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ABSTRACT 

Long-term network planning becomes of upmost 

importance because large amounts of extra appliances are 

foreseen in the LV-grids in the near future. These 

appliances appear to have a load pattern with weak 

correlation to the traditional household load pattern. The 

two main assumptions of the current load model, the peak 

load is normally distributed, and the yearly energy usage 

and the peak load are highly correlated, are already losing 

their applicability. Stochastic load modelling seems a 

suitable alternative which does not rely on these 

assumptions. 

Smart meter data, if available, can easily be used to 

generate stochastic load profiles and also to determine 

probability density functions for individual consumers. 

Scenarios for new technologies, with different load 

patterns, can be added to existing grids for long-term 

network planning purposes. 

To be able to successfully implement stochastic load 

modelling at a DNO requires additional data and skills. 

INTRODUCTION 

Due to global and national sustainability goals a transition 

has started which results in a change of technology for 

space heating, mobility and generation of electrical 

energy. This leads to integration of new technologies such 

as heat pumps (HP), charging poles for electrical vehicle 

(EV) charging and photovoltaic (PV)  systems. Recent 

practical experience shows that, in LV grids where these 

new technologies have been applied on a large scale, the 

grid load according to the current planning methodology 

shows large deviations compared to the actual grid load. 

Therefore, DNOs need a different load forecasting method 

for the planning of existing and new distribution grids. 

 

To achieve these sustainability goals the adaptation of the 

relevant technologies in large amounts is foreseen. This 

will presumably lead to a higher load on and different use 

of the LV-grid than envisioned during the initial 

installation. In addition, these new technologies have 

different characteristics than traditional household loads 

which changes the correlation between peak power and 

energy consumption. The placement of these new 

technologies throughout the electricity network is diffuse 

and creates a wide variety of combinations of 

technologies. 

 
Until now LV-grids have been designed with a fit-and-

forget approach bases on the current method for load 

modelling. All existing grids must be reassessed whether 

they can withstand the implementation of new 

technologies. For planning purposes, it is important to 

determine when the capacity of these existing networks is 

exceeded. This enables the DNO to carry out the required 

grid reinforcement in time and to assess how much 

investments are needed in the LV-grid in the near future. 

 

Because about 90% of the 2030 LV-grid is already in 

service today the transition mainly take place in existing 

LV-grids. To determine the impact of the energy transition 

long-term scenario analysis has to be carried out for the 

whole service area of a DNO. Due to the large number of 

grids, the analysis of these grids as well as the results has 

to be automated. A new modelling approach for local loads 

and generation fits with these needs. 

LOAD MODELLING IN LV-GRIDS 

To be able to analyse an LV-grid, the loads within the 

network should be modelled. In the Dutch LV-grid, over 

95% of the loads consist of households. The modelling of 

these loads is thus essential to gain more insight into the 

loading of the LV-grid. These households are getting 

equipped with smart meters which enable the acquisition 

of measurement data from these households. However, 

these measurement data should not be relied upon when it 

comes to analysing the LV-grid from a network planning 

perspective for a number on reasons. First of all a certain 

level of generalisation of the data is necessary as the 

energy use of a household can shift dramatically over time 

for instance due to changes in the composition of the 

household. Secondly, the smart meter data might not even 

be available due to privacy concerns. Thirdly, the planning 

of an LV-grid looks ahead multiple decades and how the 

load will change over this time cannot be solely based on 

current smart meter measurements. 

In this section, first the most important characteristics of 

the household load are illustrated, followed by an 

overview of how the household load is currently modelled 

within Dutch DNOs. The section finishes with a discussion 

on the future requirements of a household load model. 
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Household load 

When it comes to modelling the household load, the most 

important characteristic of the household load, the high 

uncertainty, should first be understood. In order to 

demonstrate the level of uncertainty in the household load 

Figure 1 has been created. In the figure, the distribution of 

the load of a single household for a single day in December 

is shown as seen from the MV- and the LV-grid. This 

figure has been created with smart meter data from 200 

households, where the graph for the LV-grid represents a 

single household and the graph for the MV-grid represents 

the aggregated data for 100 households, scaled to a single 

household. The mean has been indicated by a blue line. 

From the figure it can be seen that the mean is the same for 

both cases, however the level of uncertainty is much higher 

from the LV-grid perspective. The level of uncertainty is 

so high that it is hard to distinguish a clear pattern in the 

load. From the MV-grid perspective, the load is already 

more certain as peaks cancel out in the aggregation. The 

modelling of the household load from an LV perspective 

would thus require a different approach than from an MV 

perspective as the high level of uncertainty should be taken 

into account.  

 

 
 
Figure 1: The Distribution of the load of a single household over 

a day as seen from the LV-grid level (above) and the MV-grid 

level (below) 

Current methods 

When calculations on existing networks are performed, a 

more detailed load model is applied. The model is a 

combination of the models of Velander [1] and of Rusck 

[2]. The combination of these models is based on two main 

assumptions: the peak load and the yearly energy usage. 

These two quantities have a strong correlation and the 

distribution of the household load during the peak is a 

normal distribution.  

The Velander model is based on the connection between 

the yearly energy usage and the peak energy usage. This is 

shown in equation 1. 

 𝑃𝑚𝑎𝑥,𝑛 = 𝛼𝑉 + 𝛽√𝑉 (1) 

In this equation Pmax,n is the maximum load of n 

connections, V is the yearly energy usage of the n 

connections and α and β are parameters which can be 

determined by measurements. 

The model of Rusck connects the peak of a single load to 

the peak of multiple loads through the use of a coincidence 

factor: 

 𝑃𝑚𝑎𝑥,𝑛 = 𝑔∞𝑃𝑚𝑎𝑥,1𝑛 + (1 − 𝑔∞)𝑃𝑚𝑎𝑥,1√𝑛 (2) 

where g∞ is the coincidence factor of a group of infinite 

household loads. Based on these two formulas the peak 

load can be calculated for any number of households. 

 

These equations were used by Axelsson and Strand in a 

CIRED publication [3] in 1975 and are commonly known 

as the Strand-Axelsson equations. 

 

In addition to the method mentioned above, DNO’s often 

also use the following method for designing new LV-grids. 

A fixed peak load is assigned to each household, with also 

a fixed coincidence factor and an annual growth factor. 

This load depends solely on the house type. The magnitude 

of the household load originates from decades of empirical 

data and is supplemented with loads for appliances which 

are foreseen to have a higher penetration rate in the future. 

Future needs 

With the introduction of PV, EV and HP’s, the household 

load is changing significantly. This also has an influence 

on the tenability of the current household load modelling. 

The two main assumptions of the current load model are 

already losing their applicability. From Figure 1 is can be 

seen that the distribution of the household load at the peak 

hour (around 19:00) is not normally distributed, but 

significantly more tail heavy (the values higher than the 

mean span a wider range in comparison to the values 

smaller than the mean). The correlation between the yearly 

energy usage and the peak load was already reasonable low 

(<0.3 based on smart meter data from 2014 of 200 Dutch 

household consumers with a yearly energy usage between 

the 2000 and 4000kWh). With the introduction of PV at a 

household it can be easily imagined that the relationship 

between the yearly energy usage and the peak load further 

declines. 

A future load modelling approach should not only no 

longer rely on these assumptions, but also be able to make 

use of smart meter data, improve the implementation of 

scenarios, and should include load curves.  
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PROPOSED MODELLING APPROACH 

With the future needs defined, a new modelling approach 

can be designed. The proposed modelling approach should 

be able to make full use of the measurement data supplied 

by smart meters, be easily adaptable to different scenarios 

and give an indication on the load throughout the day. An 

overview of the new modelling framework has been 

presented in Figure 2. 

 

 
Figure 2: An overview of the proposed modelling framework 

The framework uses smart meter data to train the eventual 

load model. In this way the link between specific 

households and the smart meter is broken, so the 

framework is GDPR1 safe. Separately, information on the 

energy usage of appliances like EVs can be fed into the 

model to be able to build scenarios. The load model will 

consist of a modelled distribution of the peak load times, 

in combination with the daily and seasonal variations of 

the load. Based on this model and on external scenarios a 

distribution of the load can be generated for each of the 

timesteps in the scenarios. The most important aspects of 

this framework and how these aspects are implemented in 

the modelling approach is discussed in the sections below. 

Further integration of smart meter data 

As more and more measurements of the household load 

become available through smart meter data a clearer 

picture of the actual load during the network peak 

emergence. This peak is not Gaussian distributed but 

significantly more tail heavy and does not represent a 

commonly used distribution. Therefore, a Gaussian 

mixture model has been applied to model the distribution 

of the peak load. This is illustrated in Figure 3, where the 

Gaussian mixture distribution of the peak load is given.  

 

 
Figure 3: A Gaussian mixture distribution of the load during the 

peak 

                                                           
1 GDPR: General Data Protection Regulation, the EU regulation 

   concerning data usage and privacy of consumers. 

This distribution consists of three distributions forming a 

single probability density distribution. To combine these 

distributions each distribution has a weighing factor which 

is the chance that a random variable is drawn from one of 

the distributions. Roughly speaking can the three 

distributions be attributed to inactive households (orange), 

where no additional appliances are being used at this peak 

moment, moderately active households (green), where just 

a couple of extra appliances are being used and high load 

households (red), where high load appliances such as 

ovens or washing machines are used during the peak. 
 

By modelling the load in this way, smart meter data can be 

used directly to determine the shape of the Gaussian 

mixture distribution. Based on the smart meter data, 

different distributions can be used for different types of 

LV-grid consumers. Specific load models for detached 

houses, apartments and shops can be generated, based on 

the smart meter data. A full probability density function is 

determined for each LV consumer in this way. 

Load profiles are included 

Because the smart meter contains data profiles, a profile 

load flow can also come from the load model. Next to 

training the model to determine the distribution during the 

peak times, the model can also be trained to determine how 

the distributions changes over time. An example of this is 

given in Figure 4, where the weighing factors of each of 

the components of the Gaussian mixture distribution from 

Figure 3 are plotted throughout the day. 

 

 
Figure 4: The distribution of the three components from Figure 

3 over a day 

The data on how the weight of these components change 

throughout the day cannot only be used to generate 

stochastic load profiles, but also to determine the peak 

moment within the network. This allows the calculation of 

the peak load to always take place at the right time, even if 

the peak time is shifted due to for instance PV. 
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Improved implementation of scenarios 

When evaluating an LV-grid design or assessing whether 

an LV-grid can withstand the future load it is important to 

be able to use scenarios, as components in the network can 

have an economic lifetime of over 30 years. Through the 

use of Gaussian distributions for these loads as well, the 

coincidence factor of these loads between different 

households can be taken into account. An example of the 

resulting (single component) Gaussian distribution 

mixture is given in Figure 5. 

 

 
 

 
Figure 5: The distribution of the peak load of a heat pump 

(upper) and the weighing factor across the day (lower). 

As the correlation between the load of a household and the 

load of new technologies is usually low (for a heat pump 

the correlation is less than 0.1, based on measurements 

from the Customer-Led Network Revolution pilot in the 

UK [4]) the new technology and the base load can be 

assumed to be independent. During a probabilistic load 

flow calculation, samples from these two sources can be 

added together to generate the sample for a household with 

a heat pump. Through adjustments in the weights scenarios 

for different penetration levels of heat pumps (or another 

appliances like PV or EV) can be simulated, without the 

need to allocate the heat pump to a specific household [5]. 

PRACTICAL IMPLICATIONS 

Introducing stochastic modelling techniques at a DNO also 

introduces uncertainty in interpreting the results which are 

often presented as a distribution rather than a fixed value. 

DNOs must make a choice which part of the distribution 

they wish to cover. This enables them to determine an 

accepted risk level and to invest responsibly. Stochastic 

modeling can offer more possibilities in this and results 

from existing studies [6] can be used. 

 

The acceptance of a certain level of risk is customary for 

DNOs and is unmistakably embedded in the currently used 

method, which uses the Velander and Rusck models. 

These models depends on parameters α and β. By 

determining these parameters for a certain percentile value 

of the peak load, the accepted risk level is chosen.  

 

For a successful implementation of stochastic load 

modelling in the LV network planning process at the DNO 

a number of practical considerations has to be taken into 

account, mainly the required data and skills. 

Needed data 

For future LV-grid planning more insight is needed into 

the adoption of new appliances such as EV, PV and HP. 

This can be obtained with scenario analysis. However, the 

current state of the LV-grid is also of importance including 

the new mentioned appliances. Currently this data is 

insufficiently available and has to be improved for a proper 

application of the discussed method. 

 

Load models for different categories of consumer and 

appliances must be generated in order to obtain the 

maximum benefit of the proposed method. Additional data 

is needed to categorize consumers. A limited amount of 

real load profiles per consumer category and per new 

appliance is needed for training the individual stochastic 

load profiles. For this purpose, smart meter data can be 

used. Because a limited set of smart meter measurements 

is sufficient for training the model, not every consumer has 

to provide his consumption data. 

With the limited amount of measurement data and the 

decoupling of the measurement data and the specific 

household in the final model, the challenges with privacy 

legislation are likely to be overcome. 

 

For each consumer it must be determined to which 

category they belong, e.g. apartments, terraced houses, 

detached houses, various stores and businesses etc. This 

has yet to be explored, but it is expected that sufficient 

public sources will be available for this purpose. 

Needed skills 

Currently, fixed design figures and coincidence factors are 

used for the design of new LV-grids. These figures are 

integrated in the network planning tool. Engineers are used 

to this procedure. Determining the current state of an 

existing LV-grid is done in the network planning tool 

where the load is modeled as mentioned in the section on 

‘Current methods’. 

 

Adapting the proposed modeling approach in the design 

procedure requires, besides integration in the network 

planning tool, a different interpretation of the results. 

Interpretation of non-deterministic load flow results 

becomes more difficult. Engineers have to be trained in 

drawing the right conclusion from the calculation. Some 

basic knowledge of the principles of the stochastic load 

flow and load modeling is therefore required. For 

successful implementation, a step-by-step introduction of 

the proposed modeling approach should be made. 
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Outlook 

The proposed load modeling yields a better reflection of 

the future load. Hence a better insight in the used capacity 

of the LV-grid can be obtained. This results in more 

efficient investments and planning, which is an essential 

step in preparing for the energy transition. 

 

The large number of existing LV-grids requires 

automation of load-flow calculations and interpretation of 

the results. Network models must be available for all these 

networks. This automation is also required for various 

other asset management purposes at the DNO. 

 

This proposed method is excellent for aggregation of the 

load to MV and HV level. This offers additional 

possibilities for network planning at the higher grid levels, 

which must also be pursued. 

CONCLUSIONS 

In this paper a new modelling approach for modelling of 

loads in LV-grids is discussed. Stochastic load modelling 

appears to be an effective method in LV-grids when 

technologies whose load pattern has a weak correlation 

with the traditional household load pattern are 

implemented. Furthermore the method is eminently 

applicable for long-term grid planning and scenario 

analysis. However, the proposed method has a strong 

dependence on data collection, especially smart-meter 

data. Because of the way the stochastic load modelling is 

defined in this paper the associated privacy challenges are 

likely to be overcome. To execute long term scenario-

analysis for a whole service area of a DNO including the 

proposed load modelling automation of load-flow 

calculations and interpretation of the results is needed. 

This approach gives a DNO the opportunity to generate a 

reinforcement and extension strategy which is fitted to the 

local developments within an LV-grid. 
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