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1. Case Description 

1.1. PV Installation 

The photovoltaic (PV) panels of the investigated installation are located on the roof and 
facades of a 10 000 m2 building located in Oslo, Norway. The building is newly built (2021) 
with a primary energy demand of 49 kWh/year per m2 (usable floor area). As a comparison, 
the primary energy demand of similar buildings in Oslo built after 2010 ranges from 50 to 100 
kWh/year per m2 (see Annex A). The current building case can thus be considered to be energy 
efficient. 

The total installed PV capacity is 337 kWp, consisting of a mix of Building-Attached PV 
(BAPV) and Building-Integrated PV (BIPV): 
 2 East-West-oriented BAPV systems on the roofs 
 1 South-oriented BAPV system on the façade 
 1 South-oriented BIPV system on the face 
 1 West-oriented BIPV system on the façade 

The BIPV modules are both green-coloured and black. The design of the PV modules’ layout 
is defined by their location and orientation in relation to the sky, the orientation of the 
building’s longest facades, and the regulations regarding the aesthetics of the PV façade. 

The design PV production is 224 000 kWh/year. In 2024 (a normal year in terms of sunshine 
in Oslo), the PV production was 215 032 kWh, which is close to the design production. The 
peak production was 209 kWp. 

1.2. Forecasting Model 

The PV production forecasting model tested in this report is a commercial solution based on a 
physics-informed machine learning-driven algorithm that provides PV production forecasting 
each hour with a forecasting horizon of 48 hours. 

This forecasting model is optimized for trading electricity, meaning that it is best suited to 
predict the spot PV production at a given time step in the future. 

The model is recalibrated/adjusted around 4 times a day with new data received and the actual 
PV production monitored at the PV installation site. The forecasting model accounts for the 
predicted solar irradiance and outdoor temperature at the location of the PV installation. This 
weather forecast is provided by an external weather forecasting provider. The uncertainty on 
the irradiance forecasting will thus impact the PV production forecasting as well. 
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2. Accuracy Assessment Methodology 

To assess the accuracy of a forecasting model for PV production, if there is no significant 
outliers in the forecast, it is commonly recommended to use MAE (Mean Absolute Error), 
MSE (Mean Square Error), and their associated relative (normalized) metrics Mean Absolute 
Percentage Error (MAPE) and related Coefficient of the Variation of the Root Mean Square 
Error (CVRMSE). It is also recommended to normalize the MAE by the peak installed PV 
power (in kWp). 

These standard accuracy metrics are computed on point-to-point forecasting (i.e., comparing 
each forecasting point at different forecasting horizon – 1h, 6h, 12h, 24h, 48h – with its 
corresponding actual production data point for the same date and time) at all time (over the 
entire considered period of time, e.g., an entire month, including nighttime, which will tend to 
give better results because accounting for night time periods when the forecasting is perfect, 
i.e., no production) and only during PV production time (when the actual PV production of 
electricity is not 0). In addition, these metrics are also computed on the cumulative PV 
production forecast and actual production over a given period: the next 1 hour, 6 hours, 12 
hours, 24 hours and 48 hours. This also accounts for nighttime with no production, and might 
introduce some compensation effects (over-estimations and under-estimations compensating 
each other within the considered time period), which could lead to more favorable accuracy 
than the point-to-point accuracy analyses. For point-to-point accuracy metrics that are 
normalized by the value of the real PV production, the metrics are not defined when the real 
PV production is 0 (division by 0). For those instances, the value of the metrics is set as NaN, 
which is then ignored when computing the mean and percentiles of those metrics. 

The following accuracy metrics are used for this analysis and defined here after [1][2]. The 
equation notation conventions are detailed here below: 
 𝑥 : True/reference PV production data point. 
 𝑦 : Predicted/forecasted PV production data point. 
 𝑥̅, 𝑦ത : Mean value of the whole dataset or sub-dataset. 
 𝑛 : Number of data points in the whole dataset or sub-dataset. 

2.1. MAE 

The Mean Absolute Error (MAE) or mean absolute difference is computed as: 

𝑀𝐴𝐸 =  ∑ |𝑦௜ − 𝑥௜|௡௜ ୀ ଵ 𝑛  

2.2. MAPE 

The Mean Absolute Percentage Error (MAPE) or mean absolute percentage difference is 
computed as: 

𝑀𝐴𝑃𝐸 =  1𝑛  ෍ฬ𝑦௜ − 𝑥௜𝑥௜ ฬ  × 100   [%] ௡
௜ ୀଵ  

2.3. NMAE 

The Normalized Mean Absolute Error (NMAE) or normalized mean absolute difference is 
computed as the MAE normalized by the installed peak PV power production (337 kWp). 
NMAE could be computed with other normalization factors, such as the average PV 
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production over a given period or the maximum recorded peak power production. However, 
in the case of PV installation, normalization by the installed peak PV power is more common: 

𝑁𝑀𝐴𝐸 =  ∑ |𝑦௜ − 𝑥௜|௡௜ ୀ ଵ𝑛 × 337 𝑘𝑊𝑝  × 100 [%] 
For the summed PV energy production, the NMAE is calculated with the installed peak PV 
power production times the prediction/aggregation horizon as the normalization factor: 

𝑁𝑀𝐴𝐸 =  ∑ |𝑦௜ − 𝑥௜|௡௜ ୀ ଵ𝑛 × 337 𝑘𝑊𝑝 × 𝛥𝑡  × 100 [%] 
2.4. MSE 

The Mean Square Error (MSE) or mean square different is computed as: 

𝑀𝑆𝐸 =  ∑ ሺ𝑦௜ − 𝑥௜ሻ௡௜ ୀ ଵ ଶ𝑛  

2.5. RMSE 

The Root Mean Square Error (RMSE) or root mean square different is computed as: 

𝑅𝑀𝑆𝐸 =  √𝑀𝑆𝐸 =  ඨ∑ ሺ𝑦௜ − 𝑥௜ሻ௡௜ ୀ ଵ ଶ𝑛   
2.6. CVRMSE 

The Coefficient of the Variation of the Root Mean Square Error (CVRMSE) is computed as 
the RMSE normalized by the average of the reference PV production: 

2.7. NRMSE 

The Normalized Root Mean Square Error (NRMSE) is computed as the RMSE normalized by 
the installed peak PV power production (337 kWp): 

𝑁𝑅𝑀𝑆𝐸 =  √𝑀𝑆𝐸 × 1337 𝑘𝑊𝑝 × 100 =  ඨ∑ ሺ𝑦௜ − 𝑥௜ሻ௡௜ ୀ ଵ ଶ𝑛  × 1337 𝑘𝑊𝑝 × 100 [%] 
For the summed PV energy production, the NRMSE is calculated with the installed peak PV 
power production times the prediction/aggregation horizon as the normalization factor: 

𝑁𝑅𝑀𝑆𝐸 =  ඨ∑ ሺ𝑦௜ − 𝑥௜ሻ௡௜ ୀ ଵ ଶ𝑛  × 1337 𝑘𝑊𝑝 × Δt × 100 [%] 
 
  

𝐶𝑉𝑅𝑀𝑆𝐸 =  1𝑥̅  ∙ 𝑅𝑀𝑆𝐸 × 100 = 1𝑥̅  ∙ ඨ∑ ሺ𝑦௜ − 𝑥௜ሻ௡௜ ୀ ଵ ଶ𝑛  × 100 [%]  
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3. Results 

The forecasting PV production data (continuously streamed via a dedicated API to the 
forecasting service) is compared to the actual PV production recorded at the building case 
(downloaded via Energinet.net) for the months of January, April, and June 2025, and the entire 
first half of the year 2025 (beginning of January to end of June 2025). 

After realignment of the data timestamp and data treatment, point-to-point and summed PV 
production forecasts are analyzed over a period of time and prediction horizons of 1h, 6h, 12h, 
24h, and 48h. 

3.1. January 2025 

The time series figures of PV production below present a qualitative comparison of the 
forecasting model accuracy for different aggregation periods and forecasting horizons in 
January 2025. 

 
Figure 1. Time series comparison of real and forecasted PV production in January 2025 for different 
forecasting horizons. 

 
Figure 2. Close-up on the forecasting under-estimation during a high-production day and the forecasting 
over-estimation during a low-production day in January 2025 for different forecasting horizons. 
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Figure 27. Point-to-point comparison of real and forecasted summed PV production over different 
horizons in June 2025. 

Similarly to the hourly point forecasting, one can observe in Figure 22, Figure 23, Figure 24, 
Figure 25, Figure 26, and Figure 27 that the forecasting tends to slightly under-estimate 
summed PV production on high-production days and slightly over-estimate summed PV 
production on low-production days during summer in June 2025. 

Overall, the forecasting for June 2025 is good, because the PV production is quite high, except, 
of course, when there is a prolonged loss of forecasting service data stream. 

3.4. January to June 2025 

The time series figures of PV production below present a qualitative comparison of the 
forecasting model accuracy for different aggregation periods and forecasting horizons from 
January to June 2025. 

 
Figure 28. Time series comparison of real and forecasted PV production from January to June 2025 for 
different forecasting horizons. 
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Figure 33. Comparison of real and forecasted summed PV production over 24 hours from January to 
June 2025 for a forecasting horizon of 24 hours. 

 
Figure 34. Comparison of real and forecasted summed PV production over 48 hours from January to 
June 2025 for a forecasting horizon of 48 hours. 
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4. Discussion and Conclusion 

Focusing on the NMAE (the recommended accuracy metric), one can observe in Figure 36 that 
the normalized error for the PV power supply forecasting is around 3.5%: ranging from 1.5% 
for low-production periods (winter) to 5% for high-production periods (summer). The error 
for low-production periods is lower because the normalization factor is the same as that of the 
high-period (the installed peak power production), and the MAE is one order of magnitude 
higher in high-production periods compared to low-production ones. Moreover, one can see 
that the forecasting error increases slightly with the forecasting horizon: from 3.2% to 4.1% 
over the entire evaluation period. 

 
Figure 36. NMAE of the daytime PV power supply forecasting as a function of forecasting horizon, and 
for different periods. 

As shown in Figure 37, the NMAE of the summed PV energy supply forecasting is around 
2%, ranging from 0.5% to 7%. Similarly to the PV power supply forecasting, the error for low-
production periods is one order of magnitude lower than that of the high-production periods. 
In addition, the error of the PV energy supply forecasting tends to decrease with the forecasting 
horizon because summing up/integrating the energy production over a longer time tends to 
cancel out small under-estimations and over-estimations (compensation effect). 
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Figure 37. NMAE of the daytime summer PV energy supply forecasting as a function of forecasting 
horizon, and for different periods. 

Overall, the commercial PV production forecasting service performs fairly well. However, it 
tends to slightly underestimate PV production on high-production days and slightly 
overestimate it on low-production days. Some of the normalized error metrics (e.g., MAPE 
and CVRMSE) can show very large values in winter when production is very small compared 
to the total installed capacity. Because of the normalization used in those metrics, any small 
forecasting errors during low-production periods result in poor relative accuracy, even though 
the absolute error remains moderate compared to the system's installed capacity. Therefore, it 
is more appropriate to evaluate forecast performance over longer periods (more than 3 months) 
when PV production is substantial. 

Regarding service reliability (the stability of data updates and streaming via a dedicated API), 
there were four service outages between January and June 2025. One outage was caused by an 
issue in the data stream of the real monitored PV production from the building study case. The 
data stream was restored after contacting the service provider. There was no automated fault 
detection or service downtime alert. The missing data from the PV forecasting service accounts 
for about 4% of the total monitoring data points. 

Future studies on this PV system case could compare the commercial forecasting solution with 
simple data-driven models (e.g., ARX models) fed with the same weather forecast and 
monitored PV production inputs. Replacing the forecasted weather data with actual recordings 
could help determine the error caused by the weather forecast and the model itself. 
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Annex A 

 
Figure A1. Primary energy demand of school buildings in Oslo as a function of their year of construction. 
The red data point is the current study case building. 



Accuracy Analysis of a Commercial 
Photovoltaic Production Forecasting 
Solution in Norway

This report presents a detailed analysis of the accuracy performance of a commercial photovoltaic 
production forecasting solution implemented for a school building in Oslo, Norway. The analyses 
are based on forecasting and monitoring data collected from January 2025 to June 2025.

The report provides an example of detailed photovoltaic production forecasting algorithm accu-
racy testing. It can serve as a foundation for other similar studies on forecasting accuracy.
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