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1. - Executive Summary
The Project highlights the importance of Hydrogen as the fuel that will replace Fossil

Fuels in the coming years, as well as the additional benefits it will provide in terms of
Greenhouse Gas Emissions and their impact on Climate Change, issues that concern
all in today’s world. This will allow for a gradual change in the World Energy Matrix

while keeping Sustainable Development ongoing.

Argentina stands out as one of the areas with higher potential in wind generated
electricity as well as having the necessary resources for Hydrogen production. Detailed
information related to winds in the Patagonian region, water resources, skilled labour
force and available land, sea and air lanes are shown in the development of the

project.

The final goal in the Large Scale Hydrogen Production Project is to supply the potential

needs of Regional and International Energy Markets.

Capsa - Capex is an Energy Entrepreneurial Group engaged in Oil, Natural Gas, LPG
and Electric Energy Production in Patagonia since 1977, is strongly committed to the
Environment and considers that the World Energy Matrix Change must be launched at

a Large Scale immediately.

The Group has wide experience in energy resources exploitation and strong links to
Patagonia, which was chosen to start the first worldwide ambitious project to produce
hydrogen with renewable energies. The Group is interested in being a Key Player in
this Project and in the Matrix Change process mentioned within this framework.

As from this paper work, the groundwork is set for players sharing the same strategic
vision to enter this market and to rapidly advance in the adjustment of the different
variables in each stage, thus allowing for the project’s implementation.
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Project Summary

- Development of Large Wind Parks in the Northwest of the Province of Santa Cruz,
with a total wind power of 16,120 MW over 10 years.

- Hydrogen Production by means of Electrolysis.

- Liquid Hydrogen production (13.3 Million m*/year)

- The progressive retrofit of a total of 38,500 taxis and 14,300 buses foreseen in the
City of Buenos Aires “Future Clean City” Program, as part of a broader effort targeted
on the Regional Market.

- Availability of significant liquid Hydrogen export surpluses.

Location and Area Required for the Project
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Figure 1: Location of the Wind Hydrogen Generation Project in Patagonia
Size of the Wind Park: 80 Km x 20 Km
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Liquid Hydrogen Production by Volume (Million m3/year)
and in Energy Equivalent (TWh year)
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Figure 2: Production of Liquid Hydrogen in terms of Volume and Energy Equivalent Values
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Figure 3: Detailed outline of Annual and Cumulative Investments in Million U$S
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Conclusions

* World Energy Matrix change cannot be avoided; its impact may be reduced if it starts
immediately.

* Hydrogen is the only Energy Vector capable of replacing fossil fuels, securing
Sustainable Development and Climate preservation.

* Patagonia has important Resources such as Wind, Water, Area, Labour and

Infrastructure, that will allow it to become one of the main Hydrogen Producers
Worldwide.

* Argentina has the necessary expertise, as proved by its successful implementation

of NGV in its vehicle stock.

Projects of this nature demand....

* Commitment of World Political Leaders, who must find the way to secure a quick
transformation of the Energy Matrix.

* Collaboration of the different Sectors of the Economy and NGOs, so as to facilitate
Accessible Funds availability.

* The Support of a consolidated Carbon Certificate Market, whose prices must reflect

the Climate Change Impact reality and not the commitment of a few ones.

Main Guidelines

- The End of Hydrocarbons - Association for the Study of Peak Qil (ASPO)

- Climate Change and Its Impact - Intergovernmental Panel on Climate Change (IPCC),
The Scientific Basis; Impacts Adaptation and Vulnerability; Mitigation; Summary for

Policymakers 2001-United Nations Environment Programme, Geneva, The Ozone

Secretariat

- Sustainable Development - The World Bank Group

- Argentine, Potential Wind Hydrogen Producer -Argentine Energy Undersecretariat
(“Atlas de Recursos Edlicos”) - Argentine Hydrogen Association

- Wind Hydrogen Production Project in Patagonia - C.A.P.S.A.-Capex S.A. - Argentine

Hydrogen Association
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2. - Hydrocarbons and Climate Change

World energy consumption forecasts based on surveys published both by the
International Energy Agency and the Energy Information Administration show a
continuous and sustained growth in demand. According to Energy Information
Administration data, between 2001 and 2025, energy consumption will rise by 58%,
accounting for an annual average increase of 2.4%. This figure seems reasonable if
the increase in the world’s population is considered to be in the neighborhood of 25%
to 30% for that period.

Figure 4 contains detailed information on the worldwide increase of Total Energy
Consumption as projected until 2025. Such a projection implies a dramatic rise in
consumption by Industrialized Nations, and an even sharper increase in the case of
Developing Countries. As far as fuels are concerned, oil continues to prevail as the
primary source of energy, followed by natural gas, whose share in the World Energy

Matrix is increasing progressively, and by coal in third place.
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Figure 4: World Energy Consumption (Energy Information Administration)

International Energy Outlook 2003
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Even though the above consumption growth rate may be contested, what cannot be
argued in the world scene today is that the trend is actually on the rise. Neither can it
be contended that such growth will not entail greater energy consumption. However,
the more difficult question is: “Is there sufficient energy, in particular oil and gas, to

meet future demand?”

3. - The End of Hydrocarbons

There are considerable difficulties involved in determining Hydrocarbon Reserves and
their connection with demand projections, since several variables need to be
considered to produce accurate forecasts. This is particularly true when the calculation
standards vary substantially, so that depending on each case, it may be possible to
produce both “Optimistic” and “Pessimistic” projections.

Even though the classification of reserves responds to a unified international standard,
hydrocarbon reserves have a certain amount of subjectivity which hinders consensus
on basic data and their treatment. This, in turn, produces constant variations in

methodologies and in the presentation of data by the relevant organizations.

In the international scene, there are two clearly set guidelines for evaluating reserves
in their respective categories and the relevant projections in connection with future
demands. In every case, a percentage of estimated and as yet undiscovered reserves
is introduced. One of such guidelines is that of the Association for the Study of Peak

Oil (ASPO), whose founder and most prominent member is Dr. Colin J. Campbell.

Figure 5 illustrates a study by Dr. Colin J. Campbell, updated as of 2003, which
considers oil and gas variables in their entirety, i.e., it takes into account both
“Conventional” and “Non conventional” variables. Campbell situates the oil peak in
2010 and the gas peak in 2014.
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Other Association members, such as Richard C. Duncan, Walter Youngquist, Jean
Laherrére and L. F. lvanhoe, have situated the oil peak between 2006 and 2015,

whereas the gas production peak is forecasted for 2030.

45 T T
Peak of Gas |

40 Year 2014
. /
| Peak of Qil
35 Year 2010 /

30 A

. // VR

Others

10

5 L
P

e

Annual Production—Giga Barrels Oil Equivalent

[

0

1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

OHeavy = MDeepwater ~ BPolar ONGL  OGas  ONon-Con Gas

Figure 5: Projection of Qil and Gas Reserves and Consumption by Dr. Colin J. Campbell 2003 (ASPO)

The exact dates are irrelevant: what really matters is the trend and the range within
which the peaks may be seen. These peaks are disturbingly near in each and every
case. This is even more so if we consider the magnitude of the impact if the necessary

measures are not taken in time.

Finally, the analysis performed by ASPO is worth mentioning, because it deals with the
relationship between historical and projected data on discoveries of new reserves and
oil production.
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Figure 6: Ratio between New Reserves and Consumption, ASPO projection

It may be inferred from Figure 6 that most of the existing reserves currently under
operation pertain to fields discovered some twenty years ago. Additionally, and since
the beginning of the 1980s, annual world consumption has exceeded new discoveries,
with an average annual growth rate of 1.6%. Such is the rate assumed by the
International Energy Agency in its World Energy Outlook 2002, which means that world
consumption in the next thirty years will exceed the consumption of the Twentieth
Century in over 20%, and implies that the capacity for oil production — both

conventional and unconventional — will have to rise by 60% by the year 2030.

Another significant point is that, according to the International Energy Agency, OECD
countries will soon suffer a slump in their production, so that the last important
resource will be in the hands of producers in the Middle East, which concentrates 53%

of the world’s oil reserves.
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Figure 7: Oil and NGL Reserves in the World — 960 billion Barrels (IEA 2001)

Based on the foregoing statements, we consider that there are issues that cut across
the various analyses, and that do not raise any significant discrepancies in the
international scene. Such issues are listed below:

- A sustained growth of the world’s energy demand.

- A tight concentration of oil reserves in just a few countries.

- A dramatic decrease in the discovery of new oil reserves. This situation is
worsened by the sustained growth in demand, so that both existing and as yet
undiscovered reserves, which will predictably involve high extraction costs, will be
used up rapidly.

With regard to the issues involving the more marked discrepancies, we consider it is
clear, in light of the various sources of information, that:

- The World’s Oil Production Peak will take place, in the best of scenarios, between
2010 and 2020.

C.AP.S.A. - Capex S.A. — Carlos F. Melo 632, Vicente Lépez, Buenos Aires Province, Argentine Republic
Zip Code: B1638CHB — Te: (54 11) 4796-6000 — Fax: (54 11) 4796-6043 — email: sraballo@capex.com.ar

10



LY International Conference
o for Renewable Energies
LR June 1-4, 2004 Bonn, Germany

C.APSA. - Capex S.A.

- The World’s Natural Gas Production Peak will take place, in the best of scenarios,
between 2020 and 2030.

- If the Oil and Gas Peaks are reached, most of the total investments made to allow
for such peaks will be rendered completely useless as production starts to decline.
This is especially true of oil and gas pipelines, refineries, oil and gas treatment
plants, and end-product transportation equipment.

The World needs a New Source of Energy

to Replace Hydrocarbons

4.- Climate Change

Global Warming as a result of anthropogenic emissions, most of which are originated

by Fossil Fuels, has produced a catastrophic impact on our Planet’s atmosphere.

4.1.- Greenhouse Gas Emissions

The main greenhouse gases are Carbon Dioxide (CO3), Methane (CHy,4), Nitrous Oxide
(N20), Chlorofluorocarbons (CFCs), Hydrofluorocarbons (HFCs) and
Hydrochlorofluorocarbons (HCFCs), collectively designated as Halogenated
fluorocarbons and known to cause Ozone Layer Depletion, and finally, Sulfur
Hexafluoride (SFs).

Almost all greenhouse gases reached unprecedented levels during the 1990s, and
they are continuing to rise. This is true both of Carbon Dioxide (COz), the most
important greenhouse gas, and Methane (CH4), the second most important
greenhouse gas. The emissions of both gases are man-made, and they have
produced alterations in radiative forcing (Net Vertical Radiation). Between 1750 and
2000, CO; concentration rose by 31+4%, CH,4 concentration, by 151+25%, and N,O
concentration, by 17.6%.
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Figure 8: Greenhouse Gases in the Earth’s Atmosphere since the Pre-Industrial Era

These rates are unprecedented. During the 1980s, fossil fuel combustion accounted
for an emissions mean of 5.4 Giga Tons of Carbon per year, which peaked at 6.3 Giga
Tons during the following decade. Nearly 75% of the increase of atmospheric CO;
during the 1990s has been due to the combustion of fossil fuels, while the remaining

percentage may be put down to changes in the use of the soil, including deforestation.

4.2.- Average Land Temperature

During the Twentieth Century, the Average Land Temperature increased by 0,6°C. As
is shown in Figure 9, the 1990s were the warmest decade in history, and the year 1998
was the hottest year recorded since the introduction of instrumental registers. By
adding Northern Hemisphere Data to our instrumental registers, we may see that, in
the course of the last 1000 years, the Twentieth Century stands out as the one with the

sharpest temperature increase, with the 1990s as the warmest decade ever.
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Variation of the Earth’s surface Temperature
(Departures in temperature in °C from the 1961 to 1990 average)
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Figure 9: Change in the Average Annual Temperature

Since 1950, the temperature increase on the ocean surface has been of around half
the increase of the air's mean temperature on the earth’s surface. Warming leads to an
increase in sea level as a result of the thermal expansion of the oceans and the
generalized fusion of land ice. This can be seen in the mareograph records of the

Twentieth Century, whose baseline shows a mean annual rise of 1 to 2 mm.

Three aspects of climate change are worth mentioning:

1.- The impacts of Climate Change are bound to be more dramatic as accumulated
Greenhouse Gas emissions increase. To this end, six potential scenarios have
been considered, based on the change of the most relevant variables. Such
scenarios have been used as a basis for the climate projections introduced in the
Third Assessment Report of the IPCC’s Special Report on Emissions Scenarios
(IEEE). The basic parameters of the IEEE are detailed in the chart below, in ranges

which span the six scenarios considered.
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Item Unit 2025 2050 2100
Concentration of CO; equivalent | ppm |405 to 460 | 445 to 640 | 540 to 970

Changes in the world’s mean

temperature since 1990 C | 04to1.1| 08to26 | 1.4t05.8

Rise in the world’s mean sea

level since 1990 cm | 3to14 5 to 32 9to 88

2.- Inertia is an inherent and expanded feature of climatic, environmental and socio-
economic systems, which are in constant interaction. Therefore, it may be long
before certain impacts of anthropogenic climate change become evident. Several
human generations may elapse before some of these impacts return to their
previous state, even when their driving forces may have been abated or removed
altogether; or they may be irreversible if the pace and magnitude of climate change

are not restrained before the related threshold is surpassed.

3.- It is worth pointing out that Greenhouse Gas Forcing in the Twenty-first Century
may unleash potentially sudden, large-scale and non-linear changes, with dreadful
consequences for the physical and biological systems in future decades. In some

cases, these changes might even be irreversible.

5.- Impact of Climate Change

5.1.- Human Health

As far as direct effects are concerned, statistics have clearly shown the number of
human casualties as a result of floods and storms. Indirect effects, which are
disseminating more and more, have become evident in the changes in the range of

vectors that transmit infectious diseases (e.g., Malaria and Dengue).

5.2.- Agriculture and Livestock

The effects of climate change on crop yields and livestock vary significantly depending
on the species, crops, soil conditions and other factors in each region. Indirect climate
change factors, which cause the degradation of both the soil and hydrological

resources, should also be considered, together with the increase of extreme events,
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such as droughts and floods, and the loss of crops and livestock as a consequence of

pests.

5.3.- Water

Fresh water is essential for human health, sanitation and food production. It is equally
important for manufacturing purposes, as well as for some industrial sectors, and for
ecosystems. There are several indicators available on the problems affecting
hydrological resources. For example, when water consumption accounts for more than
20% of total hydrological resources, the shortage of water can become a hindrance to
development. If consumption amounts to 40% or more, the problem becomes really
serious. Similarly, water shortage can have appalling effects on countries or regions

that have, per year, less than 1,700 m? of water per capita.

In 1990, approximately one third of the world’s population was living in countries that
consumed more than 20% of their hydrological resources. By 2025, this figure might
climb to two-thirds or more just on account of population growth. This problem
becomes even more severe in view of the forecasted Climate Change, which might
considerably exacerbate water shortage and water quality deterioration in the regions

that are already suffering these effects.

5.4.- Forests and Ecosystem Biodiversity

It has been forecasted that both forests and ecosystem biodiversity will be impacted by
climate change and the increase in sea level, and that a growing number of vulnerable
species will become even more endangered. It is expected that ecosystem
disturbances will increase as a result of events such as fires, droughts, pests, non-
indigenous species’ invasions and storms. Combined with the other plights suffered by
ecosystems, such as soil transformation and degradation, harvesting and pollution,
climate change may bring about significant damage, or even the total loss of unique
ecosystems and the extinction of endangered species. Coral reefs and atolls,
mangrove swamps, northern and tropical forests, polar and alpine ecosystems, and
the humid soils of meadows are just some examples of the ecosystems that lie under

the threat of climate change.
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5.5.- World Economy

5.5.1.- Evolution and impact of catastrophes: The economic losses caused by
weather catastrophes have increased tenfold worldwide between the 1950s and the
1990s (adjusted for inflation). Inflation alone cannot account for such a surge. The
proportion of losses under insurance coverage has increased from an insignificant
level to almost 23% during the 1990s. Such total losses have been produced by

climate factors, such as changes in rainfall and flood patterns.

Nowadays, insurance companies only pay 5% of total financial losses in Asia and
South America, 10% in Africa, and almost 30% in Australia, Europe, North America
and Central America. Insurance coverage tends to be much higher if only storm losses
are considered. However, losses caused by floods and damaged harvests have very
little coverage. This unfavorable balance ends up being borne by the affected

governments, individuals and organizations.
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Figure 10: Economic Losses as a result of Catastrophes - IPCC, The Scientific Basis; Impacts

Adaptation and Vulnerability; Mitigation; Summary for Policymakers 2001
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5.5.2.- Carbon Certificates: The simulations used in the IPCC study show that the
Kyoto mechanisms are extremely important for controlling high-cost risks, and may

therefore be used to complement the national policies designed for minimizing and

abating the effects of Climate Change.
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Figure 11: GDP Loss and Marginal Cost Projections for 2010 - IPCC, The Scientific Basis; Impacts

Adaptation and Vulnerability; Mitigation; Summary for Policymakers 2001

For example, the yellow and blue lines in Figure 11 show that the national marginal
costs needed to meet the Kyoto objectives without any emissions trading whatsoever,
range between U$S 20 and U$S 665 per ton of CO,. With emissions trading, such a
range lies between U$S 14 and U$S 135 per ton of CO, At the time of these studies,
most simulations did not include sinks, non-CO, greenhouse gases, the Clean
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Development Mechanism, negative cost options, secondary benefits, or revenue
recycling aimed at reducing estimated costs.

The aforementioned simulation studies reflect GDP reductions in connection with the
levels projected for 2010. Figure 11 shows that, without any trading of emissions
rights, GDP losses will range between 0.2% and 2%. With emissions rights trading,

GDP losses will oscillate between 0.1% and 1%.

The World must stabilize and revert

Greenhouse Gas Emissions.

5.3.- The Ozone Layer

Stratospheric ozone plays a beneficial role, because it absorbs most of the sun’s
biologically harmful ultraviolet radiations (UV-B), and allows only one part of them to
get to the Earth’s surface. Therefore, ozone performs an extremely important role in

the distribution of temperature over the Earth’s atmosphere.

Figure 12: The Ozone Hole (NASA Photograph dated September 2000)

Area: 28.3 Million Km?, equivalent to three times the Area of the United States.
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The scientific community first expressed its concern about the depletion of
stratospheric ozone as a result of CFCs in 1974, after the discovery of CFC presence
in the Globe’s atmosphere. Subsequent research proved that CFCs spread across the

stratosphere, breaking up and destroying ozone molecules.

By July 2001, a total of 177 countries had signed the Protocol and its amendments,

with almost 100 chemical products under international control.
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Figure 13: World Production of Chlorofluorocarbons in Million Tons per year (Between 1980 and 2001)

United Nations Environment Programme, Geneva, The Ozone Secretariat

There has been a radical change in both the production and consumption figures of
controlled substances. For example, it might be asserted that by the end of 1996, only

seven years after the effective date of the Montreal Protocol, CFC production had
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dropped by 92%, and towards the end of 2001, twelve years after Protocol inception,
such reduction had reached 96.8%. It is worth noting that most of the remaining

production pertains to essential uses for which no substitute has been found yet.

Despite significant efforts, the concentration of GHGs in the stratosphere will probably
hit its maximum value towards the end of this decade, after which it will start to
diminish slowly, as natural processes start to remove harmful substances. As a result,
it is expected that ozone layer restoration will be achieved in the next 50 years

approximately.

Most Ozone-Depleting Substances (ODS) are derived

from Hydrocarbons, and produce Greenhouse Gases.

6.- Sustainable Development and Hydrogen

Several definitions of “Sustainable Development” exist, as the World Bank Group has
pointed out. One of them, included below, is a typical definition and was first
formulated in 1987, in the Report of the United Nations World Commission on

Environment and Development.

"Sustainable development as such satisfies people’s current needs
without jeopardizing the capacity of future generations of satisfying their

own needs.”

If we strive to achieve a balance between our short-term social, economic and
environmental objectives ... How do we intend to achieve “Sustainable Development”
in the Long Term? ... There is only one way in which “Sustainable Development” may

cease to be a mere phrase and become a reality.
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- We must develop and consolidate energy production chains that may ensure
Sustainable Development both in the medium and the long term.

- Such a production chain must be GHG emission-free in each and every one of its
stages, whether they concern Production, Transportation or Consumption. The
Sources illustrated in Figure 15 are the ones to be used for the production of
Electricity and then Hydrogen.

| Phtovoltaic Geothermal

Figure 15: Hydrogen Production Outline with Renewable Energies

- Such an outline, the only feasible medium and long-term option, faces one

significant obstacle to its massive and sustainable development...

Renewable Energy Sources must compete with

Fossil Fuels, which are Indirectly Subsidized
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The effective price of fossil fuels should not be determined solely by the cost
considered in the sale price: rather, it should also include the Indirect or Social costs

according to their impact on Climate Change.

Fossil Fuels Actual*Price

Cpst Social Cost
considered LA (Not included

in Price - . in Price)

=
| %

Crude Oil Spills

i

Ozone Hole Urban Pollution

e X . ¢ ! e 7]
canes o\ 2 Nuclear Accidents

—‘.‘

Hurri

Forest Fires Drought and

Desertification Nuclear Wastes

Figure 16: Fossil Fuels Actual Price

7.- Why Hydrogen?
- Hydrogen allows a gradual transition from a one-hundred-per-cent dependence on

fossil fuels to a one-hundred-per-cent dependence on Renewable Energy Sources.

- Hydrogen is the most flexible fuel with respect to a wide range of Renewable Energy
sources, namely Wind, Solar Thermal, Solar Photovoltaic, Hydraulic and Geothermal.

- Hydrogen technology will enable meeting GHG Reduction goals, while ensuring the

supply of energy to the entire world.
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Even though there are other alternative fuels, such as Methanol, CNG and LPG, all of
them are mainly obtained from Natural Gas, and are therefore finite. Besides, the
production and consumption chains involved in the use of these fuels (Well to Wheel),

are only slightly less contaminant than their petroleum-based counterparts.

Hydrogen is the only Energy Vector that will allow
“‘Sustainable Development”, since it can both replace

Fossil Fuels and reverse the Effects of Climate Change.

8.- Changing the Energy Matrix

Undoubtedly, changing the Energy Matrix on a worldwide basis is no easy task.
However, far from being impossible, it will also be inevitable. As a matter of fact, it is
not the first time that Mankind has undertaken such a transformation: it is the third
time. The first transformation involved transitioning from wood to coal, and then from
coal to hydrocarbons. All these changes were beneficial, both from an energy
perspective, and from a development and environmental standpoint, because each
transition helped to reduce the Carbon content of the Energy Vector. The next
transition, which will undoubtedly take place with Hydrogen, will reduce it to zero.

Despite such decarbonization, the explosive development brought about by the
introduction of oil as an energy vector has entailed a number of adverse indirect
effects, which have got in the way of Sustainable Development in all of its aspects, i.e.,

social, environmental and economic.

The present problems are tightly related, on the one hand, the problem of the GHG
emissions originated by the combustion of fossil fuels, on the other hand they are
connected with the need to replace Hydrocarbons -a finite source of energy whose
availability is in decline and whose price may start to grow exponentially at any given

time. These problems can be solved with an Energy Vector that will stabilize and
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reverse these harmful emissions, thus ensuring Sustainable Development for Future

Generations.

All in all, the problem is one and the same. Far from being exclusive to one given
country, this predicament concerns all nations. It is a problem of Mankind at large,
which, in the face of the current situation, may opt for either one of two pathways:

- To completely ignore the above-described issues despite the available scientific
certainties and the devastating consequences that may be brought about in the
Social, Environmental and Economic spheres if measures are not taken
immediately. Thus we will become accountable to the generations to come for the
ramifications of the catastrophic legacy that will be passed on to them, and we will
go down in history as the generation that chose to miss its great opportunity for

placing the Human Race on the road towards a prosperous and stable future.

- To develop a Large-Scale Hydrogen Economy as soon as possible, transforming
the Energy Matrix on a progressive basis. Therefore, the Oil and Gas Production
Peak will be buffered and allowed to preserve a stable extraction pace, which will
in turn help extend the availability of hydrocarbons over time. Added to this would
be an enhancement of Efficiency and a reduction of the emissions emerging from

consumption systems.

- In this manner, an Orderly Transition might be attained while maintaining
Sustainability. At the same time, the effects of Climate Change might be reduced,

stabilized, and finally reversed.

The dilemma here is not:
“What comes first, the chicken or the egg?”

Both must happen simultaneously and progressively.
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9.- Argentina - Potential Hydrogen Producer

9.1.- Wind Energy in the World

Figure 17 illustrates the wind power installed in the World’s five most developed
countries - which account for 84.3% of the total - as of February 2004. For comparison
purposes, we have added Argentina, which, in spite of its Patagonian region, one of
the best power generating places worldwide, just accounts for 24.0MW and represents

0.06% of the total installed power in the Planet.

Denmark Indc|)a Argentina
Spai 8.2% 5.0% 0.1% Rest of the
pain World
0
16.2% (30 Countries)
15,6%
Power

Country W %
Germany 14,609 | 38.2
U.S.A. 6,374 16.7
Spain 6,202 16.2
Denmark 3,114 8.2
India 1,900 5.0
|Argentina | 24 | 0.1|
Rest of the World
(30 Countries) 5977 156

US.A Total 38,200 | 100.0

0
16.7% Germany
38.2%

Figure 17: Installed Power in the five top countries (February 2004) and Argentina

This figure shows that Germany is the most developed country in terms of wind parks,
with 38.24% of the World's Power, followed by the US and Spain, with shares of
16.69% and 16.24% respectively. Denmark accounts for 8.15%, whereas India’s wind

power facilities amount to a 4.97% share.
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If we compare the historical growth of the five top countries (Figure 18), it may be
noticed that the US pioneered the implementation of this type of power generation
systems. However, the ups and downs of regulatory strategies for the promotion of
renewable energies throughout the years impeded sustained growth. As a result,

towards the end of the 1990s, the US was quickly overtaken by Germany.
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Figure 18: Evolution of Installed Power in the five top countries (1981- Dec. 2002)

9.2.- Winds in Patagonia
A Wind Map of Argentina is shown in Figure 19, with the distribution of the Mean
Annual Wind Velocity (in m/sec) and the position of current Wind Parks, as well as the

location of C.A.P.S.A.-Capex in Patagonia.
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The following points are worth mentioning based on the above map:

1.- Undoubtedly, the biggest wind potential can be found in the Southern half of the
country, i.e., in the Provinces of the Patagonian Region. This is particularly true of
Santa Cruz, Chubut, Neuquén and Rio Negro. However, the Province of Buenos
Aires also has outstanding resources in the Atlantic strip (in light green), whose
wind velocity and capacity factor values are similar to the German Onshore Wind

Parks situated along the North and Baltic Seas.

Chubut and Santa Cruz

E;Chubut

C.AP.S.A
Diadema

Fleld Power: 17 MW e ) _
Capacity Factor: 42 % Antonio Moran Eolic Park

| Comodoro Rivadavia, Chubut

: I
Power: 1,2 MW
Capacity Factor: 47 %

Jorge Romanutti Eolic Park
' Pico Truncado, Santa Cruz

Figure 20: Main Wind Parks in the Provinces of Chubut and Santa Cruz

2.- The Provinces of Santa Cruz and Chubut benefit from a particular wind situation
worldwide: the average Capacity Factor of the nearly three years during which the
wind turbines of Pico Truncado City, in Santa Cruz, have been in operation, has
been of 47%. Similarly, the average capacity factor in the Antonio Moran Wind
Park, in the vicinity of Comodoro Rivadavia City, in Chubut, has amounted to 42%.
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3.- Besides the particular characteristics of Wind Resources in both Provinces, we
should add two other factors that make Patagonia a genuine Energy Reservoir: the

available geographic area and the current demographic density.

As may be seen in Table 1, the individual area of both Provinces is very important.
However, if we take the total area of both Provinces (Chubut + Santa Cruz), and

we compare it with other countries, we will notice the following facts:

- Taken together, Chubut and Santa Cruz have an area that exceeds Germany’s
by 32%, while their demographic density is 177 times lower.

- Together, Chubut and Santa Cruz have 1091% more area than Denmark, while
their demographic density is 95 times lower.

- Together, Chubut and Santa Cruz have 1117% more area than Holland, while
their demographic density is 295 times lower.

- Together, Chubut and Santa Cruz have 24% more area than Japan, while their

demographic density is 258 times lower.

Population Area Demographic
Country or Province ||n thousands of| In thousands Density )

inhabitants of Km? (Inhab./Km®)
Germany 82,150 357 230.3
Denmark 5,340 43 123.9
India 1,015,920 3,287 309.0
Holland 15,920 42 383.4
China 1,261,000 9,572 131.7
Japan 126,770 378 335.5
Chubut 413 225 1.8
Santa Cruz 197 244 0.8
Chubut + Santa Cruz 610 469 1.3

Table1: Area and Demographic Density Comparisons
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N.B.: it should be emphasized that the comparisons made here are only on an
onshore basis. Besides, the provinces of Neuquén, Rio Negro and Buenos Aires,
whose wind potential is very attractive, have not been considered. Neither have we

taken into account the offshore potential of the Provinces on the Atlantic Coast.

9.2.1.- Land Communication Pathways
Figure 21 illustrates the distribution of land communication pathways in both

Provinces.
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Figure 21: Road Infrastructure in the Provinces of Chubut and Santa Cruz

These maps include both paved and gravel roads, all of which are in good shape and
suitable for transporting large and heavy equipment. These roads are constantly used
to move Oil Field Operation Equipment and Power Generating and Natural Gas

compression systems, either with high-power internal combustion engines or turbines.
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The oil industry has become extremely important in both Provinces, whose geography
spans the so-called San Jorge Gulf Basin, which includes the South and Southeast

region of Chubut, and the North and Northeast region of Santa Cruz.

The other oil basin is the Austral (Southern) Basin, whose South-Southeast portion is

situated in Santa Cruz, whereas the rest of it is located within Tierra del Fuego.

The points below deal with other important factors related to the infrastructure required
for a Large-Scale Wind Hydrogen Production Project and its specific application to the

Provinces of Chubut and Santa Cruz.

9.2.2.- Province of Chubut
Figure 22 includes the Mean Annual Wind Velocities of Chubut, whose direction is
mainly West-East. Fresh water streams, which may be seen in the background,

originate mainly in the watersheds and lakes of the Andes.

The most important fresh water stream in the North of the Province is the Chubut
River, with an average flow of 35 m®/sec (3,000,000 m*/day). The Chico River is the
major river in the Province’s South, with an average flow of 48 m*/sec (4,150,000

m>/day).

Additionally, the province’s sea communication pathways, which include the Ports of
Comodoro Rivadavia, Rawson, Camarones and Puerto Madryn, are worth noting,
together with the airports illustrated in the map below, the most important of which are

Comodoro Rivadavia and Puerto Madryn.

Chubut’s population density is equal to 1.8 inhabitants/Km?. However, it should be
noted that such density is actually lower, since 85% of the total population is
concentrated in the 13 districts on the map, and the remaining 15% accounts for rural
dwellers. Nevertheless, a suitable demographic distribution, which has the highest
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concentration in the City of Comodoro Rivadavia, (33% of the total population),

guarantees the availability of skilled labour in the most relevant areas.

Chubut (Water - Ports - Airports)

El Maitén

Chubut River
Avg.: 35 m¥/sec
3 Million m¥/day

Wes Wind Direction East I

Annual Mean Wind
Speed (m/sec)

odoro Rivadavia

Most important Localities
(85 % of Total Population)

Chico River - Sea Port
Avg.: 48 m¥/sec Poyver- 17 MW
4.15 Million m*/day Capacity Factor: 42 % Airport

Figure 22: Chubut Wind and Water Resources and Sea and Air Communication Pathways

As may be concluded from the above data, Chubut also has a considerable amount of
fresh water, which is not consumed currently, as well as sufficient Land, Sea and Air

Communication Pathways to enable development.

9.2.3.- Province of Santa Cruz

Figure 23 includes the Mean Annual Wind Velocities of Santa Cruz, whose direction is
mainly West-East. Fresh water streams, which may be seen in the background,
originate mainly in the watersheds and lakes of the Andes.
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The most important fresh water stream is the Santa Cruz River, with an average flow
of 698 m*/sec (60,000,000 m®day), followed by the Coyle River, with an average flow
of 48 m’/sec (4,200,000 m®/day), the Deseado River, which averages 15 m®sec
(1,300,000 m*/day), and finally, the Gallegos River, whose average flow totals 14

m®/sec (1,200,000 m*/day).

West| Wind Direction East

ao L

Deseado River
Avg.: 15 m¥/sec
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Santa Cruz
(Water - Ports
Airports)

Puerto Deseado
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. Sea Port
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Figure 23: Santa Cruz Wind and Water Resources and Sea and Air Communication Pathways

Additionally, the Province’s sea communication pathways, which include the Ports of
Caleta Olivia, Puerto Deseado, Puerto San Julian, Puerto Santa Cruz and Rio
Gallegos, are worth noting. Finally, the most important airports in the Province,

illustrated in the above map, are those of Rio Gallegos, El Calafate, Puerto Deseado

and Puerto San Julian.
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Santa Cruz's population density is equal to 0.8 inhabitants/Km?. Just as with the
Province of Chubut, such density is actually lower, since 95% of the total population is
concentrated in the 14 districts on the map, whereas the remaining 5% accounts for
rural dwellers. Nevertheless, Santa Cruz also has a suitable demographic distribution,

which will guarantee the availability of skilled labor in the most relevant areas.

As may be concluded from the above data, both Wind Resources and Fresh Water
streams are very important in this province. Actually, Santa Cruz surpasses Chubut on
account of the size and distribution of these resources. In addition, Santa Cruz virtually
has no water consumption either, and its Land, Sea and Air Communication Pathways

are sufficiently sound to enable development.

10.- Wind Hydrogen Production Project in Patagonia
This project has been developed considering the following premises, guidelines and

stages:

1.- Developing Large Wind Parks in the Northeast of the Province of Santa Cruz, until
attaining a final estimated installed power of approximately 16,120 MW in ten years,
based on 2MW rated power wind turbines. This process would take place in three

stages, whose development may be observed in Figure 24.

It is worth noting that, even though everything seems to show that this region is
suitable for such a Project, which in the future might spread to the central area of
Santa Cruz, where wind as a resource attains its maximum performance, in no way are
we discarding the possibility of undertaking such an endeavor in other Provinces, such

as Chubut, Neuquén, Rio Negro or even Buenos Aires.

The Project’s location will be subject to an ideal Technical-Financial balance, which will
be determined by the advantages and disadvantages that each of the aforementioned
provinces may present in their respective analyses. Projects of this nature - whose

expansion is unlimited owing to the abundance of wind resources in Argentina - are
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also highly conditioned because they are often faced with competition by subsidized
fuels.
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Figure 24: Growth Phases of the Installed Wind Power (in MW)

2.- Producing Hydrogen Through Electrolysis. All the foregoing provinces have
sufficient fresh water resources for the use of electrolysis, and this is applicable both to

our current objective and to future expansions.

At this particular stage of analysis, the option illustrated in Figure 25 seems to be the
most attractive: it consists of situating the Wind Park in an area determined by the
triangle formed by the cities of Comodoro Rivadavia, Caleta Olivia and Pico Truncado,
in the Northeast of Santa Cruz. This location will supply excellent wind resources -
probably higher than those available at the Jorge Romanutti Wind Park, which amount

to 47%, but which we have assumed to be equal to 45% in our studies. Skilled labour,
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heavy transportation and assembly equipment, and access to the Caleta Olivia Port,
the Deseado River and the Comodoro Rivadavia International Airport will be available

as well in this location.

Location and Area Required for the Project

Power: 17 MW
Capacity Factor: 42 %

Sarmiento
8,100 inhabitants

Chubut :
Eolic Park

cAPSA. |} 16,120 MW

Diadema ;
Field (635 TWh year)

1,600 Km?
80 Km x 20 Km

Las Heras Caleta Olivia:
9,500 inhabitants 36,200 inhabitants
i

Gaseous and
Liquid Hydrogen
Production

Power: 1.2 MW Pico Truncado
| Capacity Factor: 47 % 15,000 inhabitants

Figure 25: Preliminary Location and Area Required by the Project
Wind Park Size: 80 x 20 Km

3.- Producing Liquid Hydrogen at an Estimated Volume of 13.3 Mm®/year

Owing to the location of the Province of Santa Cruz with regard to the major centers of
consumption, situated in the City of Buenos Aires, or in other Cities like Sao Paulo in
Brazil, or Santiago, in Chile (the Regional Market), and with respect to the market of
developed countries, such as the European Union, Asia or North America, we firmly
believe that the hydrogen produced must be liquefied in order to facilitate
transportation. This does not necessary mean that part of the production could be

consumed locally in its gaseous form.
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Global Project Scheme

Liquefaction

Wind Energy

Liquid Hydrogen

Gaseous
Hydrogen

Hydrogen Distribution
Pipeline — Truck — Rail - Barge

Combined Power Plants Residential Petrochemical & Industry
Distributed Generation Commercial - Synthesis Gas
Stationary Fuel Cells Oficces - Ammonia Production
Transport (ICE — FC) Others - Fertilizer Manufacture

- Power & Heat

Figure 26: General Project Outline

Figure 26 shows the General Outline of our Project. Sea transport may be handled in
tankers similar to the ones used to carry LNG, (currently in their research and
development stage), or in containers. The latter option, despite the shortcoming of
having to fraction Liquid Hydrogen in multiple vessels, has one major advantage, i.e.,
the hydrogen can be placed in trucks straight away, thus enabling direct distribution to

the various consumption points without the need for a transfer stage.

4.- One of the Project’s objectives is to supply Hydrogen to the Regional Market, which
involves the City of Buenos Aires, whose government intends to retrofit the Fleet of
38,500 Taxis and 14,300 Buses progressively, with the purpose of transforming the
city into a “Future Clean City”; the Local Market that might be developed in the

Province where our Project will be situated, and finally, the Cities in neighboring
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countries that are being impacted by high pollution levels, as is the case of Sao Paulo,
in Brazil, and Santiago, in Chile.

At this stage of the project, it will be extremely important to get the involvement of the
automotive industry which, as a result of its access to a vigorous developing market,
may launch fuel cell powered or internal combustion vehicles. Eventually, policies
aimed at encouraging the use of this fuel may be required, together with the

introduction of the relevant vehicle fleet.

5.- The magnitude of this Project is such that it will generate significant Hydrogen
surpluses that might be exported to other countries, as has been illustrated in Figure
26. However, the ratio between hydrogen volumes consumed in the Regional Market
and those required in the Export Market will depend on how their development takes

place.

11.- Project Summary

11.1.- Investment Cost Base
Table 2 below illustrates the unit costs and consumptions considered for each of the

Systems and Equipment involved in the Project.

Although at this stage of our study we have considered that the system will be
constituted by onshore storage tanks with berth and a loading system based on
tankers, we believe that its eventual replacement by a container-based transportation
system for regional supply purposes will not entail a bigger investment than the already
estimated one. In fact, such an option might even contribute to a reduction of

investments.

With regard to the evolution of unit investment costs for the various project
components, we have considered that they will be reduced progressively over the
years as a result of technological progress and the economy of scale contemplated in

this project.
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_ nit .
Item | Description U . Unit Cost Source
Consumption
1 \Wind turbln_es, power transmission and 1,200 USS/KW International Standard Costs
transformation
2 \Water Pumping and 4.9 KWhrim® |25 M U$S/KW National and International Standard
Treatment Costs

3 Electrolytic Process (80% - PME Project, MTU GmbH

45 KWhr/Kg H, | 550 U$S/KW

Throughput) - Stuart Energy Systems
. . - Argentine Hydrogen Association
4  |Liquefaction Process 12 KWhr/Kg H,| 300 U$S/KW - Canadian Hydrogen Association
- Base LNG

5 Onshore Liquid Hydrogen - 500 U$S/m® - Hydrogen as an Energy Carrier

Storage (Prof. Carl-Jochen Winter)
6 Berth and Tanker Loading ) 60 M U$S Base LNG

System
7 |General Facilities (20 % of items 2, 3, 4 and 6) International Standard Costs
8 |Engineering and Overheads (10 % of items 2, 3, 4 and 6) International Standard Costs

Source: International Energy Agency (2001) - CO2 Emissions from fuel combustion only (IEA)

Table 2: Unit Costs and Consumption

Figure 27 includes detailed information on how investments - whose cumulative value

will amount to 18,709 Million US dollars - will evolve along this three-stage project.
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Figure 27: Annual Evolution of Investment at Phases | to llI
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11.2.- Phase | Evaluation (Years 1 to 3)

Table 3 illustrates the main variables of the project during its initial three-year-long

stage.
Total Investment Million U$S 2,985
Total Installed Power MW 1,934
Capacity Factor % 45
Hydrogen Production (3 years) Million m® of Liquid H 3.20
Oxygen Production (3 years) Million Tn 1.35
Water Requirement (3 years) Million m? 2.56
CO, Emissions Reductions Million Tn 9.70
- Wind Energy Production Million Tn 6.00
- Use in fuel cells vehicles (Example) Million Tn 3.70

Table 3: Phase | Evaluation (Years 1 to 3)

It is worth noting that the initial investment of almost Three Thousand Million U$S is
offset by the significant production of Liquid Hydrogen (3.2 Million accumulated cubic

meters) and Gaseous Oxygen.

The application of GHG reductions has been considered in the following fashion, for

the purpose of having a standard of reference:

- The GHGs originated by Electric Power generation would be removed with the
introduction of Thermal Power Plants which, running on Natural Gas, would create

the energy required for Hydrogen production.

- The GHG reductions achieved through the use of Hydrogen have been considered,
for example, in terms of the replacement of internal combustion engines running on
liquid fuels (Gasoline and Diesel), by fuel cell powered vehicles running on
Hydrogen. However, Hydrogen may be used for multiple applications (see Figure
26), some of which might enable even greater reductions.
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Total Hydrogen produced over three years will

be equivalent to 7.52 TWh of energy

11.3.- Final Phase of the Complete Project (Years 10 to 30) — Annual Production
Table 4 details the main “annual” project variables as from the end of the third stage,
i.e., once the total wind power of 16,120 MW has been installed. GHG Reductions

have been treated in the same manner as in the previous case.

Total Installed Power MW 16,120
Capacity Factor % 45
Annual Hydrogen Production Million m?® of Liquid H/year] 13.30
Annual Oxygen Production Million Tn/year 5.60
Annual Water Requirement Million m3/year 10.70
Annual CO; Emissions Reductions Million Tn/year 40.50
- Wind Energy Production Million Tn/year 25.10
- Use in fuel cells vehicles (Example) Million Tn/year 15.40

Table 4: Complete Project (Years 10 to 30) - Annual Production

Total Hydrogen produced during One Year of the
Final Stage will be equivalent to 31.34 TWh of energy

11.4.- Production and Total Emissions Reductions achieved in the Project (30
years)

Finally, Table 5 specifies the main variables of the full project from its start and
considering a thirty-year service life. Once again, GHG Reductions have been treated

in the same manner as in the previous cases.
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Total Installed Power MW 16,119
Capacity Factor % 45
Hydrogen Production Million m? of Liquid Ha 320.8
Oxygen Production Million Tn 136.0
Water Requirement Million m® 257.5
CO, Emissions Reductions Million Tn 977.0
- Wind Energy Production Million Tn 606.0
- Use in fuel cells vehicles (Example) Million Tn 371.0

Table 5: Production and Total Emissions Reductions achieved in the Project (30 years)

Total Hydrogen produced over Thirty Years will be

equivalent to 756 TWh of energy

11.5.- How important is the high wind potential area in Patagonia?

In the previous points, we mentioned the project's major Technical - Financial
parameters, expressing the amount of Liquid Hydrogen produced in volume units
(Million cubic meters of Liquid Hz per year), and in energy-equivalent units (TWh year).
However, considering the magnitude of the various values, it may be cumbersome to
arrive at a clear understanding of exactly how much is represented by the mentioned
energy amounts. In that case, and considering that we are only using 0.334% of the
Total Area of the Provinces of Santa Cruz and Chubut, we might wonder... What do
these Energy and Emissions Reductions values represent? And how important is the

high wind potential area in Patagonia?

Let us remember that the variables of the C.A.P.S.A. - Capex Project for the years 10

to 30 of the project’s life are as follows:

- Energy as Liquid Hydrogen: 31.34 TWh year

- Oxygen Production: 5.60 Million Tn/year
- Total CO, Emissions Reductions: 40.50 Million Tn/year
- Required Area (Santa Cruz + Chubut): 0.334 %
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To provide an answer to these questions, Table 6 includes some information based on
International Energy Agency data on electric power consumption and carbon dioxide

emissions from Fuel Combustion as of the year 2001, broken down across several

Developed Countries.

Electric Energy CO; Emissions Area Emissions

(TWh year) (Million Tn) Requiredto | ooy iction

Country CCover 2001 Covering

onsumption

Year 2001 | S2P% %of | Year2001 [ S22 | oo | (ganta e | 2001 Total

Consumption | ~2P®* | Consumption | Emissions | S2P* | Reduction | "+ Chubut) | CONSUMPtion
Project Project ubut)

USA. 3687 | 313 08%| 5673| 405| 07% 40.5 84.0%
China 1,360 31.3 2.3% 3,075 40.5 1.3% 14.9 57.2%
Japan 1,006 31.3 3.1% 1,132 40.5 3.6% 11.0 114.8%
Germany 560 31.3 5.6% 850 40.5 4.8% 6.2 85.2%
Canada 521 31.3 6.0% 520 40.5 7.8% 5.7 129.5%
France 451 31.3 7.0% 385 40.5 10.5% 4.9 151.4%
U.K. 364 31.3 8.6% 541 40.5 7.5% 4.0 87.0%

Table 6: Comparative Potential of Patagonia as a Hydrogen Producer

With these data, in the Electric Power column, we calculated the percentage of
consumption represented by the C.A.P.S.A. - Capex Project with respect to each

country’s consumption data during 2001.

After that, we calculated the CO, Reduction percentage represented by the C.A.P.S.A.-

Capex Project with regard to the each country’s Emissions data during 2001.

Subsequently, on the basis of the project described in this paper, we calculated the
area that, out of the total geography of the Provinces of Santa Cruz and Chubut, would
be necessary to cover each country’s consumption needs in 2001. The result is
exceedingly interesting, since in order to produce the Hydrogen required to cover the
U.S.A’s consumption needs in 2001, only 40% of the total area would have sufficed. In
the case of Japan’s consumption needs, just 11% of that area would have been

enough, and so on and so forth.
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It is important to point out that no evaporation losses during transportation and no
Electric Energy Generation performance were taken into account in this comparision

In addition, the Hydrogen used to replace fossil fuels required for Electric Power
Generation causes a reduction in CO;, emissions. These figure are shown in the last
column of Table 6. This is a very important factor, and one that might enable the
various countries in the chart to honor their GHG Emissions Reductions commitments

pursuant to the Kyoto Protocol.

The significance of the High Wind Potential Area in
Patagonia and its resulting opportunities for Hydrogen
Production is huge, despite the fact that we are not

considering the total onshore and offshore areas available

12.- NGV - A Successful Energy Conversion Experience

12.1.- Overview

The 1973 OQOil Crisis caused many countries to ponder on the need to develop
alternative energy sources, either through electric power generation systems, as was
the case of Solar Parabolic Throughs in the U.S.A., or by means of alternative fuels

that might cause less pollution than fossil fuels, as was the case of NGV in Argentina.

At the beginning of the 1980s, an interdisciplinary governmental commission was
created with the involvement of the private sector, with a view to continuing with the
efforts to expand natural gas reserves undertaken in the previous decade. This
commission started to work with the aim of continuing to change the country’s energy
matrix by giving a bigger share to Natural Gas, which could be conveniently distributed

thanks to a nationwide gas pipeline network.

Back then, the share of natural gas in the fuel market was 24%, a figure which

compares positively with the excellent share of 47% that was witnessed in 1998.
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The national liquid fuel replacement plan, launched in December 1984, had the

following objectives:

a.- Projected sales with a ten-year horizon (1985 - 1995)
b.- The goal to replace two million oil equivalent tons per year by 1995, as part of an
effort to retrofit 134,000 vehicles, and focusing mainly on Diesel replacement and

on the construction of 270 filling stations.

Towards the end of 1984, the first two NGV service stations were opened: one of them
belonged to YPF, and was near Plaza de Mayo (May Square), whereas the other one
belonged to Gas del Estado (the state-owned gas provider), and was also located in
the City of Buenos Aires. These two stations started to supply 300 taxis and 300 Gas
del Estado vehicles, which had been retrofitted to run on NGV. The retrofits were made

with imported equipment funded by the State through Gas del Estado.

This marked the beginning of a stage of financial State aid which bore proof of the
feasibility of such an endeavor. This paved the way for the involvement of the private
sector, so that the market was penetrated by both International and National
Companies. An integrated industry emerged as a result, with factories that
manufactured light alloy steel tubes and cylinders and high-pressure NGV
compressors, and enterprises involving the construction of filling stations and the
national production of full NGV retrofit kits and parts.

Back then, the economic context was being upset by high inflation rates and foreign
indebtedness, so that the State was unable to foster development by means of direct
subsidies. The decision, therefore, was to offer a more attractive price for Natural Gas
with respect to the price of Liquid Fuels (0.53 U%S/liter of Premium Gasoline versus
0.06 U$S/Nm? of NGV). This meant a price equivalent of 45% of the liquid fuel price for
the same energy value, and it signified an incentive for the direct user and the service
station investor. For the filling stations, a gross profit margin was ensured at around
U$S 0.13 for every Normal Cubic Meter (Nm?) of Natural Gas being dispatched. This is
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to say that the cost of one cubic meter of NGV was 50.85% of the cost of one liter of
Premium Gasoline. Even though the original NGV plan involved replacing Diesel, this
was superseded by market conditions, giving rise to the present conditions, whose

most significant figures as of December 2003 are as follows:

- 1,200,000 Otto Cycle vehicles converted to NGV

- 1,141 Filling Stations in Operation

- The creation of 20,000 direct jobs and around 30,000 indirect jobs
- NGV Sales: 231,800,000 Nm*/month

- Total Cumulative Investment: USD 3,224,000,000

Currently Argentina is the Leader in the development of NGV as an alternative fuel,

having retrofitted 36% of total NGV vehicle fleet worldwide, as is shown in Figure 28

below.
Rest of the
World Argentina
(26 Countries) 36%
13%
US.A.
4%
Country Vehicles
India Thousand
5% Argentina 1,200
Brazil 600
Pakistan 410
Italy 401
Italy India 160
12% U.S.A. 130
Cibenot] e
Pakistan . Total 3,317
12% Brazil
18%

Figure 28: NGV vehicle retrofits in the World as of December 2003
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Figure 29 illustrates the sustained and proportional growth of NGV-powered vehicles

and Dual and NGV-specific Filling Stations.
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Figure 29: NGV vehicle retrofits and new Filling Stations

The Keys to Success

1.- A market developed based on a lower fuel price

The State played a key role, since it adopted stalwart policies and funded the
launching of the Plan, so as to sustain users’ economic benefits, make retrofits

profitable and aid towards reducing urban pollution.

Some Private Companies were willing to engage from scratch in an energy-related
effort that might generate the idea of NGV as a competitive, abundant, safe and

effective fuel. However, despite the reasonable profitability entailed in NGV, these
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companies had to face up to the uncertainties of the market’s future development. This
effort has not been successful in other countries.

2.- Clear Technical Standards and Appropriate Control

A number of suitable and updated General and Safety Standards was developed to
ensure safety and create the right environment for a National and International Private
Industry of compressors, NGV compressors, cylinders, retrofit devices and repair
shops specializing in safety, product warranties, and installation procedures. Gas del
Estado remained in control until it was privatized in 1992. At that point, control efforts
were taken over by the Ente Nacional Regulador del Gas (ENARGAS) (Argentine Gas
Regulatory Board).

State-regulated certification policies were instituted through Gas del Estado first, and
through the ENARGAS afterwards. ENARGAS formulates its certification policies
through Certification Agencies of international recognition.

A stalwart political determination, materialized through a vigorous initial
momentum and Preferred Pricing for NGV at the dispenser, together with
appropriate policies and subsidies, has enabled the introduction and
sustained growth of this Alternative Fuel. Governments should adopt

similar plans for Hydrogen penetration in the World.
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13.- Conclusions
* World Energy Matrix change cannot be avoided; its impact may be reduced if it starts

immediately.

* Hydrogen is the only Energy Vector capable of replacing fossil fuels, securing
Sustainable Development and Climate preservation.

* Patagonia has important Resources such as Wind, Water, Area, Labour and

Infrastructure, that will allow it to become one of the main Hydrogen Producers
Worldwide.

* Argentina has the necessary expertise, as proved by its successful implementation

of NGV in its vehicle stock.

Projects of this nature demand....

* Commitment of World Political Leaders, who must find the way to secure a quick
transformation of the Energy Matrix

* Collaboration of the different Sectors of the Economy and NGOs, so as to facilitate
Accessible Funds availability

* The Support of a consolidated Carbon Certificate Market, whose prices must reflect

the Climate Change Impact reality and not the commitment of a few ones.

14.- C.A.P.S.A. - Capex and Hydrogen

Capsa - Capex is an Energy Entrepreneurial Group engaged in Oil, Natural Gas, LPG

and Electric Energy Production in Patagonia since 1977.

Capsa - Capex is strongly committed to the Environment and considers that the World
Energy Matrix Change must be launched at a Large Scale immediately

The Group has wide experience in energy resources exploitation and strong links to
Patagonia, which was chosen to start the First Worldwide ambitious project to produce
hydrogen with renewable energies.
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This type of projects will foster:
The development of Agricultural Projects in the area by incorporating Water and

Energy Resources to the existing Land, Sea and Air Communication Routes

The generation of important Labour Sources both in the development area and in the
Countries providing technological resources and equipment

The scale of the Project, whose studies are currently ongoing, is considerable when
compared with other similar projects, and is of a smaller scale with respect to the area
available between the two Provinces, covering only 0.334 %

Growth possibility is conditional upon the evolution of International Energy and Climate
Change Policies, the incorporation of Companies willing to adhere to this Enterprise
and the Carbon Certificate Market

The present project will be presented within the framework of the Gold Standard of the
Clean Development Mechanism (CDM), according to the terms and conditions of the

United Nations Framework Convention on Climate Change (UNFCC)
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