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Four recent engineering graduates from the University of Sheffield embarked on a 6 week project in
rural Guatemala to design and build an appropriate small scale wind turbine. The machine would be
constructed mainly from bicycle and other scrap parts ¢ bicycle parts being available throughout the
developing world and therefore providing cheap and abundant construction materials that are
already familiar to most people. It also means that it is more likely that basic maintenance will be
able to be performed by the users, with more complex repairs still able to be performed locally as a
supply chain network for the distribution of spare parts is already in place. The team worked in
partnership with the Guatemalan bicycle machine specialists, Maya Pedal, to produce a prototype
for a Vertical Axis Wind Turbine (VAWT) using bicycle wheels for bearings, gearing and structural
support, as well as bicycle chain and sprockets for further gearing and top tubes for the central shaft.
Motors from various scrapped machines were acquired and tested for their suitability for use as
wind turbine generators. Unfortunately, it proved difficult to find an appropriate motor in
Guatemala and further research is required to find a reliable source of suitable motors. Design work
will continue throughout this academic year as an Engineers Without Borders (EWB) Sheffield
project, with the aim of returning to Guatemala next summer with an improved design. With the
strengthening of the link between the University of Sheffield and Maya Pedal, as well as the
establishment of new links with other technical institutions in Guatemala, It is hoped that the
project will be able to continue indefinitely as a student-led initiative to develop a fully functional
machine that can give families in rural Guatemala reliable access to a sustainable source of energy
for the first time.
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1 Aims and Objectives

To design, build and test a micro wind turbine (<100W) built from bicycle parts.

9 To design a machine that is capable of producing enough power to meet basic energy

f ¢2 RSaA3IYy | YIOKAYS GKFG A& aAYLI S Sy-2dzaK
technically trained volunteers and as a result become part of their catalogue of bicycle
machines on offer to rural Guatemalans.

9 To gain experience working in international development in a hands-on engineering
environment and to further our Spanish language skills.

2 Glossary of Terms

EWB ¢ Engineers Without Borders

HAWT ¢ Horizontal Axis Wind Turbine

Induction motor ¢ a.k.a. asynchronous motor, produces AC power by using an electromagnet in the

stator to induce a current in the rotor, which in turn causes it to rotate.

PM ¢ Permanent Magnet

VAWT ¢ Vertical Axis Wind Turbine

3 Introduction

¢CKSNBE NB |NRdzyR H o0AffA2Yy LIS2LX ST | GKANR 27F

demands for a rural household in the developing world.

modern forms of energy such as electricity [2]. This means that simple tasks that can be done for us
0KS FEAO1 2F | o0dzid2y: &4dzOK Fa LINPGARAY3I A3
the world via radio, often require the use of dangerous substitutes such as open flame kerosene
lamps or long journeys to neighbouring towns to charge batteries. Renewable energy systems such
as wind turbines can provide a sustainable solution by giving people access to harness the energy
that is already all around them. Wind turbines are generally large, expensive, utility owned machines
that generate large quantities of power to feed into electricity grids. However, it is possible to build
much smaller scale wind turbines from scrap parts. These machines can provide power for families in
rural areas of the developing world that are far too remote to be able to be connected to a national
electricity grid.

%

Bicycle parts are abundant throughout the developing world and therefore building a wind turbine
using scrap bicycle parts would have the advantages of cheap and abundant construction materials,
as well as familiarity with the technology and the existence of an existing supply chain network for
the distribution of spare parts.

af
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Maya Pedal is a Guatemalan NGO with the aim of aiding rural self-sustainability through the use of
bicycle machines. North American bicycle co-operatives send disused bikes by shipping container
and Maya Pedal then refurbish those in good condition and sell them on as conventional bicycles.
The older bicycles are cut up into pieces and welded back together to create all sorts of machines to
speed up everyday tasks in remote areas without access to electricity. From the bicimolino(pedal-
powered corn mill) to the bicibomba (pedal-powered water pump) to the bicilavadora (pedal-
powered washing machine), Maya Pedal have a machine for almost anything you can think of. The
profits made from selling conventional bicycles are used to subsidise bicycle machines for poorer
communities who would really benefit from the use ofone butarenQ i 1ljdzA GS o0t S G2 I FF

Figurelcl 0 al &F t SRIf Q& aK2L) TNRyYy (G higlicdadorfi(pedafgowsied L G 1 F LI 3
blender) being used by an indigenous lady to make organic shampoo from aloe vera

Maya Pedal is run on a day-to-day basis by Carlos Marroquin and his son, Carlos. They have both

lived in the local town, San Andrés Itzapa, their whole lives, and as a result are highly respected

members of the local community and have a unique understanding of the needs of local people.

adzOK 2F alél tSRIfQ&a fFo062dz2NJ A& LINRPGARSR o6& AydS
days up to a year. They build up bicycle machines under the guidance of Carlos and his son, and with

the aid of a number of construction manuals, such as that shown in Figure 2. Many of the volunteers

are not technically trained and as a result, any machine designed to be made in Maya Pedal should

be as simple as possible (this also means that the future owners of the machines will be able to

perform basic maintenance on their own machines and they will be more robust as there are less

parts to fail).
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Figure2 ¢ Extract from thebicibomba movil(mobile pedatpowered pump)construction manual

al &l tSRIfQa 62N akKkz2Ll O2y iillhrgss andeygfinder, ddp Fatv,0

bench vice, grinding wheel and an arc welder, as well as most hand tools and bicycle repair tools.

During the academic year 2009/10, EWB-Sheffield built a DIY wind turbine to the Piggott [3]
specification (Figure 3). It was a horizontal axis machine (HAWT) rated at 700W, with 2.5m diameter
hand-carved ash blades, a 5m guyed tower, custom-made PM alternator and furling mechanism to
protection from high winds. It was a 48V system and was connected to an array of 4x12V deep-cycle
lead acid batteries and regulated by a Morning Star charge controller.

G22f 3
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Figure3c¢ KS TFTAYAAKSR tAII200 GdzNDAYS HeftvaRAALI L& G {KSTT;

The aim of the project was to further our knowledge of renewable energy systems and to
demonstrate that renewable energy is accessible to all. During the project we gained a good
understanding of the component parts in a wind turbine system and the interaction between them
as well as gaining many practical workshop-based skills.

4 Design and Construction of the First Prototype
4.1 Design Specification
The machine must:

9 Be simple enough that volunteers at Maya Pedal with little technical knowledge are able to
produceitdza Ay3 GKS o6l aArAd (G22ta +GLFLAtFI6tS Ay al el

1 Provide enough power to meet the basic energy needs of a rural household in the
developing world.

1 Be affordable to rural households in the developing world.
9 Provide power on demand, not only when the wind is blowing.

The machine should:
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9 Be robust so as to reduce the need for maintenance and also be simple enough for people to
perform basic maintenance on their own machine as and when required.

9 Operate in a variety of wind speeds, at least 4m/s and above.

9 Use as many bicycle parts, or at least scrap parts, as possible. All parts should be locally
available to minimise dependence on imported parts.

9 Be relatively easy to transport to and install in remote areas of the developing world.

Before leaving for Guatemala, research was conducted on a number of different low cost micro wind
turbine designs. A number of designs have been produced around the world, with varying levels of
success.h i KSNJ (0 KI Yy legigd te nmost BefuPtaioiir QrajectRvere found to be:

aAl$S 5| @HE]& Withlolades constructed from PVC pipe and a
DC motor from an old reel-to-reel tape deck, Davis designed this micro-
wind turbine to provide enough power to run a few lights and charge
his laptop, shaver, etc. on his remote Arizona property that he visits a
couple of times a year. It is capable of generating a couple of hundred
watts and cost around $150 to build. The website contains detailed
instructions on how to make it, as well as a link to a design for a simple
charge controller that accepts inputs from multiple energy sources, i.e.
wind/solar/bike generator etc.

Figuredca A 1S 51 @A

al E w2 0 & 2[§-€ &A phirloatgled scrapped planks
of wood form the blades of this ultra-low-budget turbine.
Again, an old reel-to-reel computer tape deck motor is used
in reverse as a generator, but in combination with bicycle
gearing to increase the rotational speed of the blades to that
required by the motor. Rated at 11.3W and costing £20,
w2 0 & 2yfbihe was constructed and refined for his
FOKSt2NJ FyR alaidSNna G(GKSasSa NB
of Portsmouth.

Figurescal E w20a2y Q&
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¢ KS | L5 DOMteam of 2ryineers from EWB-! { ! [@ &an
Francisco chapter teamed up with the AIDG [8], a Guatemalan NGO
specialising in small scale renewable energy, to create a Savonius-
| style VAWT with cloth sails and a car windscreen-wiper motor for a
| generator. They used bicycle gearing to boost the slow rotational
speed of the sails, followed by a voltage amplifier to try and reach the
12V required to charge a car battery. The design used only parts
d2dz2NOSR GAGKAY DdzF GSYLI I YR g1l &
workshop using only basic tools. A major issue with the design was
L the fact that only one bearing was used, this lead to vibration of the
. axle, which in turn resulted in misalignment of the gearing system and
increased wear.
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FORM OF ENERG®
OUTPUT

POWER OUTPUT

HAWT vs. VAWT

BLADES/SAILS

GENERATOR

GEARING

No. OF BEARINGS

TYPE OF BEARINGS

A

v

Electricity
More versatile

Rotational
Limited to pumping or milling

v

v
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<100W

Enough to meet the basic energy demand of a rural household in the developing world

>100W

More useful, but bigger, more complex and more expensive machinery required

v

v

v

Drag based VAWT

Simple design, but lowest rotational speed and power output.
Performs better in varying wind conditions and does not
require turning into the wind.

Lift based VAWT

Moderate power output, but requires active control system to start
rotation. Also performs well in varying wind conditions and does not

require turning into the wind

Lift based HAWT

Highest power output and higher rotational speed is preferable for
electricity generation. Must be turned into the wind and does not
cope as well with varying wind conditions.

Fabric Over Metal Frame
Extremely formable, lightweight
and easily adjustable.

v v
: Oil Drum

Can be cut in half to give a readymade
sail. Simple, but heavy and cumbersome.

v

Plywood
Stiff and cheap, but difficult
form.

to

v

Scrap PM Motor

Can be used in reverse as a generator without
modification, but will require careful selection to
match blades. Not as common as induction motors.

developing world

Custom Made PM Generator
Will match blades exactly, but permanent magnets are
expensive and difficult to acquire, especially in the

v

Scrap Induction Motor

Cheap and abundant, but must be selected carefully to
match blades and requires rewiring and addition of a
carefully sized capacitor to function as a generator.

v

v

v

Friction Drive and Chain & Sprocket Combo

A friction drive can be used to drive a chain and sprocket to
create a compound gearing system. The gear ratios of each
mechanism would multiply together to give an overall
maximum gear ratio of over 60.

Bicycle Chain and Sprocket

Conventional bicycle chain and sprocket gearing
can be used to provide a lower friction drive
system, but gear ratios are limited to a maximum

of 3 and there are more parts to go wrong

Friction Drive

A friction drive from a bicycle tyre can give
extremely high gear ratios (>20), but frictional
losses are greater due to the constant deformation
of the tyre and slipping at the interface.

v

v

Upper and Lower Bearing

Bearings both above and below the sails would give the
strongest support possible, but would require the
addition of an external supporting frame.

Single Lower Bearing

Simplest configuration, but is likely to result in a shaft
vibration which will lead to rapid deterioration of the
bearing and misalignment of the gearing system.

Double Lower Bearing

A bearing either side of the gearing mechanism (one just below the sails
and one at the base of the machine) would offer greater stability and
reduced vibration, but the top of the shaft would still be free to flex.

2

Wheel Hub Bearing

The bearing in the bottom bracket connects the pedals to the frame and is designed to function as a
stub bearing, i.e. it does not need to be supported on both sides, and as a result it is very robust.

Figure7 ¢ Decision tree showing the various choices made throughout the design process and the impact they had on the design aittheofotype

v

Bottom Bracket

The bearing in the bottom bracket connects the pedals to the frame and is designed to function as a
stub bearing, i.e. it does not need to be supported on both sides, and as a result it is very robust.
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4.4 Additional Design Features

Top bike wheel is
stationary and
forms part of
supporting frame.
Top of sail axle
attaches to wheel
axle.

Plates welded to ends of axle sections
to make each section detachable for
maintenance and transportation

Velcro tabs
on the
edges of
sails allow
for correct
tensioning
of fabric.

Supporting
frame ! .
detaches into | Central strut in
upper and | bt R sail frames
lower sections : e prevents sails
for easy R & N’g‘ { from inverting
transportation R ' and causing
and excessive drag
maintenance. when rotating
into the wind

Bottom bike
wheel rotates
with sails and
drives the
gearing roller.
Sail axle
attaches to
bike hub and
bike axle
mounts onto
cross-bracing
of supporting
frame.

Gearing roller is directly connected to a cassette, which drives the ~
motor via a chain. A guide slot provides adjustment for the friction N
drive and a bike chain tensioner keeps the chain taught. :

Figure8 ¢ Annotated photo of the first prototype outlining the important additional design features



EWB Sheffield Guatemala Wind Turbine Project

Field Report 2010

Charge Controller
¢ ensures the
batteries do not
become over
charged or too
deeply discharged

Battery ¢ 12V
automotive
sealed lead-acid
battery

User Loads ¢ low
power appliances
such as light bulbs,
aradio, black and
white TV etc.

2
T

Figure9 ¢ System diagram showing the links between energy supply, storage and usage

The function of a charge controller is to protect the battery. The battery is likely to be the most
expensive component in the system and as a result, it must be looked after in order to get the
maximum possible useful life out of it. Overcharging a sealed lead-acid battery can cause the water
inside it to split into hydrogen and oxygen, which will dry out the electrodes, dramatically reducing
GKS oFrGGdSNEQa fAFS yR O2dzZ R
will cause crystals to form between the electrode plates which act as an insulator, reducing its
capacity and eventually leading to complete failure of the battery.

- f & Poelod lardeadS0%)

A charge controller prolongs the life of a battery by regulating the voltage going into it (keeping it
below a maximum of around 14V), disconnecting it from the user loads before it becomes too
deeply discharged and diverting the power to a dump load when the battery is full. A dump load is a
resistive load that is used to dissipate excess energy. It can be anything from a simple resistor to a

light bulb to a water heater.

Building a charge controller requires knowledge of electronic circuitry and therefore is probably the
most technically difficult part of the system for most people. However, open-source designs for
charge controllers are freely available on the internet. The Miller design [1] was selected as it used
cheap and available components in a relatively simple circuit. It can handle multiple energy inputs
(may be useful if combining the wind turbine with a bicycle generator to top up the batteries in
times of low wind) and uses an array of 12V light bulbs as a dump load. The circuit was
manufactured and tested in Guatemala on our behalf by the AIDG (see Links With Guatema)dor a
reasonable cost (around £20) using only locally available components. The photos in Figure 11 show
the finished controller, whilst Figure 12 illustrated the specification to which the controller was built.

(@p))
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Figure10¢ Photo showing the finished charge controller constructed on our behalf by the AIDG
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Unfortunately, electrical generators are not generally available to buy off-the-shelf as a component
part. Building an electrical generator from scratch can also be quite difficult and obtaining the
necessary materials, such as Neodymium magnets, can be virtually impossible in many parts of the
developing world. Fortunately, electric motors can be used as generators by operating them in
reverse. They are far more abundant throughout the world and can be purchased separately or
extracted from various machines, such as cars or washing machines. However, as motors are not
designed to function as generators, not all will be suitable for this application. Careful selection is
required to ensure that the motor matches well with the turbine into which it will be installed.

Both Alternating Current (AC) and Direct Current (DC) motors can be used as generators, however
DC is required when charging batteries. As a result, if an AC motor were to be used, a bridge rectifier
would have to be used to convert the AC into DC before it reaches the battery.

Motors have both a rated rotational speed and a rated voltage; when the rated voltage is put across
the motor, it will spin at its rated rotational speed. Unfortunately, turning the motor at its rated
rotational speed does not produce its rated voltage; in fact, the motor must be spun at a much
higher rotational speed in order to produce its rated voltage. Consequently, if a motor is rated at
12V and 1000rpm, it will have to be rotated at several thousand rpm to achieve a 12V output. This
should be kept in mind when selecting a motor for use as a wind turbine generator, as a voltage
above 12V is needed to start charging a 12V battery. Therefore it is desirable to use a motor that will
output 12V at a relatively low rotational speed. Motors that will be useful as wind turbine generators
must have a highrated voltageand a low rated rotational speedA useful figure of merit for judging
' Y202ND&a adaAAadlroAftAde F2N) dzasS Fa | dgeihpiRmuchdzND Ay S
additional voltage it produces for every increase in the rotational speed by 1rpm. It has been
suggested that a good motor for use with a HAWT would need to produce at least 0.033-0.035
V/rpm [6, 9]. 90V DC motors rated at 2500rpm (0.036 V/rpm) can often be found in treadmills or old
computer reel-to-reel tape decks. Unfortunately neither of these machines are particularly abundant
in Guatemala.

The tip speed ratio (TSR) of a wind turbine denotes how fast the blade/sail tip travels relative to the
windspeed. Forlift-0 F aSR | ! 2 ¢az ¢{ w¥@IlSs kS RIBIaEequerdlyNdragNl 3
type VAWTSs (such as our first prototype) generally rotate around 5 times slower than HAWTS,
meaning that a motor with five times the V/rpm would be required if it were connected directly to

the shaft of the turbine. The rpm of our wind turbine at the wind speed at which we wanted it to

start generating useful power (4m/s) was estimated as follows:

Rotational speed (rpm) &@ip speed ratio) x (Wind speed (m/s)) x (Rotor radius (m)) x 60
1 x4m/s x 0.35m x 60 = 84rpm

84rpm is very slow, especially considering that most electric motors are designed to work at 1000s
of rpms. As a result, gearing was incorporated into the design so that it would be possible to use
motors with even lower V/rpm ratings than recommended above, greatly increasing the range of
machines from which we could find scrap motors.

(Friction drive ratio) x (Sprocket and chain gear ratio) = Total gear ratio
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21x3=61
Rotational speed at the motgrpm) = (gear ratio) Xrotational speed at the turbine (rpm))
61 x 84 =5124rpm
V/rpm rating of motor that would geneta 12V at 4m/s = 12V / 5124rpm = 0.0023V/rpm

0.0023V/rpm is a much more achievable value
than 0.033V/rpm. A number of scrap motors
that met this requirement were acquired from
a variety of sources, including a car
(windscreen wipers), sewing machine, washing
machine and a general purpose 2hp motor.
Figure 13 shows a selection of these, also
including a car alternator which was deemed
unfit for use as a wind turbine generator. It
was possible to crudely test these motors by
rotating them at high rotational speed using a
friction drive from a bicycle wheel and
recording voltage against rotational speed.
Figure 12 shows the data obtained from the
best motors.

\ / 7 %\\\.
Figure12 ¢ A car alternator, washing machine mot
and general purpose 2hp motor

Assessment of the Generating Performance of Various

Motors
— 12V: Minimum Battery
E_ 9000 Charging Voltage . & Washing
% 8000 Machine 1 (DC)
S 7000
4]
& oo / = Washing
E o Aﬂ Machine 2 (DC)
= .
& 4000 / / = « 2hp General
Eg 3000 / ! Pirpose (AC)
[ ]
2000 =k
” «(Car
1000 - = Windscreen
0 | . . : . Wiper(DC)
) 5 10 15 20 25
Voltage (V)

Figurel3 ¢ Motor test data

It is clear that the 2hp general purpose motor had the highest V/rpm rating, however, another
important parameter had been neglected ¢ torque. This was especially important as using a gear
ration of 63 meant that the wind would have to provide 63 times greater torque than if the motor
were connected directly to the shaft. Unfortunately it was not possible to test the torque required to
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obtain a given voltage from the motors with the equipment available in Maya Pedal. However, on
assembly of the prototype it became apparent that the wind would not be able to provide enough
force to turn any of the motors. More research will be required on finding motors that are available
in Guatemala with higher VV/rpm ratings so that less gearing will be needed.

Figurel4 ¢ Diagram illustrating the idealised airflow entering anekiting a roofmounted VAWT

The power available in the wind increases with height above the ground, coupled with the fact that
air nearer the surface is often more turbulent from the many obstructions at ground level, this
explains why wind turbines are usually mounted on towers. However, a building with suitable
geometry can also be used to lift the turbine up into this smoother and more powerful wind supply.
Whilst not as effective as a tower, it saves much of the effort required to design, build and install a
tower, as well as allowing for easier access for maintenance and monitoring. As in many parts of the
developing world, many houses in Guatemala are left in an almost permanent state of incompletion.
They are left with flat rooves in anticipation that when more money is available, another storey will
be built. The flat rooves are often then used as terraces, but could also provide a suitable site for a
wind turbine specially designed for these conditions. In addition to this, siting the turbine on the
NE2F 2F GKS dzaSNDRa K2YS 3IAGSE FFENI SIFaAaASN
security of having it within their own property rather than out in the open in a field where it could
easily be stolen or vandalised. As the system will be operating on 12V DC, it will greatly cut down on

I 00S a3
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the length of expensive copper cabling needed to connect the turbine with the battery and then the
battery with the electrical appliances, such as lights, withintheusS NR& K2 YS ®

In an ideal world, every wind turbine would be placed on the tallest tower possible and as far away
from anything that could obstruct the wind flow and it would capture the most energy possible.
However, in the real world, other benefits such as usability, affordability and security may well take
preference over efficiency.

All components were sourced from within Guatemala.

Part Source Cost
Battery Automotive battery shop £35
Sails (fabric + velcro) Local tailor £15
Bicycle Parts (2x wheel, 2x top tube, cassette, chain, | Maya Pedal Free
sprocket)
Motor Scrap yard £15
Angle iron (8m) Hardware store £10
Construction rebar (6m) Hardware store £10
Charge controller AIDG £20
Total: | £105

The first prototype was relatively simple to build and, with the exception of the charge controller,

NEBljdANBR 2yfé GKS o6lard G22ta @At o6tS Ay alél
AyOfdzZRAY3 | ydzYoSNI 2F 0 A O& Oéndas ddesitTiha totd doFt Was a |- & |

very low, at around £100. It was able to provide power on demand via the use of automotive
batteries for energy storage. It could be dismantled into easily transportable sections so that it could
be transported to remote locations. It was designed to be mounted on a flat rooftop to avoid the
need for an expensive and cumbersome tower. This had the benefits of convenience, affordability
and increased security; however, it is clear that this reduced the quality of the available wind
resource. Other important issues with the design are summarised below:

The use of fabric for the sails resulted in poor definition of the sail geometry, i.e. the wind would
blow the sail into an inflated shape. It should be investigated what impact this has on the
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performance of the turbine and if it is found to be unacceptable, the use of alternative materials
should be investigated.

Automotive batteries are not ideal as they cannot be deeply discharged and do not have a long
service life, but are cheap and abundant. Deep-cycle batteries are available in Guatemala, but the
upfront purchase price is prohibitively high even though they are better value for money in the long-
term. In addition to this, any type of lead-acid batteries (automotive, deep-cycle, etc.) are toxic and
will cause environmental contamination if not disposed of properly.

The charge controllerA & G KS Y2aid O2YLX SE LI NI 2F (GKS
technical understanding. If a simpler form of electronic trip switch could be used to protect the
battery could be used, then the control system would be far easier to build and maintain.

The biggest issue we encountered was finding a motor that matched the turbine: VAWTSs are low
rpm machines, whilst motors are high rpm. Our strategy to mitigate this issue (using extremely high
gearing ratios to match the two together) resulted in the multiplication of the torque at the blades
by an equally high factor. Consequently, the turbine was rendered inoperable as the blades were not
capable of producing this huge amount of torque. Blade size could be increased, but this would have
to be done axially (i.e. by increasing the height of the blades), as increasing the size radialy would
decrease the rotational speed. This is undesirable as it would make the machine unstable and
difficult to install and access for maintenance. The preferable option is to find a motor with lower
torque and higher V/rpm rating. However, the challenge will be finding an abundant source of such
motors in Guatemala. Further research will need to be conducted, including testing of the torque-
voltage and rpm-voltage characteristics of a variety of scrap motors here in the UK.

The central shaft was split into two sections for easy disassembly and transportation and bolted
plates were used to join the sections together and to the bicycle wheels at either end. It was very
difficult to weld the plates on perpendicularly to the shaft sections and as a result, the shaft did not
rotate smoothly. This problem could easily be rectified by using tubing for the connections between
the sections of the shaft and to connect the shaft with the bicycle wheels. If the connector tubing
had an inner diameter equal to that of the outer diameter of the shaft, it would ensure that the
entire assembly was concentric and perpendicular.

The system as it is can only provide DC power, limiting the range of appliances that can be used with
it. AC power can be obtained through the use of an inverter, but this adds extra expense, complexity
and inefficiency to the system. However, decisions can be made on a case by case basis as to
whether the user specifically needs AC power and can therefore justify the purchase of an inverter.
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5 New Links Within Guatemala

The AIDG [8] are a Guatemalan NGO who specialise in the development of small-scale renewable
energy technologies. We visited their office in Quetzaltenango to find out about the turbine that
they had built with EWB USA, on which we had based the design of our first prototype. We met with
the project coordinator, Jose Ordofiez, and Peter Krige, a volunteer specialising in electronics and
they were kind enough to build us our charge controller for us.

Contact details:
T www.AIDG.org

9 Jose Ordofiez
Cordinador de Proyectos AIDG.
8 calle 03-31 zona 1
Quetzaltenango.
jordonez@aidg.org
(+502)77683453
(+502)45000274

9 Peter Krige
Volunteer
peter_krige@hotmail.com

The Universidad del Valle [10] A & Ddzl 6 SYF € Qa LINBYASNI G§SOKYyAOI ¢

capital. We visited the university to discuss our project with the Director of Mechanical Engineering,
Ing. Victor Hugo Ayerdi, and two students, Christian La Cape and José-Luis Reyes Grijalva. After
explaining what we had done so far and where we wanted to go with the project, they told us they
were very interested in working collaboratively with us on the project and that we were welcome to

dza S GKS dzyAOGSNEAGEQa TFFHOAfAGASA F2NI Fye G(GSaidAay3

the students to visit Maya Pedal a few days later, but unfortunately due to heavy rains this was not
possible.

Contact details
1 http://www.uvg.edu.gt/

9 Ing. Victor Hugo Ayerdi
Director of Mechanical Engineering,
Oficina J311
18 avenida 11-95 Zona 15 Vista Hermosa Il
(+502) 42610153
vhayerdi@uvg.edu.gt

C
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9 Christian La Cape
c¢_lacape@hotmail.com

9 José-Luis Reyes Grijalva
jlreyes.grijalva@gmail.com

6 Funding
The trip was budgeted at around £4,000 (£1,000 per person) for flights, food, vaccinations, travel
AyadzaNF yOS YR I 68S1Qa {LIyArAakK ao0OKz22ftd ! O02YY2RI

obtained from an EWB-UK bursary and an additional £450 from the Laverick-Webster-Hewitt
Travelling Fellowship. Additional unbudgeted costs included the cost of the materials, which came to
around £10 and local transportation (less than £20).

7 Skills Gained

In addition to creating a useful machine, one of the main aims of the project was for the participants
to gain experience. The project allowed us to gain the following skills:

9 Practical experience in a hands on engineering environment.
9 Experience of working in international development.

9 Proficiency in use of basic workshop tools such as arc welder, chop saw, angle grinder,
hacksaw, drill press.

9 Spanish ¢ we attended around a week of Spanish school, which was of vital importance to
the project as none of Maya Pedaf Qa LISNX I ySyid aidl FF aLkR21S Fye
majority of the local population.

8 Continuation of the Project

EWB-Sheffield will continue their successful DIY wind turbine project from last year, with the two
main priorities being to install the Piggott turbine in a permanent home where performance data
can be collected and to conduct further design work to develop the first prototype. We will be
concentrating our efforts in finding and testing motors that are appropriate for use as wind turbine
generators, as this was the critical factor that limited the functionality of the first prototype. Further
investigation should also be done into whether a 100W turbine is really enough to meet the basic
energy demand of a rural family in the developing world, as this was assumed at the start of the
project. As the most complex component in the system, looking for simpler alternatives to the
charge controller is also a priority. We are aiming to build a second prototype in the student
workshop here in Sheffield and get some test data from it before hopefully returning to Guatemala
next summer with an improved design. It is hoped that the project will be able continue indefinitely
as a student-led initiative and with the new links we have made with the Universidad del Valle and
the AIDG, we are looking forward to working collaboratively and producing a design that is
appropriate for life in rural Guatemala.
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9 Conclusion

Although we may not have succeeded in designing and building a fully working prototype of a small
wind turbine in Guatemala, the only significant hurdle remaining is to find an appropriate motor to
use as a generator. It is hoped that over the coming year and beyond, further research will lead to
the development of a fully functional machine that can give families in rural Guatemala reliable
access to a sustainable form of energy for the first time. Everyone involved in the Guatemala Wind
Turbine Project learnt a great deal during the project, from practical engineering experience to
communicating in Spanish. Our link with Maya Pedal was strengthened and new links were built
between our group and technical institutions in Guatemala which will be invaluable in ensuring the
appropriateness of the machine to rural Guatemala.
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