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Glossary 

 

Diameter - A straight line passing from side to side through the center of a body or figure 

especially a circle or sphere.   

Energy - The body possesses energy when it’s capable of doing work. Thus energy is the 

capacity to do work. There are various forms of energy, such as electrical energy, thermal 

energy, mechanical energy, chemical energy, chemical energy, nuclear energy, solar energy, ect. 

Mechanics are basically concerned with mechanical energy, which has units of ft•lbs 

Friction - is a force that opposes motion of one surface over another. This opposition is due to 

the irregularities of the two surfaces.  

Force - Force is the push or pull exerted on and object. When force is applied to an object it may 

change the state of the motion or rest, the location, the shape, or size of the object. 

Horsepower - A unit of power equal to 550 foot-pounds per second (746 watts). 

Kinetic energy - Kinetic energy is the ability of a body to do work due to its motion.  

Mechanical energy - There are two forms of mechanical energy. One depends on position, and 

is called potential energy; and the other depends on motion, and is called kinetic energy. 

Mechanical power - Mechanical power is commonly expressed in horsepower where, 1 

horsepower = 550 ft•lbs/second. 

Pressure - Pressure is a measure of force per unit area. Since force is measured in pounds and 

area is measured in square inches (in
2
), the unit of pressure is the pounds per square inch (lb/in

2
), 

often abbreviated as psi. 

Potential Energy - is the ability of a body to do work due to its position. For example, water 

stored in a dam contains potential energy due to its position, and can be made to do work such as 

turning a hydroelectric alternator. If the water is released, it will flow to a lower point due to the 

force of gravity. 

Power - Power is the rate of doing work. The quantity of work done per unit of time. 

Speed - Speed is the rate of time at which a body moves, or it is the distance moved in a given 

time. Speed is the scalar quantity as it is independent of direction. Speed is the magnitude 

component of the velocity. The units of speed may be calculated as feet per second (Ft./sec) or 

miles per hour (mph). 
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During a journey it’s very unlikely that the speed will be a constant value. The journey may be 

interrupted by stops, or the speed may increase or decrease at various times. It’s usual to 

calculate the average speed in most cases by dividing the distance traveled by the total time 

taken. 

Velocity - Velocity is the rate of change of position: that is, it’s the change in position that 

occurs during a given time. The normal unit of velocity is feet per second (ft/sec). 

Volume - volume is a measure of the three dimensional (height, width, and length) capacity of 

an object. The basic unit of volume is cubic feet (ft
3
)   

Weight - The gravitational force of attraction between a mass of an object calculated from the 

known weight in lbs. 

Work - If force is applied to a body and causes it to move through a distance then work is done 

by the force. Work done by a force is the product of the force applied and distance through 

which the force is moved. 
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         Abstract 

 

Hydropower can be one of the most expensive renewable energy technologies to develop 

worldwide. Hydropower is a reliable, carbon-free energy, with very little, if any, impact on the 

environment when combined with a run-of-the-river system.  This paper examines ways in which 

Pico-hydropower can be made more cost effective to develop for those without electricity today.  

Renewable energy development for those who reside without regular access to electricity in Sub-

Saharan Africa will mean a stronger economy, a cleaner environment, reduced health issues, and 

can provide greater energy independence. Bambusa vulgaris (common green bamboo) grows in 

many countries throughout Sub-Saharan Africa. This organic species of grass can be used to 

transport water under pressure and act like a pen-stock pipe in a Pico-hydropower system if the 

species is cured and coupled together properly. Hydrostatic and dynamic flow testing of 

Bambusa vulgaris is completed to better understand its ability to withstand water pressure. A 

safe working pressure up to 50 psi can be achieved with Bambusa vulgaris when used in place of 

PVC pipe. 
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INTRODUCTION 

 

World Bank reports in Sub-Saharan Africa approximately 500 million people are without 

electricity today, and 700 million are deprived of electricity in Southeast Asia. As Podmore 

(2012) noted, “this lack of electricity impacts almost every aspect of human existence: economic, 

social, health, and education” (p. 89). Without access to the electric grid, daily chores and or jobs 

are not accomplished efficiently. This inefficient lifestyle impedes the ability to prosper and 

climb out of poverty. Women spend valuable time accomplishing daily chores which take a 

majority of the day to complete without electricity. Children don’t attend school to help mothers 

complete the needed tasks in order for families to survive. 

Without electricity, many are forced to use alternatives, such as kerosene for lighting and 

cooking. Young students are forced to breathe kerosene fumes just to have enough light to finish 

homework at night. Women are forced to walk miles to the nearest cell-phone charging station to 

recharge batteries, this being their only way to communicate with family members and in 

emergency situations. Water can’t be pumped to a gravity-fed system to distribute clean water to 

communities. Today, communities in undeveloped countries exert human power instead of 

utilizing more efficient electrical power to accomplish the needed tasks that all humans must 

accomplish daily. This inefficient lifestyle keeps family wages low and makes it virtually 

impossible for families to climb out of poverty, especially in rural communities where the 

average income is US $2.00 per day. World Bank Group (2014) noted that “in all, 2.4 billion 

people lived on less than US $2.00 a day in 2010, the average poverty line in developing 

countries and another common measurement of deep deprivation. 
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Reducing the up-front development costs of clean energy technologies that all people can 

afford can impact people in many ways. The time taken that is spent on these duties by the 

women and children can be spent on more productive tasks, such as income-providing jobs and 

education. As noted  by the United Nations (2002) “Enabling individual rural households to have 

access to amenities like affordable electricity, which is currently restricted to urban areas, would 

improve the quality of education, health, and other services (p.7)”. 

  Many of the poorest communities, throughout the world use kerosene today for lighting. 

Kerosene kills millions of women and children in many different ways. As Lam (2012) points 

out “in of the most populated African countries, including Uganda, Ethiopia, and Kenya, more 

than 60% of the population relies on kerosene as the primary lighting fuel. Death and burns are 

frequent throughout the world due to kerosene and candles. Podmore et al. (2012) explains “in 

1998, there were 270,000 deaths from fire related deaths in developing countries. In India, 2.5 

million people suffer burns each year mainly from overturned kerosene lamps (p.89-90)”.  

In poor communities, kerosene is purchased in soda pop bottles. Small children often 

mistake it for water, especially in the hot summer months. Lam et al. (2012) points out that 

“poisonings from ingestion of kerosene, particularly in children, are unfortunately common in 

developing countries. The problem is exacerbated by the common practice of insecure storage of 

small amounts of kerosene in soft-drink bottles without safety closures, often because the 

purchasers of kerosene can only afford to buy a small amount at a time and provide their own 

containers for suppliers to fill (p.15)”. Raw fumes are harsh and can have many effects on 

humans. When the wicks of kerosene lamps aren’t trimmed properly larger amounts of black 

soot fill the air inside the residence. As Lam et al. (2012) noted from a study “optical properties 

of kerosene particles from the lamp were similar to those of diesel soot (p.10).  
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People must work long hours for very low wages to be able to afford the expensive fuel 

for lighting. Prices for kerosene dramatically increase in rural communities versus much lower 

prices in more populated cities. Tracey (2012) explained that “these observations also suggested 

that the cost per liter of kerosene for rural villages buying in small quantities is generally higher 

than the pump price for larger purchases form petrol stations (p.5)”. This reduces the ability to 

climb out of poverty even more by having to pay inflated prices that others in urban 

environments do not, as seen in Figure I-1. 

 

                      Figure I-1 World Bank True Costs of Kerosene in Rural Africa   

The need for reliable, carbon-free electricity is an obvious necessity for many poor rural 

communities without regular access to the electrical grid. Many poor rural communities 

throughout Sub-Saharan Africa are not in the plans for electrification or grid connection any time 
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soon. As noted by Podmore, et al. 2012) “The conditions are not likely to change soon. Based on 

the current approaches to providing energy, the International Energy Agency predicts that 1.4 

billion people will still lack access to electricity in 2030 (p.89). The United Nations et al.(2002) 

noted, “Electricity in almost all Sub-Saharan African countries is a privilege and that for cities 

only (p.7)”. The need is a low-upfront cost technology that the communities can afford to 

develop themselves, even in the poorest communities of the world.  This need was discussed by 

the United Nations et al. (2002)  “An affordable sources of electrical as well as mechanical and 

thermal energy could encourage the establishment of agro-processing and cottage industries, 

which would create employment opportunities in rural areas and increase disposable income 

(p.7). 

Three countries that reside in Sub-Saharan Africa possess extraordinary opportunities for 

renewable energy development by utilizing the already in place hydropower resources available 

to them. More than three countries possess this ability in Sub-Saharan Africa; we will discuss 

Ethiopia, Kenya, and Uganda.  

The photo of the East African Rift System in Kenya (Fig.I-2) is an enormous mountain 

range that contributes to some of the largest rivers and lakes in the world. The system consists of 

two main branches. The main branch the Eastern Rift Valley covers large parts of Kenya, 

Uganda, Ethiopia, and many others countries. Also known as the Afro-Arabian Rift Valley, it’s 

one of the most extensive rifts on the Earth’s surface, extending from Jordan in Southwestern 

Asia southward through Eastern Africa to Mozambique. The system is some 4,000 miles long 

and averages 30-40 miles in width. 
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                              Figure I-2 the East African Rift System in Kenya 

Moisture is captured out of the atmosphere by the high elevation slopes which form 

feeder streams. These streams travel downhill, eroding lands, and forming water sheds. These 

deep eroded valleys have formed due to the velocity, volume, and sheer power of down-hill 

water.   

 

                     Figure I-3 East African Rift System Satellite Image 
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Demonstrated in (Fig.I-3) the satellite photo above gives a visual understanding of the 

ranges length, width, and height. The system, even though close to the equator in some areas still 

possesses ice capped mountains year round. 

Kenya 

World Bank reports roughly 43.2 million people reside in Kenya, with almost 81% of the 

people without access to electricity today.  Kenya’s development of hydropower is limited as 

noted by the United Nations et al. (2002). “Only about six Micro-hydropower power plants are 

located in different parts of the country supply electricity (p.14)”. Kenya is virtually undeveloped 

with regards to hydropower. Small hydropower systems exist but are very limited.  High head 

feeder streams, tributaries, and rivers exist in Kenya but are practically untapped today. As seen 

in the map (Fig.I-4) below Kenya possesses large and small hydropower opportunities.  

 

                              Figure I-4 Map Kenya Geology.com 
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Nyreria, Kenya rests at an elevation of 7,200 Ft. along the slopes of Africa’s second 

tallest mountain Mt. Kenya. The Sagana River, located to the northeast supplies clear, cold, fresh 

water that creates a sanctuary for rainbow and brown trout which were introduced by British 

colonials in 1908. The downward flowing river cuts steep banks and eddies in the 3 million year 

old boulders. A commercial hatchery exists on the river but has no electricity to pump water. 

With the appropriate hydropower application electricity can be achieved at the hatchery without 

impacting the fish in the river. This hatchery supplies food and rich nutrients for many people. 

Not only is the river a favorite for locals and tourists for fishing, the trout are raised in ponds and 

sold to farmers to grow for food.   

Kenya offers limited hydropower opportunities compared to other countries that reside in 

the Eastern African Rift’s path, but possesses opportunities that can provide carbon-free 

electricity the abundant amount of communities, which are without electricity today. 

Uganda 

World Bank notes that Uganda’s population is 36.5 million and 85% are without reliable 

electricity today. As seen in (Fig.I-5) water covers 20% of Uganda, water reaches these lakes by 

smaller feeder streams, tributaries and large rivers. Uganda has noticeable abilities to develop 

smaller community clean energy resources through hydropower development. The need for 

electricity is highly needed as reported by the United Nations (2002) “Electricity provides 

approximately 1% of the total energy consumed in Uganda and 5% of commercial energy 

consumption (p. 16)”. Granted the country doesn’t have as many hydropower opportunities as 

Kenya or Ethiopia but it possesses energy potential due to its higher elevations and rain fall to 

the south. Annual precipitation is higher in the southern part of the country than the north and 

developing sustainable electricity shouldn’t go unnoticed.   
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                              Figure I-5 Map Uganda Geology.com 

Ethiopia 

World Bank states that Ethiopia has a population of almost 92 million people, 77% of the 

people are still without electricity today. Ethiopia visibly possesses the largest hydropower 

opportunities of the three countries discussed. Ethiopia’s hydropower opportunities are massive 

as seen below (Fig.I-6). Its high elevation mountain ranges and downward flowing rivers and 

streams possess potential energy that’s currently untapped.  As noted by the United Nations et al. 
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(2002) “The gross hydro energy potential of Ethiopia’s major river basins is estimated at 650 

TWh/year (Terra Watt hours per year) (P11)”. “The Blue Nile and Omo basins alone account for 

61.5% of the total resource potential”.  

 

                              Figure I-6 Map Ethiopia Geology.com 

Because of Ethiopia’s location and massive hydro-power potential to produce carbon-free 

electricity can supply themselves and wheel electricity to other surrounding countries once larger 

infrastructure is developed in Ethiopia and other nations. Water being Ethiopia’s number one 

natural resource, hasn’t begun to tap into its total energy potential. 
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Development of Ethiopia’s water resources in a sustainable manner will have great 

impacts on its economy, people, health, and future. Other countries will take notice and analyze 

their energy resources with a different approach than in the past. Uganda and Kenya both reside 

close to Ethiopia and can benefit in many ways from Ethiopia’s hydropower development in the 

future.  

Ethiopia’s smaller rural communities that reside within these watersheds, which occupy a 

downward flowing feeder-stream, a tributary, or a river can benefit immensely by incorporating 

an entry-level hydropower system coupled with a community Microgrid. Larger undeveloped 

hydropower opportunities exist which can provide utility scale electricity. This larger supply of 

electricity can help Ethiopia put its people to work, increase economic development, and allow 

Ethiopia to participate on an even playing field with the rest of the world in the same efficient 

manner. 

 

Entry-level hydropower 

 

Hydropower is considered one of the most expensive renewable energy technologies to 

develop today. Hydropower is a range of generated electricity that uses the natural flow of water 

to produce energy.  Categories from smallest to largest are Pico-hydropower (<5KW), Micro-

hydropower (< 100KW), Mini-hydropower (<1MGW), Small-hydropower (<5MGW), Large-

hydropower (<30MGW), and Mega-hydropower (>30MGW). In this paper, we will talk about 

entry level hydropower systems in the Pico-hydropower range (for single homes).  

Hydropower systems that utilize a run-of the-river system have few, if any, effects on the 

environment and are considered renewable throughout the world.  A down-hill, run-of-the-river 
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hydropower system uses 25% or less of the water from a stream or river to generate power. This 

type of low-impact system allows for vital silts to reach deltas and particular fish to migrate 

upstream. Pico-hydropower provides reliable, carbon-free, renewable energy for a single-family 

home or a small community in rural undeveloped areas. As seen in (Fig.I-7) the run-of -the-river 

systems do not use dams or obstructions. A small portion of water travels downhill from the 

intake, through a pen-stock pipe under pressure, and then forces the turbine and shaft to rotate 

which generates mechanical energy. This mechanical energy is converted into usable electricity 

by coupling a generator or alternator to create usable electricity. Finally, the electricity is stored 

into batteries for use. 

 

.  

         Figure I-7. Run-of-the-river hydropower system (Home Power Magazine) 
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When developing a hydropower system, the up-front costs can be expensive. Some of 

those high up-front costs are the pen-stock pipe, turbine, generator, intake and power house. 

Communities that reside close to water resources which travel downhill can’t afford the high up-

front costs associated with hydropower development.  

 

Determining Head and Flow 

 

The first step in assessing the feasibility of any hydroelectric system is to determine the amount 

of power that you can obtain from the stream or river at the site. The power available at any 

instant is primarily a product of the flow, volume, and head of the resource. Flow volume is 

typically measured in cubic feet per second (cfs) or gallons per minute (gpm). Higher flow 

means more available potential energy. 

Head is a measure of the pressure of falling water and is a function of the vertical 

distance that water drops and the characteristics of the channel, or pipe, through which it 

flows. Higher head means more available power. The higher the head pressure the better, 

because less water volume is needed to produce a given amount of energy.  Hydroelectric sites 

are broadly categorized as low or high-head sites. Low-head typically refers to a change in 

elevation of less than 10 feet (3 meters). A vertical drop of less than 2 feet (0.61 meters) will 

probably make a hydroelectric system unfeasible. A high flow rate can compensate for low-head, 

but a larger and more costly turbine will be necessary. It may be difficult to find a turbine that 

will operate efficiently under very low-head and low-flow. 
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Determining Head  

When determining head, you must consider both gross-head (static head), and net-head 

(dynamic head). Gross head is the vertical distance between the intake of the pen-stock (the 

piping that conveys water, under pressure, to the turbine) and the point where the water 

discharges from the turbine. See the demonstration (Fig.I-8), how to estimate head pressure of a 

potential hydropower site. Net head is gross head minus the pressure or head losses due to 

friction and turbulence in the pen-stock. These head losses depend on the type, diameter, and 

length of the pen-stock piping, and the number of bends or elbows. You can use gross head to 

approximate power availability and determine general feasibility, but you must use net head to 

calculate the actual power available and sizing of the turbine.  

 

Figure I-8. Measuring head pressure (Home Power Magazine) 
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Determining Flow 

Environmental and climatic factors, as well as human activities in the watershed, 

determine the amount and characteristics of the stream flow vary on a day-to-day and seasonal 

basis. You may be able to obtain stream flow data from local government entities. If you cannot 

obtain existing flow data for your stream, you will need to do a site survey. Generally, unless you 

are considering a storage reservoir, you should use the lowest average flow of the year as the 

basis of the system design. Alternatively, you can use the average flow during the period of 

highest expected electricity demand. This may or may not coincide with lowest flows. 

There may be legal restrictions on the amount of water that you can divert from a stream 

at certain times of the year. In such a case, you will have to use this amount of available flow as 

the basis of design. There are a variety of techniques for measuring stream flow. For more 

information on these methods, consult the references below or your local library for books that 

cover hydroelectric systems, surveying, or civil engineering. 

You may be able to correlate your survey data with long-term precipitation data for your 

area, or flow data from nearby rivers, to get an estimate of long-term, seasonal low, high, and 

average flows for your stream. Remember that no matter what the volume of the flow is at any 

one time, you may be able to legally divert only a certain amount or percentage of the flow. 

Also, try to determine if there are any plans for development or changes in land use upstream 

from your site. Activities such as logging can greatly alter stream flows. 

As seen in (Fig.I-9) the volume of the water source, velocity, and weight of the water are 

measured and needed to understand the potential energy of a downward flowing stream. 
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Figure I-9. Example of how to measure potential energy of a small stream (Home Power 

Magazine) 

Determining Potential Energy 

Weekly reading should be gathered and recorded. This process is called a Feasibility 

Study. After one year of data collection is complete, a better understanding of the potential 

energy of the water resource can be reached. After annual flow rates and head pressure are 

understood, a rough estimate of the potential power available, in kilowatts (Kw) can be 

calculated, with the following formula (Fig.I-10). This process is also needed in order to size the 

turbine for the site. Once the turbine is sized for the particular site, the cost of the entire system 

can be estimated for development.    
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                             Figure I-10. Example of how to calculate potential energy 

Note that in the two examples, much less flow is needed at a higher head to produce the 

same amount of power. Turbine and generator efficiencies depend on the manufacturer and 

operating conditions (head and flow). Generally, low-head, low-speed water wheels are less 

efficient than high-head, high-speed turbines. 

The overall efficiency of a system will range between 40 to 70 percent. A well-designed 

system will achieve an average efficiency of 55 percent. 

Turns and bends in the pen-stock pipe will decrease overall pressure at the turbine. A 

pipe friction loss table for PVC is placed below for understanding pressure losses (Fig.11). Once 

an understanding of water volume is reached, the graph below can be used for properly sizing a 

pipe for the project: 

 

 

1.  20 Ft. head * 2 cfs (124.8lbs) = 2,496 ft•lbs/sec  

2496 ft•lbs/sec / 550 = 4.5hp * 746 = 3357 Watts *.55        

(efficiency of turbine) = 1,846 Watts, 1,846 Watts/1000 = 

1.846 Kilowatts  

 

 2. 50 feet head * 0.8 CFS (49.92LBS) = 2,496 ft•lbs/sec 

     2,496 ft•lbs/sec / 550 = 4.5 hp *746 =3357 Watts *.55 

     (efficiency of turbine) = 1,846 Watts, 1,846/1000 =  

     1.846 Kilowatts 
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Figure I-11. PVC pipe head loss 
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Conversion Factors 

(Fig.I-12) shows some of the conversion factors you may need to assess the site’s feasibility: 

 

                         

Figure I-12. Conversion Factors (Home Power Magazine) 

 

Other Considerations  

Many other factors will determine whether developing the site is practical. Pen-stock 

route and placement are important. A trash rack or screening system will be needed in order to 

prevent debris from entering the pen-stock. You will need to inspect and clean the trash rack and 

penstock intake regularly. Freezing weather, livestock, and vandals can damage exposed piping, 

but burying it may not be practical or cost-effective. The piping must have adequate support to 
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keep it from breaking apart or moving under the weight and pressure of the water. The turbine 

and generator should be placed above the stream’s flood stage. There will also be line losses in 

any power lines used to transmit the electricity from the generator to a Microgrid, community 

charging station, or home. Shorter distances of power lines are desired to keep line loss and costs 

low. 

Bambusa vulgaris Used as a Pen-Stock Pipe in a Pico-Hydropower System 

 

Bambusa vulgaris (common green bamboo), if cured properly, can replace the pen-stock 

pipe. The no-cost Bambusa vulgaris reduces the up-front cost of the pen-stock pipe substantially. 

Mature species (3 years or older) that are tan in color, have moss, and or lichen growing on the 

clums are the strongest of the species and should be selected for the highest pressure areas within 

the pen-stock (furthest from the intake) (Fig.I-13). Before curing, the species should be cut at the 

node, be sure to make a vertical cut as straight as possible for coupling together later.   

      

 

 

 

 

 

     Figure I-13. Mature 3 years old with lichen growing on outside of clum 

  The node is thickest part of the species, which will prevent splitting of the clums (Fig.I-

15). Prior to curing the pole, the nodes need to be punched out with a sharp steel rod or drilled 

out with a ½ inch drill bit with a 4- 6 Ft. (Fig.I-16) extension attached. Once the nodes are 
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punched out, the species should be soaked in a solution of one part Borax, one part boric acid, 

and 40 parts water for 2 hours (Fig.I-14). This solution helps deter pests (termites) and fungus. 

Don’t pierce the nodes until ready to soak in the solution. This prevents mold from attacking the 

inside of the moist species.  

 

       

Figure I-14. Solution             Figure I-15. Thick node Figure I-16. Pierced node 

   

 

Figure I-17. Soaking in flowing water 

 

After a thorough soaking in the pest-deterring solution, the poles should be totally 

submerged immediately in flowing fresh water for two months (Fig.I-17). After two months, the 

clum will darken substantially to dark brown color. During the curing process, starch and sap 

will be forced out of the species (slimy, thick, and clear), eventually the species will become 
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heavy and hard. Heat curing is not recommended and will weaken the structural integrity of the 

species. 

Once proper curing is accomplished, the nodes need to be bored out with a hole saw and 

drill. At least a 4-ft. extension attached to the hole saw will be needed in order to bore out a 10-

ft. section of the bamboo pole (Fig.I-18). For longer poles, a longer extension will be needed. 

Before boring out the nodes, the correct size PVC coupling should be sized (smaller than the 

clum walls.). Use a pencil to trace the outside diameter of the PVC on the node (Fig.I-19). Use 

the pencil line as a guide for a stencil. 

 

Figure I-18.  4Ft. extension      Figure I-19. Prepping for hole saw 

  

  Once selecting the proper sized stencil, and the exact same-size outside diameter hole 

saw that matches the outside diameter of the selected PVC and stencil,(Fig.I-20) the stencil 

should be attached to the thick node with thin nails (which prevents splitting). 

 

 

Figure I-20. Stencil guide 
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Attach the stencil to the node using thin nails opposite one another to firmly hold the 

stencil in place. Once the stencil is attached, place the hole saw in the stencil and bring the drill 

up to maximum speed. Gently and slowly push the hole saw into the first node. Once a groove is 

made in the node, more force can be used to bore through the first node. If a gentle approach is 

not taken, a kick-back of the drill will occur and can cause injury, and it can also rip out the 

stencil, and possibly fracture the bamboo. Complete the node removal by forcing the hole saw 

through the remaining nodes until maximum penetration is achieved (Fig.21). The node is the 

strongest part of the species and acts like a hose clamp from the inside, holding the clum walls 

together. 

 

 

 

  

         

 

Figure I-21. Finished Product          Figure I-22. Plumber’s chain vice 

 

When boring out the nodes, two people are needed to keep the species from rotating. 

Women can easily perform this task. Clamping the pole down with a vice or utilizing a 

plumber’s chain vice (Fig.I-22) is recommended, when one person is removing the nodes to 

prevent twisting. Make sure to clamp down on the node and not the clum. Be careful not to 

clamp down on the species too tight because it will fracture the node and clum, thus damaging 
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the species. The same process should be used on the opposite end to complete the boring process 

throughout the pipe. Once all of the nodes are bored out completely, it’s ready to be prepped for 

coupling. Boring out the nodes will help reducing friction inside the species when water is 

flowing under pressure. This reduction in turbulence is needed in order to maximize energy 

output. Without boring out the nodes, head-pressure losses will become too great and will not be 

feasible for a hydropower system.  

When coupling 2 poles together insert a 3-to-4 inch section of PVC into the bored 

bamboo with a square O-ring fitted around the PVC (Fig.I-23). Trace around the O-ring with a 

pencil, remove the PVC coupling, and use a Dremmel with a course sanding bit to create a seat 

in the node. At an angle, sand the node, and use the pencil line as a guide for a smooth even seat 

for the O-ring to rest in (Fig.I-24).  

 

                        

Figure I-23. O-ring and fitted PVC             Figure I-24. Seat for O-ring  

         

This process should be taken on both ends of the pole for coupling multiple poles 

together. After prepping the species for coupling, the proper size PVC coupling and O-ring 

should be placed between two same sized inside diameter poles (Fig.I-25). Two people are 

needed, one person should force the two same sized nodes together (Fig.I-26), sandwiching the 

O-ring between the two poles.     
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Figure I-25. PVC coupling with square O-ring 

 

 

              Figure I-26. Sandwiched together 

 

        

    Figure I-27. Used inner tube from automotive tire 

 

Once sandwiched together, a 3-to-4 inch wide by 2-to-3 feet long strip of automobile or 

bicycle tire inner tube should be wrapped tightly and overlapped around both poles (Fig.I-27). 

Using a thin rope tie down the rubber strip and secure with a knot. Once secure, use the same 

rope, make a loop at the opposite end, and begin to wrap the rope over the loop (Fig.I-28) and 

work your way back to the original knot (Figure I-29). Make a second pass towards the loop, 
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filling in any gaps where the rubber is exposed. Once reaching the loop, thread the rope through 

the loop and anchor it down with a knot and cut off the remaining rope (Fig.I-30). A larger rope 

can be used in place of the thinner jute used in this test.  

 

  

Figure I-28. 

 

  

Figure I-29. 

 

 

Figure I-30. 

This approach is cost-effective and will keep pressure on the inside of the species, 

allowing the species to be coupled together without leaking. The PVC will act like a brace inside 
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the thick and strong node when heavy water is traveling through the species. If the pen-stock 

pipe is above ground, bracing should take place before and after the coupling to remove weight 

and the force of water off the coupling. This process can be repeated over and over with similar-

sized poles without leakage. 

 

Unknown 

 

What pressure can Bambusa vulgaris operate at as a pen-stock pipe in a Pico-hydropower 

application? Two tests are needed to better understand Bambusa vulgaris’s ability to withstand 

water pressure. A hydrostatic and dynamic flow pressure test will accomplish this. A test of the 

coupling also needs to take place.  
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MATERIALS AND METHODS 

 

Test Bench 

 Design test bench 

 Purchase equipment 

 Fabricate 5-10 feet adjustable test bench 

 

 

Figure M-1. Test bench design 
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Figure T 2. Rail system and costs of equipment 
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           Figure M-3. Completed test bench and modified with stronger 3/8” end plates 

 

Plexiglas safety shield for camera protection 

 Design adjustable 5-to-10 ft. Plexiglas safety shield 

 Purchase Plexiglas 

 Fabricate and glue together 

 Safety shield is adjustable from 5-to-10 ft.  

 

 

Figure M-4. Plexiglas 5’ – 10’ adjustable cover 

 

Locate Bambusa vulgaris (common green bamboo) purpose of testing 

 Internet 

 Cold calls 

 Referrals 

 Interview local nurseries  
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Locate Phyllostachys edulis (Moso, giant bamboo) for use as a comparison  

 Internet 

 Cold calls 

 Referrals 

 Interview local nurseries 

 

Bambusa vulgaris (common green bamboo)  

Grows wild throughout Sub-Sahara Africa (Tanzania, Kenya, Ethiopia, Uganda, and Cameroon) 

and is the purpose of the test. Bambusa vulgaris is known to be thick walled and originated in the 

tropics of China. Each test specimen will be labeled with BVW- for water cured and BV- for 

heat cured. 

     

Figure M-5.  Figure M-6.      Figure M-7. 

 

 Phyllostachys edulis (Moso or giant bamboo) will be used as a comparison for testing Bambusa 

vulgaris. Phyllostachys edulis is known as the strongest, largest bamboo in the world and grows 

predominately in South East Asia. Test specimens will be labeled with M-, all specimens are 

heat cured. 

Testing Protocols 

The same protocols for prepping the species as described above in the Introduction section. 

Figures I-6-I-23 explains the process in detail and will be used in the Methods section for 

prepping the species for testing (Fig.M-8-M-19). 
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         Figure M-8.        Figure M-9.  Figure M-10. 

 

             

 Figure M-11.     Figure M-11.              Figure M-12.           Figure M-13.  

 

                     Figure M-14. 
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We will test the inner strengths of Bambusa vulgaris up to 200 psi. While performing this test, 

safety is a must. This test will be contained to prevent injury, damage to camera, and to protect 

from the unknown. Protective eye wear is required at all times. A hydrostatic and dynamic flow 

test will take place.   

 

Bamboo Pressure Testing  (hydrostatic) 

 Cut bamboo in the middle of the node for testing and coupling together  

 Pierce nodes with a ½ inch steel rod. 

 Soak in a solution of 1 part Borax and 1 part Boric Acid and 40 parts of water for one to 

two hours. This helps protect against termites and fungus when using as a pen-stock pipe. 

 Place Bambusa vulgaris in flowing fresh water for 8 weeks to cure 

 Select the proper size PVC coupling, and trace around the outside diameter of the PVC 

 

 

            Figure M-15. 

 Bore out nodes with a hole saw connected to a 4 foot extension for 10 foot poles 

 A Hole saw should be selected to match outside diameter of selected PVC coupling 

 Make a template to help guide the hole saw into the cross grained nodes.  

 

 

 

             Figure M-16. 

 Check to see if PVC fits snugly, if not use a Dremmel and sanding tool for touch ups.  
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 Figure M-17. Sanding Dremmel bit 

 Goggles will be needed for eye protection due to dust from sanding. 

 Outline O-ring with pencil, create seat with Dremmel (angle Dremmel from hole saw cut 

and use the line as a guide. This angle will allow the O-ring to seat and create a strong 

seal (if uneven or a seal is not made the water pressure not hold). 

 

           

   Figure M-18.      Figure M-19. 

 Rent a hydrostatic pump 

 Connect the hydrostatic pump hose’s male threaded ½ inch steel adapter to the female 

threaded ¾ inch globe valve. 

 

 

    Figure M-20. Electric Hydrostatic pump 



B a m b o o  H y d r o p o w e r  P r o j e c t  | 41 

 

 Connect the globe valve to ¾ inch PVC threaded adapter. 

 Using PVC primer and glue connect the ¾ inch PVC adapter to the appropriate size PVC 

coupling, then glue and connect the appropriate sized PVC pipe to the coupling. 2 inch 

and 2 ½ inch inside diameter PVC are common sizes for poles. 

 

 

             Figure M-21. Needed PVC for testing 

 Add the appropriate sized square O-ring (a thick, firm, round O-ring can be used, but will 

leak easier due to limited surface area). A square O-ring as described earlier will work 

better.  

 A large steel washer that fits snugly around the outside diameter of the PVC is needed to 

evenly sandwich the O-ring into the seat of the bamboo to prevent leakage (Seen to the 

left of photo below (Fig. M-22). 

 

 

         Figure M-22. Steel washer 

 Complete process to both ends of the specimen and secure into place. 

 A steel washer that fit snugly around 2 inch and 2 ½ inch PVC is needed to keep the O-

ring in place. 

 Tighten all 4 test bench threaded steel rods until O-ring is sandwiched between the steel 

washer and node (tightening to much will crack the bamboo). 

 Connect a ¾ inch globe valve to a garden hose for outflow. 
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Figure M-23. 

 Open outflow globe valve to allow water to fill specimen 

 Once all connections are made and valves are open, begin priming hydrostatic pump 

(Open flow from water source.). 

 Photograph specimen and record specimen number. 

 Lift the far end of the test bench up and shake to force air out of the specimen to be tested 

(air compresses easily and will make the bamboo fail at lower pressures.). 

 Once filled with water and garden hose is free of air bubbles close outflow valve for 

hydro-static testing.  

 Video the pressure gauge throughout testing. 

 Place Plexiglas shield over test bench to prevent cameras or video equipment from 

getting wet. 

 Open flow valve on hydro-static pump and activate hydro-static pump. 

 Slowly close flow valve to increase pressure. 

 Increase to 50 psi and hold for 10 minutes  

 Increase in increments of 5 psi and hold each for 10 minutes until failure occurs. 

 Photograph specimen after failure and record information. 

 Repeat process until all specimens are complete. 

 If leakage occurs at the O-ring, remove specimen and smooth out seat with a Dremmel. 
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Figure M-24. 

 

 

Figure M-25. 
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Figure M-26. BVW = Bambusa vulgaris water cured 2 months 
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Figure M-26. M = Phyllostachys edulis heat cured 

 

                  

 Figure M-27. BV= Bambusa vulgaris water cured one month 
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 Dynamic flow testing follows the same protocols except the outflow globe valve is 

opened and the pump valve is closed forcing water through the specimen. 

Dynamic flow testing 

 

 
     Figure M-28.      Figure M-29. 

 

 A car tire valve stem was selected, which possesses two rubber grommets that 

squeeze between the clum of the bamboo through a hole made with a drill bit. 

 

 

 

            Figure M-30.      Figure M-31. 
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 Once inserted, a nut is threaded down sandwiching the two rubber grommets 

together forming a tight seal. 

 

  Figure M-32.     Figure M-33. 

 

 An automotive air chuck is then added due to its ability to connect to the small 

valve stem and adapt a ¼ inch threaded male 200 PSI pressure gauge. If leakage 

occurs, a hose clamp can be wrapped around the chuck. 

 Two gauges are needed on each end of the species in order to better understand 

the difference in pressure while water is flowing between the entry of the pole and 

the exit of the pole. 

 

 Figure M-34.    Figure M-35. 

 

 The attached garden hose is equipped with a valve that is slowly closed to 

increase pressure and flow of water through the specimen. 

 

 

 



B a m b o o  H y d r o p o w e r  P r o j e c t  | 48 

 

Dynamic flow testing failures (limited supply of species) 

 

 

Figure M-36. Dynamic Flow Variable Species  

 

Coupling two species protocols 

 

 After a seat is made with the Dremmel at the node, the two poles can be joined 

together. Place in test bench and begin to tighten threaded rods and sandwich plates 

together.  

 

 

Figure M-37. 
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Figure M-38. 

 

 

Figure M-39. 

 

 Once the O-ring is sandwiched between the two sections, a rubber inner-tube is spliced 

into a long strip and wrapped tightly around the two sections, and jute (a hemp twine) 

is tied to hold the rubber sleeve in place. More coverage of each pole adds to the 

stability of the coupled section and keeps it from bending.  
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Figure M-41. 

 A loop is formed at the opposite end and the jute is wrapped over the loop and rubber a 

second pass is needed to cover any gaps, and then finally secured to the loop and 

tightened once the second pass is complete. ¼ inch rope can be used as well. 

 

Figure M-42. 

 

Figure M-43. 
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Coupled dynamic flow test 

 

Figure M-44. 

 

 

Figure M-45.coupled Bambusa Vulgaris Water Cured 2 Months  
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Mistakes and Failures 

 Originally it was thought that glue could be used to complete hydrostatic testing and 

couple the species together. This scenario did not prove to be true, as water leaked under very 

low pressure, valuable time was wasted along with costs of renting the hydrostatic pump. The 

original designs of the end plates for the test bench were too thin and bent badly during testing. 

Much thicker end plates were needed, costing valuable time, and increased the overall costs of 

test. Lastly species were damaged due to removing out of the water at 1 month. The species 

weren’t properly cured and became damaged (cracked) as they dried.    
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DISCUSSION 

Bambusa vulgaris can transport water under pressure and is very low cost in comparison 

to PVC. A working pressure of 50 PSI can be utilized in an entry-level Pico-hydropower system 

for many communities throughout the world who live in a watershed or close to a downward 

flowing water resource. 

  Because Bambusa vulgaris can be used as a pen-stock pipe in a Pico-hydropower system 

and electricity can be generated from the weight of the downward flowing water, it makes for a 

perfect entry-level system into the clean energy industry for many poor rural undeveloped 

communities. Living a more efficient life can provide additional income for families. Throughout 

the world, daily routines have become more efficient with electricity. Bambusa vulgaris used as 

a pen-stock pipe has a fantastic, low up-front cost that can benefit many in meaningful ways. 

  Because the cured species is coupled with PVC, Bambusa vulgaris can serve as a partial 

pen-stock pipe in a Micro-hydropower run-of the-river system. At beginning stages of the pen-

stock, pressure is not as high; as elevation changes and pressure builds past the 50 psi working 

pressure (120 Ft. elevation difference from the intake), PVC can connect to the coupling and 

precede the rest of the way downhill to the larger or upgraded Micro-hydropower system. 

Bambusa vulgaris working in conjunction with PVC reduces the up-front costs of the longer pen-

stock pipe and reduces normal high costs associated with the pen-stock pipes.  

  Bambusa vulgaris can serve other purposes for developing countries as well. As it can be 

used as a pen-stock pipe in a Pico-hydropower system or partially in a Micro-hydropower 

system, it can be used as piping infrastructure for gravity-fed drinking water distribution 
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infrastructure that reaches all community members. This can have great impacts on many 

communities throughout the world. Sanitary drinking water can save many lives that are lost 

today because of water-borne diseases. Less time can be spent fetching water and more time can 

be spent on generating income and education for children. 

  The benefits of utilizing Bambusa vulgaris as alternative for piping infrastructure can 

help communities develop in a sustainable manner, promote economic development, and 

empower the people, just as electricity and clean water distribution networks have in other 

communities throughout the world. 

Bambusa vulgaris can be used as agriculture piping infrastructure as well giving farmers 

lower upfront costs to provide the needed water to crops. Instead of relying upon the local 

government to supply infrastructure, this do-it-yourself opportunity can allow farmers to grow 

larger crops, supply water to needed crops during dry weather, which can cripple the income for 

the farmer, and food for the community the farm serves. 

  Finally, Bambusa vulgaris used as piping infrastructure allows communities an entry- 

level, sustainable-community business (municipality) when coupled with a community charging 

station and or water distribution network that can be upgraded in the future. Upgrading 

infrastructure and building larger sustainable systems can help communities provide carbon-free 

electricity and clean drinking water to all of its residents, create new jobs, live more efficient 

lives and stimulate the local economy while having little to if any impact on the environment. 
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CONCLUSION 

People without electricity who reside in poor, rural, undeveloped communities 

throughout Sub-Saharan Africa have alternatives and opportunities to develop entry-level Pico-

hydropower systems utilizing Bambusa vulgaris as a penstock pipe. The already in place natural 

resource can play an important role in entry-level piping infrastructure in many ways.  

Phyllostachys edulis bamboo was used as a comparison for testing. All of the samples 

were heat cured. Further investigation of water cured Phyllostachys edulis may demonstrate 

higher bursting rates than that of the heat cured testing specimens, just as Bambusa vulgaris 

demonstrated in this test. Studying this species ability to withstand water pressure could benefit 

many without electricity and access to water infrastructure in Southeast Asia.  
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