Power Supply Solutions (PSS)
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Situation in Jinja

The vocational centre is connect to the main electrical circuit and is equipped with basic commodities like light and a sanitary area to generate a modest income for the centre. The building is located in an urban area and is not secluded from the main services in Jinja. It does however face many power dips and cuts, which are common in the area. 

Once providing local people with tailoring courses, the local management BEHOD has now to decided to start providing ICT-courses instead. This makes the centre a lot more dependent on constant power, as the courses will ask for a small network of fifteen computers to run on an 220 V electricity network with a frequency of 50 Hz. With only a small dip in any of the two values over a varying period of time, depending on the response of the equipment and the intensity of the dip, this will cause the network to fail. Our local representative in Jinja Central confirmed this happens up to three times a week with a constant reboot time of six hours. 

Not much can be done to prevent the power cuts; solutions can only be found to minimize the effects the cuts have on the centre. The first thing to look for are technicians who can solve basic problems with the computers and other electrical appliances once a power cut has affected the hardware. There is already a voluntary technician in the area, called Aaron, who is ready to jump in at any moment. Besides that, a local IT teacher with apt knowledge of computers might assist the centre’s organisation with basic troubleshooting. More intricate problems will however demand schooled personnel to be hired. 

The centre will be open to customers and students for eight hours on a daily basis, and an estimate of 200 days per annum. There will be a starting network of fifteen ready-to-use computers for 1000 UGSh ($0.56) per two-hour period. Besides generating an income from customers using the computers, BEHOD hopes to generate extra income from a public shower utility, selling drinks, snacks and data storage items such as cd-roms, data sticks and floppies and providing scanning, copying and printing services. It is obvious that a six-hour power cut will mean the loss of nearly a day’s income and classes. On top of that, frequent closure will result in negative publicity. If many customers have to be disappointed by power cuts during their visit, they will lose trust in the centre and stay away. 
Technicians present?/Teacher knowledge?/Duration of classes?/Other things needing power?

Technical information   

Fully understanding the PSS will require some basic knowledge of electricity networks, power supplies, power cuts and ways to secure power supply in case of a power cut. The following explains a few important terms and effects (bold printed). 

As addressed in the previous section the power supply should stay at a voltage of 220 Volts and a frequency of 50 Hz. This means there is an ‘electrical pressure difference’ of 220 V between start and finish of the electricity network. Besides 220 V, many countries also have networks working with 230 V. Everything connected to this network should either work on 220 V directly or in combination with a voltage adapter. The frequency determines the speed at which pulses of electrical energy travel through a network. The value of Hertz (Hz) depends on the number of pulses per second. Besides the frequency of 50Hz in Uganda, 50 Hz is also a common value.  Another feature of contemporary electricity networks is their Alternating Current (AC), with electrical energy flowing both ways through the network. With certain modifications to the network this can be changed to Direct Current (DC) flowing only one way. Most electrical appliances work with AC current, while batteries need to be charged with DC. When electrical appliances are connected to the electrical network  they draw energy from the electricity and turn into light, motion etc. The speed at which an electrical appliance draws the energy sets its power. Following that, bigger appliances draw more energy while specific appliances are quicker, thus have more power. Power is measured in Watts which equals Joules (energy) per second. Power generators can provide energy at a certain rate and for a limited length of time, but as it is in this case not their own power one refers to VA (Volt ( Ampère
 ). Through formulas in physics VA is essentially the same as Watt only not an official unit.  Since many generators can provide a lot of energy when functioning at full speed, they can support appliances needing Kilowatts (1000 Watt). For the generator on its own it is then measured in KVA.  

Many companies have power generators as part of their emergency power supply programmes (EPSP). These are not only used in countries with common power cuts such as Uganda but also in order to make a network or department inside a company run on independent power, so that it will not affect the rest of the company’s electrical appliances or vice versa.  Whenever it is meant to be protected from power cuts an EPSG will start acting with a frequency variation above 6% of the original value during more than two seconds or a variation in the network voltage of more than 10% of the original value for an indefinite period. Beyond these maximal variations one can refer to a power dip. If the network does not restore soon after the dip it is called a power cut. In Europe, power cuts do not usually last for more than a few hours, while in Uganda a power cut of at least six hours is normal. 

The problem with power generators as a means to restore power supply is that they generally need fifteen seconds to start up. This leaves a short break between the start of the power cut and restore of power, which can still be damaging to a computer network or any other equipment. To take away the break in power and insure an Uninterruptible Power Supply (UPS), batteries can be used in various set-ups that can directly provide power. These batteries are often gel batteries charged by the electricity network when there is a sufficient supply of power. Gel batteries are rechargeable lead-acid batteries using a electrolyte (conducting material made of special chemicals) made into a gel instead of fluid. Using a gel makes the battery more resistant to high temperatures, shock and vibration and are therefore easier to use and generally safer. In a UPS these batteries have a limited supply of power (depending on the number and size of the batteries) for only a few minutes. When the UPS is not fully encumbered it can however replace the electricity network for a longer period. Indirectly the UPS can also be used to support the start-up of a power generator or tell equipment to shut down if the battery-power has reached a minimum level. This safeguards the power supply and maintenance of electrical equipment even further. 
The options in Jinja

Keeping the situation Jinja in mind, in combination with the information in the previous paragraph, there are a few useful option to consider. 

First, there is a choice to make is about the set-up of a UPS in combination with a specific EPG. A power break is unwanted because this will harm the computer hardware and delete unsaved data. After that, a power cut of six hours will disrupt the lesson and put a halt to income from customers. Following this, a no-break UPS in combination with an EPG able to run for at least a few hours is most favourable. This can be done in several ways. 

· The most simple is a single large UPS for the network linked to a powerful EPG. This method can only fail in two places and keeps everything going, but does make the whole network dependent on a single battery. 

· One could also opt for separate UPS’s for every computer and a general EPG for the whole network, to limit the effects of battery failure to only one computer. 

· A third method would be to give one computer a central function in the network. This computer saves important data and monitors the rest of the computer. In case of a power cut only this computer would have to be protected. Then you would only need a UPS and EPG to keep the network protected and dramatically decrease expenses on the EPSP. Courses and income will nonetheless be lost during the power cut.  A more complicated variation to this method includes a general UPS for all computers to stay on just long enough to give the central computer time to shut the rest off and safeguard all files. The EPG then only keeps the central computer going once the UPS-batteries have lost power. 
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The system should be easy to maintain and easy to oversee so that the IT-teacher should not have problems solving small problems. Among the various UPS forms the double conversion UPS is the most reliable and most effective in this situation. In this method the AC current of the network is turned into DC current by an inverter to charge the UPS-batteries. Subsequently another inverter changes the current back into AC to supply the appliances connected to the UPS the usual network power. This way, the computer network is always supplied with the right frequency and voltage electricity by the constantly recharging batteries. A double conversion UPS is perpetually online, making it very reliable. On top of that its reliability can be improved by giving it a bypass as well. The bypass aids the batteries with direct power supply from the network in case of technical failure or over-encumbered batteries. 

Given a 300W supply is generally sufficient to keep a regular computer running, fifteen computers would need fifteen 300VA batteries linked to the computers separately or bundled in one large battery. Batteries nearly always produce 12V so a current of about 25A ought to be produced per computer. This can be done with two 12V/12A batteries in parallel (parallel currents with an equal voltage can be added together) or a single 12V/33A battery, which is more expensive. This would respectively lead to a purchase of 30 or 15 batteries. If you choose to bundle the batteries it could work with 12V/75A batteries, which are the strongest UPS replacement batteries on offer. Then you would need  Bundling more batteries than the required amount will automatically increase the time the UPS can operate. Examples of quality brands with UPS replacement batteries on offer are Belkin and Best Power. 

Apart from the batteries, a choice should also be made in the light of which power generator to purchase. Since Paul Bulenzi confirmed diesel would be more affordable in Uganda and provided the limited budget for the project, the search field is limited to used diesel power generators. To maintain power for fifteen computers all taking 300W, 4.5 KW is needed and thus a power gene rator with a continual capacity of about 5KVA. Buying a stronger and relatively efficient power generator can lower the costs spent on fuel during a power because it [image: image4.jpg]


will not operate at full speed. The fuel reserves of the centre then indirectly determine the time the generator can keep the network running. There are many websites with posts from people trying to sell their generators online but it should also be possible through regular contacts in Africa. Do keep in mind that the diesel generator has to work with 220V and 50Hz, otherwise it will be useless in Jinja Central. 

One last issue to address is that it will be necessary to group the electricity circuit for the computer network separated from the electricity network for the rest of the centre. This is to ensure the EPSP is a sealed off system without external influences and that problems with the system are kept within one electricity circuit.

Expected Costs

When assessing the costs of following up the advice in the previous section it is impossible to give more than just an indication of what some parts of the PSS will cost. For instance the maintenance costs of the network, batteries and generator fully depend on the care taken for the equipment, the response of the equipment to the climate and the overall quality of the equipment. Then still it depends on the gravity of the problem whether paid technicians have to be hired (with varying prices) or the voluntary IT-teacher can solve the problem. Next to that, costs for the diesel fuel used during a power cut and single costs for the set-up of the whole system cannot exactly be predicted. Therefore the outline of costs below will list several cost sources without the actual price in dollars
. 

	Source of costs
	Frequency of costs
	Price of costs

	Batteries
	Purchase cost (replacement costs not considered)
	$900-1800*1

	Generator
	Purchase cost (replacement costs not considered)
	±$1471.23 (€999) *2

	Diesel
	Variable costs (during power cut)
	$0.952 (1700 Sh.) per litre *3

	Maintenance 
	Fixed costs 
	Unknown

	Set-up (electricity cables, current converters, installation, etc.)
	Single cost
	Unknown


*1: Best power price is $60 for a single 12V/33A BA-series battery (you will need 15) and $235.80 for 12V/75A Ferrups-series battery (you will need 5). Belkin batteries are $ 60 for a single 12V/12A battery (you will need 30). So it depends on which method you choose, what price you will pay for the batteries. 

*2 Example of a used diesel power generator  for sale in The Netherlands
art.16011 Generator Diesel.5.7 KW 
continu 4.8 KVA 
2x 220 50HZ +12 volt 

€ 999,00 = $1471.23

*3 Date of price: 01-04-2007

Extra: noise and space management 

The reduce the space taken and noise produced by the power generator it will first of all be useful to search for a generator with a sound muting casing. Secondly, positioning the generator in a cabin outside the building will save space inside the building and automatically reduce the noise in the building. It is important that the cabin protects the machine from weather influences and burglars to prevent reparation or replacement costs. 

Conclusion

Taking the selection of options and their costs in consideration it is clear that setting up a complete EPSP in Jinja will be an expensive project. Without including the unknown costs of installation, the material will already cost at least $2500. BEHOD will not have sufficient funds to afford that since the ICT-centre is not in operation yet and the project already relies on voluntary help and charity money collected abroad
. Only with extra benevolent investments and a profitable income generated at the ICT-centre
 the set up of an EPSP will be possible. It is however a consolatory thought that there is a way to overcome the problems with power failures in Jinja central. 

� Ampère is the unit for current, indicating the value of energy going through a network per second, not be mistaken for frequency. 


� Dollars are commonly used in Uganda because it is a more reliable current than the UGSh. 


� See section Activity within the community


� See section Solutions in focus: Business Plan





