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 The presentation of the SmartPV project entitled “The development of a forecasting 

tool for predicting the energy yield from PV systems in Cyprus” was under the “Forecasting” 

session of the conference. In the same session of the conference load profiling and load 

forecasting papers were presented.  

 The conference was mainly focused on enabling technologies for integrating the 

RES in the energy mix and their reliable, efficient and safe integration to the electricity grid. 

The electric vehicles, distributed generation, microgrids, storage, power quality and load 

identification sessions were the most relevant to the activities of the SmartPV Project and 

the integration of RES to the energy mix. 

 The SmartPV project was represented under the “Forecasting” session with the 

paper “The development of a forecasting tool for predicting the energy yield from PV 

systems in Cyprus”. The paper states an overview of the most common forecasting 

methods for predicting the energy yield from PV systems. Also, the development and first 

result of a forecasting tool for predicting the energy yield from PV systems in Cyprus was 

discussed.  

The main sessions of the conference were: 

 Electricity Markets 

 Active Distribution Systems 

 System Stability 

 Reliability and Power Quality 

 Electric Vehicles 

 Measurements and State Estimation 

 European and Regional Policies 

 Enabling Technologies for wireless charging of electric vehicles 

 Microgrids 

 Renewable and Distributed Generation 

 High Voltage Direct Current Technologies 

 Operation and Control 

 Demand Response and Load Flexibility 

 Planning 

 Storage 

 Forecasting 

 Protection 

 High Voltage Engineering 

 Load Identification and Energy Efficiency 

 Electric Machines 

 Cables and Insulating materials 
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In this paper, an overview of the state of the art regarding the 

forecasting methods used for predicting the energy yield of PV 

systems will be presented.  Also this paper focuses on the 

development of a forecasting tool for predicting the output 

power of the grid-connected solar (PV) systems installed in 

Cyprus, highlighting the development phases of the tool and its 

capabilities and limitations. Finally, indicative results from the 

predicted and measured values are analyzed and discussed. 

 
Index Terms-- Photovoltaics, forecasting, PV models, 

weather stations, smart meters 

I.  INTRODUCTION 

he penetration of renewable energy sources (RES) into 

the energy mix is rapidly growing throughout the world 

and thus new challenges are arising for the electricity grid 

given their distributed nature and intermittency. In particular, 

the energy produced from RES is heavily affected by the 

weather conditions and as a result the electricity injected into 

the grid fluctuates more compared to conventional energy 

generation. An urgent need therefore arises to know ahead the 

power that is expected to be generated from RES installations. 

To meet this need a forecasting tool for predicting the 

generated power from RES is required for efficient optimal 

plant scheduling. 

In Cyprus, after the introduction of new market-based 

support mechanisms for residential and industrial PV 

systems,  PV penetration is growing faster. In particular from 

the end of 2013 to the middle of 2014 the PV market has 

experienced a growth of 37 %, from 31 MWp in the end of 

2013 to 45 MWp in July 2014. In figure 1, the per-district PV 

capacity of Cyprus is shown as of July 2014.  

 
Figure 1: PV capacity in the districts of Cyprus 

                                                           
The project is co-financed by the program LIFE (LIFE+ Environment  

Policy and Governance) of the European Union. 

 

In Cyprus, the electricity grid is isolated and hence the need 

for advance information about the power to be generated from 

RES, in particular solar and wind, is essential to assist the 

network operator to manage the supply and demand optimally 

and support the reliability of the system. 

 
In this paper, a literature review of the most commonly used 

forecasting methods and techniques will be presented. Also 

the forecasting tool in development for grid-connected PV 

systems in Cyprus is presented focusing primarily on its 

capabilities and limitations. Furthermore, preliminary 

forecasting results are presented and a comparison with the 

actual results, from pilot sites, is also included. Finally, the 

next phase in the development of the tool will be discussed.  

II.  FORECASTING METHODS AND TECHNIQUES 

The forecasting methods used to predict the output power 

of a PV system (or a large number of systems) can be broadly 

characterized as physical and statistical, where the physical 

approach is most commonly used for day-ahead (DA) 

forecasts, whereas the statistical approach for hour-ahead 

(HA) forecasts, Figure 2 [1]. 

 

Figure 2: Forecast methods for predicting the power 

output of PV systems. 

A.  Physical approach for PV forecasting 

The basic structure of a typical physical approach for PV 

power forecasting is shown in Figure 3. The long-term PV 

power forecast is a function of weather variables and PV 

system characteristics. The weather forecast is obtained using 

Numeric Weather Prediction (NWP) models. These models, 

in most cases, provide the horizontal irradiance, ambient 

temperature, wind speed and direction and other 
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meteorological variables in different temporal resolutions 

(most commonly from 15 to 60 minutes) [2]. The system 

characteristics are obtained from the manufacturers’ 

datasheets. The weather forecast and the system 

characteristics are used with solar and PV models in order to 

determine the two most important variables influencing the 

PV output power of a PV system, the plane of array (POA) 

irradiance and the module temperature (at the back of the 

module). The POA irradiance, the module temperature and 

the system characteristics are used with mathematical or 

empirical PV models to calculate the DA PV power output. 

The approach in Figure 3 considers a single PV system. For a 

larger number of systems forecast models must be developed 

using up scaling methods to cover the different characteristics 

and geographical spread of the PV systems.  

 

 
Figure 3: Typical physical approach for PV forecasting 

based of forecasted weather data. 

B.  Statistical Approach for PV forecasting 

The statistical approaches are most commonly used for 

forecasts up to 6 hours ahead. The purely statistical 

approaches in forecasting PV power do not make any use of 

solar and PV models, Figure 4. These approaches rely entirely 

on historical datasets of power and weather data, local ground 

measurements, PV system data and satellite data. These 

datasets are used to train statistical methodologies, such as 

autoregressive models and artificial neural networks (ANN) 

that output a forecast for a given PV system for a given time. 

 
Figure 4: Typical approach for a purely statistical 

forecasting model. 

 

 The most commonly used statistical models for forecasting 

the output power of PV systems are shown in Figure 5. These 

models can be divided into two main categories, the linear 

and the non-linear models. The linear models are used to 

simulate dynamic structures leading to linear relationships. 

They involve regression methods (linear regression and 

multiple linear regression) where a variable can be forecasted 

using one or more predictor variables [3]. Also linear models 

can be used with time series data, such as the autoregressive 

(AR), moving average (MA) and ARMA models [2,5]. Non-

linear models such as the autoregressive integrated moving 

average model (ARIMA) are used with time series data to 

achieve stationarity.  

 

 

 

A combination of linear and non-linear models leads to the 

development of advanced statistical models, known as 

Artificial Neural Networks (ANN). These models in their 

simplest form can resemble a linear regression model (with 

one or more predictors). More complex ANN models can 

have intermediate layers containing more “hidden neurons”.  

These models, known as “feed-forward neural networks”, 

receive input from the previous layer, the input values are 

weighted based on the significance of each parameter. The 

results of the last layer pass to the output layer where a non-

linear function computes the forecast. The major advantage 

of this model is its machine learning capabilities. The training 

of an ANN can be performed using back-propagation 

algorithms. These algorithms use a predefined error function 

that needs to be minimised in order to achieve greater 

forecasting precision. This is achieved by adjusting the 

weights on the parameters of the input and hidden layers of 

the model.  

III.  FORECASTING TOOL IN DEVELOPMENT 

The development of the forecasting tool for predicting the 

energy yield of PV systems in Cyprus has been divided into 

four phases, as shown in Figure 6. The first two developing 

phases of the forecasting tool focus on a long term (DA) 

prediction, whereas the third phase focuses on a short term 

(HA) prediction. The last phase is the development of an 

expert system to improve the precision of the prediction.  

 

 
Figure 6: Developing phases of the Forecasting Tool. 

A.  Development phases explained 

In “Phase 1” the tool is able to predict the power produced 

from the PV Systems for the next 24 hours given the 

meteorological forecast. During this phase the input 

parameters of the tool are the meteorological data (POA 

irradiance, ambient temperature) from the Meteorological 

Service of Cyprus, the characteristics of a typical 

Figure 5: Statistical models used with PV 

Forecasting tools. 
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polycrystalline grid connected PV system as well as the 

cumulative installed PV system capacity in Cyprus. 

Furthermore, for this phase, Cyprus is considered as one 

pixel, meaning that a uniform weather is assumed for the 

whole island. The power predicted is scaled up based on the 

total capacity of the PV systems in Cyprus.  

The next phase, “Phase 2”, builds on the work done in the 

previous phase. Again the prediction is done for the next 24 

hours (long term prediction) but now the weather data will be 

acquired from several locations in Cyprus where weather 

stations are installed. Therefore Cyprus is no more to be 

considered as one pixel with uniform weather but it will be 

broken down into several pixels with each one having its 

unique weather characteristics. Furthermore, the forecasted 

weather data will be compared based on the actual data 

measured by the weather stations.  From the comparison of 

the data and by using statistical models the weather forecast 

from the Meteorological Service can be corrected and 

validated for improved accuracy. 

The next phase, “Phase 3”, concerns the short-term 

prediction. The short-term prediction, for the next hour, will 

consider the weather forecast, the weather data from the 

weather stations and the power produced from various PV 

systems in Cyprus some time before the prediction. The 

output of this phase is going to be a more accurate prediction 

of the power to be generated from PV systems in Cyprus 1 

hour ahead compared to the prediction given to the Operator 

a day ahead. 

The final phase of the tool development, “Phase 4” is to 

create an expert system that considers all of the above input 

parameters, weather data and generated power, but also 

historical data in order to acquire better precision in the 

forecast. The expert system will be self-learning as this will 

lead in self-correction that is expected to reduce substantially 

and consistently the prediction errors. 

B.  Current state of the forecasting tool 

Currently the development of the forecasting tool is in “Phase 

2”. Cyprus has been divided into four pixels and each pixel 

represents one district of Cyprus. Therefore four predictions 

are generated based on the weather forecast of four locations 

in Cyprus and the total installed capacity of PV systems per 

district.  

The mathematical model used for evaluating the output 

power of the PV systems is the Simple Point Efficiency 

Temperature Correction model (SPETC). This model was 

chosen for its simplicity and good performance, compared 

with other mathematical or empirical models [5]. Equation 1, 

shows the relationship between the output power of a PV 

system and the efficiency under Standard Test Conditions 

(STC), 𝜂𝑆𝑇𝐶, the temperature correction parameter, 𝜂𝑇, the 

POA irradiance, 𝐺𝑃𝑂𝐴 and the area of the module, 𝐴.  

𝑃𝐷𝐶 = 𝜂𝑆𝑇𝐶 ∙ 𝜂𝑇 ∙ 𝐺𝑃𝑂𝐴 ∙ 𝐴       (1) 

The temperature correction parameter, 𝜂𝑇 is not directly 

given by the manufacturer but can be easily calculated given 

the maximum power point (MPP) temperature coefficient, 

𝛾𝑚𝑝𝑝, the module temperature,𝑇𝑚, and the temperature under 

STC, which is 25 ℃. The temperature correction parameter 

can be found using equation 2. 

𝜂𝛵 = {
1 + 𝛾𝑀𝑃𝑃(𝑇𝑚 − 𝑇𝑆𝑇𝐶) ,   𝑖𝑓 𝑇𝑚 > 25 ℃

                                       1 ,   𝑖𝑓 𝑇𝑚 ≤ 25 ℃ 
  (2) 

The module temperature,𝑇𝑚,(see equation 3) is calculated  

using the ambient temperature, 𝑇𝐴, the POA irradiance, G, 

and the nominal operating cell temperature, NOCT which is 

given by the manufacturer. The NOCT conditions 

are 800 𝑊/𝑚2, air temperature 20 ℃ and wind speed of 

1𝑚/𝑠. 

𝑇𝑚 = 𝑇𝐴 +
𝑁𝑂𝐶𝑇−20

800
∙ 𝐺     (3) 

 Furthermore, the forecasting tool predicts the power 

generated from grid connected PV systems. Therefore, the 

DC cables, AC cables and inverter losses need to be 

accounted into the prediction. From long term measurements 

in Cyprus these losses have been found to be on the average 

around 11.5 %. The model for calculating the AC output 

power production from a PV system based on the weather 

forecast is as shown in equation 4, were 𝜂𝐿 accounts for the 

cabling and inverter losses 

  𝑃𝐴𝐶 = 𝜂𝑆𝑇𝐶 ∙ 𝜂𝑇 ∙ 𝜂𝐿 ∙ 𝐺𝑃𝑂𝐴 ∙ 𝐴     (4)  

 Based on the output power calculated using equation 4, the 

individual district power can be evaluated by a simple scaling 

up process.  

C.  Pilot sites 

In order to validate the weather forecast data and the PV 

power prediction, pilot sites need to be implemented where 

the weather data (POA irradiance, ambient and module 

temperature) and PV production are actually recorded using 

suitable energy meters. Currently 17 weather stations have 

been implemented in Cyprus covering all the geographical 

spread of the island, Figure 7.  

  
Figure 7: Weather stations locations. 

The weather stations are equipped with sensors measuring the 

POA irradiance, the ambient and the module temperature. 

The data is collected every 15 minutes and transmitted using 

GPRS to a central database located at the University of 

Cyprus (UCY) premises. Shortly, 100 smart meters are to be 

installed, until the end of the year, to measure the PV power 

production from residential PV systems all over the island, 

hence completing the physical data that will improve the 

accuracy of the prediction model.  

The results of the data analysis of the environmental data 

collected during June of 2014 are shown in Figure 8. The 

measured POA irradiance in Cyprus during this period is 7.3 

kWh/m2/day. The average daily ambient temperature and 

module temperature are 26.4 and 33.05 degrees Celsius 

respectively.  
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Figure 8: Average 24 hour weather data during June 

2014. 

Using the data collected from the weather stations and the 

smart meters, together with the NWP from the 

Meteorological service of Cyprus, the PV prediction from the 

forecasting tool can be validated. Also, statistical models can 

be developed to enable short-term (HA) predictions.  

D.  Further Developments in “Phase 2” 

The predictions of the forecasting tool so far take into 

consideration the NWP from the Meteorological service and 

the system characteristics of a typical PV system. The next 

step in the development of the tool is to create a weather 

validation algorithm (WVA), using statistical methods and 

models, in order to validate and correct the NWP. The NWPs 

and the data collected from the weather stations will create a 

time series dataset that can be used to validate and correct the 

NWP from the meteorological service using statistical 

methods.  

 A connection with the Distribution System Operator is 

envisaged to be established in order to regularly receive an 

updated list of all PV systems installed in Cyprus. This list 

must include the location, panel characteristics, inverter and 

cabling efficiency and inclination and azimuth angle of all PV 

systems in Cyprus. This information is essential for the 

forecasting tool in order to set-up an accurate upscaling 

mechanism to improve the precision of the forecast.  

Furthermore, using the different locations of the PV 

systems and weather stations the island can be further 

pixelated. The PV systems and weather stations spread 

around Cyprus can be allocated into the different pixels based 

on their location and predictions for each pixel can be 

generated. This will lead to even more precise results as the 

weather data used will correspond more closely to the 

weather conditions prevailing at each PV system.    

E.  Comparison between measured and predicted values 

An analysis, between measured and predicted data 

collected during March to June, has been performed and the 

results are shown in this section. The weather and smart meter 

data are collected from one pilot site located in Nicosia, 

whereas the predicted data are from the predictions made for 

the same district. The number of days examined during this 

period is 80. Missing prediction days are mainly due to 

insufficient data received from the meteorological service.  

In figure 9, the correlations between the measured and 

predicted POA irradiance and PV power, during the 

examined period, are shown. The average correlation during 

the examined period is 90.17 % for the POA irradiance and 

89.63 % for the PV power. This shows a high overall 

correlation mainly due to the clear weather of Cyprus during 

this period.  

The lowest correlation experienced between the predicted 

and measured PV power, 27.92 %, occurred on the 47th day 

of examination. Looking at the weather during that day, it was 

observed that, the weather was unstable with clouds and rain. 

On the other hand clear days such as the 13th, 15th and 25th , 

experience high correlation, up to 99.5 %.  

 
Figure 9: Correlation between the measured and 

predicted POA irradiance and PV power production. 

 The predicted and measured daily solar irradiance are 

shown in Figure 10. Examining this figure it can be seen that 

the two variables experience a high correlation between them. 

Also, the average daily irradiance measured is 6.63
𝑘𝑊ℎ

𝑚2   and 

the predicted is 7.42
𝑘𝑊ℎ

𝑚2 . The average percentage difference 

between the two values is 11 %.  

 
Figure 10: Daily measured and predicted POA 

irradiance during the examined period. 

 The daily measured and predicted energy yield of a 1 kWp 

system is shown in figure 11. Again the overall correlation 

between the two variables is high, 88.20 %. The average 

measured energy yield is 5.80
𝑘𝑊ℎ

𝑘𝑊𝑝
 compared to 4.51

𝑘𝑊ℎ

𝑘𝑊𝑝
 of 

the measured data. This finding reveals that even though there 

is a high correlation between the predicted and measured data, 

the percentage difference between them is very high, 

amounting to an average percentage difference of 25 %.  
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Figure 11: Daily measured and predicted energy yield of 

a 1 kWp PV system during the examined period. 

 

F.   Capabilities and limitation of the current version of the 

tool 

From the analysis between the measured and predicted data 

the capabilities and limitations of the current phase of the 

development tool can be obtained. Looking at the correlation 

between the measured and predicted values, it can be seen 

that the forecasting tool can predict the PV production of a 

single PV with high precision during days with clear sky. 

Also, the correlation between the predicted and measured 

data is higher when the solar irradiance experiences fewer 

disturbances.  

Moreover, a major limitation of the forecasting tool is the 

imprecise prediction of the power produced from PV systems 

during rainy days. Due to the unstable weather, the POA 

irradiance prediction is not accurate.  

Furthermore, it can be clearly seen that the predicted values 

are considerably higher compared to the measured POA 

irradiance. This affects also the prediction of the power 

produced from the PV system.  

This comparison was made with measurements from a 

single weather station and PV system, leading to high 

fluctuations in the measured values during unstable weather 

conditions. When up-scaling the results of this analysis for all 

the installed systems in Cyprus, the difference is expected to 

decrease since the solar irradiance and PV production average 

out, hence negating any scattered localised fluctuations.  

IV.  FUTURE WORK 

The above analysis revealed the need for further 

optimization of the forecasting tool, towards the 

improvement of the precision of the long-term prediction. 

Under “Phase 2” of the development, the NWP is to be 

corrected using data collected from the weather stations. Also 

the PV power prediction is to be validated based on the 

readings of the smart meters. Furthermore, using the detailed 

list of PV Systems in Cyprus a more precise up-scaling 

method is to be developed.  

Alongside the development of “Phase 2”, a literature 

review regarding the needs of the next phase in the 

development of the forecasting tool is to be performed. The 

statistical models and methods used for the short-term 

prediction are to be examined and the most appropriate ones 

are going to be selected and tested.  

V.  CONCLUSION 

In this paper an overview of the state of the art regarding 

forecasting methods and models for long-term and short-

term predictions of the output power of PV systems is 

presented. As examined the prediction methods can be 

divided into two main categories. On the one hand, the 

physical approach is mainly used for long-term prediction 

and on the other hand the statistical approach is used for 

short-term predictions. However, the best results are found 

using a combination of the physical and statistical 

approaches. 

 Moreover, the development of a forecasting tool for 

predicting the output power of PV systems in Cyprus was 

discussed. The development of the tool is divided into four 

phases. The first two phases concern the development of a 

long-term prediction. To do so Cyprus was divided into pixels 

and a prediction is made for each one based on the weather 

forecast of the meteorological service and the total PV 

capacity of each pixel. Also alongside the development of this 

tool, weather stations, measuring the POA irradiance, 

ambient and under the module temperature, and smart meters 

measuring the PV production from domestic PV systems are 

implemented. The next phase, concerns the development of a 

mechanism for short-term predictions using statistical models 

along with the data collected from the weather stations and 

smart meters. The final phase in the development of the tool 

is to create an expert system that will improve the precision 

of the forecast. Finally, in order to establish the capabilities 

and limitations of the tool, an analysis between the measured 

and predicted data was performed. This analysis revealed that 

the tool is capable to predict the output power of PV systems 

with high precision when the weather is clear. Finally, the 

paper outlines the future development steps of the forecasting 

tool for Cyprus. 
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Motivation

Energy Mix

•PV : 49.2 MWp

•Wind: 150 MWp

•Biomass : 10 MWp

•Peak Demand : 

900 MW                          

RES Target

•PV : 192 MWp

•CSP : 75 MWp

• Wind : 175 MWp

•Biomass : 17 MWp

 16 % RES Energy

2014 2020

Feed-in-Tariff Net-metering
Total 

(MWp) 

PV Capacity July 

2014 (MWp)
37.75 (77%) 11.47 (23%) 49.23

PV Capacity May 
2014 (MWp)

37.47 (82%) 8.04 (18%) 45.51
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Forecast methods
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Weather Stations – Smart-meters 

• 17 Weather stations 

– POA Irradiance

– Ambient Temperature

– Module Temperature

• 300 Smart Meters (red 

circles)

― PV Production

• Weather data is used to validate the NWP predictions

• Smart meters are used to validate the predictions

• Data from both to generate the hour ahead prediction
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Development Phases of the Tool
Currently:

• Cyprus is divided into 4 
regions 

– Nicosia

– Limassol

– Larnaca

– Paphos

• A NWP is acquired for each 
region

• A day ahead prediction is 
generated for each region 
taking into consideration the 
NWP data and the total 
installed PV capacity
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Assumptions

• Data collected between the months of March to June

• The measured data is from one weather station

• The Numerical weather prediction data covers a widespread 

area

• Therefore this analysis assumes that the readings from the 

weather station applies to the whole area the NWP covers

Comparison between measured and  

Predicted Data
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Comparison between measured and  Predicted Data

Lowest correlation is 27.92 %, (47th day) 

weather was unstable with clouds and rain 

High correlation (13th, 15th and 25th day)    

weather was clear 
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Daily measured and predicted POA irradiance
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Daily measured and predicted Energy Yield
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Next Development Phase

• The next development phase concerns the hour-ahead 

prediction

• For this phase data from the weather stations and the 

smart-meters are to be used to validate and correct the 

Day-ahead prediction and to provide the hour-ahead 

prediction
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Validation of NWP  

• Using weather stations located in near distances

• Validate the NWP for that area

• Develop models to Investigate the cloud coverage of the area

• Investigate the cloud movements aiming to identify a factor to correct 
prediction data which will be specific for Cyprus
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• Data from the weather stations used to examine the 

fluctuation and difference of weather in an area

• Also using the smart-meter data the power production of 

distributed PV systems will be examined 

• A profile of the distributed nature of the PV systems in 

various areas in Cyprus will be created

Examine the distributed generation nature
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Examine the distributed generation nature

• The weather is not uniform in a large area and is regional 
dependent, hence:

 Production of distributed PV systems in that area varies,

 Therefore, a sudden drop or rise of a single system will 
not heavily affect the aggregated response of the PV 
systems in that area,

 The distributed nature of small RES and in particular PV 
systems

 Increases the reliability of the Forecast and

 decreases the costs for technologies to improve  
forecast and / or operation of the system (such as 
storage facilities) 
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Conclusions
• The development of a forecasting tool for predicting 

the output power from PV systems in Cyprus has been 
discussed

• The developing phases and the up to date 
development of the tool were presented

• Also, the weather stations and smart-meters 
implemented in Cyprus were shown

• Results from the current version of the tool were 
shown and a comparison between the measured and 
predicted data was presented

• Furthermore, the next development phase and future 
work for developing the tool were also presented
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Thank you!

Ioannis Koumparou

ikoump01@ucy.ac.cy



 

 


