other hand, these clauses decrease
competitiveness of projects since thermal owners are paying a fixed price for gas
independently of use. Thus, hydropower or flexible oil-fired and coal tend to be cheaper
expansion supply options.

One alternative to alleviate these fixed expenses is to allow the pre-purchased gas to be
resold in a secondary market whenever the gas-fired plants are not dispatched. In this
scheme, flexible contracts would be offered (e.g. auctioned) to industrial consumers, who in
turn would switch to an alternate fuel when the gas supply is interrupted due to thermal
dispatch. The revenues obtained with the flexible contracts could be used as an extra income
to reduce the fixed-costs of thermal plants. In addition, two consumers would be sharing the
same gas infrastructure, thus optimizing investment needs.

12.3.2.2 Integrated Electricity-Gas Operations Planning

In Brazil, the system operator undertakes power system dispatch centrally. The system
operator acts as if all plants belonged to the same owner. Hydro plants are dispatched based
on their expected opportunity costs (“water values”), which are computed by a multi-stage
stochastic optimization hydrothermal scheduling model that takes into account a detailed
representation of hydro plant operation and inflow uncertainties [4]. Traditional hydro
scheduling models used for system dispatch take into account a detailed representation of
the power system (including electricity network), but do not take into account
representation of constraints of infrastructure (production and transportation) of the natural
gas sector. In other words, the approach assumes no constraints in the gas sector. This
decoupling may imply dispatch results for the power sector that can be dangerously
“optimistic”. This is because the model may consider thermal dispatches that will be
“infeasible” due to gas production or transportation constraints. For example, in January
2004, a shortage of hydropower in Northeast Brazil implied the System Operator to dispatch
existing gas-fired resources in the region. However, only 30% of the gas-fired capacity
installed in that region was able to generate due to gas production and transportation
constraints, which were not “seen” by the hydro scheduling model. Therefore, an integrated
modeling of the gas sector (production and transportation constraints) in operations of the
power sector is one of the main challenges —and was analyzed in [5].

12.3.2.3 Integration of flexible LNG supply

In end-2006 a “dispatch test” performed by Aneel (power sector regulator) in the gas thermal
power plants disclosed that the concern about gas supply and demand balance was actually
legitimate, because about 50% of the tested capacity in the South/ Southeast-Center West
Regions did not manage to produce energy due to fuel deficiency. The reason for the lack of
fuel was two fold: (i) lack of local gas supply (non-power consumption grew at a faster pace
than local gas supply) and (ii) difficulties with Bolivisn and Argentinean gas imports. In
particular, the latter cut gas supply to Brazil to prioritize the supply of its own market. This
has affected directly a 2,200 MW interconnection with Brazil and a 600 MW gas-fired plant.
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In an effort to increase the natural gas supply in the country and to reduce the dependence
of its neighbors, Petrobras announced in 2006 the construction of re-gasification stations, so
as to import LNG, from 2009, to the Southeast and Northeast Regions. These gas imports
would come from LNG exporters such as Trinidad & Tobago and Nigeria and Petrobras
decided to implement mobile floating storage re-gasification units (FSRU).

Since the scheduling of LNG ships must be done some time before the actual need, observe
that there is an uncertainty relating LNG supply and thermal needs, highly influenced by
hydrology: if scheduled well beforehand, better gas prices can be obtained but higher is the
uncertainty of hydrology on thermal dispatch; if scheduled close to the delivery, the
uncertainty on hydrology is smaller but the gas price might be higher. Therefore, once more,
it becomes necessary to develop flexible supply and demand options. Concepts discussed
include: flexible (interruptible) gas contracts for the industry and storage options such as the
use of hydro reservoir capacity. For example, delivered gas but not used could be stored as
water in hydro reservoirs for future use (as a “call” option). These issues will be discussed in
more detail in section 12.7.

12.4 Chile: Uncertainty in Natural Gas Supply

Chile was a pioneer worldwide in liberalizing the electrical generation segment in 1982,
introducing a competitive and private market, where the entrance of new agents depends on
the economic signals that the investors gather from the market. Therefore, in Chile the
decision as what are the technologies to be developed essentially relies in private investment
evaluation. The government is solely limited to generate the conditions so that it is possible
to reach economic efficiency.

The process of liberalization and deregulation of the electricity market was companioned by
the privatization of the existing state owned electrical companies. Currently, the
governments influence in the sector is limited mainly to regulation functions, indicative
expansion planning and to the fixation of the electrical tariffs for regulated clients.
Historically, objectives as the diversification of the power matrix and the environmental
sustainability has conformed a secondary level. The development of the generation segment
has occurred in a frame of a technological neutrality as far as the technologies and fuels
used, having all types of energy sources to compete in similar conditions of quality and
price. Chile is a country with limited energy resources other than its hydro reserves in the
Andes. Its own oil provides less than 10% of the country’s needs and its coal is of poor
quality, so imported coal has to be used for electric generation. Hydroelectric generation has
developed using most of the low investment cost resources in the central part of the country,
and remaining significant reserves are over 2,000 km south of the main load [7]. Although at
present the Central Interconnected System (SIC) has a generation park with presence of
different power generation technologies, 15 years ago supply presented a markedly
hydroelectric component, with a participation of 78% in the total installed capacity. Figure
12.7 shows the evolution of the generation capacity in the SIC.
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The conditions created for market competition in electricity drove private investors to look for
more economic technologies and fuels. Argentinean gas arose as an attractive abundant
economic alternative, coupled to the availability of the low investment required by efficient
combined-cycle generation technologies. With the private interest to use the gas and the
support of both the Argentinean and Chilean governments, an energy integration protocol
was signed in 1995 between both countries. Under that protocol, both governments agreed to
establish the necessary regulations to allow freedom of trade, export, import and
transportation of natural gas. Private investors invested heavily in several pipelines that
crossed the Andes and defined an energy supply path that would rely heavily on combined
cycle generation. The protocol worked very well and Chile fully relied on Argentina to
provide the necessary energy required to sustain its important economic growth. Gas exports
grew steadily through four international pipelines (Figure 12.8). The petrochemical industry
and the thermoelectric generation became the main users of natural gas (Figure 12.8).
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The arrival of this economic fuel and the efficient generation technologies meant a
significant reduction in electricity prices in the main central interconnected system. The
energy spot price in the 1994 -2007 period is shown in Figure 12.9 together with the energy
generation composition between thermal and hydro sources. A more balanced energy
matrix was achieved with the arrival of natural gas from Argentina, but still very dependent
on hydrological conditions, as can be seen in the 1997-1999 period, where high spot prices
and supply restriction were faced as the consequence of intense droughts in the country.

However, when a macroeconomic economic crisis started affecting Argentina in 2001, the
country changed dramatically its government policies, among them those relayed to energy,
electricity and gas included. State returned to control energy prices, freezing them and not
relating them to the real costs of production. Argentina natural gas prices were reduced to
one third of their previous levels (due to a severe devaluation of the Argentinean peso) and
this led to an escalating demand, not necessarily backed by investment in the exploration of
new gas fields neither in new pipelines. This led to problems with its gas supply. Then,
unilaterally, the Argentinean government, violating its agreements with Chile, in April 2004
decided to reduce gas exports to Chile. The Chilean power sector since the electricity
deregulation process started has had several opportunities to have the strengths and
weaknesses as a market model tested, and this was a particular major blow [6]. Figure 12.10
shows Argentinean gas import restrictions in the 2004-2008 periods.
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Fig. 12.9. SIC Hydrothermal Generation Structure and Marginal Cost

The non compliance by the Argentinean government of its international agreements,
deciding to favor national supply, was not only detrimental to the consumers of Chile, but
also to the neighboring countries of Uruguay and Brazil. Bolivia has significant natural gas
resources and it is increasing exports to Brazil and Argentina, helping the later to diminish
its crisis. However, given its long-term border disputes with Chile (Bolivia lost its access to
the Pacific in a 19th century war with Chile), it denies the fuel to the adjacent country.

Chile was neither aware nor prepared for the surfacing conditions. As a demonstration, the
National Energy Commission, in its indicative plan of April 2004, projected the building of
seven combined cycle natural gas plants in the next decade, all fed by pipelines from
Argentina. Mainly expansions of existing electric transmission corridors were included in
that plan. Major new hydro plants and interconnections with other systems were postponed

www.intechopen.com



Integrated Natural Gas-Electricity Resource Adequacy Planning In Latin America 465

until 2010 or later, gas continued to be the major driver of expansion in a market with
demand growing around 7% per year. With the crisis developing, the October 2004
indicative plan introduced radical changes to the government view of energy supply
expansion. Only one combined cycle plant based on Argentinean gas was considered for
2007. The government decided to bet on LNG as the alternative and defined a project to
build the necessary installations to import it from abroad.
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Fig. 12.10. Argentinean Gas Import Restrictions

IRun of river M@ Dam [@Coal [Gas EmOther mEDiesel Marginal Cost
4,500 350
4,000 300
3,500
250
3,000
K-
e 2,500 - - /200 §
H <
© 2,000 v
=1
1,500
1,000
500

2006 2007 2008

Fig. 12.11. Energy Generation by Source and Marginal Cost in SIC

As a consequence of the growing natural gas restrictions from Argentina, which reached 100
% as of 2008, combined cycle plants replaced the suspended fuel with diesel, facing fuel
costs that were several times higher, as can been seen in Figure 12.11, were energy
generation by source and spot market prices are showed.
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But in the deregulated privatized Chilean power market, where private capital is the one
making investment decisions, there is little space for the government to act, unless changes
to laws are introduced. The electricity price scheme relies essentially on market competitive
forces, with only part of it, prices for small consumers (under 500 kW), being regulated.

In retrospect, it is the cost of different generation technologies that will drive development.
And the comparison has to be centered on the particular geographic conditions and
infrastructure development of Chile. A recent comparison [6] was made for the Chilean
investment environment (local cost of capital taken into consideration); where LNG
combined cycle plants compete with circulating fluidized-bed boilers fuelled by coal. Cost of
different generation technologies are stated in Table 12.1.

Investment Average Fuel cost
Tecnologies (USSEW) generation cost | (USEMBTIU)
(USS/MWHh)
Heservoirs (100 MW) 1100 235 0.0
Run of river hydro (400 1250 28.7 0.0
MW)
Combined cycle natural gas 330 3l6 2.8
(394 MW)
Coal crrculating fludized 1270 44.5 1.8
bed (250 MW)
Combined cycle liquefied 330 451 4.7
natural gas (394 MW)
Combined cyele diesel (394 350 668 7.9
MW)
Gas turbine (120 MW) 430 103.5 7.9

Table 12.1. Cost of Different Generation Technologies, Chile, 2004 [6]

However, an essential question troubled investors at the time of the crisis, what if gas supply
from Argentina returns to normal? If a decision was made, for example, to contract a coal
investment, and cheaper natural gas starts re flowing without restrictions from Argentina,
who will make the cost? High financial exposures may arise depending on decisions made. As
indicated, in a deregulated environment, where private investors are the ones that decide
expansion, the government is uneasy when faced with an uncertain energy supply that may
seriously hurt economic development. At the time, Chile was returning to high economic
growth rates, therefore, nobody wanted energy deficits to shadow economic development.
Thus, the government looked for alternatives. Capacity payment regulations were modified to
better take into account unreliable gas supply. A gas “drought” concept was introduced that
de-rates combined cycle plants that do not have alternative fuel arrangements, and therefore
reduces their capacity payments. Another alternative was considered, but discarded, was to
limit by law the dependence on foreign fuels to a certain percentage of national consumption;
the idea was that imports from a particular country should not exceed a certain value (a
similar concept is used in Spain). Critics of this alternative argued it represented a State
intervention that would imply higher long-term energy costs for the country as a whole. The
LNG in Chile is discussed in more detai