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Are Solar Modules (PV) Cost Effective?

Yes, PV is cost effective in the right location.  By this we mean where the connection to utility power lines are a major factor.  We use the figure of half a kilometer as a rule of thumb for cost effectiveness, although rates for grid connection vary from site to site.  This half a kilometer figure is only a guide, and if you haven’t done so already, get a quote from your local power company for connection.

If you are on grid power at present then PV is not a cost effective move.

Utility (grid) is much cheaper than PV power.  However, when we begin to pay for the damage being done by acid rain, global warming etc., we will see power costs increase.  We believe, that over the working life of a PV system, it can very well be a cost effective move.  It all depends on the real price increase of utility power in 2, 5, 10 and more years.

Energy Efficiency and the Whole Home Approach

When considering energy efficiency, it is important to consider the home as a system.  Most loads are related to each other.  For example: a well insulated home not only requires less heating and cooling, but also less energy to distribute and circulate this conditioned air.  Correctly placed windows not only heat the home, but can also contribute a great deal of natural light, thus reducing both heating and lighting requirements.  The home that is designed from the ground up with energy efficiency in mind will require much less of a solar power system.  Trying to use solar modules to power the conventional New Zealand home with its conventional appliances is an unnecessary and expensive project.  Looking closely at these costs as prompted most customers to look first at energy efficiency to reduce their loads, this is a cost effective move even for those still on grid power.  For those going to solar power, it can mean a much smaller and less expensive system.

Most houses powered by solar do not appear to be noticeably different from conventional houses in terms of comfort and convenience.  Some people do decide to adapt their lifestyle when producing their own energy, and most of these changes have to do with simply being more conscious of shutting of loads not in use.  The largest change made when producing your own power, is the responsibility that it entails.  Almost without exception, however, the increased independence that this decision brings is sited by solar home owners as a great source of satisfaction,

SOLAR VS WIND VS HYDRO POWER
How do solar modules compare to other alternative power sources?

WIND GENERATORS

These require a good, steady wind at regular intervals over the entire year.  If you have this resource, power production will not be a problem.

HYDROELECTRIC GENERATORS

These small generators require a healthy flow of water with a good vertical drop, throughout the year.

Two points to look at are the site specific nature of these power sources and the difference in moving parts.  Solar electricity may times has the advantage in both areas: - sunlight being fairly universal, and solar modules having no moving parts to wear out and eventually fail.

A combination of systems often works the best.  Many times when the clouds reduce your solar output, wind or hydro systems are performing at full power.

SOLAR WATER HEATING

Different solar technologies are often confused.  While the conversion of sunlight to electricity is photovoltaic, the collection of radiant energy to produce heat is Solar Thermal.  We do not use photovoltaic to create heat as this is an unnecessary complex, very indirect and very inefficient way to do so.  The direct capture of solar radiation by heating a black collection surface, however, can be a very cost effective and efficient way to produce hot air or hot water.

The Importance of High Efficiency

Using the best available technologies can save you money by saving energy.  Such appliances often provide better service than outdated and inefficient technologies.  These new designs often cost more initially than their cruder counterparts, but can have impressively short payback times.  The importance of high efficiency appliances becomes doubly important for someone providing their own electricity.  For example: A high efficiency refrigerator may be run with three 75 watt solar modules, whereas a conventional refrigerator might necessitate an additional 9 modules and additional battery capacity.  This extra generating and storage capacity will cost many times the investment of the more efficient unit.  An additional benefit is that more efficiency means less run time and less wear and tear on components.  In the case of the refrigerator this can mean a life span twice that of the conventional unit.

Phantom Loads

Small loads that are not easily discernable but consume considerable amounts of power each day are termed ‘phantom loads’.  Examples include TV’s and VCR’s in stand-by mode, clock radio’s and electric clocks, clocks in appliances such as microwaves, stoves and VCR’s, Ni-Cad battery chargers, cordless telephones.  There are two ways to deal with these troublesome loads:-
The first, easiest and most costly method is to accept them.  Accept the fact that your inverter will never go into standby mode, and add on to your solar array to compensate for this power consumption.

The second method minimizes power consumption.  Place switches on the appliances that run unnecessarily, turning them off and on when required.  For small, but necessary loads – consider operating these at 12 or 24 volts DC.  If this is not possible, a second, smaller, inverter can be installed to run select loads more efficiently.  By doing this, the inverter can return to a no-load or idle mode, where it uses very little power.

System Components

Systems vary greatly due to variation in size and run times of differing loads.  They can use as little as a 5 watt module, or hundreds of large modules.  There really is no such thing as an ‘average’ system, even within a single kind of use.  However, the basic solar system can be divided into several major components.  The following section lists these components and their functions.
	Component
	Function

	Solar Modules
	Generate electricity from sunlight

	Controller
	Regulates power to and from batteries

	Fusing/Breakers/Disconnects
	Overcurrent protection

	Batteries
	Stores electricity

	Monitor & Meters
	Report system status & power flows both instantaneously & cumulatively

	Inverter
	Changes low voltage DC power to high voltage AC power

	Generator
	Provides back-up AC power

	Battery Charger
	Converts AC (generator power) to DC

	Fixed Mount
	Supports and aims modules towards the sun


12 - 24 or 48 Volts – System Voltage Selection
The nominal voltage of your system is usually determined by the system size.

Small to medium systems, where most loads are DC, or only a few loads are AC through an inverter, lend themselves to 12 volts nicely.  Many lights and small appliances can be found at this voltage and efficiencies are high.  On the down side, 12 volt suffers from high line loss problems.  The solar modules and loads cannot be far from the battery bank.  24 volt systems are recommended for medium to large size systems.  With 24 volts, we have less wire loss problems and larger inverters are available.  24 volt DC appliance is more rare than 12 volt units.  For this reason we lean heavily towards AC loads run from these larger inverters.  This simplifies wiring of the home to conventional AC wiring, which exists in most homes and which any electrician can wire economically.  With the increased efficiency of AC lighting (e.g. Philips fluorescent Green lights range), and the unlimited variety of low cost AC appliances, 24 volt systems, as well as 48 volt for very large systems, have many advantages.

SOLAR MODULES

Not all solar modules are created equal

There are currently several different types of technology used in the manufacture if solar modules.  The three major technologies are: - Single Crystal, Poly Crystalline and Thin Film or Amorphous.

Single Crystal: - Single crystal silicon solar cells are made by melting purified chunks of silicon in a crystal growing furnace, and slowly solidifying the silicon into a large cylindrical crystal.  In this process the atoms of silicon are aligned, and the electrical properties are optimized.  Individual round wafers are then sawed from the cylindrical crystal.  Silicon is abundant, electrically stable, and relatively easy to manufacture.  Siemens single crystal silicon solar cells utilize the photo-electric effect of semiconductors to directly convert sunlight into DC electricity with an efficiency that exceeds 16%.  These solar panels continue to deliver peak current (more than watts) under difficult charging conditions such as hot temperatures or overcast skies, and also provide great area efficiency and long term stability.(these are my personal choice)
Polycrystalline Silicon: - Another method of melting purified silicon is into a rectangular block shaped mould.  During the cooling period, the atoms do not align into a large single crystal as in the single crystal method.  Due to this method of formation lower outputs are achieved.  They do not perform as well under difficult charging conditions and efficiencies of 10 to 12% are typical.

Thin Film Amorphous Silicon: Over the past years great progress has been made in manufacturing solar modules by depositing extremely thing films of semiconductors onto glass or metal substrates.  The semi conductor layers are only a few hundred atom layers thick, and the entire module is made as a unit.  The atomic structure of the thin film is not totally ordered like the structures of a single crystal silicon and efficiencies of mass produced thin filmed modules is currently around 8%.
Thin Film CIS from Siemens: - CIS offers important advantages in relation to other thin film technologies (amorphous silicon).  Superior in achievement and stability, the Siemens CIS technology offers long term high module efficiency and an even power output.  CIS modules from Siemens currently offer and efficiency of around 12 % with very good performance under difficult charging conditions.

SHADING

PV modules are very sensitive to shading.  Unlike a solar thermal panel which can tolerate some shading, many brands of PV modules cannot even be shaded by the branch of a leafless tree.

Once a solar cell or a portion of a cell is shaded, it becomes a load and draws power instead of producing it.  Some solar modules offer protection from partial shading, which includes a diode between cells, which aids in reducing partial shading problems.  Another rule of thumb – make sure no shading occurs between 9.00am and 3.00pm. Shading outside of these hours is not much of a problem because these are low power producing hours anyway.
Reverse Current Protection

PV modules will leak power back from your batteries during no sun periods if not protected.  This leakage is very small, but over long no-sun periods this loss can accumulate.  To prevent this install a diode or protecting circuitry in a battery controller.

Module Mounting
Solar modules perform best when perpendicular to the sun’s rays, and would normally be mounted facing due north.  Because the suns position in the sky varies through the year it’s a good idea to provide for seasonal adjustment, latitude plus 23.5 degrees angle in winter and latitude minus 23.5 degrees angle in summer.  A minimum angle of 15 degrees is recommended which allows for natural self cleaning of the module by rainfall.  If you wish to permanently mount the modules and not seasonally adjust the structure, fix your mount at a winter angle.  This is when sunlight is limited, days are shorter, and you want the system maximizing the available power.
WIND TURBINES

Is wind generation for you?

Electricity produced by wind generation can be used directly, as in water pumping applications, or it can be stored in batteries for household usage.  Wind generators can be used alone, or they may be used as part of a hybrid system, in which their output is combined with that of solar modules, and/or a fossil fuel generator.  Hybrid systems are especially useful for winter backup of home systems where cloudy weather and windy conditions occur simultaneously.  The most important decision when considering wind power is determining whether or not your chosen site has enough wind to generate the power for your needs, whether it is available consistently, and if it is available in the season that you need it.
The power available from the wind varies as the cube of the wind speed.  If the wind speed doubles, the power of the wind increases 8 times. For example, a 10 mile per hour wind has one eighth the power of a 20 mile per hour wind (10x10x10=1000 versus 20x20x20=8000).

One of the effects of the cube rule is that a site which has an average wind speed reflecting wide swings from very low to very high velocity, may have twice or more the energy potential of a site with the same average wind speed which experiences the same average wind speed which experiences little variation.  This is because the occasional high wind packs a lot of power into a short period of time.  Of course, it is important that this occasional high wind comes often enough to keep your batteries charged.  If you are trying to provide smaller amounts of power consistently, you should use a generator that operates effectively at slower wind velocities.
Installation of wind generators should be close to the battery bank to minimize line loss, and be 6 meters higher than obstructions within 160 meters.  The tower should be well earthed.

CHARGE CONTROLLERS / REGULATORS

Why you need a controller

The main function of a controller or regulator is to fully charge a battery without permitting overcharge.  If a solar array is connected to lead acid batteries with no overcharge protection, battery life will be compromised.  Simple controllers contain a relay that opens the charging circuit, terminating the charge at a pre-set high voltage and, once a pre-set low voltage is reached, closes the circuit, allowing charging to continue.  More sophisticated controllers have several stages and charging sequences to assure the battery is being fully charged.
How controllers work and available options

The circuitry in a controller reads the voltage of the batteries to determine the state of charge.  Designs and circuits vary, but most controllers read voltage to reduce the amount of power flowing into the battery as the battery nears full charge.  Features that can be included with controllers are:-

· Reverse current leakage protection - by disconnecting the array or using a blocking diode to prevent current loss into the solar modules at night.

· Low-Voltage load disconnect (LVD) – to reduce damage to batteries by avoiding deep discharge.
· System monitoring – analogue or digital meters, indicator lights and/or warning alarms.

· Overcurrent protection – with fuses and/or circuit breakers.

· Mounting options – flush mounting, wall mounting, indoor and outdoor enclosures.

· Central wiring – providing terminals to interconnect system wiring

· System control – control of other components in the system; standby generator or auxiliary charging systems, diverting array power once batteries are charged, transfer to secondary batteries.

· Load control – automatic control of secondary loads, or control of lights, water pumps or other loads with timers or switches.

· Temperature compensation – utilize whenever batteries are placed in a non-climate controlled space.  The charging voltage is adjusted to the temperature.  Recommended on most systems.
Some systems require all of these functions; others require only one or a certain combination.

Sizing a controller

Charge controllers are rated and sized to the systems they protect by the array current and voltage.  Most common are 12, 24 and 48 volt controllers.  Amperage ratings run from 1 amp to over 100 amps.

For example, if one module in your 12 volt system produces 3.5 amps and four modules are used, then 14 amps of current from 12 volts is produced.  Because of light reflection and the edge of cloud effect, sporadically increased current levels are not uncommon.  For this reason, we increase the size of controller’s amperage by a minimum of 25%, bringing our minimum controllers amperage up to 18.7.  Looking through the products available, we find a 20 amp controller, as closer match as possible.  There is no problem going to a 30 amps or larger controller besides additional cost.  If you think the system may increase in size, additional amperage capacity at this time should be considered.

INVERTERS

Inverters convert DC to AC power.  An inverter is necessary for solar power systems that power AC loads.  Common stand alone inverters operate at 12, 24 or 48 volts DC and create 240 volts AC.  The rated power of an inverter indicates the wattage it can supply continuously.  Your inverter should be sized to 125% of the AC loads that will run simultaneously.  The extra 25% capacity will protect your inverter from being overloaded and provide you with the ability to expand.  The three most common types of inverters are square wave, modified sine wave and pure sine wave.  The output wave form depends on the electronic conversion and filtering methods used to create the AC power.  Modified sine wave inverters are capable of running household appliances including televisions, VCR’s, power tools, microwave ovens, washing machines and personal computers.  Pure sine wave inverters produce power that is comparable to grid power.  Using sine wave inverters will increase AC motor efficiency and life.

Other important parameters include power conversion efficiency and surge capacity.  The power conversion efficiency is the percentage of the battery power delivered to the AC load by the inverter.  Surge capacity allows inverters to exceed their rated power for limited periods of time in order to start AC appliances that require several times their operating power when starting.

BATTERY CHARGERS
Many of today’s inverters incorporate battery charging circuitry.  This is easily and economically accomplished because of the design of most inverters.  Inverters step up low voltage and change DC power to AC power.  Batteries chargers do the reverse of this.  Additional circuitry is all that is required to add a whole second function and economically create an inverter/charger.

Transfer switches are also incorporated into these inverter/chargers so that the AC loads can be powered directly from the generator when the battery charger is operating.  For reliability, performance and from an economical stand point, built-in battery chargers are the way to go. 

INVERTER TO BATTERY CABLING
Because of the high current required on low voltage circuits, this cable is large, commonly 35mm squared to 107 mm squared.  Smaller cables than required are unsafe and will not allow the inverter to perform to its full rating.

DC INPUT DISCONNECT AND OVERCURRENT PROTECTION
It is important to have a stage installation with a properly sized DC rate disconnect.  Typically a disconnect works in conjunction with an overcurrent protection device such as a fuse or breaker.

SHUNTS
Shunts are used to read the amperage flowing between the battery and inverter; it is installed in the negative cable line.
BATTERIES
A solar electric system is made up of a number of components, and of these no other needs as much attention as the batteries

Although the idea and usage of a battery is very simple, if batteries are neglected, degradation can occur at a fast pace.  As someone in the industry once put it,

“few batteries die a natural death, most are murdered.”

The following information is designed to tell you how to get the longest possible life from your battery bank.  (This information applies only to flooded, lead-acid batteries such as the L16 and R220).
Cycling – Deep vs Shallow

A cycle in a battery occurs when you discharge a battery and then charge the battery back up to the same level.  The battery is designed to absorb and give up electricity by a reversible electrochemical reaction.  How deep a battery is discharged is termed depth of discharge.  A shallow cycle occurs when the top 20% or less of the battery’s power is discharged and then recharged.  Some batteries, like automotive starting batteries, are designed for this type of cycling only.  The plates of active material are thin with large overall surface area.  The design can give up lots of power in a very short time,
The second type of cycle is a deep cycle where up to 80% of the battery capacity is discharged and recharged.  Batteries designed for deep cycling are built with thicker plates of active material which have less overall surface area.  Because of their lessened availability of surface area for chemical reaction, these batteries yield just as much power relative to their size, but do so over a longer period of time.  This type of battery design is preferred for a solar power system because discharging a battery to a deeper level is normal during extended cloudy weather.

The depth of cycling has a good deal to do with determining a batteries useful life.  Even batteries designed for deep cycling are used up faster as the depth of discharge is increased.  It is common practice for a system to be designed with deep cycle batteries even though the daily average discharge amounts to a relatively shallow depth of discharge.

Shallow cycle your deep cycle battery for the most cycles.

Temperature Effects
The speed of the chemical reaction occurring in a lead acid battery is determined by temperature.  The colder the temperature, the slower the reaction, the warmer the temperature, the faster the reaction and the more quickly the charge can be withdrawn from the battery.  A battery’s full rated capacity is available at 25 degrees C, but at 0 degrees C only around 65 % of capacity is available.

The optimum operating temperature for a lead-acid battery is around 25 degrees C.  For this reason we recommend that the batteries be placed indoors or in a heated and ventilated space to maintain them between 18 degrees C and 25 degrees C.  If installed in an unheated place, battery capacity must be increased to compensate for this de-rating.  High temperatures can also drastically reduce the life of a battery and should be avoided.

Self Discharge
Due to impurities in the chemicals used for battery construction, batteries will lose power to local action, an internal reaction which occurs whether you are using the battery or not.  This slow discharging is termed self-discharge,  self discharge rates vary greatly among battery types and varies with temperature.  The rate also increases with the age of the battery, so much so, that an old battery may require a significant amount of charging just to stay even.  Even new batteries may lose 1% to 2% of charge per day.
Battery Connections

The connections from battery to battery and onto the charging and load circuits are critical.  Terminals should be greased, interconnects should be clean and fastening hardware should be tight.  Tightening all bolts equally avoids variations in resistance.  This is also the reason it is preferable to minimize the number of parallel strings in the bank.  Higher resistance values on one batteries results in less charge to that string and consequently shorter life.  The main negative and positive connections should be made on opposing corners for the same reason.  The goal is to keep the variation of resistance from one cell to another to a minimum.

Battery enclosures

Install your batteries in a warm dry location.  18 to 25 degrees C is the optimum temperature range.  Lower or higher than this and performance diminishes significantly.

Because batteries produce a potentially explosive mixture of hydrogen and oxygen, venting is needed to prevent a build-up.  Since hydrogen is lighter than air it has a tendency to rise.  If venting is placed at the top of the battery enclosure and the air is bought in from the bottom, this gas will move up and out of the battery area.  When possible power venting of the battery enclosure to the outside is a wise move.  Keeping the batteries simultaneously warm and adequately vented can be challenging, yet with proper planning is not that difficult.

Overcurrent Protection

Batteries have the potential to discharge incredible amounts of power over a very short period of time, melting conductors and possibly starting a fire, which is why so much time is spent on overcurrent protection.  It is not so much the solar module that you need to protect against, but the batteries.  Solar modules are current limited which reduces the danger, yet modules and there cabling also require protection.  The idea of a fuse or breaker is to include a ‘weak link’ in each circuit which will open if the current exceeds that which the cable can safely handle.

In a typical solar system we deal with both AC and DC power.  Standard components purchased from an electrical supplier are typically rated for AC use.  These are fine for inverter output circuit protection.  Dc overcurrent devices required between the battery, inverter, controller and modules are much more specialized.  They are generally heavier duty and more costly.  
Of primary importance is to place a current limited fuse and disconnect on the main battery cable and assure that all components on the DC side are rated for DC use.
If you are installing your own system, please obtain a copy of your Local Electrical Code, work with your inspector and be safe.

MONITORS
Proper monitoring of a system should not be overlooked.  Typically you will want to know how much power is coming into the system from its charging sources and the state of charge of the battery bank at any point in time.  A third and equally important value is how much power is being used by the systems loads.

Instantaneous and Cumulative Information

Common meters report common flow or battery state of charge (voltage) at a single point in time – the present.  This type of metering is termed instantaneous.  Devices that report instantaneous information are less complex and less expensive and can give a general idea of what is happening.

Cumulative type monitors, such as the Bogart TM2020 and Trace TM500A, usually include instantaneous information, but go a step further by recording the power over time.  With this information, termed amp hours or watt hours, you can see how much power was generated yesterday or last month, and how much power was consumed, and with great accuracy, determine battery state of charge.
Lightning protection
Lightning presents a potential hazard for systems with exposed cables and aluminum framing mounted on rooftops or adjacent to a building.  Direct or close-in strikes can damage sensitive electronic circuitry through the presence of static charges and electromagnetic fields.  These forces can induce voltage surges and may damage the systems wiring and components, particularly if your system is not properly grounded and protected.

While no lightning protection system is foolproof, practical counter-measures are available and include a lightning rod at the solar module source, adequate system grounding, and surge protection on the incoming DC wires and the secondary AC wiring.

BACKUP GENERATORS FOR SOLAR SYSTEMS

Generators are typically used as a supplement to solar power.  Generators are used for backup power in situations where seasonal variability is substantial as in cloudy climates, or for systems where occasional use of very large loads are required, such as for intermittent use of large workshop tools.  A residential solar system is typically designed to provide 80 to 90 % of the home’s annual electrical power.  The last 10 to 20 % is more economically supplied by generator.  The reason for this is simply economics.  In many cases it would double the cost of the system to provide this last 10 to 20 % of the annual power.  It is much more cost effective to employ a backup source of power during the least sunny time of the year.

The cost per kilowatt hour of electricity produced by a generator used in conjunction with a battery bank and inverter is much cheaper for residential type load profiles, than is power produced by a continuously running generator.  This is because engine driven generators perform poorly when under loaded.  Low load hours on the engine, especially diesel, can actually age it more than hours under full load.  Fuel costs can suffer too, a 6500 watt generator, for example, powering a 100 watt load will consume perhaps 50% as much fuel as it would consume if operating at full power capacity.  Therefore, work the generator near its capacity for shorter periods and then shut it down.  Batteries can be charged while washing machines, pumps, vacuum cleaners or other large loads are running.  This maximizes efficiency while reducing generator run time, wear, and fuel costs.
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