Hints for Solar electrical Systems
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These are notes from me which are not very structured. 
Not all figures are actual. Sorry for that! 
Solar-Electric-Systems
Mini-Solar-Systems

Small Charging-Units for Charging Batteries; After approx. 1 day full (AAA or AA-Types are very cheap)

Solar-Radio, also with mechanical Wind-up; 
Keep in mind, for very remote areas, only a Short-wave-Radio will work! 

Also TV only works close to the Transmitter-Station. 
For LED-Torches, LED-Head-Lamps the Batteries last very long because they use few energy; 

www.ebay.de : second hand and new Devices

www.westfalia.de: some Solar Chargers

www.globetrotter.de: good quality but not that cheap

Medium Solar Systems

Checklist
How many Devices should be connected? How many Watts they do have and how long they are on?

Voltage: 12V for small, 24V for bigger Plants
How many days without sun should be managed by the Solar-System?

Is there a roof directing to South available with the right inclination?

Risk for the Panels to get stolen?  
Is Caustic for the Batteries available? (For the first filling; later distilled water is enough)
How much Power you can get from Solar?:

Version 1: 100 Watt-Solar-Module  (approx. 100 Euro) + 100 Ah Solar-Battery (approx. 230 Euro); 
with that  2*13 Watt Energy Saving-Lamps for 4 hrs, 

2*20 Watt Energy Saving-Lamps for 4 hours, 
3 LED-Lamps 1,5W, 21 LED 4 hrs

1*25 Watt Radio for 2 hrs

Version 2: 2*120W Solar-Module, 130 Ah Battery
with that approx. 12 Energy Saving-Lamps (15W/4h), Radio 5h, some Tools for a short time. 

Solar-Panel
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There are Mono/Poly and thin film -Types
Solar-Cells should be mounted in a way that no partial shadowing will occur (by a tree or a Tree-leaf etc).
Grounding is not necessary. 
Outdoor you must use UV-resistant cable. 
Take care, Solar-cells might easily be stolen! 
Cleaning of the surface is not necessary, this will be done by the rain, if the Solar-cells are mounted a little bit sloping. Should have at least 15° ankle for self-cleaning. But really self-cleaning happens only if it is sloping more than 40°. So in countries very south manual cleaning might be necessary from time to time (2-3 month), with few rain even more. 

Ideal is an ankle which is the same like the latitude in °. 

Some Frames can be readjusted two times a year in order to improve Performance up to 25%. 
- Temperature dependence of the solar cell performance: In the temperature range from 15 ° C to 20 ° C almost 11% of efficiency is reached. At 60 °C only 6%! Performance decreases by 0.5% per degree.

Because of the heating of the solar panels mount them about 5 cm above the roof for Ventilation. May be use artificial ventilation;

Built-in protection diodes prevent "hot spot" because of partial shading. For 24 V-Systems diodes should be integrated in the module junction box. In 12 V System may be not integrated. Then may be mount them in the junction box. 

Warranty: normally 5 years on materials (glass), at least 20 years of performance (maximum 20% drop).

- DC-wiring should be as short as possible (losses)

- Solar cells can hold up to 60 years but after 20-30 years seals get weak Performance warranty usually 20 years for 80-90% of the Power.
- Critical conditions: part shade (by a leaf etc). So put a maximum of about 12 modules in parallel.

String diodes are not necessary

- Dust particles scatter light only, no degrading of output-power by that. 

- In areas with much diffuse light better use Solar cells with 40 cells instead of 36 cells; min. 30 cells! Or use amorphous solar cells.

- A solar cell with an open circuit voltage of 19 V may cost a little more than one with 17 V but it also charges the battery more at cloudy sky.

- There are also solar panels available for very small systems, which do not overload the batteries (30 or 32cells) normally.

- But deep discharge of the battery is very critical! Too much discharged batteries will be damaged!

- Sometimes the reverse current blocking diode (no battery discharge at night by solar cells) is integrated in the modules. 

- It is also possible to connect different solar cells with different output-
power in parallel, but not different voltage. 

Monocrystalline silicon 

Efficiency 13%

Best yield for the size (few space is needed)
Good long term stability
Most expensive version

Polycrystalline silicon 

Efficiency 11%

A bit less yield for the size than mono crystal (a bit more space is needed)
Amorphous cells (thin film solar cells)


Efficiency 10%

Long-term stability is ok now, however pay attention to warranty! If possible 20 years. Thin film modules can use diffuse sunlight and low light better than crystalline modules (when overcast sky). Thin film modules are much more tolerant towards partial shading. Another advantage is the insensitivity to high temperatures in direct sunlight. 
Disadvantages of thin-film modules are that for the same power you need a larger space than the crystalline materials.

They can initially have up to a 30% higher performance than the data sheet, but then decreases and after some time remains stable.

Checklist
- which Type of Solar-cell is suitable (Mono / Poly / thin film)?
- A solar cell with an open circuit voltage of 19 V may cost a little more than one with 17 V but it also charges the battery more at cloudy sky.

- Take attention to 20 years for warranty! 

- check IEC certification for modules!

- is the frame easy adjustable for to change to get better performance?

CIS-Cells (Copper-Indium Diselenid)
Produced like Amorphous cell but uses other materials.

Manufacturer of Solar-cells
Kyocera, Q-Cells, Schott Solar, solar factory, Suntech, JMS, NexPower NT series (thin film), MiaSole, LG, Bosch.

Wiring 12V and 24V-Systems
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Be sure, that the cables to the batteries have the same length! 

If you have a higher System-voltage, the losses in the cables are reduced. 

Not too high current should be taken out of the batteries, 5C the capacity should be the limit. 

Solar tracking

By tracking in 2 axis you can get up to 30 % more yield. By concentration (with mirrors) up to 40% more yield. A total of 50% more yield is possible.

Automatic tracking is only economically above 200 W generator power. And if there is a lot of direct sunlight. 
Maybe you can adjust manually 2-3 times a year and you can gain up to 25% more yield. 

But Concentrated solar cells with mirror: lower lifetime, may be they need cooling;

Cooling the Solar-Paneel

Can bring an additional yield of up to 15%. Purified rainwater suites fine due to the low lime content. It could also be collected again in a gutter below the Solar cell. Relatively high evaporation!

Or use a normal lawn sprinkler (from Gardena f.e.). (Report in the photon, Oct. 2005, S88).

Max. Efficiency

monocrystalline silicon 25%

polycrystalline silicon 20%

Thin film solar cells, amorphous silicon 10%

CdTe 16%

CIS / CIGS 20%

nanocrystalline Si 10%

mikro-/polykristallines Si 10%

polymeric: 5%
www.sat-solar.ch
www.solarsysteme-mittermeier.de
Bypass diode
For parallel circuit of unequal solar cell use blocking diodes in series with the cell. However, they are necessary if all strings at certain times

are shaded or if part of the ensemble are oriented differently than the rest.

Faults of the solar cells

If the current raises long after sunrise, you may have some problems.

· Even 1% of shading can reduce performance significantly. 

· A wood fireplace can cause a dust covering the cells. 

· If the angle of inclination is less than 10°, then it collects dirt at the edge of the frame of the module. Remedy: washing away spraying with a garden hose. But not in the greatest heat (material stress) 

· Cables must be properly secured otherwise can be damaged during storms.

· Moss is difficult to remove.


The photovoltaic system must be cleaned regularly?

Usually solar panels do not need to be cleaned. In special circumstances, such as heavily contaminated ambient air in combination with flat angle and low cell-frame spacing, cells should periodically be checked. 

If there are areas with high levels of pollution cleaning at longer intervals may be necessary. 

But if gross contamination is visible, then it needs cleaning. 
If you take rain water, there's no lime remaining, if you have a lot of lime in the water. 
How long does a photovoltaic system work?

Old Solar panels provide electricity for 30 years now without end.
Tightness of the embedding is a problem. Main enemies are heat, water vapor and UV radiation.

Especially with thin film solar cells, the tight seal is important.

The solar cells work theoretically unlimited.

The module manufacturers give a warranty on the modules of 10-20 years. The performance warranty guarantees a minimum performance of at least 85-90%.


Solar modules are rightly called as the most reliable component of photovoltaic energy systems. With the use of photovoltaic modules in tropical regions, however, due to extreme climatic conditions, more degeneration have been observed after a few years.


Frames

Caution when using aluminum frame with stainless steel screws: electrochemical corrosion! Best stainless steel bolts and nuts to fix it on the roof.

Roof

Minimum slope should be 15°, but only from 40° real self-cleaning.

Slope is approximately the latitude of the location. Keep in areas with lots of cloud somewhat more flat. 

At midday sun should come at 90° angle (check with pencil the shadow).  

There are diagrams for inclination in the Internet.

Separating the Solar-cells

First remove the inverter, then the Solar-cells, then the battery.  

Which place is suitable for solar?

The roof should be aligned between southeast and southwest and a tilt angle of approximately 20 ° to SO ° to the horizontal. Slope is approximately the latitude of the location. 

Calculation of a solar system

How much current (Ampere) do I get?

The Power for the solar-cell is rated at the MPP-voltage, for 12 V modules f.e. 16.6V; 

Example 100 W Module: So by formula I = P / U = 100 W / 16.6 V = 6,02 A

Procedure for determining the energy output of a solar module for a stand alone systems:

- in which month you can harvest sun?

- determine average exposure for that period (tables on the Internet). Germany approx. 4.5 kWh

- Divide this by 1000W 

- This value has to be multiplied by the power of the Solar-module

- include 25% for losses for the components.

Example Solar-module 100 W

- good harvest May – August about 4.5 kWh

- 4.5 kWh / 1000W = 4.5 hours 

- 4.5 hours • 100 W (Solar module) = 450 Wh

- 0.75 * 450 Wh = 337,5 Wh / day (with losses)
(Source: Strom_aus_Sonnenlicht)

This makes burn a 20 W Energy-saving lamp for 337 Wh /20 W = 16,8 hrs
With battery-losses of 35%: 16,8 hrs * 0,65 = 10,92 hrs.
The battery should be sized that it can cover the demand for 3-4 days. 
Battery-Size: 

337,5 Wh * 3 days (without sun) = 1012,5 Wh 
Security-factor 30% = 1012,5 Wh * 1,3 = 1316,25 Wh

For a 12 V System: 1316,25 Wh / 12 V = 109 Ah Battery Size
Consider that the battery depending from the quality and operating conditions can give back only about 65% of the energy that had been loaded.
See extra Excel-Sheet Calculation_Solar_System.xls at www.alternative-technologie.de Downloads for detailed calculation

Charge Controller  

Is necessary for not to Overcharge and Deep-discharge the Batteries. That reduces lifetime of the Batteries drastically. So it should have deep-discharge Protection for the Battery as well. 


The charge controller should be able to:

Boost Charging: Once a month, or if the voltage was below 11.5 V for two hours. Then increase the charging voltage to e.g. 14.4 V / 28.8 V (depending on system voltage). The boost charging should only be a maximum of once a week.


Optional full charge: every 14 days for 5 hours; continue over several cycles, increasing the charge voltage to 14.4 V / 28.8 V (depending on the system voltage)


Optional equalization-charge: every 180 days for 1-2 hours or if SOC (state of charge) is 40% below max; continue for several cycles. Increasing the charge voltage to e.g. 14.7 V / 29.4 V (depending on the system voltage) 
All cells are fully recharged to the same voltage. 
Closed batteries can be charged to a maximum of 2.45 V / cell.

But not with gel-batteries! 

An integrated discharge-protection (11.5 V / 23 V) must be present in the charge controller. It can also be equipped with optical warning messages.


Modern charge controllers have a built-in temperature sensor that detects the ambient temperature. Charge Voltage drops about 6mV / Grad and cell. 

If charge controller and battery are close, the temperatures-sensor can be internal, otherwise external. 
At high discharge currents it can be discharged to 1.65 V / cell, at low currents only to 1.9 V / cell. Modern charge controllers consider that.

Another very useful feature is a display screen for the main electrical

Variables such as battery voltage, charge current, load current and possibly charge Status (SOC).

It should be installed close to the battery for the charge voltage to be measured accurately.

The following additional features are also important:

• Reverse polarity protection of solar modules

• Reverse polarity protection of the battery

• Short circuit protection of load

• Over-voltage protection at module input

• Open circuit protection in case no battery is connected

• No Reverse current going back at night

Pulse width modulated control (PWM) is very useful for the batteries and more or less Standard. 


More nice features

· Connection to a Computer?

· Data Acquisition? 

· Emergency switch for to keep Energy available, also when battery is almost empty. But also this should have a time-out or a minimum voltage.  

· Delay load shedding

· Cascaded load shedding (first not necessary devices, then more urgent etc)
Shunt regulator is not applicable for wind generators, serial charge controller are suitable. But Shunt-regulators have slightly less energy-loss
Calculation of the Solar-current

The basis for calculation is the MPP-Voltage. 

f.e. Solar module with 100 Watt, U MPP = 18,5 V has a Current of I = P/U = 100 W / 18,5 V = 5,4A. For this value you have to check for a charge-controller. 
For thin-film modules, voltage is more high in the beginning. 
MPP trackers

You can get at bad weather situations up to 30% higher yield;

Together with the loss of efficiency (average up to 10% losses) it is worth to buy a MPP-Trackers for systems with Solar-Power above 1000 W. 

MPP-Charger are suitable only for big-size Plants. Should have a cycle charge to a higher voltage (f.e.14,4 Volts) against Sulfating. 

www.steca.de
http://www.alternative-technology.de/Solar_Charge-Controller_30A/solar_charge-controller_30a.html
Devices

Solar Pump

DC drives are more efficient!

Amortization compared with gasoline-driven pumps about 3-4 years, when all operating and maintenance costs are included.

There are pumps that can be connected directly to the Solar-panels (more expensive), others need a Converter (can be connected to Standard-Pumps).

Pumps have high currents at the start! May be compensating that by a capacitor;

DC pumps: brushes need to be changed at about every 1000 hours. 

Induction Motor: Requires inverters but no maintenance.

For high pressure use membrane-pumps

mostly centrifugal pumps are used (cheap)

For calculating consider 
· altitude 

· required pressure 

· quantity / hour

To be clarified
Changes of the water level?

Inflow / min;

Water column;

Water tank;

Water quality;

Dry run protection,

Self-priming
Suitable for continuous operation,

Altitude for water pumping up

Daily flow

Solar radiation in kWh per day

Example

Floating brushless DC pump (Aquasol 50 M) with a rated output of 450 W and a maximum capacity of 18 m3/h. Can operate without batteries or regulation.

Solar pumps on the Internet
· Solar Pump SOLAR PUMP SXT2000, 2.7-17V, 4.5 meters, 1200 l / h; http://www.esomatic.de/Grundfos.asp

· Grundfoss SQFlex: http://wasserohneende.de/index.php?link=6

· Aqua Marathon ® diaphragm pump: http://solar-baumeister.de/solarstrom/tbp10.htm

· circeco solar-8-24V: http://www.iwssolar.ch/pages/pumpentechnik/umwaelzpumpen/circeco/circeco.html
· Centra-PVA Combipress 07-6, 220V www.centra-pumpen.de

or Sunflow, solar Aries

www.dankoffsolar.com

www.grundfoss.com

expensive but good: http://www.esomatic.de/Grundfos.asp

Sun Pearl LJ01-S, 2m, up to 4 m on one paneel: www.liujia.com

www.lorentz.com

www.we-online.de

www.sunline-solartechnik.de

http://wasserohneende.de/index.php?link=6

http://solar-baumeister.de/solarstrom/tbp10.htm

www.centra-pumpen.de

www.coenergy.com (solar Arkus)

Windpump www.erdbohrer.de/mehr-Pumpen/Windpumpen/Windpumpe-400::279.html 400

Windpump MW600 K www.solar-melzer.de/mw_600.htm

Batteries

When purchasing batteries in big quantities, you should make sure that the following manufacturer's instructions are available. 

First capacity specified for the 10-hour current (in practice, usually referred as C10).

Second a graphic or table illustrating the cycle life as a function of the outtake of the battery to get the most economic product.

Lifetime

You can decrease the acid density to 1.21 g/cm3 to increases the lifetime.

To achieve a long battery life, we must not take the manufacturer's total capacity (in Ah), but only about 50% of that size.

Never discharge below 10.5 Volts / 21.0 Volts! You will have permanently damage at the batteries!

From a battery you can get more capacity with slow discharge rates and also if you discharge not to deep.

Example 
Cycle life for an average solar battery

At 70% depth of discharge it has a service life of only 200 cycles 
at 50% depth of discharge it has a bit more than 400 cycles 

at 20% depth of discharge it has 1000 cycles. 
So the battery should be sized large enough.


Battery's capacity: With decreasing temperature, the capacity is lower e.g. the temperature is reduced from 20 ° C to 0 ° C, so the available capacity is reduced by about 25%. 

increasing temperature

Let’s say for 20 °C about 6 years, then at 40 °C only 1.5 years. But Solar-Batteries in Tropical Countries like Kerala, India make up to 8-10 years. 

Store the battery best at 20 °C. Higher temperatures reduce battery life.


The specific battery charging voltage is temperature dependent:
Increase the temperature by 1 ° -> reduction of the charging voltage by 
0.004 V/cell.

Lead-Batteries

· Car-Batteries can be used for Solar, but they did not last so long. There are special Solar-Batteries. You get also maintenance-free Batteries. Lifetime approx. 4-10 years. 
· Batteries are very sensitive for deep-discharge. Never discharge below 10,5 Volts (Gel: 10.1V)

· Never leave Battery deep-discharged for a longer time. There is normally a deep-discharge Protection integrated in the Charge-Controllers and Inverter, so connect your 12V Devices through the Charge-Controller. 

· What size of the Battery? For a 50-80 Watt Solar-Panel take a 50-100Ah Battery. 

· A 82Ah-Batterie can provide 10 hours with 8,2 Ampere or 100 hrs with 0,82 A. 

· Keep Fire, Switches, 220V Plugs at least 1 m away of a big Batterie-Bank, because Batteries generate Hydrogen! But this effect is critical if you have big Battery-clusters. 
· Batteries can be recycled! Do not throw them away, they are poisonous! 

· The level of the liquid has to be checked from time to time and refilled with distilled water to the Level-Marker. 

· Batteries should not be in a too hot ambient (max. 43°C, best is 20°C). So not in the direct sunlight!
· If you move the liquid-batteries the direction of plates from time to time, you can increase the life-time
· only refill batteries with distilled water, otherwise they are destroyed immediately.
Parallel connection of batteries

· Connect Batteries parallel (Plus to Plus and Minus to Minus) only if they have about the same age and the same Voltage. Otherwise you need Schottky-Diodes. Same capacity is not really necessary. 

· When they have different life-time, decouple them by Schottky-diodes with the appropriate power. 

Charge Battery: 10% of the Capacity (f.e. 36Ah with 3,6 A); in 12 hrs full (+ 2 hrs because of Energy-losses)


Some occasional gassing of the battery (loading up to 14.4 V) will effect in fluid loss. But of the rising gas bubbles the acid is mixed. This increases the life and performance of the battery. On the other hand, you have to check electrolyte level and add distilled water - approximately 1 - to 2-times a year.


If the batteries are not fully charged at least once a month, the capacity is reduced.


The location of the batteries should be well ventilated and easily accessible for maintenance. It should also be free of frost.


The distance between two battery cells should be at least 1 cm for to remove the heat generated during the charging.


There is gas explosion hazard due to hydrogen-generation. Before working at the battery, touch the plus or minus pole.


Caution for short circuit at the battery terminals! There can be a explosion!

For the summer months you need to cover 2 to 3 days by batteries. In winter time 3 to 5 days.

Loose contacts at the battery are prone to corrosion!


Stationary batteries tend to lead sludge formation and sulfation. Sulfation is in 80% of cases the death of the battery.

Sulfatierung

Old batteries get warm under load.


The investment cost of the battery may be about 25-30% of the cost of the total cost

Determine capacity

Full loading up to 13,8V and then discharging down to 10.5 volts with a Ah-counter. 

Or via a voltage measurement or acid concentration (more exactly!)

(Applies to all lead-acid batteries for 2 hours without loading / unloading)

12.8 V = 100% full (1.265 kg / liter acid weight)

12.5 V = 75% full (1.225 kg / liter acid weight)

12.3 V = 50% full (1.190 kg / liter acid weight)

12.1 V = 25% full (1.155 kg / liter acid weight)

11.6 V = empty (1,120 kg / liter acid weight)

Or with a hydrometer (there are cheap at the store for car-spare-parts)

Battery Efficiency

The ampere-hour (Ah) Efficiency (in %) is about 80-85% for lead-acid batteries.

NimH only have an efficiency of 65%!


Caution: Do not connect batteries directly, if they have major difference in voltage. You could damage the battery.

Self-discharge

Car battery: 4.5 to 8%, solar battery: <3% per month

Charging losses

Car battery: 20%, solar battery: 10%

Sulphate is generated when the battery is not fully charged from time to time. 
 
Another possibility is for example to blow air into the blocks to avoid generate of Sulphate 

Acid level

The acid is present in all cells and the plates are full covered in acid? 
The acid level in the battery should be checked at least once a year

If necessary add distilled water. 

No distilled water available
In critical locations maybe use gel batteries or AGM-batteries. Or maintenance-free-batteries. 

Where to put the batteries?

The battery compartment must be ventilated (gassing) because Batteries generate hydrogen, best outside; 
Place on wood or plastic.

Switches, sockets, fan at least 1 m away from the cells (sparks).

If the battery are treated well (not deep discharge etc) best types like OPzS-Types can hold up to 20 years.


Batteries are best stored at 20 °C, maximum 43 °C

Discharged batteries can freeze (from -10 ° C)! 
Location: not too cold, not too hot and humidity below 95%. Should not be so directly at the sun!


Starter lead acid battery (car battery)

Car battery: 1000 cycles correspond to about 3 years

Not so good for solar due to low number of cycles. But due to its low price interesting when we consider certain things.

· About 15% / month self-discharge;

· If you could increase the deep-discharge-voltage at the charge controller you will have a long lifetime.

· If possible, never discharged below 11.7 V;

· Do not leave discharged for a long time. 

· Do not charge more than 15 Volts. 
· Do not partial discharge and leave for a longer time.

· If you move the liquid-batteries in the direction of plates from time to time, you can increase the life-time
· Refill car batteries only with distilled water, or they are degrading fast


· Never discharged below 10.8 V, otherwise the battery will damage

Keep electrical connections clean otherwise it could lead to current leakage.

Increase number of charge cycles (complete charge / discharge) by buying more batteries and thus have less discharges per cycle.

Sulfating can be seen by the light gray deposits on the plates. Can be reduced by a very long charge to 14.4 V.


Solar liquid lead-acid batteries 

Solar batteries have about 2000 cycles correspond to approximately 6 years 
Low self-discharge: approximately 3% / month self-discharge 
Not Capable of high current when discharging! 
Moreover, the electrolyte has a slightly lower acid concentration to reduce the inherent corrosion and thus to increase the lifetime. 
Otherwise they are like lead-Acid-batteries

Maintenance-free (sealed) gel-lead-acid batteries

· Maintenance free

· Reduced sulfation 
Increased cycle life: In a typical discharge–situation of 30%, this results in gel batteries to about 2000 cycles, the battery with liquid electrolyte has only 700 cycles.

· Few gassing - apart from extreme overload, for which a safety valve is installed
· Therefore can also be used by lack of ventilation and in small niches and living rooms
· More deep discharge-safe (90% discharge) due to gel 
· low self-discharge (up to 2 years of not charging it at 20%!) 
· housing breakage no problem
· recycling is not so easy because of the gel 
· But reacts sensitively to overload! 
· Closed leak-resistant Units. Location-independent installation (boats, caravans) 
· Less demand on the battery-compartment 
· Do not be need to be transported as “Dangerous Goods”
· But have less high-current capability
· much more expensive
· They diffuse out occasionally and can not be refilled, so it remains only to be thrown away. 
· Suitable for mobile application and when a ventilated space and maintenance is not possible 
· Deep discharge down to 10.8 V 
· There must be a suitable charge controller and it has to be setup correct.
· Useful if not to many cycles (cottage)
· These batteries may burst when overcharged! 
· The higher the discharge current, the smaller the capacity
· For Ambient temperature of 20 °C - 43 °C. But increase of temperature increases also self-discharge and shortens lifetime (consider that in hot countries!) 
· Keep frostproof if fully charged. 

Examples 
- Solar Dryfit of sunshine 
- Varta Bloc: about 10 years of warranty.
Number of cycles: at 75% discharge: 1300, at 30% discharge: 4500; 
Self discharge: approximately 3% / month 

OPzS, OPzV Bloc batteries 

Expensive but very good experiences in solar systems. 
For continual use with a cycle depth of 20-30% on average OPzS battery last for about 12 years
with good care 15 to 20 years usable. 
High charging efficiency 
Low Self-discharge 3% / month 
But 2-3 times the cost
Well ventilated location necessary! 
Difficult to transport
supplied by Hoppecke etc
If you install them, keep a distance of 1 cm

AGM batteries 

AGM = Absorbed Glass Mat; electrolyte is absorbed in glass fiber mat. 
Can be loaded with more high charging current as Gel-Types. 

Do not lose any fluid.
Do not be transported as “Dangerous Goods”

Is less susceptible to the harmful acid layering 


Tubular plate batteries

Are used in forklifts, very suitable for solar. 
Very high cycle number 
Capable of high current 
Very strong and durable 
Compatible charger is necessary
Li-Ion Battery 

Have a lot of advantages 
High efficiency > 90% 
High number of cycles 
Small size 
Long life 

Disadvantages 
very Expensive 
Sensitive 

Lithium-polymer batteries 
Lithium polymer batteries if overcharged respond much more sensitive than other types of batteries (or even can be destroyed by fire) and are unusable. Maximum voltage mostly 4.2 V is specified and as minimum 3 V. Because of the danger of overloading they need special chargers. But very good efficiency and excellent cycle stability. 
 

Maintenance Acid-Batteries

Check Acid level and top up with distilled water only. If too much is consumed, perhaps the charge controller is not set up properly or broken. 
Clean Terminals with warm water or with soda 
Grease the Terminals with acid-free Vaseline; ensure good contact (otherwise electrochemical corrosion.) 
In hot countries the batteries often loose a lot of liquid. It should be considered whether it is possible to get distilled water. Otherwise, it should be considered using gel batteries. There is a way to get distilled water by a sun-collector.
Or use a recombination-system (e.g. from HOPPEKE). 


Repair Liquid lead-acid batteries 

Different densities in the chambers (density measurement in car spare-parts shop) indicates a problem. 

· Either acid leaked from a cell and diluted by filling water, or there is a lead plate sulfation. In this case it can be tried by a long loading with small currents. 


· Rotten connections: clean and treat with Vaseline or grease terminal with fat 


· Unequal cells? You can detect by different acid level. If possible recharge individually.


· Sulfation: light gray deposits on the plates, low capacity, high current loading no longer possible: -> Load up to 14.4 V for a long time. 

· Sometimes it helps to empty completely the acid, flushed it and then refill again with the according Acid-water solution. 

· Or in severe cases remove acid, fill battery sterilized water and charge many days up to 14.4 volts. Then put so much acid in the battery until the correct Acid-concentration is reached. 

· Or in even worse cases: Open the lid and with 24 V and a strong resistance charge for a few minutes with a very high current load (up to 50 A at 100 Ah battery) may be by another battery. Then discharged at maximum power, and then load to normal voltage. Caution! There is a risk of burning wires 


Repair Gel lead batteries 

The gel can dry out. Then open the battery (glued lid) and put distilled water or acid (if water does not help). Then charge normally. 
If it does not work then open the lid and with 24 V and a resistance in line load for a few minutes with a very high current load (up to 50 A at 100 Ah battery). Then, discharge with maximum current and then load normally. But continuous charge only up to 13,6-13.8 V! 
if necessary inject distilled water with a syringe. 


NiCd, NimH 

They last long and have a high density of Energy. But they are compared with Lead-Batteries expensive. 

The Capacity is the mAh-Value, written on the cell. Current values for Type AA is 2300 mAh. 

Links
www.ct-batterie.de
Inverters 
Transforms 12V / 24V from Batteries to AC 110 V / 230 V. They start from 30 Euro on. 
 
· Install the inverter as close as possible to the battery.

· Do never reverse connect the positive and negative pole of the battery to the device.

· Install in a well ventilated, cool and dry places. Never install the unit in sealed battery boxes together with lead-acid batteries because these batteries can produce dangerous explosive hydrogen gas that could explode by a spark. Keep the machine away from flammable substances such as gases and also of the reach of children

· The 230V AC output must never be connected with other active 230V AC power sources, because this will destroy the inverter inevitably.

Sinus-Inverter are more expensive, but do not generate noise in the radio or TV and are suitable for all Devices. You need Sinus-Wave for Copy-Machines, Drilling-Machines with variable Speed, Video, FAX, Radio. 
Modified sinus are more cheap and suitable for fridges, washing-machine, light, that means most Devices except those with Power-regulation. 
Modified Sine Wave Inverter have a higher efficiency (90-95%) as a pure sine wave inverter (85%) and are cheaper (about 30%). 

But equipment with speed control (eg vacuum cleaners, dimmers, washing machine, heating pump, gap motors, microwave) have problems with non-sinus-inverters (often referred to as "modified sine wave"). Motors get warm (fan etc) and energy saving light bulbs burn out sometimes. 

Radio and television produces a noise. Sometimes a coil or filter can help (f.e. for a copier). 

For bigger Units there should be an automatic-Switch-on Device for not loosing too much energy in Standby. 
Keep in mind that Fridges and Pumps need much more Power when starting than during running. So Inverter must have a good Surge-Power (short time deliver 50% or more additional Power). 

Calculation
Inverter need some ability for overload. Problem: when running a Desktop-computer and another device (refrigerator, vacuum cleaner) is turned on, the computer may crash because the inverter goes into current limit. So the inverter should briefly be able to provide a high overload (1.5 – 2 times). 
Power of all Devices (in Watt) + 30%; If PC takes about 350 Watts so use a Inverter with 400-500 Watt

Inverter takes a lot of Power from the Battery, so connect them direct to the Batteries and not through the Charge-Controller Load-Output. 
A television with 80 W would need an inverter of at least 400 W 
A hair dryer is a great burden for the inverter, as only one half-wave is used if switched to 50% power. 

Take care: By wrong connecting of the Battery the inverter will be destroyed immediately! 

- Keep the cables to the battery short due to high currents (but at least 1 m away from batteries). 

- Twist Battery cables if they generate interference. 
- Connect Cable at the inverter first, then at the battery. 
- Automatic Switch on/off is very useful. But there is a problem with long cables (> 30m) and very low current rates (phone charger) 
- Inverters may not be connected in parallel at the output! They get destroyed! 
- Neither phase nor neutral may be connected to the earth! But connect earth potential with inverter earth if possible. 
- Should have a good EMC radio interference protection

Questions
- Automatic switch on/off? 
- Is there a switch for manual on/off?
- Efficiency (min. 85%)? 
- How much Power in Stand-by? 
- Starting current of the connected motors will be managed (eg fridges have up to 10 times!), so called Surge Power. 
- Is the device Tropical proof? 
- Is there after an error an automatic restart? 
- Due to the poor efficiency at partial load there should not unnecessarily large inverter be purchased. Better build multiple subnets with its own inverter or a master / slave inverter-System.

- Inverter with a slave inverter is a nice feature (for low power-consumers)? 

Quality criteria for a Solar-Inverter
- High efficiency, even at partial load 
- Low standby losses 
- High overload capacity 
- Automatic switch on/off and automatic load detection.
- Stable output voltage and frequency 
- output short-circuit ability
- Status indication 
- Good noise suppression 

For 12V systems battery should have 20% of the inverter power 

eg:1200 W Inverter at a 200Ah battery

For 24V a 120Ah Battery is enough

Because of the current peaks, a 1000 W inverter can operate a maximum of 300 W Energy-saving-lamps

Because of negative effect of the ripple-current, there should be a big capacitor of (100 mF capacitor for a 2000 W Inverter) parallel to the Inverter-cables +/-. 

I can make sense, to use several smaller Inverters for several Lines. In this way you have less losses and also there is a redundancy if one Inverter fails. 

Links
www.xantrex.com
Lamps

Halogen-Type Lamps are better than normal Lamps but still use 3 times more than Energy-Saving-Lamps; If you have 12V-Lamps wires have to be thicker if the length of the cable is long!
Energy-saving lamps 
12V Energy-saving lamps: Electronic Units for this energy-saving lamps are sensitive for voltage fluctuations and ripple. Furthermore, the input voltage varies too much (11.5-14V), which may be a problem for the lamps. May be DC / DC converter can be used to improve the situation. 
12V-Lamps are recommended only for short distances, because of the current.
Energy-saving lamps or LED-Lamps are a must for Solar Systems. 

Halogen lamps
2-3-times the brightness as normal light bulbs with the same Energy-consumption, (40 W halogen = 100 watts typical), but sensitive to surges; When you put 1-2 diodes in series (according W!), life can be prolonged. High UV-radiation (bleach!). Life 2-4 times longer than traditional bulbs. 

LED lamps
A bit more expensive, but a good alternative. Light is 3 times more as halogen. Warranty up to 50 000 hours! E27 Socket-versions available for 12V / 110V / 220V; Are good and more and more cheap but it's often more a spotlight (working area is well lit, but not the whole room). Look for warm-white-Versions.

Fluorescent lamps
The Electronic Units for 12 V or 24 V get broken very often. 
There are different colors: color 827 is recommended for domestic use 840 as working-light. 
With a good Electronic Units, the fluorescent tubes last longer. 
A good lamp is the FL-Resolux 103 (www.stengel.de) 

Auto alternator 
Charge current 50-150A; 
Charging voltage fixed at 14.2 V 
Regulator must be mounted very close to (2m) of the battery; voltage drop up to 0.2 V 
Efficiency under 40%. Therefore poorly suited for wind turbines to water turbines. 

Refrigerator, freezers 
- Old refrigerators need 5-10 times more energy like new ones 

- 12V refrigerator are 2-3x more expensive as 220V Version, but need considerable less power. 

- 220V versions need usually a 1000 watt inverter for the start-up current because starting current is up to 10 x of the rated current 

- Absorption refrigerators need at 12V 5 times more energy than compressor refrigerators 

- Deep Freezes need much energy. May be switch off with timer at night 
- "Frost-free" devices do not need to be defrosted, although, they need a lot of power for making a “frost free” cycle. 
- Operating hours compressors about 25% 
- Refrigerators need about 300-500 Wh / day (T = 32 ° C); 200-400 Wh / day (T = 25 degrees) 
- There are Solar-fridges available which run direct from Solar-Panels. But what happens if there is not enough sun? May be make a backup by a small generator. 
- Suppliers of solar refrigerators: www.wemo.info 


Peltier cooling system

- Advantages of the Peltier cooling system: any position, Compact design, price 
- Disadvantages of the Peltier cooling system: Poor efficiency, about 8 times worse than a cooling system with compressor; Very high power consumption; 

- Poor insulation of the entire cooling system
You can increase the cold storage-Time by putting bottles in the fridge with a mix of Salt and water. It works by latent-Heat, a lot energy is saved by the process of liquid / solid and reverse. 

Calculation of the quantity of Salt: 

If you multiply -15,71 g/° with the desired temperature you get the quantity of salt / kg water.
Example: Temperature -18° C
m = T x (-15,71g/°)
m = -18 ° x (-15,71 g/°)
m = 280 g
Put 280 g Salt in 1 l Water. Deep-freeze point is at minus 18 °C.
According to different sources, 10 °C is enough for the deep-freeze. 
Generator with Battery-Backup

You can reduce running-time of the Generator by using a high-current charger and batteries and a Inverter.

The Generator has to be switched on, only if the Batteries are empty. 

You can increase life-Time of the Generator: First start Generator, switch on Load 3 minutes after Start. 

At the End switch of Load 3 minutes before you Stop the Generator for better cooling down.

Is there a representation for the Generator in the country? 

www.motorland.net

Hybrid-Systems 

Combination of a Solar-System and Generator. The Energy is 100% available. Cheaper solution than only with Solar. But Generator need maintenance. If you have Micro-Solutions (every family has its own Solar System), a mobile generator for about 10 households could be enough. 
Save Power-Supply

 (for Computer, Hospital….)

Normally you use a UPS. But they provide Energy only about 30 minutes. 

But you can also use a Battery-Charger, Battery and a Inverter and let the System (Computer) run all the time with the Inverter. Also you have a very accurate Voltage in this way, without High/low-voltage instability. 

Only suitable for small-Size Systems (up to 1000 Watt) Otherwise Charger will be too big. 
Calculation for a Battery: Load 200W for 5 hours; makes 1000 Wh. 

For 12V:  Battery Ah = P (Watt) / U (V); 1000 Wh / 12V = 83 Ah; With 30% safety it makes a 100 Ah-Battery.  

Low-Voltage 12V/24V-DC-Devices
Lamps are pretty expensive in 12V Version; Most Devices only exist in 220V Version or are much more expensive in 12V-Version. 

Also simple 12V Fridges are available, but also need considerable Power. Try to get a Energy-Saving Fridge, that will use much less Solar Power. 

Fans are more efficient running with 12V.
Grid-connected solar systems

Sponsoring depends from the laws. 

Solar cells should have low production diversification (3-10%), coming from the same batch. 

Output voltage and rated output should be as close to the maximum input voltage and maximum power rating of the inverter used. (Example: Solar Array 200 volts -> Inverter 75 ~ 210V)


Inverters should have high efficiency (96-98%)

Checklist for a Solar System


· Electricity demand: check by Excel-List
· System-Voltage (12V or 24 V)
· Latitude / longitude 
· Risk of storms? 
· Longest period of time without sun 
· Existing energy supply? 
· Theft-protection? 
· What type of batteries are available in the country? 
· Battery-Acid present? 
· Roof pitch and direction? Mounting possible? 
· Where to mount the Modules? 

· What kind of frame is appropriate?
· Lightning protection necessary? 
· Cascaded load shedding necessary? (Operating room at last etc) 
· Distances Solar-Panel / charge-Controller / Batteries / Inverter / Load? 
· Ventilated space for batteries 

Energy saving
It is absolutely comprehensible that people want to use more and more electrical appliances, for example lamps, computers, etc. yet we should learn to use such devices only when it is really necessary:

• Turning off lights whenever possible
• Preferring large windows so that there is no need for electrical light during the day
• Using energy-saving lamps instead of traditional bulbs
• No extensive lighting - punctual use
• Shadow and good ventilation instead of air conditioners
• Laptops instead of desktop computers 
• Turning off all electrical appliances after use, no stand-by circuit
• Only printing of communication which is really important
• Ironing  as little as possible - no bedding, underwear etc..
• Modern appliances use less energy than older device
• Eliminating of the old cables which are no longer used
• If an electrical cable is getting too warm, it is too thin (heat = energy loss), use thicker ones

• Using of electricity-intensive device only if public energy is available or if the diesel
   generator is running
• Replacement of old electric water pumps with solar pumps 

 
Each householder should make sure that there is not consumed too much energy in his area. He should establish and enforce rules regarding the reasonable use of energy.

(from BEGACA) 
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