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STAND-ALONE SYSTEMS
[image: image4.emf]As pointed in former units, there are two main configurations for a photovoltaic system:

· Stand-alone

· Grid-tied

The difference between these two systems is the configuration of some of the parts composing them, which have been treated at Unit 2.

In this unit we are going to give a procedure to make an stand-alone photovoltaic (PV) installation. 

3.1. Data Collection
We must make a load forecast, taking into account the period of time the system will be working and the battery range, consumes, etc.

Most electrical household appliances and devices have got the power characteristics in a label on the surface of it. 

Generally, for electrical household appliances we will calculate: S = V·I, 

whilst for a single-phase motor we will consider: P = Pu / η ( S = P / cos φ, being
S= Apparent Power; P= True Power; cos φ = Power Factor; η = motor efficiency; V = voltage; 

I = current

We will consider S when a device has a power factor different from 1 and for devices having an automatic control we should work with annual consumes data, which will be provided by the manufacturer.
Once we get the total power we will have to consider the efficiency of the inverter too.
· For ac loads: P = V · I · n / ηi, being P=true power from the photovoltaic generator; V=voltage, I=current; n=number of loads of the same type; ηi=inverter’s efficiency.
· For dc loads, the inverter is not taken into account.
· We must multiply the power, the number of days of rate times, to obtain the energy our installation will demand.
3.2. Selecting the PV Generator  
As we will be able to estimate the period of time our installation will be working during the year, we can find easily the irradiation we will be receiving, consulting an atlas of radiation. 
Besides, with the atlas, we can consult the proper azimuth and elevation for our panels. Supposing we install the system in Barcelona which is expected to be working all the year, we should consider the month with the lowest level of received radiation, that is, December.
· If there are no shadows, then the factor of shadows (FS)=1
· If we have an optimum elevation, then the factor of elevation (FI) =1, 
else, FI = 1 - [1,2·10-4(β – βopt)2 + 3,5·10-5 · α2], case of 15º < β ≤ 90º 

or FI = 1 - [1,2·10-4(β – βopt)2], case of 15º ≥ β
Being
FI= factor of elevation; β = surface real elevation (º); βopt = surface optimum elevation (º); α=azimuth
To calculate the optimum elevation, we can use:

· βopt = 3,7 + 0,69 · |ϕ|, being |ϕ| the latitude

or

· for the most commonly used periods, the following table:

	PERIOD
	βopt
	K = Gdm (0, βopt)/Gdm(0)

	December
	|ϕ +10
	1,7

	July
	|ϕ| - 20 
	1

	Annual
	|ϕ| - 10 
	1,15


Being K=constant, which can be defined as the comparison between the average irradiation of the horizontal plane during a month (Gdm(0)) and the same value in an optimum elevated plane (Gdm(0, βopt)).
Now we can obtain the monthly irradiation global average on the generator surface:
Gdm (α, β) = Gdm(0) · K · FI · FS

We also need to know the efficiency (PR) of the installation, considering a regulator and batteries will be required. The PR, is typically 0,7, for instance (70%) when the system just needs an inverter, 0,6 when the system requires a regulator, batteries and an inverter or 0,7 when the system does not includes inverter but it does includes batteries and regulator.
The PV generator minimum energy will be:
· PGmin = [ (Wd · GCEM) / (Gdm (α, β) · PR] 

Being

Wd [Wh] = average of consume = W (continuous) · [h/day] it will be working.
GCEM [W/m2] = 1000 W/m2 (consult unit 1)
Gdm (α, β) = monthly irradiation global average

PR = efficiency
The PV generator maximum energy will be the 20% higher as much.
PGmin ≤ PG ≤ 1,2 · PGmin
Once the PV generator voltage (12V, 24W, 48V, 120V or 300V) has been decided, we must choose a PV module, manufacturer information. 
The data sheet indicates the Pmax (maximum power), which we will utilise to calculate the number of modules our PV generator will need:

Np·Ns ≥ PGmin /Pmax, being

Being: Np=number of strings (or paral·lel); Ns=number of modules per string (or series); PGmin=PVgenerator maximum energy; Pmax= maximum power of the modules as stated at data sheet.

Then, supposing our PVgenerator needed just 4 modules, we could consider Np=4 and Ns=1 or Np =1 and Ns=4, or Np=2 and Ns =2, depending of our designing criteria and taking into account that Np=4 and Ns =1, makes all modules be in a parallel connection.

Finally we have to calculate the PV generator parameters:

PGmax, which must be a 20% of PGmin as much (PGmax < 1,2 PGmin)
UGoc, IGsc, UGmpp, Impp, IGmpp, as shown in Unit 2.

Currently, there is software to calculate the PV generator harvest. For instance:
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3.3. Batteries System
First of all, we must decide the battery rate. How many days will the system without the PV generator be working?

Secondly, we must consider the efficiency battery-regulator (e.g. 85%=η)

Third, we have to decide the PDmax (consult Unit 2), for example 50%.
We should take into account special temperature conditions.

The daily average consume will be defined as: Qd = Wd/Un = [(Wh/day) / V] = [Ah/day]
The total Capacity of the batteries, considering the PDmax will be defined as follows:
Cn = (Qd·A) / (PDmax · η)

This value, can not exceed the IGsc of the generator, thus, Cn < 25· IGsc
3.4. Choosing the Inverter

Even though, choosing the inverter is matter of data sheet, just like regulators, we are about to expose an example: 

· Supposing an installation with 230Vac, and 24Vcc, with electronic loads (dc), not-motored a.c. loads and 2 motored devices.

1st: Calculate the Inverter Nominal Power by summing the real power of all loads. It is considered de nominal power of the Inverter

2nd: Calculate the Maximum Inverter Power by summing the real power of dc loads, not-motored ac loads and apparent power of motored deviced. This, will be the maximum power of the inverter.

3rd: Consults the manufacturer catalogue and select an appropriate inverter:
· The Un=24V

· Case of not knowing the motored devices characteristics, we  could consider they double the power when starting.

3.5. Choosing the Regulator

· Supposing an installation with 230Vac, and 24Vcc, with electronic loads (dc), not-motored a.c. loads and 2 motored devices.

· The Unr=24V = batteries voltage

· The nominal current of the regulator will be Inr = Isc of the PVgenerator
· The maximum input Voltage of the regulator will be

Vinputmax ≥ UGoc (-10ºC) = UGoc + β · (T – 25)

Being β the voltage – temperature constant of the modules and 

          T temperature


UGoc = Generator opened circuit voltage

3.6. Wiring

It is necessary to know the wire section of each phase of the installation in order to make a safe and efficient system.

To calculate the wires section, you must follow exactly the same procedure as in any other installation. We consider it is not this course purpose to learn to calculate it but we include some information to make a reference to this part of a PV system project. 
	HIGHLIGHTS

REBT- ITC

It is compulsory to accomplish the REBT (low voltage electric regulations), which is developed by the ITC (complementary technical instructions), especially:
1) ITC-BT-19. About general prescriptions of inner or housing installations.

2) ITC-BT-40. Low voltage generator installations. 


	TO KNOW MORE

For further information about REBT-ITC you can visit: 
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http://www.tuveras.com/reglamentos/rebtic/itc_bt.htm



	HIGHLIGHTS

MAXIMUM VOLTAGE DROP

The REBT at ITC-BT-40, sets an 1,5% as the maximum allowed voltage drop and a current a 125% higher than the maximum generator current.

 


There are different spans, with different cable sections and length each which means there will be a different voltage drop, current and resistance associated to every span.
Span 1: from the modules to the connection box. It is a direct current circuit. Consider short circuit current of a module at STC (consult UNIT 1)

Span 2: from the connections box to the regulator. Idem span 1

Span 3: from the regulator to the batteries. Idem span 1
Span 4: from the regulator to the inverter. It is a direct current circuit. Consider the inverter input nominal current for its nominal power and the batteries nominal voltage.
Span 5: from the inverter to the protection and control box of the house. Alternating current circuit. Considers the inverter output nominal current for the nominal power and the nominal voltage of use. 
Every span must consider its current 1.25 times higher to accomplish ITC-BT-40.
There are 2 conditions to accomplish in a stand-alone installation:

1st. Maximum voltage drop: there is a voltage drop associated to the wire itself and must be taken into account to ensure the properly function of the loads.

Case of a Single phase circuit and d.c.: 
S = [(200 · L · P) / (ΔU% · U2 · γθ), 
Case of a Three phase circuit: 

S = [(100 · L · P) / (ΔU% · U2 · γθ) 

being
S= cable section [mm2]; γθ = wire conductivity [s·m/mm2]; L=length of the line span [m]; ΔU%=voltage drop [V]; P=Power [W]; U= line voltage (400V in a three phase system, 230V in a single phase system, 12 or 24V in an d.c. system) [V]; 
2nd. Temperature at maximum allowed current: When conducting, wires increases its temperature as a consequence of the resistance associated to the material and, therefore, energy losses by temperature.  

This temperature can not exceed the maximum temperature of the materials which isolate the wire, that is, 70ºC for thermoplastics or 90ºC for thermo-stables isolators.

To calculate the section in this case you must apply the tabulated factors to each span. Consult ITC-BT-19 and 40.

So, we have 2 ways of calculating the cables: by maximum voltage drop or temperature at maximum allowed current. Comparing the result of both ways we will choose the higher resultant section.
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