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DC Bus Hybrid System Workshop
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Introduction

« Walkthrough of design of dc bus Hybrid system with the
following design decisions:
« Generator used as backup only
« Generator design and installation guidance can be found
within Hybrid Design and Installation Guideline, however
sizing of PV array and battery bank is covered in Off-grid
PV system Design Guideline
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Hybrid System Overview

* Any system that includes two charging sources is a
hybrid system.

« This overview is only considering hybrid system
comprising a fuel generator and PV array.

» The generator could just be for back-up when the solar
is insufficient to meet the energy demand (e.g. during
periods of bad weather) or it could be required to meet
some of the energy demand each day.
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System when Generator is Back-up

« In these systems the design of the solar system will be
the same as previously covered in the design guidelines.

« The generator will then operate during periods of bad
weather or if the loads energy is exceeding that be in
provided by the solar array.
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Customer requirement

 Aguesthouse owner is Ioo_kindg to install a dc bus hybrid
Is_,P(/stem as their generator is due for replacement. They would
ike:

* Abattery bank with 2 days of autonomy without
needing to run the generator in the event of bad
weather.

 Anew 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 only.
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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.
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System Arrangement: dc Bus Hybrid

« 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—3 single phase SMA
Sunny Isfand in a 3-phase arrangement
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Load Assessment

« Adata-logger was used to measure demand and energy
consumption over a typical day with full occupancy

* Results:
« Average daily consumption: 50kWh
» Max Demand: 9 kVA
* Surge demand: 12kVA (not shown)

Maximum Demand vs Time
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Determine required capacity of inverter Determine required capacity of inverter
* Max demand « Surge demand
Assuming the loads are balanced across the system, divide Assuming the loads are balanced across the system, divide
the site’s max demand by the number of phases to obtain the site’s surge demand by the number of phases to obtain
the max demand per phase surge demand per phase.
=9,000VA/ 3 =3000 VA =12,000/3 = 4000 VA
Applying a 10% safety factor Applying a 10% safety factor
Inverter minimum required max demand = 1.1 * 3000 = Inverter minimum rated surge demand = 1.1*4000 = 4400
3300 VA VA
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Select the Inverter

« The inverter’s continuous demand rating should meet the required maximum demand. Its
surge demand should meet the required surge demand

« Inverter power output can be assumed as unity, ie TW = 1VA

« From the datasheet provided below, Sunng
4400 Required) and continuous demand (3300W = 3300W required)

« In hot conditions, check if AC power at 45°C meets demand

Island 4.4M meet the surge demand ( >

Determine Battery Bank Capacity

* 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:
Eparr = Eqc/ vy
Where:
Egurr = energy required from the battery bank

ac = Jotal daily energy (no dc load)
nwy = inverter efficiency
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Determine Battery Bank Capacity

E =E / Assumptions:
BATT AC nINV « Battery Inverter efficiency 94%

« Battery Inverter efficiency
when acting as charger 94%

+ Watt-hour efficiency of the battery 80%

Egarr =50,000/0.94
=53,191 Wh/day

+ Maximum Depth of Discharge
(DOD) 70%

Determine Battery Bank Capacity Cont'd

« Battery capacity is the energy required per day times the
days of autonomy required, divided by system voltage
and specified depth of discharge. i.e.

Battery Capacity (Ah) = (Egarr X Toy )+ (Vg X DOD)
Tut = specified days of autonomy
V. = Battery Bank dc voltage
DOD = depth of discharge
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Determine Battery Bank Capacity Cont'd Size and Select Battery Model
Given: « The battery bank will is selected from the Sonnenschein

« 2 days as per customer’s requirements,
« 48V battery voltage (inverter DC input voltage constraint),
« and DOD of 70% (design decision),
The required battery bank is:
Battery Capacity = 53,191Wh x 2 /(0.7x48)
= 3,166Ah.
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Solar range of batteries due to its heavy cycling
capabilities.

« The required battery capacity is 3166Ah, the largest
two parallel banks will be required. (3166/3036 > 1)

=3166/2 = 1583 Ah.
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battery in this range has a capacity of 3036Ah at C,; , so

« Therefore each string should have capacity greater than:
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Selecting a Battery Model

From the table below the battery that is greater than 1583 Ah at C4, is the
1593Ah. That is model number A602/1960C.

Two parallel banks would provide a battery bank of 2 x 1593=3186Ah.
Capacities C, - C,, (20 °C) in Ah

c, ¢, C.
5% | 17T | 180 | LBV

Battery Array Arrangement

« Each battery cell is nominal 2V.
« To make 48 volts, the number of cells in the string is
Neeries = Vg / Cell Voltage
Nseries =48 /2
= 24 cells in series per string

* The total number of cells in the battery bank is:
= 24 cells in series per string x 2 strings in parallel
=2x24=48cells
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Size and Select PV Array

The PV array will be sized for the month with the lowest
irradiation, June. The PSH in June for the site is 4.33kWh/m?
(PSH) with an average temperature of 26.1°C. As the generator
is for backup only, this system is designed similar to an offgrid
PV system.

Assume:
« Site’s daily consumption is 50 kWh/day
* No PV array oversizing required because there is a generator
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Size and Select PV Array
System efficiencies and characteristics:
« Average solar resource at 15° tilt (Hy;) 433
PSH/day
« PV module rated capacity (Psrc) 300W
* Derating factor due to dirt (Fprr) 95%

* Derating factor due to manufacturer's tolerance (Fyay)
95%

« Watt-hour efficiency of the battery
* Pye Temp Co-efficient(y)

80%
-0.39%/°C
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System block diagram Derating PV Modules for Local Condition
« ltis helpful to draw out a system block diagram with major * Temperature derating factor
components and their efficiencies. The diagram below also
calculated the dc cable losses. Frewp= 1+ [¥*(Tcer-err~Tstc )]
‘ Cell effective temperature T, -g¢ Can be calculated by
adding 25°C to site average ambient temperature
For this site:
Freme = 1+[-0.39/100%(26.1°C+25°C-25°C)]
=0.898 (i.e. 10.2% decrease)
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Derating PV Modules for Local Condition

PV module derated power is calculated by:

Puop = Pste * Fuan * Frewp * Forrr
* Module nominal power at Standard Test Condition (Pgrc)
and manufacturer’s derating factor (Fyy) is obtained
from the module datasheet.

* Frewp Was calculated on the previous page based on local
average temperature

« Evaluate dirt derating factor F gy on a case by case
basis. 5%(0.95) is good assumption unless area is extra

dusty
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Derating PV Modules for Local Condition

From previous calculation, local condition, and information
from manufacturer:

Puon = Pste * Fuan * Frewe * Forr

=300 Wx0.95x0.898x0.95
=243.1W
=243W
<l ] nsmsooo( { /
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Calculate Number of Modules Needed

The number of solar modules required in the arrays is
determined as follows:

Npy =(Epc*Fo)l(Pyop* Hrir*py_subsys )

Where:
Hor =4.33PSH
Enc =50,000kWh
Fy = 1 (generator present, no oversizing required)

Inverter subsystem efficiency Ny, g peys
= Niny X N X Nuppr X Nac_catie
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Inverter Sub-system Efficiency

Inverter subsystem efficiency Ny, gupsys

= Ninv X Nwr X Nwpet X Nee_cable
=0.94x0.8x0.95x0.98

=0.70

Note: This efficiency factor
assumes the worst case scenario, il
where all PV array energy goes

through the battery bank before
ac loads.
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Calculate Number of Modules Needed for
Daytime load

« The number of solar modules required in the arrays is determined
as follows:
Npy =(EpcXFo)(Pyop*Hrir*Mey_subsys )
Where:
Hor =433 PSH
Exc =50,0001kWh
Fo =1 (generator present, no oversizing required)
Inverter sub-system efficiency Ny, qupsys
=0.70

= (50,000 x 1)/ (243 x 4.33 x0.7)

=67.88 = 68 modules
lsu)soocx / )
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Calculating Array Size

The nominal array size is:
=68 x 300 W,
= 20,400 W,, = 20.4 kW,
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Sizing the PV array using an MPPT

 Choosing MPPT model ettt

« Choose from nominal
battery \_/olta%e - system
voltage is 48

« Look at last column

* Assume

« lowest temperature for the
siteis 15 °

* maximum cell
temperature is 70 °C

« Module V. is 39.3V

* Module Vi, is 32.1V

wilyEmn,
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Maximum Number of Modules in String

* The maximum V,; of the module at coldest temperature
is:

Viax_oc™V oc_stcX{1HBX(Tyn=Tsrc)lt

Vigcoo = 39.3 x {14[(-0.30/100) x (15-25)]} = 40.48
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Maximum Number of Modules in String

* Maximum number of modules in the string is
NMAX_OL‘: VARRAY_MAX_V_OC/ VMAX_OC
Varray_max_voc is read off MPPT datashest, which is 140V

Nuax_oc =140/40.48
= 3.46, round down to 3 modules
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Minimum Number of Modules in String

* The minimum V,, of the module at hottest temperature is:

Vinowe=V we_stcX{ 14 Y (Tuax~T'ste )}
Ve = 32.1 % {1 +[(-0.39/100)x (70-25)]} =26.46V

* The PV array’s minimum voltage at the MPPT is de-rated by the
voltage drop and is calculated as follows:
Vminmp_mmpr = VMin mp X [1 — voltage drop]
Vi wp_wppr = 26.46 x 0.99 = 26.20 V
Note: effect of voltage drop depends on cable run. In this case it's
assumed to be 1% drop
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Minimum Number of Modules in String Minimum Number of Modules in String
+ For the MPPT to work effectively the V., of the array Note: In this case this is also the minimum array MP
should also be greater than the battery voltage. voltage, i.e. Vapray min_mp = Vumin mppr
* The data sheet above states minimum MPPT voltage * The minimum number of modules per string is then
(Vin_wppr) I8 70V. determined by the following equation (round up):
N MIN_MP :VARRAYfMINfMP/ VMIN?MP?MPPT
=70/26.2
=2.67 rounded up to 3
of, & HM ofl, s @ HM ¢ / )
33 34
Calculate Array Size per MPPT Calculate Array Size per MPPT
* Allowable string size is 3 modules per string.  Each MPPT has a recommended power of the array =
. ; ; 2100W @ 48V. Therefore The number of strings per
The p_ov?\)/ir ?:(a)gnfg ;J(f) g\j\vch string MPPT is
=2100/900=2.3 rounded to 2
* The number of modules per MPPT =2x3=6
« Array power rating per MPPT = 6 x 300 = 1800
<, s @' HM < i, s @ HM { /
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Calculate total array size

* Minimum number of module needed was 68modules
« Number of modules per MPPT = 6
 So number of MPPTS= 68/6= 11.3 rounded up to 12

Note: The 12! one only required 0.3 of 6 modules, which is 2, but minimum
modules per string is 3, hence there are 3 modules in the 12" MPPT.

Sizing a Fuel Generator
Should be able to meet the demand of all the load—similar to
sizing the battery inverter (See first step)
PLUS

Meet the battery charging demand, either via a separate battery
charger or via inverter/charger

« Actual number of modules = 11x 6 + 3 THEN i g
=69 Apply generator derating factors | )
The nominal array size is: B
=69x300W, ;
= 20,700 W, = 20.7 kW, Eis ...
of, @ HM &) il i) nsu)soocx
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Calculating Battery Charging Demand

The demand can be calculated if battery charger max power is
given. If it is not, then it can be worked out from looking at
battery charger’s max voltage and currentas P = IV

Battery charger max current (& check battery can handle
max charge current)

Calculating Battery Charging Demand

Battery Charger Max Current

From datasheet, each SMA Sunny Island 4.4M inverter has a maximum
charge current of 75A but a rated current of 63A.

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, i.e. - i

e  =3x75=225Adc
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Calculating Battery Charging Demand Calculating Battery Charging Demand
The selected battery bank comprises two parallel banks of Battery Charger Max Voltage
AB02/1960C SOLAR with a combined C10 capacity of 2 x Assume the maximum charge voltage per cell is 2.4V.
1503= 3186Ah. The battery's charge currentis 0.1 xits Gy , ge vofage p v
rating, i.e. Maximum charge voltage can be calculated as:
battery design maximum charging current Vi = cell voltage X Noees
=0.1x 3186A = 318.6A. =24 x24 = 57.6 Volts
This is smaller than Inverter's maximum battery charging
current I,.. Which means the battery bank can accept the
maximum charging current from the inverters.
o8, s @ B soseock &P of, s & | Hlaees
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Calculating Battery Charging Demand Cont'd

« Battery charging demand from the point of view of the
generator is the power the battery charger delivers
divided by the battery charger efficiency and power factor,

sbc = (lbc X Vbc)/ (nbc X pfbc)
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Calculating Battery Charging Demand Cont'd

« Assume for this example:
« Battery charger nominal efficiency (N,) is 0.94
« Battery charger nominal power factor (pfy.) is 1
Sbc = (Ibc X Vbc) / (nch pfbc)
=(225x57.6)/(0.94x1.0)
=13,333 VA= 13.3 kVA
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Calculating Battery Charging Demand Cont'd Calculate Generator Capacity
. ; ; ; ; « Generator needs to be sized to meet the maximum demand it can
The13.3 kVA is theoretical because the continuous rating evperonce
of the inverter is 3.3kW. So three inverters would only « In this case itis:
represent 9.9kVA NOT 13.3 VA . Delivering full AC load + charging battery at max battery charger demand
» The reason is that the maximum current would not occur + It can be written as
at the maximum voltage of 57.6V. The VA of 75A x 57.6V Seen = (Ssc + Smax_cu) X Foo
is 4320VA this is eevn higher than the ' rating of the Where: !
inverter (600) Scen = Minimum apparent power rating of the generator (kVA)
. Sac = Maximum apparent power consumed by the battery charger under conditions of
. maximum output current and typically maximum charge voltage (kVA)
So we would know use 9.9kVA. Swax_cre = Maximum ac demand from ac loads during battery charging (kVA),In this case it's
the site’s max demand
Feo = Generator oversize factor (dimensionless
oo il I e &) s & || Ees &)
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Calculate Generator Capacity (Cont'd) Generator derating factor
If the generator pversize factor is decidgd as 10%Y then the . hGL?r?]%ﬁl;ors will perform at a reduced level with high air temperature, altitude, or
minimum capacity of the generator required so that it can . if derating factors are not available from the manufacturer, the following table
meet the battery charging load and maximum demand at (from Hybrid Guideline) can be used as a subsfitute
the same tlme 18! Air Temperature Derate 2.5% for every 5°C
- b 25°C
Seen = (SBC+SMAX_CHG)XF GO Der;eosva: for every
- - dditional 300 m ab
Seen =(9.9+10) " 1.1=21.9kVA) e omatie
Humidity Air Temperature between  Derate 0.5% for every 10%
30°C and 40°C above 60% humidity
Air Temperature between  Derate 1.0% for every 10%
40°C and 50°C above 60% humidity
Air Temperature between  Derate 1.5% for every 10%
50°C and 60°C above 60% humidity
wen, G e 2 S, G e D
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Applying Generator Derating

The guesthouse is located at 100m altitude, with maximum air
temperature is 28°C and humidity is 78%.

« Altitude derating does not apply, the site is less than 300m above
sea level

« Temperature derating: (28 °C -25 °C)/5*2.5 = 1.5%.

Note: temperature derating would be higher if generator is not
located in a well-ventilated space

. Humidi% derating does not apply, this site’s air temperature is
below 30°C

« Total derating:
=1.5%
The derating factor would be 1 -0.015 = 0.985
ESIDSDOCK / \
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Required Generator Capacity accounting for
derating factor

* Generator required capacity Sggy, = 21.9kVA
« Site specific derated required capacity =21.9/0.985
=22.23kVA
Note:
* Generator is likely to be underloaded most of the time based
on this sizing; it would only be running at full capacity during

morning and evening peak. This is acceptable for this case
since it's expected that the generator will not be running often.

« If generator is expected to be used more frequently, a smaller
generator may be selected and operated such that battery
charging never happens during maximum demand times
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System summary

Generator required capacity: 22.23kVA
Generator is only used for prolonged days without sun.

PV Array Size:20.7kW,, 69 modules rated at 300W
Array connected to 12 MPPT chargers and battery bank

Battery bank capacity: 3186Ah
Battery bank arrangement: 2 x 48V strings
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Discussion: Maximum Charge Rate

» The maximum charge rate is generally less
than the maximum discharge rate,
» The batteries have to be capable of providing

the maximum demand drawn from them by the
inverter.
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Discussion: System dc Voltage, Maximum Demand,
Battery Capacity and Configuration

* The appropriate system voltage

depends on the maximum charge or discharge rate
that the batteries will experience, which

depends on the size and type of inverter chosen,
which in turn

depends on the system load and also
depends on the system configuration (ac vs dc bus)

Note: Typically the d.c. voltage range of the chosen
inverter could dictate the battery voltage.
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Questions?
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The End
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