INSTRUCTIONS & APPLICATION NOTES   for  PV SYSTEM WORKSHEET

A practical design tool for battery-based photovoltaic power systems
—  Version 3.0 ​– June 2003  —

© 2003 by Dankoff Solar Products, Inc.

Requires  Microsoft Excel, Version 4.0 or later or Office 97 or later, Windows or Mac

Contact Energy Buys LLC if you have questions about designing a battery based PV system
(406) 690-1572  • www.energybuys.com 

Energy Buys is a retail seller of renewable energy components.
Energy Buys LLC makes no warranty with respect to this information. Energy Buys LLC specifically disclaims any implied warranty of merchantability and fitness for a particular purpose. Energy Buys LLC shall not be liable for any direct, indirect, incidental, consequential, or other damage alleged in connection with the furnishing or use of this information. It is the responsibility of the user to determine suitability for any particular use.

WARNING:  FIRST THING—save a copy of the original files and rename your working copies!

Formula and text cells are protected. If you “Unprotect” to edit text, remember to “Protect” again.

You should never change a formula cell during normal use of this system!
WELCOME to PV SYSTEM WORKSHEET
This spreadsheet automates the process by which a PV system engineer 

calculates the size of a power system and its components. It is useful

for any size of system, for any application.

These instructions are written for both the system designer and the client.

ENTER DATA INTO THE BLUE-GREEN CELLS.   TAN cells show calculated results.

LISTING THE LOADS   Enter your estimate of AVERAGE power draw of appliances.  Frequently, this is less than the RATED power.  Examples: TV, computer, audio amplifier, typical average is 1/2 the rated power because the device is not normally run at it’s maximum possible power level. For a washing machine enter half-time due to the fill and soak time using little power. When “amps” is listed on the appliance instead of “watts”, calculate watts = amps X volts. If you know the WH/Day of a load, adjust the watts and/or hours to get the desired entry.
 AC LOADS 











When watts is not listed, calculating watts = amps X volts is not accurate for inductive loads (most motor and electronic devices) where power factor is less than 1. In these cases, you can assume a typical average power factor is .7. Therefore estimated full-load watts = amps X volts X .7. 

SIMPLE EXPLANATION: AC is applied in a pulsating manner (waves). After a voltage pulse is applied, there is a time lag before current is drawn.  So, the voltage and current draw are not simultaneous.

Inverter's min. running power (end of load list):  This refers to the power that an inverter draws to run itself (idle), when not off or in “sleep” (load sensing) mode.  Delete it if there is no inverter. Beware: AC "phantom" loads will prevent the inverter from "sleeping".  These include appliances with plug-in transformers (wall cubes), telephone answering and fax machines, rechargeable cordless appliances, remote-controlled appliances, AC thermostat circuits, etc.  Inverter will not drop into sleep mode (nearly 0 watts) if any such devices are connected. For most modern homes, enter 24 hours.

PEAK AC LOAD (everything on) – This can serve as a guide to inverter sizing. It does influence the rest of the system design.

 DC LOADS 











DC loads do not require an inverter in the system. This eliminates inverter losses. Specialized DC devices made for the PV market for this reason, and they are more efficient than most conventional equivalents. Their extra cost is may be more than compensated by overall system saving. Examples are DC refrigerators and water pumps (those with brushless motors require no extra maintenance). Small electronic devices that are on all the time also offer significant saving when DC-powered (especially in a small system.) Systems designed only for lighting or communications are usually DC-only with no inverter.

 DC NOMINAL VOLTAGE










Choose from prevailing standards of 12, 24 or 48V. The higher voltages are favored for efficiency and economy. This can be changed any time during the design process.

 SOLAR PERIOD











DESIGN SEASON — A year-round system must be designed for winter load and solar conditions, so enter “winter”.  This is merely notation. It does not calculate.

AVERAGE PEAK SUN HRS/DAY —  Enter the number appropriate to the location, climate and season -- if DESIGN SEASON is winter, enter the WINTER average, not the annual average.

Note: This factor is also called INSOLATION or SOLAR IRRADIATION and may be expressed as kWh/m2/day. Peak Sun Hours/Day = kWh/m2/day.

One source of worldwide solar data is: http://rredc.nrel.gov/solar/old_data/nsrdb/redbook/sum2/

SOLAR TRACKER GAIN —  If solar tracker is not used, enter 0.  If tracker is used, enter an estimate of gain during the design season.  For a passive tracker in the arid central and western USA, typical gain is 40% for summer half of year, and 20% for winter half.  Gain is less in cloudier climates.  Tracking is not normally recommended in a winter-design system at mid-high latitude, or in a very cloudy climate.

 EFFICIENCY / LOSS FACTORS









Every step of energy transfer and conversion produces a loss, expressed as efficiency less-than 100%. Losses are factored in to prevent under-sizing of the power system.

BATTERY AVERAGE EFFICIENCY — Typical battery watt-hour efficiency is 80%.  However, during charging, some energy will bypass the battery.  Therefore, if daytime loads are significant, enter a higher number like 90%.

INVERTER AVERAGE EFFICIENCY —  Do not enter the peak efficiency.  At the average load level, efficiency will be less.  (Refer to inverter efficiency specs.)  A typical entry for a home system is 85%.  If a large portion of the loads are DC, enter a higher number.  For DC loads, this factor is ignored.

WIRING & DISTRIBUTION EFFICIENCY — Typical entry is 97%.

PV LOSS FACTOR — In addition, there are losses due to dust and mineral deposits, aging, imperfect orientation, and the array may be low in the manufacturer's (typical) 10% tolerance range.  Typical entry is 85%. For extremely hot or dusty climate, use 75-80%.

PV CHARGE CONTROLLER EFFICIENCY — 95% is safe.

PV:BATTERY MISMATCH FACTOR —
With a simple charge controller (no MPPT), power delivered to battery is always less than the rated watts of array (the rated amps may be delivered, but not the rated watts).  This is because the array’s power is rated at a “peak power point voltage” (Vpp) that is higher than the battery voltage. The excess voltage does not produce current, and is wasted potential. In hot weather, the excess voltage decreases, but it wasn’t doing anything so the result is the same. TYPICAL ENTRY IS 80% for any climate and time of year.

With a MPPT charge controller, excess voltage is transformed into greater charge current (current boosting). The mismatch is eliminated. ENTER 100%. 

EXPLANATION:  MPPT = Maximum Power Point Tracking. Reference: www.dankoffsolar.com, Technical Reference: Increase Solar Charging with a Power Tracking Charge Controller.
 PV ARRAY – MODULE SELECTION








You can only enter watts of 12V modules. If you are proposing 24V modules, enter half the wattage. The system then converts it to quantity of 24V modules.

FULL ARRAY —  This is the quantity of 12V modules needed to provide 100% energy, rounded up to nearest whole number that is consistent with the system voltage (ie. 2, 4, 6, ... modules for 24V system).

PROPOSED ARRAY —  If the client can’t afford the full array initially, propose a smaller array. Watch for the increase in backup generator run time (bottom line).

 PV CHARGE CONTROLLER









Minimum amp rating = the rated output current of the PV array for a basic controller. For a controller with MPPT, the min. amps is higher because the controller is rated by it’s OUTPUT under boosting conditions.

Some controllers accept nominal array voltage higher than system voltage (and step it down to match the battery). The controller is rated by OUTPUT amps. This is a valuable feature of some MPPT controllers. Example: to charge a 24V system, you can wire the array at 48V. In case of a long wire run (where wire is larger than minimum ampacity requirement) you can use 1/4 the wire size for the same % power loss!

 BATTERY CAPACITY 










DAYS OF ENERGY STORAGE —  8 DAYS (to 80% depth of discharge) is a good minimum for a sunny climate.  This may sound big, but (1) a smaller bank will be prone to premature reduction of charge current by the charge controller, (2) this compensates for loss of capacity as batteries age, and (3) it provides a margin for unexpected conditions and for load expansion.  If you use a smaller bank than recommended, a warning will show. If future expansion is expected, note that problems will occur if new batteries are added to an older set after 1-2 years. It is best to over-size the battery at the beginning.  Enter a greater number of days to increase the battery capacity. Up to double-size (16) days is reasonable.

MAX DEPTH OF DISCHARGE — Enter the MAXIMUM recommended discharge for the batteries proposed. For deep-cycle batteries, use 80%.  Use a lesser percentage if batteries are a shallower-cycling type. This is for sizing purposes. It does NOT mean that such discharge will occur regularly.

BATT CAPACITY AT LOW TEMP —  Battery capacity is reduced by .55% per °F below 77°F (1% per °C below 25°C).  If winter is the season of max. use, estimate the winter battery temperature and enter this factor. The battery size will be enlarged to compensate.

2/3/4 PARALLEL STRINGS (BATTERY) — Parallel strings of batteries leads to difficulty maintaining equalization, and premature failure of cells that lag behind. Larger cells in a single string require far less maintenance and tend to last far longer. See www.dankoffsolar.com, Technical Reference: “How to Keep Batteries Alive for Years and Years”.

 BACKUP CHARGER & ENGINE-GENERATOR







BATTERY CHARGER WATTS —  Enter the output of the AC powered battery charger.  Most often, this is a feature that is built into the inverter with charger watts approximately equal to the inverter rating.

LOAD GENERATOR TO —  A generator should not be 100% loaded continuously.  

Stationary industrial generators (Kohler, Onan, diesels) – enter 80%

Portable generators – 50% is safe

Many inverter/chargers require the generator to be oversized relative to the battery charger watts, to reach full output, particularly light-weight generators. For this reason also, 50% works well.

ALTITUDE —  Output of an engine-generator decreases typically 3.5% per 1000 feet elevation above sea level.

MINIMUM GENERATOR RATING — If a smaller generator is desired, decrease the Battery Charger Watts. (Inverters with battery charging function are adjustable.)

GENERATOR RUN TIME — This is the hours to bulk-charge the battery (generally to about 80%).

 EXCESS ENERGY










When the solar period (Peak Sun Hrs/Day) is longer than the design period, there is excess energy potential. With the proper equipment, excess energy can be diverted to a useful purpose. A grid-connected system can sell energy back to utility grid. Other applications are ideal if they serve needs that are greatest on sunny days – pumping water into storage or irrigation, or powering ventilation or cooling. Energy can also be diverted to another power system nearby, or to a second battery bank. It can produce a small amount of heat. It can generate hydrogen fuel from water (this may be economical soon).

