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Executive Summary

1. Executive Summary

Purpose

Potential for wind power development in Argentina is tremendous. Not only in Patagonia, but also in other

regions of the country, such as Comahue, Cérdoba, La Rioja and the province of Buenos Aires.

The purpose of our presentation is to demonstrate why and how wind power should be considered as a
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assessing the resource and suggesting sites and feed-in tariffs to materialize projects. Moreover, we explore

the recent developments of the Argentinean energy industry, the experiences of other countries in

promoting renewables, the plain economics of wind and other sources of power generation, and the

challenges in transmission and grid integration, in order to suggest a strategy to adapt and to adopt the
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local industry development.

Abstract
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farms in Argentina have used mechanical multi-blade wind mills for water pumping for decades, medium
and larger size installations for power generation total a modest 30 MW comprising only 45 turbines.

During the last 6 years wind power in Argentina has lacked a proper set of incentives. The same holds true
for other sources of power generation due to discretionary market intervention, price controls and
ddzo AARASAD | 2 ¢ Gpers ahdl fully WFAPPed divihd/reseuite pétential suggests a land of
opportunities for investment. At the same time, local labor is highly qualified and the country is home to
three companies that are at different stages of development of their own MW-size wind turbine
technologies.

Undoubtedly, there is a host of benefits to be grasped from wind power projects in Argentina including
lower system costs, higher system reliability, hydro-wind complementation, reduced carbon emissions,
local employment and supply chain development. Further potential could be found in hydrogen production
and storage, or in applications for water desalination.

Wind stands out as the technology of choice for power generation in the current global context of price
volatility, poor security of supply and global warming concerns. Our work suggests a framework of analysis
that can help Argentina move forward and effectively address the energy supply problem for the long term.

If and when it happens, many opportunities will emerge for those that dare to farm the wind in Argentina.

ABSTRACT

= Argentina has the potential to create a strong wind
power industry.
= Plenty of opportunities exist based on the fact that:

= Capacity factors over 35% are achievable in over 50%
of the territory

= Wind and hydro resources present interesting
complementation and optimization opportunities.

= Electricity demand and costs of supply have grown
and are expected to continue to grow significantly.

= There exist relevant HR, engineering and
manufacturing capabilities (including three
companies engaged in wind turbine design and
preduction.

MeTHODS

= Analysis based on real data from the national grid ISO

(CAMMESA) for the year 2008,

= We assumed:

= 2 GW of new wind power to be installed in Patagonia,
Comahue and southern Buenos Aires.

= Mo transmission capacity constraints.
= Wind off-sets more expensive fossil fuels as it is available

= We estimated:

= Hourly wind generation based on measured wind resource.
= Potential system cash costs savings (from fuel substitution).

= CO;, emission reductions based on the amount of fossil fuels
saved and typical emission factors.

FINDINGS & CONCLUSIONS

= 2 GW of wind could:

= Satisfy 7% of total electricity with zero-emissions power.

= Save fossil fuels worth more than USS$ 70 per each MWh of
wind power generated.

- Reduce energy related CO, emissions by 4%

= IS0 or Government could make wind generation projects

viable by re-directing part of the potential system
benefits via incentive schemes that complement pool
prices.

= Wind-Hydro complementation exists and further work

should be pursued in this area to estimate additional
benefits.
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ABSTRACT MeTHoDs FINDINGS & CONCLUSIONS
= Argentina has the potential to create a strong wind = Analysis based on real data from the national grid ISO = 2 GW of wind could:
power industry. (CAMMESA) for the year 2008. « Satisfy 7% of total electricity with zero-emissions power.
= Plenty of opportunities exist based on the fact that: = We assumed: = Save fossil fuels worth more than US$ 70 per each MWh of
= Capacity factors over 35% are achievable in over 50% + 2 GW of new wind power to be installed in Patagonia, wind power generated.
of the territory Comahue and southern Buenos Aires. = Reduce energy related CO, emissions by 4%
= Wind and hydro resources present interesting * Mo transmission capacity constraints. = IS0 or Government could make wind generation projects
ple ion and optimization opportunities. = Wind off-sets more expensive fossil fuels as it is available viable by re-directing part of the potential system
= Electricity demand and costs of supply have grown = We estimated: benefits via that F pool

and are expected to continue to grow significantly. prices.

= Hourly wind generation based on measured wind resource. N . .
* There exist relevant HR, engineering and + Potential system cash costs savings (from fusl substitution). " Wind.-Hydro complementation exists and further work
1 ing capabilities (including three

N N should be pursued in this area to estimate additional
re + CO,emission reductions based on the amount of fossil fuels benefits.
companies engaged in wind turbine design and saved and typical emission factors.
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The Wind Resource and Market Development Potential

2. The Wind Resource and Market Development Potential

2.1 Wind Maps FABULOUS WIND RESOURCE

The Argentine Republic has unmatched technical
characteristics as far as usable wind resource. As
shown in the figure to the right, the country has
near 70% of its territory covered with winds
whose annual average speed, measured at 50
meters above ground level, surpasses 6 m/s.
Particularly, zones Center and Southern Patagonia
count on speeds that average or surpass 9 m/s
and up to 12 m/s. It is possible to emphasize that
the continental Argentine territory has an
approximated surface of 2.8 million sg. km which
is equivalent to 90% of the surface of EU-15 (65%
of Europe-27) K2 gS@SNJ ! NEBSYy|i
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MINISTERIO DE PLANIFICACION FEDERAL

density is 10 times lower. L 457 InveRsi6n Pdsuca v Servicios

’!\Cemro Regional de Energia Edlica

Estimates of electricity generation from the wind
using power curves of commercially available wind turbines, yield surprising results: Most areas in

Patagonia experience annual average capacity factors above 45%.

However not only is wind usable in Patagonia, some areas in the
4 central provinces of Cordoba, San Luis, San Juan and La Rioja as
well as the center and southwestern regions of the province of
Buenos Aires (in proximity to the large demand loads) yield

capacity factors between 35% and 40%.

Figure 2-1 Areas with Potential Wind Generation above 35%
Capacity Factor, shows (in yellow) those areas of the country
where a simulation run on wind speed data yields a capacity
factor above 35%. It is worth noting that such areas cover a large

portion of the national territory and that potential exists also

outside the Patagonia which is the most commonly known region
Figure 2-1 Areas with Potential
Wind Generation above 35%
Capacity Factor

for wind in Argentina.
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2.2 Seasonal and Intraday Characteristics

In our study we have selected and used data from three representative regions of potential wind
development in Argentina, namely Patagonia, Comahue (comprising the western region of the
province of Rio Negro and southern region of the province of Neuguén) and the southern areas of

the Province of Buenos Aires.

Figures 2-2 and 2-3 below show average monthly and intraday capacity factors (gross) that depict
the typical profile of the wind in each of these regions. Such graphs have been constructed based
on hourly wind speed raw data. The power curve for a Vestas V80 2 MW wind turbine was used to
estimate energy generation for Patagonia and Comahue, whereas a Vestas V90 2 MW was used

for the location in the province of Buenos Aires.

Average Monthly Capacity Factor in %
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Figure 2-2 Average Monthly Capacity Factors

It is worth noting certain complementation between these three regions what makes
diversification particularly interesting. Such complementation occurs both seasonally and within
each typical day and for that reason we have assumed that wind farms to be potentially build in

the country are spread throughout the these three regions.
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The Wind Resource and Market Development Potential

Average Daily Capacity Factor in %
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Figure 2-3 Average Intraday Capacity Factors

2.3 Generation ProjectPipeline
Despite the superb wind resource over a vast area of the country, Argentina has a mere 30 MW of

wind power installed, mostly erected in the late 1990s and early 2000s by small local electricy
service cooperatives. However more recenly some generation projects have been anounced and
are being developed. Three projects which combined add up to about 150 MW have been granted
interconnection permits but are currently either looking for investors and/or negotiating the sale
of the electricity. Many more projects have been announced in the press, mainly by foreing

project developers, but little is known about their veracity or stage of development.

The national Secretariat of Energy estimated in 2008 that about 1,200 MW of wind should be
installed by 2016 to help cover the renewables quota established by law in 2006/07. Given the
quality of the wind resource, the transmission network in place, and the available alternatives of
other generation technologies for the country, we consider that much more wind should be

promoted.

Assuming that under current technology development it is commonly accepted that 10% wind
integration is feasible in most interconnected grids, Argentina could easily accommodate 2,500 to

3,000 MW of wind power in the short to medium term.
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2.4 Local Wind Turhine Development

Taking into account the very

low incidence of wind power DOMESTIC TURBINE DEVELOPMENTS

Ay G2RE&Qa S YMPSA Wind - Unipower ®

1.5/2.1 MW Direct Drive PMG

Argentina and the lack of Prototype Installed

clear investment signals in the
wind sector, it is extremely
notable that Argentina is the
only country in Latin America

that has three private

N

companies at different stages
INVAP -Eolis 15

1.5 MW Pitch / Asynchronous

of development of MW-size
Detail Engineering

wind turbines.
NRG Patagonia — NRG 1500

1.5 MW Pitch / Asynchronous
& ‘ ) - Prototype under Construction

the bases for a strong domestic wind industry if the right set of policies is set in place to

As explained in more detalil

below, these companies set

encourage market development.

IMPSA

Industrias Metallrgicas Pescarmona S.A. (IMPSA) is currently the only company with
manufacturing capabilities in the country. One of its plants in the western province of Mendoza
has been retrofitted to manufacture a 1.5/2.1 MW Direct Drive Permanent Magnet Generator
using a proprietary design. IMPSA Wind has plans to produce up to 75 units a year in this plant,
mainly to supply domestic demand. At the time, IMPSA is finishing the certification of a first
prototype installed in the province of Chubut (about 1,500 miles south of Buenos Aires). The

company is also developing a 4-MW turbine.

NRG Patagonia

NRG Patagonia, a local consortium of smaller manufacturing and service companies, is
commercializing the NRG 1500 1.5-MW pitch controlled asynchronous wind turbine. The company
owns rights to deploy a foreign patent and it is currently building its first prototype which should
be installed and certified by the end of 2009. The wind turbine is especially designed and
classified under German norms to operate in wind conditions commonly known as IEC Class I+ 0

Class "S".
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The Wind Resource and Market Development Potential [

INVAP

INVAP has a long history of technology development and engineering capabilities. The company
has successfully developed equipment for the nuclear industry (power and medical uses),
satellites for the aerospace industry and also a few different small wind turbines one of which has
been successfully installed in Antartica.

INVAP is currently in the engineering stage of its first MW-size wind turbine, the Eolis-15. This
turbine will be a Class | wind turbine and will be especially designed for strong and constant wind
of Patagonia and Comahue. Further plans include the development of a 2-MW Class Il wind

turbine.
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3. Potential Wind Poweland Grid Integration

3.1 State of the Power Industry

GROWING DEMAND & COSTS
STtSOUNRO LIZFSNI

Tight Supply Leads to Higher Prices

{AyOS I NBSYyiGAyl

has gone from a state of over-supply to one of

HANMZ Qa

GW Net USS/MWh

r 140

over-demand. About 10 GW of efficient gas-fired ] Gi;’:ty/\/_/__ o
combined cycle power generation were installed 51 peak Demand ‘ o L 100
in the 1990s incentivated by de-regulation and o Mmgm‘alm‘ i
cheap and abundant natural gas. However, the N B e ::
economic and financial crisis that started in ¢ . B . 20

0 — 0

2001/2002 created big changes in the rules of 2000 2002 2003 2004 2005 2006 2007 2008

Heavy Use of Expensive Liquid Fossils
(especially in wintertime)

the game for private generators and consumers.

Imports
W Fossil - Liquids
W Fossil - Natural Gas

. . . Nuclear + Coal Al ..
national power industry both form a physical and = Hydro P

) ) A A * W =

from a commercial perspective. f s

/ & N 6

GW-avg
14

Annex 1 depicts in detail the functioning of the

Since 2002 demand has grown steadily pushed

by economic recovery and low electricity prices.

Jan-01 Jan-02 Jan-03 Jan-04 Jan-05 Jan-06 Jan-07 Jan-08 Jan-09

Given a lack of incentives for new power

generation, existing equipment has been utilized more intensively and less efficient generators
have been called on the market. Decreasing efficiency combined with increasing costs of fossil
fuels and decreasing or stagnant local supply of natural gas have pushed variable costs of
generaton higher and higher since 2004. Expensive and polluting liquid fossil fuels (mostly
imported) have been used in greater proportions also since 2004. In 2008 liquid fossil fuels
accounted for 20% of thermal power generation (the rest being domestic natural gas which is
currently priced below international benchmarks or actual imports from Bolivia) taking marginal
variable cost of generation in the national interconnected grid to an average level of 115
US$/MWh. However, given the current policy of not allowing marginal costs to set the wholesale
prices, consumers have been paying much lower prices and incentives for new investment have
remained low as generators are not able to appropriate operating margins. Average pool prices in
2008 were 46 US$/MWh but most commercial and small industrial and all residential consumers

paid a fraction of that price in their utility bills, the rest being covered by federal subsidies.
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Potential Wind Power and Grid Integration

Imports of electricity from neighbouring countries (mainly Brazil) have also increased considerable
in the last couple of years. Part of such exports are destined to cover extraordinarily high demand
on certain days only and part of the imported volumes are later compensated with exports.
However the net imports have increased and so has the average cost of such imports which in
2008 ranged from 150 to over 400 US$/MWh.

3.2 Wind Integration and Complementation
It is commonly known that hydro and wind can work in complementary ways within

interconnected grids as water serves as storage of intermitent and random wind power. Given
that the Argentine grid has 10 GW of hydro generation capacity (40% of the nation’s total), we
analyzed the way in which the system could gain by integrating wind and dispatching water only

as necessary or only at those times when its value to the grid can be maximized.

About half of the hydro capacity in Argentina is linked to reservoirs with storage capabilities. The
rest corresponds mainly to Yacireta (Parana River) and Salto Grande (Uruguay River) dams which
have less storage capacities and despite having reservoirs operate as flow-of-river units most of

the time.

Almost all relevant hydro generation capacity with
. . . . WIND & HYDRO WORK TOGETHER
storage capabilitiess is located in the region of

Comahue where also the wind resource (as | WindCould Be Stored in Hydro Reservoirs
( to Be Used When Most Valuable

described in 2.2. above) is very good. Water flows | SWh/wee s
ptimize:

in the region are highly seasonal in nature with
higher flow rates occuring in the winter and
spring. Thus reservoirs are rarely full, what makes

wind integration relatively easy. This conclusion is

further enhaced by the fact that wind is rather

Jan 6 1 16 21 26 31 36 41 46  Dec
Week of the Year

constant on average as can be seen in the graph to

Note: Analysis based on 2008 actual data for power plants in the Comahue region.

the right. Considerable economic benefits could

be grasped if having wind power in the grid allowed to save water in the summer months (blue
area above dotted line in the graph) to be used in the winter when natural gas is in short supply
(due to the higher residential demand for heating) what usually forces great part of thermal

power generation to run on expensive and polluting liquid fossil fuels.
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3.3 Methods and Assmptions of Our Study

In order to estimate and value the potential benefits arising from the massive installation of wind
farms in Argentina we built a calculation model based on real operative hourly data for the year
2008. We used actual hourly generation and fuel use data as reported by Compafia
Administradora del Mercado Mayorista Eléctrico S.A. (CAMMESA, the national grid ISO). We re-
estimated the variable cost of generation by substituting government regulated prices of fossil
fuels by reasonable estimates of international market prices (opportunity cost analysis). We
differentiated among each relevant combination of generation technology and fuel used, namely
combined cycles using natural gas or diesel, gas turbines using natural gas or diesel, steam
turbines using natural gas or residual fuel. We assumed that hydro, nuclear and coal generation
would not be affected by or substituted for wind given that they are usually dispatched at the

base and generally lower variable costs of generation.

We assumed the installation of 2 GW of new wind power split among Patagonia (800 MW),
Comahue (800 MW) and southern Buenos Aires (400 MW). For simplicity we also considered that
the existing transmission infrastructure can accommodate this much wind without capacity

constraints and without significant capital investments.

For each hour of the year we estimated the amount of available wind power using measured wind
data from three representative locations as explained in Section 2.2 above. We reduced gross
wind energy generated by 15% to account for transmission and other system losses as well as

statistical errors.

Once we had an estimate of net available wind for each hour of the year we estimated the fuel
costs savings emerging from the substitution of more expensive imported or fossil-fuel generated
electricity @ I & G KS Y I N&phrglysecorbraid\appodclywasiused in order to maximize
the savings to the system arising from the incorporation of the mentioned 2 GW of wind power.
Despite having identified hydro-wind optimization opportunities (as described in 3.2 above) such

benefits were not calculated and are rather considered a potential upside in our model.

Using this procedure we were able to quantify potential system cash costs savings (from fuel
substitution) as well as CO, emission reductions based on the amount of fossil fuels saved and

typical emission factors for each fuel and technology combination used.

© Soares/Fernandez 2009
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Results and Conclusions

4. Results and Conclusions

The exercise of simulating the incorporation of 2 GW of new wind capacity into the national grid

yields pretty interesting results.

One of the first conclusions worth noticing is

that wind (on average) is rather constant and | Wind Substitutes for Liquid Fossils All Year

has a good intraday fit with the typical grid load | 5 T
imports
curve. Also wind-Hydro complementation exists 2 . « Diesel
and further work should be pursued in this area | s et
» NatGas
to estimate additional benefits. 6 I
-mro(not
3 optimized)

= Wind

The installation of 2 GW of new wind farms 0
] F M A M ) J A S O N D
could satisfy 7% of total electricity with clean
2 GW of Wind Would Provide 6-8% of Grid

power. This would avoid burning of 2.2 million Demand Throughout the Average Day
Load Curves Wind
tons of oil equivalent of liquid fossil fuels thus Dok ) —

reducing the country’s energy related CO,

emissions by 5.6 million tons of CO, or 4% of the

nation’s total. Penetrationas 6
70 f of Total Grid
Grid Load Curve Demand
(left axis) {rightaxis)
- - - L &
The monetary value of fossil fuels savings will Twe® 2 4 6 8 0 R K BB WA

NOTE: Each data point corresponds to the average for all same hours for each day of the year.

depend on the market prices of such fuels.

Assuming that the price of crude oil at 50 _

US$/bbl, wind could save about 540 million US$
Fuel Savings and CO, Emission Reductions

annually or the equivalent of more than US$ 70 Justifiy Wind Incentives

per each MWh of wind power generated. Based on 2008 actual generation 10 System Cost
fuel mix, 2 GW of wind power plants Saving per
would result in gnnual savings of: ¢ 135 MWh of

2.2 million tons of oil equivalent 120 Wind
5.6 million tons of CO, emissions ® 105 T Generated

The Argentine government could make wind G usS/h
. . . . Emission s . without CO,
generation projects economically viable by re- RecuicH 7 ERC)
Credits .
directing part of the potential system benefits | .rue
A A A i Savings
to investors via incentive schemes that | o

. peryear) Crude Ol
complement pool prices. 50 80 100 (inUSS$/bb)




TR CENYAYy3 Ay ! NBSYyGAYylI ® LGQE 2AYyRQAa ¢dNYy @

ANNEX 1. Detailed Description of thérgentinean Power Industry

Overview
The Argentine power sector was deregulated in 1992, inspired to a great extent by the
organization previously taking place in Great Britain and Chile, according to the following general
notions:

e Full separation of generation, transmission and distribution activities;

e Most assets (generation, transmission, distribution) were privatized,;

e Large-scale consumers ("large-scale users™) may have direct access to the market;

e Awholesale power market, the Wholesale Electricity Market (WEM), created to organize

the relationship between producers and supply of distributors and large-scale users.

The sector is controlled by a regulator, Ente Nacional Regulador deeElectricidadENRE), which
reports to the Energy Secretariat. ENRE is responsible for watching over a good market operation,
preventing anti-competitive practices, approving transmission and distribution rate schedules as
mandated by the Energy Secretariat, defending the interests of captive consumers and acting as a

first instance court in any dispute between different players.

Privatization took place in 1992 with the Government kept control over the nuclear sector and
certain mainly bi-national hydroelectric power plants. Hydraulic producers hold concessions of a
term of duration of over 30 years and thermal producers operate under an authorization system

with asset ownership.

The Argentinean WEM has two complementary markets:
a) Forward Market (Contracts), where medium and long term deals between Generators

and Distribution Companies (Distcos) or Large Users are done. The terms of these

FIANBSYSyida oljdzt yGAGASAaT LINAOS:E X0 FNB yS3z2i

b) Spot Market, where short term electricity transactions take place.
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ANNEX 1. Detailed Description of the Argentinean Power Industry

WEM ORGAN

=

ZATION

FORWARD

MARKET

Contract Transactions

Contract Sales Contract Purchases

Purchasesat
Seasonal Price
SPOTMARKET DISTCOs
GENERATORS - Short Term
Salesin tEe Transactions LARS;;;%ALE
SpotMarket Purchasesin
the SpotMarket
Purchase of supplementary energy In the spot market Resale of excess contract purchases In the spot market

Users with no contracted demand buy or sell their needs in the Spot Market. That transaction has
a regulated price for Distcos acquisitions called "Seasonal Price". Both Distcos and Large Users can

sell their hourly contract excesses in the Spot Market.

5Aa40024 INB F+ft2gSR (2 (GNIYyaFSNI GKSANI odz2Ay3IQA

only at the authorized Seasonal Price in a pass through scheme.

The WEM is managed by Compafia Administratora del Mercado Mayorista Eléctrico
(CAMMESA), a non-profit company owned by the generators association (AGGERA), the
transmission companies association (ATEERA), the distributors association (ADEERA), the large-
scale users association (AGUEERA) and the Energy Secretariat (each player holds 20%). CAMMESA

is both the market manager and the body responsible for dispatch. Under the regulations issued

o8 G(KS 9ySNEB& { SONBGLF NR I (powkriplants, ZalcueBing hally'sack 6 t §  F 2

prices, managing WEM economic transactions, and supervisingd  FSié& O2yRAGA2Yy a

operation quality.

There are three categories of Large-Scale Users, defined by the level of power consumption:
o GUMAS ("Major LargeScale Users ¢ more than 1 MW): They must buy at least 50% of
their demand in the Contract market;
e GUMES ("Minor LargeScale Users ¢ between 30 kW and 2 MW) and GUPAS ("Private
LargeScale User$ - between 30 and 100 kW): They must buy 100% of their demand in
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Generation and Dispatch

Generation (26 GW installed, 120 TWh/year) is carried out through a mixed thermal and hydraulic
unit system. The hydraulic portion accounts for 35 to 45% of the total as per hydrology, the
thermal portion accounts for 45 to 60 % (mainly natural gas) and the nuclear part with only 1000
MW installed represents less than 10%. Taking into account that the hydroelectric portion is very
significant, the market is rather sensitive to hydrologic risks and dry years result in a major

dispatch of thermal units.

t KearolOlrfttes LIRGgSN LI IFyGa NB adowaSoid (2 Iy a&¢
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of CAMMESA and is independent from contracts negotiated by producers in the forward market.

Dispatch is preceded by a production scheduling made with different timelines.
e I a&aSlazylfé AOKSRdz Ayad SOSNER rk© Y2yiaKasz (2
o aweekly scheduling for the ensuing week, and

» before proceeding with real time dispatch, a daily basis "pre-RA & LI § OKé¢ F2NJ G KS

Hydraulic power plants that have a storage capacity and thermal units available are called for
dispatch by increasing variable cost order. Within this increasing list, the variable power plant cost

to supply the next MW is the one that defines the marginal system cost.

Dispatch takes into account not only the variable production cost of each power plant but also

transmission associated losses, which depend on the location of the power plant in the grid.

Prices in the WEM

In the spot market, two types of prices are used to value transactions:
- the hourly spot price, at which producers sell and large-scale users buy;

- the seasonal price, which is sanctioned by the Energy Secretariat and at which distributors

buy.

Hourly Spot Prices

Hourly spot prices result from the instant balance between supply and demand used to value:
- sales of producers in the spot market;

- contingent purchases of producers in the spot market (when their production is lower than

their contract undertakings);
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ANNEX 1. Detailed Description of the Argentinean Power Industry

- purchases of large-scale users in the spot market;

- resales of large-scale users and of distributors in the spot market (when they contract in the

forward market surplus energy in respect of their demand)

The spot price comprises:

V an energy price (in AR$/MWh): this energy price, established on an hourly basis, will not

follow the system marginal cost but shall be equal to the marginal cost that could have been

200 AYySR KIFIR Fff dzyrida 0SSy FOFAtroftS G2 2LISH

plants. The difference between the actual cost and the sanctioned energy price is assigned to
SIOK 3SYySNIG2N) GKNRdAK I adz2NOKFNBS OFftSR
demand;

V a capacity price (in AR$/MW/hour), fixed in 12 AR$/MW/hour during a determined number

of hours (90 hours per week), corresponding to the hours with more load for the power

system. The capacity price is null during the other hours.

la LIRoSNI LXIFyld aRAALI GOKE GF{1Sa Ayd2 | 002dzi
price is calculated based on the location of the producer or buyer in the grid, in order to reflect

the cost of losses. This calculation is made as follows:

V forenergy, G K S
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considered node;

V for capacity, the price of capacity (12ARP k a2 KO | LJILJX ASa (2 GKS aeadasSy

spot price of capacity at each node in the grid is obtained by multiplying this price by an

GFRedzadyYSyd FrOUu2NEIT (GKS @FtdzS 2F GKAOK RSLX

considered node and the reference node (this adjustment factor, conventionally established
in 1 in the reference node, is calculated annually for each grid node) and is calculated based
on operation surcharges produced on the system by the tripping of the transmission

connection between the reference node and the node in question.

The following chart represents the variable production cost curve and the difference between the
marginal cost marked by dispatch and the sanctioned spot price and the difference in received

margins, especially of the most effective units with lower production costs.
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Seasonal Prices
The seasonal price is an average spot price applied to distributors’ purchases in the spot market,
with a view to mitigating the volatility of spot prices for distributors and their clients. This

seasonal price is calculated every 6 months by CAMMESA and approved by the Energy Secretariat.

Every 6 months, based on the data on supply and demand transmitted by the different market
players (generators, transporters, distributors, large-scale users), CAMMESA establishes a
temporary "dispatch™ of power plants for the ensuing semester and statistically calculates hourly
spot prices. These spot prices, weighed by the hourly demand, measured in the semester and

separated in 3 hourly bands, lead to a seasonal price for each of the 3 bands.

CAMMESA calculates prices for the first three months of the semi-annual period, which are
submitted to the Energy Secretariat for approval and then provides it with an indication for the
last 3 months. After that, it makes a review at the end of the first quarter, based on the supply
and demand evolutions called Seasonal Rescheduling and once again informs the Energy

Secretariat of the prices obtained for such quarter, for it to sanction final seasonal prices.

Transmission
The Argentine power system revolves around a 500 kV interconnection grid which links 220 kv
and 132 kV regional networks. This grid has a radial configuration; lines are directed towards the

Buenos Aires region from the north, east and south of the country, with distances of over 1000

km- Existing Lines in km 500kv 330kv 220kv 132kv 66kv 33kV TOTAL
The main transmission National Grid 9,456 562 6 10,024
. Cuyo 634 611 1,245
corridor  connects  the Comahue 1213 1213
Buenos Aires 177 5,437 391 6,005
. NEA 30 1,407 24 1,461
Comahue production NOA 2565 2565
. . Patagonia 1,116 1,721 2,837
region to Buenos AIres, Regional Grids 0 1,116 841 13,954 391 24 16,326
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ANNEX 1. Detailed Description of the Argentinean Power Industry

with 4 lines of 500 kV which support a very significant electrical flow.

This network configuration has material consequences on electric power market operation: losses
I NBE AAIYATAOIYGZ SySNHE& Qlftdad A2y 2F LINRRdAzZOSNA

production to the Buenos Aires region and the system is very sensitive to the failure of one of the
main lines.

A total of seven private companies operate the national 500 kV interconnection grid which
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connects the different regions. Another six companies operate the 220 kV and 132 kV regional

transmission grids.

Transmission companies (TRANSENER, TRANSNEA, TRANSNOA, TRANSPA, TRANSBA,
TRANSCOMAHUE, DISTRICUYO) hold 95-year concessions. These companies should ensure free
access to the grid and are responsible for maintaining the grid awarded to them under a
concession in good condition. However, they are not bound to make required capacity expansions
in case of saturation of existing lines and hold no exclusivity rights to make such expansions. Their
compensation is regulated by a revenue cap. This revenue level is calculated on a 100%

availability of grid facilities, with imposition of penalties in case of non-availability.

Distribution

Distribution is ensured by about 25 provincial or local companies. The greatest power demand in
the country, which is concentrated in the City of Buenos Aires and the Greater Buenos Aires with
43% of the aggregate demand, is distributed by three firms: EDENOR with 48% of this market,
EDESUR with 45% of the market and EDELAP holding 7% of the market.

Distributors operating as provincial concessions are subject to local regulators, except for the

three distributors in the Greater Buenos Aires that are national concessions regulated by ENRE.

Distributors hold the monopoly of power distribution in their service area. On the other hand,
they are bound to cover the aggregate demand of their clients. Unlike transmission companies,
distributors are responsible for making required expansion network investments. They are also
responsible for network maintenance and for providing the service, otherwise they should pay

fines.

Distribution rates are regulated. The power purchase price in the wholesale market and

transmission costs are included as pass through within rates to direct customers. Distribution

costs themselves are fixed as per a price cap formula (year evolution = inflation - X%).

large-a O £ S O2y 4-d4z9BNB dzaENBES | NBE SyidAdf SR G2 RANE
Distributors currently account for 79% of the power demand in the wholesale market, large-scale

users represent the remaining 21%.
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