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Abstract: 
Argentina has a big territorial extension. Because of it, Argentina has a variety of climates ranging 
from  subtropical to  Antarctic ones. Also it has a variety of orography and soils, from estuaries and 
humid Pampas to the Andes and the Andean region of the Puna. It also has a hydrographic 
situation of rivers from mountain range and plain (Paraná and Uruguay), of diverse flows as well as 
an extensive Atlantic coast that reaches at Antarctic Latitudes. This allows to find in Argentina all 
the variety of Renewable Energy Sources (RES) with relevant resources (hidro, biomass, solar, 
tidal, wave, marine currents, etc.). Among them, Wind Energy stands out particularly from Andean 
zone, to Atlantic coast in Patagonia with plant coefficient around 0.45. This chapter does not only 
refer to Wind Energy but also how it is included in the development of the rest of the RES in 
Argentina. Also consider the training of HHRR, laws, testing institutes and accumulation of energy 
and technology. Detailed description of use of Mini wind turbines applied in urban environments is 
Included. Since 1980s, different private and state companies began to study and install small wind 
farms with European turbines. These companie obtained more experience in where is the best 
place of wind resource than in the behavior and maintenance and operation of the turbines. During 
1990s, development of investments in wind farms was made by Utility Services Cooperatives. But  
economic crisis meant that some of them did not continue installation or maintenance or simply was 
remained as wind project. In 2010, Argentinean government began to have interest in developing 
renewable energy (wind, PV, biomass and micro-hydro) because of successive annual energy 
crises since 2005. The existing laws were modified and GENREN state renewable energy contest 
was launched with a great deal of wind farm proposals. But tariff conditions meant that only 30% of 
the projects began to be carried out. On the other hand it allowed local developments of wind 
turbines (NRG 1.2MW, IMPSA WIND 2.5MW). During 2016, the electricity tariff and importation of 
renewable energy equipment market is flexibilized, continued by the corresponding national and 
provincial laws. This change permitted editions of the RENOVAR Plans (1, 1.5, 2, 3) that allow the 
installation of turbines up to 3.5MW Type II (linmited by wind turbulence index in Argentina) to reach  
20% of RE insertion in Argentine Electric System  by 2025, (7000MW). These wind energy 
investments begun to reveal Argentinean wind potential of 200000MW at 80m height. This will 
permit to export energy in the future to the rest of South America, to at least 6 countries . A wind 
map for 80m of height was made, which is applicable to different wind turbines from1MW to 3,5Mw 
power. Academic specialists since 1990s, carry out mini and micro scale wind energy studies for 
wind farms in isolated mini-grids,  and small wind turbines in urban environments. This development 
of wind installations is being accompanied by work force training in installation, operation and 
maintenance to be technicians and postgraduate courses. Since 1996 the impulse of RES and 
Hydrogen as vector of energy accumulation, permitted to develop the formulation and approval of 
laws, resolutions, ordinances at national, provincial and municipal levels, beginning adequacy of 
regulations for construction of urban, residential and agricultural buildings to the use of RES (PV 
and small and medium wind turbines). “In Situ” Test Laboratory was implemented and available in 
the city of Cutral Có (Neuquén Province) to characterize small wind turbines, which has given 
impetus to local production. Also this Laboratory with legal and technical regulations characterized 
and adjusted the nominal parameters of the small wind turbines of national manufacture. Today, 
both cases compete with that technology manufactured in Europe, the USA and Asia. 
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This chapter concludes with Argentinean experience by means of recommendations to politicians, 
businessmen and investors of what aspects must be taken into account in renewable energy 
projects to be successful in an emerging or developing countries. 
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1. Introduction - Argentina, country with a variety of climates and types of orography 
 
1.1. Geographic situation 
Argentina is in southern hemisphere with Chile, Bolivia, Paraguay, Brazil and Uruguay as bordering 
countries. He owns part of the Antarctic continent, being the closest country to it. Figure 1 [1] shows 
the most relevant regions: 

Andina: Where the 
Cordillera de los Andes is 
from North to South 
Mesopotamia: surrounded 
by the rivers Parana (Big 
Hidro: Yacyretá), Uruguay 
(Big Hidro: Salto Grande) 
and Iguazú. 
Pampas: plains and 
wetlands for grazing and 
cereal crops (wind farms of 
Cooperatives). 
Patagonia: Steppe and 
plateau zone rich in 
hydrocarbons and wind 
(Neuquén, Rio Negro, 
Chubut and Santa Cruz: 
5000MW wind power by 
2025). 
Comahue: Northwest zone 
of Patagonia, (West of 
Neuquén and Río Negro) 
same orography with 
renewable sources (wind, 
sun, 4000MW of Big Hydro) 
and non-renewable (Vaca 
Muerta Non Conventional 
hydrocarbons). 
 
Figure 1: Regions of 
Argentina 
 
1.2. Demographic situa-
tion 
The highest demographic 
concentration [2] is in the 
Pampas (60% of the 
population, 50% of 

electricity demand) while the rest of the inhabitants are in the other regions: 30% in the Northwest 
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(Jujuy , Salta, Rioja and Catamarca), Cuyo (San Juan San Luis and Mendoza), North Corrientes 
and Misiones), and only 10% in Patagonia where there are usually 5 to 10 inhabitants per km2 
 
1.3. First applications of Renewable Energy Sources (RES) in Argentina [3] 
During 1977/1978, the development of Renewable Energy technology begun in Argentina with PV 
cells. San Miguel Institute, dependent of Salvador University. This institution grouped experts to 
develop photovoltaic cells and training in Solar Energy. Then part of this Human Resources (HHRR) 
was absorbed by the Space Research Institute dependent on the Argentine Air Force. 
In 1984, during the democratic government of Dr. Raúl Alfonsin, RES Regional Centers were 
created to give impetus to RE development in all the country. These centers were located in the 
most representative provinces of the Renewable Resources that have (See point 2). 
Individually, the provinces began to study RES applications in isolated rural areas:  
 Neuquén started to make geothermal prospecting in 1985 in Caviahue-Copahue area, near "Las 

Mellizas" lagoons (1990: first South American Geothermal Power Plant of 670kW). Also, since 
1988, it implemented a Rural electrification plan for dispersed inhabitants with PV sets. 

 Since the 1990s, Chubut has developed its dispersed rural electrification plan by installing small 
wind turbines and photovoltaic panels. 

 During 1990s European companies installed with approval of National Centre of Wind Energy of 
Rawson, wind farms of tens of kW in Chubut (Rio Mayo) and Santa Cruz (Pico Truncado). 

 Since 1995, a national electrification plan for dispersed rural population (4,000,000 inhabitants) 
has been started. With this plan, private companies were created, particularly in the North-West of 
Argentina, which installed and maintained PV panels and some wind systems, with a subsidized 
rate of 50%, but after the 2001 crisis the companies began to be non profitable.  

 Rural Electrification [4] throughout the country was continued in 2004 through the PERMER 
(Renewable Energy Project for Rural Markets), financed by the World Bank, joining the provinces 
including those with their own plans. 

The local industry of biofuels is created since 1984 to 1991. It begun by means of alco-naphtha for 
cars using bio-ethanol obtained from sugarcane. During 1990s the production of alco-naphtha was 
suspended because it was not profitable. 
In summary: Argentina has wind farms (since 1990), PV (since 1985), mini and micro-Hydro (since 
1960), macro Hydro (since 1930), Biomass applications (alco-naphtha, since 1984), Geothermal 
Prototype power station (1990-97 "Las Mellizas" 670kW).  
There are other RES which are in study particularly in Academic Institutions, such as: 
 In the case of Tidal energy, during 1924-1957, three projects were developed in Valdez Peninsula 

(Romero-Erramuspe-Loscazoff). Two of these projects were discarded during 1990s because of 
UNESCO declared this peninsula protected area for marine fauna.  

 Marine Currents and Wave energy: Since 2008 the potential and technology to be applied in the 
Atlantic Coast of Argentina, from Rio Negro to Santa Cruz, is studied and analyzed in Engineering 
Faculties of several National Universities (see item 8.2). INVAP industrial company with the 
National University of Mendoza and Balseiro Institute develop prototypes of hydrokinetic turbines. 

 
 
2. Regional RES centers and first Wind Installations 
 
2.1. Regional RES Centers [4] 



The Argentinean Government created in 1984 the first institutions at national level regarding 
Renewable Energy Sources. These institutions were the Regional Centers for the Development of 
Renewable Energy Sources (RES), located in the most representative Provinces of Mini-Hidro, 
Wind, Solar and Geothermal resources. These Centers are describes in Table 1: 
 

Table 1: Regional Centers of RES Development  
 
Organismo Lugar Características 
Wind Energy Regional 
Center (WERC) 

Rawson,  Chubut 
http://organismos. 
chubut.gov.ar/cree 

This institution developed the 2nd. Wind Map of 
Argentina. It is also an actual international 
consultant for study of wind resources and 
location of  Wind Farms around the world.  

Geothermal Energy 
Regional Center 
(GERC) 

Neuquén, 1985-1991. 
Today is represented 
by the Investment 
Deve-lopment Agency 

It implemented 1st geothermal venture of South 
America,: "Las Mellizas" Power Plant in Caviahue-
Copahue of 670kW, managed by Provincial 
Energy Agency of Neuquén (EPEN). Since1997, it 
is out of service, due to lack of maintenance. 

Regional Center of 
Micro-Hydro (MHRC) 

Oberá, Misiones Today National University of Obera is working like 
this Center, where they continued developing 
Banki and Pelton Mini and Micro-turbines. 

Solar Energy 
Regional Centre 
(CRES) 

Salta -INENCO This Center became the Institute for Non-
Conventional Energy of the National University of 
Salta. Fundamentally, it develops Solar Thermal 
equipment. 

 
2.2. State Wind Power Installations: 
In the case of wind farms, since the early 1990s, Argentina has been installing wind equipment in 
Patagonia. The first state electrical facilities had the problem that the corresponding maintenance 
was not carried out, resulting in a short useful life (3 to 5 years) (Table 2). 

 
Table 2: First Wind installations in Argentina 

Año Parque eólico Turbinas  Nº Potencia  Estado 
5/1995 Pico Truncado, Santa 

Cruz 
VENTIS 20-100, 
100kW 

10 1MW dismantled 

2/1990 Río Mayo, Chubut Aeroman, 30kW 4 120kW dismantled 
 
During 1990s decade Dr. Bastianon design and constructed a wind turbine of 10kW with Navy 
economical support. This was the first prototype of wind turbine made in Argentina. 
 
 
3. Facilities in Cooperatives and Municipalities 

3.1. First wind farms connected to Argentinean Interconnected Electrical System (AIES) 
During mid-1990s, as a result of greater openness to the international market, a new impulse was 
given to Wind Energy projects, where several Public Services Cooperatives and Municipalities 
began to install new European wind turbines (Neg-Micon, Enercon, Bonus, etc.).  Wind farms 
installed in this period are connected to AIES. Most of these facilities are still in service today and 
cooperatives have been the pioneers of private wind farms in the country. Comodoro Rivadavia 
wind farm of 16,56MW is currently out of service (O/S) since 2010 due to lack of maintenance. Also, 
Rada Tili turbine of 400kW is O/S. These wind farms are showed in Table 3: 
 

http://organismos/


Table 3: Wind Installations in the 1990s of Cooperatives and Municipalities [5]. 
 

Location Province In service 
since 

Nº 
Turb. 

Power (kW) 
Manufacturer 

Total 
(kW) 

Acumulated 
(kW) 

C. Rivadavia Chubut 1-July-94 2 250 - Micon 500 500 
Cutral Co Neuquen 1-Oct.-94 1 400 - Micon 400 900 
Punta Alta B. Aires 1-Feb.-95 1 400 - Micon 400 1300 
Tandil B. Aires 1-May-95 2 400 - Micon 800 2100 
Rada Tily Chubut 1-Mar-96 1 400 - Micon 400 2500 
C. Rivadavia Chubut 1-Sep.-97 8 750 - Vestas 6000 8500 
Mr. Buratovich B. Aires 1-Oct.-97 2 600 - Bonus 1200 9700 
Darregueira B. Aires 1-Oct.-97 1 750 - Vestas 750 10450 
Punta Alta B. Aires 1-Dec.-98 3 600 - Bonus 1800 12250 
Claromeco B. Aires 1-Ene-99 1 750 - Vestas 750 13000 
P. Truncado Santa 

Cruz 
1-Nov.-00 2 600 - 

Enercon 
1200 14200 

C. Rivadavia Chubut 1-Jul.-01 16 660 - Gamesa 10560 24760 
Gral. Acha La Pampa 1-Mar.-02 2 900 - Vestas 1800 26560 

 
3.2. Synchronous Generation/Pitch Control vs. Asynchronous Generation/Ställ Control [6]  
Most of the turbines installed during 1990s had asynchronous generators, with control of loss of 
load in fixed blades (Ställ) (AS-SC) [6]. Few turbines had synchronous generator and pitch control 
(SG_PC) (Enercon- Pico Truncated) that were installed. Practically the result has been that SG-PC 
have few O/S situations. However, AS-SG have had problems especially premature microcracks in 
blades. Also the Argentinean companies that own them did not have enough money for their 
maintenance due to the economic crises which begun in 2001. Nowadays wind turbines in the world 
which have a power more than 2MW, are made with Pitch Control, regardless if the generation is 
synchronous or asynchronous. As a conclusion, it could be seen that blades with Stall Control, have 
a very premature fatigue with the Patagonian winds because of its media wind speed aand index of 
turbulence particularly near of Comodoro Rivadavia (Vw = 8 to 9m/s at 10 m of height – Tindex: 
0,17/10 min.). This regional characteristic has caused a change of blades up to 3 times during the 
first 10 years of operation. Other inconvenient is premature wear in a quadrant of the crown where 
the pinion of orientation system is displaced of turbines near Comodoro Ricadavia. This is a very 
expensive piece and it is redesigned in 4 assemblable parts to reduce costs. This wear occurs 
because of wind direction during a gust in this place, usually changes 60% of times up to 45º from 
the original direction of the wind. 
 
 
4. Training in Wind Energy ventures 

4.1. Work Force Training 
During 1990s there were no trained local technicians and work force for installations of large RE 
installations except for Big Hydro ones because of all the installations of Big Hydro Plant since 
1970s (El Chocón-Cerros Colorados 1450MW, Alicura 1000MW, Piedra del Águila 1400MW, Salto 
Grande 1890MW, Yacyreta 3200MW, etc.). The author of this chapter returns to his country during 
2000 after his postgraduate degree in Renewable Energy and The Environment at the University of 
Reading, and he realizes that there is no skilled workers in installation, operation and maintenance 
of renewable energy equipment. During 2003, he created the Technique Course (“Technicature”) in 
Renewable Energy and Environment in Academic Unit of Plaza Huincul of National Technological 
University [7], which allowed to have the first 55 Technicians in Renewable Energy and 
Environment  of the country in 2005. Provinces by means of their Educational Ministry  or other 
National Universities created other ”techicatures” in renewable and non-renewable sources. Today, 



practically the majority of the provinces with renewable resources have at least tertiary level 
“technicatures” in Renewable Energy. 
 
4.2. Postgraduate Training 
During 1990s, the lack of HHRR specialized in installations, especially in the maintenance of 
Renewable Energy devices, was critical. From 1977 to 1990 there was postgraduate training in 
Solar Energy (Salvador University) and eventually courses in wind energy were given. Since 1998, 
a Master's degree in Renewable Energy is offered by INENCO of National University of Salta. It is 
first postgraduate course in Argentina and it has workshop modality. Then this postgraduate course 
was developed in different places (Buenos Aires, Comodoro Rivadavia) facilitating the mobility and 
attendance of the assistants of different regions. Since 2008, postgraduate trainings were 
developed in National Universities: 
 2008: Master Degree in RES, National University of Rosario (UNR). 
 2013: Master Degree in RES, National Technological University of Buenos Aires (2013: UTN-

FRBA). 
 2018: Specialization in Wind Energy, National University of Comahue (UNCo). This postgraduate 

course is dedicated o wind farms design and applications in domestic homes, buildings  of some 
floors and industrial ones. 

Particularly National University of Southern Patagonia (UNPA), Santa Cruz, in Caleta Olivia 
Academic Unit (UACO) begun in 2008 with Bachelor's degree in Electromechanical Engineering 
Orientation Renewable Energy. Its curricula includes vector Hydrogen for energy accumulation and 
practical laboratory work and tests in Hydrogen Plant of Pico Truncado [8], a pioneer in Central and 
South America with all the technology for Hydrogen production, accumulation and distribution 
(tanks, pumps, cars, etc.) to be used in transport and gas pipelines. 
Since 2010 there is a great demand for training of technicians, engineers and postgraduates in 
RES, particularly in Wind Energy. 
 
 
5. Legal Framework - Environment and situation of the RES 
Since middle 1990s onwards [4], awareness began to be raised in Argentina on the care of the 
Environment. It is initiated in education from primary and secondary school, including the 
advantages in Renewable Energy Sources. During early 1984, only natural gas was being used to 
generate electricity in thermal power plants to AIES. Also Lead tetra-ethyl was no longer used in 
naphtha as antiknock. Fiscal Oilfields Company (YPF), produces its own anti-knock benign with 
environment. In the late 1990s, the government commissioned a task force of International Panel of 
Climate Change (IPCC) experts to study the influence of overheating on Argentina for the next 100 
years. Argentina was the only country in the Americas to face this type of study. Four scenarios are 
defined and it is observed that the Southern Hemisphere and particularly Argentina will be 2ºC less 
than the Northern Hemisphere by 2100.  
But the advance in the mitigation of GHG in electricity generation using natural gas is left aside in 
2005,produced by deficit of extraction of Hydrocarbons in the country making agreements with 
OPEP countries (Venezuela) and USA (liquid gas) to import hydrocarbons for thermal power plants 
and gas turbines. During 2016, the exploration and exploitation of gas (Vaca Muerta, Neuquén) in 
Argentina is promoted increasing the use of natural gas from it in thermal-electric generation 
reaching during 2019 for full hydrocarbons self-supply. Parallel to 2015/16, renewable energy 
sources were promoted to reduce GHG emissions in electricity generation and electrical trains. 
These actions are complemented by a legal framework that is summarized in the following table: 
 
 
 
 
 



 
Table 4: Laws related to RES 

 
Law / Decree Year  Topic  Remarks  Restriction 
Law 25019/1998 
(Impulse electrical 
cooperatives RES 
investments) [9] 

Promotion Regime for Wind 
and Solar Energy  

Proposes to reduce taxs in 
investments in Solar and 
Wind Energy. Create 
promotion fund from those 
sources.  

Only generators or 
electric power distri-
butors could install this 
type of installations. 

Law 26123/ 2006 ** 
[10] 

Promotion of the Hydrogen for 
development of technology, 
uses and applications (fuel and 
energy vector) from Wind 
Energy.  

The National Fund for  
Promotion of Hydrogen and 
the Promotional Tax Regime 
is created. Inclusion of 5% of 
Hydrogen in gas pipelines.  

It is still not regulated. 

Decree Nº134/2015 Emergency of the National 
Electric Sector: It attempts to 
strengthen the electric system 
from 2005 to 2015 focused on 
the increase in thermal 
generation.  

Fossil fuels are imported. 
During 2016, the interest in 
production of unconventional 
hydrocarbons (Vaca Muerta) 
is reinforced.  

2005-2015 electricity is 
again obtained from 
Fuel Oil, Gas and Gas 
Oil. Argentina imports 
hydrocarbons including 
gas. Dirty GHGs are 
generated. 

Law 27190 / 2015 
and 27191 / 2016 
[11]. 

National Development Regime 
is created for using RES. 

Argentina open its internal 
market to Import RE 
technology. Conditions: RE 
farms have to have 30% of 
national purchase.  

2016-2017 Internal and 
external market is 
stabilizing. 

 
Law 26191/2016 of Promotion of RES installations allowed initiating the national private wind 
industry that was favored by protections to imported technology.  
 
 
6. National Plans of Facilities for Renewable Energy Sources 

6.1. Situation of the Electricity Market and the RES since 2004 
Taking into account some previous paragraphs, it is possible to explain in following items about the 
evolution of National Plans of development for RES, especially Wind Energy, with chronology of 
political and economical events: 
 Since 1994/5 to 2008: Operation of private wind farms begin in AIES. Wind power installation for 

2008: 30MW (0.1% of demand). 
 2004-2016: Crisis of imbalance between generation and demand, produced by non profitable 

political tariff in WSEM for private energy utility companies. 
 2010: State Plan of GEN-REN 1000MW for Wind, Solar, Biofuels and Mini/Micro Hydraulic [12]: 

51 projects were offered with 1436.5MW, which are: Wind 895MW-84% (17 wind farms in 
Chubut, Santa Cruz and Buenos Aires), Biofuels 12% (Buenos Aires, Corrientes, Santa Fe), 
Mini-Hydro  1% (Jujuy, Catamarca, Mendoza), PV 2% (San Juan). Few projects begun 
installations (130MW over 745MW). Price for profitable wind installation 140U$S/MW. The wind 
projects had to be only with new turbines. 

 2010-2016. In spite of the GEN-REN and incorporation of conventional thermoelectric 
installations, the generation deficit remains and this restriction required special provisions for 
cogeneration, for example for specific events of large electrical loads, such as shows, football 
matches, etc. that could overload the AIES, it was necessary to use generator sets. In addition, 
the promotion of electrical domestic devices (Split air conditioners, electric cookers, etc.) and 



lack of maintenance on distribution grid due to non profitable political tariff, produce unforeseen 
failures in Medium and Low Voltage networks during summer, season of maximum demand 
(instead of winter). 

 2016: Law 27191 (revision of 26190) allows the implementation of RENOVAR Plans, reaching to 
8% of ER in Network for 2018 and 20% in 2025). RENOVAR-1,ENEW 1.2 and RENEW 2 were 
delayed and some projects were rejected due to economic changes. In all RENOVARs, only new 
turbines manufactured abroad or in the country are installed.  
 

Table 5: Wind power suppliers of the GEN-REN 2010 (755MW offered - 130MW installed until 
2013) [13] [14] [15]: 

 
There are two local manufacturers of wind turbines in Argentina impulse since 2005 and by 
GENREN, which are: 
• IMPSA Wind [16]: Part of Pescarmona Industries S.A., Mendoza. It has built a 2.5MW turbine with 
synchronous generator of Nd-Fe-Bo permanent magnets and converting AC voltage with variable 
frequency because of wind variation to DC, and then to AC with fixed network frequency. It has 
installed this kind of wind turbines in Arauco Wind Farm, Province of La Rioja and has offered it for 
the Malaspina Koluel Kaike projects. 
• NRG [17]: from Comodoro Rivadavia (CR), Chubut. This company is a group of companies for oil 
services that have built a prototype of 1.5MW, tower height of 80m and rotor diameter of 82m. It is 
installed and working near CR since 2010. This company produces spare parts for wind turbines for 
international market. During 2018 NRG signed a contract with the Castelli Cooperative, for provision 
of several 1.5MW turbines for a wind farm in Cerro de la Gloria, Province of Buenos Aires. 
 

  
IMPSA Wind, Mendoza 
 
 

 
 
 

 
NRG S.A. Industries 
Comodoro Rivadavia, Santa 
Cruz 
 
Figure 2: Argentinean Wind 

Turbines [16] [17].  

Parque Eólico Oferente MW Estado 
Malaspina I IMPSA 50 GENREN: in Project 
Puerto Madryn Oeste Energías Sustentables S.A. 20 GENREN: in Project 
Malaspina II IMPSA 30 GENREN: in Project 
Puerto Madryn II Emgasud Renovables S.A. 50 GENREN: in  Project 
Puerto Madryn I Emgasud Renovables S.A. 50 GENREN: in  Project 
Rawson I Emgasud Renovables S.A. 50 In operation since September 2011 
Rawson II Emgasud Renovables S.A. 30 In operation since January 2012 
Rawson III Emgasud Renovables S.A. 30 In operation since June 2015 
Puerto Madryn Sur Patagonia Wind Energy S. A. 50 GENREN: in  Project 
Puerto Madryn Norte International New Energies S.A. 50 GENREN: in  Project 
Koluel KaikeI I IMPSA 50 GENREN: in  Project 
Koluel Kaike II IMPSA 25 GENREN: in  Project 
Loma Blanca I ISOLUX S.A. 50 GENREN: in  Project 
Loma Blanca II ISOLUX S.A. 50 GENREN: in  Project 
Loma Blanca III ISOLUX S.A. 50 GENREN: in  Project 
Loma Blanca IV ISOLUX S.A. 50 In operation since July 2013 
Loma Blanca I Base Sogesic S. A. 49,5 GENREN: in  Project 
Loma Blanca II Base Sogesic S. A 49,5 GENREN: in  Project 



Table 6: Wind Farms not included in GENREN but included in Plus Energy (Energía Plus) program 
 

 
Table 6 shows two wind farms which adhere Energy Plus tariff during 2012, which is better than the 
Government regulated one in the WSEM. In south of CR are Diadema I wind farm, of 6.3MW with 
Enercon turbines 3x 2.1MW. This project was originally for Hydrogen production, but as the Law 

was not regulated till today, the owner company 
joined the Energy Plus. Nowadays  Diadema II  
(27,3MW) is in construction and installation.  
Figure 3 shows the wind farms that were in 
production since 2013. It shows that most of wind 
farms are located in Patagonia and southern of 
Buenos Aires province. The Veladero/Barrick Gold 
mine (7) in San Juan has the world's highest wind 
power installation (3000m), of 2.5MW (ρaire: 
1.23kg / m3) / 1.6MW (ρaire: 0.8kg / m3). Facilities 
8 to 18 correspond to Cooperatives 
It do not exceed 3MW per facility, except the 
Antonio Moran Park in Comodoro Rivadavia, 
Chubut. Several cooperatives since 2001 started a 
financial crisis and did not perform the 
corresponding maintenance and today some 
machines remain out of service (7). 
 
Figure 3: Gen-REN Plan 2010 (Nº 1 to 6) [13]. 
 
6.2. RENOVAR [18] [19] 
 
During 2016, Argentinean Government made 
changes in electricity tariff market, by means of 
Law 27191. The RENOVAR was implemented. It 
proposes to have 8% renewable energy in the 
network by 2018 and 20% by 2025. The first stage 
was RENOVAR-1 of 1000MW required (Figure 4), 

which had 123 offers with a total of 6343MW. They qualified 103 offers (5209MW), Wind (3468MW), 
PV (2811), Biofuels and Biogas (11MW) and small hydroelectric plants (5MW). Eighteen offers did 
not qualified: 598MW of Wind, 506MW of Solar and 30 MW of Biomass. Renovar -1 gave a great 
impulse to the use of Renewable Energy Sources that allowed to continue even with projects of the 
GENREN that were not implemented during 2010. In the case of Patagonia, because of the 
transmission limit of the 500kV network, installed power is limited to 600MW in Comahue and it is 
limited to 400MW in Southern Patagonia. (Figure 4).  
 

Wind Farm Wind Turbine Company Power 
(MW) 

In Operation since 

Arauco I and II – La Rioja [12] IMPSA 50,4  2011-2013 
Diadema – Chubut [16] CAPSA Oil company 6,3 2011 



 
 

Figure 4: RENOVAR 1+1.5 (AIES 500kV with red color) 
 
These rounds provide wind farms that are in operation or finishing their construction by 2018, which 
are: 
Province of Chubut [16]: Garayalde of Pan American Energy Company (100kM of CR, 24.15MW 
with Vestas Turbines), Manatiales Behr of YPF (100MW: near CR), ALUAR Wind Farm (50MW: 
14x3.6MW Vestas, near Puerto Madryn). 
Province of Santa Cruz [17]: "El Bicentenario Wind Farm", built by Petroquimica Comodoro 
Rivadavia (100 MW, 17 km southeast of Jaramillo on Route 3); "La Deseada" wind farm, from 
Eólica Pico Truncado S.A. company (100MW, 15 km from the Santa Cruz Norte Transformer 
Station); Viento Austral wind farm (97MW, near Comandante Luis Piedra Buena); "Vientos Los 
Hércules", from the company Eolia Sur, (97.2MW, south of Pico Truncado), and finally “Puerto 
Deseado Wind Farm", from KAIKOS SA, (39MW near Puerto Deseado), Santa Cruz would 
contribute 434MW of power to the AIES by means of the RENOVAR 2 (12,51% of the offers 
presented). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RENOVAR 2016: Situation Round 

1+1.5 
5 

Projects in 

operation 

25 
Projects 

in installation 

13,62 MW 
91 GWh/year 

880 MW 
3,2TWh/year 

5 Provinces 13 Provinces 



 
Figure 5: RENOVAR Round 2, [20]: Location of 228 projects that include 58 wind farms. 

 
 

 

Figure 6: RENOVAR Round 2 [20]: Qualified offers  

RENOVAR: Round 2 received offers 

 Target Power: 1200MW 
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RENOVAR: Round 2 qualified offers 

 Target Power: 1200MW 
194 projects for 7630.3MW 

Technology         Nº Projects     Offered Power(MW) 

Wind 
 

Solar 
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Mini-Hydro 

21 Provinces 



It can be seen that in Rounds 1 and 1.5 (text near Figure 4), proposed wind projects surpass 
proposed PV ones in 1741MW. On the other hand, in Round 2 (Figure 5) is quite different, offering 
almost 1300MW more of solar energy than wind power. Figure 6 shows the projects qualified or 
accepted by the Argentine Government in RENOVAR 2. 
 
6.3. Analysis of the price of energy in Argentinean Whole Sale Electricity Market [19] [20]: 
Since 2005 to 2010 (GENREN) profitable tariff for wind projects was 140-120U$S/MWh but WSEM 
had a less regulated valuefor it. During RENOVAR rounds (1 – 1.5 - 2), the average prices of 
energy in MWhr offered in wind and solar projects (Figure 10) were lower than the reference 
required of the government. During 2017, 59 projects awarded in the RENOVAR 1 will be 
completed. The average energy price in RENOVAR I was U$S109.9/MWhr generated by RES. In 
RENOVAR II the average price is U$S60/MWhr generated by RES, which is a slightly higher value 
than the international value (US $ 40). It is relevant to see that price of MWhr value generated by 
RES has dropped from U$S140/120 in 2005-2015 to approximately a half of this value in 2017. 
 

Table 7: Prices (U$S/MW) of the average MW.hr offered RENOVAR I (left) and RENOVAR II 
(right) 

 
Technology 

RENOVAR I Price U$S/MWhr RENOVAR II Price U$S/MWhr 
Offered Maximum 

awarded 
Power MW Prices U$S/MWh 

Min. Med. Target Qualified Awarded Min.  Max 
Wind 49.1 69,5 82 550 3458.5 665,8 37.3 41.2 
Solar 59.0 76.2 90 450 3888.0 556.8 40.4 43.5 
Biomass 110.0 114.6 110 100 173.2 117,2 92.0 106.7 
Biogas 118.0 177.8 160 35 56.2 35 150.0 156.8 
Landfill gas --------------------------------------- 15 15.1 13,1 128.0 129.2 
Mini-Hydro 111.1 114.5 105 50 29.2 20,8 89.0 98.9 

 
Table 7 shows an improvement in the price of MWh in the wholesale market in Figure 8: 

 

Figure 8: Evolution of the wholesale price of energy in Argentina since 2005 to 2017 (average 
values) 
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It can be seen that the price in U$S/MWh has dropped from Round 1 to Round 2 except for the 
case of Biomass. It can also be seen that the Wind Energy values are the lowest of all RESs in both 
rounds. 
 
6.4. RENOVAR III-MINIREN (2018) [21] 
This proposal of Argentinean National Government promotes 400MW of generation from RES in 
homes/buildings. It define the user-generator for urban installations for electric generation as a 
cogeneration in the working days of the week. Also it fixes the wind/solar combination limiting it to 
20MW per province, except Buenos Aires which is 60MW. This round of bidding permits to 
interconnect to AIES through 13.2kV / 33kV / 66kV lines. There are quotas for technology by 
regions and provinces (Figure 9) and differentiated quotas without regions: Mini/micro-hydro 10MW, 
Biomass 25MW, Biogas 10MW, landfill gas 5MW. For these projects the maximum power will be 
10MW and minimum 0.5MW. 
 

 
 

Figure 9: RENOVAR III MINIREN: Maximum Power required by region. 
 

 
7. Evolution of the Argentine Energy System for connection of new electrical generation 
 
RENOVAR 1 and 2 could saturate some 500kV of AIES lines. That is why RENOVAR III includes 
only generation of small RE systems in a global value up to 400MW. CAMMESA is the company 
that fixed the daily commission of power plants in AIES. Also it has a Technical Office that simulates 
AIES for different conditions of demand and generation. It has established how AIES could be 
growing with different scenarios and for different periods. The next items show possible scenarios 
for AIES growing with Renewable and Non Renewable generation. 
 
 
 
 
 

Note: It is forbidden to increase 

power of RE power plant in 

operation. 

without 
regionalization 



7.1. Actual AIES and AIES in short Term [22]. 
 

 
 

Figure 10: Actual AIES (left) and AIES in medium term (right) 
(Existing: Red 500kV- Violet 330kV- Green and Black 500kV to be made in 2018-2019) 

 
There were some delays in the construction of RES application projects of RENOVAR 1 and 2 due 
to the economic changes of 2018 and the lack of 132kV lines in the AIES to connect them to 500kV 
system. Consequently during 2018 several companies involved in RENOVARs ask for extra time to 
finish the installation of RE farms. Also the electrical demand is not growing because of economical 
recession which produce during 2018 the fall of the gross domestic product (GDP-2,5%). So it will 
make possible to have all the RE projects carried out in short, medium and long term works for 
future demand when  GDP  is expected to grow (2019-2020). 

7.2. Medium and long-term AIES situation [22]: 
Patagonia will produce 5000 MW from wind-hydroelectric and the existing 1000 MW wind-thermal. It 
will require a DC link, with a capacity equal to the Base Power of the City of Buenos Aires (CABA) 
and Greater Buenos Aires (GBA). 
From the Andean Northwest area, it is expected to have other 5000MW. The existing lines and 
future ones to be installed at short and medium term, will be able to evacuate this power to Central, 
Comahue, Northeast and Pampas Regions. It is expected to have the AIES circuit described in 
Figure 11 for 2025. 
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Other scenarios for Patagonia extra Power of 5000MW are studied with two systems of 500KV 
lines, one near Atlantic Sea and other near Los Andes Mountain Range, but Figure 11 shows which 
will be technical and economical possible. 
 

 
 

Figure 11: AIES at medium and long Term 
 
 
8. Pending applications of Wind Energy to be carried out in Argentina 
 
8.1. Small wind turbines in urban environments 
During 2014 and 2015, laws were created in provincial governments promoting domestic electricity 
generation, where provinces of Neuquén [23], Santa Fé, Córdoba and San Juan were the pioneers. 
In addition, since 2008, the University of Córdoba has developed a PV Pairing Laboratory. Also the 
local market of small wind turbines needed to verify the characteristics of this devices, so 
consequently the National Institute of Industrial Technology (INTI) [24] developed a laboratory to 
verify them. Small wind turbines were mainly used to supply energy in isolated sites by means of 
provincial rural electrification plans (Chubut, Neuquén) and in remote communications stations, 
particularly in Patagonia. INTI installed in Cutral Có (Neuquén) a wind turbine testing plant (Figure 
12), which is authorized to certify turbines up to 10kW. 
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Figure 12: Laboratory for testing small wind turbines, INTI, Cutral Co, Neuquen [24]. 
 
From 2010, civil engineering and architecture companies bear in mind the use of renewable energy 
sources. During 2016 the Government opens the market for solar and wind energy technologies. It 
made possible to integrate RES into homes and buildings, which are located in cities in the most 
critical areas of electricity demand. 
Different companies and universities offer and design respectively several types of wind turbines 
with horizontal or vertical axis. This technology is shown in Figure 13. 
 
 

 
 

Figure 13: FENUCo 100W, FENUCo 1-3kW [25] - EOLUX 1kW, EOLOCAL 1kW, INVAP 4kW 
[24]. 

 
8.2. Wind Energy applications combined with other renewable sources or Energy 
accumulation. 

8.2.1. Pre-projects in Academic Institutions 
The diversity of Renewable Energy Sources in Argentina motivate academic researchers to 
combine different RES in some places to obtain of electrical energy for remote or interconnected 
areas to AIES. Some researcher groups made since 2007 preliminary projects of hundreds to 
thousands of MW obtained from different RES. The following paragraphs and figures describe the 
relevant ones 
• During 2008/2009: Faculty of Engineering of National University of Comahue (FENUCo) presented 
a proposal for Offshore Windmills + Tidal Turbines (Hydrokinetic ones) for Santa Cruz (Puerto 
Deseado, Puerto San Julian and Rio Gallegos) [26] (Figure 14). The expected installed power for 
these three harbours is 225MW with a combined plant coefficient of 0.5. Santa Cruz is the 
southernmost continental province of Argentina and has three other places for this type of 
installation, but that places do not have access to AT/MT lines. 



 
Figure 14: Tidal Wind Combination (photomontage-right) - Example for Puerto Deseado 

(red dotted line for RE devices location)(left) [26]. 
 

 During 2016-2018 FENUCo and Faculty of Human Sciences of the National University of 
Comahue, presented proposals of Wind-Tidal (Hydro-Kinetic Turbines + Bulb) application for Rio 
Negro Province [27]. It is proposed to flood Bajo del Gualicho (-71m to NM) with Atlantic Sea 
water through tunnels and channels of 30 to 40 km long (see Figure 15). This Hydro project is 
combined with a Wind Farm of 3.5 MW Type II wind turbines installation in several rows around 
the artificial albúfera (seawater lake) formed in Bajo del Gualicho. The installed capacity could be 
12,000MW (around 10,000MW Hydro and 2000MW Wind). 

 
Figure 15: Wind-Tidal proposal for Bajo del Gualicho as an artificial albúfera in Río Negro. 

Location of Bajo del Gualicho (right and center) – Hydrokinetic and bulb turbines (left) [27]. 
 

8.2.2. Provincial State Policies in Wind-Solar developments 
San Juan province is the only one that studies the full potential of the renewable energy sources 
and its applications as provincial state policy [28]. It have been investigated the potential of big 
Hydro (289MW in operation and 255MW in tender), Wind (Study of potential and combination with 
solar), Solar (7Mw in operation and 572MW approved for installation RENOVAR I and II) and 
Geothermal (potential study). Particularly Wind-Solar Development near the town of Tocota is 
remarkable (Figure 16). 
 

  



 
 

Figure 16: Wind Potential Studies in San Juan (left); Wind-Solar plant in Tocota (right) [28]. 
 
8.2.3. Hydrogen as Energy Vector from Wind Energy [8]. 
During June 2002, the foundational stone of Pico Truncado Hydrogen Experimental Plant (HEP) 
was placed, and in 2003 it was built by the Municipality of Pico Truncado, through the Hydrogen 
Santa Cruz Foundation and the Argentine Hydrogen Association. It takes electric power from "Jorge 
Romanutti" Municipal Wind Farm (4xENERCON 600kW) and has approved prototypes of fuel cells, 
electrolysers, Hydrogen storages based on hydrides, conversion of OTO cycle engines and catalytic 
burners using H2 as fuel. 
On December 13, 1907, the first oil extraction was carried out in Comodoro Rivadavia. Almost a 
century later, on January 14, 2005, Hydrogen Experimental Plant (HEP) was inaugurated, initiating 
the first H2 production by electrolysis of pure water whose electric power came from the wind. That 
year it becomes the most advanced installation of technology for obtaining H2 in Latin America. This 
development is framed in Law N° 26123, promulgated on August 25, 2005, which declares “the 
development of technology, production, use and applications of hydrogen as fuel and energy vector 
is of national interest”. This law also provided tax benefits to companies dedicated to obtaining H2 
and to those dedicated to generating energy to obtain H2.  
During 2005-2012, training of HHRRR in obtaining and using H2 was a priority. It is carried out by 
means of international postgraduate training, through theoretical/practical courses of technologies in 
production and use of Hydrogen as a clean and renewable fuel. In this way HEP has a laboratory 
which is able to obtain H2 with different types of Hydrolyzers and accumulate it in Hydride. It is also 
equipped with a compression system and pumps for loading H2 in motor vehicles developed by the 
Argentinean company Galileo in stainless steel for H2 use. The process of generation and use of 
H2 is as follows: 

Water + Electrolyzer + Windmill + Good Winds (Patagonian) = Hydrogen + Oxygen = 
= Energy + Waste ... (again) Water  Pollution 0; Exhaustion of resources 0. 

 
During 2011, the HEP officially entered in a industrial phase. This achievement is due to the 
tenacious work of Dr. Juan Carlos Bolsich since the beginning of the 21st century. The advantages 
of H2 as an energy vector are: once accumulated in special tanks, it can be injected both into a fuel 
cell to generate electricity and/or into a catalytic burner to obtain heating or cooking food. In 
addition, it is possible to use it in internal combustion engines to provide energy to all types of 
vehicles, generator sets or to accumulate it in the long term in hydrides using the waste heat from 
thermal power plants. The cells to obtain it are highly efficient, have a quiet operation, have a long 
life and require little maintenance. 
Unfortunately, there are two inconvenient to solve: Law Nº 26123 has not been regulated until now, 
for that reason it is waiting for the implementation of the facilities of the H2 even its injection in gas 
pipelines up to 5% without danger of Creep. The other one in because of H2 wide inflammation 
capacity with O2, the user's mentality has not adapted to its acceptance as a safe fuel. 
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Figure 17: Hydrogen Experimental Plant of Pico Truncado [8]. 

 
9-Conclusions and Recommendations 
 
9.1. Conclusions: 
It can be seen that the development of the applications of RES devices in Argentina has been very 
dependent on the economical and political situation in the country. But in spite of this, during the last 
40 years there has been a RES use, especially in the last decade, generating a legal and tariff 
framework that allows its constant growth of installed power, particularly in Wind Energy. 
Argentina has been a pioneer and a leader in Latin America in the use of different sources of 
renewable energy: domestic photovoltaic applications (1980), geothermal (1985), commercial wind 
(1990), biomass (1983 ethanol- 1995 soybean biodiesel), micro/mini hydro (1950). In the last three 
decades, also with more emphasis in the last 5 years, it is incorporating the generation of Wind 
energy, Biomass and Photovoltaic to the AIES, giving the basis in the next future to export electrical 
energy to Chile and Brazil. 
Universities give the possibility of obtaining the necessary HHRR in short and medium terms for 
designing, construction, installation, operation and maintenance of RES energy systems. 
This development of technologies and exchange of experience has been possible thanks to the 
European equipment installed in Argentina and the experience of this country in the development of 
biofuels. 
There were some economical incentives as the proposal of Energy Plus since 2010-2012 and 
MATTER program since 2017. The former was not enough to solve the energy crisis 2015-2015, 
and the later is offered when Argentina has the worst recession since 2001. Argentina expects to 
raise economical index s during 2019. 
In the case of MATER [29], the "Great Qualified User" is defined, which must have an average 
power of the previous year 300kW, in order to make joint purchases with other users and have 
priority of dispatching the RES. It can also have dispatch priority and auto generate energy. It is only 
for projects after 2017, to stimulate the growth of the RES and tend to have 25% of them in 2025. 
Table 8 shows percentages of RES in AIES for each year until 2025. 
 

Table 8: RES growth in the AIES up to 2025 according to MATER 
   

Year 2017-2018 2019-2020 2021-2022 2023-2024 2025 
% 8 12 16 18 20 
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9.2. Recommendations 
The applications in buildings of RES (Micro-Hydro-Wind and Solar) would allow to save from 30 to 
40% of the energy of common uses, paricularly in the peak hour of consumption (18 to 22hr) [30] 
[31]. 
The GEN-REN and RENOVAR Plans have shown the planning deficit in HV sub-transmission 
(132kV) in the short term and long-term UAT transmission, delaying works. So it is necessary to 
planning not only electrical generation to be installed, but also high and medium voltage lines to 
transport and distribute the electrical energy. 
It is possible to say that Argentina has 200.000MW of Wind Energy Technological Potential 
(80mheihgt, Wind Turbines of 2,5MW Type II) [32], consequently Argentina can export to the rest of 
South America quotes of electrical power in medium term. 
 
Taking into account al the gone and turns produced by political and economical crisis in Argentina 
to carried out Energy Projects, it is possible to make a list of future guidelines to bear in mind when 
a company wants to invest in RES application in Emerging country, such as: 

 In the case of state electromechanical development to be sustainable on time, it is 
necessary to consider not only the economic, social and environmental aspects, but also: 

o Provision of spare parts and LV and MV lines. 
o Maintenance of the equipment. 
o HHRR for not only resource and design, but also for installation, operation and 

maintenance. 
 For an electromechanical development to be sustainable in a emerging country, there must 

bein short and medium terms: 
o Economic stability. 
o Predictable economy. 
o It is necessary to have a suitable agreed market tariff 
o Technical and Environmental Planning 

 Agreement between Electrical Distributors and domiciliary user/generator about situation of 
the BT network. 

 Professional Councils (Engineering, Architecture, Technicians, etc.) should provide a 
regulatory framework for the use of RE devices at home (houses and buildings), according 
to a duly proven RES. 

 
The very relevant actions that emerge from the upper guidelines and to bear in mind when a 
company wants to carried out an electromechanical project in emerge country are: 

 Agreement in tariff, between electrical distributors and users/generator 
 To regulate for development not for restricting energy production. 
 Planning HHRR and location of Facilities (roads) before installing. 
 Planning MV and HV networks to transport energy to urban centers. 
 Economical predictability and legal security 
 To avoid gone and turns (economical and political ones) 
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