
Workshop exercise: Designing dc bus hybrid system 

 
A guesthouse owner is looking to install a dc bus hybrid system as their generator is due for 

replacement. They would like: 

• A battery bank with 2 days of autonomy without needing to run the generator in the event 

of bad weather.  

• A new generator that would meet the maximum demand of the loads but will also provide 

maximum charging current possible from the inverters and the selected battery bank 

 

This hybrid system will therefore use the generator as a back-up. 

 

Site information 

• Site location: Vanuatu, 15°S  

• Large available roof facing North 

• Occupants, 4 adults full time (owners + 2 staff) 

• 4 guest rooms for up to 12 guests. 

• Possible locations for equipment include semi-used storage shed, building a dedicated shed, 

or installing equipment in a container at rear of the premises 

 

Table 1: Site weather and solar resource, retrieved from https://power.larc.nasa.gov/data-access-

viewer/ using climatology average 

Month Daily solar 

radiation  

15° tilt 

(kWh/m2/day) 

Average Air 

temperature 

(°C) 

JAN 6 27.68 

FEB 5.29 27.89 

MAR 5.5 27.8 

APR 4.97 27.47 

MAY 4.59 26.78 

JUN 4.33 26.1 

JUL 4.52 25.4 

AUG 5.01 25.2 

SEP 5.44 25.48 

OCT 5.83 25.92 

NOV 5.95 26.67 

DEC 6.38 27.31 

Annual 

average 

5.32 26.64 

 

https://power.larc.nasa.gov/data-access-viewer/
https://power.larc.nasa.gov/data-access-viewer/
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Initial Load Assessment 

A data-logger was used to measure demand and energy consumption over a typical day with full 

occupancy – results are shown in the chart and table below. Investigation and discussion with the 

customer show that there are no dc loads. Assume that this usage pattern is applicable all year round. 

 

Figure 1: Initial results of monitoring Maximum Demand vs Time 

Overall consumption was 55.63 kWh/day with a maximum demand of 11 kVA and surge demands 

(not shown) of 15 kVA during the middle of the day  

Assume that: 

ac daily energy load (EAC) = 55,630 Wh/day  

Maximum demand = 11,000 VA 

Surge demand = 15,000 VA 

 

Proposed System Architecture details 

The following dc bus hybrid system has been selected: 

• Three-phase system  

• Nominal battery voltage: 48V 

• Inverter waveform – Pure sine wave for proper operation of all electronic equipment 

• Inverter type – dc bus interactive inverters from SMA’s Sunny Island Range—3 single phase 

inverters in a 3-phase arrangement 

 

Determine required capacity of dc Bus Interactive Inverter 

1. Calculate maximum demand per phase: ____________ 

Assuming the loads are balanced across the system, divide the site’s max demand by the number of 

phases to obtain this number.  

 

2. Calculate the surge demand per phase: ____________ 

Assuming the loads are balanced across the system, divide the site’s surge demand by the number of 

phases to obtain this number.  

 

1
2

:3
0

 A
M

1
:3

0
 A

M

2
:3

0
 A

M

3
:3

0
 A

M

4
:3

0
 A

M

5
:3

0
 A

M

6
:3

0
 A

M

7
:3

0
 A

M

8
:3

0
 A

M

9
:3

0
 A

M

1
0

:3
0

 A
M

1
1

:3
0

 A
M

1
2

:3
0

 P
M

1
:3

0
 P

M

2
:3

0
 P

M

3
:3

0
 P

M

4
:3

0
 P

M

5
:3

0
 P

M

6
:3

0
 P

M

7
:3

0
 P

M

8
:3

0
 P

M

9
:3

0
 P

M

1
0

:3
0

 P
M

1
1

:3
0

 P
M

0

2

4

6

8

10

12

Time

kW

Maximum Demand vs Time



Workshop exercise: Designing dc bus hybrid system      3 

 
 

3. Assuming a safety factor of 10%, what is the inverter capacity required to deliver the 

maximum demand and surge demand? 

Max demand: ____________ 

Surge demand: ____________ 

 

Select the Inverter 

4: Using the calculated continuous and surge demand rating and SMA data sheet as shown 

below select the inverter: ____________ 
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Determine the capacity of the battery bank 

Assumptions: 

• Battery Inverter efficiency     94%    

(never use maximum efficiency value—assume a lesser value for calculations) 

• Battery Inverter efficiency when acting as charger 94% 

• Battery coulombic efficiency    90% 

• Watt-hour efficiency of the battery   80% 

• Maximum Depth of Discharge (DOD)   70% 

The battery bank must be sized to meet the whole daily load that is being supplied by the PV array 

and battery bank, as there will be days where the solar irradiation is not available. 

To calculate the energy required at the battery, use the equation: EBATT = EAC / ηINV  

EBATT  = energy required from the battery bank 

EAC  = Total daily energy (AC loads only) 

ηINV  = inverter efficiency 

5. What is the energy required from the battery bank (EBATT)? __________  

 

Use the equation: Battery Capacity (Ah) = (EBATT x Taut )÷ (Vdc × DOD) 

Taut = specified days of autonomy  

Vdc  = Battery Bank dc voltage (check inverter input voltage range) 

DOD  = depth of discharge 

6. What is the required battery bank capacity? ______ Ah 
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Size and select battery model  

The battery bank will be selected from the Sonnenschein Solar 2V cell range of batteries using the C10 

capacity rating. These batteries have 3000+ cycles at 50% DoD and hence will provide long life. 

 The largest battery is the A602/3920 which has a C10 capacity of 3036. So the battery bank will need 

to consist of two parallel strings of batteries.  Therefore the minimum battery capacity required in 

each strings would be 3523/2 Ah = 1762Ah.   

 

7. What battery model would you select? ______________________  

Figure 2: Sonnenschein A600 SOLAR 2V battery range capacity table 

 

8: What would be the total capacity of the battery bank @ C10  

______________________  

 

Use the equation Nseries = Vdc / Cell Voltage  

9: Calculate the number of cells/blocks in series for each string:  ____________ 

 

10: Calculate the total number of cells: ____________ 
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Size and select PV Array - DC bus 

The PV array will be sized for the month with the lowest irradiation. From Table 1 this is 

4.33kWh/m2 (PSH) with an average temperature of 26.1°C 

Assume:  

• Daily energy load is 55,630Wh/day 

• No PV array oversizing required because there is a generator 

• Month with lowest irradiation is chosen as the design month (See Table 1) 

o Average temperature of 26.1°C for the design month (June) 

o Average solar resource at 15° tilt (Htilt)  4.33 PSH/day 

• PV module rated capacity (PSTC)    300W 

• VMP       32.4V 

• IMP       9.27A 

• Voc       39.7V 

• Isc       9.7A 

• Derating factor due to dirt (FDIRT)   95% 

• Derating factor due to manufacturer’s tolerance (FMAN) 95%  

• Watt-hour efficiency of the battery   80% 

• PMP Temp Co-efficient(γ)    -0.39%/°C   

• Voc Temp Co-efficient (β)    -0.30% / °C 

• Cable losses have been calculated and reflected in the figure below 

 

Figure 3 System block diagram showing component losses 
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PV module temperature derating is calculated by the formula:  FTEMP=1+ [ γ × (TCELL-EFF - TSTC)] 

Note: TCELL_EFF = ambient temperature + 25℃.  

11: Calculate derating factor due to temperature (FTEMP): _____________________________ 

 

Use the formula: 𝑃𝑀𝑂𝐷 =  𝑃𝑆𝑇𝐶 × 𝐹𝑀𝐴𝑁 × 𝐹𝑇𝐸𝑀𝑃 × 𝐹𝐷𝐼𝑅𝑇  

12: Calculate the derated power of the selected module (PMOD): __________ 

 

As the system is only providing ac loads, use the equation:  

Ƞbatt_subsys = ȠINV × ȠWH × ȠMPPT × Ƞdc_cable  

13: Calculate the System Efficiency for loads supplied from the PV array charging the battery 

bank: ____________ 

 

Use the equation Ntotal = ( EAC × fo ) / ( Pmod × Htilt × Ƞbatt_subsys )  

14: Calculate the number of PV modules required to meet the energy requirements from the 

battery bank: ____________ 

 

15: What is the minimum array capacity required? 

The array capacity required: ____________ kWp 

Multiply Ntotal by the module capacity and divide by 1000 to get array capacity in kWp  

 

Either a 3-phase inverter or three single PV inverters could be selected.  Grid Connected workshops 

covers how to match the array to the PV inverter and hence is not covered in this workshop exercise. 
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Sizing the PVarray using an MPPT 

 

Since the battery bank is 48V dc then the last column should be referenced: 

Assume lowest temperature for the site is 10 °C and maximum cell temperature is 75 °C. 

Maximum Number of Modules in String 

The maximum Voc of the module at coldest temperature is:  

𝑉𝑀𝐴𝑋_𝑂𝐶 = 𝑉𝑂𝐶_𝑆𝑇𝐶 × {1 + [𝛽 × (𝑇𝑀𝐼𝑁 − 𝑇𝑆𝑇𝐶)]} 

 

16:  Calculate Open circuit voltage at coldest temperature: ______________________V 

 

Maximum number of modules in the string is 

𝑁𝑀𝐴𝑋_𝑂𝐶 =
𝑉𝑀𝑃𝑃𝑇_𝑀𝐴𝑋

𝑉𝑀𝐴𝑋_𝑂𝐶
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17:  Refer to the maximum MPPT input voltage. Calculate maximum number of modules in a 

string: ______________________ 

 

Minimum Number of Modules in String 

The minimum Vmp of the module at hottest temperature is:  

𝑉MIN_MP = 𝑉MP_STC × {1 + [𝛾 × (TMAX − 𝑇STC)]} 

 

18:  Calculate Vmp at hottest temperature: _________________________________________V 

 

 

The PV array’s minimum voltage at the MPPT is de-rated by the voltage drop and is calculated as 

follows: 

𝑉MIN_MP_MMPT = 𝑉MIN_MP   ×  [1 − voltage drop] 

Note: effect of voltage drop has already been calculated and presented as a percentage in this exercise 

(See Ƞdc_cable on page 6) 

19:  Calculate Vmp at the MPPT: _________________________________________V 

 

The minimum voltage of the MPPT is theoretically the battery voltage—however the battery voltage 

rises as the battery is charged.  For instance, a 48V battery bank would be about 56V to 60V when 

fully charged. temperature. For the MPPT to work effectively the Vmp of the array should also be 

greater than the battery voltage. 

The data sheet above states MPPT voltage is to be 70V to 100V. 

In this case the lower MPPT value is also the minimum array MP voltage. 

𝑉ARRAY_MIN_MP = 𝑉MIN_MPPT 

        

The minimum number of modules per string is then determined by the following equation (round up): 

𝑁MIN_MP =
𝑉ARRAY_MIN_MP

𝑉MIN_MP_MPPT
 

 

20:  Calculate the minimum number of modules in a string: ______________________ 

What is the number of modules required per string? ________ 

 

21:  Calculate power rating of each string: ______________________ 

Use the power rating of the MPPT to calculate the number of strings required 

22:  Calculate the number of strings per MPPT: ______________________ 
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23:  Calculate number of modules and array power rating per MPPT. 

Number of modules per MPPT: ______________________ 

Array power rating per MPPT: ______________________ 

 

24:  Calculate number MPPTs: ______________________ 

 

25:  Calculate total number of modules and total array power: ______________________ 

 

Calculate maximum power used for battery charging 

Each SMA Sunny island inverter has a maximum charge current of 110A but a rated current of 90A.   

The maximum charge current from the battery charger is the sum of maximum current that can be 

provided by the battery charger on each phase 

26: Calculate the maximum charge current the battery chargers can provide to the battery 

bank Ibc : ____________A 

 

The selected battery bank comprises two parallel banks of A602/2600 SOLAR with a combined C10 

capacity of 4048Ah 

27: If the maximum charging current for the battery is 0.1 x C10 capacity rating, what is the 

battery’s maximum charge current? ____________A 

 

28: Can the battery bank accept the maximum charging current from the inverters? Circle: 

(Yes/No) 

 

Assume the maximum charge voltage per cell is 2.4V 

Use the equation Vbc = cell volt x Nseries (From question 9) 

29: Calculate the maximum charge voltage (Vbc) of the selected battery bank: ____________V 

 

Assume that: 

• Battery charger nominal efficiency (ȠINV_CHG) is 0.94 

• Battery charger nominal power factor (pfbc) is 1 

Use the equation Sbc = (Ibc × Vbc) / (ȠINV_CHG × pfbc )  

30: Calculate Battery charger max. apparent power Sbc : ____________VA 

 

Size and select backup generator 

The backup generator’s minimum capacity is calculated by the equation: 

 𝑆𝐺𝐸𝑁 = (𝑆𝐵𝐶 + 𝑆𝑀𝐴𝑋_𝐶𝐻𝐺) × 𝐹𝐺𝑂 
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Where: 

SGEN = Minimum apparent power rating of the generator (kVA) 

SBC    = Maximum apparent power consumed by the battery charger under conditions of maximum 

output current and typically maximum charge voltage (kVA) 

SMAX_CHG = Maximum ac demand from ac loads during battery charging (kVA), i.e. the site’s max 

demand 

FGO         = Generator oversize factor (dimensionless) 

Assume FGO = 1.1  

 

31: What is the minimum capacity of the generator required so that it can meet the battery 

charging load and maximum demand at the same time?  ____________kVA 

 

Calculate the Generators derating factor 

32: The guesthouse is located at 35m altitude, with maximum air temperature is 27°C and 

humidity is 82%. Calculate the site-specific temperature, humidity and altitude, and the total 

general derating factor using values are shown in Table 2.  

Table 2: Generator derating factors 

Site factor Derating 

Air Temperature Derate 2.5% for every 5°C 

above 25°C 

Altitude Derate 3% for every additional 

300 m above 300 m altitude  

Humidity Air Temperature between 30oC 

and 40oC 

Derate 0.5% for every 10% 

above 60% humidity  

Air Temperature between 40oC 

and 50oC 

Derate 1.0% for every 10% 

above 60% humidity  

Air Temperature between 50oC 

and 60oC 

Derate 1.5% for every 10% 

above 60% humidity  

 

Altitude derating: ____________  

Temperature derating: ____________  

Humidity derating: ____________  

Total derating: ____________  

 

33: Apply the generator derating factor, what is the minimum generator size required? 

____________ kVA 

 


