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Stand-alone PV System 



Stand-alone PV Systems 

• When the grid isn’t nearby, electricity becomes much more 
valuable and the extra cost and complexity of a self-sufficient, 
stand-alone power system can provide enormous benefit.  

– Instead of competing with 10-cent utility power, a PV– battery 
system competes with 50-cent gasoline or diesel-powered 
generators.  

– Or it competes with the cost of bringing the grid to the site, 
which may run many thousands of dollars per mile.  

• Off-grid systems must be designed with great care to assure 
satisfactory performance. Users must be willing to  

– adjust their energy demands as the weather varies,  

– fuel and maintain a noisy generator,  

– take responsibility for the safe operation of the system. 



Sizing a stand-alone PV system 

• Power needed by the load, as well as energy required over time 
by that load, is important for system sizing. 

– Various iterations will follow in which trade-offs are made 
between more expensive, but more efficient, appliances and 
devices in exchange for fewer PVs and batteries.  

– Lifestyle adjustments need to be considered in which some loads 
are treated as essentials that must be provided for, and others are 
luxuries to be used only when conditions allow. 

– A key decision involves whether to use all dc loads to avoid the 
inefficiencies associated with inverters, or whether the 
convenience of an all ac system is worth the extra cost, 

– Another important decision is whether to include a generator 
back-up system and, if so, what fraction of the load it will have to 
supply. 

 



Power requirements of typical loads 



Power requirements of typical loads (cont.) 



Power requirements of typical loads (cont.) 



Example 1: A Modest Household Demand  

• Estimate the daily energy demand for a cabin with all ac 
appliances, consisting of a 19-cu. ft refrigerator, six 30-W 
compact fluorescents (CFLs) used 5 h/day, a 19-in. TV turned on 
3 h/day and connected to a satellite, a cordless phone, a 1000-
W microwave used 6 min/day, and a 100-ft deep well that 
supplies 120 gallons/day. 

• Answer: 

 

1,919 



Accounting for inverter losses 

• the  load calculation needs to be modified to account for losses 
in the dc-to-ac inverter.  

– The inverter’s efficiency is a function of the magnitude of the load 
it happens to be supplying at that particular instant.  

– Most inverters now operate at around 90-95% efficiency over most 
of their range. 

 

 



Inverter rating 

• Inverters are specified by their  

– dc input voltage 

– ac output voltage,  

– continuous power handling capability,  

– amount of surge power they can supply for brief periods of 
time.  

• The inverter’s dc input voltage, which is the same as the 
voltage of the battery bank and the PV array, is usually 12 V, 
24 V, or 48 V.  

– Higher voltages need less current, making it easier to 
minimize wire losses.  

• See guideline used to pick the system voltage (while 
keeping the current below 100 A) in next slide. 



Inverter rated power 

• The maximum ac power that the inverter needs to deliver is 
estimated by adding the power demand of all of the loads that 
will ever be anticipated to be operating simultaneously. 

– For the house in example 1, the total power is 1,919 W. Hence 
the choice for the system dc voltage is 24 V. 

 



Steady-state and surge power requirements of 
example loads 



Sample of Inverter/charger electrical specifications 

https://www.wholesalesolar.com/cms/magnum-energy-ms4048-20b-inverter-specs-537836991.2940245.pdf 

Suitable for Example 1 



Batteries  
• Conventional lead-acid batteries vs. Lithium batteries. For 

comparison in terms of cost, life-cycle, efficiency, etc… see  

     https://www.wholesalesolar.com/deep-cycle-solar-batteries 

 

https://www.wholesalesolar.com/cms/discover
-battery-aes-1.0kwh-24vdc-battery-specs-
1307109147.9979965.pdf 

https://www.wholesalesolar.com/c
ms/crown-6crv390-agm-battery-
manual-3306454493.pdf 



Impact of depth of discharge on number of cycles for 
lead-acid batteries 

• The deeper the depth of discharge, the shorter is the battery life. 

• Relation between state of charge and depth of discharge: 

                               SOC (%) = 100 –DOD (%) 
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allowable depth of discharge of a lead-acid battery in 

cold climates 

 
• The battery is more vulnerable to freezing in its discharged state 

since the anti-freeze action of the sulfuric acid is diminished 
when there is less of it present. 



Battery storage capacity 

• Energy storage in a battery is typically given in units of amp-
hours (Ah) at some specified discharge rate. 

• Example: a 12 V battery that is rated at 200 Ah at 10-hour 
rate, is expected to deliver 20 A for 10 hours. It is said that it 
is discharging at rate of C/10 (i.e., 200Ah/10h = 20 A) 

– At C/4, the battery will have a capacity lower than 200 Ah 

– At C/20, the battery will have a capacity higher than 200 Ah 

    → Battery Ah capacity depends on the rate of discharge! 

• It is not easy to specify how much energy the battery 
delivered during its discharge: Energy is volts x amps x hours, 
but the voltage varies throughout the discharge period. 



Battery Capacity at different discharge rates 

• Deep-cycle batteries intended for photovoltaic systems are often 
specified at different discharge rates  (with C/20 being the most 
common rating).  



Battery capacity 

• Note the specified battery capacity (Ah) below applies only for 
a specific discharge rate (i.e.,  11.6 A for 20 hours). 

• If the battery is discharged at 75 A, it will last for only 2 hours, 
(i.e., its capacity drops from 232 Ah down to  152 Ah). 

 



Capacity dependence on temperature 

• Battery capacity depends not only on discharge rate, but also on 
temperature. 
– In cold temperatures, the battery capacity is reduced. 

– In warm temperatures, the battery capacity is increased. 

Ratio is based on a rated capacity at C/20 and 25oC 



Battery connections 

a) For batteries wired in parallel, amp-hours add up 

b) For batteries in series, voltages add up 

c) For series/parallel combinations, both voltages and amp-hours 
add up 



Coulomb, voltage and Energy Efficiency 

• The round trip energy efficiency of a battery is given by 

 

 

 

• where subscripts “D” and “C” are respectively associated with 
discharging and charging 

• Example A: a battery is charged for one hour at a voltage and 
current of 14 V and 10 A. It is then discharged for one hour at a 
voltage and current of 9 A and 12 V. Its round trip energy 
efficiency is (12/14)*(9x1/10x1) = (0.86)*(0.9)=0.77 (or 77%). 



Lead-Acid Battery voltage during charging and 
discharging  as a function of SOC 

During charging, the voltage rises faster 
with the rate of charge, as the battery 
nears 80% SOC.  

• This is when electrolysis that removes 
water from the battery takes place. 

• It also creates a potentially dangerous 
situation since hydrogen gas is so explosive. 
→ Proper ventilation of battery storage 
systems is important. 

• Some lead-acid batteries  (VRLA) use 
pressure-relief valves that allow up to 95% 
of the gases formed during gassing to 
recombine with lead . 

• Charge controllers are designed to slow the 
charging rate as the battery approaches its 
fully charged condition. 



Battery Sizing 

• Given the statistical nature of weather, there are no set rules about 
how best to size battery storage.  

• Sizing a storage system to meet the demand 99% of the time can 
easily cost triple that of one that meets demand only 95% of the time. 

1. Peak sun hours are for the worst month of the year and availability is on an annual basis (Source: SNL, 1995). 
2. Days of “usable storage,” means after accounting for impacts associated with maximum allowable battery 

discharge, Coulomb efficiency, battery temperature, and discharge rate.  



Battery Sizing 

• The relationship between usable storage and nominal, rated storage 
(at C/20, 25oC) is given by 

 

 

• where MDOD is the maximum depth of discharge (default: 0.8 for lead-
acid - subject to freeze constraints) and (T, DR) are the temperature 
and discharge-rate factor (refer to capacity-temp  graph). 

• Example 1 (cont.) : Size a battery for 95% availability for a cabin in Salt 
Lake City, UT, where the AC load demand is 3 kWh/day during the 
worst winter month. Assume the temperature may reach as low as 
−10◦C, the system voltage is  24 V, and the inverter efficiency is 86%. 



Example 1 (cont.) 

• Answer:  
– Daily Ah needed: (3000/0.86)/24 = 145 Ah  

– Worst insolation: 3.1 kWh/m2/day (Dec.)  

– Number of storage days needed: 4.6 days   

– Useable storage: 4.6x145 = 667 Ah  

– DoD allowed: use the standard value of 80%  

– DR at specified temperature: 0.97  

– Nominal battery capacity = 667/(0.8x0.97)=860 Ah @24V  

– If we choose Discover Battery AES 24V, 110 Ah, 8 of these 
connected in parallel will result in a bank that is rated at 
880Ah @ 24 V.  



Array Sizing 

• A simple PV sizing procedure is be based on the “peak sun hours” 
approach used for grid-connected systems.  

• The PV system should be oriented at L+15o to capture the most 
sun energy during the worst month of the year. 

 

       Energy (kWh/day) = Pac (kW) · (PSH) 

                                      =  Pdc,STC . (derating factor) . (PSH) 

 

• Following Example B,  PSH = 3.1, and assume a derating factor of 
80%,  then the size of the array with MPPT that is needed is  

     Pdc,STC = 3000/(0.8 x 3.1) = 1,200 W 

• 4 Canadian Solar CS6K 300 W panels connected in parallel will 
result in  a 1,200 W array, (37 A, 32.4 V) 

 

 



Operating DC Voltage 

System operating curves 
Without MPPT 
≈ 20% below maximum power 



Example 1 (cont.) 

Charge Controller is  built 
within the inverter – 
equipped with MPPT  



Example 1 (cont.) 

• A PV– battery system sized to cover the worst month. Delivers 
more energy than is needed during the rest of the year. 

• A smaller PV system that is based on annual PSH will require an 
excessively large storage system to carry excess from one 
month into a later month. 


