
The European Commission’s 

science and knowledge service 

Joint Research Centre 

Future residential 

electric load profiles and 

the need for 

interoperability 

Heinz Wilkening 
Christoph Troyer 



2 

Acknowledgement 

This work wouldn't have been possible 

without Christoph Troyer, who did most of 

the programming in a very clever way.  

 

I also like to thank my colleague Thomas 

Huld, who helped my with the solar data. 

And many others like Dr. Selma Lossau 

(NetzeBW), Tim Bierschwalle (enercity 

Hannover), Erwin Mulder (Vortech), Thomas 

Wolski (ppc), Tobias Boßmann (Fraunhofer 

ISI now Artelys) and Danny Klaar (Tennet) 



3 

From Light Bulb to LED 
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Typical Electric Load Profile 

Daily load profile of system load and end-uses in Ireland in 2011  
 

Source:BOSSMANN ET AL. 1112 ECEEE 2015 
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From the conventional car to the 

electric vehicles 
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Part 1  

resLoadSIM 
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The Idea of an Energy-Gateway 
Energy-Butler 

Picture by MoMa 
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The resLoadSIM Program 
resLoadSIM simulates load profiles of individual households by 

predicting the switching on/off of each appliances (electric loads) in the 

household using an probabilistic/random approach. 

 

Advantages of resLoadSIM: 

• is very flexible 

• allows realistic control of certain appliances (load shifting) 

Disadvantages of resLoadSIM: 

• is difficult to validate 

• only active and constant power of appliances  

• due to the random nature of the method, results are not reproducible 

and sometimes difficult to compare 

Best alternative to resLoadSIM: 

• None??? Even real experimental data cannot be used as flexible, 

because these cannot be influenced due to historic nature of the data 
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Electric Energy Consumption in 

Private Households as it is today 

Household 1: 

• persons? 

• retired? 

• at home? 

Fridge: 

• on/off 

Washing: 

• on/off 

TV: 

• on/off 

Boiler: 

• on/off 

…: 

• on/off 

Household 2: 

• persons? 

• retired? 

• at home? 

Fridge: 

• on/off 

Washing: 

• on/off 

TV: 

• on/off 

Computer: 

• on/off 

…: 

• on/off 

Household N: 

• persons? 

• retired? 

• at home? 

Fridge: 

• on/off 

Washing: 

• on/off 

TV: 

• on/off 

Boiler: 

• on/off 

…: 

• on/off 

… 

Solar  

• yes/no 

Solar  

• yes/no 

Solar  

• yes/no 
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Modelling a large 
number of individual 
households 

START

STOP

OUTPUT

reset

time < 

final_time?

h < 

num_households 

?

Household 

simulate

h++

OUTPUT

print

yes

yes

no

no

time++
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Within each 
household model 
all appliances 

a < 

num_appliances

?

change_status

is turned on?

increase 

total power

a++

yes

no

yes

no

APPLIANCE
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resLoadSIM: from single households appliances 
towards aggregating multiple households  
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Load Profile 100000 
Households 
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Weekly and Annual Load Variation 
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Load Distribution 
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Validation Reference 1 
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Validation has been done against German 
data provided by EnergieAgentur.NRW for 
typical German households 

Person in Household             1     2      3      4      5      6 

-------------------------------------------------------------------- 

 
……  

 

Fridge 

 ResLoadSIM [kWh]            345.   391.   431.   450.   470.   507. 

 EnergieAgentur.NRW [kWh]    337.   393.   430.   454.   472.   521. 

…… 

 
Total 

==================================================================== 

 ResLoadSIM [kWh]           2152.  3116.  4069.  4801.  5725.  6251. 

 EnergieAgentur.NRW [kWh]   2256.  3248.  4246.  5009.  5969.  6579. 
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Comparison with standard load 
profiles, validation reference 2  

Comparison standard profiles for households transition period versus resLoadSIM ` 
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100000 Households with Peak 
Shaving at 85% nominal Load 
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100000 Households following a 
given load profile 
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100000 Households Compensate 
a Given Delta-Profile 
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Comparison resLoadSIM with MoMa 

when using flexible prices for DSM, 

validation reference 3 
Loads are generally 

under-predicted 

compared to MoMa,. This 

could be the results of 

different boundary 

conditions, which are not 

know in detail for MoMa, 

e.g. the percentage  of 

households with electric 

hot water generation. 

The load shift due to 

price signal can be seen 

clearly also in 

resLoadSIM. 
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Consumption and costs, comparing reference 

and price shifting for resLoadSIM 
Cat.   Number     Mean Consumption      Mean Costs 

-------------------------------------------------- 

   1    41302         2110.907 kWh        453.91 € 

-------------------------------------------------- 

   2    33782         3061.091 kWh        654.92 € 

-------------------------------------------------- 

   3    12968         4003.204 kWh        851.59 € 

-------------------------------------------------- 

   4     8943         4716.520 kWh       1002.48 € 

-------------------------------------------------- 

   5     1996         5617.220 kWh       1190.27 € 

-------------------------------------------------- 

   6     1009         6214.629 kWh       1317.26 € 

-------------------------------------------------- 

 All   100000         3021.704 kWh        645.85 € 

Cat.   Number     Mean Consumption      Mean Costs 

-------------------------------------------------- 

   1    41302         2106.796 kWh        435.74 € 

-------------------------------------------------- 

   2    33782         3045.802 kWh        618.35 € 

-------------------------------------------------- 

   3    12968         3974.653 kWh        795.51 € 

-------------------------------------------------- 

   4     8943         4665.840 kWh        924.80 € 

-------------------------------------------------- 

   5     1996         5547.540 kWh       1095.66 € 

-------------------------------------------------- 

   6     1009         6127.465 kWh       1204.55 € 

-------------------------------------------------- 

 All   100000         3004.336 kWh        608.75 € 

About 10% load is shifted due to 

price signal. This is somewhat 

higher than was observed in 

MoMa. We therefore consider to 

introduce an ignore_price flag 

for some appliances to be set 

randomly, to represent those who 

really want the service now, e.g. 

starting the washing machine 

immediately. 

Second remark, the cost savings 

are only limited, about 6% or less 

than € 40,- in average.  
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Households can become Energy-
Prosumers by Installing Photovoltaic 
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The Effect of combining Photovoltaic 
with Batteries (Summer) 
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The Effect of combining Photovoltaic 
with Batteries (Winter) 
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zero:e park - Zero emission settlement 

Passive Houses in Hannover-Wettbergen, 

validation reference 4 

Aerial and side view Source:  
www.zero-e-park.de 
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Assumptions 

• 126 households with an average of 190m2 

with passive house standard 

• Highly efficient devices 10, 35, 35 and 20% 

in the best four Energy Efficiency Classes. 

• 40% have pv installations of 5.4 kWp 

• 5, 10, 35, 30, 15 and 5% of 1, 2, 3, 4, 5 and 6 

residents per household 

• Solar data from pv-gis with an weighted 

average of 15, 20, 30, 20 and 15% for East 

20, South 28, South 38, South 48 and West 

20 deg orientation of the Solar panels.   
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Comparison with 5 resLoadSIM runs 
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resLoadSIM 

demonstration 
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Conclusion 1: resLoadSIM 

A new method for simulating residential load profiles was 

presented. It was shown, that the method is valid and can 

generate interesting insight for the potential of demand 

side management as well others such as self-consumption 

or energy-efficiency.   

 

Just to mention, resLoadSIM underwent an external 

software review, which was positive!  

Second, we currently develop a web interface for 

resLoadSIM, which will allow external parties and interested 

people to use resLaodSIM.  
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Future Load Profiles 

In the future we can expect an increased amount of 

renewable generation via photovoltaic on the residential 

scale. At the same time there will be new electrical 

consuming “devices” at home, mainly heat pumps and 

e-vehicles. Also there is a trend by housing companies 

to replace combined hot-water and heating system by 

electrical boilers. 

This is increasing the loads on the Distribution-Grid, 

with the potential to congestions e.g. over- or under-

voltages. 

Are there strategies, which could prevent this 

congestions even if there is an increased load? 
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Part 2  

Combining resLoadSIM 

with a distribution grid 

simulation tool 
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Volkskrant 18th July 2016 

In Groningen NAM has 

offered 4000,- Euro to those 

how suffered from this 

small earth-quakes due to 

natural gas exploration. 

This money should be used 

increasing the value of their 

houses and most people 

put solar panels on their 

roofs.  

These new installations are 

causing over-potentials in 

the distribution grid and as 

a consequence solar 

inverters to switch off. 

Sometimes this happens 

hundreds of times a day 

and even some main fuses 

reacted. 
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Replace PYPower by PFLOW 
We discovered that PYPower is extremely slow compared to 

MATPOWER. Nevertheless we found an even better program 

called PFLOW. 
 

Advantages of PFLOW: 

• Is very fast as it is written in C. 

• Is flexible to use, as we have the source code at hand. 

• Is based on the free numerical library PetSC from ANL. 

• As PetSC is parallel also PFLOW is HPC compatible . 

• There is already an hydraulic example (water pipes) using 

PetSC, which would be an advantage is we consider: 

• Gas Distribution grid 

• District heating 

Disadvantages of PFLOW: 

• 3-phase balanced simulation  only, no asymmetric single- 

phase loads 

Best alternative to PFLOW: 

• ??? We are looking at the possibility with TU-Delft to develop 

an unbalanced/ asymmetric single phase solver 
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A first step linking resLoadSIM and PYPower 

using simple ad-hoc communication via files 

Ad-hoc communication scheme between resLoadSIM 

and PFLOW. As there is no change in the source code 

of  PFLOW needed. 

resLoadSIM each time-
step 
•Simulates loads 
•prepares grid/load file 
•calls PYPower 
•evaluates grid congestions 
•reacts towards overloads 

PFLOW 
•reads grid load file 
•performs load-flow 
simulation 
•writes result file 

case file 

pfout file 
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The reference grid to be considered for 

the prototype for combined 

resLoadSIM and PFLOW simulations 

... 

... 

... 

... 

House 1 

House 2 

House 3 

House 4 

House 5 

House 6 

House N 

Branch i Branch ii Branch iii Branch j 

… 
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Step 1, one way information flow  

• 3 branches of each 50 households are simulated 

• only loads are considered and provided to PYPower by resLoadSIM 

• to increase load 15% of households have electric heating and 40% 

have E-Vehicles 

• there is no feedback from PYPower to resLoadSIM (one-way 

coupling) 
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Relative Voltage Level 

Voltage level of branch 3 drops considerably at the end of line 
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Loads along the branches at 1220 minutes  

Power level of branch 3 is considerable higher compared to 

branch 1 and 2 
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Step 3, two way information flow and 

heavy loads are reconnected (case 12) 

•1 branch of 50 households are simulated 

•only loads are considered and provided to PYPower by resLoadSIM 

•to increase load 15% of households have electric heating and 40% 

have E-Vehicles 

•in case of an under-potential (<225 V), electric heating and E-Vehicles 

charging is dropped 

•electric heating and E-Vehicles charging is reinitiated, as soon as 

voltage levels are acceptable again 
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Voltage level drops below threshold and increases afterwards, but 

drops again below threshold 

Relative voltage level at the end of the line 
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Relative voltage level along the line 

Voltage level increase immediately (next time-step), after heavy 

loads are dropped, but decrease again immediately as heavy loads 

are reconnected again, which is a hysteresis effect 
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Step 4, two way information flow and 

heavy loads are dispatched in a smart way 

• 3 branch of 50 households are simulated 

• loads and photovoltaic generation is considered and provided to 

PFLOW by resLoadSIM 

• to increase load 50% of households have electric heating and 50% 

have E-Vehicles 

• 50% of households have solar panels with a production ratio of 1.5 

• in case of congestion (-10 % of nominal voltage), E-Vehicles 

charging and heating is shifted in steps of 10%. 

• electric heating and E-Vehicles charging is reinitiated, as soon as 

voltage levels are acceptable again (hysteresis): 

  UNDERVOLTAGE_LOWER_THRESHOLD  0.91 

  UNDERVOLTAGE_UPPER_THRESHOLD 0.925 

  OVERVOLTAGE_UPPER_THRESHOLD  1.09    

  OVERVOLTAGE_LOWER_THRESHOLD  1.075 
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Relative voltage levels at the end of the line 

In a typical Winter 

situation load 

control as well as 

price signals can 

reduce the load in 

such a way that 

severe under-

voltage in the grid 

can be avoided.   



52 

Relative voltage levels 

In a typical summer 

situation load 

control (DMS) 

cannot increase the 

load in such a way 

that severe over-

potentials due to 

photovoltaic feed in 

can be avoided. 

Storage is also only 

of little help, maybe 

with feed-in during 

night.  
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LV Distribution Grid Z-E Park 

• Details LV distribution grid (left) and yellow 

houses connected in 2015 others in 2016 (right) 
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Voltage comparison Bus 186 in 2015 
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Voltage comparison Bus 186 in 2016 
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Comparison resLoadSIM V 2.5.7 and 3.1.2 
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Conclusion 2: Combining 

resLoadSIM with PFLOW 

When combining resLoadSIM with a distribution 

grid simulation tool we were able to identify 

situations, which in the future could lead to 

congestions. We were also able to demonstrate 

strategies, which would resolve these congestions 

such as demand side management (DSM) at 

residential scale.  

 

Demand side management requires interoperability 

of all equipment involved. 
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... 

LV Branch 

Aggregated 

Load I 

Aggregated 

Load II 

Aggregated 

Load III 

Aggregated 

Load IV 

100 kV / 20 kV 

Transformer 

20 kV / 400 V 

Transformer 

Picture by MoMa 

Hardware in the Loop 

e.g. Smart Home 

Real time simulator 

runs distribution grid 

Power amplifier emulates 

grid connection point 

... 
The distribution grid to be considered in the real time 

simulation and the hardware in the loop  
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The real-time simulator as part of our Lab for 

interoperability testing 

• The real-time simulator should provide the boundary 
conditions within the smart-home interoperability testbed 
(hardware and controller in loop testing).  

• In a first step a rather simple general model will be 
developed, that can be considered as basis for further 
developments with more specific application in the 
interoperability field e.g. demand side flexibility and/or real 
time pricing. 

“Things should be made as simple as 
possible, but not any simpler” 

Albert Einstein 

An example for the future: 
The Four interfaces of the 
DSF infrastructure, as 
indicated by Figure, 
starting from the left, 
upper side: (i) between 
Energy Services and 
Consumer Energy 
Management (CEM); (ii) 
between CEM and smart 
appliances, e.g., 
refrigerator, air conditioner, 
washing machine and solar 
panels; (iii) between smart 
meter (gateway) and CEM; 
and (iv) between smart 
meter (gateway) and in-
home display  

from Interoperability for  
Demand Side Flexibility  
(DNV-GL, TNO, ESMIG) 
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Unbalanced Load Flow Solver 

with PETSc 

• D.J.P. Lahaye  (TU Delft) 

• Jonathan A. Cedeño (TU Delft) 

•  Heinz Wilkening  (JRC Petten) 
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Distributed Power Flow 

Modelling 

• D.J.P. Lahaye (TU Delft) 

• Milos Cvetkovic (TU Delft) 

• Silvia Vitiello (JRC Ispra) 

• Stefano G. Rinaldo (JRC Ispra – PoliMi) 

• Andrea Ceresoli (PoliMi) 

• Heinz Wilkening (JRC Petten) 
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Distributed Power Flow in 

PETSc – Overview 

How does it work Distributed PF?  
• Split into n sub-networks and assign to different 

machines 
• Compute solution on each sub-network by means of 

an  
iterative approach 

• Solution at interface converges during computations 
• Eventually same solution compared to classical 

global power flow approach 

 
 
Why Distributed PF is interesting? 
• Reasonable times for getting solution 
• Interface flows within sub-networks are an output 
• The parallel run can also be executed from different 

geographical locations  
• Privacy of information, real-time coupled simulations 
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Distributed Power Flow in 

PETSc – Workflow of the code 

Input 

•Read 
MATPOWER 
test case 

•Current work: 
make a 
distributed 
import of data 
to achieve full 
privacy of 
information  

Create the 
Network 

•DMNetwork 
routines create 
the network 
object in PETSc 

Distribute the 
Network  

•Split the 
network 
respecting the 
ownership 
among 
different 
entities 

•The user 
specifies the 
ownership of 
branches at 
input 

Solve AC Problem  

•Parallel solution 
provided by 
fast-converging 
iterative 
methods 
already 
implemented in 
PETSc 

•Message 
Passing 
Interface (MPI) 
manages the 
exchange of 
information 
among 
machines 

Print Distributed 
Output  

•Voltage 
magnitude and 
phase angle  

•Active and 
Reactive power 
over the 
branches 

•Output printed 
only about the 
owned 
branches 

PETSc 

 Portable, Extensible Toolkit 
for Scientific Computation 

 Fast code executions in 
compiled languages: C, 
C++, Fortran 

 Developed by Argonne 
National Laboratory 

 Communications managed 
by MPI protocol 
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Distribution Network Models  

(DiNeMo) 

• Carlos Mateoa  (IIT Comillas Madrid) 

• Giuseppe Prettico (JRC Ispra) 

• Tomás Gómez  (IIT Comillas Madrid) 

• Rafael Cossent (IIT Comillas Madrid) 

• Flavia Gangale (JRC Ispra) 

• Pablo Frías   (IIT Comillas Madrid) 

• Gianluca Fulli  (JRC Ispra) 
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DiNeMo Core Module 

 

Based on the input data 
provided by the user 
(map, population figures  
as density and peak 
demand and others if 
known) the module can 
provide the 
representative 
distribution network 
models built on the input 
data. Several files are 
given as output: GIS 
shapefiles, matpower 
scripts, excel files and 
many more 

Map from OpensStreetMap 

DSOs Observatory Data 

Other Technical Data 

USER INPUTS 

USER FINAL OUTPUTS 

HV/MV connection 

Consumers identification LV calculation/connection 

MV calculation/connection 
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•EU Science Hub: ec.europa.eu/jrc 

•Twitter: @EU_ScienceHub  

•Facebook: EU Science Hub - Joint Research Centre 

•LinkedIn: Joint Research Centre 

•YouTube: EU Science Hub 

 

Stay in touch 

https://ses.jrc.ec.europa.eu 
  

SESI webpage: 

Heinz.Wilkening@ec.europa.eu 
  

E-Mail: 


