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Abstract
With an increased demand of electricity it is in everyone´s interest that investments are made to
promote sustainable options, and the question on how to supply clean and sustainable energy is global.
In this bachelor’s thesis, funded by SIDA and Åforsk, the intention was to investigate the possibilities for
renewable energy in Honduras, a developing country with an expanding energy sector.
Honduras is Central America´s second largest country, located in-between Guatemala, Nicaragua and El
Salvador. The country is one of poorest in the region, and the trade is characterized by the import of oil
and export of coffee and fruit.
Hydropower has played a major role in the development of the Honduran electricity sector, but today
oil based thermal power has the largest share of the energy market. It accounts for more than half of
the total generation which makes Honduras very vulnerable to changes in the oil price. The remaining
share of generation comes from renewable sources, mostly hydropower. The potential for hydropower
in Honduras is estimated to be about five times bigger than the current installed capacity. With a
constantly rising oil price, building new hydropower or refurbishing old is becoming more and more
competitive. This is the reason for this thesis; to investigate the possibilities for small scale hydropower
in Honduras. Information has been gathered through contacts with energy organizations as well as
examples and experiences from refurbished or upgraded hydropower plants and other relevant
hydropower projects. With this information barriers and possibilities in the process of refurbishing,
upgrading and building hydropower plants in Honduras have been identified.
Our conclusion is that developing small scale hydropower in Honduras is very demanding; applying for
required permissions, studies, financing, construction etc. are barriers which all require hard work.
Considering this we still believe that the possibilities and positive impacts are greater than the barriers
and negative impacts when developing small scale hydropower in Honduras thanks to legislated
incentives. The positive impacts that can come from building and refurbishing hydropower plants
include: cheaper electricity, improved roads, power lines, and schools, promotion of rural electrification
and creation of new job opportunities. Small scale hydropower can help Honduras use its natural
resources and create a sustainable development for a brighter future.
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Sammanfattning
Med ett ökat behov av elektricitet ligger det i allas intresse att satsningar görs på hållbara alternativ.
Jakten på ren och hållbar energi är därför en global fråga aktuell för alla delar av världen. Detta
examensarbete, finansierat av SIDA och ÅForsk, har för avsikt att undersöka möjligheterna för förnybar
energi i Honduras, ett utvecklingsland vars energisektor är i en expansiv fas.
Honduras är Centralamerikas näst största land, beläget mellan Guatemala, Nicaragua och El Salvador.
Landet är ett av de fattigaste i regionen med en handel som kännetecknas främst av oljeimport och
export av kaffe och frukt.
I utvecklingen av Honduras elsystem har vattenkraft spelat en stor roll, men den har förlorat
marknadsandelar till förmån för oljebaserad värmekraft. I dagsläget utgör värmekraft mer än hälften av
Honduras elproduktion vilket gör landet mycket sårbart för förändringar i oljepriset. Resterande
elproduktion utgörs av förnybar energi, till största del vattenkraft. Potentialen för vattenkraft i Honduras
uppskattas till nästan fem gånger den idag installerade effekten. Med stigande oljepriser blir det mer
konkurrenskraftigt att bygga nya vattenkraftverk eller göra upprustningar av äldre. Med anledning av
detta syftar den här rapporten till att undersöka förutsättningarna för småskalig vattenkraft i Honduras.
Genom kontakt med energiorganisationer samt exempel och erfarenheter från redan upprustade,
uppgraderade eller andra relevanta projekt inom vattenkraft har information insamlats. På så vis har
barriärer och möjligheter i processen att upprusta, uppgradera och bygga vattenkraftverk i Honduras
identifierats.
Vår slutsats är att det krävs en stor insats att utveckla småskalig vattenkraft i Honduras, ansökningar för
efterfrågade tillstånd, studier, finansiering, konstruktion och så vidare är barriärer som alla kräver hårt
arbete för att övervinnas. Vi anser dock att möjligheterna tack vare lagstiftade incitament och positiva
effekter av att utveckla småskalig vattenkraft i Honduras överväger barriärerna och de negativa
effekterna. Byggnation och upprustning av vattenkraftverk kan ha positiva följder såsom billigare el,
upprustning av vägar, kraftledningar, skolor, främja elektrifiering och skapa arbetstillfällen på
landsbygden. Småskalig vattenkraft kan därför hjälpa Honduras att ta till vara på sina naturtillgångar och
skapa en hållbar utveckling för en ljusare framtid.
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1 Introduction
In this section an introduction to the thesis is given with background, aim and goals of the project.

1.1 Background
Sustainable development, to face the future with less environmental impact and maintain high living
standards sets big demands on both us human beings and our technology. Above all, it sets high
demands on our energy system when it comes to usage of renewable energy and the replacement of
fossil fuels that constantly accelerates the global warming. In order to achieve this sustainable
development, global cooperation is required when it comes to both energy efficiency and construction
of new power plants, but why not take advantage of and utilize already existing power plants?
Historically electricity generation in Honduras has been dominated by hydropower, but since the mid1990s oil powered generation has grown bigger due to an increased demand for electricity. The power
grid needed additional capacity fast and the quickest and most economical way at the time was to build
thermo-based generation fueled by oil. [1]
According to Water Paper, a study funded by ESMAP and PPIAF1, the Central American countries have
3 800 MW installed capacity of hydroelectric power older than 35 years. Honduras is no exception and
has old hydropower plants that are either ineffective or not working at all. The plants were neglected
when the power grid needed fast expansion, thermal power was in focus leaving the small scale
hydropower expensive and unnecessary. But with a fluctuating and constantly rising oil-price there is a
big opportunity for upgrading and refurbishing these old hydropower plants. [2]

1

ESMAP, Energy Sector Management Assistance Program and PPIAF, Public-Private Infrastructure Advisory
Facility, both funded by the World Bank, have studied the situation of hydropower rehabilitation in the Central
American power system.
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1.2 Aim
The aim of this study is to investigate the possibilities of refurbishing/upgrading old hydropower plants
or building new hydropower in Honduras to see what benefits it might have, economical, environmental
and social.
The aim is also to, with examples and experiences from already refurbished hydropower plants, identify
barriers and possibilities regarding hydropower refurbishing in Honduras.

1.3 Goal
For the project to be considered successful, the following questions shall be answered:
What are the conditions like, regarding development for small scale hydropower in Honduras?
What are the possibilities and barriers?
What are positive and negative impacts?
In addition to answering these questions, the following objectives shall be achieved:
A report, interesting for a company or organization who wants to develop hydropower in
Honduras.
On a personal level, get international experience and learn about similarities and differences
between Honduras and Sweden.

1.4 Delimitations
The project does not aim to come up with a plan of how to develop a specific hydropower project. It will
be a study of what to do in general, and what barriers and possibilities there are in Honduras.
The goal about getting international experience is not going to be handled in the report, although our
Swedish values is something that will shape the projects outcome
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2 Method
In this part it is described how the planning and execution of the report was done.

2.1 Planning
The first stage of the project was the planning of the Minor Field Study (MFS) that took place from the
end of January to the end of March. Information about Honduras was gathered trough searches on the
Internet, in the library and e-mail conversations with Fernando Cerna, contact person in Honduras. The
first meeting with the hydropower plant owner was booked through e-mail and phone conversations. In
the beginning of the project there were three hydropower plants that were potential plants to
investigate. It was decided to only investigate one plant in order to be able to study it thoroughly.

2.2 Field trips, interviews and analysis
Refurbishing, upgrading or building are the three options available regarding hydropower projects.
Refurbishing hydropower plants means that existing constructions that have already been built but is
not working well or at all can be fixed and put to use again. Upgrading means changing key components
in a plant to make it more efficient or changing the capacity. Building is simply when a new plant is
constructed. Focus will be put on refurbishing and upgrading, but building will also be considered.
During the stay in Honduras the focus was to investigate one hydropower plant, the Zacapa Mini Hydro
Station. This plant was chosen because of its very helpful owner and because it had been through and
experienced the different steps we were looking for, refurbishment (1992) and upgrade (2005).
The investigation consisted of a study of the Final Design Study document for the upgrade and the
Clean Development Mechanism (CDM)-application. A visit to the plant was also made, where interviews
and a study of the plant was conducted.
After the investigation of the Zacapa Mini Hydro Station had been done, an analysis of what barriers and
possibilities that exist when developing hydropower in Honduras was made. With this it was possible to
know what to focus on. Five categories were defined; environmental, technical, financial, laws &
regulations and social. These five categories were further studied regarding barriers, possibilities,
negative impacts and positive impacts. Information about these categories has been gathered through
contacts with energy organizations as well as examples and experiences from refurbished or upgraded
hydropower plants and other relevant hydropower projects.
Additional interviews were held with owner of the Zacapa Mini Hydro Station and additional contacts
that had been active earlier in the planning stage of the thesis were contacted again. A smaller study
visit was made to Hydroelectric Project Morja, an 8,6 MW hydropower plant under construction in the
northwest of Honduras. This was made to get a wider understanding and see if that project experienced
similar problems as Zacapa.
A study visit was made at El Cajón, the biggest and most important hydropower plant in Honduras. This
study visit was made to gather information about the Honduran energy system, and the role that
hydropower plays in it.

3

The contact person in Honduras, Fernando Cerna, works for a development bank in a project that
specializes in funding for renewable energy project. Conversations were held with him to get the banks
point of view regarding financing.

2.3 Compiling report
The gathered data and information from documentation was mostly in Spanish, which meant a lot of
translating work before it could be analyzed.
The interviews and research made during the study visits was analyzed. This information was, together
with the data from the documentation, compiled all throughout the project and put together to the
report in which the project resulted in.
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3 Background information
In this section general information about Honduras and its energy sector is presented.

3.1 Honduras
Honduras, or República de Honduras which is the official name, is Central America's second largest
country with a total area of 112 000 km2, which roughly corresponds to a quarter of the area of Sweden.
Honduras is located between Guatemala and Nicaragua and adjacent to El Salvador. In the north, the
country has a long coastline along the Caribbean Sea and a small coastline towards the Pacific in the
south, see Figure 1. The climate is sub-tropical near the coasts and temperate in the mountain regions,
which means most parts of the country since Honduras is the most mountainous country in Central
America. The population in 2013 was 8,5 million inhabitants. The country is one of the poorest in the
region; 60% of the Honduran people are estimated to be living in poverty and around half the country's
population do not have access to basic health care. Honduras has some serious crime issues, problems
with narcotics and gang related violence has led to that Honduras, according to United Nations, was the
most violent country in the world with a murder rate of 82 murders per 100 000 inhabitants in 2011. [3]
[4] [5]

Figure 1 Map of Central America, Honduras and its biggest cities are shown as the colored area. Source: OpenStreetMap ©
OpenStreetMap contributors http://www.openstreetmap.org/

The biggest cities in Honduras are; Tegucigalpa which is the capital located in the mountains rather
central in the country, San Pedro Sula is the second largest city, it is located in the northwest and is
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considered to be Honduras industrial center. On the northern coast lays the third biggest city La Ceiba.
All these cities and their location are illustrated in Figure 1. [3]
Some of the most important export products are coffee, fruits, gold, palm oil and lumber. [4]

3.2 Historical background
In the year of 1957 the company Empresa Nacional de Energia Electrica, simply referred to as ENEE, was
formed as a state-owned autonomous public service organization. The intention was that ENEE should
study, construct and operate the national electrical power grid. When ENEE was founded there was no
national power grid, the power supply consisted of small local grids isolated from each other. These
grids were operated by private companies, municipalities or by the government in the capital
Tegucigalpa. ENEE then became responsible for promoting electrification of the whole country.
During its first years ENEE expanded quickly, the small isolated grids were connected to one national
grid, several hydroelectric power plants were constructed and the national grid was strengthened.
Interconnecting lines between Honduras and Nicaragua was built in 1976. Nicaragua became
interconnected with Costa Rica in 1982 and from Costa Rica to Panama connection was established in
1986. The fast expansion was made possible through financial support from the World Bank and other
international finance institutions. With this support ENEE launched the construction of El Cajon, a 300
MW hydroelectric power plant, which was completed in the mid-eighties. Peak demand that year only
reached about 220 MW when the installed capacity was already 250 MW. That meant that Honduras
had a big amount of excess energy when El Cajon was finished and brought the installed capacity up to
550 MW. To be able to find markets for the excess energy and to pay the loans created by the
construction of El Cajon ENEE launched an intensive program for electrification of rural areas. Tariffs for
electricity were not adjusted to cover the expenses for El Cajon which made ENEE’s situation worse with
an even bigger debt. In 1989 the financial situation was so bad ENEE stopped paying their debt service
to the financers. The financial situation of the country became unstable and when Honduras devalued
their currency in 1990 together with significant energy losses on the power grid, at its worse reaching 28
%, Honduras ended up in a national financial crisis.
ENEE applied for a new loan from the World Bank 1990–1991 to finance new energy projects, an
application which the World Bank declined saying Honduras needed to find private investors. In 1993
ENEE launched a public bidding for investors which did not work out that well. This, combined with poor
rain the three previous years, led to a national energy crisis with rationing of electricity as result.
The energy crisis together with mediocre result by ENEE due to high losses in the national grid,
overstaffing and insufficient maintenance on power plants resulted in a reform in Honduras power
sector and establishment of the Electricity Law of 1994. [1]
The Electricity Law implies an open electricity market which gives private actors at all levels opportunity
to operate and compete freely. This includes among other things producing, trading, transmitting and
distributing electricity and gives consumers greater freedom to choose where and from whom they wish
to purchase their electricity. [1]
The 1994 Electricity Law had the desired effect; many private companies investing in power generation.
From 1994 until 2010 private investors had invested in 800 MW diesel and gas powered plants to a total
6

cost of 600 million US dollar and 70 million US dollar in 110 MW renewable energy, mostly small scale
hydro and bagasse, which is a rest product from sugarcane used as biofuel.
Since the implementation of the 1994 Electricity Law the hydropower share in Honduras energy
system has steadily fallen in favor of petroleum-based thermal power.The changed roles in the power
systems energy mix can be explained by the international finance institutions abolishment of subsidies
for development of hydropower. Thermal power plants that run on heavy fuel oil, diesel and gas have a
lower investment cost and therefore shorter payback-time compared to hydropower which makes
thermal generation a more interesting option for a private investor. This trend can be clearly seen in
Figure 2 where the share of MDMV (Motor Disel de Medio Velocidad) steadily has grown. [1]

Figure 2 Development of the Honduran energy matrix. Source: ENEE

In Figure 2 the Honduran energy matrix is shown and the energy sources it is composed of. It shows that
the share of hydropower in the system has fallen from a market share of 66% in the 1960´s to a record
low share of 30 % in 2011.
3.2.1 Electricity market today
Despite the fact that 1994 Electricity Law determines the right to free entrance to all sector activities
including generation, transmission and distribution ENEE has kept their role as the only actor in the
power sector responsible for transmission, distribution and electricity trading. Even though private
investors got access to power generation ENEE still has a key-role as the only buyer of electrical power
which leaves power generating companies little choice other than to sell to ENEE at the price
negotiated.
Article 18 in 1994 Electricity Law gives a third party right to use the grid in exchange a certain cost. This
gives large consumers the right to buy directly from a power generating company. A large consumer is
7

defined as a user connected to a voltage level higher than 35 kV and with a peak power demand
exceeding 1 MW. Numerous attempts have been made from large consumers and private power
generating companies to exercise this right to create their own partnership and together negotiate
about a price, but these partnerships have failed every time due to ENEE taking out a price for usage of
their grid, too high according to the partnerships. This leaves the generators with few options other than
to sell to ENEE and consumers have no choice but to buy from ENEE, which means ENEE still controls the
energy sector and still operates as a vertically integrated company.
Since ENEE is a state owned company their management has consisted of ministers from different
institutions, for instance the Minister of Natural Resources and the Environment, Minister of Public
Works, Transportation and Housing and the Minister of Finance. A general manager is elected by the
president of Honduras and the board of ministers. Article 264 in the Honduran Constitution states:
“general managers of state-owned companies will last up to four years in their positions…” which means
that the general manager of ENEE is replaced every four years, and for every new government sworn a
new general manager is appointed. This constant replacement of ENEE’s board of directors makes it
hard for the company to establish long-term goals since the management do not necessarily have the
same goals and experience as the previous. [1]
Since ENEE has influence from the ruling government, pricing of the electricity has not always been
market-based and not taking in to account the company’s current financial position. This since low
electricity tariffs has been something voters are attracted to. The last year’s average electricity tariff
only covered 80 % of total electricity cost, including generation, transmission, administration etc., even
though the 1994 Electricity Law states that cost-covering tariffs shall be used. There is a general lack of
willingness to implement these tariffs to fully cover the expenses since it might be considered to be too
expensive by the citizens. [1]
In the 1990’s it was a high risk to invest in the Honduran energy sector. This forced ENEE to sign Power
Purchase Agreements (PPA) with private investors who built power plants running on petroleum based
fuels. The bad situation ENEE was in made these contracts unfavorable and it is still a big expense for
ENEE. Also high and constantly varying fuel prices affect thermal plants using petroleum-based fuels
such as heavy fuel oil, diesel and gas. [1]
All of the problems mentioned above combined with the difficulties in committing to long-term goals
are, according to ESMAP 2, about to lead Honduras into a new national energy crisis.
3.2.1.1 Sales
Distributors of energy, in this case ENEE, are according to Article 20 in the Electricity Law obliged to buy
electricity from a producer with a fixation period of at least five years, and according to Article 12 ENEE
guarantee purchase of electricity through PPA´s with fixation periods of up to 20 years.
Decree 85-98, which creates incentives for renewable energy, states that ENEE will buy all energy
produced from renewable energy sources with long-term contracts. Compensation for sold energy is
2

. ESMAP, Energy Sector Management Assistance Program has studied the Honduran power system with help
from International Development Association (IDA), Honduras government and the World Bank
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determined by a base price, negotiated between the producer and ENEE, which cannot be more than
the short-run marginal cost valid at the time of contract signature. Short-run marginal cost is according
to the Electricity Law defined as the cost to supply one additional kW and one additional kWh over a
five-year period. [1]
Distributors buy power and energy from producers at a regulated price which take both transmission
and generation costs into account, this contract is referred to as the busbar tariff. Generation cost, as a
part of the busbar tariff, is calculated considering both capacity (power) and energy. It is the average
short-run marginal cost for production estimated for the five years ahead. The calculation is made every
year by the producers and approved by National Energy Commission, in Spanish Comisión Nacional de
Energía (CNE). [1]
Calculation of future marginal cost is a sensitive process depending on several parameters and
assumptions which can be manipulated. Due to this many private producers, especially those operating
plants powered by unreliable renewable energy, prefer to sell energy with long-term PPA’s with a fixed
energy price. By doing this small producers may eliminate the risk of a changing marginal cost, which in
the future may change for the worse. [1]
3.2.1.2 Electrical grid
Figure 3 shows the national grid and where the power lines are at, therefore the figure also shows the
possibilities to connect a power plant to the grid. The different voltage levels in the power grid are
demonstrated in the figure where the power lines are illustrated in different colors depending on the
voltage level.

Figure 3 Map of the Honduran national power grid 230kV shown as red lines, 138 kV shown as blue lines and 69kV shown as
green lines. Source: ENEE
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Honduras electric system has, like most American countries, a frequency of 60Hz. For long transmission
on the national grid the voltage levels are 230kV, shown as red lines in Figure 3, 138 kV shown as blue
lines in Figure 3 and 69 kV, shown as green lines in Figure 3. These high voltage levels are used in order
to keep losses as low as possible. At regional level the electricity is transformed down to 34,5 kV and
13,8 kV, shown as thin black lines in Figure 3, for further distribution to households where power outlets
have the voltage level 110V. [6]
Construction of power lines from the power plant to the connection point, where interconnection with
the national grid takes place, is the responsibility of the owner of the plant in question and it is therefore
of utmost importance that this is weighed into economic calculation of the project and its estimated
cost. [7]

Figure 4 Map of national power grind and power plants. Source: ENEE

Figure 4 shows that most of Honduras power plants are located in the northern, central and western
parts of the country, so is the grid. The power grid is basically running from the north/northwest to the
southwest parts, with a few lines going east. This can be explained by the simple fact that most parts of
the population live in these regions, so these areas are where the demand is highest. This locationdependent power demand is also clarified in Figure 5 which clearly indicates in how big the demand for
power is in different regions. [3]
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Figure 5 Energy usage by region in 2011, expressed in MWh. Source: ENEE

Figure 6 shows the relationship between installed capacity in the grid and the maximal demand. The
figure shows that both demand and capacity has firmly increased over the past twenty years, and by all
indications it will continue to do so. Note that the installed capacity in the figure is theoretical and does
not always have to be the one available; the plants may not be operating for example due to
maintenance and the unreliability of renewable energy sources such as run-by-river hydro and wind
power.

Figure 6 Relationship between installed capacity and maximal demand. Source: ENEE
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Honduras total electricity coverage 2005 was estimated to 67,5 % and was one of Central Americas
lowest. A national rural electrification program was implemented by the Honduran government. The
program is a part of the country’s plan to reduce poverty, and the goal is to reach electrical coverage of
75 % in rural areas. As shown in Figure 7 rural electrification is estimated to almost 59 %, which means
that 41 % of the people in rural areas still live without access to the national power grid. In urban areas
however electrical access reaches 94 %.
The country in total has improved electricity coverage which in 2012 reached 77 %. However this
means that 23 % of the inhabitants still live without access to the national power grid. [8]

Figure 7 Access to the national power grid in Honduras 2012. Source: ENEE

As shown in Figure 8 the Honduran national power grid has significant energy losses. The last couple of
years, energy losses on the national grid have constantly been rising and in 2011 it reached 27 %. Of
these, 10 % are estimated to be technical losses and the remaining 17 % is due to theft, fraud and illegal
connections. This means that more than a quarter of all electricity produced never reaches costumers
and therefore will not be billed the
right way. [1] [9]

Figure 8 Losses in the national power grid. Source: ENEE
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3.2.2 Hydropower in Honduras
Hydropower is, like most other renewable energy sources indirect solar energy. When the sun shines
water evaporates from lakes and oceans and rain falls on the mountains. For hydropower to work two
things are necessary: difference in height and water flow. The difference in height is called head in
hydropower context. In a river with a flat slope, a dam is often constructed to concentrate the head to
one location.
Since the Honduran energy market, including energy generation and power plants, has long been
controlled by a state owned company, also the owning of power plants has been characterized by state
ownership.

Figure 9 Development of installed hydropower capacity in Honduras. Source ENEE

Figure 9 show the development of hydropower in the country from 1967 and onwards. The first major
hydroelectric power plant in Honduras was Cañaveral; it was built in 1964 and has an installed capacity
of 29 MW. The plant is located north of Lago Yojoa in the center of the country. ENEE continued to grow
and gradually expanded its hydroelectric capacity. A major investment was made in the eighties when
Represa Hidroeléctrica Francisco Morazán, simply referred to as El Cajon, was built. The plant has an
installed capacity of 300 MW and was completed in 1985; this large increase in installed capacity can be
clearly seen in Figure 9. El Cajon has a large dam of arch-type, see Figure 10, and can therefore be used
to regulate the power supply into the grid. Together with Rio Lindo, which was built in 1971 with an
installed capacity of 80 MW, these two power plants represent the major hydroelectric plants in the
system. [10] [11]
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Figure 10 El Cajon, Honduras biggest hydropower plant. Photo: Leo Lingvide

Even though the grid was opened to private operators in 1994, through implementation of the new
Electricity Law, development was slow at first. This was possibly due to, as previously mentioned in
section 3.2 Historical background, cheap oil in the 1990´s and high investment cost of hydropower. In
the early twenty-first century private operators started to gain ground and in 2011 accounted for an
installed capacity of 72MW, representing almost one-seventh 3 of the total hydropower capacity.
Table 1 and 2 shows a number of hydropower plants and their capacity. [1] [12]
Table 1 State owned hydropower plants. Source: ENEE

Power plant

Installed capacity in MW

Francisco Morazán (El Cajon)
Rio Lindo
Nacaome
Cañaveral
El Nispero
El Coyolar
Santa Maria del Real

300
80
30
29
22,5
1,7
1,2

3

72/(464+72) = 0,134 = 1/7,4
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Table 2 Privately owned hydropower plants. Source: ENEE

Power plant

Installed capacity in MW

La Esperanza I & II
Cuyamapa
Rio Blanco
Babilonia
Cececapa I
Hydro Yojoa
Zacapa
La Nieve

12,8
12,2
5
4
2,9
0,6
0,5
0,5

Honduras has got a great potential for hydropower, according to AHPPER (The Honduran Association of
Small Renewable Energy Producers) the potential is about 3 200 MW. This compared to the installed
capacity in 2011 which was equal to 540MW. It means that there is still 2 600MW, almost five times 4 of
what is currently installed, that could be developed and used instead of fossil power. [13]
Currently, a number of hydroelectric projects are under development. Major projects under
construction are Llanitos (80 MW) and Jicatuyo (210 MW), which both are projects by a Brazilian
company in collaboration with ENEE. It is expected that the plants will be completed and start
generating in 2014. [14]
Another project being developed is Piedras Amarillas, also called Patuca III, which is a hydropower
plant which will have an installed capacity of 100 MW. The project is a partnership between the Republic
of China, Taiwan and Honduras. [15]
El Aguan is a project still in the planning stages that is expected to have a total installed capacity of 170
MW divided on three power plants. El Aguan is a multi-part project which besides from hydroelectric
power also will make use of biomass and photovoltaic in order to form the nation's first energy complex.
[16]
There are also some private projects under development, i.e. Hydroelectric Project Morjá, an 8,6 MW
hydroelectric power plant under construction in northwestern Honduras and Los Laureles Hydroelectric,
a 4,8 MW plant being built on the Atlantic coast. [17]

3.3 Zacapa Mini Hydro Station
The Zacapa Mini Hydro Station was built between 1944 and 1946 by Rosario Mining Company to supply
their mine, El Mochito, 11 km away with electrical power. For power generation water from the Zacapa
River, which is born from the mountain about 150 meters upstream, is used. The water was lead in to a
373 m long canal which led it to the reservoir. From there it went through a steel penstock, with a 20
meter net hydraulic head to reach the turbine.
The plant was operating until 1986 when the mine closed. The mine opened up again two years later,
4

(3200-(464+72)) /(464+72) = 5
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but the mining company got a good deal from the government to buy cheap electricity from the grid as
the government wanted the mining activity in the area. The plant was not started again and therefore
abandoned for seven years before it was bought by Jorge Rivera in 1992. To get the plant in working
condition a refurbishment was done from November 1992 until September 1993. When the
refurbishment was done, the plant had a horizontal Francis turbine with a power output of 750kW, see
Figure 11. However the plant was unable to operate for 5-7 months every year during the dry season as
the water flow was too low for the turbine to operate. It generated about 1 GWh/year and the
electricity was sold to Rosario mining company using the old power lines, this was the only option since
private actors were not allowed on the national power grid before 1994. Electricity was used as a way of
payment for the plant, for five to six years 20 -25 % of all electricity delivered to the mining company
was not billed and therefore used as payment.
During this part of the project the biggest barriers to overcome were concerns from the municipality
and from local residents. The plant had been closed for seven years and at the time of rehabilitation the
activity around the power plant increased and access to the plant became limited. This change caused
nervousness among local inhabitants. [18] [19] [20] [21]

Figure 11 The old horizontal Francis turbine. Photo: Leo Lingvide
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During the first years of operation information about river flows, production data and other critical
information for the operation of the plant was gathered. This information would then prove to be very
important when negotiating loans from the bank. A loan of $ 500 000 US was granted and used for an
upgrade of the power plant.
To have this information from operational data was a key element when applying for loans. It would,
according to the owner, not have been possible to get a loan without this information. If data were
missing, or if the project would have been entirely new, they would have been obliged to present
equivalent facts, such as topographical, water flow, rain and geological data. [18] [19] [20] [21]

Figure 12 The old power house to the left and the new one to the right. Photo: Leo Lingvide

In 2005 the plant went through an upgrade where the electromechanical equipment was replaced, new
power house was built beneath the old one, see Figure 12. By doing this two meters extra head was
gained and the new net hydraulic head is 22 meters. Work was also made on the canal and hindering
objects was removed. The new electromechanical equipment consisted of a 530kW Cross-Flow turbine,
gearbox, synchronous generator and control panels, everything provided by Wasserkraft Volke AG – a
German company operating in the hydropower sector. After the upgrade the power output had been
lowered from 750 kW to 530 kW, but the energy generation had increased to 3 GWh/year. That is
because the new cross-flow turbine is able to operate even during the dry season. The new set-up only
takes 3,2 m3 /s water to operate at full power, while the old one needed 4,8 m3 /s. The new
electromechanical gear can be seen in Figure 13, the generator is the red one, the gearbox is the blue
one and the turbine is the yellow one. [18] [19] [20] [21]
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Figure 13 The new electromechanical equipment. Photo: Leo Lingvide

Cross-Flow turbine is an impulse turbine also known as Mitchell-Banki or Ossberger turbine. Inflowing
water enters as a wide flat sheet where the water flows through the impeller blades twice before it
leaves the turbine, see Figure 14. The Cross-Flow turbine has a relatively low efficiency, about 80 %,
although it has a big advantage when it comes to keeping the efficiency constant even though the flow
is varying. Cross-Flow has come to be used in a lot of small hydropower plants where it replaces the
Francis turbine. It has a simple design that is easy to manufacture and maintain which has made it an
interesting alternative in remote areas. [22] [23]

Figure 14 Design and function of a Cross-Flow turbine. Illustration: Fanny Runeby
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Another reason for the installation of a smaller turbine is that the water flow in the river has decreased
a lot since the plant was built. That is partly because work has been done to divert water to a different
route to another hydropower plant. In addition to the upgrade, a new power line was constructed in
order to be able to connect to the national power grid to sell electricity to ENEE.
During this part of the project the biggest barriers to overcome were of more contractual nature.
Getting a loan from the Central American Bank was difficult since bureaucracy in the organization led to
a small project being treated the same as a big one. The bank had many requirements, for instance;
legal requirements, warranties and contracts covering everything for the bank. Signing the PPA-contract
with ENEE turned out to be another difficulty; negotiations between the parties took over one year
before the contract was finally signed. [18] [19] [20] [21]
Upgrade of the power plant was, according to the owner, necessary as continued operation of the plant
as it formerly was with a 750 kW Francis turbine would not have been profitable. [18]
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4 Developing small scale hydropower in Honduras
Refurbishing, upgrading or building are the three options available regarding hydropower projects.
Refurbishing hydropower plants means that existing constructions that have already been built but is
not working well or at all can be fixed and put to use again. Upgrading means changing key components
in a plant to make it more efficient or changing the capacity. Building is simply when a new plant is
constructed.

4.1 The steps in developing a hydropower project
These following steps should not be seen as a strict step by step instruction on how to develop a
hydropower project. It is a dynamic process where some of the different steps will be executed
simultaneously and use part of other steps in the result. [24] [21]
4.1.1 Step 1 Project profile
This is the first thing that is done in a project. It is a small study to analyze if the project is worth
continuing. It is important to account for all parts of the project to be able to reach a conclusion. These
are some things that should be handled in the document:
Idea for the project
Preliminary data estimations (water flow, head, hydroelectric potential)
Basic design (type of equipment, power output, tunnels etc.)
Preliminary financing estimates (total investment, income, source of funding)
When making this document it is still possible that there are other actors interested in the site.
Therefore it is important to keep this information to yourself.
4.1.1.1 Result from the step
A document that can be analyzed and a decision about the future of the project can be made. The
options are:
More research
Continue to the next step
Abort the project
Delay the project [24], [21]
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4.1.2 Step 2 Pre-feasibility study
Pre-feasibility study is the continuation of the project profile. It is a deeper investigation with the aim of
creating a few options on how the project could be built. The focus in developing these options should
be on profitability and feasibility in the following categories:
Availability of water
What type of technical equipment that should be used (should be extensive)
Risks
Location
Costs and duration (operating and building)
Market
The information in this stage is general and mostly gathered through secondary sources.
4.1.2.1 Results from the step
A few options about how the project could be designed. It is also possible that the options from the
study does not seem profitable or feasible, that can lead to the project being cancelled. [24], [21]
4.1.3 Step 3 Feasibility study
The feasibility study is essentially the pre-feasibility study made more thorough. Safe and reliable
information about the different options presented in the pre-feasibility study needs to be gathered.
Preferably this study is made with the help of expert s in the different fields that are investigated, the
same that are mentioned in step 2.
Before the study can be made it is necessary to have a feasibility study permit. The feasibility study is
closely linked with the application of permits. I.e. it is needed to have made a feasibility study in order to
receive the operating agreement. More information about the different permissions can be found under
4.2 Required permissions.
4.1.3.1 Results from the step
The result from this step is a document that evaluates different options and identifies the best one. It is
used to negotiate with financers since it shows the planning, profitability and feasibility of the project.
[24], [21], [19]
4.1.4 Step 4 Environmental studies
The environmental study is an analysis of what environmental- and social impacts the project is going to
have. It is important that this is done thoroughly since it will help to minimize the damages that the
project will inflict.
Aspects that should be considered are:
Nearby residents
Infrastructure
Archeology
Changes in the land that make it more difficult living of
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Animals living in the area
Mitigation measures
To handle environmental and social issues is often more difficult than the technical issues since there
are more laws and regulations controlling them. The environmental study differs from the other steps
since it is mostly done to get the environmental license and not to get the plant in operating condition.
The extent of the study is decided by the size of the project. There are three different categories, more
information about them is found in 4.2.2 Environmental Licensing
4.1.4.1 Results from the step
A document that considers and presents mitigation measures for the social and environmental issues
that exists when building/upgrading hydropower. With this document it is possible to apply for the
environmental license. [24], [21], [19]
4.1.5 Step 5 Final Design
The final design uses the information and conclusions made in the previous studies. The feasibility study
provides the best technical and most profitable solution and from the environmental study there is
information about how to minimize negative environmental and social impacts. This is the document
that defines exactly how the project will be conducted.
4.1.5.1 Results from the step
A document with a complete plan of the project from start to finish. What materials/equipment, what
measures are to be taken regarding environmental/social impacts, health and safety for workers etc.
The document will have a time plan stating when the different stages of the project will be finished.
[24], [21], [19]
4.1.6 Step 6 Financial closure
In this step the negotiations with financers are made and an agreement regarding the financing is
signed. The things that should be established are how the financing will be made and with what
conditions, regarding guarantees, when the money is given to the developer and how it will be repaid. In
this step it is important that there is good information to present that gives an overview of the project
and its potential to be profitable.
This is the last stage before the investment takes place. Worth noting is that although this is the time
that most effort is put in to financing, it is important to keep track and manage the financing throughout
the project.
4.1.6.1 Results from the step
After this step is completed there should be defined conditions about the financing of the project. [24],
[21]
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4.1.7 Step 7 Construction
Construction is when the whole project is built, infrastructure, civil works, electromechanical etc. This
step is the most demanding period of the project. There are a lot of things that need to be monitored. If
the previous stages have been done thoroughly this step will be much easier, but if there have been
errors earlier in the planning it will cause delays and/or extra costs.
The problems that might appear in this stage are mostly technical, all the studies and permissions should
be finished and approved. A problem with permissions during this stage could be devastating since
construction has commenced and would have to cease while the problems are dealt with, leading to
delays and extra costs.
4.1.7.1 Results from this step
After the construction step is finished the project will have been built and will be ready to operate. [24],
[21]
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4.2 Required permissions
When developing hydropower there are permissions that are needed, first to conduct a study, then to
build the plant and finally operating it. The order of when to apply for the different permits is shown by
the way they appear in this following text.
4.2.1 Feasibility study permission - Permiso para estudio de factibilidad
The full name of the permit is Feasibility study permit for construction of power generation with national
renewable resources. It gives a company the exclusive right to conduct a feasibility study in a specific
area. The permission is valid for two years and can be extended for another two years.
The permit is handled by Directorate-General for Energy, in Spanish Direccíon General de Energia (DGE).
Secretary General, in Spanish Secretaría General (SG), is another instance that is involved. When it is a
permit for hydropower one more authority is involved, Directorate-General for Water Resources, in
Spanish Dirección General de Recursos Hidricos (DGRH).
All of these are a part of Ministry of Energy and Natural Resources, in Spanish Secretaría de Recursos
Naturales y Ambiente (SERNA).
Some of the required things in the application are:
Project profile
Time plan
Financing
Experience of the participants in the project
For a full table and more information, see Annex 1 – Requisitos para la tramitación de permisos y
licencias
Processes to be carried out before approval:
Verifying that it is the only application of the area
Field visit
Legal opinion and opinion from DGRH
An estimate regarding how long time it takes to process this application is six months, although it is hard
to generalize since it is dependent on different factors. For example: Quality of the information in the
application, difficulties with the project, disagreements in the area, etc. [24]
4.2.2 Environmental licensing - Licenciamiento ambiental
Directorate for Environmental Evaluation and Control, in Spanish Dirección de Evaluación y Control
Ambiental (DECA), handles the permission together with the SG of SERNA. This permission is a
requirement for all power generation projects in Honduras.
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The cost of this license is dependent on how big the investment is.
For investments below HNL (Honduran Lempiras) 200 000 or $ 10 400 US the cost is 1% of the
investment.
For investments above HNL 200 000 or $ 10 400 US and below HNL 1 000 000 or $ 52 000 US
the cost is 0,5 % of the investment.
For investments above HNL 1 000 000 or $ 52 000 US and below HNL 20 000 000 or $ 1 041 000
US the cost is 0,05 % of the investment.
For investments above HNL 20 000 000 or $ 1 041 000 US the cost is 0,02 % of the investment. 5
The size and extent of the application is dependent on the size of the project. There are three
categories. For hydropower the different limits are:
Category 1: 0,5 MW – 1 MW
Category 2: 1 MW – 3 MW
Category 3: Above 3 MW [24]
4.2.2.1 Category 1
The license for this category is called Certificate of Environmental Registry, in Spanish Constancia de
Registro Ambiental. The plant gets registered and needs to report its activities. Projects in this category
have a small negative environmental and social impact. This size of project can however have big social
benefits if built in an area where the access of electricity is not very good and can contribute to rural
electrification.
The required documents for the license are:
Project summary (2-5 pages)
Statement from municipality including project status
Certificate / statement from Municipal Environmental Unit in Spanish Unidad Municipal
Ambiental (UMA)
Title deed / lease
For a full table and more information, see Annex 1 – Requisitos para la tramitación de permisos y
licencias
Processes to be carried out before approval:
Technical report – DECA
Technical opinion/verdict – DECA
Signature by the minister of SERNA
The waiting time for this license is short, less than one month. [24]

5

1 US dollar = 19,22 HN lempiras
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4.2.2.2 Category 2
The license for this category is called Environmental authorization in Spanish Autorización Ambiental.
Projects in this category have a significant environmental and social impact. To make sure that the
impacts are kept to a minimum there is an agreement in the authorization that states that the project
needs to use mitigation measures. The project needs to do standard measures that are common for all
projects, but the agreement can include special measures that are only applicable for the specific
project.
The required documents in the application are:
Qualitative environmental assessment
Title deed /lease
Certificate /statement from AMU
For a full table and more information, see Annex 1 – Requisitos para la tramitación de permisos y
licencias
Processes to be carried out before approval:
Technical report – DECA
Technical opinion/verdict – DECA
Legal opinion
Decision from minister of SERNA
It takes about 8 months to get the application processed. [24]
4.2.2.3 Category 3
The license in this category is called Environmental License in Spanish Licencia Ambiental. The projects in
this category have a high environmental and social impact and therefore might need an Environmental
Impact Assessment, in Spanish Evaluación de Impacto Ambiental (EIA).
The required documents in the application are:
Qualitative environmental assessment
Title deed / Lease
Certificate / statement from AMU
For a full table and more information, see Annex 1 – Requisitos para la tramitación de permisos y
licencias
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Processes to be carried out before approval:
Technical report – DECA
Technical opinion/verdict – DECA
Legal opinion
Decision from the minister of SERNA
Field inspection
Convocation of SINEIA (Sistema Nacional de Evaluación de Impacto Ambiental)
It takes about 8 months to get the application processed. [24]
4.2.3 Operating agreement - Contrato de operación
The operating agreement gives the company behind the hydropower plant the right to operate on the
electricity market. An operating agreement can be valid for 10 – 50 years depending on the expected
time of operation of the plant. SERNA and CNE are responsible for the granting this license. The
permission takes effect when it has been approved by congress, ratified by the president and published
in the official journal La Gaceta.
The required documents in the application are:
Approved feasibility study permission
Approved Environmental License
The rights to use the area
Design plan
Proof that the company exists
For a full table and more information, see Annex 1 – Requisitos para la tramitación de permisos y
licencias
Processes to be carried out before approval:
Approves /changes the proposed details – DGE
Approves the guarantee – DGE & SG
Approval from the congress
Approval from the president
It usually takes less than 12 months to get the application processed and evaluated. The application
needs to be accompanied with a sustainability guarantee of $ 800 US /MW. [24]
4.2.4 Contract of water - Contrata de agua
The contract of water is a permission that states the rights and obligations for the project regarding the
use of the water. The permission is sent to SG of SERNA, who with the help of DGRH and the legal
directorate of SERNA handles the application. After the approval from SG, it has to be approved by the
congress and the president. It comes in to effect when it is published in the official journal.
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The required documents in the application are:
Project description including blueprints and maps
Agreement with other users of the stream, i.e. nearby residents
Rights to use the area
Hydrologic study
For a full table and more information, see Annex 1 – Requisitos para la tramitación de permisos y
licencias
Processes to be carried out before approval:
Visit and evaluation – DGRH
Legal opinion – SG
Approval by the congress
Approval by the president
The processing time for the application can be about 12 months, and therefore it is important to hand in
the application as early as possible. The application can be handed in while the operating contract is
being processed. The validity is the same as the operating contract.
There is a fee to get the contract of water. For the first 15 years it is $ 0,10 US /kW per year and for year
16 and onward it is $ 0,20 US /kW per year. [24]
4.2.5 Energy supply contract - Power Purchase Agreement
The Power Purchase Agreement (PPA) is not a permission required by law, but in reality it has to be
made to sell electricity in Honduras. A PPA is a contract signed by two parties and handles issues
regarding power purchase. The two parties are; firstly a power plant which is the seller, and secondly a
purchaser who buys the electricity in large amounts, in most cases the majority of all energy produced
at the plant. Questions considered in a PPA may be:
Power purchase guarantee; this agreement states the amount of energy to be purchased, and
about conditions and penalties, if any, in case of one of the parties would not fulfill its part.
Clarification of these issues creates conditions to further determine the projects profitability and
cash-flow.
Force Majeure guarantee; it is preferable that the contract treats the potential case of force
majeure, circumstances which are beyond human control. Within the framework of force
majeure events such as political risks, natural disasters and changes in laws are often included,
since these are considered to be beyond control of a buyer or seller in a PPA.
Operation risks; the rules for dispatch of energy, availability and outages should be defined to
avoid future disputes. For example, since a run-of-river hydropower plan is dependent on river
flows and the hydrological circumstances in the nearby area, the production may vary
throughout the year and therefore the availability of the plant. This poses a risk for the seller
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since it may fail to deliver, and the purchaser can in some cases require penalty charges since
they are not able to purchase the energy contracted.
Dispute resolution; since a PPA is a long-term agreement with several actors involved there is
always a risk that a conflict may occur. It is preferable that the contract addresses such things as
dispute resolution and how it shall be done. Methods used for dispute resolution is for example;
non-binding alternative where the parties come to a quick agreement based on good faith. This
method is quick, economic and flexible. Another method is arbitral methods where a conflict is
solved with help from a tribunal with members whom have expertise in the subject. This
method is to prefer when the parties wish for a confidential, neutral and binding solution.
Financial and foreign exchange guarantees; if the investor is foreign there are several other
aspects to consider. For example convertibility of currency, since the foreign investor most likely
would be able to convert the profit made into his own currency. [25]
In a PPA contract it is also necessary to declare things such as location of the plant with exact
coordinates, power generation equipment used and civil works, for example sizes of buildings and dams.
[26]
4.2.6 Building permits - Permisos de construcción
The building permit is where the municipality has its chance to influence how the project is being built.
There are different rules in the different municipalities of Honduras. Often the requirements include a
building plan and the payment of taxes. Processing time for the application can vary between different
municipalities, but should be around 1-2 months. This permission is independent from the others and
can therefore by applied for any time before the building commences. [24]
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4.3 Aspects to consider
There are many aspects to consider when planning the development of a hydropower project. These can
be categorized in to five categories: Environmental, technical, economical, laws & regulations and social.
In this section these categories are treated, when possible, considering positive impacts, negative
impacts, barriers and possibilities. Additional to these aspects an example from the reality from Zacapa
Mini Hydro Station will be described.
4.3.1 Environmental
Even though hydropower has a big positive effect on the global environment when it comes to replacing
the use of fossil fuel for electricity generation, it can also have major negative environmental impacts. A
lot of impacts can be avoided, or at least lowered if a mitigation measures plan is thoroughly made and
followed. One major mitigation measure is to have an “ecological flow” that is not used to generate
power. It ensures that the life of plants and animals in the river is kept. The most important aspects to
consider regarding ecological flow is:
Social aspects: The water flow that is important for the livelihood of nearby population, i.e.
drinking water, irrigation.
Animal conservation aspects: Endangered species, key species in the diet of nearby population.
These two aspects combined with the hydraulic aspects makes it possible to calculate a suitable
ecological flow. It is possible that the ecological flow can differ during rainy season /dry season. I.e.
there might be species of fish that require more water at some point during the year.
The biggest environmental impact is when the plant is built. That means that in the case of refurbishing
or upgrading there is not many negative environmental impacts, mostly positive. [27]
4.3.1.1 Positive impacts
- Hydropower plants contribute to lowering the use of oil. This makes emissions and pollution decrease.
- When refurbishing an abandoned power plant the surrounding area will in most cases benefit from
reforestation. It is the interest of the power plant owner to have a rich vegetation since it hinders
erosion, binds water in the ground etc. For example the Zacapa Mini Hydro Station plants 400-600 trees
every year.
- When villages gain access of electricity it is possible to use it instead of firewood. That benefits the
surrounding area and decreases deforestation
- Decreasing the risk of flooding since the stream will be controlled and rocks and debris will be
removed. [18] [20]
- There are possibilities to improve the environmental impact from an existing hydropower plan, either
through a refurbishment or through an upgrade. An example is the city La Esperanza where there was
an old abandoned hydropower plant that had an uncontrolled dam that was full during rainy season and
dry during dry season. This causes anaerobe decomposition of living material that grows when the dam
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is empty and the anaerobe decomposition emits greenhouse gases. La Esperanza Hydroelectric Project
was refurbished in 2003 and since then the dam is always full. [28]
4.3.1.2 Negative impacts
- Most of the negative impact is during the construction /refurbishment. It is important that all possible
negative impacts are considered since many of them can be avoided or limited. One thing that might be
easy to forget is that there is a big impact on the surrounding environment when building access roads
to the power plant.
- Damages will be made to the environment when big and heavy machinery need to make their way to
remote areas.
- When trees and other vegetation are removed during construction it will lead to erosion of the ground.
An example of how a building project affects the local environment can be seen in Figure 15 which
shows construction of Hydroelectric Project Morjá, an 8,6 MW hydroelectric power plant under
construction in northwestern Honduras. [17]

Figure 15 Construction of penstock and power house on the Hydrolectric Project Morjá in Honduras. Photo: Mikael
Andersson
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- Animal life will be affected during the construction, but also during operation due to changes in the
rivers path or the quantity of water that flows in the river.
- Contamination of ground- or surface water due to fuel spills.
- Through the whole operation period of the power plant it will hinder the natural passing of soil, making
less organic material travel downstream. This will affect the vegetation. [18] [20] [28]
4.3.1.3 Barriers
- Regarding the environment the biggest barriers that exist are required permits, read more about this in
4.2.2 Environmental licensing.
4.3.1.4 Example from Zacapa Mini Hydro Station
The Zacapa Mini Hydro Station uses the Zacapa River which is a small river that is born out of the
mountain. This means that there is not any bigger animal life in the river, but an ecological flow is
needed nonetheless. The flow that is required to be left for the original river path is 0,3 m3/s, about 10
% of the water flow the turbine needs. During the rainy season there is no problem leaving that amount
of water for the original path since the flow in the river is well above the 3,2 m3/s needed by the turbine.
During the dry season it is a bigger concern since the flow goes down below 1m3/s. In Figure 16 the
layout of the power plant is shown; the river comes from the top right corner and is led in to the canal,
shown as the water of darker color. The water of brighter color, which starts in the top of the figure, is
the original path of the river and this is where the ecological flow goes. In the middle of the figure there
is also a small extra water flow which can be led in to the canal. It is a good addition during dry
season where every extra liter per second of water flow counts, but during rainy season it is only led
passed the canal. [21]
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Figure 16 Layout of the Zacapa Mini Hydro Station. Illustration: Fanny Runeby

4.3.2 Technical
The knowledge and technique of how to build hydropower have progressed since the first plants were
built. Knowledge of how to use water flow for efficient power generation and at the same time preserve
the environment downstream is better today.
4.3.2.1 Positive impacts
- Quality of electric service in nearby communities improves as a power plant nearby will help to
stabilize the electrical voltage and decrease transmission losses from power plants far away.
4.3.2.2 Barriers
- In some cases it can be problematic to get good rain and water flow data from nearby weather stations
and they might not always be representative. If that is the case, meters need to be installed in the rivers
to get good rain and water flow data.
- Since Honduras is located near the equator the climate is tropical with basically two seasons, summer/
dry season and winter/ rainy season. As the names might indicate there is a big difference between the
seasons, from large amounts of rain during rainy season to no rain during dry season. The seasonal
variations may cause problems for hydroelectric power, especially small scale as they in most cases have
no dam for storage. This then creates problems when dimensioning the system components. As power
generation depends on water supply, the operation of the plant will vary with the seasonal rainfall. This
is something that is important to keep in mind when designing the power plant.
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- When refurbishing, electromechanical gear and dam structure may be severely damaged, more than
was initially thought, and therefore in need of repair or replacement. This may lead to expenses that
were initially not planned and might jeopardize the project. A rigorous and comprehensive feasibility
study can minimize the risk of such an event. [18]
- It is important that nearby grid is capable of connection of a production plant and that the local grid is
able to receive the power that will be added. In order to get a quick look of where the nearest power
lines are at and their voltage level see Figure 3 and 4. However, since the grids short-circuit power is not
shown in the picture the owner of the grid, in this case ENEE, must be contacted to obtain information
about grid strength and if connection of a power plant is possible.
- Construction of power lines from the power plant to the connection point, where interconnection with
the national grid takes place, is a responsibility of the power plant owner and it is therefore of utmost
importance that this is weighed into the project and its cost estimate. This is because the cost for power
lines shall be covered by the projects budget. [7]
- ENEE prefers that production plants use synchronous generators. They are generally more expensive
than induction generators, but they also have a higher degree of efficiency and need less reactive
power. [29]
- The producer is recommended to have a Power System Stabilizer (PSS) in order to decrease the risk of
oscillations which may occur on the grid. Installation of a PSS is not a requirement, but it might be if the
plant turns out to bring disruptions to the grid.
- The plant must be able to operate within the frequency span 57–63 Hz [26]
4.3.2.3 Example from Zacapa Mini Hydro Station
- As previously mentioned, the seasonally varying flow can be problematic in terms of design and choice
of turbine. Therefore it is beneficial if a turbine is chosen that can handle varying flows. In the case of
Zacapa Mini Hydro Station a Cross-Flow turbine with dual guide vanes, designed for different flows, has
been installed. Thanks to this the plant can be operated with high efficiency down to 15% of nominal
capacity.
In Zacapa Mini Hydro Station a smaller turbine was installed than what was previously used. By
changing the turbine from a 750 kW horizontal Francis with a water demand of 4,8m3/s to a 530kW
Cross-Flow turbine with a flow of 3,2 m3/s, the annual energy production is increased from 1 GWh to 3
GWh. This increase in energy can be explained by the new turbine’s ability to operate with varying flows,
which makes it possible to operate the plant all year. [18]
- Regarding rural electrification the Zacapa Mini Hydro Station has made it possible for the village of
Agua Zarca to get access to the power grid. Before the plant was upgraded the village had been
struggling for 10 years to get access, but without success. [21]
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4.3.3 Economy
To operate a hydropower plant is a business, therefore the economy and how to finance the project is of
great importance.
A hydropower project demands a lot of resources, both regarding financing and man power, in the
beginning of the project, most of the expenses goes to the planning and construction of the plant. The
operation is not very expensive and the operation time of a plant is long.
Some of the investments in a project are needed before its decided if the project will be built or not. It is
called pre-investment financing, and should cover studies and applications for needed permissions for
the project. This financing is risky since there is no guarantee that the project will take place. If money is
borrowed for the pre-investment the interest rate is usually high.
The main part of financing is the actual investment needed to build the power plant. There are different
ways to finance the construction. The most common way is through a bank loan that is paid back to the
bank. Usually the payback time is 8–15 years.
It would be very expensive to loan all funds for a project from a bank, an equity capital is needed. The
easiest way is if the company developing the project already has got the equity needed. If that is not the
case it is possible to bring in investors. [24]
Banks often require high securities for hydropower projects in Honduras. If the project developer does
not have the assets to cover the securities there is an instrument called Partial Credit Guarantee (PCG).
In exchange for a fee the financial institution offering the PCG takes liability for a part of the security
needed. I.e. if a loan needs a security of 1 million US dollars but the project developer only have $
500 000 US, they can get a PCG from a financial institution that covers the rest of the security, $ 500 000
US. For that the project developer would have to pay some money, but if the project were to go
bankrupt, the financial institution offering the PCG would be liable for those $ 500 000 US. [30]
It is important to find a good balance between loans and equity capital. Too high loans leads to poor
cash flow, and too much equity capital can lead to not having a buffer for unexpected costs. [24]
4.3.3.1 Positive impacts
- Contribute to lowering electricity prices since it is a cheaper way to generate electricity than the
current cost of electricity generation in Honduras. [18]
4.3.3.2 Barriers
- For a small scale hydropower plant loans are expensive in relation to the incomes.
- The banks often require high securities for a small company. This is a major barrier if there are not
sufficient assets.
- The electromechanical gear is often imported and the prices for equipment from i.e. Europe are high
for a developing country.
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- During construction there is no income, only costs. Delays in construction can be devastating
financially. [18] [21]
4.3.3.3 Possibilities
- Hydropower has free “fuel”, which means low operation costs in contrast to thermal power
generation.
- Partial Credit Guarantee helps companies spread the risks and make it possible to get a loan if there
are insufficient securities.
- Insurance for unforeseen events can minimize the risk of bankruptcy for project financers during the
construction period [26]
- In excess to the income from selling the generated electricity there is a possibility to earn more money
through the Clean Development Mechanism (CDM), which is a part of the Kyoto Protocol. It states that
renewable energy projects in developing countries can get Certified Emission Reduction credits (CERcredits) which can be sold to a country that want to come closer to its emission reduction goal in the
Kyoto Protocol. In Honduras 1 MWh of generated electricity in a hydropower plant gives an emission
reduction of 0,65 tones carbon dioxide equivalents (tCO2e). One CER-credit is equal to one tCO2e. The
price for CER-credits has been varying over the last couple of years. It reached a high above $ 26 US in
August 2008, then dropping to below $ 2 US late 2012. 6
Worth noting is that the application for the CDM is a bit complicated and time consuming. Therefore it
is recommended to start with it at an early stage in the project. Even as early as during the making of
the project profile. [31] [24] [32]
4.3.3.4 Example from Zacapa Mini Hydro Station
The loan for the upgrade of Zacapa Mini Hydro Station was made with Central American Bank for
Economic Integration (CABEI). It was for $ 500 000 US, with a payback period of 8 years, where the first
one and a half years was without repayment of the loan, only interest. 8 years was not enough time to
repay the loan but the bank was unwilling to give a longer payback period. The owner ended up having
to take a loan from another bank to pay off the last of the loan from CABEI. [18]
4.3.4 Laws and regulations
When refurbishing or upgrading a hydropower plant there are laws and regulations that needs to be
followed, and it is important to not violate any of those since it may have serious consequences. But
there are also laws in order to promote and ease hydropower projects implemented to help the country
increase the use of renewable energy.
4.3.4.1 Barriers
Regarding laws and regulations there are no real barriers in the process, just many laws to keep in mind
so that they are not violated. The following are some laws that are usually included within the
framework of a hydropower project. Therefore it is important to analyze them in order to consider their
influence on the project:
6

1 Euro = 1,32 US dollar
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General Environmental Law: DL 104-93 and AE 934-97
Health Code: DL 65-91
Environmental Health Regulation: AE 0094-95
General Regulations on Accident Prevention Measures, Workplace and Professional Illnesses: AE
STSS001-02
For a full table dealing with more laws, categorized by the respective area that might affect a project,
see Annex 2 – Marco Legal.
4.3.4.2 Possibilities
- In order to promote the development of renewable energy projects a new law was introduced 2007.
The law, under Decree 70-2007, is called Law for the Promotion of Electricity Generation with Renewable
Resources, in Spanish Ley de Promoción a la Generación de Energía Eléctrica con Recursos Renovables.
[33]
According to this law renewable energy projects are offered tax exemptions on the following taxes:
Sales tax on equipment, materials and services for development, installations and construction
at the plant.
Import tax on material used for the study, final design, development, installation and
construction of the project.
If the plant has an installed capacity of 50 MW or less, the project can the first 15 years of
operation get exemptions on income tax, net worth tax and temporary solidarity contribution (a
tax on incomes/assets over 1 million lempiras)
- According to the law a producer will obtain compensation for the energy sold equivalent to the shortrun marginal cost. This compensation will be paid from ENEE since they are the only electricity trading
company. Compensation for sold energy cannot be less than $ 71,86 US/MWh, if the short-run marginal
cost was to be calculated to a value lower than that the seller still would get paid $ 71,86 US/MWh.
- If the power plant has an installed capacity of 50 MW or less an extra bonus will be received equal to
10% of the short-run marginal cost calculated at the time for signing of the contract. This extra bonus
will be in addition to the normal compensation for the energy sold, and is paid monthly during the first
15 years of operation. The bonus is 10% of the short-run marginal cost at the time for contract signing,
but will during these 15 years be adjusted yearly due to inflation. [33]
- Article 18 in the 1994 Electricity Law gives a third party right to use the electrical grid in exchange of a
certain cost. This gives large consumers the right to buy directly from a power generating company. A
large consumer is defined as a user connected to a voltage level higher than 35 kV and with a peak
power demand exceeding 1 MW.
- Decree 85-98, which creates incentives for renewable energy, states that ENEE will buy all energy
produced from renewable energy sources with long-term contracts. Compensation for sold energy is
determined by a base price, negotiated between the producer and ENEE, which cannot be more than
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the short-run marginal cost valid at the time of contract signature. Short-run marginal cost is according
to the Electricity Law defined as the cost to supply one additional kW and one additional kWh over a
five-year period. [1]
4.3.4.3 Example from Zacapa Mini Hydro Station
The laws themselves have not proved to be the major issue, more the way they are applied. Bureaucracy
in the system had the result that a small power plant like Zacapa with only 530 kW has been treated the
same as a big one, which has led to many often complex and time consuming applications for
permission.
Even though the Electricity Law from 1994 opens up for private actors to operate on all levels of the
electricity market ENEE has kept a key-role which means they have the upper hand in negotiations. It
took over a year of negotiations before ENEE and Zacapa Mini Hydro Station were able to come to an
agreement and sign the Power Purchas Agreement.
Since Zacapa Mini Hydro Station has an installed capacity less than 50 MW it receives a 10 % bonus in
addition to the short run marginal cost.
4.3.5 Social
A lot of the impacts from building/upgrading/refurbishing hydropower affect people living in the area
close to the plant. Hydropower plants are often located in remote and undeveloped areas.
4.3.5.1 Positive impacts
- Hydropower creates temporary and permanent jobs. During construction there is a big demand for
labor from the project.
- Improvement of infrastructure, i.e. the access roads leading to the plant might need to be upgraded
and surrounding communities will benefit from this.
- In remote areas suitable for hydropower the surrounding communities might not have access to the
power grid. When building lines connecting to the grid from the power plant, the possibilities of getting
electricity for these communities increase greatly.
- The municipalities where a hydropower project is located are entitled to taking out a tax from the
hydropower plant. This money can hopefully have social benefits. [18] [20]
4.3.5.2 Negative impacts
- Nearby residents might have been using the area for farming or cattle before the hydropower plant
was built.
- If dams are being built the reservoir can flood areas where people are living and force them to move.
[18] [28]
4.3.5.3 Barriers
- Nearby residents who have conflicting interests with the hydropower developer can appeal the
building of a hydropower plant. This might be due the previously mentioned issues, or lack of knowledge
and fear of the unknown, making the residents unwilling to have a hydropower plant in their proximity.
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Therefore it is of great importance to have a dialogue, to be able to give correct information. Otherwise
it is a risk that false information gets spread and the project gets the communities against it. [18]
4.3.5.4 Possibilities
- If a project has support from the community it can help with the applications of permits etc. as it
shows that it is a wish from many people to have the power plant built. An example of this is a
hydropower project being developed in Santa Cruz de Yojoa. The goal is to supply a future hospital with
electricity and sell the rest to the electrical grid. The project has gotten local families to invest in the
project and the people have a very positive attitude. The project has recently received the required
permits and financing to start building. [34]
4.3.5.5 Zacapa Mini Hydro Station
The Zacapa Mini Hydro Station is using as many local residents for workforce as possible. During the
upgrade 118 people were working at the plant, many of them living in the area. The operating personnel
working at the plant is five people, three are working in 8 hour shifts so that the plant is manned at all
times. One of the five is an extra worker who works when the three people working shifts have a day
off. The last person is a caretaker, who makes sure the surrounding area is kept in good condition. All of
them come from the nearby village, Agua Zarca. It is a small village with 80 houses where the majority of
the residents live of small scale agriculture for own use. Basically only the five people employed at the
power plant have permanent jobs. [19] [18]

4.3.6 Future
Honduras has taken on some ambitious goals regarding the country’s future energy matrix and how
sustainability will be achieved.
Objective 3 of the Honduras Country Vision (2010 – 2038) reads as follows: “A Honduras that is
productive, generator of opportunities and employment, which makes the most of its resources and
reduces environmental vulnerability in a sustainable way”. According to priority goal 3.3 under this
objective Honduras shall until 2038 “Elevate to 80% the participation rate of renewable energy in the
electricity generating matrix of the country”. [33]
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5 Discussion and conclusions
Taking into account the areas of possibilities and difficulties defined in this study we believe that the
possibilities and positive impacts when developing hydropower in Honduras are greater than the
barriers and negative impacts. The biggest possibilities as we can see it is that the competitiveness of
hydropower is growing since oil based generation are becoming more expensive to operate. Positive
impacts that are worth noting are the contribution to surrounding communities, rural electrification,
and global environmental impacts due to less oil use. The biggest barriers today lie in permissions and
financing, as for the negative impacts, the environmental effects close to the plant are significant. It is a
major impact on the surrounding nature and water flow.
Still, setting up a project to develop hydropower in Honduras requires a lot of hard work and a
significant effort can be expected. The applications for required permissions, all the studies, securing
financing, construction, etc. are all things that require a lot of managing from the owner. However, the
situation has improved when it comes to financing and permissions, which have been major barriers.
Regarding permissions, the government has recently granted many projects operating agreements.
When it comes to the financing, investing in the Honduran electricity market has been seen as a risky
investment, but that is changing with a growing share of the generated electricity coming from private
actors. Today it is easier to get a loan for a renewable energy project than it was 10 years ago.
When the Zacapa Mini Hydro Station was refurbished and upgraded the knowledge about the
construction of hydropower in Honduras was low, basically nothing had been built since El Cajon was
completed in 1985. That has been changing during the last 10 years when the building of hydropower
has begun to pick up and judging by the material we have gathered the future for hydropower
developers looks brighter than before.
Water flows are changing over time and this may cause old hydropower plants to not work as initially
intended. If the electromechanical equipment is getting old it is an opportunity to change into more
effective gear. An example of this is the case of Zacapa Mini Hydro Station, where the power output was
actually lowered but since the new turbine can handle the big variations in flow that exist in Honduras
the energy generated was actually tripled.
In the developing of Honduras power system hydropower has played a major role, and by looking at the
great potential for hydropower in the country, almost five times of what is currently installed, all
indications points to that it will continue to play an important role in the future. The potential to reach
the national goals regarding an 80 % share of renewable energy in the electricity generating matrix is
good, and this is a progress where hydropower will have a key-role to play.
Our final conclusion is that even though hard work is needed for hydropower projects the future is
bright for the developing of hydropower projects in Honduras. Goals have been established, the
potential is there, it is time to act!
Reflection of the conducted project:
The barriers for hydropower did not quite turn out to be as we thought. We had not expected it to be
such problems with permissions and funding. This has led to our thesis turning out more focused on the
process of getting permissions and what steps to be considered instead of the technical bit that we
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initially thought was going to be a bigger part. Many problems and possibilities today is a result from the
introduction of a reform in the energy market 1994, almost twenty years ago. Therefore we had to study
that reform and the Honduran electricity sector to get an understanding of how the system works.
For our work with the thesis some things were easier than initially thought, but many things have been
more time consuming and difficult than planned. One example of this is the language; most of our
sources for this thesis are in Spanish, which has meant a lot of translating work. We had problems with
power plant owners being hard to contact, there were two more plants which we had confirmed that
we would come and visit, but once in Honduras we were not able to get in contact with them again.
Our personal conclusion from our time in Honduras is that there is a big difference between Central
America and the north of Europe. In many ways things are more difficult and takes more time in
Honduras, but there is always a way to get it done. Sweden is more strictly guided by rules and
regulations.
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ANEXO .

Requisitos para la tramitación de permisos y licencias

REqUISITOS PARA LA SOLICITUD DEL PERMISO
DE ESTUDIO DE FACTIBILIDAD
1.

REqUISITOS PARA LA SOLICITUD DE
LICENCIAMIENTO AMBIENTAL
PARA PROYECTOS CATEGORÍA 1
-

-

-

-

-

-

-

-

-

-

REqUISITOS PARA LA SOLICITUD DE
LICENCIAMIENTO AMBIENTAL
PARA PROYECTOS CATEGORÍAS 2 Y 3

-

-

-

-

-

-

ANEXOS

-

REqUISITOS PARA LA SOLICITUD
DEL CONTRATO DE OPERACIÓN

REqUISITOS PARA LA SOLICITUD
DE LA CONTRATA DE AGUAS
-

-

-

-

-

-

REqUISITOS PARA LA SOLICITUD DEL
CONTRATO DE SUMINISTRO DE ELECTRICIDAD
CON LA ENEE

ANEXO II: MARCO LEGAL
MARCO LEGAL POR COMPONENTE AMBIENTAL
Factor
Ambiental

Aire

Legislación

Factibilidad

Ley General del Ambiente: DL 104-93

Reglamento de Salud Ambiental: AE 0094-95
Reglamento de la Ley General del Ambiente: AE
109-93

Construcción,
Operación y
Cierre

Completa

Considerar en
su totalidad

Completa

Considerar en
su totalidad

Completa

Considerar en
su totalidad

Completa

Considerar en
su totalidad

Reglamento General de Medidas Preventivas,
Completa

Capítulo 24,
Sección 3

Profesionales: AE STSS00102
Ley General del Ambiente: DL 104-93

Completa

Agua
Ley

Marco

del

Sector

Agua

Potable

y

Ley de Aprovechamiento de Aguas Nacionales:
DL 137-27

Considerar en
su totalidad

Completa
Completa
Completa

Considerar en
su totalidad

Reglamento de la Ley General del Ambiente: AE
109-93

Completa

Considerar en
su totalidad

Reglamento de Salud Ambiental: AE 0094-95

Completa

Considerar en
su totalidad

Ley General del Ambiente: DL 104-93

Completa

Considerar en
su totalidad

Ley de Ordenamiento Territorial: DL 180-2003

Completa

Considerar en
su totalidad

Ley de Propiedad: DL 82-2004

Completa

Considerar en
su totalidad

Ley Forestal, Áreas Protegidas y Vida Silvestre y
su Reglamento: DL 98-2007

Completa

Considerar en
su totalidad

Completa

Considerar en
su totalidad

Reglamento la Ley General del Ambiente : AE
109-93

Completa

Considerar en
su totalidad

Reglamento de Salud Ambiental: AE 0094-95

Completo

Considerar en
su totalidad

Suelo
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MARCO LEGAL POR INSUMOS AMBIENTALES, RESIDUOS
DE ACTIVIDADES GENERALES Y FACTORES
DESCRIPCIÓN

Recursos
Biológicos y
Paisajísticos

CONSTRUCCIÓN,
OPERACIÓN Y CIERRE

LEGISLACIÓN

FACTIBILIDAD

Ley General del Ambiente: DL
104-93

Completa

Considerar en su totalidad

Ley Forestal, Áreas Protegidas y
Vida Silvestre y su Reglamento:
DL 98-2007

Completa

Considerar en su totalidad

Decreto 87-87 Declaración de
Áreas Protegidas

Completa

Considerar en su totalidad

Completa

Considerar en su totalidad

Ley General del Ambiente: DL
104-93

Completa

Considerar en su totalidad

Ley del Instituto Hondureño de
Turismo: DL 103-93

Completa

Considerar en su totalidad

Completa

Considerar en su totalidad

Ley de Patrimonio Cultural de la
Nacional

Completa

Considerar en su totalidad

Ley General del Ambiente: AE
934-97

Completa

Considerar en su totalidad

Ley Marco del Subsector
Eléctrico: AE 934-97

Completa

Considerar en su totalidad

Ley de Promoción a la
Generación de Energía Eléctrica
con Recursos Renovables: DL
70-2007

Completa

Considerar en su totalidad

Reglamento de la Ley Marco del
Subsector Eléctrico: AE 934-97

Completa

Ley General del Ambiente: AE
934-97

Completa

Considerar en su totalidad

Completa

Considerar en su totalidad

Reglamento de la Ley General
del Ambiente: AE 109-93

Completa

Considerar en su totalidad

Reglamento de Salud Ambiental:
AE 0094-95

Completa

Considerar en su totalidad

Completa

Considerar en su totalidad

Normas Técnico Administrativas
Protegidas: Res. 132-02

Recursos
Culturales

Energía

Materiales
Peligrosos

Ley Orgánica del Instituto
Hondureño de Antropología e

Reglamento General de Medidas
Preventivas
de Accidentes

Considerar en su totalidad

Profesionales: AE STSS001-02
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CONTINUACIÓN - MARCO LEGAL POR INSUMOS AMBIENTALES,
RESIDUOS DE ACTIVIDADES GENERALES Y FACTORES

Residuos Sólidos

Ley General del Ambiente: DL
104-93

Completa

Considerar en su totalidad

Completa

Considerar en su totalidad

Reglamento de la Ley General
del Ambiente: AE 109-93

Completa

Considerar en su totalidad

Reglamento de Salud Ambiental:
AE 0094-95

Completa

Considerar en su totalidad

Completo

Considerar en su totalidad

Completo

Considerar en su totalidad

Ley General del Ambiente: DL
104-93

Completa

Considerar en su totalidad

Ley General del Ambiente: DL
104-93

Completa

Considerar en su totalidad

Completa

Considerar en su totalidad

Reglamento de la Ley General
del Ambiente: AE 109-93

Completo

Considerar en su totalidad

Reglamento de Salud Ambiental:
AE 0094-95

Completo

Considerar en su totalidad

Completo

Considerar en su totalidad

Completo

Considerar en su totalidad

Desechos Sólidos: AE 378-2001
Reglamento General de Medidas
Preventivas
de Accidentes
Profesionales: AE STSS001-02

Residuos
Líquidos

Reglamento General de Medidas
Preventivas para Accidentes
Profesionales: AE STSS001-02

Normas Técnicas de Descargas
de Aguas Residuales a Cuerpos
Receptores y Alcantarillado
Sanitario: AE 058- 97
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CONTINUACIÓN - MARCO LEGAL POR INSUMOS AMBIENTALES,
RESIDUOS DE ACTIVIDADES GENERALES Y FACTORES

Mantenimiento
de equipo e
instalaciones

Ley General del Ambiente: DL
104-93

Completa

Considerar en su totalidad

Completo

Considerar en su totalidad

Reglamento de la Ley General
del Ambiente: AE 109-93

Completo

Considerar en su totalidad

Reglamento de Salud Ambiental:
AE 0094-95

Completo

Considerar en su totalidad

Completo

Considerar en su totalidad

Reglamento General de Medidas
Preventivas
de Accidentes
Profesionales: AE STSS001-02

Reutilización y
reciclaje

Riesgos y
amenazas

Ley General del Ambiente: DL
104-93

Completa

Considerar en su totalidad

Reglamento de la Ley General
del Ambiente: AE 109-93

Completo

Considerar en su totalidad

Ley General del Ambiente: DL
104-93

Completa

Considerar en su totalidad

Ley
de
Contingencias
Nacionales: DL 9-90

Completa

Considerar en su totalidad

Completa

Considerar en su totalidad

Completa

Considerar en su totalidad

Completa

Considerar en su totalidad

Ley Orgánica de la Policía

Ley del Tribunal Superior de
Cuentas: DL 10-2002
Ley de Creación de la
Procuraduría del Ambiente y
Recursos Naturales: DL 134-99

Completa

Considerar en su totalidad

Ley del Ministerio Público: DL
228-93

Completa

Considerar en su totalidad

Ley
de
Protección
Consumidor: DL 24-2008

Completa

Considerar en su totalidad

Ley de Expropiación Forzosa:
DL 113-14

Completa

Considerar en su totalidad

Código Penal: DL 144-84

Completo

Considerar en su totalidad
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Riesgos y
amenazas
(continúa)

Completo

Considerar en su totalidad

Completo

Considerar en su totalidad

Completo

Considerar en su totalidad

Completo

Considerar en su totalidad

Ley General del Ambiente: DL
104-93

Completa

Considerar en su totalidad

Ley Forestal, Áreas Protegidas y
Vida Silvestre y su Reglamento:
DL 98-2007

Completa

Considerar en su totalidad

Completo

Considerar en su totalidad

Completo

Considerar en su totalidad

Reglamento de la Ley General
del Ambiente: AE 109-93

Completo

Considerar en su totalidad

Reglamento de Salud Ambiental:
AE 0094-95

Completo

Considerar en su totalidad

Completo

Considerar en su totalidad

Código Tributario: DL 22-97
1959
Reglamento General de Medidas
Preventivas para Accidentes
Profesionales: AE STSS001-02

Efectos
Acumulativos

1959

Reglamento General de Medidas
Preventivas para Accidentes
Profesionales: AE STSS001-02
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