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Abstract 
A one year data analysis for a micro PV-Wind hybrid system (0.52 kW + 1 kW), 

installed in Borlänge/Sweden is presented in this paper. The system performance 

was evaluated according the guidelines of the IEC 61724 standard. The parameters 

obtained allow a comparison with similar systems. The measurement data are also 

used to evaluate the sizing and operation of the hybrid system. In addition, the 

system was modelled in HOMER to study sizing options.  

 

System description 
A micro PV-Wind hybrid off-grid system for educational and research purposes has 

been installed at Dalarna University Borlänge in 2007. Borlänge is located 250 km 

North-West of Stockholm at a latitude of 60°. The system was designed, built and 

monitored as part of several Master theses projects at the European Solar 

Engineering School [1-5]. In this work the performance of the system will be analysed 

from July 2008 to June 2009.   

The system consists of a 520 Wp PV array, a 1kW wind turbine and a battery bank of 

6 kWh. The PV array consist of four 130Wp modules tilted 45° towards south. The 

wind turbine is installed on the 10m hub on the roof of the school building. The roof 

height is about 10m. The rated power is given for a wind speed of 11 m/s. The 

battery bank consists of six maintenance free 12 V batteries. They are connected 

pair wise in series forming 3 strings to obtain the 24 V system voltage. PV array, wind 

turbine and battery bank are connected through the control unit that regulates the 

system and prevents overcharging of the batteries. The controller has also an inbuilt 



DC-DC step-up converter to adapt the wind turbine output voltage to the battery 

voltage. The overcharge protection of the batteries is realized by disconnecting the 

PV array and/or dumping the excess energy to a PVM controlled dump load resistor. 

A MPP tracker for the PV array is not included, so the PV array always operates at 

battery voltage. The controller has also no deep discharge function to protect the 

batteries from deep discharge cycles. 

Two variable resistors, with a range of 0 Ω to 21 Ω and a maximum current of 4.5 

Amp each, are used as load for the system.  

Figure 1 shows the system including the measurement equipment used to monitor 

the systems. 

 

 
Figure 1. System layout and monitoring equipment. 

 

Aims and method 
The main purpose of this work is to obtain a complete annual analysis of the overall 

performance of the micro-hybrid system, as well as looking at the specific behaviour 

of each element.  



For the evaluation the system was monitored for a one year period recorded from 

July 2008 to June 2009. The data have been measured with a sampling rate of 1 sec 

and recorded as 10 sec average values. From these values daily, monthly and yearly 

parameter have been calculated. The data were analysed following the International 

Electrotechnical Standard (IEC) 61724 [6]. For PV, the methodology of the standard 

was followed and the for wind part a similar approach is applied, mainly following the 

procedure proposed by Arribas et al. [7].  

The studied PV-Wind Hybrid system was also modelled in HOMER [8] in order to; 

a) evaluate how accurate the system can be modelled, 

b) to study if the sizing has been appropriate, 

c) and to evaluate what reduction of size (and costs) this combination of wind an 

solar allows compared to a PV only or wind only system. 

 
Data Analysis 
The system shall supply a constant electrical load. One of the main questions was 

what load size is suitable for the system. Based on the previous year of operation a 

load power of about 30 W was chosen. The load is emulated by a variable resistor 

where the resistance is chosen according to the desired power. This implies that the 

actual load is varying slightly with the system (battery) voltage. During autumn 2008 

the load was increased in order to study if even a larger load can be supplied. In 

November the load was lowered again to the original value (see Figure 2). 

In Figure 2 monthly yields of the PV array and wind turbine are shown in comparison 

with the load and the losses. It can be seen that in total more than half of the energy 

provided by the PV array and the wind turbine was wasted. The major part of this 

energy was excess energy, generated when the yield was higher than the demand 

and the batteries were fully charged. Other losses are battery and controller losses. 

The controller has a standby consumption of about 1.3 W but controller losses are 

increasing during operation especially when the DC/DC step-up converter is lifting up 

the voltage of the wind turbine to the battery voltage level. Figure 3 shows the 

efficiency of the controller for one day with low wind speeds. It can be sent that the 

conversion efficiency for wind power below 30 W is significant lower than for values 

above 30 W. This range (0-30 W) corresponds to wind speeds between 2.5 and 3.5 



m/s which stands for about 15% of the useful wind speeds and about 7% of the wind 

turbine yield at this location.  
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Figure 2. Monthly energy balances, July 2008 to June 2009. 
 

As Figure 2 implies, solar and wind resources compensate to some extent their 

minima’s throughout the year. During the spring and summer the PV array supplies 

the main part of the energy while during autumn and winter the main part comes from 

the wind turbine. Difficult months have been December and February when it was not 

possible to provide the complete load. While in December both solar and wind 

resources were insufficient, was the reason for the loss of load in February mainly 

due to snow covering the PV modules. 

 
Figure 3. DC-DC wind converter efficiency derived with 10 sec average values. 



The seasonal compensation of wind and solar is favourable for the sizing and cost of 

a off-grid system with a constant load [9]. For the current system this will be 

discussed in the section “System sizing”.  

The data were also used to study if there is a daily balancing of solar and wind 

power. As solar power is available during day time, a big part of the yield needs to be 

stored for the evening/night (provided a constant or evening load needs to be 

supplied). Unfortunately, wind power follows to large extent the pattern of solar 

power. This can be seen in Figure 4 where the measured wind speed is shown as 

daily profiles for each month. The peaks are less pronounced in autumn and winter 

so that less excess energy will be produced during these periods as there is less 

simultaneous operation of wind turbine and PV array. 

 
Figure 4. Daily wind speed profiles for Borlänge July 2008-June 2009. The profiles 

have been obtained by HOMER [8] by importing measured wind speed data. 

 

Evaluation according to IEC 61724 
For the overall evaluation of the system IEC 61724 [3] has been applied. This 

standard has been developed mainly for the evaluation of PV systems. However, it 

can also be used for hybrid systems. A few short comings of the standard in relation 

to the wind part of a hybrid system have been discussed by Arribas et al. and a 



number of additional parameters have been suggested [7]. For our system evaluation 

this extended version was applied. The results are presented in table 1.  

 

Table 1: Results obtained according IEC 61724 for July 2008 to June 2009 
Parameter Symbol Value Unit 
Standard Test Conditions    
PV array reference in-plane irradiance Gl, ref 1 kW/m2 
Meteorological    
Yearly global irradiation on the PV array plane  HI, y 1054 kWh/m2 year 
Global available wind energy  EGAW 225 kWh/m2 year 
Electric energy quantities    
Total energy in the system Ein, y 745 kWh 
Total energy used Euse, y 537 kWh 
Net energy from the PV array EA, y 339 kWh 
Net energy from the wind turbine EW, y 308 kWh 
Net energy to the load EL, y 339 kWh 
Net energy to storage ETSN, y 0 kWh 
Energy fraction from the PV array FA, y 0.59 Dimensionless 
Energy fraction from the wind turbine FW, y 0.41 Dimensionless 
Load efficiency ηLOAD 0.46 Dimensionless 
BOS component performance    
BOS efficiency ηBOS 0.46 Dimensionless 
System performance indexes    
PV array yield YA 841 h/year 
Final PV system yield YfA 383 h/year 
PV array reference yield  YrA 1054 h/year 
Wind turbine yield YW 308 h/year 
Final wind turbine yield YfW 140 h/year 
Normalized losses    
PV array capture losses  LCA 213 h/year 
PV BOS losses LBOSA 458 h/year 
PV array performance ratio  RPA 0.36 Dimensionless 
Wind BOS losses LBOSW 168 h/year 
System efficiencies    
Average PV array efficiency  ηAmean, y 0.105 Dimensionless 
Total PV array efficiency  ηAtot, y 0.048 Dimensionless 
Average wind turbine efficiency  ηWmean, y 0.28 Dimensionless 
Total wind turbine efficiency  ηWtot, y 0.12 Dimensionless 

 

The BOS efficiency is significantly lower for this system compared to the system 

evaluated by Arribas et al. However, the studied PV-Wind hybrid system in Borlänge 

uses only intermittent energy sources and has no genset that can cover periods of 

low availability of wind and solar power. To cover the load the system is for summer 

and for windy periods overdimensioned resulting in a high amount of excess energy 

and by that a lower system efficiency. 



The obtained PV efficiency is relatively high even no MPPT is applied. Also the wind 

turbine efficiency is higher as in the study of Arribas et al. One of the reason might be 

that in this study the measured wind turbine curve was used instead the one obtained 

by the manufacturer. 

The battery bank efficiency was equal to 90%, which is around the expected value.   

 

System Sizing 
The existing system was modelled in HOMER [8]. It was possible to reproduce the 

system performance with a deviation of 10%. The main problem was the appropriate 

modelling of the controller consumption and controller function. More detailed results 

of the modelling in HOMER will be published in another article. 

The model in HOMER was also used to evaluate the sizing of the system. This is 

relatively easy with HOMER as it is designed for the sizing of Hybrid systems. 

Allowing HOMER to choose from a wider range of sizes for the PV array, wind 

turbine, batteries and defining a number of constraints (such as the acceptable loss 

of load, here 5%), the program will calculate the performance of each combination of 

component sizes and suggest the combination with the lowest net present costs. One 

expectation was that a larger number of batteries would be preferred due to the high 

excess energy and relatively low production capacity to battery capacity ration. 

In fact, HOMER suggested the same sizing as the current installed system with the 

same battery capacity. This can be explained by that the excess energy mainly 

occurs when during the summer months and during windy periods in the autumn 

when a larger battery capacity would only marginally reduce the excess energy. 

In addition, it was studied what system size would have been necessary to supply the 

load with a PV only or wind only system. A PV only system would have required a 

four times larger PV array and the double size of batteries. The net present cost 

would be around 50% higher than for the PV-Wind Hybrid system. A wind only 

system would require four times the installed wind capacity and a three times larger 

battery bank. The net present cost would be three times the cost of the current PV-

wind hybrid system. 

 



Conclusions 
The methodology of the IEC 61724 proved to be a very good tool for the system data 

analysis. By analyzing the data according to the IEC 61724 and the additional 

parameter suggested by Arribas et al. the annual performance was clearly described. 

Specific values for losses, on the overall system and on each element, were 

obtained. The system performance is appropriate for this type of system with only 

intermittent energy sources. It should be studied to what extent an additional on-

demand generator would reduce the system losses and allow a larger load. 

The system simulations showed that the system is properly sized for the current load. 

A wind only or PV only system would be significantly more expansive compared to 

the existing hybrid system. 
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