Case study energy in Gakwende for power and light

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.

There is a primary and secondary school with between 400-700 students. There is also a large
church with 2500 seats in town centre.

Area have mountain climate with about 1500 mm rain / year and dry season. Temperature is
normally between 15C 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.

Here we have used what we know about Gakwende and guessed a bit so values must be checked
with care. Prices are guessed and not confirmed but we believe rather OK anyway.

Gakwende in short

Position Lat 3,57 Long 29.52 Altitude 1597 meter
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.
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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

Generator 3 KW 230 VAC
at top
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Here the gorge is about Photo of the river in earth and
3 meter deep and about satellite view
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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
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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 high point and if generator is
- i above the dam outlet this is last place to

Alternator —|-> get submerged and destroyed.

Alternator Shaft e

Dam design have an over flow gap where lots
B 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
Head made in cement or ceramic bricks you make

locally.

J Clay and earth in Burundi is often water

Guide Vanes
Propeller

Draft Tube : . .
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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3 versions 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 hav r h
e also ' ave a door to shut Power(kw) KW
of water if we need to
maintain the turbine. Water head(m) 1.5-3.5m
All materials here are locally available and  |Fiow rate(m®¥s) 0.08-0.15m3/s
can bet Speed( r/min) 500-1500
made in
Burundi. Runner Pages(cm) 18cm

At right we see a Kaplan turbine propeller like
what is used here. This is a 3KW system where
the open flow is about 180 mm in diameter.

Water Head

This is very simple and not complicated and can
pomstrean ater Levet  0€ lOC@IlY mMaintained.

Immersion drain

‘ Tail Pipe,

This is not complex and very simple which is a
demand for good operation and long life time.
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Some calculations and analyze of this system and its output.

We calculate that this system gives 2KW in average to have some
extra margins. Power is available all years and we can get up to 8000
hours of operation which corresponds to 16 KWH in generated
power. If we say cost per KWH is Euro 0.2 / KWH this is then Euro
1600 in value of the power.

Gakwende is very dark at nights today and almost none have lamps.
Some have hand held led lamps and some have a fire of wood.

This system can be operated on 12 or 24 volt to make all simpler and
reduce hazards of electrical shocks.

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 at least double power is needed but here we give
the basics and no more. 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 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 600W in peak power and in energy 2,4 KWH / day. This
¥ v 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.
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There are other sources not listed here. These will come when there is power and Gakwende will
wake up and new business ideas are coming.

* Church buildings with conference rooms etc. Mostly sundays when schools are closed.
* Workshops for metal and wood with electric tools

* Textile industry with electric machines

* Medical health care with needs for fridge and coolers

* Kitchen that get fridges and equipment

* More houses as there is electricity that attracts people to come to Gakwende

We stop here and see what what is listed will be and to this we can later decide what strategy for
the future.

Daytime is then about 1,8 KW peak power at days and an energy of about 13.5 KWH
Night time this is then 750 W in peak power and energy of 4.2 KWH
Schools is the by far largest consumer if we calculate like this.

Conclusion simple We never use more than 2 KW from turbine so it can do this
demand.
If school are active at nights and PC are in operation we pass
2 KW and all get stressed. maybe 3 KW works but we are very
close to limit.

Hydro power Turbine is very useful and it will help a lot and is often enough but not 100 %
secured. For a start up it will do a lot but after a while it needs more power. Gakwende have a limit
in water flow and height so it is not possible to add a much larger turbine during dry season. In
rain period we can add 2-5 times the size. Here solar panels can be the choice as they are good
at dry season.

Electrical grid design ideas

Small houses and buildings for inhabitants
have a 24 volt DC system with led lamps
and car operated equipment. They are very
good today and is a god solution.

Out door lamps are DC low voltage to
reduce hazards.

Schools have a 230 volt solution as they
need so much power and all get complex
with DC. Here security is easier to handle.
Secondary school is 90 meters from power
station so here it is bets to have the
electrical centre in a small room. Adapters
give 12 or 24 volt to most houses with low
voltage cables. 23 volt comes from main
cable and we have a fuse central here.
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Handi cap centre
The local grid in Gakwende |dea for layout
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lectrical central Dam and generator house

Power line 90 meter
230 VAC

Old log bridge can be repolaced 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 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

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 pcsa Euro15 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.
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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

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 Euro1.2/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 Euro1,5/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
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 panels

There are today 3 larger installations and about 5 smaller in Gakwende that gives power to
houses only. Largest is main building in handicap centre with 1300 W in power and a large battery
back up system with a 2 KW inverter. Nr 2 is same buildings dormery and kitchen with 1.1 KW in
power. This is upgraded Oct 2014 with extra 1000 W to handle rain season better. Health care
centre have a 600W system. All works fine and do what they are designed for.

If we want more power to houses we need a solar add on system. It is important to point out that it
is easy to add one extra turbine and solar panels to the system to get better standard.
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If we add solar panels to this system and add a battery back up system the hydro power
system and solar will cooperate and system get stronger. This is one way to do this.

Alternative 1 for solar power can then be

2KW solar panels to be added close to generator/ central Euro 2200
20 KWH battery back up system for 24 VDC operation Euro 4000
Inverter + charger and junction system. On grid/off grid system Euro 4000
Total cost about Sum Euro 10200

This solution is about 2 M2 in area preferable close to generator or power central

Alternative 2 for solar power can then be

Photos of office solar system in Gakwende with 1300W panels and 22 KWH battery back up room

We have several solar systems with battery back up today and hook them up to system.
Here we share panels with these systems and they can get power from this system in
darkness or when very cloudy. Flexibility is then increased a lot.

Gakwende office building 1300 W panels Used now and OK
Gakwende dormery building 2200 W panels Upgraded autumn 2014
Medical centre building 600 W panels Used and OK
Doctors house 600 W panels Out of operation but panels OK
Pastors house 600 W panels Out of operation but panels OK
Primary school 288W panels Brand new 2014
Secondary school 288W panels Brand new 2014
Meeting room 144 W panel Brand new 2013
Guest house 144 W panel New 2013
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Each system do then need following solution to connect solar panels to hydro system.
On grid inverter 230 Volt with battery interface
Battery voltage switch to start to share when battery are well charged

Battery charger for 230 volt to battery voltage

Approximately costs for this package is about Euro 1500- 2000 so this limits the cost
efficiency to the larger systems only as cost is to high.

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.
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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.

If we add a 1000W wind mills it helps and all get
more flexible. Wind mills can be connected as solar
panels and shall preferable have a battery back up
to level output better. If we use when sun only we
can not store energy to nights. Then the school is
mostly supported when it is sunny.

Cost is about Euro 2500 for a complete system with phase connection to a battery back up.

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

Technical school Kiremba can make installations and key service as a part of education of
students. Spare parts and management by Tellux office in Bujumbura and sub office in Kiremba

Out door illumination as add on is about Euro 15/ house

If we increase standard for house by factor 2X only by water turbines this adds about 25-50%
extra in costs. THis makes it easy to scale up standard later.

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

Kitchen handle 65 kids + staff and costs for wood is about USD 750 / quarter. 2014 we install solar
heaters to get hot water and this will reduce costs for wood a lot.

Wood is 2X more costly that food itself. Wood destroy nature by cut down trees and rain gives
more water erosion so earth is flushed down to valley bottom. Fields loose harvest quality and
volume and all suffer.

We can offer second hand checked PC computers from a large supplier in Sweden. They are
cleaned and checked and OK with Windows Xp installed

Office PC with 17 inch flat screen is about Euro 75

Lap TOP PC is about Euro 100
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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.

If we add a 1000W wind mills it helps and all get
more flexible. Wind mills can be connected as solar
panels and shall preferable have a battery back up
to level output better. If we use when sun only we
can not store energy to nights. Then the school is
mostly supported when it is sunny.

Cost is about Euro 2500 for a complete system with phase connection to a battery back up.

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

Technical school Kiremba can make installations and key service as a part of education of
students. Spare parts and management by Tellux office in Bujumbura and sub office in Kiremba

Out door illumination as add on is about Euro 15/ house

If we increase standard for house by factor 2X only by water turbines this adds about 25-50%
extra in costs. THis makes it easy to scale up standard later.

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

Kitchen handle 65 kids + staff and costs for wood is about USD 750 / quarter. 2014 we install solar
heaters to get hot water and this will reduce costs for wood a lot.

Wood is 2X more costly that food itself. Wood destroy nature by cut down trees and rain gives
more water erosion so earth is flushed down to valley bottom. Fields loose harvest quality and
volume and all suffer.

We can offer second hand checked PC computers from a large supplier in Sweden. They are
cleaned and checked and OK with Windows Xp installed

Office PC with 17 inch flat screen is about Euro 75

Lap TOP PC is about Euro 100
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