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According to a well-established tradition, the students of the MSc OSE are putting in 
practice their common knowledge based on a given topic – rural electrification and 
smart grids in developing countries for this year – on the occasion of a field trip.
Fresh from our six months of theory on energy systems, so we left in March to test our 
ideas in Nicaragua, on the field.
In this country, accession to basic energy – a daily concern for the local population – and 
the electrification of even the most remote villages of the Caribbean cost are some of 
the major issues.
Therefore, from the wind farm to the biomass and geothermal plants, we travelled all 
across the country to meet the participant in renewable energy.
But we also had the unique opportunity to discover the diversity of the country: the 
unresting and precarious capital of Managua, the atmosphere from the colonial 
legacy in Granada, the desert landscapes of the south, the volcanoes that punctuate 
the landscape, and finally the Atlantic coast and its remote communities from Pearl 
Lagoon. 
During these visits, we conversed in English Creole, swam among the fluorescent 
plankton in the moonlight and enjoyed starry skies as unseen in France for a long 
time: an intense experience, sometimes confusing, which opened our minds to wider 
horizons! 
This report is therefore synthesizing this trip and what we could discover. 
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Nicaragua, a laNd of lakes aNd volcaNos

Nicaragua, or Republic of 
Nicaragua, is the largest country 
of Central America . It is borde-
red by Costa Rica to the south of 
Honduras to the north and bor-
dered by the Pacific Ocean to 
the west and the Caribbean Sea 
to the east. 

The country is four times 
smaller than France and has 5.9 
million inhabitants. 

It is a republic headed by 
Daniel Ortega (Sandinista Libe-
ration Front). 

Economically, its GDP last 
place before the countries of 
the Americas, and 15% of the 
economy comes from money 
sent by expatriates in Costa Rica 
and the United States. 

Its currency is the Cordoba.

Geography 

At the intersection of the Cocos and 
Caribbean plates, Nicaragua is crossed 
from north-west to south-west by a 
chain of volcanoes and a depression 
area formed of large lakes. Three main 
regions can thus be cut: the Pacific, 
the central area and the Caribbean. 
This particular topology has strongly 
influenced the history and economy. 
Indeed, in the west, the volcanic soils 
are perfect for agriculture (maize, 
cassava, bananas, beans), and the 
tropical climate allows for up to three 
crops a year. In the East, the trade 
winds bring regular rainfall and land, 
flat, swampy and are covered with 
dense rainforest. People are also 
very different in these regions. In 
the West, the population down to 
the customs of a civilization similar 
to the Olmecs, Toltecs and Mayas, 
and speaks Spanish. In the East, the 
population is a melting pot of Miskito 
and descendants of African slaves and 
speak English.

A brief historical overview 

The first traces of life found in 

Nicaragua dates back to 6000 BC. 
It seems that the Pacific region, 
attractive for its rich land has been in 
close relationship with the civilizations 
of Honduras and Guatemala (Olmecs, 
Mayas, Mezcala). 
In 1524, the conquistador Hernandez 
de Cordoba founded the first two 
Spanish settlements in Nicaragua: 
Granada on Lake Nicaragua and León to 
the east of Lake Managua. Nicaragua’s 
name itself comes from the name of an 
Indian chief, Nicarao, which was allied 
with the Spaniards. 
The country was then integrated into 
the Mexican empire, before proclaiming 
independence in 1821. Nicaragua was 
then what we know today except for 
a 100 km coastline along the Atlantic 
coast, owned by the British Empire. 
The autonomy of the country was 
acquired gradually: Member of the 
United Provinces of Central America 
until 1823, then member of the union 
until 1838, the country became fully 
sovereign republic in 1854. 
Nevertheless, disagreements between 
Leon survived the liberal and the 
conservative Granada. In 1893, Zelaya 

led a liberal revolt, seized power and 
recovered the lands to the British 
Mosquito. 
Historically, the location and the 
particular topology of Nicaragua made   
a strategic location for large empires. 
Indeed it is a place of choice to build 
a canal Atlantic - Pacific because the 
Rio San Juan flows into the Atlantic 
communicates with lakes Managua 
and Nicaragua that are remote than 
twenty kilometers from the ocean . 
The flag of Nicaragua illustrates this 
revolution and its challenges: the two 
blue stripes represent the Atlantic 
and Pacific Oceans, the pyramid is 
the symbol of the Freemasons who 
organized the Phrygian cap and points 
out that it takes for example the French 
revolution. 
The beginnings of the Republic have 
been heavily influenced by the United 
States but in 1927, General Augusto 
Sandino led a liberal guerrilla war 
against the Conservative government 
and U.S. forces, which was finally 
rejected by the intervention of U.S. 
Marines. Peace was negotiated in 1933 
and the Sandinistas obtained only the 
replacement of the U.S. military by a 

The map of Nicaragua
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National Guard, however, equipped 
and financed by the Americans. 
In 1934, the first leader of the 
Republican Guard, Somoza was 
assassinated Sandino and established 
a dictatorship until 1956, the year of 
his assassination. His son took over 
the reins and ruled with an iron fist of 
the country. However, strengthened 
by the Cuban revolution, the Liberals 
created the Sandinista National 
Liberation Front (FSLN) in Costa Rica. 
In 1977, taking advantage of the 
weakening of the powers that be 
and the public discontent about the 
repressive policies of the Somoza, 
Chamorro founded an opposition party 
ordered the president’s resignation. 
His assassination in 1978 lifted the 
crowd and led a movement of strikes, 
riots and revolts that lasted until the 
resignation of Somoza in July 1979. 
A coalition of five anti-Somocistas 
major parties then took power but 
was too disparate to lead. In 1984, 
under the leadership of Washington, 
elections were held and Daniel Ortega 
(FSLN), the only candidate after the 
withdrawal weight for intimidation 
Cruz, took the presidency. 
Communist reforms (land 
nationalization, conscription), the 
many parallels with the Eastern Bloc 
and the hardness of the political police 
gave rise to many objections, too 
disparate to organize. But in 1982, 
the U.S. Reagan decreed an embargo 
and fitted out the opposition. The civil 

war raged until 1989, making 57 000 
victims. The 1990 elections saw Violeta 
Chamorro won. Then began a liberal, 
pro Western, led by former Somoza 
(Aleman and Bolanos) which ended in 
2006. 
Since 2006, the country is led by Daniel 
Ortega, still under the colors of the 
FSLN, more moderate and closer to 
the Church.

Economy 

Nicaragua is the second poorest 
country in the Americas, with a GDP of 
only $ 2 900 / capita in 2008. Chronic 
unemployment is massive (46%), 10% 
of children under 14 are forced to work 
and a quarter of the population does 
not eat regularly hungry. 
The post-Sandinista liberalization 
of the 1990s saw the growth rate of 
climb, but the improvement came at 
the expense of social justice, with a 
further increase in inequality. 10% of 
Nicaraguans most favored and 42% 
control of resources, against 1.4% 
for the poorest 10%... Conclusion: 
Many people migrate to the 
American Eldorado. Their remittances 
are in fact 15% of national GDP.  
Those who remain work mostly in 
agriculture (17%) and textiles (60% 
of exports), which since 2006 have a 
free trade agreement with the United 
States. In addition, as industrialization 
does not value the raw materials 
produced locally. 

 
The plight of the people is reflected in 
that of the country’s finances. Unable 
to ensure its operating expenses, 
he received in 2004 the program 
of Heavily Indebted Poor Countries 
(HIPC), which saw the debt relief of $ 
4.5 billion. It remains still represents 
75% of GDP, which makes Nicaragua 
the 14th most indebted country in the 
world (in 2 places in France). 
 
Additional concern, the re-election 
of Ortega scared many investors and 
suspicion surrounding the recent 
elections has contributed to the 
suspension of certain aid. 

Paul HUGUES

Nicaragua, a laNd of lakes aNd volcaNos

Volcano Concepción, as a part of the Ometepe island, in lake Nicaragua
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Nicaragua is sometimes 
known as the land of a thousand 
volcanoes. On the West coast, it 
is even impossible to avoid the 
sight of a volcano. This hilly lands-
cape results from the subduction 
of the Cocos Plate (West coast) 
under the Caribbean Plate (East 
coast). Therefore, this is an acti-
ve tectonic area suitable for the 
production of geothermal ener-
gy. A study evaluated the geo-
thermal potential of the country 
at 1100 MWe[1].

There are two geothermal 
power plants in Nicaragua, both 
located in the North-West near 
León: the Momotombo and the 
San Jacinto plants. With an ins-
talled capacity of 77 MWe, the 
Momotombo plant is the big-
gest. However, currently, it only 
produces 30 MWe. This number 
even went under the 10 MWe 
thresholds in the 90s. This chaotic 
production profile is mainly the 
consequence of an improper 
management of the geother-
mal resource.

1  Porras 2008

History of the plant

The Momotombo geothermal 
power plant is built on the side of the 
Momotombo volcano and on the 
verge of Lake Managua. This volcano, 
still active today, is famous for its 
eruption that destroyed León in 1610. 
The production of electricity began 
in 1983 with a steam turbine of 35 
MWe. The beginnings were promising 
and encouraged the construction of 
another unit of 35 MWe in 1989. But 
the production has progressively fallen 
from 70 to 9 MWe between 1989 and 
1999 because of a bad management of 
the resource. New wells were drilled to 
stop this fall, but without any positive 
impact on the steam production and 
therefore on the electricity production. 
The Nicaraguan Electric Company 
(ENEL), which was in charge of the 
plant operation, has impoverished 
the geothermal potential: over-
exploitation of the reservoir and lack 
of reinjection of brine to the reservoir 
(the brine was partially discharged into 
Lake Managua).

In 1999, the Nicaraguan government 
decided to call for bids. It wanted the 
help of a company for the exploitation 
of the Momotombo field and the 
management of the power plant. 
The 15-year concession was given to 
ORMAT, an Israeli firm specialized 
in geothermal power solutions. The 
goal was to improve the reservoir 
management and increase the 
power output. Several studies were 
conducted along with the repair 
work and maintenance operations. 
To ensure a sustainable exploitation 
of the field, brine reinjection was 
progressively generalized to all wells. 
Since 2002, a new 7 MWe turbine has 
allowed to recover the energy carried 
by brine, in addition to the two existing 
steam turbines. It uses the binary 
cycle technology. Instead of using 
directly the geothermal steam, the 
heat of the brine heats a secondary 
fluid (isopentane here) which follows 
a closed thermodynamic cycle. The 
brine, which is at 150°C in the well, is 
reinjected at around 110°C. Within five 
years, ORMAT managed to ramp up 
the electricity production to 30 MWe. 
Because the geothermal potential 
of the concession area is saturated, 
the company tries hard to maintain 
this production level today. However, 
it is currently negotiating a surface 
increase of the concession in order to 
drill new wells outside of the saturated 
area. Like this, enough steam could 
be provided for the 35 MWe unused 
turbine.

The plant in 2011

With the recent 7 MWe steam turbine 
(for the binary cycle) in addition to 
the two older 35 MWe turbines, the 
installed capacity of the Momotombo 
geothermal power plant is 77 MWe. But 
as previously said, current geothermal 
resource does not allow to reach such 
levels of production. During our visit, 
the plant was producing 27 MWe, 
including 3 MWe of auto-consumption. 
It corresponds to around 200 tons of 

 MoMotoMbo volcano geotherMal power plant

Momotombo volcano and the geothermal power plant – Own picture
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steam per hour. It is also worthy to 
mention that, on the 53 drilled wells, 
only a dozen is producing valuable 
steam. The deepest wells exceed 2800 
meters while some shallow wells are 
only a few hundreds meters deep.
Concerning the human resources, 
five persons work in two-shift system 
to command the power plant and 
around sixty employees accomplish 
the operational work. Thanks to their 
work, the plant produces “base-load” 
electricity for direct injection on the 
138 kV high-voltage national grid.

Conclusion 

In 2009, only 55% of Nicaraguan had 
access to electricity. In order to meet 
the 6% annual growth of electricity 
demand, Nicaragua has to import fossil 
fuels from neighbouring countries. 

In an underproduction situation, 
the exploitation of the geothermal 
potential could allow the reduction of 
the energy dependency of Nicaragua 
and the emission of greenhouse gases.
Eventually, it is interesting to notice 
that an extension project of the San 
Jacinto geothermal power plant – the 
other Nicaraguan geothermal plant – 
uses a financial mechanism promoted 
by the UNFCCC (United Nations 
Framework Convention on Climate 
Change): the Clean Development 
Mechanism (CDM). This mechanism 
encourages industrialized countries 
to invest in green projects located in 
developing countries. For San Jacinto, 
this financing will allow to double the 

production capacity to 72 MWe, while 
avoiding the emission of 280 000 tons 
of carbon equivalent.

Bartek Bogdan and 
 Matthieu Thiboust

notes :

[1] Porras 2008
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Plant characteristics – Own picture
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The smaller pieces of cane are then 
spread out on a conveyer belt. The 
shredded pieces of sugarcane travel on 
the conveyer belt through a series of 
heavy-duty rollers, which extract juice 
from the pulp. The juice is collected 
in tank at a flow of 11340 L/minute. 
At this stage, the pulp that remains 
or «bagasse» has still 50% of water, it 
is dried thanks to the steam coming 
from the boiler and used as fuel. The 
raw juice moves on through the mill to 
be clarified.

Steam generation

The drawn bagasse is now burned in 
two boilers that produce 150 t/h and 
120 t/h of steam at 650ºC to 760ºC. 
Five blowers suspend the biomass 
in the boiler to enable the burning. 
The excess of bagasse (300 to 400 t/
day) is stocked, so the factory has 
permanently 6 to 8 days of supply. 
Smoke are released in the atmosphere 
without any previous treatment and 
ashes are collected.

Power generation

The power station, has three turbines 
connected to three alternators:

• Two 20 MW counter-pressure 
steam turbines which operating point 
is T=950°F et 950 PSI (63 bars). The 
key interest of this kind of turbine is 
that the outflow steam can be reused.

• One 16MW condensing turbine, 
where the outflow steam pressure is 
25 mmHg (0.03 bar).

The three devices are made in brezil, 
and provide a voltage of 13,8KV.

Paul HUGUES and 
Miguel LOPEZ-BOTET

In order to produce electri-
city, mankind thought about fi-
ring pretty much any kind of fuel, 
as long as it was easily accessi-
ble. As such, the Ingenio Monte 
Rosa power plant is a very inte-
resting example !

General overview

Located in the agricultural department 
of Chinandega, the factory of Monte 
Rosa is run by the Guatemalan 
company Pantaleone.  Thanks to 
the exploitation of the sugarcane it 
produces on one side unrefined and 
white refined sugar, and on the other 
side heat (used locally) and power, 
sold to the national network. Because 
of the seasonality of the harvest, the 
factory works 24h/24, 7d/7, only 160 
days per year during the dry season.
The sizing of the furnace lays on the 
quantity of sugar that is dried, as it 
is the main source of income. The 
main performance index of the power 
station is the ratio between the steam 
consumption and the quantity of sugar 
that is produced: :  ; and it must be as 
weak as possible. 

The processing of the sugarcane

First of all, sugarcane is washed in order 
to get rid of impurities (insects, mud…) 
and cut when reaching the sugar mill. 
After the cleaning process, a machine 
led by a series of rotating knives, 
shreds the cane into pieces (the power 
of these machines goes from 1,1MW to 
2.2MW). This is known as «grinding.» 
During grinding, hot water is sprayed 
on to the sugarcane to dissolve any 
remaining hard sugar.

The IngenIo MonTe Rosa BIoMass poweR planT

The plant’s technical data sheet Processing the sugar cane.

Sugar cane

1. Cleaning

2. Grinding

3. Shredding

Sugar + Bagasse

4. Jucing
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Nicaragua’s electricity 
sector faced main evolutions in 
the last years, in terms of orga-
nization as well as of produc-
tion capacity. The electrification 
rate among the population rose 
strongly. Nevertheless, the wes-
tern part of the country is still bet-
ter connected than the eastern 
regions.  

The government recently 
launched an ambitious policy 
in order to develop renewable 
energy. Nicaragua benefits from 
a high potential of renewable 
power production, especially 
concerning geothermal energy. 

During this study tour, we 
were warmly welcomed by the 
Ministry of Energy and Mines 
(MEM). We attended a presen-
tation about the current solar 
power projects, especially the 
one that is being developed wi-
thin the Ministry’s compound. 

The discussions that fol-
lowed the presentation gave us 
a good insight and understan-
ding of the electricity sector’s 
organization in Nicaragua. 

In this paper, we would 
like to present briefly Nicara-
gua’s electricity sector and the 
country’s power production 
characteristics. In a second part, 
we will describe the main photo-
voltaic projects and the challen-
ges that are being faced in this 
field. 

THE ELECTRICITY SECTOR

At the end of the 90’s, the Electricity 
industry law organized the sector 
between three main activities: 
production, transport and distribution. 

• The production part is competitive 
and private sector companies own 
80% of the power plants. 

• The electricity network is state 
owned through ENATREL (Electricity 
Transport National Company). 

ENATREL manages the national 
interconnected system together 
with the national center of dispatch 
(CNDC). 

• The distribution system was 
privatized in 2000 and is owned by the 
spanish company Union Fenosa.  The  
government of Nicaragua bought 
16% of the shares. 

CONSUMPTION AND ACCESS TO 
ELECTRICITY

At the beginning of 2011, 66% of the 
population had access to electricity, 
compared to 53% in 2007. 
Disparities between western and 

eastern regions remain strong, the 
Caribean coast being more isolated 
and facing more economical problems. 

PRODUCTION: SPECIFICITIES AND 
OBJECTIVES

Electricity losses reduction
Around 28% of the electricity 
produced in Nicaragua is lost every 
year. 2% of the losses happen on the 
transportation network and 26% occur 
on the distribution one. Off those 
26%, 8% are technical losses, and the 
non-technical losses reach 18%. Non-
technical losses are the consequence 

Meeting at the Ministry of energy and Mines

Evolution of the electricity access rate among the population 
Source: MEM

At the Ministry of Energy and Mines
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of billing problems and frauds.  
In order to face this issue, the Ministry 
of Energy and Mines together with 
the distribution companies, have 
launched a program which objective is 
to reduce those losses to a level close 
to international standards. 

Renewable electricity development
Over the last 15 years, the electricity 
production increased at an annual rate 
of 5%. The production reached 3000 
GWh/ year. 
At a national level, the installed capacity 
is 902 MW. The interconnected system 
represents a 880 MW capacity, 
compared to 22,5 MW for the 
decentralized production. 
Renewable electricity reached 
34% of the production in 2010, and 
the government plans to reach an 
ambitious 96% by 2017. This would 
mean rising the hydro production rate 
from 14% to 43% and the geothermal 
electricity’s share from 9% to 36% 
of the total. Nicaragua has plenty of 
volcanic activity, which creates a high 
potential for this production option. 
Although it doesn’t appear in 
the following graph, solar power 
development is also planned. The 
photovoltaic technology is still very 
new in Nicaragua. The construction of 
solar power plants connected to the 
national network is a technological 
challenge. The Ministry’s managers 
who welcomed us chose to present us 
their first project. 

The solar energy in Nicaragua
Located between 11 and 14 degree to 
the north of Equator, Nicaragua has an 
abundant solar radiation. First studies 
realized in 1982 by the Nicaraguan 
Institute of Energy allowed to build the 
map below. They are part and parcel of 
a more important project: the SWERA 
project for Central America.
Lead by the Ministry of Energy 
and Mines, its aims are :

• To develop photovoltaic systems 
for isolated areas ;

• To develop pilots directly 
connected to the electric grid;

• To realize studies to determine 
the legal and economic frames of big 
photovoltaic systems;

Shifting from 34% to 96% of renewable electricity by 2017. 
Source : MEM

Meeting at the Ministry of energy and Mines

Map of the solar power potential in Nicaragua
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• To use solar thermal systems in 
order to reduce the consumption of 
fossil energy in different production 
sectors.

In order to show us the first steps of 
the development of renewable energy 
and more precisely of photovoltaic 
projects, the Ministry of Energy and 
Mines of Nicaragua received us in 
Managua.
The MEM really wanted to open the 
debate on the integration of renewable 
energy and to share their experience 
by presenting us this new project in 
Nicaragua directly connected to the 
distribution grid.
Indeed, thanks to the financial support 
of 1 million dollars from the Korean 
government, the MEM set up over 
its main parking area 450 modules of 
200W each.
This project’s main objective is mainly 
to study the integration of distributed 
production on the electric grid in order 
to reproduce it in isolated or rural 

areas.
As a consequence, the production and 
the grid supply are analysed separately.
The monthly production is about 11000 
kW per hour which is equivalent to 44% 
of the consumption of the Ministry.
Really satisfied by the first results, 
the MEM explained us that it was a 

preliminary step and that it is crucial 
to introduce the legal and economic 
frames of such projects which allows 
to define how they will be integrated 
to the electric grid, how they will 
be granted, and what the price will 
be. Currently, for this plant without 
production costs, the price is 90$/ 
MWh.

EURO SOLAR Project

Encouraged by the government of 
reconciliation and national Unity and 
the MEM, the EURO SOLAR Project 
is a funding program for PV projects 
between the government of Nicaragua 
and the European Union ( 1.7 M€).
Within this program, 42 communities 
received electrification kit composed 
of photovoltaic panels, a satellite 

Meeting at the Ministry of energy and Mines

The 90 kWp pilot project.

Monthly production of the pilot project. Source: MEM

The EURO SOLAR pilot project.



10 Mastère Ose - Field trip Class OF 2010 - NiCaragua

antenna and laptops. Finally, a capacity 
of 1200Wp was set up.

900 KWp Solar Power Plant Project
As the results of the pilot of the MEM 
were encouraging, the government 
decided to realize another project of 
900 KWp which should be operational 
in December 2011.
Thanks to the financial support of 
11M$ from the Japanese government, 
panels will be set up on a area of 
16000 square meters. This plant will be 
connected to the distribution grid and 
its aim is to sell the energy produced 
to the electric grid in order to finance 
actions for the improvement of energy 
efficiency in hospitals.

Solar Thermal System for the 
production of hot water in hospitals 
of the region of Santiago, Jinotepe
The MEM and the Energy and 
Environment Agency set up 48 
square meters of solar collectors and 
3 thermal tank in order to store 800 
gallons of water at 60°C for the daily 
consumption of the hospital.
Therefore, this system would reduce 
the emissions due to the use of fossil 
energy , the invoice energy amount 
and the maintenance costs.

Francia Sirpi Project
This project is to set up 7 solar power 
plant in order to charge batteries of 
2.4KW in order to supply 367 houses.

Each plant is composed of 30 panels of 
80 KWp each and 18 batteries.

CONCLUSION

As Nicaragua intends to integrate 
Renewable Energy at a larger scale, 
the development of solar market can 
offer great opportunities.
All of these projects, even if they 
are not completely operational yet, 
promote the use of solar energy and 
allow to control the costs and to define 
the economic frame.
Finally, we want to warmly thank 
the MEM for its welcome and for 
its presentation which gave us a 

great opportunity to understand 
the challenges of solar energy in 
Nicaragua.

Marion LABATUT and 
Camille VIAUD

Meeting at the Ministry of energy and Mines

A 900 kWc solar power plant project.

The Francia Sirpi project.
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On the 22nd of March, we 
have presented at the Natio-
nal Engineering University (UNI) 
in Managua, Nicaragua, a lec-
ture that dealt with “Smart grids 
for emerging countries.” Let’s go 
back on this important event of 
the study travel.

Why this topic?

Don’t forget that the concept of 
« smart grids » is the central theme 
of this Mastère OSE year: on these 
highly promising technologies, we 
are organizing a large conference 
planed for the 29th of September and 
we will also publish a book before the 
end of the year. More precisely, the 
study axis that has been chosen is: the 
potential contribution of smart grids 
in emerging or developing countries 
such as Nicaragua. After six months 
of investigations and researches we 
got enough knowledge to organize 
a conference that we have logically 
proposed to UNI.

Content

Getting up most of our book studies, 
the conference displayed an overview 
of these technologies, the specificities 
of emerging countries, the state 
of the art and finally the potential 
match between smart grids and the 
less developed networks. Currently 
in vogue in most industrialized 
countries due to the emergency fight 
against the peak demand, need for 
renewable energies integration or 
energy efficiency improving, smart 
grids can also help emerging countries. 
For example, it can contribute to 
fight against electricity theft, «black 
out» or make energy distribution of 
decentralized grids more efficient. In 
front of national experts on energy, we 
were happy to develop a concrete and 
realistic analysis of the real potential 
of smart grids in the specific context 
of emerging countries. Based on the 
experience of some classmates in 

such countries (Vietnam, Colombia 
...) and thanks to our six months work, 
we got the skills to illustrate clear 
opportunities (better reliability and 
economic efficiency of the network) 
and limitations (mainly investment 
problem) with these new technologies 
of smart grids. The size of the audience 
(around fifty people), the audience 
attention and the amount of questions 
at the end attested to the success of 
this conference.

Main topics or ideas developed at 
the end of the Conference

At first, one of the most concerned 
members of the audience, a professor 
of energy science, pointed out that 
these technologies show clearly the 
multidisciplinary technical evolution. 
Indeed, smart grids require skills 
and knowledge of energy experts, 
electrical or electronics engineers and 
also specialists in new technologies 
of information and communication. 
Through the following example, she 
mentioned the fact that smart grids 
technologies are a potential solution 
for Nicaragua’s energy issues: they 
have recently been commissioned 
to perform a study by a consumers 
association to check if electricity 
consumers exactly pay the cost of 
their electricity consumption. In other 
words, see if the bills reflect exactly 
the consumption and if the repeated 
outage (temporary and controlled 

suspension of furniture) or “black 
outs” (uncontrolled suspension of 
furniture, as a result of a shortage), 
can even create “economical injustice” 
within the population. Thus, it appears 
obvious that smart grids deployed in 
such a context would be a very effective 
way to analyze this phenomenon.
In the same way, but at a more global 
scale, several audience considerations 
suggested us that academic people 
are seriously asking themselves the 
question of national promotion of 
these new technologies. Indeed, in 
a country where political stability 
is relatively uncertain and where 
there are not really institutional 
“safeguards” between the head of 
the state and people (such as the 
independent commission for energy 
regulation “CRE” in France that is a 
guarentee of a certain constancy in 
energy policies), the UNI has a mission 
much larger in its contribution to 
public management of energy. They 
are wondering about their tools to 
stimulate and encourage partnerships 
between electricity producers and 
the government. Another question 
asked by a PhD student who studied 
smart grids, focused on well known 
examples of “smart grids projects” in 
emerging countries. We have talked 
about a Brazilian example in particular. 
Finally we were asked, on sidelines of 
the central topic, if opportunities exist 
for cooperation between UNI and the 
“Ecole des Mines de Paris”.

ConferenCe at the national engineering University in ManagUa
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The Amayo wind farm which is located 
in Rivas, 128 km far from Managua and 
near the Lake Nicaragua, is the biggest 
wind plant project in the country and 
one of the biggest in Central America. 
The plant which delivers 63 MW of 
power and reaches 8% of the installed 
capacity of the state was connected 
between the beginning of 2009 and 
the end of 2010.
The Amayo wind farm has been 
created by a consortium composed 
by the energy group “Energia Eolica 
de Nicaragua SA” (ENISA), Centrans 
Energy Services from Guatemala and 
Arctas Capital Group L.P. from the 
USA. The project was separated in 
two steps: the first step called Amayo 
1 set 19 wind turbines since February 
2009. The second, Amayo 2, set 11 
wind turbines. The total cost can be 
estimated between 55 and 95 millions 
of dollars.
The site has been chosen after 8 years 
of specific tests and has specific assets 
for wind exploitation. Indeed, the 
connection to the national grid was 
really simple, the field is flat and the 
wind is very regular. The main client 
of the plant is currently the Spanish 
company Union Fenosa which is the 
leader of electricity distribution in 
Nicaragua. Then, the company sells 
the electricity in Nicaragua, Honduras 

Outcome

First practical experience in 
dissemination of our work, except for 
the “schools project” given to a young 
audience certainly less demanding, this 
conference helped us to realize that we 
are able to provide relevant insights on 
a complex theme, and foreign to our 
own national energy context. It is a 
good thing for the following, especially 
for the redaction of our book in which 
we must add a significant value, 
against other countless publications 
about smart grids. We are satisfied of 
this “conference project” result, led 
by the hand of our project manager 
and colleague Miguel López-Botet. 
And we don’t forget, because we have 
appreciated it, the strong support of 
our English teacher Ms. Levingston.

Arnaud MAINSANT and 
Teddy BOUVET

and Costa-Rica, the price being 
approximately U$86.5/MWh. By the 
way, Amayo was developed with 
the help of the Clean Development 
Mechanism (CDM) created with the 
Kyoto Protocol. Thanks to that, Amayo 
can sell carbon credit. 
The 30 wind turbines are Suzlon 
models, one of the biggest wind 
companies in the world. The size of each 
turbine is 40 m and delivers 2,1 MW 
of power. The turbines are automatic 
and connected to a central system by 
a fiber optic network, enabling their 
control and remote monitoring in real 
time. The axis can rotate 360 degrees 
depending on wind direction. The 
averaged capacity factor is 50%, which 
is very high (generally 20% elsewhere). 
The annual production is 250 GWh. 

The AmAyo windfArm

The windfarm location. Credit: Google Earth.
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This big project is supported by the 
energy policy of Nicaragua, which 
aims to reduce the share of fossil fuels 
in the mix and develop renewable 
energies. This project also created 
many jobs with the building of the 
plant, operation and maintenance. 
That’s why Amayo helps Nicaragua to 
reduce its energy dependence on fossil 
fuels and its greenhouse gas emissions 
and stimulate economic activity in the 
region.

Saul PEDREZA and 
Pierre-Jean DELHOUME

The AmAyo windfArm
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With an energetic intensity 
of 0.69 toe/thousand of US$2000 
of GDP and 38% of its energy 
imported[1], Nicaragua is one 
of the most energy-dependant 
countries in Central America 
and one with the greatest ener-
getic intensity after Guyana, 
Surinam and Haiti, whose situa-
tions can be explained by the 
small size of those countries but 
this argument does not apply for 
Nicaragua.

This country benefits from 
an excellent renewable energy 
potential – with huge geother-
mal, hydro and biomass resour-
ces – that could in theory endor-
se the entire electric production 
of the country. The transport sec-
tor is 100% dependant on oil im-
ports and alternative fuels such 
as biodiesel and bio-alcohol are 
not used.

Yet, biomass represents 
about half of the primary energy 
consumption of Nicaragua. Its 
applications? Mainly domestic 
uses of wood (“Leña” in Spanish) 
but its utilization is still inefficient.

Wood market in Nicaragua

The wood market weights from 100 
to 200 million USD per year. It’s less 
than the third of the oil market with 
700 million USD per year. This sector is 
ruled from the production through the 
transport to the commercialization. 
However, illegal use and trade of 
wood are thriving businesses due to 
corruption and lack of control. The 
consequences of this failure: a ton of 
wood is bought 8 USD to the owner 
of the tree-plant and the final user 
buys it between 80 and 100 USD, an 
overestimated price for a 40% water 
filled wood.
Domestic use of wood in Nicaragua 
is linked to the idea of poverty and 
deforestation. Indeed, in the usual 
evolution of domestic fuels use, wood 
is the first step followed by charcoal, oil, 

liquid gas and finally a mix of electricity 
and natural gas. Most of African 
countries are still using charcoal.
PROLEÑA’s experts’ will is to convince 
current wood and charcoal users to 
leapfrog and use gas. Nevertheless, 
the overwhelming poverty (a huge 
part of the population lives with 
less than 2USD a day), the lack of 
education and the ease to buy cheap 
wood are obstacles to this evolution: 
people with the money earned within 
the day prefer buying the wood on the 
way back from work. Saving money to 
buy gas once a month is not in the local 
culture. Fuel shift from wood to natural 
gas is not for today in Nicaragua…

PROLEÑA: Modernization in 
anticipation of fuel shift

PROLEÑA is working in the field 
of biomass in the Pacific side 
of Nicaragua for 14 years. This 
organization promotes modernization 
in the domestic and industrial uses 
of biomass and a sustainable land 
use management for energy. Its 
activities include an expertise work in 
the domain of energy efficiency and 
renewable energies.
In more details, PROLEÑA works for 
the democratization of improved 
stoves instead of traditional fireplaces. 
Indeed, traditional stoves (with open 

fireplaces) have a lot of disadvantages 
like a poor efficiency, pollution and 
health hazards due to toxic and 
corrosive smokes (green wood 
combustion produces acetic and 
cyanhydric acid that corrode the metal 
sheet of the roof creating holes!)
PROLEÑA designs, builds and sells 
improved stoves (“Ecofogons”) wood 
or charcoal powered. Since 1997, 
11300 units have been sold[2]. Among 
PROLEÑA’s hot products there is: 
Mega-ecofogon, Ecoleña, Monolitica 
plancha (built with cement and bricks), 
Eco-horno (oven and hob), Liciernaga 
(produces electricity and heat)… Prices 
range from 100 to 200 USD.
Thanks to the use of improved stoves, 
wood consumption is reduced by a 
half. Assuming a price of wood of 80 
USD per ton, the ROI of a 150 USD 
model is about 8 months.
The heat required to produce bricks 
and tiles used to build the stoves 
is provided by biomass (wood and 
agriculture wastes). 1 to 1.5 tons of 
biomass are necessary to produce 10 
to 15 tons of terracotta.
PROLEÑA also works on charcoal 
production process. The traditional 
method of carbonization consists in 
burning some wood in pits or to cover 
the wood with earth; it’s called the 
“parva”.  The environmental impact 
is huge and the efficiency is low. 

Proleña : IntroductIon to ImProved kItchens

Master OSE on the presentation of PROLEÑA
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The firm develops ovens (made of 
bricks or cheap steel) to enhance the 
carbonization.
Deforestation is a burning issue in 
Nicaragua due to wood and land use 
for domestic utilization and animal 
husbandry. PROLEÑA works on 
reforestation in wood plants. The used 
species are for example eucalyptus, 
selected for their high growing rate 
and energetic power. In order to 
improve the results, the organization 
develops cloning gardens. More than 
2.6 millions of trees have been planted 
and it takes about 6 years to grow.
This tremendous amount of work 
has been made by the small staff of 
PROLEÑA: 2 technicians, 3 people 
in the wood plants and one for the 
customer service.

There are many barriers left

To diffuse improved stoves among 
the society, they must be affordable. 
PROLEÑA first considered importing 
them from China or copying Chinese 
stoves that use ceramic fibers. But 
Nicaraguans are curious by nature and 
try to open them, while fibers are not 
free from consequences on health. 
Moreover, objects maintenance is 
not in their culture so stoves must be 
tough.
Moreover, the use of green wood is still 
a problem because people don’t have 
the possibility to dry it: on the one 
hand, the risk of being robbed before it 
is dry is high, on the second hand, they 
don’t have enough resources to buy 

wood 3 months before using it. People 
with enough money to buy and keep 
the wood, or a faster method to dry it 
must be found. Dealing with this last 
issue, PROLEÑA works on a roasting 
technique that frees wood from its 
water thanks to a soft thermal process 
(the wood is heated at 220-250°C). 
This is a self-sustained process during 
which the wood losses only 15% of its 
energetic properties and gets more 
insect-proof.
A process to treat the smokes with a 
catalyst has also been tested but this 
solution is too expensive now: the 
Nicaraguan industry is not important 
enough and each device has to be 
imported.
At last, a final example shows the 
difficulty of PROLEÑA’s task: few years 
ago, one of their improved stoves able 
to produce electricity for light bulbs 
has been misused: people used it to 
power TV or other electronic devices, 
and their wood consumption soared. 
PROLEÑA decided to remove it from 
sales.
The most complex barriers to overcome 
may eventually not be technical but 
socio-cultural and behavioral, as it is 
for so many other issues…

François BRIENS, 
Mariya FILATOVA and 

Adrien ATAYI

notes:

[1] IEA 2008

[2] From 1997 to the date of visit

Proleña : IntroductIon to ImProved kItchens

Improved stove wood powered 
« Ecofogon » « Hornos » for the preparation of bread and pizzas

Improved stove charcoal powered

Supper preparation for the Master OSE 
on the improved stove
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A small village of some 500 
people to the north of Bluefields, 
the municipality capital of the 
Caribbean coast, Kahkabila is a 
quite isolated and remote area. 
The Nicaraguan National Grid 
expanded recently its power 
lines to the village.

History

Blue Energy, present in this community 
for nearly seven years, built the first 
wind turbine in 2007, whose main 
function was to light the school in 
the evening. In December 2008, Blue 
Energy installed a second wind turbine 
to provide electricity to the local 
health center. These operations were 
encouraging for the community and 
the volunteers, which were preparing 
new projects for Kahkabila. What 
followed instead was the connection 
of the village to the National Grid. 
This is more likely to be the result 
of the community vote favoring the 
country’s ruling party in the latest 
municipal elections, according to 
Marie Roussel. The unexpected 
power lines expansion made the wind 
turbines already installed completely 
useless. Blue Energy was hoping to 
withdraw the wind turbines for the 
benefit of other communities, but 
the villagers strongly opposed. These 
wind turbines are indeed a source of 
great pride for them and proof of their 
dynamism. After heated discussions, 
the Blue Energy volunteers managed 
finally to convince the community to 
remove one of the two turbines. They 
chose the one which is visible from the 
coast and might be useful to deal with 
frequent network blackouts.

System Design

Today, the electrical installation of Blue 
Energy consists of a 1KW wind turbine, 
330Wc solar panel and 4 batteries 
in sequential circuit. The system is 
deliberately simple to make easier 

its functioning and maintenance.  
The photo below shows the main 
components.
The electricity is generated by 
wind turbine in AC, which is then 
converted into DC, in order to be 
stored in batteries. The batteries are 
progressively charged with the help 
of both energy sources: PV and wind 
turbine. The electricity stored is then 
converted back to AC using an inverter 
and injected into the electricity 
network. The batteries play the role of 
“buffer” and regulate an even flow of 
electricity according to demand. 
This simple but an effective system 
works relatively well if proper 
maintenance service is provided. 
That’s why Blue Energy Team wants 
to ensure proper system usage by 
the community after their departure. 
Another volunteer points out the 
importance of social work in his own 
experience: “For one hour of technical 
work, there are at least 15 hours of 

social work behind it”. Blue Energy 
accumulated significant experience in 
this field. Indeed, to install the PV or 
wind turbine equipment in a remote 
community and leave them on their 
own makes no sense. 
First of all, one must carefully evaluate 
the upstream phases of the project: 
talk to people, assess their needs, 
and find the solution in a manner 
that best meets the unique needs 
of the community which can often 
be different from what they desire! 
Furthermore, the regular visits are 
also necessary, despite the proper 
maintenance of facilities by the 
community in the absence of Blue 
Energy Team. 
More precisely, the association 
entrusts the keys to an operator 
previously trained to do some routine 
maintenance (changing water in 
batteries, cutting power in case of a 
problem) and who keeps a logbook 
to register maintenance operations. 

One day in KahKabila

Location of the Kahkabila village, under the blue spot.
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Those operations might be quite 
sophisticated for a community that has 
looser sense of time. Unfortunately, 
one of the batteries was thus damaged 
due to an oversight of the operator.
Yet, if those systems are installed by 
external organizations and for free, the 
community won’t feel responsible for 
them. That’s why Blue Energy is trying 
to implicate the villagers as much as 
possible through all project stages as 
well as financially. 
In this sense, the free electricity is not a 
sustainable solution either, as it doesn’t 
encourage its rational utilization. We 
were quite surprised to find lights on in 
broad daylight in the village while it was 
facing difficulties of electricity supply. 
On the other hand, since electricity is 
no longer free for local population, no 
one is ready to pay bills for school or 

clinic. Blue Energy was also confronted 
with some cultural idiosyncrasy. One 
of the typical examples it witnessed 
is   the unexpected equipment 
“borrowing”: a battery   “borrowing” 
by an unscrupulous villager that put 
the entire system in danger; or tools   
“borrowing” that the community was 
provided by association for system 
maintenance. These several examples 
make it clear: new installations in 
communities like Kahkabila are fare 
from only technical challenge.
Even if the arrival of the electricity 
network shifted Blue Energy’s plans 
for further community development, it 
hasn’t changed the strong willingness 
to bring new projects to Kahkabila to 
ensure its sustainable development. 
“As electricity is no longer a priority”, 
says a member of Blue Energy, “we are 

now working on water management 
issues”. The next few years the 
association is planning to install up to 
10 water filters. 

Fabien WLOCH and 
Alexander KACHATURIAN

For more information :
1. Enhancing Portable Lighting Services 

in Rural Nicaragua, Francesca Francia, Josiah 
Johnston, Andrea Silverman, Berkeley 2008, 
http://josiah.berkeley.edu/2008Spring/ER291/
Report/NicaLighting-rpt.pdf

2. « Fighting Poverty Can Save Energy, 
Nicaragua Project Shows », National 
Geographic, 25 novembre 2010, 

3. http://news.nationalgeographic.com/
news/energy/2010/11/101125-poverty-energy-
efficiency-nicaragua/

4. Blue Energy : http://www.blueenergygroup.
org/
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Wind turbine 
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electrical grid (AC)

Inverter 
 (DC/AC)

24V battery bench in 
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PV electricity 
(DC)

switch

Converter 
(DC/AC)

One day in KahKabila

Monitoring board of the hybrid system set up in Kahkabila

http://josiah.berkeley.edu/2008Spring/ER291/Report/NicaLighting-rpt.pdf
http://josiah.berkeley.edu/2008Spring/ER291/Report/NicaLighting-rpt.pdf
http://news.nationalgeographic.com/news/energy/2010/11/101125-poverty-energy-efficiency-nicaragua/
http://news.nationalgeographic.com/news/energy/2010/11/101125-poverty-energy-efficiency-nicaragua/
http://news.nationalgeographic.com/news/energy/2010/11/101125-poverty-energy-efficiency-nicaragua/
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One day in KahKabila

MS OSE students help the Blue Energy members to lay the wind 
turbine on the ground in order to check the balance of its blades.

Members of Blue Energy are checking the wind turbine.

Des enfants de Kahkabila sur le quai.

The wind turbine of Kahkabila

The wind turbine blades are made at Blue Energy 
workshop in Bluefields. The member of Blue Energy 

examines its balance.The children on the pier.
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All the team of the Master OSE wants 
to thank all the people that contributed 
to the fulfillment of this trip. M Lâl 
MADARIN from Blue Energy, for the 
organization and without whom this 
trip would never have been carried 
out. Mme Marlyng Buitrago from 
Proleña for her professionalism 
and her welcome. Mme Marie 
Roussel from Blue Energy, for her 
enthusiasm and the explanation of 
the projects performed by the NGO. 
To the members of the Ministry 
of the Energy and of the National 
University who shared with us their 
experience and their knowledge of the 
electrical system. To His Excellency the 
Ambassador of France. To all those 
who have been asked for cooperation 
in the planning of the visits.
This trip made us discover a fascinating 
world and we will always remember 
it thanks to the passion and the 
sympathy of all those who shared the 
experience with us. For these reasons 
we insist to thank all the speakers 
and the organizers of the visits and 
the conference held this week. The 
reception was warm and devoted and 
we really appreciated the quality and 
the relevance of the lectures as well as 
the nearness and the professionalism 
of all the speakers.

Partners & acknowledgments
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