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Abstract. This paper contains a behaviour based load
profile generator to generate realistic load pedfifor every
single household in a low voltage grid. The resudi®
compared with measurements and it is shown thahgdg all

the generated load profiles results in approxirgatee same
load and curve as measured on the real subst®msed on
this, the paper shows that the common approachcaling
down standard load profiles to the individual haugields very
different results than using realistic load prdcfile
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1. Introduction

In the last years the requirements of low-voltagelsy
changed based on renewable energies and new
consumers. (f.e. electric vehicles). At the momtr
power flow in low-voltage grids is mostly unknowhhe
challenge is the simulation of the consumption of
electrical energy in the different households. This
simulation is an important fact to develop managame
structures for future micro grids. Currently théseonly
the possibility of using synthetic profiles whictedased
on the standard load profiles. But these profilesndt
show the realistic consumption of households. FResed
profiles of households are fluctuating dependingttos
usage of different devices.

Obtaining load profiles for every single househimican
area is prohibitively expensive though, if possiateall.
Using the behaviour based load profile generatoa is
quick and easy way of generating various realilstad
profiles of different households thus creating alistic
simulation of the power flow in a low-voltage grithis
paper shows the feasibility of this approach and th

differences between it and simulations with staddead
profiles.

2. Technical Background
A. Load Profiles for households

For different uses exist different types of houseéhoad
profiles. Based on their approach these profiles ar
divided in bottom-up-models and top-down-model$. [1

Important examples of the top-down-model are the
standard load profiles. These are developed foretting

the energy consumption of a large number of hodudsho
at the same time. They are primarily used by the
Distribution System Operators. The System Operators
use these profiles to buy energy.

Another use case is the simulation of power flovioin-
voltage grids. These simulations need either real,
measured load profiles or very good approximatiohs
such profiles. For this task the bottom-up-modeais a
used. Mostly they are based on statistical or fribistic
processes, on measurements and on the behavitle of
consumer or the weather conditions. The bottom-up-
methodologies use among other parameters the
individual energy consumption of selected household
and the technical properties of that household.aBse
individual load profiles are caused by the behaviol
real consumers, generating them requires taking int
account all the constraints of both the behaviduthe
consumers as well as the constraints of the devices

Figure 1 shows one example for the differences betw
the synthetic standard load profiles and the real
consumption of a household.
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Fig. 1. Comparison between standard load profittareal
load profile of a household

B. Smulation of low-voltage grids

The simulated low-voltage grid (U= 0.4 kV) in this
paper is based on a real existing grid in Germégaly.
This grid is an urban grid which supplies a lot of
households in a small area. In this paper the prafile
generator is tested on a model of an urban lowagelt
grid including almost 80 connection points overaaaa

of 0.25 km2. An average connection point supplies
approximately 10 households.

The program for the power flow simulation is donighw
the tool MATPOWER. [3] This is a static calculation
program based on MATLAB. It simulates only one
moment of the power flow. To calculate the powemnfl
in the grid at various points in time with diffetdbads,
an extension for MATPOWER was developed.

Figure 2 shows another extension developed by the
authors to interpret the simulated results. Witlis th
extension it is possible to find critical situatorf.e. a
high utilization of the individual lines or the ¥ate drop

in the grid at each time step.
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Fig. 2. Overview about the developed extensiomterpret the
simulated results

3. Load Profile Generator

For this analysis a new behaviour based load profil
generator was used [4]. Most load profile genesator
according to [1] are based on statistical approaaire
Markov chains.

One example is the program DHWCalc [5], a tool for
generating load profiles for domestic hot water. use
works by assigning probabilities to time spans, for
example ,50% between 12:00 and 13:00 on Weekdays".
These probabilities are then used to randomly idig

hot water usage events over all timespans, based on
rather complicated algorithm. The algorithm taketo i
account differences in winter and summer usage
behaviour, vacations and desired total yearly use.

Other load profile generators for electrical energe
more complicated algorithms. Examples include dinit
state machines or Markov chains, often coupled with
probabilities. A very simplified example of thisgght be
»After eating dinner there is an 80% chance of hgthe

TV turned on between 18:00 and 19:00, combined with
30% of turning on the DVD player“. Those approaches
yield good results for creating a load profile foany
hundreds or thousands of households. But it is very
difficult to correctly simulate a realistic loaddfite for a
single household, especially for special cases ikt
workers or families with children.

Consider for example calculating the amortizationet

of a battery used to raise the percentage of pbtitoe
power used in-house. It makes a large differendhdf
household members are home during the day when the
sun is shining, if they work at nights or if thegké 3
weeks of vacation in the summertime just when there
the most sun.

The behaviour based load profile works differently:
uses a psychological model based on the works of D.
Dérner [6] to simulate the behaviour of each mentfer
the household. From this the load profile
generator determines the device usage and theulatais

the energy profile.

Dorner's work is based on the theory of the selfismo
oeconomicus. The basic assumption here is thalyeve
person always choses the action which best saikf@e
or her desires.

Dérner came up with a way to represent this versida
idea with mathematical model in the computer: He
modelled each desire as “leaking water tank”. Ohlei®
graphics is shown in Fig. 3. This means that th@rddo

do something increases over time. It frequentlydeete

be satisfied. And there is a logarithmic increasehie
importance of the desire the more urgent (emptg) th
desire gets.
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Fig. 3. The mental model Dérner uses for desirgs [6

Dérner was able to fully explain human behaviouthwi
only five desires. For example he says that gaingdrk
satisfies the desire to live (one needs money tofbod

to survive), the desire to feel competent (that gan do
your work shows you that you are competent at your
work) and the desire to feel some amount of cortvelr
your surroundings, but not too much (you controliryo
environment at work).

In real life, it is rather obvious that one hagjtmto work
every day to earn money to buy food or to have some
disposable income to indulge oneself. Putting kivad of
planning into a simulation proved to be unfeasible
though. Therefore a more simple desire model was us
in the load profile generator.

Here the desires have been split apart into onieedfes
each activity group. An activity group is defined a
activities that can replace each other. For exarfite

simulated person is hungry, she can eat bread, cook

spaghetti or order pizza. Every activity will fihe desire
to stop feeling hungry.

To fulfil the desires activities have to be avaléafor the
simulated person to choose from. For this a siredlat
household is constructed with various devices.

Based on the devices possible actions are availatitee
simulated person. For example having an oven mikes
possible to bake a cake, make pizza or to cookkayu
Of course each of these activities has a diffedeination
and uses different amounts of energy.

Activities have a m:n relationship to devices. For
example watching a DVD movie requires both the DVD
player and the TV. Reading a book requires no @ésvit
all.

For each device in each activity there is a loaafiler,
based on measured data. One example is the deade |
profile shown in Fig 4.
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Fig. 4. Examples of the measured load profiles:ashing
machine and a fridge.

The advantage of this rather complicated way of
describing a household is that it's very flexible. the
load profile generator it's possible to simulate #mergy
use of a single student just as well as the enesgyof a
multi generation family living together in a big uee.

And because the load profile generator provide®ry v
flexible framework for modelling the behaviour sittasy
to make changes.

For example one might want to analyse what happens
the energy use when instead of working 8 hoursdpgr

the person switches to a part time job. In a loagfilp
generator based on stochastic data this would mean
recalculating the probabilities for all the devic&¥ith

the behaviour based load profile generator one just
switches the duration of the job from 8 to 4 hcamd the
software calculates all the rest. Because the peiso
coming home earlier, he will probably cook at hoamel

then based on the programmed desires spend the
afternoon for example with watching TV.

Obviously there are huge variations in the behavafu
different people in different households. It wagided
that instead of trying to model an “average” houdeh
whatever that might be, it would be more usefuhimdel
various concrete examples. The examples were lmsed
either personal experience or small surveys. Tlzal lo
profile generator contains more than 100 devicemem
than 20 different households, is completely custaiviie
and available for free under [7].

4. Applicationsof the Load Profile
Generator

The purpose of the load profile generator is dplitwo
major areas: One is providing load curves for sating
and testing hybrid systems and the other one igigtirg
realistic load curves for a better understandingthaf
power flow in the grid.

Hybrid systems are systems that contain at leasieso
sort of power generation unit and some sort ofagter
device. One example might be a photovoltaic array
combined with a battery, a combination of battdugl

cell and electrolyser or a fuel cell with a micro-
combined-heat-power-plant (micro-CHP-plant).

These combinations of various devices all have in
common that their usefulness depends very muchen t



energy use in the household: If all power generdigd
the PV is used right away, the battery will be pless.

On the other hand, if there is no power use dutireg
day, then without the battery it won’t be possitiekeep
the generated power from the day to the eveningtoSo
properly size these devices and to ensure thatghgol
algorithm are able to deal with the various prolsdike
vacations, sudden illness with the associated highe
energy use or even shift workers, realistic loadfij@s

for a lot of different situations are needed.

The other application of the load profile generaior
shown in this paper. For the future it is planneduse
this approach to help with predicting the energy imsa
household. This could work by automatically ideyitify

the devices in a measured load profile [8] andretiing
device usage. Furthermore, there are automatically
finding parameters to generate a new households Thi
feature is not implemented yet though.

5. Analysing alow-voltage grid

Validating the load profiles is no easy task siticere
simply aren’t any detailed, individual measurements
available for a large number of households. They onl
measurements available to the authors for the &ask
from the measurement of a substation in 2010.

The task of determining the individual load prdfifieom
that is a bit like determining if the number 10 wasated
by adding 5 + 5 or 8 + 2.

Due to the impossibility of this the following amaich

was used: First in cooperation with the local tytilt was
determined how much electrical energy was usecdah e
house per year and how many households are in each
house. Due to privacy concerns house numbers were
randomized to protect the consumer. Because the
intention of this paper is demonstrating the feiéisitof

the described approach the randomization does atiem

in this case. To analyse a real low-voltage grigl ithal
energy consumption would have to be used.

Based on the provided house data, the correct nuafbe
household profiles was generated with approximattedy
same amount of yearly energy use. After that tlodilps

for each household were added up to combined load
profiles for each connection point.

The result of a) adding up all the load profilesl &) the
measurement at the substation is shown in figure 5.
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The interesting part is now the comparison of thevgr
flow simulation when using the same, scaled down
standard load profile at each house versus usieg th
simulated load profiles. Figure 6 shows this corigoer

for households with the same energy consumption.
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Fig. 6. Comparison between simulation of load pesfand the
standard load profiles

Due to the varying load, previously assumed power
reserves in the grid for charging electric vehiabeight

be a lot smaller than originally calculated andharging
management system will probably be needed a Itieear

In former works the capacity to charge electriciviels
depends on the utilization of the transformer [ith

the simulated load profiles the utilization of thees
turns out to be an important issue too. Figure @ash
this different line utilization. The simulated loadofiles
reduce the capacity for charging electric vehicles
sometimes by half. This problem will be analysed in
more detail in future research.

The situation becomes even more interesting when a
large photovoltaic system is placed in one of thases:
While a simulation using the standard load profiles
shows the house is dependable energy exporterrory su
days, the simulation with the more realistic sineda
load profiles shows that it's rapidly oscillatingtiveen
drawing power from the grid and providing power. \&h

it's widely known that this happens for a singleuke,

the result of what happens to the power flows grid in

such cases is very important for substation plapnin



6. Conclusion

In this paper a new type of load profile generatas
introduced. It has been used to generate indivithad
profiles for every single household attached to a
substation.

It has been shown that adding up the simulated load
profiles from the load profile generator yieldsewnload
profile that is very close to measurement of thadlo
profile on a substation. Therefore the individuahd
profiles and the method of adding up the profilesrss

to be valid.

Using the individual load profiles for each houdehbis
easily possible to do a realistic analysis of tloaver
flows in a low voltage grid which yields considelyab
better results than simply assigning a scaled down
standard load profile to each node in the grid.
Additionally it has been shown that using the gstale
down standard load profiles in a grid with for exden
medium to large photovoltaic systems vyields very
different load flow results than using the standerad
profiles.
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