













Menu





	 maison
	 Ajouter le document
	 Signe
	 Créer un compte







































PV SYSTEMS ENERGY PRODUCTION

is not always operating. A component can be failed and ... Photovoltaic modules are connected in series-parallel to .... point tracker (MPPT) and a transformer DC-to-AC. The ... a three-phase connection and 2 for a single-phased connection). 

















 Télécharger le PDF 






 127KB taille
 14 téléchargements
 417 vues






 commentaire





 Report
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ABSTRACT: This article presents a method developed for carrying out the energy production estimation considering the energy losses in different components of a photovoltaic (PV) system and its downtime effect. The studied system is a grid-connected photovoltaic system including PV modules, wires and inverter. PV systems are sensitive to environmental conditions (UV radiation, temperature, humidity…) and all components are subjected to electrical losses. The proposal method allows obtaining the production of photovoltaic system and its availability during a specified period using meteorological data. The calculation of the production takes into account the downtime because no energy is delivered in the grid during this period. The time-to-failure and the time to repair of photovoltaic system are considered following a Weibull distribution. This method permits to have a best estimation of the production throughout the lifetime of the photovoltaic system. Keywords: Degradation, Durability, Energy Production, PV System, System performance
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INTRODUCTION



Nowadays, several tools exist to calculate the production of a photovoltaic (PV) system as, for example, PVSyst, RETScreen and Calsol. In these softwares, the energy losses in different components of the system and its downtime effect are not generally taken into account in the energy production estimation. Thus, when PV system installers estimate the production, a constant production is assumed along the product life. However, energy losses in photovoltaic module are mentioned in several studies. Generally these losses are considered following a linear distribution. Vázquez and Rey-Stolle [1] estimated the loss at 1% per year, from 1% per year to 2% per year for King [2], 1% per year for Adelstein and Sekulic [3], and 0.76% per year for Osterwald [4]. A photovoltaic system is sensitive to environmental conditions (UV radiation, temperature, humidity…) and is not always operating. A component can be failed and the system does not produce electricity. The downtime effects have been studied by Laronde [5] who determined its reliability using Petri networks method. Maish [6], Ristow [7] and Jahn [9] studied the reliability of photovoltaic system using experience feedback on photovoltaic installations. It shows the necessary to take into the reliability and losses effect to evaluate the photovoltaic system energy production. In this paper, we propose a methodology in order to estimate the production of a photovoltaic system by taking into account the electrical losses and the outages.



Figure 1: Studied photovoltaic system In the studied system, only one inverter is considered. Photovoltaic modules are connected in series-parallel to obtain significant power by balancing the voltage and amperage delivered to inverter. The aim of this article is to determine the power and the performance of a photovoltaic system in considering the time-variant reliability and electrical losses. 2.1 Photovoltaic array The current-voltage curve has to be determined in order to characterize a photovoltaic module. The shortcircuit current ISC, the open circuit voltage VOC and the maximum power PMP are the three main characteristics of a PV module. These characteristics are shown in the current-voltage curve of Figure 2. The relation between I and V can be express as [10]:  qV  I (V ) = I SC − I 0  e kBT − 1    



where I0 is a constant, q is the electronic charge, kB is Boltzmann’s constant and T is temperature in degrees Kelvin. Current (I)



Isc : short-circuit current
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PHOTOVOLTAIC SYSTEM



The studied system is a grid-connected photovoltaic system (cf. Figure 1). This system is made up of photovoltaic array with modules connected in seriesparallel, an inverter which is mainly composed by a DCAC converter, wires which permit to transport the continuous energy from PV modules to inverter (DC wires) and a wire which permit to transport the alternative energy from inverter to grid (AC wire).



(1)



Pmax : maximum power point



IMP



Voc : open circuit voltage



VMP



Figure 2: Current-voltage curve (I-V curve)



Voltage (V)



The short-circuit current and the open-circuit voltage at the optimum orientation and inclination can be expressed as [11]: I SC = I SC, ref



[



]



G 1 + α ⋅ (Tmodule − Tmodule, ref ) Gref



(2)



Solar irradiance IEC 61725 standard is used to express the irradiance evolution during one day. This standard gives the analytical profile for daily solar illumination (cf. Figure 3) from sunrise to sunset.



0     V OC = V OC, ref 1 − γ ⋅ (T module − T module, ref ) ⋅ max  1 + ε ln  G        G ref   



[



]



(3) where G is the effective solar irradiance on the module (W/m2), Tmodule is the module temperature and α, ε and γ are empirical coefficients. These last parameters, ISC,ref and VOC,ref are determined using testing followed in IEC 61215. Standard reference conditions are Gref = 1000W/m2 and Tmodule,ref = 25°C. Moreover, when the PV array is made up of n parallel strings with each string having m PV modules connected in series and the same kind of modules is used, current and voltage at photovoltaic array maximum power IMP and VMP can be expressed as:  I  I MP (t ) = n ⋅ I MP, ref ⋅  SC   I SC, ref     VOC   ⋅ R p ⋅ FT ⋅ (1 − θ module ) ⋅ t V MP (t ) = m ⋅ V MP, ref  V  8760  OC, ref 



(4) (5)



where IMP,ref and VMP,ref are respectively the module’s maximum power point current and voltage at the standard reference conditions. These data are determined during testing of design qualification of IEC 61215 standard. θmodule (in %) is the annual loss which corresponds to the maximum power decreases versus time t (in hours). The performance index Rp is the correction factor which depends on the integration kind of PV modules on the building. Performance indexes presented in Table I are calculated using data of PVSYST software. The transposition factor FT is the correction factor which can change with the orientation and the inclination of photovoltaic modules. Transposition factors presented in Table II are estimated using data of PVGIS website. Table I: Performance index (Rp) Integration of modules Well ventilated modules Ventilated modules Non ventilated modules



Rp 1.00 0.95 0.90



Table II: Transposition factor (FT) in Europe Inclination Orientation 0° 30° 60° West 0.87 0.82 0.69 South-West 0.87 0.95 0.86 South 0.87 1.00 0.93 South-East 0.87 0.95 0.86 East 0.87 0.82 0.69



Figure 3: Analytical profile for daily solar illumination In Figure 3, Gmax (W/m2) is the maximum solar irradiance at solar midday (i.e. t’=0) and Hd (Wh/m2) is the daily solar irradiation for given photovoltaic modules inclination. The mean of Gmax and Hd can be obtained by a meteorological institute for different geographical location. These values are constant for one day (24 hours). For -t0 ≤ t’ ≤ t0, the expression of G is expressed as:   t' π    t ' π   G = G max ⋅ cos  ⋅  × 1 + s ⋅ 1 − cos  ⋅    t 2 0     t 0 2    



where s is the form factor: Hd π s=



⋅ −1 Gmax ⋅ 2t0 2 1−



π



Finally, the photovoltaic array maximum power can be expressed as: PMP (t ) = I MP (t ) ⋅ V MP (t ) (6) Equations (2) and (3) use meteorological data such as module temperature Tmodule and solar irradiance G. Let us focus on these parameters.



(8)
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If the mean daily irradiation Hd is not given by a meteorological institute, the form factor s is supposed equal to zero.



Module temperature The photovoltaic module temperature Tmodule (°K) depends on the ambient temperature Tamb (°K) and the solar irradiance G (W/m2) [12]. It can be expressed as: Tmodule = Tamb +



90° 0.48 0.62 0.67 0.62 0.48



(7)



G (TNOCT − 20 ) 800



(9)



with TNOCT, the nominal operating cell temperature (°C) obtained with an irradiance of 800 W/m2, an ambient temperature of 20°C, a wind speed of 1 m.s-1 and a photovoltaic modules inclination of 45° (IEC 61215). Irradiance G data is calculated by Equation (7). For the ambient temperature, Laronde [13] proposes to express its evolution for one day using a sinusoidal form. The ambient temperature (Tamb) is defined as a function of the daily temperature (Tday):  t '−2 π  ∆T (10) Tamb = Tday +



2



 ⋅ cos  t0 2 



where ∆T is the interval between maximum and minimum temperatures during a day. Tday is a data which provided by the meteorological institute in the studied location.



2.2 Wires between photovoltaic array and inverter In direct current, wires are subjected to losses due to Joule effects. The wire resistance causes a voltage fall which depends on the resistivity ρ, the wire length L and the wire section S: V DC (t ) = V MP (t ) − ρ



I DC (t ) = I MP (t )



L I MP (t ) S



(11) (12)



 L   P (t )  Psystem (t ) = PAC (t ) − b ⋅  ρ ⋅ ⋅ cos ϕ + λ ⋅ L ⋅ sin ϕ  ⋅  AC   S   Vgrid 



(13)



where Vgrid is the grid voltage



Finally,



PDC (t ) = I DC (t ) ⋅ VDC (t )



2.3 Inverter The inverter permits to transform the direct current in alternative current. It is composed of a maximum power point tracker (MPPT) and a transformer DC-to-AC. The inverter operating depends on a defined range for voltage, current and power. If VDC(t) is higher than the DC maximum input voltage, the inverter is disconnected from the grid. In this case, no electricity is delivered and a failure can be occurred (PAC(t)=0). Otherwise, the peak power tracking voltage is between Vmin_MPPT and Vmax_MPPT (because of the Maximum Power Point Tracker – MPPT). The inverter begins to produce electricity at Vmin_MPPT and when Vmax_MPPT value is reached, it produces electricity using Vmax_MPPT voltage and the correspondent current on the IV curve (cf.Figure 4).



V max,MPPT



material resistivity ρ in nominal condition, the wire length L, the wire section S, the phase difference φ between the alternative current and voltage, and a coefficient b which depends on the connection type (1 for a three-phase connection and 2 for a single-phased connection). The system power is determined by the following expression:



VAC(t)



2



(15)
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RELIABILITY OF PHOTOVOLTAIC SYSTEM



The reliability of a system is the ability of a system to perform its required functions under stated conditions for a specified period of time. System failures are modeled using the time to next failure and the duration of the failure. Parameters can follow exponential or Weibull distribution. The exponential distribution is usually used for constant failure rate λ. The probability P of system failure at a time t since the previous failure is calculated from the cumulative distribution function for the exponential distribution: P (t ) = 1 − e − λ ⋅t



(16)



For a non-constant failure rate, the Weilbull distribution is used. The cumulative distribution function for the Weibull distribution is: t  −   η 



β



P (t ) = 1 − e (17) with β the shape parameter and η the scale parameter of the Weibull distribution.



V min,MPPT



V min,MPPT



V max,MPP



V max,DC



VDC(t)



Figure 4: Determination of VAC(t) If the IDC(t) current is higher than the DC maximum input current, the MPPT adapts the inverter charge to limit the input current and the inverter produces electricity using the DC maximum input current and the correspondent voltage on the I-V curve (IAC(t) correspond to DC maximum input current and VAC(t) is determined using the I-V curve). The output alternative power of the inverter is determined as:  I AC (t ) ⋅ V AC (t ) ⋅η inverter  (14)  PAC (t ) = min   



Pmax_AC



 



where IAC and VAC are the current and the voltage at the output of the MPPT, ηinverter is the Euro-Weighted Efficiency (Euroeta) and Pmax_AC the inverter maximum output power.



2.4 Wires between inverter and grid In alternative current, wires are subjected to losses due to Joule effect but with a lower effect. The wire resistance causes a voltage fall which depends on the



These distributions are usually used for the failure estimation but they are used to estimate the time to repair too. From Ristow [7], the lifetime distribution of a photovoltaic system is the Weibull distribution. Distribution parameters for the time to next failure are ηf=13213 hours and βf=1.052, and these for the duration of the failure are ηr=718.4 hours and βr=1.7397. All parameters were determined using data collected for a five-year period from the 342 kWp photovoltaic system atop the Georgia Tech Aquatic Center [8].
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SIMULATIONS



The production of electricity using photovoltaic system is modeled. A toolbox has been developed based on models presented previously. A photovoltaic array of 3 series of 6 photovoltaic modules, for which data are presented in Table III, is taken into account. In the literature, energy losses are between 0% up to 2% [1,2,3,4]. In simulations, three cases of energy losses are considered: • Case 1: θmodule=0 %/year • Case 2: θmodule=0.5 %/year • Case 3: θmodule=1 %/year



Table III: PV module data Name ISC,ref VOC,ref IMP,ref VMP,ref α γ ε



5 Value 5.10 A 44.2 V 4.70 A 35.2 A 331.5 mV/°K -160 mV/°K 0.11



We used copper wire in current direct side and alternative direct side. In the direct side, we consider 20 meters of copper wire with a section of 1.5 mm2. In alternative side, we consider 100 meters of copper wire with a section of 10 mm2 with a three-phase connection. We take into account an inverter with an input voltage range of 150V-400V and a nominal power of 2500 W. For the reliability of the photovoltaic system, the toolbox randomly chooses a failure probability and a repair probability and calculates the time to failure and the time of the failure using these data. During the duration of the failure, no electricity produced is considered (the production is equal to 0 kWh during this duration). Using meteorological data of Paris, the yearly mean energy production on 30-years can be estimated with 500 simulations and is shown in Figure 5.



Figure 5: Energy production The annual production is 2990kWh in the case where the reliability and annual losses are not taken into account. As we can see in Figure 5, the energy production versus time is changing with losses and outages. In Figure 5, the impact of outages are in evidence when losses are enough estimated. We found a mean loss of 2.63% (ie. 0.09%/year) for the case 1, a mean loss of 17.81% (ie. 0.57%/year) for the case 2, and a mean loss of 33.14% (ie. 1.10%/year) for the case 3. During 30 years, the simulation gives a production of 87337 kWh for the case 1, 80852 kWh for the case 2 and 74282 kWh for the case 3. If neither outages nor losses are taken into account is the estimation, the energy production is equal to 89700 kWh like as installers generally realize. In the case where just reliability is taken into account, we found that the installation will be outage during 10 months compared with the data of installer. Moreover, if the annual losses are taken into account, the installer overvalues the production of 8848 kWh (ie. nearly 3 years) for the case 2 and 15418 kWh (ie. more than 5 years) for the case 3.



CONCLUSION



In practice, installers used software which not takes into account the time effect to predict the production of a photovoltaic system. In this paper, we propose a methodology to estimate the production of a photovoltaic system using electrical losses and the system reliability. This method permits to have a best estimation of the production throughout the lifetime of the photovoltaic system. We used a linear distribution for the electrical loss. The perspective of this work is to compare simulations with real data in order to improve the estimation of the production.
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