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For thousands of years isolated rural communities have been harnessing river power tg
assist in making their livelihoods easier and more e cient. Stream/river hydro turbine
technologies, speci cally pico-hydro systems are common in the remote rural landscape of
Honduras. Pico-hydro turbines are de ned as systems that produce a maximum of 5
kilowattes of power. This is generally enough energy to power single family homes or small
industrial operations. Modern turbines di er from many other hydropower systems as they
are more compact, incredibly e cient and promote green energy. Turbines have a
tremendous impact on the economic development in remote areas by mechanizing
agricultural, domestic and industrial tasks that previously relied on manual labor.
Topographical factors e ecting turbine output e ciency include elevation, slope and
water currents.

The goal of this research is to study the locations of existing pico-hydro turbines in the
areas of Rio Negro, Honduras in order to assess the e ectiveness of current operations,
well as to facilitate in the planning of future turbine construction. A regional digital
elevation model (DEM) was generated from a scanned 20 meter topographic map. The DE
was then used to calculate slope. Stream data were used to build a linear referencing
network which was then applied to calculate the distance of each turbine to the stream
headwaters. Each of the topographic variables were then calculated for each hydro turbine
site. The characteristics of these sites were then used as a basis for identifying other sites
the locale that would be suitable for turbine construction. Our research demonstrates how
geographic variables are important for the implementation of pico-hydro water turbines
within the landscape of rural Honduras. This research further shows how GIS can b
leveraged as a tool to assist in site locations at a local scale.
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Extract study area Digitize 20 m
from topo map contour lines Generate DEM Calculated slope
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l Step 2:Using the image of our study area as a base map, the 20 meter contour lines

Build Linear
Referencing Network

p Step 1:create a map of our area of interest by cropping out a portion of a 1:50,000

+($1 Step 3: After digitizing, a Digital Elevation Model (DEM) was built using the new

Step 4 Once the DEM was built, it was used to generate a slope raster model of our

Step 5 The last step is to build a linear referencing network of the stream data. This
network will tell us the distance from the stream headwater to each pico
turbine.

scale topological map of west central Honduras. The resulting image was
then imported into ArcMap to use as a base for our Digital Elevation ModEl.

were manually digitized, and an attribute table was created storing the
appropriate elevation for each contour interval.

contour line features and their elevation values. A color classi cation systém
was then applied to indicate variation in elevation.

study area. Each color represents a di erent slope, with red being the steg¢pest
and green being the attest.

Real World Appiications Schemes

2001).

hydraulic power into mechanical power. A generator is attached to the
turbine and is used to convert the rotating mechanical blades into electrical
power. The mechanical load is a machine that is connected to the turbine
shaft and uses a pulley system to provide mechanical power to run
equipment such as a co ee grinder. A device called an electronic controller
IS connected directly to the generator. This apparatus simply helps to
regulate the voltage as electronic devices are turned on and o . The entire
pico hydro system functions to generate electrical power (Maher & Smith,

Water intake piping and valve leadifib
to the turbine

Power = Hydraulic Head x Water Flow Rate x Force of Gravity

Power is measured in either kilowatt (kW) or Watts (W). As mentioned
earlier, pico hydro systems have a maximum electrical output of 5 kW.
Research shows that 30% of turbine power will be lost turning the turbine

runner; another 25% will be lost when the mechanical power is converted to
electricity. Water further loses 20%-30% of net head due to frictional forces
inside the penstock (Maher & Smith, 2001). The e ciency of electrical
power generation within a pico hydro system is about 40%-50%. This takes
into account power lost through the conversion from hydrologic energy to

A hydroturbine (from right to left): turliilihe, belt
and pulley, and alternator.

Flgure Znechanical. A distribution system connects the electricity output from the

generator to the structure or device requiring the energy. Electrical loads

A pico hydro turbine derives power from falling water (Figure 2). The such as radios or light bulbs can now draw from the electricity generated

source of this water is usually a stream, canal or river. Commonly, water(maher & Smith, 2001).
is fed into a forebay tank, a small reservoir that stores water for later
use. From the forebay tank, water ows down a pipe called the
penstock. The size and length of the penstock e ects water pressure
and thus contributes greatly to the turbine output. The hydro power
harnessed in the penstock fuels a turbine runner that converts the

The hydraulic head of a stream is the vertical drop from the top of the pen
stock to the bottom turbine; the greater this drop the greater the output
power. The ow of a stream is simply measured by the amount of water
(liters per second) owing passed a given river position.

Hector Zavala adjusts the water o@let pip

Photos by Je DeGrave
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Although this new form of “cost free” electricity has made life easier for some

residents of Rio Negro, there are still some social and physical elements that excludg

some locals. One such example is Doia Cirila (Figure 3). She is a poor 42-year-
grandmother. Her 6 children and 8 grandchildren all live under the same roof in Rig
Negro. In order to sustain themselves, her children and grandchildren work all day
picking and de-pulping co ee. Because her children work all day, they are unable to
go to school. If Dona had access to a pico-hydro turbine much of her family’s wor
could be automated, and her children could go to school and receive and education
However, there is private property between her house and the nearest stream, anc
the owner will not let her run PVC pipe through his land. In order for Dofa to acces
the stream, she would have to detour the pipes around this property. Because of the
added cost, Dona cannot a ord to install a turbine, and her family must continue to

work all day. The other residents of Rio Negro refuse to assist Dola with the co
because of her class and gender. Even though these pico-hyrdo turbines o er mos
residents with a highly cost e ective solution to their electrical needs, there are

these cases of class and gender bias that keep their neighbors from advancing |
society. Thus, while this technology has made social mobility easier for some, it sti
highlights social strati cation in these societies. Because some residents still do not
have access to this power source, they are pushing to Rio Negro to be included in t

power grid of the nearby city of Comayagua. Those who already own pico-hydrg
turbines do not want to be included into the power grid, because of the usage fees
that would be involved. If Rio Negro was to be included, increased dependency o
electricity would continually raise the fees (DeGrave, 2012). These are just a coup
examples in which these revolutionary turbines have been both a blessing to some
but a source of con ict for others.
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Data Source

Je DeGrave, an academic instructor in the
Geography and Anthropology Department at the
University of Wisconsin-Eau Claire, has made frequent
visits to the area of Rio Negro. He has been able ta
provide us with the data we needed. He obtained data
of river features and a 20 meter topological map from
the local government in Comayagua, Honduras. Gabe
Sidman, a member of the Peace Corps and friend of
Je DeGrave, used a GPS unit to collect the locations of
houses in the area. DeGrave had used a crude, hang
drawn map to record the locations of each hydro
turbine. From his maps we digitized the turbines at the
appropriate location along each river.

All of the data needed to be projected into an ideal
coordinate system for the county of Honduras. We used
the NAD 1927 UTM Zone 16N coordinate system. The
topological 20 meter contour map was given to us in a
PDF format. In order to use the map as our foundation of
the project, it needed to be georeferenced into the
correct physical location. This was done by recording
the coordinates from the topological map into ArcMap.
Thus, the map was correctly aligned with the stream,
house, and turbine locations.
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Digital Elevation Model
20 Meter Resolution

Turbine River Elevation (m) Slope Distance From
(degrees) Headwater (m)
1 Quebrada 1191 14 2198
El Gavilan

N Rivers

This research spatially illustrates where pico-hydro water turbines are
distributed within the landscape of Rio Negro, Honduras. Six turbines exis
within our study area, note Figure 1. Turbines 2-5 all occupy the Rio Negr¢
system. Turbine 1 harnesses energy from Quebrada El Gavilan and Turbine 6
linked to the Rio Blanco system. The topological variables of elevation, slop
and distance from headwater were extracted for each turbine point location
and displayed in Table 1. Currently, all of these turbines exist within a 50(
meter corridor. However, substantial variation in slope is evident as Turbine 2
has a relatively at slope of 6.9 degrees, compared to Turbine 4 which has

larger slope of 32.2 degrees. This research provides a spatial desciption

existing pico hydro turbines based on topographic locations. This description
model will serve as a basis for site location suitability modeling for future
turbine locations. Lack of eld data prevented the development of a site
suitability model. The physics regarding the calculations for optimal turbine
output rely on three basic variables; hydraulic head, water ow rate and gravity
as described by the equation (Wattage = Hydraulic Head x Water Flow Rate
Force of Gravity). Water ow rate could not be calculated without manual eld

testing in Rio Negro. Knowing that pico-hydro systems produce a maximum o
5,000 watts, the hydraulic head could roughly be calculated using the DE

created in step 3. This would have been very speculative predictive model
future research could provide a more detailed index model of best site loca
tions based on the output e ciency of each turbine.
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Figure 3. Dona Cirila’s and her Naxlemic Instructor Je DeGrave turning a hand-powd@red
depulper at Doia Cirila’s house. A pico-hydro water tu
allow this manual labor to become mechanized, alloWing
children to attend school instead of working all dg
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