
 

Field Investigations in Cameroon Towards a More Appropriate Design of a Renewable 

Energy Pico Hydro System for Rural Electrification 
 

Bryan Ho-Yan
1
, William David Lubitz

1
, Cornelia Ehlers

2
, Johannes Hertlein

2
  

 
1
University of Guelph, Guelph, Ontario, Canada 

2
GREEN STEP e.V., Am Loisachbogen 5, 82515 Wolfratshausen, Germany 

 

Presenting author’s email address: bhoyan@uoguelph.ca 

Abstract Record Number: 101 

Presentation Theme: Theme 1: "Appropriate Technology"? Needs and Participation 

 

Keywords: pico hydro, local manufacture, Cameroon, rural electrification 

 

Brief biography of presenting author:  

Bryan Ho-Yan is currently completing his Master’s of Applied Science degree in Environmental Engineering 

and International Development at the University of Guelph.  Prior to this he was an engineering consultant for an 

environmental firm consulting on wind load effects on the built environment for global landmark projects.  He 

lives happily in Guelph, Canada with his wife and two daughters. 

 

Abstract: 

Pico hydro (very small scale hydro less than 5 kW) is recognized as a viable electrification option from 

economic, environmental, and social perspectives.  Cameroon has significant hydro potential, yet low 

electrification rates.  Barriers such as inaccessibility, corruption and high trade duties inhibit pico hydro 

development within Cameroon.  To help achieve greater rural electrification, a low head pico hydro system is 

being developed for local manufacture to overcome these barriers.  Field studies were conducted in the West and 

Southwest regions of Cameroon for problem contextualization. Market research, site visits to pico hydro turbine 

and small wind turbine installations, collaboration with artisans, and end-user interviews were conducted. 

 

Most required materials for turbine system fabrication were accessible.  Six pico hydro and three small wind 

turbine sites were inspected.  They included both locally fabricated and imported systems.  The uses of the 

electricity included general lighting, small media and cellular phone charging.  Workshops were also visited, 

with their specialization in various trades such as carpentry, metal working, and electronics.  Unguided trials 

were conducted with craftsmen to fabricate a turbine runner and observations made on the building process, 

accuracy and repeatability.  End-users were informally interviewed regarding their experiences with pico hydro. 

 

Pico hydro in Cameroon is in its infancy stage.  Both imported and locally manufactured products have been 

introduced to the region.  The latter alternative showed signs of being more sustainable, however feasibility 

depended strongly on several factors.  The success and longevity of locally manufactured systems requires 

robust designs and the establishment of local technicians and end-user training.  In the event of failures, 

replacement parts and skilled trades are more accessible than for imported systems.  End-users recognize the 

high costs of fuels and recognize pico hydro as a tangible means for electrification.  Capacity for the 

manufacture of pico hydro systems exist, however further training and resources are needed for the production of 

a competitive product. 
 

Introduction 
 

Rural electrification enhances welfare through increased security, productivity, health, entertainment, 

information, and education (Independent Evaluation Group, 2008).  In Sub-Saharan Africa, only 29% of the 

population is electrified. This percentage has been declining since 2001, as population growth has outstripped 

electrification over the past decade (International Energy Agency, 2009). 

 

Pico hydro, very small scale hydro less than 5 kW, is recognized as a viable electrification option from 

economic, environmental, and social perspectives.  The technology has low capital and operating costs (World 

Bank, 2006), benign environmental impacts (Williams and Simpson, 2009), and has good potential for local 

manufacture, promoting capacity development and inclusive growth.  Pico hydro has seen enormous growth in 

Asia (Smits and Bush, 2010) and modest success in Latin America, but meagre performance in Sub-Saharan 

Africa.  Cameroon has significant hydro potential, yet low electrification rates and inconsistent supply for 

dwellings that are electrified (Nfah 2009).  Despite successes in other regions, barriers such as inaccessibility, 

corruption (Fonchingong, 2009) and high trade duties inhibit pico hydro development within Cameroon.   



 

To address the rural electrification concerns, a low head pico hydro system is being developed for local 

manufacture to overcome these barriers.  This is part of an initiative by GREEN STEP e.V., an environmental 

education focused non-governmental organization (NGO) who has funded and installed pico hydro and small 

wind turbine systems and conducted training workshops in renewable energy systems in Cameroon.  Field 

studies were conducted in urban (Bafoussam), peri-urban (Buea and Dschang), and rural settings (M’muock, 

Ndungweh, Lewoh, and Bafou) situated in the West and Southwest regions of Cameroon for problem 

contextualization and to strengthen the pico hydro system development.  Field studies included end-user and 

artisan interviews, market research to determine availability of materials, site visits to establish lessons-learned 

from existing pico hydro turbine and small wind turbine installations, and collaboration with artisans to gauge 

capacity and working environments. 

 

End-user Interviews 
 

A data collection study in the M’muock village, was conducted in 2008 (Ehlers and Hertlein, 2008).  The village 

is separated into 27 districts and has a total estimated population of 7,000 residents.  12 districts in the vicinity of 

potential wind turbine or pico hydro turbine sites were selected.  Within these districts, approximately 1,150 

households were randomly chosen for interviews.  The questionnaires consisted of 17 questions for the owners 

and 24 questions for the women of each household.  The data collection was carried out by local teachers that 

were trained in a workshop on the handling of the questionnaires (Ehlers and Hertlein, 2008).  During the 2011 

research trip, informal interviews were held in M’muock and in other locations, with end-users regarding their 

experiences with pico hydro, specifically their views and interactions with the technology.  Findings from the 

interviews and empirical observations were documented. 

 

Within the 2008 interviews, an open question was posed regarding which particular problem was the primary 

concern for the individual.  Electricity access was identified as the top response by more than a third of the 

respondents, followed by dwindling agricultural yields and health problems. Other problems mentioned included 

water shortage, problems in the storage of agricultural products, high education costs, less firewood, dirty water, 

poor roads, poverty, less acreage, high fuel and fertilizer prices, and lack of capital for investment (Ehlers and 

Hertlein, 2008). 

 
The highest overall household expenditure was for petrol (Figure 1).  59% of respondents have access to vehicles 

(25%), motorcycles (5%) or gasoline generators (29%).  Other fuel energy costs are attributed to kerosene, which 

is generally used as lamp fuel for lighting, and firewood.  Most residents harvest firewood from the surrounding 

forests (Ehlers and Hertlein, 2008). 

 
 

Considering lighting, 52% of the population use open fires as their primary lighting, while 47% use kerosene 

lamps.  Use of electricity for lighting from gasoline generators or disposable batteries is only a tertiary 

alternative.  During the study, 511 kerosene lamps were counted.  The average usage was 10 hours per day per 

lamp, relating to an average household consumption of approximately 3 L of kerosene, which would correspond 

to an average household spending of 5,000 XAF/month for kerosene lamp fuel (Ehlers and Hertlein, 2008). 

 

Petrol costs were 25% higher for Ndungweh villagers compared to their urban counterparts, with quoted costs of 

600 XAF/L in Dschang and 750 XAF/L in Ndungweh.  The price for a gasoline powered generator was in the 

range of 30,000 XAF to 35,000XAF.  Estimated petrol consumption was 5 L/day, resulting in a cost of 3,750 

XAF/day.  Diesel generators had a lower running cost of 3,000 XAF/day.  Health clinics in the villages have 
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Figure 1: Energy expenditure per household in M’muock (adapted: Ehlers & Hertlein, 2008) 



 

diesel generators but a healthcare worker was quoted saying it was too expensive to operate.  Kerosene costs 

were also higher for village residents with costs of 600 XAF/L in the village of Ndungweh and 450 XAF/L in 

Dschang.  In the Ndungweh palace, kerosene lamps were used and observed to provide lower quality light than 

electric lighting while producing noticeable amounts of smoke. 

 

Community applications include health centres and schools.  One health centre worker expressed the need for 

electricity for lighting, medical refrigeration and the use of microscopes.  This was similar to the existing and 

intended uses of the electricity generated by the pico hydro turbine at the health centre in Lewoh (details below).  

For the schools, an educator described the desire for electricity to provide students a place to study. 

 

A commercially productive application was observed, where a gasoline engine was used in a bakery for dough 

kneading.  In addition, a commercial coffee farmer expressed his desire for a coffee cracking machine.  The 

existing coffee preparation procedure consisted of harvesting coffee cherries, sun drying and then transporting 

the shelled coffee beans to neighbouring cities for cracking.  It is to be noted that it was unclear if a manual or 

power-assisted coffee cracking machine was intended. 

 

Market research 
 

Market research was conducted to establish general knowledge of material availability and costs based on 

approximate bill of materials formulated for pico hydro system conceptual designs. 

 

It was found that materials useful for the turbine and generator such as steels, plastics, building construction 

material, motors, compressors, and automotive components were accessible within the peri-urban city of Buea.  

Electronic components for the controller were readily available in Bafoussam, the main city of the Western 

region. Obscure material sizes and specialized items were attainable from Cameroon’s financial capital, Douala.  

The vendors of all of the components were generally microenterprises, with the exception of a few large building 

construction material distributors, such as Ste. Cogeni.  A source of permanent magnets could not be found, 

which would be required if permanent magnet generators are to be employed for electrical production. 

 

Installation Site Visits 
 

Several sites of pre-existing pico hydro and small wind turbine installations were visited in May, 2011. 

Table 1 gives the sites visited, detailing the application and technology. 

 

Table 1: Visited installation sites 

Location Application Technology Functioning? 

Bafoussam Hotel Wind turbine Yes 

Bafou Health clinic Wind turbine No 

M’muock Battery charging station Wind turbine Yes 

Ndungweh Palace Firefly/Turgo No/Yes 

Ndungweh Household PMA Firefly No 

M’muock Palace Firefly No 

M’muock Fon’s residence Firefly No 

Lewoh Health clinic Turgo Yes 

 

In Bafoussam, the third largest city in Cameroon, two small wind turbines were located on the street level 

outside of Hôtel du Centre (Figure 2a).  The turbines were designed and commissioned by the owner, a relatively 

affluent pharmacist with interests in wind turbines and renewable energy technology, and built by two employed 

metal workers.  The turbines consisted of 6 straight metal blades, transmission, permanent magnet generator and 

tail.  The turbines were operational but inefficient.  An electrician from Buea trained by GREEN STEP e.V. 

shared his knowledge and experiences with the pharmacist who was open to receiving the advice. 

 

In Bafou, a foreign NGO donated approximately €50,000 for the import and installation of a small wind turbine 

system for lighting and water pumping at a health clinic.  The wind turbine system utilized two 12-bladed rotors, 

an electronic controller and a 24 unit battery bank (Figure 2b).  Local residents reported the costly and elaborate 

system functioned for approximately a year and has not been functioning since as early as 2008.  The primary 

cause of the malfunction was unknown, but it was observed that a blade and tail of one of the turbines had 

disconnected, likely due to the high rotational speeds that would occur under no electrical load and high wind 

conditions.  Health clinic personnel have attempted to repair the system, but they cannot access the required parts  



 

 
 

due to the lack of availability and high costs.  They have contacted the foreign NGO to request further funding 

for the repair.  During our visit, the health clinic and pump were connected to the electrical grid. 

 

GREEN STEP e.V. installed a smaller wind turbine for battery charging in M’muock that has been in operation 

since 2008 (Figure 2c).  The wind turbine was locally built, based on the Hugh Piggot (2010) design.  This 

design has been adopted by organizations in developed and developing countries including Nicaragua, 

Madagascar, and Mozambique.  The design consists of 3 carved wooden blades mounted on a bearing and shaft 

assembly and connected to a permanent magnet generator constructed using epoxy, copper coils, and permanent 

magnets.  This system has experienced failures, but unlike the system in Bafou, the system was promptly 

repaired.  The day prior to the research team’s arrival, high winds from a passing storm led to weld failure and 

the entire rotor and generator assembly disconnected and fell to the ground.  Despite the fall, there was no 

damage to the rotor and generator assembly.  The failed weld connection was a repeat failure and was repaired 

and further reinforced by a local welder to prevent future recurrence; electrical components were purchased from 

a local store to replace damaged connections.  Both the welder and store owner were not affiliated with GREEN 

STEP e.V.  The turbine was fully functional by the following day.  Had the research team not been present, a 

service person trained by GREEN STEP e.V. would have been sent to investigate and repair the fault.  Previous 

failures were both mechanical and electrical in nature and addressed by GREEN STEP e.V. trained local 

personnel.  Electrical related failures included ineffective dump loads in the battery charging circuitry resulting 

in the overcharging of batteries and also the improper use of batteries by end-users: the batteries were 

disconnected before being sufficiently charged.  Both of these failure modes diminish the life of the batteries. 

 

In 2008, four Firefly pico hydro turbines were locally manufactured and installed by GREEN STEP e.V. trained 

technicians in Ndungweh and M’muock, situated along water arteries near the users of power.  None of the pico 

hydro systems operated longer than 7 months (Urban, 2011).  The cause of failure was observed to be the 

wearing of brushes in the automotive alternators used as generators, which resulted in damage to batteries and 

inverters due to the lack of power.  Once these issues were discovered, the users disconnected the pico hydro 

turbines and the systems rusted as they stood stagnant.  Some of the systems were serviced and returned to use, 

but failed within the following 2 months (Urban, 2011).  Prior to the alternator failures, debris and siltation in the 

reservoirs caused blockages at the intake.  This was addressed by capping the penstock, or intake pipe, using a 

steel can with punched holes in the end and porous netting to filter large debris from entering the penstock.  

Caretakers were instructed to clear the accumulated silt and debris regularly.  During rainy seasons water levels 

were very high and washed away portions of a penstock.  Another failure occurred while maintenance was being 

conducted on a system.  As the water flow through the turbine was shut off at the intake, the weight of the 

remaining water in the penstock created a vacuum as it exited out of the turbine, causing the penstock to 

implode.  Locally improvised penstock modifications of cutting slits into a section of the penstock were 

implemented to avoid large vacuum formation during flow shutoff procedures.  The slits would be blocked in 

succession allowing for a gradual decrease in flow rate through the penstock before complete flow shutoff. 

 
There have been cases where caretakers often did not fulfill their responsibilities and GREEN STEP e.V. needed 

to proactively contact the caretakers for information regarding the well-being of the pico hydro systems.  

Caretaker training is an essential factor for the proper use and maintenance of pico hydro systems.  Preferred 

methods are to have the village members primarily identify potential caretaker candidates and to then collaborate 

Figure 2: Wind turbines (a) Bafoussam, (b) Bafou, (c) M’muock 

 



 

with the village for the final selection.  The candidates were interviewed to evaluate intentions and capability to 

fulfill caretaker duties.  Following the selection, the training was conducted on-site.  This was practiced by 

another NGO for a 10 kW communal system in Quibeku, a village nearby Ndungweh.  After the installation, the 

system was operational until a bearing failure occurred.  This was independently identified by the village 

caretakers.  The caretakers removed the faulty bearing and sent it out for repair. 

   

To replace the inoperable GREEN STEP e.V. turbines at the Ndungweh palace, another NGO installed an 

imported Turgo pico hydro turbine system.  It had been in operation for 2 months prior to the visit.  It supplied 

electricity to the compound used for powering 10 compact fluorescent light (CFL) bulbs and for charging mobile 

phones.  Prior to this, light emitting diodes (LEDs) were used for lighting as it was seen to be the least energy 

intensive option, however, replacement LEDs were difficult to find within a reasonable proximity to the village 

and the LEDs were replaced with CFLs.  Limited consultation occurred with the residents of the chief’s palace as 

the wives of the chief (the chief was not present during our visit) did not have much information to offer 

regarding the turbine.  This is a stark contrast to the process GREEN STEP e.V. had conducted prior to 

installation, where local craftspeople were invited to a training session.  Only males participated in the 

workshop, however, one of the chief’s wives assisted with the delivery of the training session and that led to her 

later successfully troubleshooting an issue involving a break in the penstock of the imported pico hydro turbine.  

As recalled from her prior training, she shut the valve to stop the water flow and repaired the penstock with 

rubber material and restarted the system. 

 

The research team visited another imported Turgo pico hydro turbine installed by a Canadian NGO for a health 

centre in the remote rural village of Lewoh intended for powering several fluorescent lights and a refrigerator for 

vaccine storage.  The system consisted of an imported turbine with a 275 W to 520 W capacity permanent 

magnet generator, a sophisticated electronic controller, and a large battery bank.  Prior to arrival, the lighting 

load had been wired to bypass the controller and was powered directly off of the turbine.  This modification was 

performed by the health centre doctor, whom had electrical training from college, because he noticed the 

electronic controller repeatedly shut off.  The research team found that the main switch consistently turned off 

after 15 minutes in both no load and load conditions.  The electrical fault was attributed to a malfunctioning 

potentiometer on a sub-circuit which shut off the main switch to safeguard the system and batteries from 

excessive draining in the event the turbine stopped operating.  This issue was not easy to resolve without proper 

tooling, therefore the bypass circuit modification wired by the doctor was kept as is and the batteries were left 

disconnected from the controller to ensure safekeeping of the batteries and longer life.  It was also observed that 

the 300 W to 480 W refrigerator was too large a load.  The turbine’s nominal output is 500 W but only achieved 

approximately 300 W at the time of the visit.  This posed a challenge for the system and it was therefore advised 

to not use the refrigerator and to consider a smaller refrigerator if possible. 

 

Work Environments 
 

The vast majority of workshop facilities in Buea, Bafoussam, and M’muock ranged from permanent to semi-

permanent open walled structures with compacted soil floor surfaces.  Workshops were equipped with few tools.  

Tool inventory generally included an arc welder (most times home-made), vice, disc metal grinder and 

assortments of small hand tools (Figure 3).  The workshops were connected to the main electrical grid, which 

was observed to be a generally insufficient supply with varying voltages, not ideal for welding.  The workshops 

were mainly unfurnished and improvised working surfaces were used such as discarded engine blocks or 

structural members.  The metal workshop where the M’muock wind turbine was repaired was typical.  Despite 

the constrained working conditions, adequate joint preparation practices were conducted and good quality 

welding was observed during the wind turbine repair. 

 

There were two workshops that were the exceptions to that as described above.  In Buea, there was a relatively 

large commercial workshop focused towards woodworking.  It was equipped with automated tools including a 

planer, cut saw, table saw, belt sander, and band saw.  The floor was a poured concrete pad and the workspace 

was furnished with work tables.  In addition, metal working was performed here as well.  In Bafoussam, there 

was a metal workshop equipped with a lathe, commercially-made arc welder, punch, drill press, tooling for 

aluminum sand casting, metal grinders and custom tooling for jigs and patterns.  Mills for palm oil processing 

were fabricated and have been a long-standing business for the craftsman.  In addition, finished Pelton turbines 

were seen at the facility and the production quality was observed as very high.  Several units had been made in 

the past and implemented in rural villages.  Aluminum sand casting was used for producing Pelton cups for 10 

kW and 15 kW systems.  Both a finished Pelton turbine system and Pelton cups can be seen in Figure 4. 



 

     
Build Trial 
 

In Buea, a build trial of a propeller runner for a pico hydro turbine was conducted with a craftsman identified as 

the top participant from the GREEN STEP e.V. training.  The craftsman had previous experience with wind 

turbines and another version of a pico hydro turbine.  A hand-sketched schematic of a propeller runner concept 

design was provided three days prior to the trial to allow the craftsman to analyze the problem and develop 

independent solutions.  It was explained that the unit was to be built with minimal guidance from the design 

engineer, if any.  The schematic detailed a propeller runner with four circular arc curved blades with radial 

outward increasing chord length.  Emphasis was placed on several aspects: the blade forming techniques, 

accuracy of the blade forming to the design specification, repeatability of the blade forming, assembly of the 

propeller.  The trial was conducted in a rented workspace of a small metal workshop equipped with a 

commercial grade welder, disc grinder, assorted small hand tools and a stand-mounted vice.  The workshop was 

owned by a welder who employed an apprentice.  The craftsman typically rents workspace at a larger more 

equipped facility which was not accessible at the time of the trial.  The craftsman was accompanied by two 

colleagues that were electricians by trade. 

 

Materials were procured and consisted of mild steel pipe and thin mild steel sheet.  The pipe was held in a vice 

and cut with a hacksaw to length.  Straightness or level of cut was not checked.  Material for the blades were 

measured and marked on the metal sheet.  Blade blanks were  cut using hand-shears.  Due to the lack of tooling, 

a small I-beam was used as a makeshift mould to curve the blades (Figure 5). The four blades were to be set 

equally apart in a circular array surrounding the circumference of the pipe.  Spacing was accomplished by using 

a guide fabricated from a length of wire and then cut in four equal parts. When the blades were placed on the 

pipe, it was realized by the craftsmen that it did not sit flush on the pipe: modifications were made with a disc 

grinder in an attempt to achieve a closer fit (Figure 6).  Wire cutters were used to remove the burrs from the 

ground ends. 

 

        
Figure 5: Blade forming 

Figure 3: Standard metal workshop 

 
Figure 4: Pelton turbine cups 

 

Figure 6: Blade placement 



 

Welding of the blades to the hub was initially performed on the compacted soil floor, and then on a provisional 

stand (Figure 7).  Prior to the welding, care was not taken to clean the materials.  The blades were initially tack 

welded for placement.  After welding, varying gap distances existed due to the insufficient grinding of the blade 

hub ends, forcing the master welder to apply additional filler material to the weld. 

 

The build trial time duration was 3.5 hours.  The construction quality was poor.  The blades were inaccurately 

formed and imprecisely repeated.  The blades were misaligned on the hub (Figure 8).  The weld quality was also 

poor with incomplete penetration at some locations and burn-through in either the blade material or hub (Figure 

8).  The weldments were inconsistent in length, and discontinuous along the seams.  Excessive porosity and weld 

splatter are seen on some portions of the welds. 

 

               
Conclusions 
 

The field research in Cameroon reaffirmed that access to electricity has been identified by the rural population in 

M’muock village as a priority.  Currently there is great reliance on fossil fuels such as petrol, diesel, and 

kerosene; however, this can be substituted with renewable energy technologies to mitigate exposure to increasing 

fuel costs.  Rural electrification, including pico hydro turbines, can provide social and economic benefit at the 

household, community, and commercial levels. 

 

Most required materials for local fabrication of turbine systems were accessible in Cameroon, with general 

materials available in smaller cities, electronic components only available in larger cities and specialized 

materials only available in Cameroon’s financial capital, Douala.  Permanent magnets could not be found, which 

would be required if permanent magnet generators are to be employed. 

 

Renewable energy systems, both imported and locally manufactured, have been implemented in Cameroon.  

Imported systems tended to be significantly more sophisticated.  The imported pico hydro turbines in Ndungweh 

and Lewoh were operational and able to provide consistent power for lighting.  However, this was overshadowed 

by the inaccessibility of technical support and replacements parts, with the impact more pronounced in the Bafou 

wind turbine installation.  In addition, it is suspected that higher costs were incurred for these imported systems 

due to comparatively higher capital costs and import costs.  The imported pico hydro systems should be 

monitored to determine the longevity of these systems and the actions taken in the event of a malfunction.  The 

Ndungweh installation demonstrates potential for imported pico hydro systems when combined with the proper 

training of end-users.  In contrast, the locally manufactured GREENSTEP e.V. models were not operational after 

several months of use, despite the maintenance and repair work that was performed.  This highlights the 

importance for a more robust design. 

 

Pico hydro is in its infancy stage however, interest does exist from both the consumer and technician perspective.  

The beneficiaries embraced the technology as seen in the actions taken to maintain and repair the systems.  This 

was more prominent in cases where education and training were provided to the end-users and emphasises the 

importance of knowledge transfer.  An electrician spoke of his livelihood transforming since being trained and 

working as a small wind turbine and pico hydro system technician.  He has become confident in his new craft, 

Figure 8: Final assembly 

 
Figure 7: Welding 

 



 

providing consulting and training services in addition to maintenance and construction.  This was observed 

during an exchange with the pharmacist in Bafoussam as he provided technical advice.  In addition, the artisan 

enrolled himself in a national artisan competition to display his self-built wind turbine.  By establishing a 

knowledge base through training and learning-by-doing, improved efficiencies can be achieved to the system 

design and the manufacturing process.  In addition, this may create work opportunities and empower artisans.  

Training must also extend to the end-users and caretakers of the systems as was evident in several pico hydro 

installations.  Without trained individuals or end-users with prior experience or knowledge, which is often the 

case, systems remained inoperable after minor failures, additional damage often occurred and in some cases the 

investment was completely lost. 

 

Results from a build trial demonstrated that a propeller turbine can also be built.  However, the designs must be 

communicated in a clear manner within the Cameroon context and incorporate the working environment.  The 

provision of additional artisan training, sufficient tooling and workspaces, will improve production quality and 

are essential to the success of these systems.  
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