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Case study energy in Gakwende for power and light based on hybride technology

Gakwende in Rutana province in Burundi is in a remote rural area in southern Burundi. It is far from high 
voltage grid and the small town is not electrified except solar panel solutions in a fews houses and the 
handicap centre. Closest high voltage cables are about 20 Km away. Handicap centre have a solar system 
with large back up battery installed by Tellux 2013. Health central have a smaller similar system. These 
system works fine for over one year.   
There is a primary and secondary school with between 400-700 students. There is also a large church with 
over 2500 seats in town centre.
    Area have mountain climate with about 1500 -2000 mm rain / year and dry season. Temperature is 
normally between 15 C and 25 C and mostly it is rather dry.
Close to town there is a small creek that gives water even in dry season and flow seems to be about 200 
liter / sec or more most of time. There is a water well up on a hill so there is plenty of good water available. 
This is used by population to drink and when heated they use wood and fire. 

Gakwende in short

*! Position  Lat 3,57 Long 29.52 Altitude 1597 meter Just south of equator.
*! Population. Unknown but we guess 300-400 persons + school and church from close by areas
*! Houses. about 100 in close range area within 200-300 meter.

Hybrid power solution design
Hybrid systems have several power sources and energy storage solutions. In this case the river is one of 
them. Here dry and rain seasons and water flow set limits in what can be generated in power. Water only 
gives not very large margins for the future. The 3 KW turbine seems a good choice here.
Solar power is installed in 5 houses and works fine so this is a good solution to combine water + sun here.
Wind mills are good when there is wind  but this is very unpredictable but is is a mountain area so it will 
help now and then. All these energy sources can be combined the way we prefer.
In this case study we combine all of them and also add a solar based water heater to save wood.
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Church and main square of Gakwende!          Main street up to market area with houses

Centre for handicapped children! ! ! Secondary school close to the creek

Centre with one of 2 solar panel systems         Medical centre with one small solar system
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*! Mini Hydro power system Kaplan turbine 3 KW power at 230 VAC

       Gakwende Hybrid power solution       Oct 2014  Page 3 of 14

Tellux AB, Axel Johanssons gata 6, Kristallen E2,
 SE-754 51 Uppsala, Sweden   www.tellux.se

Photo of the river in earth and 
satellite view

Secondary school 
is located 92 
meters from the 
small creek and 
the small log bridge. 
Here the gorge is about 
3 meter deep and about 
10-15 meter in width.

3KW Kaplan turbine 
with top mounted 
generator. This system 
do always have the 
generator over the 
water surface of the 
dam so it is the best 
design when there is 
heavy raining and 
water flooding

Generator 3 KW 230 VAC 
at top

Kaplan water turbine at 
bottom about 1 meter under 
water surface

  Guangxi Nanning HeCong Trade Co.,Ltd. 

     Address:T3-1611 Shangdong International ,NO.166 Nation Road ,Nanning City,Guangxi ,China 

   E-mail: zoew@hecong.com.cn  MSN: zoestaples@hotmail.com Mob:0086-18378852647
   TEL:  86-0771-4601800     FAX:  86-0771-4601800      http://www.hecong.com.cn

Kaplan turbine
Commodity Picture Description of 

goods Feature Installation

Traditional 
Kaplan 1.Power:0.3-5KW             

Installation:                                
Need to design and make the 
inlet and outlet. The inlet and 
outlet can be made of iron or 
resin or concrete with specific 
data

New Kaplan 1.Power:0.3-5KW                      

Installation:                          
The turbine generator is 
connect with the outlet(draft 
tube) directly, much easily and 
high efficiency.                      
1.You just need to fix it on the 
concrete ground by the bolt 
nuts.And we also provide the 
bolt nut.                                     
2. Connect your water pipe to 
the inlet of the generator
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Installations of top generator Kaplan turbines 
in simple designs. Gakwende case is best to 
have a earth dam as this materials is 
available very close. It needs to have some 
structural parts in cement and bricks but 
design is very simple and can be locally 
made.

Why top generator and a dam ?
Sudden rains can raise river water very fast 
so all get flooded. The dam is possible the 
highest point and if generator is above the 
dam outlet this is last place to get submerged 
and destroyed.

Dam design have an over flow  gap where lots of 
water can flow by if there is to much water. Most 
rivers in Burundi differs by factor 5-10 during dry 
and rain seasons so this needs a solution we have 
here.

Draft tube in design adds lots of power and is 
made in cement or ceramic bricks you make 
locally.

Clay and earth in Burundi is often water sealing 
and is a good material for the dam design. It can 
any way have an extra plastic sheet inside dam to 
secure no leaks during many years life time.
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a house and an electronic load controller (supplied) stabilizes the voltage to 110V or 
220V to protect electrical appliances during use.  The generator can also be used to 
set other voltages such as 120V, 230V or 240V.  Being lightweight and portable, 
installation is very simple and is explained in the Instruction Manual. Once installed 

there are no running costs and maintenance costs are extremely low. 

It is important to keep in mind that output can only be accurately determined if head 
and flow measurements are made correctly, so care should be taken during this 
process. Two other important factors in a site assessment are system voltage, and 
transmission distance. The voltage and distance the power must travel can affect the 
efficiency and cost of your transmission lines. 
 

 
 
 
 

MODEL 
 

Runner 
Diameter 

Water Fall
(m) 

Water Flow
(m3/s) 

Output 
Voltage

Power 
(W) 

 Speed
r/min 

ZD2.0-0.3DCT4-Z 120mm 1.5 ~ 1.8 0.04 220V 300 1500 

ZD2.0-0.5DCT4-Z  120mm 1.8 ~ 2.0 0.045 220V 500 1500 

ZD2.2-0.7DCT4-Z  120mm 2.2 ~ 2.2 0.05 220V 700 1500 

ZD2.5-1.0DCT4-Z  150mm 2.2 ~ 2.5 0.05 220V 1000 1500 
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This head should be 1.5 meters for all PowerPal models. If it is smaller then the power 
output will be reduced. If it is larger then your power output will be increased. While 
increased power output appears desirable, if the head is too large then the rotor will turn 
too fast and reduce the life of the bearings. Try to keep the head in the range of 1.4 meters 
to 1.6 meters.  
 
 
         Do not attempt to exceed the recommended head height.  
 
 
SITE PREPARATION  
 
There are three basic situations that are suitable for installing PowerPal. They are:  
 
1. Waterfall  
 
This is the simplest method. If your house is near a stream with a small waterfall around 
1.5 meters high then you can use this as a platform. Minor modifications to channel the 
flow may be required.  
 

 
Although this is the simplest method it is also the most 
affected by changes in stream flow. Rainstorms or dry 
periods may make site modifications necessary.  
 
 
 
 
 
 
 
 
 
 

2. Dam  

If the stream is flat you may need to build a dam. It can be constructed from clay 
and river boulders, clay and bamboo (or other wood) or even concrete. The dam 
wall should be 1.75 meters high to allow for the head. If there is a waterfall less 
than 1.5 meters high it may be easy to use this as your dam site to keep the dam 
small. If, after constructing the dam the water flow rate is too high then a separate 
diversion channel will need to be cut into the dam wall to reduce the flow to the 
turbine.  

PowerPal™ Low Head   6 
 

 

 
Dams have both advantages and dis-advantages. 
If used in a village setting they can provide 
additional uses as a fish pond and washing area. 
The dam wall may support a row of PowerPal 
generators so that several families can have 
access to electricity. If the village works 
together to build the dam the time and 
construction costs are lower. Dams are less 
likely to be effected by flooding if diversion 
channels are adequate, so PowerPal can be used 
effectively during the rainy season.  
 
 

The flow rate is also much more stable than a waterfall set up. Disadvantages are the 
flooding of an area to make the lake, a land area that might be used otherwise. The more 
incised the stream, the smaller the lake.  
 
3. Side Channel  
 
This is an alternative to a dam and has the advantage of being simpler to construct while 
providing a good degree of stream flow control. It is suitable for incised streams with soil 
banks. Dig a trench along the bank parallel to the stream, starting at the upstream end 
where water can enter. The trench should follow the contour, i.e. be almost horizontal. 
Make the trench long enough so that when you have finished it is around 1.5 meters 
above the water surface in the stream below. Excavate this area so that the water can 
enter the trench, flow along it and exit back into the stream below. Some modifications 
may be required to achieve the required flow rate. Try inclining the trench floor in a 
downstream direction, or lining the trench with smooth material such as a plastic 
tarpaulin to reduce friction.  
 

Simpler than a dam, it is most suitable for small villages 
or isolated houses. It also avoids the worst of flooding as 
most of the stream flow will follow the main stream 
channel.  
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Top 3 ways of installation.

Gakwende case seems to use 
the 3-rd right design and a 
cement and brick flow channel 
as showed in images. 
Turbine is simply set down 
and is supported at bottom 
plate. This make service 
simple.
Not showed here is the net we 
have to get things in water 
away from system. This is a 
metallic net.
We also have a door to shut 
of water if we need to 
maintain the turbine.

All materials here are locally available and 
can be 
made in 
Burundi.

At right we see a Kaplan turbine propeller like 
what is used here. 
This is very simple and not complicated and can 
be locally maintained.
This is not complex and very simple which is a 
demand for good operation and long life time.
Maintenance is very low an system have only 
one shaft with bearings an seals.
Turbine charge the battery storage in parallel 
with solar panels etc.
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Subject Date August.12.2014

Tel Number 0086-23-88323686
ext:802 Fax Number 0086-23-88323220

ext:808
Email

Address user5@royways.com

Unit price

MOQ 1 set

Validity 30days

1 sets

Payment T/T, Bank, Western Union, Paypal,D/A,D/P

The price  for one sample order

Quantity

Package

$402

Optional parts DELIVERY

 regulators is available 20 Days

Gurantee 12months

Flow rate(m3/s) 0.08-0.15m3/s

Runner Pages(cm) 18cm

Life time(year)

Speed( r/min) 500-1500

6

Unit price (FOB Chongqing)

Model CT760-LM-18

Power(kw) 3KW

Water head(m) 1.5-3.5m

Chongqing Royway Machinery Co.,Ltd. 

Unit 10,24th floor,International Business Building B,No.27,Tenlong  Rd,Nan'an

district,Chongqing,China.

E-mail：user5@royways.com
Website:http://corway.en.alibaba.com

 QUOTATION SHEET
3kw Hydro Generator

Product Detail PHOTO
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Axial Flow Hydro Power Station Layout Diagram 
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Left. 1300W system in Gakwende centre.                                                                Right Installation of panels on a  roof

Solar power unit in Hybrid combination

We have a solar panel system beside the hydro power system. Solar works fine at dry season 
when the river is more dry. They will then combine very good so there is always power. Together 
they will give a bit more useable power than the hydro system alone. As we also have a battery 
system that balance an equalize all together works in a reliable way over the year.
Here we estimate a 2000-3000W system can be OK. This is then 8-12 pcs 250 W solar panels.
panels and we have a MPPT charger and charge the storage battery.
Gakwende is close to equator and high up in mountains. This is then a good place for solar panels 
that often gives more than specifications in output.
If we simply say we have sun 5 hours per day at full power which is a rough estimate this is 10 
KWH in output.

Wind power option

This is a hard to estimate option as wind is very unpredictable. 
All wind mills are specified at 10-12 meter per sec in wind 
speed which is very rare. Practically a 1000W wind mill gives 
200-300W in output over longer time. Let us say this generate 
200W for 12 hours = 2.4 KWH in practical numbers. Compare 
to water and sun the wind is then a small ad on. If we have a 
5-10KW system this makes more sense. We see this makes no 
real ad on if we have less 5 kW and if so we have about 10-15 
KWH / day. The wind mill will also charge battery system.
Here we must keep in mind that if we have a windy day this will 
give a lot of power that is possible not possible to store. Wind 
generators have brake systems and absorbers to handle this 
problem.

Photo at right show a 2 propeller contra rotating wind mill. These are a bit 
better in low wind speeds and operate from 2 meter per sec and up.
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Some calculations and analyze of  a hybrid system sun + water

We calculate that this hybrid system gives about 3KW in 
average to have some extra margins. Power is available all 
years and we can get up to 8400 hours of operation which 
corresponds to 24 KWH in generated power per day. If we say  
cost per KWH is Euro 0.2 / KWH this is then about Euro 2000 
in value of the power per year.
 This system can be operated on 12 or 24 volt to make all 
simpler and reduce hazards of electrical shocks.  In 
Gakwende case a 24 volt system in small houses is best and 
in schools etc we have 230 VAC. THis makes no extra 
problems to split like this
 Here we start with a minimum power level but for sure most 
people want more. It is important to know the bottom cost for a small village installation.
For future we see maybe double power can needed but here we give the basics and no more. 
Hybrid solution as more than hydro alone and gives more security and reliability. If we double 
system outputs the cost for generator will possible increase only 30%

Expectations of system and Gakwende operation

If we say one house shall have 2-3 led lamps each 3W used in evenings and sometimes at days 
this is them 6W / house and 4 hours per day  = 24 WH per house
For 100 houses this is then  about 600W in peak power and in energy 2,4-3 KWH / day. This is 
mostly during dark hours and not much at day time.
To this we need a mobile phone charger. This needs so little power so we say it is included.
   If we say we shall have 15 outdoor courtyard led lamps all night this is a LED lamp and each is 
10W in power operating 12 hours per day.
This will be 150W in peak power and for 12 hours we need 1.8 KWH at dark hours only.
There are 2 schools with about 20 class rooms totally. Each room need 2 led tubes of 15W/ ea 
during school time mostly at days. This is about 600 W in peak power and if we say 8 hours per 
day this is 4,8 KWH in energy.
Here mostly is day time when other users are 
using less power.
If we add 20% to this for schools at evenings 
when pupils do home works this will be in total 
about 800W in peak power and 5,5 KWH / day.
   Schools need computers soon and will have 
them for sure very soon.
10 computers and screens needs about 100W / 
ea equal to 1000W in peak power. 8 hours per 
day is then 8 KWH in energy. This is mostly day 
time but sometimes in evenings but then possible 
not all units. Days often have sun so here timing 
is good.            Photo of secondary school in Gakwende.
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          Local grid in Gakwende idea for layout of system
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Primary school

Dam and generator houseElectrical central  
with battery room. 
and electronics. Solar 
panels on the roof. 
Possible this can be 
inside school buildings

Secondary school

Handi cap centre

Power line 90 meter
230 VAC 

Healt care centre

River

Old log bridge can be replaced by a dam so in future no ballancing is 
needed and handicapped from the centre can pass river easier. It is about 3 
meter down to the water surface. 
Photo show water flow in dry season. If dam is 3 meter high we will make a 
lake about 100 meter long so area is rather flat here.
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Investments and related comments ( preliminary values )

Hydro power generator  Kaplan turbine 3 KW with related 
hardware and encapsulation and fuse system.! ! ! ! Euro 2000

Housing for turbine 2x2 meter with roof and door with
lock !! ! ! ! ! ! ! ! ! Euro   500

Dam can be made locally by Gakwende inhabitants. 
Earth design as in photo. Width 12 meter and 
height about 3 meter made in local red earth
or clay. Angles 45 degree on wet and dry side.
Top cowered with bricks for protection. Over flow
channel in cement and bricks to avoid erosion
Channel to turbine length about 10 meter in cement
and bricks.  Door to stop and regulate water flow. 
Steel bar filter for objects floating in the water.

Price about! ! ! ! Euro 1000

Metallic parts , planks and cement with bricks! ! ! ! ! Euro   500
Euro 1500 needs that Gakwende inhabitants do a lot them selves to no cost.
! ! ! ! ! ! !
Sum hydro power generator with complete dam and housing! ! ! Euro 4000

Solar system 2 KW costs

Solar panels with installation hardware and all cables ! Euro 2000

MPPT Charger 2 KW of better European brand! ! Euro 1000

Inverter 6 Kw peak power to have ! good margins! ! Euro 1000
! ! !
! ! !   Extra parts needed with power central etc! ! ! Euro 1000

Solar option in hybrid system is then about! ! ! ! ! Euro 5000
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Battery storage system for hybrid system.

If we say the storage shall handle 1-2 days operation with no sun 
or no
hydro power added we have very good margins needed. Lead 
battery shall not discharged or be cycled more than to 70% of 
capacity to get 5-10 years life time in the temperature range of 
Gakwende. If we say turnover is 24 KWH / day in battery storage 
we need at least 24 KWH size of battery system when we use 
lead solutions. 
Right photo shows the battery system in Handicap centre in 
Gakwende that is a 24 KWH capacity system operating at 24 volt 
DC. This is a good alternative here. European battery packs with 
best performance are used ( Made in Sweden). Weight is about 
700 Kg for one pack like this.

Li-Fe-Po is the future battery and 
here we have many advantages. 
Here we can deep cycle to 20% of 
capacity so battery can be mush 
smaller. Here we can cut capacity 
down by 50% compare to lead 
battery so 12 KWH capacity is OK. 
With a 24 VDC system voltage this is 
then cells of 500 AH / cell capacity.
These battery have 3 Volt per cell so 
here we need 8 cells in series to get 
24 volt DC. Battery design is single 3 
volt cells you connect as you want. One yellow box is one cell. Litium 
battery will possible work for 10-15 years or more. They are best but 
not cheapest to buy. Life cycle cost is normally cheapest. Green                      
demands in environment make the Li technology by far the best.

Price idea for battery storage units

Lead technology 931AH 24 Volt North Star battery 2 volt cells! Price Euro 5500-6000 
! ! ! ! ! ! ! ! !
Litium technology 24 Volt 500AH Li-Fe Po 3 volt cells ! ! Price Euro 5300-5500

Extra components as copper cables fuse box and switch! ! Price Euro 500
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Local grid  and cables in Gakwende

Cable between generator and central! 100 meter a Euro 2! ! ! Euro   200
Cables for 230 Volt AC ! ! ! 500 meter a Euro 1,5! ! ! Euro   750
Cables for 12/ 24 volt DC system! ! 700 meter a Euro 1,2! ! ! Euro   850
Cables between buildings to end suers! 500 meter a Euro 0.8! ! ! Euro   400
Fuseboxes and junction box! ! ! 100 pcs a     Euro 15! ! ! Euro 1500
2 lamps per house with 5 meter cable and switch. 
Led lamp 3 W !! ! ! ! 200 pcs a Euro 7! ! ! Euro 1400
Adapter for mobile phone charger! ! 100 pcs a Euro 10! ! ! Euro 1000
Installation by inhabitants under guidance of Technical
school in Kiremba! ! ! ! Teachers + car + hotel! ! Euro 1000

Cost for electrical hardware ! ! 100 houses! ! Sum! ! Euro 6100

If we look at this alone we see 100 houses is about Euro 10100 !   Euro 100/ house

This make each house to get the installation all included for Euro 100 / house
Here inhabitants need to work a bit themselves with their hands.

Add ons Gakwende power solution

Street and yard led lamps

15 poles with 10 W led lamps. Wood pole and led lamp at top Euro! 40! Euro 600
Cable for poles 20 meter / ea!! 300 meter cable!   ! ! Euro 2!Euro 600

Street  and court yard lamps and cables but no works is then! ! ! Euro 1200 
Cost per house  for 100 houses is then! ! ! ! !  !  Euro 12 / house
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School power and illumination

20 classrooms including following

40 pcs 1200 mm long LED tubes high efficiency Euro 15/ea! ! ! Euro 600
40 pcs wall switches! ! ! !   ! Euro 7 / ea! ! ! Euro 280
40 pcs wall plug connectors double! !   ! Euro 7 / ea! ! ! Euro 280
20 meter cable / room!! ! !   ! Euro 1.2 / m! ! ! Euro 480
10 led lamps outside school! ! !   ! Euro 25/ea! ! ! Euro 250
2 pcs twilight switch! ! ! !   ! Euro 20/ea! ! ! Euro   40
50 meter cable for lamps outdoor! ! ! Euro 1,5 / m! ! ! Euro   70

Installation works ? Kiremba technical school education pack! ! ! Euro 1000
School have need for sharp real works so this is an option here.
Then costs can be low and students learn a lot.
Tellux have already worked with technical school and they need to
come closer to the future with limited costs. This can help all.

Estimated sum ex works for power in schools! ! Sum! ! Euro 2000
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Add ons to get more power and capability of system.
This design is a bit tight and it helps to add on more power. Here there are several ways to do so. 
We see following ways are alternatives to give more power and get a better  and larger solution.

Solar based water heater for hot water in kitchen and for hygiene
Wood is used in kitchen and to heat water. In Gakwende wood is very costly and 2013 wood costs 
in kitchen was almost 2X the cost of food that was bought. Wood is also crating problems when 
cut down with erosion and no food production on this area of land.
Here solar based water heaters save lots of wood by using sun to heat the water.
Left photo shows an upgraded old water heater at Lycee in Kiremba. This works fine and make 
kitchen staff very satisfied. Right image is the new panels now delivered to Gakwende and 
Kiremba kids that can make boiling water and store in a tank. These saves lots of money and 
environment.
One complete system with 1-2 panels and storage tanks and plumbing hardware is about Euro 
2500 ex installation. This is then large enough for a small kitchen or house with 20-30 guests. 
Sun is free so wood savings are substantial. Last quarter 2013 the Handicap centre bought wood 
for USD 754 for the 65 kids.  This makes the wood cost as one of highest in the centre and it is far 
more than costs for food.

End 2014 we install solar heater in following buildings in Gakwende

Handicap centre kitchen have 2 panels and a 500 liter storage tank
Handicap centre have 1+1 system for wash rooms girls + boys
Health care centre have 1 system for medical health and cleaning

Upon this we install same solutions in Kiremba Orphanage for baby care.
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Wind mills on local grid

It is possible to add a wind mill and connect to the Gakwende 
grid system. Wind is often strong when cloudy so it add on to 
when solar power is less efficient. Wind is not always 
available but now and then it is efficient.
Preferable we need a 5-10 Kw system to ad a substantial part 
of energy.
The dual blade design is preferred as it starts at low speeds 
of wind.

Key numbers of energy solutions in Gakwende

Power in 100 houses with cables and lamps is about Euro 
100 / house. This is then a hydro power generator that can 
give cheap energy for many years.
Yearly maintenance is very low and most done by citizens of 
Gakwende

Schools can have power and light in all classrooms ( 20 
rooms we guess) 
Here costs are about Euro 2000 for material ex installation.
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