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ABSTRACT 

We present and evaluate three algorithms that can 

disaggregate the net load on street-level electricity grids 

into two components; solar energy (PV) generation and 

household consumption. We based the method on the 

rescaling of nearby reference PV systems, and evaluated 

the accuracy of the algorithms on a test case consisting of 

22 households in one street for a period of 83 days.  

The proposed methods can disaggregate the generation 

profile on a 15 minute temporal resolution with a mean 

absolute error of 5.7% of the observed peak power, and 

around 6% for total generated energy. The estimated 

installed PV capacity ranges between 88% to 100% of the 

actually observed PV peak power. Furthermore, we have 

investigated the accuracy of the proposed methods for 

different PV penetration levels and find them to be robust.  

Using the methods proposed in this paper, it is now 

possible to disaggregate net load on street-level electricity 

grids with unprecedented accuracy.  

INTRODUCTION 

The existing grid in the Netherlands is based on an 

hierarchical energy distribution structure, where central 

generation provides energy for customers through a 

distribution network [1]. The energy flows are easy to 

understand, as there are a limited number of large power 

plants of which the generation is monitored [2]. With 

increasing integration of household solar energy systems 

(PV), the energy portfolio of the load on the grid becomes 

increasingly mixed (Figure 1). Uncertainty of intermittent 

PV generation and stochastic variability pose novel 

challenges for the Distribution System Operator (DSO) in 

relation to balancing of the local grid [3]. 

While the DSO can measure the net energy load on street 

level, this gives no direct insight into the disaggregated 

generation and consumption. To the best of our 

knowledge, no accurate method is currently available to 

perform such disaggregation without the need for 

additional measurement devices [4-9]. [4] [5] [6] [7] [8] 

[9].  

 
Figure 1: Combined energy portfolio of 22 households with PV installed 
for a clear (left) and clouded (right) day. In addition to the net load on 
the grid (orange), also the individual components of PV generation 
(blue) and energy consumption (green) are shown.  

METHOD 

In this work, three algorithms are presented and evaluated 

to accurately disaggregate net electricity load (N) in PV 

generation (G) and consumption (C) components using 

distant household PV systems as a reference (R). First we 

will elaborate on the origin of the time series used to 

disaggregate the net load and the PV time series used for 

validation. Secondly the proposed algorithms will be 

presented. 

Data 

N was constructed by measuring the individual net 

exchange of 22 households located in the same street in 

Rijsenhout, NL (Figure 2), using the individual smart 

meters. The combined data completeness was sufficient 

for 83 days between July 12th and October 28th 2017.  

 
Figure 2: Overview of the location of the 22 households under research 
(marker) in relation to the 14 PV reference systems (small blue circles) 
located within a 10km radius. 
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PV production data from the individual households was 

obtained from the individual inverters at a time interval of 

10 minutes. G was constructed by resampling these 

measurements to 15 minute averages. The households 

under research are oriented south-west or south-east, with 

approximately 2 kWp installed PV capacity each. The 

installed PV capacity was approximated by taking the 99th 

percentile of G, excluding G = 0. 

 

R, the actual PV yield of 14 reference systems, was 

normalized per system and averaged per time step. This 

combination of normalization and time-averaging coops 

with missing data points of individual reference systems.   

 

Additionally, we have investigated how the accuracy of 

the disaggregation depend on the Generation to 

Consumption Ratios (GCR) of household PV, with 𝐺𝐶𝑅 =
𝐺𝑡𝑜𝑡𝑎𝑙

𝐶𝑡𝑜𝑡𝑎𝑙
, where Gtotal and Ctotal are respectively the total 

generated and consumed energy for a given period of time. 

To generate higher/lower levels of GCR, we calculate Nsim 

and Gsim by adding/subtracting fractions of G from N and 

G. The resulting Gtotal was calculated, while Ctotal remained 

constant.  

Disaggregation algorithms 

The algorithms under research, labelled A to C, are shown 

in equations 1-3. Each algorithm aims at finding the 

optimum scaling factor u to calculate the estimated PV 

generation G* by rescaling R, with G* = u*R.  
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In the optimization, a weight factor w is used. Different 

functions for w have been investigated. The best results 

were found when using equation 4, 5: 
𝑠𝑖𝑔𝑛(𝑁′) = 𝑠𝑖𝑔𝑛(𝑅′): 𝑤 = 𝑅    𝐸𝑞. 4

𝑠𝑖𝑔𝑛(𝑁′) ≠ 𝑠𝑖𝑔𝑛(𝑅′): 𝑤 = 0     𝐸𝑞. 5
 

 

For algorithm A it is assumed that changes in net load 

originate from changes in PV generation, as opposed to 

changes in the net load. Algorithm A linearly minimizes 

the mean absolute difference between the scaled derivative 

of R to the derivative of N.  

Algorithm B is based on the same assumption, but 

comparing the non-differentiated time series with an 

additional constant term Cconst.  

Algorithm C is similar to B, but assumes that the 

consumption corresponds to a standard consumption 

profile Cscp [10].  

Results 

The performance of algorithms A-C was validated by 

comparing the disaggregated PV generation to the 

measured PV generation. The accuracy of each method is 

expressed as the Mean Absolute Error (MAE), Total 

Generated Energy (TGE) and Installed Capacity (P*
inst), 

which are shown in Table 1. MAE and P*
inst are expressed 

as a percentage of estimated PV capacity, whereas the 

TGE is a percentage of the total generated energy. As a 

reference case, we calculate G* by rescaling R so the TGE 

matches the TGE of G. Remaining errors are due to 

intrinsic differences between the PV generation curves of 

the households under investigation and the reference 

systems.  

 

We find that all algorithms approximate the reference 

MAE of 5.3% closely, down to 5.4%. Interestingly, the 

estimates of installed capacity and TGE show much larger 

deviations, up to 11.9% and 9.3% respectively. Since the 

optimization methods aim at minimizing the error at each 

time step, they might be less suitable to find system 

parameters (P*
inst) or aggregates over longer time periods 

(TGE). Overall, the highest accuracy is achieved using 

algorithm A. Surprisingly, B performs better than C, even 

though C is an expansion of B. This could be due to the 

standard consumption profiles matching the actual 

consumption poorly. 

 
Table 1: Summary of the performance of each algorithm, compared to the 

reference case in which the error of TGE is minimized.  

[%] error MAE error P*
inst error TGE 

A 5.4 0.3 -2.7 

B 5.7 10.9 8.3 

C 5.8 11.9 9.3 

Ref 5.3 2.9 0.0 

 

Figure 3 shows two days of the resulting time series when 

disaggregation algorithm A is applied on the measured net 

load, comparing the calculated PV yield to the actual PV 

yield.  Figure 4 shows the calculated PV yield versus the 

actual PV yield for the entire dataset.  

We find a coefficient of determination (R2) of 0.88. One 

data point is not shown on the graph. Here the actual PV 

generation was determined to exceed 50 kW and therefore 

considered an outlier (total sample size > 3500). 

 

 
Figure 3: Result of the disaggregated PV yield (orange) compared to the 
actual PV yield (blue) for two days, using algorithm A. 
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Figure 4: Complete result dataset using algorithm A, showing the 
calculated PV generation as a function of the actual PV generation (R2 = 
0.88). One data points is not shown on the graph, where the actual PV 
generation exceeds 50 kW.  

We find that algorithm B and C are robust for different 

GCR (Figure 5). With accuracies slightly below 6.0% for 

GCR of 0.1 and around 5.4% for GCR of 4. However, 

algorithm A appears much more sensitive, showing a 

strong increase in error as GCR decreases, and vice versa.  

This is to a certain extent to be expected. Since algorithm 

A directly compares the differentiated time series, the 

accuracy of the method depends to which extent 

fluctuations in the net load correspond to fluctuations in 

PV generation. However, it is possible that the method we 

used to generate the time series for different values of GCR 

interferes with the disaggregation algorithm.  

Algorithm A achieves much higher accuracies compared 

to B and C when estimating the total generated energy and 

installed peak capacity. Therefore we would recommend 

that accuracy of algorithm A to be investigated using 

independent datasets which correspond to different levels 

of GCR. 

 
Figure 5: Accuracy of the algorithms as a function of GCR with respect to 
the MAE. The dashed vertical line at 1.23 indicates the GCR of the 
original dataset. The inherent difference between the objective PV curve 
and the reference PV systems is indicated in purple. 

CONCLUSION 

In this paper we have presented three algorithms for 

disaggregation of the net load on a street level into the PV 

generation and consumption components. The accuracy of 

the proposed methods has been tested using 83 days of 

observational data from 22 households and 14 reference 

PV systems. A MAE is achieved of 5.4% of the installed 

PV capacity. The accuracy of algorithms B and C show to 

be robust for different levels of GCR. The methods 

proposed in this work enable the DSO to accurately 

distinguish measurements of the net load on the grid into 

the PV generation and consumption components. 

Moreover, the results provide an indication of the total 

installed PV capacity. It has to be noted however that these 

results may be specific to this dataset. Verification on other 

test sites is under current investigation and is expected to 

be available at the beginning of Q2 2019. 
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