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(57) ABSTRACT 

The invention is directed to an evaluation method for deter 
mining a poWer reduction due to ageing of at least one pho 
tovoltaic module at constant radiation intensity With a mea 
surement of an electric variable that may change after a period 
of time such as cell current, cell voltage and/or cell poWer, 
Without additional sensors for measuring the radiation inten 
sity, With the following steps 

?xing at least one class k that can be compared year by year 
and Within Which a daily poWer curve or portions of the 
daily poWer curve of the photovoltaic module can be 
compared to each other due to the radiation intensity and 
the outside temperature to be expected as Well as the 
radiation time, the class k corresponding to a de?ned 
period of a year, 

measuring energy output values Ek,n that can be compared 
year by year from a comparable poWer curve Pk,n (t) 
through the variable delivered by the photovoltaic gen 
erator so that energy differences are determined on the 
basis of the classes k, n being the respective year, 

indicating a poWer reduction of the photovoltaic module 
With respect to one or several previous years from the 
energy output value E k,n directly delivered by the pho 
tovoltaic module by calculating the difference With 
respect to the energy outputs Ek,i of the years i to be 
compared, 

data of comparable days having a comparable poWer curve 
P(t) of the photovoltaic module being observed over 
several years. 
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EVALUATION METHOD 

1. FIELD OF THE INVENTION 

[0001] The invention relates to an evaluation method for 
determining a poWer reduction due to aging of at least one 
photovoltaic module at constant radiation intensity by mea 
suring an electrical variable that may vary after a While such 
as cell current, cell voltage and/or cell poWer Without addi 
tional sensors for measuring the radiation intensity. 
[0002] The poWer of solar cells or of photovoltaic modules 
is subject to aging. The loss of e?iciency ranges from 10% to 
20% over a period of time of 20 years. 
[0003] For mounting, solar cells are combined into mod 
ules, so-called solar or photovoltaic modules or solar panels. 
After 20 years, a solar module only has 90% to 80% of the 
poWer indicated. 

2. DESCRIPTION OF THE PRIOR ART 

[0004] From a study “Pratt R. G. et al: “PoWer of a 4 kW 
amorphous-silicon alloy photovoltaic array at Oakland Com 
munity College, Auburn Hills, Mich.” XP010750513” it is 
knoWn to record the e?iciency and the energy output of the 
plant over a short period of time. It appears from the study that 
the mere comparison of e.g., the energy output in the same 
month of e.g., tWo consecutive years does not alloW inference 
on the aging of the PV modules since the values characteriZ 
ing the energy output such as radiation intensity and tempera 
ture differ too much. 
[0005] Methods are knoWn, Which are based on arti?cially 
accelerated aging tests. These tests are only performed for 
certain conditions such as temperature and irradiation and are 
thus usually allocated safety factors. Hence, the ef?ciency a 
manufacturer guarantees after a certain time is usually less 
than the actual ef?ciency drop. For such tests, additional 
sensors are moreover utiliZed for sensing for example the 
temperature or radiation intensity. 
[0006] In practice, the poWer drop of the solar module is 
very di?icult to folloW over time. It is dif?cult to locate 
Whether the poWer drop is Within the limits indicated by the 
manufacturer since certain general conditions are needed for 
this purpose such as a certain outside temperature, precise 
sensors or calibratable radiation sensors and the like. 

BRIEF SUMMARY OF THE INVENTION 

[0007] It is the object of the invention to ?nd a method of 
the type mentioned herein above by means of Which a long 
term poWer reduction of solar modules in an installed solar 
plant can be readily determined With high accuracy. 
[0008] This object is solved by the folloWing method steps: 

[0009] ?xing at least one class k, Which is comparable on 
a year-to -year basis, Within Which a daily poWer curve or 
portions of the daily poWer curve of the photovoltaic 
module can be compared to each other on the basis of the 
radiation intensity and the outside temperature to be 
expected as Well as of the radiation time, said class k 
corresponding to a de?ned time range, 

[0010] measuring energy output values Ek,n that can be 
compared on a year-to-year basis from a comparable 
poWer curve Pk,n (t) by the variable delivered by the 
photovoltaic generator so that energy differences Will be 
determined on the basis of the classes k, n being the 
respective year, 
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[0011] indicating a poWer reduction of the photovoltaic 
module With respect to one or more previous years of the 
energy output value Ek,n immediately delivered by the 
photovoltaic module by calculating the difference from 
the energy outputs Ek,I of the comparable years i, 

[0012] data of comparable days having a comparable 
poWer curve P(t) of the photovoltaic module are being 
observed over several years. 

[0013] Further advantageous implementations of the inven 
tion are characterized in the dependent claims. 
[0014] Thanks to the measurement method of the inven 
tion, it is possible to determine very precisely a long-term 
poWer reduction Without the need of additional sensors. 
[0015] The invention relies on the observation that compa 
rable days in terms of radiation intensity and temperature of 
the solar plant can be found over several years, these days 
alloWing a reliable statement With regards to poWer reduction 
thanks to their comparability. In order to ensure comparabil 
ity in terms of solar radiation, it is possible to compare over 
the years days in Which a poWer curve P(t) is almost identical 
for example. Since the radiation intensity and the radiation 
time ?uctuate in the course of a year, the year is divided in 
several periods, i.e., in several classes k. k may for example be 
equal to 52 so that the comparison may be made Weekly. The 
actual comparison then only occurs Within one class k over 
the years n. 

[0016] Accordingly, the invention relies on the idea con 
sisting in observing the energy output of the solar plant over 
several years. Actual data are compared With the values in 
previous years. This alloWs locating in Which Way the energy 
output decreases over the years. 
[0017] In every year, the days must be found at Which the 
energy output of the solar plant is comparable With values of 
previous years in order to be capable of making a reliable 
statement in terms of poWer reduction. 
[0018] Accordingly, for each year n, there may be a maxi 
mum of k energy values. These energy values can be com 
pared to the energy values of a previous year, for example to 
those of the previous year or of the ?rst year. The difference 
betWeen the energy values is for example a measure of the 
poWer reduction. This difference can be normalized. The 
energy amount of the previous year may serve as a standard. 
[0019] Accordingly, the invention alloWs observing over 
the years poWer reduction Within one class. Thanks to this 
accurate measurement, a solar plant can thus be connected for 
a longer time to a grid Without maintenance Works. It is also 
possible to locate early increased poWer reduction so that 
photovoltaic modules can be exchanged in time. 
[0020] To measure the energy output, a variable of the 
generator such as the generator current, the generator voltage 
or the generator poWer can be measured. 
[0021] In an advantageous embodiment of the measure 
ment method of the invention, there are provided at least tWo 
classes k, Which are distributed over the year and Within 
Which the daily poWer curves or the portion of the daily poWer 
curve are comparable on the basis of the radiation intensity 
and the outside temperature as Well as of the radiation time. 
This alloWs for taking into consideration the seasonal ?uc 
tuations of the radiation intensity and of the outside tempera 
ture as Well as of the irradiation time to be expected. 

[0022] Sensing or ?ling a daily curve of the poWer P of the 
generator as Well as of the energy output E of the photovoltaic 
generator of the day is particularly advantageous, a day poWer 
curve P(t) being determined, the course of Which is compa 



US 2009/0171597 A1 

rable to at least one day curve Pk,n(t) from previous years. 
Accordingly, a measurement of the day curve of the power of 
the solar generator P(t) as Well as of the daily energy output 
Etag, i.e., of the tWo variables is advantageous. These values 
can be recorded and ?led in a data bank, for example by 
means of a data logger. Within each class k, one day poWer 
curve Pk,n(t) the course of Which is comparable to the day 
poWer curves Pk,i(t) from previous years can be determined 
for each year n. This also means that at most k energy output 
values Ek,n are determined for each year, said energy output 
values being compared to the energy output values Ek,I of the 
previous years i, for example the ?rst year values Ek, 1 so that 
at the mo st k values are determined for the energy differences 
AEk,n. At least one of these energy differences AEk,n related 
to an energy output value Ek,i of a previous year, for example 
of the ?rst year Ek,l is used to indicate the poWer reduction of 
the solar generator. 
[0023] Accordingly, Within each class, one day or one mea 
surement period is determined the poWer curve P(t) and the 
energy output E of Which is comparable to measurements 
performed in earlier days. 
[0024] It is advantageous that a number ktmax of day 
classes kj is formed. The day classes correspond to time 
periods that are associated With ?xed time intervals and that 
are distributed over the daily sunshine period to be expected. 
This comparison then occurs betWeen measurement intervals 
comprising both the same k and kj classes. One class may also 
be a class having a same pair of coef?cients (k, kj) or a same 
tuple. In the variant Widened to include the day classes, there 
is a maximum of k*kj energy values E((k,kj),n), Which are 
compared to the energy values of the previous years. Differ 
ences and averages can be calculated here. 

[0025] In an advantageous embodiment of the invention, 
comparable days are determined Within one class in tWo steps 
at most, namely by calculating and evaluating the ?rst deri 
vation Pk'(t) of the function Pk(t). 
[0026] The ?rst derivation Pk'(t) of the data host Pk(t) is 
hereby calculated and it is checked Whether certain limit 
values have been respected. If these limit values are exceeded 
or not reached, it can be assumed that this day Was cloudless. 
[0027] Alternatively, the ?rst derivation Pk'(t) is calculated 
and evaluated by testing a curve area included therein for 
?xed limit values. In a ?rst step, the ?rst derivation Pk‘ (t) then 
enters an evaluation method Which yields values that are not 
alloWed to exceed or fall short of imposed limit values. 
[0028] Using a plausibility criterion, it can be clearly deter 
mined in a second step Whether the day is really cloudless. 
One plausibility criterion may for example be measurement 
data from the data host Pk(t) lying Within tolerance bands 
such as a tolerance band for a certain region or a tolerance 
band for summer days and one for Winter days. This means 
that this plausibility criterion is applied to the data host P(t) 
for example. 
[0029] An alternative plausibility criterion is applied to the 
energy output Ek,tag. The energy output Ek,tag is not alloWed 
to fall short of an imposed limit value either. 
[0030] As an alternative or in addition thereto Zero cross 
ings of the ?rst derivation Pk'(t) are advantageously evaluated 
in another implementation. A day is clearly cloudless if there 
is only one Zero crossing. This evaluation method can be 
performed in only one step. 
[0031] It is further sensible to impose limit values in the 
?rst year and to verify these limit values in the folloWing 
years. 
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[0032] In another advantageous developed implementation 
of the method of the invention there is provided that at least 
one average value AEmittel is calculated from the k energy 
difference values AEk,n for the year n as a measure for poWer 
reduction. By calculating the average, it is possible to make a 
very precise statement about the aging condition of the solar 
cells. The advantage of this Way of proceeding is that quo 
tients or percentage values obtained thereby, meaning daily 
and Weekly values, can be averaged both for the k and for the 
kj classes. One thus obtains a very Wide statistical basis, 
Which ensures good accuracy of the values. 
[0033] A particular bene?t is obtained if a daily poWer 
curve is determined, Which substantially comprises a daily 
poWer maximum. This case occurs if the day is cloudless. In 
this variant of the invention, only energy values from mea 
surement periods are compared in Which there Was no 
shadoW. ShadoWing can be recogniZed With the methods 
mentioned herein above. 
[0034] In this variant, time periods of shadoW are recog 
niZed by evaluating the change in luminosity occasioned by 
passing clouds. In principle, one locates the change in lumi 
nosity by calculating the derivation of the poWer generated by 
the solar plant With respect to time. High values of such a 
derivation are evaluated by an evaluation algorithm Which 
calculates Whether the time range of the measurement Was 
in?uenced by clouds. An effect of bene?t is obtained by 
implementing an evaluation standard through ?x or adaptive 
threshold values. An evaluation standard With amount aver 
ages, quadratic averages or other values can be utiliZed. An 
advantage is obtained if a time range With shadoWing is rec 
ogniZed by comparing the amount of poWer or energy gener 
ated in the time range With a comparative value. If there are 
signi?cant negative differences, there Were shadoWs. Such a 
comparative value can be generated from a model of radiation 
on a cloudless day. A comparative value can also be calculated 
from the radiation values of previous days, in particular if 
these corresponding time intervals Were recogniZed to be 
cloudless. An effect of bene?t is obtained if a comparative 
value is calculated from values of previous years that have 
been stored. 
[0035] An exemplary embodiment Will be described in 
closer detail With reference to the draWings, additional devel 
oped implementations of the invention and advantages 
thereof being described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] In said draWings: 
[0037] FIG. 1a shoWs a matrix for several years 1 throughn 
as Well as several classes 1 through k shoWing energy outputs, 
[0038] FIG. 1b shoWs a matrix comparable to that of FIG. 
1a, this matrix noW shoWing the energy differences, 
[0039] FIG. 2a shoWs a measured curve ofthe poWer P ofa 
photovoltaic generator for a cloudless day, 
[0040] FIG. 2b shoWs a schematic course of the curve 
shoWn in FIG. 2a, 
[0041] FIG. 2c shows the course of the ?rst derivation for 
the function shoWn in FIG. 2b, 
[0042] FIG. 3a shoWs a measured gradient of the poWer P of 
the photovoltaic generator for a day With passing clouds, is 
FIG. 3b shoWs a schematic curve of the poWer shoWn in FIG. 
311 for the day With passing clouds, 
[0043] FIG. 3c shows the course of the ?rst derivation for 
the function shoWn in FIG. 3b, 
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[0044] FIG. 4a shows the measured course of the power P 
of the photovoltaic generator for a cloudy day, 
[0045] FIG. 4b shoWs the schematic curve of the poWer P 
for this day With overcast sky, 
[0046] FIG. 4c shows the curve of the ?rst derivation for the 
function shoWn in FIG. 4b. 

DETAILED DESCRIPTION OF THE INVENTION 

[0047] FIG. 1a illustrates a matrix With energy output data 
for several years 1 through n, Which are indicated in the 
matrix lines as Well as for several classes 1 through k, Which 
are indicated in the columns. The formulae beloW the matrix 
indicate the energy differences for each class k and for the 
respective year n. For each year n, one then has k energy 
values Ekm. These energy values passing clouds can then be 
compared to the energy values Ek,Z of the year before i, of any 
previous year or of the ?rst year. The difference AEkJFEk; 
Elf,” is taken to measure the poWer reduction. This difference 
can be normaliZed. The energy output of the year before i can 
for example serve as a standard so that the poWer reduction 
can be expressed by AEk,,q/Ek,l.:(Ek,i—Ek,n)/Ek,Z As a result, a 
poWer reduction of the photovoltaic modules can be observed 
Within one class over several years. 

[0048] Accordingly, in FIG. 1a, AEl ,n through AEkm signify 
energy differences for each class. AE’X‘M means normaliZed 
energy differences for each class; this Will be explained in 
closer detail later. 

[0049] In accordance With the invention, the method is 
based on the measurement or on the acquisition of the daily 
curve of the poWer of the solar generator P(t) as Well as on a 
daily energy output Etag. These data can be stored in a data 
bank. 

[0050] Distributed over the year, there are several classes k. 
TWo classes k are required though. This is bene?cial in order 
to take into account a seasonal radiation intensity as Well as a 
seasonal dependent outside temperature. 
[0051] Within each class k, a poWer curve Pk,n(t) is deter 
mined for each year n, said curve having a course that is 
comparable With the daily poWer curves Pk,I of previous 
years i. 
[0052] I.e., for each year, a maximum number k of energy 
output values Elf,” are ascertained, Which are compared to the 
energy output values Ek’l of the previous years, for example 
With the energy output values E k, I, so that a maximum number 
k of values is determined for the energy differences AEkm. 
[0053] At least one of these energy differences AEkm related 
to an energy output value Ek,Z of a previous year i, for example 
of the ?rst year value EU, is used to indicate the poWer 
reduction of the photovoltaic generator. 
[0054] Preferably, the energy outputs are related to one day. 
I.e., Within each class one ascertains a day the poWer curve 
P(t) and the energy output E of Which are comparable With 
measurements performed in earlier days. For each year n, one 
then has k energy values Ekm, Which relate to one day. These 
daily energy values Elf,” can then be compared With the daily 
energy values Ek,,q_l of the year before or With the energy 
values Ek,Z of the ?rst year or of any year. 
[0055] In FIG. 1b there is shoWn another matrix Which 
includes the energy differences for several years 1 through n 
as Well as for all classes 1 through k. BeloW the matrix, there 
is shoWn a measurement graph shoWing the energy differ 
ences AE related to the years 1 through n. 

Jul. 2, 2009 

[0056] From these variables, mean values from all the k 
energy differences A(Ek,n) can be acquired for one year n, 
namely With the formula: 

AEmitteLn : AEmJL M» l 

k 
m 

[0057] For normalized energy differences, the above men 
tioned formula takes the folloWing form: 

1 k 

AEjnittelJl : Z AEfmn 

[0058] Then, the values AEml-ttel’n or AE’l‘ml-ttehn indicate a 
yearly average value for poWer reduction of the photovoltaic 
generator in the respective year n. 
[0059] It is also possible to consider quadratic averages or 
an average to the poWer of p, i.e., MEI“)? or A(E(k,lg-),n)p. As 
a result, a signi?cant change in the values is possible through 
Which the ageing process of the cells can be normalized. An 
effect of bene?t is obtained if p is a constant comprised 
betWeen 2 and 6. Herein after, location is described for com 
parable days. 
[0060] The FIGS. 2a, 3a and 411 show different daily poWer 
curves P(t) for different Weather conditions. In FIG. 2a, the 
measuredpoWer curve is based on a cloudless day. In FIG. 3a, 
a measured curve of the poWer P of the solar generator is 
shoWn as a function of the time for a day With passing clouds, 
the sun irradiating periodically the photovoltaic generator 
through holes in said clouds. In FIG. 4a, the measured curve 
of the poWer P of the solar generator relates to a very cloudy 
day or to a day With constant Weak solar radiation. 
[0061] As shoWn in FIG. 2a, the radiation poWer of the sun 
increases at sunrise. About noon, it reaches its maximum 
peak. ToWard sunset, the radiation falls toWard Zero again. 
FIG. 2a accordingly illustrates the measured curve of the 
poWer P of a photovoltaic generator or of one or more pho 
tovoltaic modules as a function of time t for a cloudless day. 
As can be seen from the curve, there is only one daily maxi 
mum With respect to poWer P. There is no poWer break due to 
passing clouds. 
[0062] In FIG. 311 it can be seen that there are strong poWer 
?uctuations. The intensity of the radiation of the photovoltaic 
modules, Which has changed because of the passing clouds, 
can be seen clearly. 

[0063] If a day generates a curve as shoWn in FIG. 4a, the 
day is for example cloudy or rainy and the solar radiation 
quite loW. Typically, this may be a Winter day. 
[0064] Accordingly, the FIGS. 2a, 3a and 411 show typical 
measured poWer curves 

[0065] P(t) for days With different Weather conditions, 
these being in discrete form, i.e., they constitute effective 
measured variables. For simplicity’s sake, these functions are 
shoWn schematically or as continuous functions in the FIGS. 
2b, 3b and 4b. The discrete measurement data can also be 
transformed into continuous functions through appropriate 
interpolation methods. 
[0066] Preferably, in a ?rst step, the ?rst derivation P'(t) of 
the poWer curve P(t) is formed and evaluated for each day, as 
shoWn in the FIGS. 20, 3c and 4c. 



US 2009/0171597 A1 

[0067] FIG. 2b shows the cloudless, sunny day. A plurality 
of measurement results are ?led in a data bank over the day. 
[0068] These results are shoWn in the curve through mea 
surement points on the curve. The curve has a day maximum 
peak, Which is typically about noon. The area beloW the 
curves corresponds to the curve integral or to the energy. 
[0069] FIG. 3b schematically shoWs the poWer curve for 
passing clouds. A kind of harmonics, Which are generated by 
the periodical shadoWing through the clouds, are superim 
posed on a basic curve, Which corresponds to the curve in 
FIG. 2b. 
[0070] In order to be capable of determining a poWer reduc 
tion of the solar module With very high accuracy, data having 
a comparable poWer curve P(t) of the photovoltaic module or 
of the solar plant are preferably observed over several years. 
As they are comparable, it is possible to make a reliable 
statement With respect to poWer reduction of the photovoltaic 
module. In principle, completely cloudy days as illustrated in 
FIG. 4a or 4b or days With passing clouds as shoWn in the FIG. 
3a or 3b are in principle suited for comparison. A comparison 
With cloudless days is hoWever preferred, i.e., a curve as 
shoWn in FIG. 2a or 2b is compared year by year. 
[0071] The measurement method preferably uses the poWer 
curve P(t) as Well as the energy output E that corresponds to 
the area enclosed by the curve. This area is hatched in the 
FIGS. 2b, 3b and 4b. Both are evaluated. Through this mea 
surement method, additional information such as outside 
temperature or radiation data is not needed. Sensors are not 
needed either since the poWer data are measured from the 
variable of the photovoltaic module that has been delivered. A 
voltage, a current or both can be measured. It is also possible 
to directly measure the poWer. 
[0072] The FIGS. 20 through 40 shoW the ?rst derivation 
P'(t) of the functions shoWn in the FIGS. 2b through 4b. 
[0073] FIG. 4b shoWs an example for the curve of the poWer 
of the photovoltaic generator as a function of time (t) for a day 
With overcast sky. In FIG. 40, there is for example shoWn the 
associated ?rst derivation With respect to time. As opposed to 
a cloudless day, the maximum poWer Pmax can hoWever be 
signi?cantly less. 
[0074] In a ?rst step, the function P'(t) is formed. 
[0075] The ?rst derivation P'(t) can be evaluated in different 
Ways. The evaluation clearly indicates Whether the day is 
cloudless or not, as shoWn in FIG. 30. 
[0076] In a second step, one then analyZes and makes cer 
tain Whether a cloudless day has indeed been found. For this 
purpose, the poWer curve P(t) or its ?rst derivation P'(t) is 
evaluated. Preferably, tWo evaluation steps are utiliZed in 
order to reliably acquire a comparable cloudless day. 
[0077] In one of the steps, the ?rst derivation P'(t) is evalu 
ated. For this purpose, there are tWo possibilities of evaluating 
the ?rst derivation P'(t). A ?rst possibility is based on the fact 
that the evaluation method is based on analyZing a maximum 
for P'(t). If, as shoWn in FIG. 20, the maximum value P'max is 
for example beloW an imposed limit (upper dashed line) or if 
the minimum value P'min is above an imposed limit P'min 
(loWer dashed line), it is supposed that the day is cloudless. 
[0078] As shoWn in FIG. 30, the ?rst derivation of the 
poWer curve for a day With passing clouds has a much higher 
maximum value P'max but also a much loWer minimum value 
P'min than the ?rst derivation of the poWer curve for a cloud 
less day shoWn in FIG. 20. In the FIGS. 20, 3c and 4c, the 
upper limit P'max and the loWer limit P'min are also shoWn as 
dashed lines. Such limit values can also be de?ned for certain 
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regions. This is possible because average radiation values are 
knoWn in principle for all the regions in a country. Since 
radiation values are not only knoWn for regions but also e. g., 
for certain cities, ?ne-tuning is possible. These limit values 
are advantageously acquired and ?xed for e.g., a cloudless 
day in the ?rst year the plant is in operation. Then, veri?cation 
is performed in the course of the years. Thus, even long-term 
climatic changes in a region due to climate change can be 
taken into consideration. 

[0079] As shoWn in FIG. 40, the values of the ?rst deriva 
tion of the poWer curve for an overcast day are also beloW or 
above the imposed limits. Another criterion can be readily 
used to undoubtedly and automatically locate a cloudless day. 
This is advantageous because a completely cloudy day yields 
a daily poWer curve P(t) that is similar to that of a cloudless 
day. 
[0080] A second possibility of evaluating the ?rst deriva 
tion P' (t) is described herein after. In this variant of the evalu 
ation method, P'(t) is also formed from the poWer curve P(t) 
for each day. 
[0081] For each day, the integral is for example determined 

If the value I acquired lies beloW a maximum alloWable limit 
I_max so that I<I_max, it can be assumed that the day is 
cloudless and this day can be included in calculating the 
poWer reduction. This limit is obtained from typical radiation 
values and depends for example on the geographical situa 
tion. The corresponding day is then ?xed according to the 
same pattern as in the previous example of the evaluation 
method of P'(t). 
[0082] The integral I is a measure for the area included in 
the ?rst derivation P'(t). A comparison betWeen the FIGS. 20 
and 40 clearly shoWs that the area enclosed by the curve is 
signi?cantly smaller on a cloudy day. This area is determined 
by the integral I. This means, if I<I_max, the day may also be 
cloudy. Therefore, it is appropriate to perform an additional 
evaluation step. 
[0083] In another possibility of evaluating the ?rst deriva 
tion P'(t), only the Zero crossings of the P'(t) are taken into 
consideration. If the day is for example cloudless, the number 
of Zero crossings of the curve P(t) is equal to 1. This Zero 
crossing takes place at the time of poWer maximum, as shoWn 
in FIG. 20. If more than one Zero crossing is located, as is 
illustrated in FIG. 30, it can be assumed that the day is not 
cloudless. 

[0084] Herein after, the second step of evaluating the poWer 
curve P(t) is described in closer detail. 

[0085] Since in the ?rst step it is at ?rst only supposed that 
the day is cloudless or not, this must be con?rmed in a second 
step. 
[0086] There are different variants to achieve this. The ?rst 
possibility is to evaluate the daily poWer curve P(t) in the 
second step. 
[0087] The ?rst method for evaluating the daily poWer 
curve P(t) consists in determining the daily energy output 
Etag and in comparing it With an imposed minimum value. If 
the daily energy output Etag exceeds this minimum value, it is 
certain that the day is cloudless. 
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[0088] The second evaluation method in the second step 
consists in evaluating the extreme values of the poWer curve 
P(t). For this purpose, an absolute value of the poWer Pabs is 
acquired from the host of data P(t) measured Within one day. 
It may for example be the maximum value Pmax of the poWer 
P(t) for the day observed or also an average of several poWer 
maxima. If this value Pabs lies Within a tolerance band rang 
ing from Pabs_min to Pabs_max, then it may Well be a rela 
tively cloudless day. Indirectly one also considers the radia 
tion intensity and the duration Without the need for an 
additional sensor. 

[0089] This method can be even further improved by using 
the measurement or the measurement values of the tempera 
ture of the modules and/ or of the outside temperature. 

1. An evaluation method for determining a poWer reduction 
due to ageing of at least one photovoltaic module at constant 
radiation intensity by measuring an electric variable that may 
change after a period of time such as cell current, cell voltage 
and/or cell poWer Without additional sensors for measuring 
the radiation intensity 

With the folloWing steps 
?xing at least one class k that can be compared year by 

year and Within Which a daily poWer curve or portions 
of the daily poWer curve of the photovoltaic module 
can be compared to each other due to the radiation 
intensity and the outside temperature to be expected 
as Well as the radiation time, the class k corresponding 
to a de?ned period of a year, 

measuring energy output values Ek,n that can be com 
pared year by year from a comparable poWer curve 
Pk,n (t) through the variable delivered by the photo 
voltaic generator so that energy differences are deter 
mined on the basis of the classes k, n being the respec 
tive year, 

indicating a poWer reduction of the photovoltaic module 
With respect to one or several previous years from the 
energy output value E k,n directly delivered by the 
photovoltaic module by calculating the difference 
With respect to the energy outputs Ek,i of the years i to 
be compared, 

data of comparable days having a comparable poWer 
curve P(t) of the photovoltaic module being observed 
over several years. 

2. The evaluation method as set forth in claim 1, charac 
teriZed by acquiring and/or ?ling a daily curve of the poWer 
P(t) of the generator as Well as of the energy output E of the 
day for the generator, in particular in a data bank, 

determining a daily poWer curve Pk,n(t) the course of 
Which is comparable at least With a daily poWer curve 
Pk,i(t) from previous years i and 
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?ling the daily output curve Pk,n(t) found and the energy 
output Ek,n in a data bank. 

3. The evaluation method as set forth in claim 1, charac 
teriZed by forming daily classes kj, Which are allocated to 
?xed time intervals of a day. 

4. The evaluation method as set forth in claim 1, charac 
teriZed by forming and evaluating a ?rst derivation of the 
function P(t). 

5. The evaluation method as set forth in claim 1, charac 
teriZed in that only energy output values are compared Which 
come from measurement periods comprising only one daily 
poWer peak. 

6. The evaluation method as set forth in claim 1, charac 
teriZed in that data With comparable poWer curve P(t) of the 
photovoltaic module are observed over several years. 

7. The evaluation method as set forth in claim 4, charac 
teriZed by determining comparable days in one step by deter 
mining and evaluating the number of Zero crossings of the 
?rst derivation P'(t) is determined and evaluated. 

8. The evaluation method as set forth in claim 4, charac 
teriZed by determining comparable days in tWo steps by 

a. evaluating the ?rst derivation P'(t) of the function P(t) 
using a ?rst criterion and 

b. evaluating the daily poWer curve P(t) using a second 
criterion. 

9. The evaluation method as set forth in claim 8, charac 
teriZed by the ?rst criterion for evaluating the ?rst derivation 
P'(t) by the fact that the extreme values of the ?rst derivation 
P'(t) Will not exceed an upper limit value P'max and Will not 
fall beloW a loWer limit value P'min or that the area included 
by the curve of the ?rst derivation P'(t) Will not exceed a ?xed 
limit value. 

10. The evaluation method as set forth in claim 8, charac 
teriZed by the second criterion for this evaluation of the daily 
poWer curve P(t) by the fact that the daily energy output Etag 
is formed and that this daily energy output lies above a ?xed 
limit value or that the maximum of the daily poWer curve P(t) 
lies Within a tolerance band Pabs_min and Pabs max. 

11. The evaluation method as set forth in claim 1, charac 
teriZed by specifying limit values in the ?rst year of measure 
ment and verifying the limit values in the folloWing years. 

12. The evaluation method as set forth in claim 1, charac 
teriZed by acquiring at least one average value AEmittel,n 
from the k energy output difference values AEk,n for the year 
n as a measure for poWer reduction. 

13. A solar plant With means for carrying out the measure 
ment method as set forth in claim 1. 

* * * * * 


