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Abstract: The electrification of the transport and heat sectors will significantly increase and 

reshape demands in urban distribution grids. To support distribution system operators in large-

scale planning studies, this work compares simplified and detailed probabilistic methods to 

forecast future low-voltage load developments and to assess resulting grid impacts. Three 

representative urban grids are analysed for a future scenario with high shares of heat pumps 

and electric vehicles. The study evaluates modelling accuracy with respect to transformer load-

ing, line loading and node voltages, as well as the associated computational effort. Results 

show that a 10-minute time resolution provides a robust and practice-oriented compromise 

between accuracy and runtime. Increasing the number of probabilistic calculation iterations 

generally improves the capture of rare critical grid states, but benefits saturate at higher itera-

tion numbers. Simplifying heat pump modelling via a model based on the average system 

efficiency of the heating system can substantially reduce computation time while maintaining 

comparable peak loading results. Load-profile pooling approaches reproduce classic Monte 

Carlo results at significantly lower computational cost and are - due to their required initial 

invest for creating the load profile pools - particularly suited for large-scale studies. Finally, an 

approach based on simultaneity factors offers a conservative, fast evaluation and can be ap-

plied in cases where calculation time is crucial or static, worst-case load estimates are suffi-

cient.  

Keywords: Load Modelling, Grid Planning, Monte Carlo Simulation, Simultaneity Factors, 

Electric Vehicles, Heat Pumps, Distribution System Operator 

1 Motivation and Objectives 

Due to advancing sector coupling, distribution grids – especially in urban areas – are facing 

structural changes. Significant increases in load are to be expected, in particular due to the 

transition of the transport and heating sector and the corresponding increase in electric vehi-

cles and heat pump-based heating systems. In order to ensure a future-oriented and depend-

able energy supply, grid expansion measures are unavoidable in many cases. In this context, 
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reliable load forecasts are essential for the correct dimensioning of the operating equipment 

such as transformers and cables.  

At higher voltage levels load forecasting is comparatively simple, since it is possible to utilize 

standard load profiles due to the high number of respective consumers (increasing accuracy 

with increasing aggregation, see also law of large numbers). In low-voltage grids this is much 

more complex due to the smaller underlying consumer base and the resulting higher probability 

of overlapping extreme cases. In order to achieve a reliable forecast for a high number of grids 

in different scenarios, a fundamental conflict of interest exists between result precision and 

computational intensity. Therefore, this work compares different approaches developed for 

load forecasting at the low-voltage level in terms of their accuracy and computational complex-

ity using typical, representative urban grid areas (see also section 4) as examples and provides 

application recommendations for grid operators.  

A more detailed description of the different calculation variants to be compared is provided in 

section 3. The general methodology and approach of this study are explained in the following 

section.  

2 Methodology 

To evaluate the different calculation methods, typical representative network areas are defined 

as example areas for the analysis in a first step. Based on [1], three typical grids representative 

for urban areas are utilized here: An area with dense building structure (primarily residential 

use), an area with loose building structure (primarily residential use), and an area primarily 

used for commercial and retail purposes. These networks are based on existing grid areas and 

are further used to compare the different modelling approaches. More detailed descriptions of 

the three network areas are provided in section 4. 

In order to determine the resulting load flows in the respective networks, both, a simultaneity-

based approach –  which is comparably simple and computationally less intensive – and 
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several more complex probabilistic approaches are applied. Probabilistic analyses involve 

classic Monte Carlo simulations (MC) as well as Monte Carlo simulations with simplified 

heating system modelling (MC + SHSAP). In addition to this, pooling approaches are 

developed, in which load profiles of a certain load type (e.g., home charging point for electric 

vehicles) are pre-produced once using a Monte Carlo simulation and stored in a database, 

from which they can later be retrieved as needed without having to regenerate the individual 

profiles each time. A more detailed description of the modelling variants is provided in section 

3. The resulting load profiles and simultaneity curves are modelled in a Python environment, 

while the load flow calculation is carried out in DIgSILENT PowerFactory. For the (partially) 

probabilistic approaches, a quasi-dynamic simulation is done in PowerFactory, while for the 

simultaneity factor-based approach, the low voltage load flow analysis method is utilized (for 

an explanation of the different PowerFactory methods, see [2]).  

The significance of the time resolution of the quasi-dynamic simulation, variing iteration 

numbers, and practical strategies in order to reduce the number of iterations are also assessed 

here. Finally, the results are compared in terms of modelling complexity and resulting loading 

of the operating equipment. Recommendations for application by distribution system operators 

are derived. The approach is summarized in Figure 1.  

3 Description of the Different Calculation Methods 

This section presents all different calculation variants to be compared, which range from purely 

probabilistic approaches to probabilistic pooling approaches to simultaneity-based ap-

proaches. Section 3.1 first explains the Monte Carlo approach and associated sub-variants.  

3.1 Monte Carlo Simulation 

In the Monte Carlo simulation, the load profiles of the respective consumer types are modelled 

based on various influencing factors and their respectively defined probability distributions. 

Depending on the type of load, different influencing factors must be taken into account. Factors 

such as the start time of the charg-

ing process, the amount of energy 

charged, and the relevant charging 

power play an important role at the 

modelling of an electric vehicle 

charging point. In a heat pump sys-

tem (HP), on the other hand, as-

pects such as the domestic hot wa-

ter (DHW) withdrawal, the profile of 

the ambient temperature, and the 

level of the buffer tank at the start 

of the simulation are relevant. Fig-

ure 2 provides an example illustra-

tion thereof. Individual load curves 

are determined here for each load 

and analysis iteration. The load 

time series is generally modelled in 
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Figure 2: Illustration of Monte Carlo simulation using the example of 
a charging point and a heat pump system 
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a one-minute resolution. The modelling of the heat pump systems is based on the heating 

system models developed in [3] and [4]. The “High-resolution Heating System Model” in com-

bination with the base scenario defined there is utilized, whereby a heating curve of A-10/W51 

is assumed for all buildings. The heating demand is considered every minute individually for 

each building based on an existing building data base [5] for the respective buildings. The 

analyses are carried out during the period of standard outdoor temperature, as this is when 

the highest power consumption has to be expected.  

The models published in [6] are used to determine the power consumption of charging points 

for electric vehicles (EVs), with the load profile also being simulated on a winter working day. 

The following assumptions do generally apply:  

• Charging powers of EV: 11 kW AC and 160 kW DC 

• Charging power of private home charging point: 11 kW AC 

• Charging power of private work charging point: 11 kW AC 

• Charging power of public AC charging station: 2 x 22 kW AC 

• Charging power of public DC charging station: 53 kW 

In the case of DC charging points, rectifier losses are already taken into account by additional 

power consumption of the charging stations (see also [6]). In order to model the household 

loads the load profile generator from [7] is utilized to preproduce load profiles and herewith 

simulate the respective household loads. The profiles are calibrated according to the method-

ology described in [6]. Households are always assumed to be two-person households, since 

this corresponds to the typical household size in Germany [8]. A working day in winter is mod-

elled, whereby the annual energy consumption is set to 2,900 kWh per household, which is an 

average value for a two-person household in Germany [9].  

In the absence of reliable information on individual commercial buildings and the underlying 

commercial utilization type, the standard load profile for commercial use (profile G25 for a 

working day in January, see also [10]) is utilized to estimate the commercial power consump-

tion. This enables the active power demand of each building to be determined individually for 

all different load types. In order to consider the reactive power demands, the following power 

factors are assumed for purposes of simplification:  

• Heat pump systems (modulating): 0.95 overexcited ([11] shows that the power factor 

of heat pumps can vary significantly depending on the model and operating point. 

Since this paper assumes modulating heat pumps with frequency converters (and not 

fixed-speed heat pumps), a power factor of 0.95 overexcited is assumed.) 

• Charging infrastructure for EVs: 1.0 (see [6]) 

• Household loads: 1.0 (simplification based on [12] and [13]: reactive power consump-

tion by households is typically quite low. The analysis conducted during the develop-

ment of the load profile generator utilized in this work also implies that the power fac-

tor of households averages around one [7]) 

• Commercial loads: 0.98 underexcited (cf. [6]) 

The load profiles are generated entirely in a Python environment. From there, the profiles are 

automatically imported into PowerFactory, where they are assigned to their building specific 

grid connection points (GCPs) and are utilized for a quasi-dynamic simulation. The results of 

this simulation do then provide relevant insights into the resulting equipment loadings and pos-

sibly occurring limit violations.  
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3.1.1 Monte Carlo Simulation with Simplified Heating System Modelling 

In the calculation variant Monte Carlo Simulation with Simplified Heating System Modelling, 

everything is identical to the Monte Carlo simulation explained above, with the exception of the 

heating system modelling. In order to model the active power demand of the heating system 

the “Simplified Heating System Average Performance Model” developed in [3] is utilized here 

instead of the “High-resolution Heating System Model”. Instead of using a detailed thermal 

building model, a constant electrical power consumption of the heating system is now approx-

imated and used based on the overall efficiency of the heating system. Although this reduces 

the accuracy of the resulting load profile, it eliminates the need for the computationally inten-

sive, high-resolution heating system modelling. All other calculation steps remain the same as 

in the previous section.  

3.2 Probabilistic Approach with Load Profile Pools 

In contrast to the previous Monte Carlo Simulation, the Probabilistic Approach with Load Profile 

Pools does not generate new load profiles for each iteration and consumer. Instead, a large 

number of load profiles are created in advance for each consumer type and then stored in a 

database (“load profile pool”). The Monte Carlo simulation presented in section 3.1 is utilized 

to generate the individual profiles of the pool. Subsequently, for each iteration a corresponding 

load profile is randomly selected from the pool and utilized. Figure 3 illustrates the procedure 

with an example.  

Since commercial loads are represented by the standard load profile in the model, load profile 

pools are only created for charging points, heat pump systems, and households. As already 

explained in section 3.1, households are always 

modelled as two-person households, which is 

why one load profile pool is sufficient here. For 

EV-related loads, separate load profile pools 

must be created for all relevant charging point 

types (e.g., private home charging, private charg-

ing at work, public AC charging, public DC charg-

ing, etc.), as these can vary greatly in terms of 

power demand and time course. The procedure 

is more complex in the case of heat pump sys-

tems. In addition to the different types of heat 

pumps (air-, ground-, and water-source), the heat 

load of the building and the number of residents 

– which influences DHW consumption – also play 

an essential role, as the dimensioning of the HP 

system depends on these factors. The HP profile 

pools are therefore grouped according to HP 

technology, heating load of the building, and number of supplied households. An adaptive 

group width is applied here in case of the heat load in order to limit the number of different load 

profile pools required. The adaptive heat load group width is used to ensure both fine resolution 

in the range of lower heat loads and appropriate aggregation in ranges of higher heat loads, 
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without having too many profile groups. The heat load 𝑄̇SHL is divided into consecutive inter-

vals, each of which is assigned a specific group width 𝑤(𝑄̇SHL). For building heat loads in the 

range of 0 kWtherm ≤ 𝑄̇SHL < 10 kWtherm the class width is 1 kWtherm, in the range of 

10 kWtherm ≤ 𝑄̇SHL < 20 kWtherm the class width is 2 kWtherm and so on. The adaptive class width 

can therefore be described by function (1). 

𝑤(𝑄̇SHL)

{
 

 
 1,            0 ≤ 𝑄̇SHL < 10 

2, 10 ≤ 𝑄̇SHL < 20

3, 20 ≤ 𝑄̇SHL < 30
…

 (1) 

 𝑄̇SHL Standard heat load of building in kWtherm  

 𝑤(𝑄̇SHL) Group width of load profile pool in kWtherm  
 

Each building is then assigned to a group whose boundaries are determined by the corre-

sponding class width. This approach takes the variability of the heat load distribution into ac-

count and ensures an appropriate grouping that guarantees both result accuracy and a limited 

amount of different load profile pools.  

The number of profiles contained in the pools ranges between 1,000 and 10,000 depending 

on the consumer type. For consumers such as HPs, only 1,000 profiles are stored per pool, as 

there are many different HP pools and the individual ones are therefore required comparatively 

rarely, whereas 10,000 profiles are stored in the pools required to model the charging points 

of EVs, since there is less variance here (e.g., only one home charging pool exists for all home 

charging points).  

The remaining assumptions concerning charging powers and power factors are identical com-

pared to the Monte Carlo simulation described in section 3.1. The load profiles are as well 

determined in a Python environment and then imported to PowerFactory in order to perform a 

quasi-dynamic simulation.   

3.2.1 Probabilistic Approach with Load Profile Pools and Only Most Critical Iterations 

This calculation variant is identical to the one presented previously in section 3.2, with the only 

difference that a preselection of the iterations to be modelled is made here in order to be able 

to reproduce rarely occurring critical network states even with a smaller number of iterations.  

The most computationally intensive part of the analyses using load profile pools is the import 

of the load time series and the load flow calculation in PowerFactory. The more iterations cal-

culated here, the longer the entire simulation takes. In comparison, the load profile extraction 

from the pools that takes place beforehand in the Python environment can be carried out very 

quickly. Therefore, in this approach, for each grid connection point 𝑖 ∈ {1,… ,𝑁}, n stochastic 

load time series 𝑃𝑖
(𝑗)
(𝑡) are generated by sampling from the predefined load profile pools, with 

𝑗 ∈ {1,… , 𝑛} denoting the iteration index. For each iteration j the aggregated active (peak) 

power across all grid connection points in the respective low-voltage grid area is computed as 

shown in equation (2) and (3).  
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𝑃agg
(𝑗)(𝑡) =∑𝑃𝑖

(𝑗)
(𝑡)

𝑁

𝑖=1

 (2) 

𝑃max
(𝑗)

= max (𝑃agg
(𝑗)(𝑡)) (3) 

 𝑃agg
(𝑗)
(𝑡) Aggregated active power across all GCPs in kW  

 𝑃𝑖
(𝑗)
(𝑡) Active power of GCP i in kW  

 𝑃max
(𝑗)

 Aggregated peak active power in kW  

 

In order to reduce the overall computational effort while still depicting rare but critical system 

states, only the 𝑘 ≤ 𝑛 iterations with the highest values of  

𝑃max
(𝑗)

 are selected as described in equation (4). 

𝐾 = arg top
𝑘

{𝑃max
(1)
, … , 𝑃max

(𝑛)
} (4) 

 𝐾 Set of load profiles with the 𝑘 highest peak loads  

 𝑃max
(𝑗)

 Aggregated peak active power in kW  

 

Subsequent load flow calculations are performed exclusively for the selected set  

𝐾. While this approach ensures that the most critical iterations in terms of total grid load (trans-

former load) are captured, these iterations do not necessarily correspond to the most critical 

states for individual line sections or nodes. Therefore, the required number of iterations 𝑘 for 

reliable modelling results is further analysed (see section 5.1). The general procedure is sum-

marized in Figure 4. 

 

Figure 4: Illustration of the pooling approach with only considering the most critical iterations for modelling 

3.3 Simultaneity Factor Approach 

In this calculation variant, time series analyses are no longer carried out. Instead, the load 

estimate is based on simultaneity curves (simultaneity factors in dependency to the number of 

connected consumers) which result in static load values. The simultaneity curves are consid-

ered individually for all relevant load types. This allows the load contribution of a single load to 

be determined. Different times of the day (potential peak load times in the morning, at noon, 
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and in the evening) are examined. The load flow calculation itself is then performed in Power-

Factory using the low voltage load flow analysis method. It should be noted that this calculation 

approach only considers active power and does not take reactive power into account. A more 

detailed description of this simultaneity factor approach is provided in [14].  

4 Description of the Typical Network Areas Used for the Assess-

ment  

For the evaluation of the different calculation methods, typical low-voltage network areas are 

defined as example areas. Based on [1], three typical grids representative for urban areas are 

utilized here: an area with dense building structure and primarily residential use, an area with 

loose building structure and primarily residential use, and an area primarily used for commer-

cial and retail purposes. These networks are all based on existing grid areas.  

The load allocation represents a forecast for the year 2050, in which existing gas heating sys-

tems have been replaced by district heating, heat pumps, or other alternative technologies, 

and the entire passenger vehicle stock has been electrified. Further details of the load alloca-

tion and chosen scenario can be found in [14] (applied scenario: “Zielszenario”). 

4.1 Grid with Dense Building Structure and Primarily Residential Use 

This typical grid, consisting mainly of 

residential buildings in dense struc-

ture, is representative for about 35 % 

of urban grid areas and is therefore 

the most common grid type [1]. It 

supplies 162 households, 85 home 

charging points for EVs, one public 

AC charging station and two public 

DC charging points. The commercial 

peak load amounts to about 150 kW. 

The complete heating sector is being 

supplied by district heating (therefore 

no electric power demand at low-

voltage level that needs to be consid-

ered due to heating), which is also 

typical for a grid in the central areas 

of a city. A summary of the supply 

structure is given in Figure 5. This 

network will be referred to hereinafter 

as “residential dense grid”.  

Figure 5: General grid information and allocated loads of the resi-
dential dense grid 
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4.2 Grid with Loose Build-

ing Structure and Primarily 

Residential Use 

This typical urban network, which 

mainly consists of residentially used 

buildings in a loose structure, is the 

second most common grid type 

(representative for about 22 % of 

the urban grids, c.f. [1]). 181 house-

holds are connected next to 112 

home charging points for EVs, 10 

work charging points, two public AC 

charging stations and two public DC 

charging points. The commercial 

peak load is 116 kW and in total 

around 60 % of an overall of around 

800 kW of the thermal building heat 

load is being supplied electrically by 

decentral air-source and ground-

source HPs, with air-source HPs 

accounting for the largest share of 

heat load. It shall be noted that in 

this network area, a comparatively 

high percentage of heat generation 

is based on wood chips and pellets 

(typically a lower percentage).  Fig-

ure 6 summarizes the grids’ supply 

structure. This network will be re-

ferred to as “residential loose grid” 

in the following.  

4.3 Grid Primarily Used for 

Commercial and Retail Pur-

poses 

In order to not only analyse primar-

ily residentially used grids, this net-

work shall also be considered. It is 

primarily utilized for commercial 

and retail purposes (about 8 % of all 

urban network areas are repre-

sented by this grid type, see also 

[1]). Only 14 households are sup-

plied here, as well as 22 work 

charging points for EVs and two 

Figure 6: General grid information and allocated loads of the resi-
dential loose grid 

Figure 7: General grid information and allocated loads of the com-
mercial grid 
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public DC charging points. The commercial peak load equals to 119 kW. In total 121 kW of an 

overall of 283 kW of the thermal building heat load is supplied by decentral electric heating 

solutions (various HP technologies, but no air-source HP systems). Figure 7 provides an over-

view of the key elements of the network's supply structure. This grid area will be further referred 

to as the “commercial grid”. 

5 Comparison of the Different Calculation Methods and Variants 

The influence of the time resolution of the simulation, the number of iterations (analysis peri-

ods) examined, and the different calculation methods presented previously in section 3 shall 

be analysed in this section.  

5.1 Effects of Time Resolution and Number of Analysis Periods 

First the effects of varying the time resolution of the calculations and the number of periods 

analysed shall be addressed. For this purpose, the typical grid areas are examined first using 

the Monte Carlo simulation in order to generate the time-series load profiles and the quasi-

dynamic simulation in PowerFac-

tory to calculate the resulting load 

flows (see also section 3.1). A one-

minute resolution and a 10-minute 

resolution (which then represents 

the 10-minute average of power, 

currents, and voltages) are com-

pared. In addition, a varying num-

ber of iterations of 5, 20, 50, and 

100 is analysed. One iteration cor-

responds to one standard outdoor 

temperature period, which consists 

of two days (so e.g., with n = 100, a 

total of 200 days at standard out-

door temperature are considered). 

The results of the analysis are sum-

marized in Figure 8 and Figure 9. In 

the box plots, the box itself repre-

sents the range from the first to the 

third quartile. The median is 

marked by the horizontal line. The 

whiskers above and below delimit 

the normal value range, with its 

boundaries deviating by a maxi-

mum of 1.5 times the interquartile 

range from the first to the third quar-

tile of the distribution. Outliers are represented as dots. The results in one-minute resolution 

are shown on the left, and the results in 10-minute resolution on the right side of the graph. As 

expected the simulation results show a slightly lower equipment loading when using the 10-

grid: residential loose

resolution: 1 min

grid: residential loose

resolution: 10 min

n = 5 n = 20 n = 50 n = 100

solid line: median; dashed line: max.

grid: resident. dense

resolution: 1 min

grid: resident. dense

resolution: 10 min

grid: commercial

resolution: 1 min

grid: commercial

resolution: 10 min

Figure 8: Results of transformer loading for different time reso-
lutions and analysis periods 
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minute average, but the differences 

compared to the one-minute resolu-

tion are small. Because the 10-minute 

average value is decisive for the eval-

uation of voltage quality in accord-

ance with DIN EN 50160, and since 

the 10-minute average values are fur-

ther more practice-oriented and indic-

ative for cables and transformers due 

to the existing thermal inertia as well, 

the 10-minute time resolution is cho-

sen for subsequent analyses.  

The effects of varying numbers of 

analysis periods are indicated by the 

different colours in the graphs (see 

also legend above). A more signifi-

cant difference is evident here, 

whereby in general higher equipment 

loadings can be depicted with in-

creasing iteration numbers n. This im-

plies that using a small number of it-

erations may result in an underesti-

mation of the load situation. While the 

differences in maximum equipment 

loading between five and 100 analy-

sis periods (meaning 10 versus 200 

analysis days at standard outdoor 

temperature) can be quite high, there 

are no significant differences between 50 and 100 iterations anymore.  

Figure 10 shows the resulting computation times for the different variants. For better compa-

rability, the durations are normalized to one for each grid respectively, with one corresponding 

to the duration of the variant with the longest calculation time. The absolute computation times 

depend heavily on the available computing power and the efficiency of the implemented code, 

which is why the normalized representation is chosen to enable a basic comparison of perfor-

mance. It has to be noted that the utilization of the 10-minute average values only affects the 

calculation times in PowerFactory (144 time steps per day compared to 1,440 time steps at a 

1-minute resolution), as the Python models applied for the load profile generation were de-

signed for a one-mi-

nute resolution. It 

becomes clear that 

the resulting dura-

tions are highly de-

pendent on the grid 

area and the under-

lying consumption 

n = 5 n = 20 n = 50 n = 100

res.: 1 min res.: 10 min

res.: 1 min res.: 10 min

res.: 1 min res.: 10 min

grid: residential loose

grid: residential dense

grid: commercial

res.: 1 min res.: 10 min

res.: 1 min res.: 10 min

res.: 1 min res.: 10 min

Figure 9: Results of max. line loadings and min. node voltages 
for different time resolutions and analysis periods 

Figure 10: Normalized computation time of the different calculation variants 
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structure. The example of the residen-

tial loose grid shows that switching from 

1-minute resolution to 10-minute reso-

lution only enables a comparatively 

small improvement in performance, 

whereas on the other side a compara-

tively large improvement can be 

achieved in the residential dense grid. 

The reason for this lies primarily in the 

supply structure of the networks. In particular due to the time-consuming modelling of the elec-

trical heating systems in the residential loose grid, the majority of the computation time is spent 

in the Python environment for the load profile generation. In comparison, in the case of the 

residential dense grid, the modelling of the electrical heating systems can be completely 

spared, since the entire grid area is supplied by district heating. Therefore, the majority of the 

calculation effort here is spent on importing the load profiles into PowerFactory and performing 

the quasi-dynamic simulation there, which is why a significant performance improvement can 

be achieved by increasing the time resolution to 10-minute averages. However, as a general 

principle, the higher the number of periods examined, the longer the calculation time, and the 

larger the time resolution, the shorter the calculation time. If, for example, the variant of 100 

iterations with a one-minute resolution are compared with the variant of 50 iterations in a 10-

minute resolution, it can be seen that the latter requires only about 25 % of the calculation time, 

which can be an im-

portant factor when 

there are a large num-

ber of grid areas to be 

analysed.  

In the following, the in-

fluence of varying the 

number of iterations 

(analysis periods) us-

ing the probabilistic 

approach with load 

profile pools and only 

consideration of the 

most critical itera-

tions presented in sec-

tion 3.2.1 shall be ex-

amined. A 10-minute 

resolution is chosen. 

The resulting computa-

tion times are displayed 

in normalized form (one 

corresponding to the 

duration of the longest 

calculation time per 

grid: residential loose

resolution: 10 min

n = 5 n = 20 n = 50 n = 100solid line: median; dashed line: max.;

grid: residential dense

resolution: 10 min

grid: commercial

resolution: 10 min

Figure 12: Influence of varying numbers of analysis periods using the pooling ap-

proach with only consideration of the most critical iterations 

Figure 11: Normalized computation time of varying numbers of 
analysis iterations using the pooling approach with only con-

sideration of the most critical iterations (10-min. resolution) 



19. Symposium Energieinnovation, 11.-13.02.2026, Graz/Österreich  

   

Seite 13 von 18 

grid) in Figure 11. It can be seen that already a comparatively high amount of time is required 

for a small number of iterations and that, e.g., there is no significant difference between con-

sidering five and 20 analysis periods. 

The modelling results are summarized in Figure 12. Since this approach involves preselecting 

the analysis periods and only considering those with the highest load (at transformer level), 

comparatively accurate results can be achieved even with a smaller number of analysis itera-

tions. The maximum load on the transformer can be depicted using the selected approach 

even with a low number of iterations. In the case of line loading and node voltages, increasing 

the number of iterations can achieve an increase in accuracy, as the maximum load on the 

individual line sections and nodes does not necessarily coincide with the time of maximum 

load at the transformer. However, the differences are smaller than in the Monte Carlo variant 

(see Figure 9), and no significant difference is apparent between 50 and 100 analysis iterations 

anymore.  

5.2 Comparison of the Different Calculation Methods 

Now the calculation methods presented in section 3 shall be compared with each other. All 

analyses are carried out using a 10-minute resolution. In the Monte Carlo simulation (Classic 

MC), the Monte Carlo simulation with simplified heating system modelling (MC + SHSAP), and 

the probabilistic approach with load profile pools (Pooling), 100 standard outdoor temperature 

periods (so 200 days) are considered in each case. In the case of the probabilistic approach 

with load profile pools and only considering the most critical iterations (Pooling + only 20 crit. 

iter.), only the twenty 

periods of the pooling 

approach are consid-

ered in which the ag-

gregated grid load was 

highest (see also de-

scription in section 

3.2.1). With the simul-

taneity factor ap-

proach (sim. factors), 

only a static value is 

determined, rather 

than a time-resolved 

value over different 

periods.  

The results are sum-

marized for the three 

representative net-

work areas in Figure 

13 (residential loose 

grid), Figure 14 (resi-

dential dense grid) and 

Figure 15 (commercial 

Load course at transformer Max. line loadings

median

max.

Classic MC MC + SHSAP Pooling Pooling + only 20 crit. iter.

Min. node voltages

sim. factors

grid: residential loose

Figure 13: Results of the different calculation methods for the residential loose grid 

Load course at transformer Max. line loadings

median

max.

Classic MC MC + SHSAP Pooling Pooling + only 20 crit. iter.

Min. node voltages

sim. factors

grid: 

residential dense

Figure 14: Results of the different calculation methods for the residential dense grid 
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grid). In general, it can 

be seen that the differ-

ences between the 

calculation variants 

Classic MC, MC + 

SHSAP, Pooling, and 

Pooling + only 20 crit. 

iter. are comparatively 

small. In the case of 

Pooling + only 20 criti-

cal iterations, the line 

loadings are slightly lower and the node voltages are slightly higher than in the other variants, 

but still remain within a very similar range. In the MC + SHSAP variant, there are no differences 

to the Classic MC approach in the residential dense grid due to the lack of electric heat gener-

ation there (see also section 4.1). In case of the residential loose grid, deviations in the MC + 

SHSAP variant become apparent particularly at midday. This can be explained by the high 

share of air-source HPs there: since the simplified heating system model only determines a 

constant average electrical power demand based on the overall system efficiency of the HP 

(see [3]), the higher coefficient of performance of the HP (and thus the resulting lower power 

demand) caused by the higher ambient temperatures during midday and afternoon is not taken 

into account here. However, when estimating the maximum loadings of the operating equip-

ment, a very similar result to the Classic MC variant can still be obtained here in terms of both 

equipment loadings and node voltages.  Compared to the other variants, the utilization of the 

sim. factors approach leads to a more conservative estimation of the resulting equipment load-

ings. By using simultaneity curves for a simplified load estimation, only static worst-case load 

values are considered here, which results in a comparatively high loading of the operating 

equipment.  

A comparison of the computation time of the different calculation methods is shown in normal-

ized form (one equals to the duration of the longest calculation time per grid) in Figure 16. It 

can be seen that the Classic MC variant requires by far the longest computing time. The new 

probabilistic calculation for each load and analysis period results in long calculation times, in 

particular due to the detailed modelling of the 

electric heating system. If the simplified heating 

system model is utilized instead, the computing 

times can be significantly reduced (with the ex-

ception of the residential dense grid, in which no 

electric heating systems exist). The pooling vari-

ants can result in further significant time savings 

in the calculation, with the Pooling + only 20 crit. 

iter. variant generally requiring the least amount 

of time among the compared variants. However, 

it should be noted that an initial investment of time 

is required to create the load profile pools. If only 

a small number of networks or a low number of 

Load course at transformer Max. line loadings

median

max.

Classic MC MC + SHSAP Pooling Pooling + only 20 crit. iter.

Min. node voltages

sim. factors

grid: commercial

Figure 15: Results of the different calculation methods for the commercial grid 

Figure 16: Normalized computation time of the dif-
ferent calculation methods (10-min. resolution) 
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periods are to be examined, this approach is unlikely to be cost-effective due to the high initial 

investment. Still, it is a very good way of reducing the computing effort required for a large 

number of networks or a high number of iterations. For a better contextualization: In the time 

required purely for the creation of the load pools for the three network areas according to the 

methodology described in section 3.2, the complete network calculations could already be per-

formed 2.4 times using the Classic MC variant (10-minute resolution, 100 iterations). However, 

since the number of clusters required decreases significantly in relative terms as the number 

of networks to be analysed increases1, this approach is still very recommended for large net-

work or high iteration numbers.  

It should generally be noted that the information on runtime is indicative and is intended to 

enable an overall comparison. There is still further potential for optimization in terms of code 

implementation for the different calculation variants, which could also alter the depicted ratios. 

The sim. factors approach is outside the scope of time recording, as the approach described 

in [14] is designed to carry out large-scale analyses with a high number of network areas and 

can hardly be broken down into individual network areas. Here, an initial investment for creat-

ing the required simultaneity curves must also be taken into account, but overall – especially 

for a large number of networks – the shortest runtime can be expected here, as no time series 

calculation is performed and only a static value is determined for the calculations.  

6 Conclusion and Outlook 

This work compares simplified and detailed calculation methods for forecasting future load 

development in urban low-voltage grid areas under advancing sector coupling. Using three 

representative urban low-voltage grid areas (a residential grid with dense building structure, a 

residential grid with loose building structure, and a commercial grid) and a 2050 target sce-

nario, the study analyses different calculation methods, time resolutions and number of analy-

sis iterations. It compares the modelling accuracy in terms of transformer loading, line loading, 

and node voltages, as well as the computational effort as a key constraint for large-scale ap-

plications by distribution system operators.  

The results indicate that a 10-minute time resolution is a practical and sufficiently accurate 

choice for quasi-dynamic load flow analyses: compared to a 1-minute resolution, the reduction 

in peak equipment loading is small, while computation times can drop substantially. The 10-

minute time resolution aligns further well with operational practice (consideration of the thermal 

inertia of transformers and cables) as well as the voltage quality assessment which is also 

based on 10-minute averages.  

Regarding the number of analysed periods, increasing the iteration count enables the capture 

of less frequent critical states, but the benefit saturates: differences between low and high 

iteration counts (e.g., five vs. 100 iterations) can be significant, whereas no larger improve-

ments in accuracy are observed between 50 and 100 iterations anymore for the investigated 

grids using the Monte Carlo simulation approach. Consequently, around 50 iterations (here: 

                                                
1 If only the three representative network areas analysed here are considered, an average of 17.7 clus-

ters is needed per network area. If all network areas in Munich are examined (> 4,000), only an average 

of about 0.6 clusters is required per network area. 
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100 days) represent a reasonable default compromise between robustness and runtime for 

detailed probabilistic studies. When applying the load profile pooling approach with only con-

sidering the most critical iterations, reliable results can also be achieved with even fewer iter-

ations.  

Table 1: Concluding comparison of the different calculation variants 

Calculation method Modelling results Computational 

complexity 

Classic MC Benchmark for the other approaches: Time-resolved 

simulation with reliable modelling of critical network 

states when using high iteration numbers 

no initial effort, 

high operational 

effort 

MC + SHSAP Similar results regarding maximum equipment loading; 

moderate differences visible in the shape of the resulting 

load profiles in grids with high shares of air-source HPs 

no initial effort, 

medium opera-

tional effort 

Pooling Very similar results to Classic MC – when applying the 

same number of analysis iterations 

high initial effort, 

medium opera-

tional effort 

Pooling + only crit. 

iter. 

Very similar results to Classic MC – also with a lower 

number of analysis iterations 

high initial effort, 

low operational 

effort 

Sim. factors Conservative (overestimating the equipment loading in 

comparison with the other approaches) and static peak 

load estimate without time-resolved results 

high initial effort, 

low operational 

effort 

 

When comparing the individual modelling approaches, the Classic Monte Carlo approach is 

computationally most demanding, mainly because new load profiles are probabilistically gen-

erated for each consumer and iteration (particularly costly for detailed HP modelling). Replac-

ing detailed HP modelling with the simplified heating system model yields a strong runtime 

reduction while preserving very similar results for maximum equipment loading compared with 

the Classic Monte Carlo approach. Deviations are mainly visible in the resulting shape of the 

load profile (at midday higher load in grids with a high share of air-source HPs). For planning 

questions focused on worst-case loading of the operating equipment, using the simplified heat-

ing system model therefore appears to be a robust modification, especially when computa-

tional resources are limited.  

The presented pooling approaches (utilization of pre-generated load profile pools) offer a par-

ticularly attractive solution. Both, the Pooling approach and the Pooling approach with only 

consideration of most critical iterations reproduce the Classic Monte Carlo results with com-

paratively small deviations for transformer loading, line loading, and node voltages, while sub-

stantially reducing the computational effort for analyses of large network or high iteration num-

bers. The analysed “Pooling + only 20 critical iterations” variant is especially efficient: by pre-

selecting iterations with the highest aggregated peak load at transformer level, it captures 

transformer-relevant extremes already with few analysis iterations. However, because the 

highest loading for individual line sections or node voltages minima do not have to necessarily 

coincide with the transformer peaks, accuracy can still benefit from increasing the number of 



19. Symposium Energieinnovation, 11.-13.02.2026, Graz/Österreich  

   

Seite 17 von 18 

iterations. The recommended number of iterations here lies between 20 and 50, as there are 

no longer any relevant differences in result between 50 and 100 iterations.  

In contrast to the other approaches, the simultaneity factors approach provides a conservative 

estimate because it relies on static peak assumptions rather than time-resolved probabilistic 

load series. This makes it well suited for fast, large-scale evaluations and for deriving robust 

expansion needs where a conservative bias is acceptable – yet it may overestimate loading 

compared to the time-series based probabilistic methods. The comparison of the different cal-

culation variants is summarized in Table 1. 

Practical recommendations for distribution system operators can therefore be derived as fol-

lows: 

• For the analysis of a small number of networks or a one-time detailed evaluation, the 

Classic Monte Carlo (if necessary in combination with the simplified heating system 

model in areas with high shares of electric heating systems) is recommended.  

• For a large number of networks and/or various different scenarios, the pooling ap-

proach with only consideration of the most critical iterations becomes highly attractive 

despite an upfront investment to generate the load profile pools – especially because 

the relative pool creation effort decreases strongly with scale.  

• The simultaneity factors approach is an efficient conservative modelling tool for quickly 

identifying critical networks or for network planning at an initial stage; networks identi-

fied as critical can then be analysed further utilizing the probabilistic variants. 

The findings of this work are now being taken into account for large-scale investigations of real 

urban grid areas in the “Grid for Electrification” [15] research project. In [14], for instance, the 

grid expansion requirements due to sector coupling in the urban distribution grid of Munich are 

determined using the simultaneity factor approach.  

References 

[1] Niederle, S. et al.: “Selection of Representative Urban Low-Voltage Grids for Electric 

Vehicle Integration Studies”, CIRED Conference, Rom, 2023. 

[2] DIgSILENT Power System Solutions: “Analysis of Low Voltage Networks“, 

https://www.digsilent.de/en/paper-reader-pf-en/analysis-of-low-voltage-networks.html  

[3] Storch, D. et al.: “Modelling the Electrical Power Demand of Different Heat Pump 

Systems: Approaches for Simplified and Detailed Load Assessment", 18. Sympo-

sium Energieinnovation, Graz, 2024. 

[4] Storch, D. et al.: “Sensitivity Analysis of the Electrical Power Demand of Heat Pump 

Systems", 8. E-Mobility Power System Integration Symposium, Helsinki, 2024. 

[5] M. Günther, G. Bayard, "Wärmewende in einer Großstadt. Entwicklung und Anwen-

dung eines zentralen Planungs- und Steuerungsinstruments", Informatik 2023, LNI 

337, Berlin, S. 1801-1808, 2023. 

[6] Kreutmayr, S.: “Elektromobilität im städtischen Verteilnetz – Modellierung und Aus-

wirkungen auf die Nieder- und Mittelspannungsebene”, Dissertation, TU München, 

2023. 

[7] Wagler, M.; Witzmann, R.: “Erstellung und Evaluierung eines synthetischen Haus-

haltslastprofilgenerators für Wirk- und Blindleistung”, 14. Symposium Energieinnova-

tion, Graz, 2016. 



19. Symposium Energieinnovation, 11.-13.02.2026, Graz/Österreich  

   

Seite 18 von 18 

[8] Statistisches Bundesamt: “Haushalte nach Haushaltsgröße und Haushaltsmitglie-

dern”, https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Bevoelke-

rung/Haushalte-Familien/Tabellen/1-2-privathaushalte-bundeslaender.html, 2025. 

[9] BDEW Bundesverband der Energie- und Wasserwirtschaft e.V.: “FAQ zum Thema 

Energieeffizienz – in den Bereichen Private Haushalte, Industrie und Gewerbe und 

Kommunen”, https://www.bdew.de/presse/pressemappen/faq-energieeffizienz/, 

2023.  

[10] BDEW Bundesverband der Energie- und Wasserwirtschaft e.V.: “Standardlastprofile 

Strom”, https://www.bdew.de/energie/standardlastprofile-strom/, 2025. 

[11] Heffernan, W. J. B. et al: “Harmonic Performance of Heat-pumps”, The Journal of 

Engineering 2013(9), https://ir.canterbury.ac.nz/server/api/core/bit-

streams/4c32caa6-2b49-4ddf-8720-df435785c37c/content, 2013. 

[12] Brückl, O. et al.: “Zukünftige Bereitstellung von Blindleistung und anderen Maßnah-

men für die Netzsicherheit”, https://www.bundeswirtschaftsministerium.de/Redak-

tion/DE/Publikationen/Studien/zukuenftige-bereitstellung-von-blindleistung-und-an-

deren-massnahmen-fuer-die-netzsicherheit.pdf, 2016. 

[13] Helm, S.: “Optimiertes Lademanagement von E-Kfz zur Spannungsstabilisierung im 

Niederspannungsnetz”, Dissertation, Otto-von-Guericke-Universität Magdeburg, 

https://opendata.uni-halle.de/bitstream/1981185920/119129/1/Helm_Sebastian_Dis-

sertation_2024.pdf, 2024.  

[14] Niederle, S. et al.: “Ermittlung des Netzausbaubedarfes im urbanen Verteilnetz durch 

Sektorenkopplung mittels vereinfachter Netzberechnung”, 19. Symposium Energiein-

novation, Graz, 2026. 

[15] Technische Hochschule Augsburg, “Grid for Electrification”, 

https://www.tha.de/en/Electrical-Engineering/Grid-for-Electrification.html  


