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ABSTRACT

The paper covers thderivationand application of new
load approaches oprivate householdg$or low-voltage
power calculations especially in rural areas. In these
areas private households have an eagerage amount
on consumptionand a relatively high penetration of
dispersed generationThat is why private households
havea high relevance foan innovativeand smartlow
voltage grid designTherefore specially this group of
consumer drives the transformation prese of
distribution grids founded on the rising development of
dispersed generatign especially photovoltaics,and
additional load patterns such as heat pumps and electric
cars.

INTRODUCTION

Grid design is a long term tasKistorically it was based
on maximakload-scenarios. In Future, it will beased on
the consideration of two worstisescenarios The load
situation with maximum demand and minimal generation
on one hand and the load situation with minimum
demand and maximum generation on the othand
Sinceanticipated changes in household technologies are
not considered to their full exteniodays assumptions
about household load and infeed patterns forvoltage
power calculations are no longer compliant. This makes it
necessary to question assutions as current load
patterns and adapt them to future developmentse
significant technologies determining household load
patterns beside the basic equipméalye been identified.
These technologies are heat pumps, electc@ars and
photovoltaic sgtems.

METHOLOGY

Concerning the new situation a calculation model for
simultaneity factor curves has been developed. It
considersinfeed and consumption in its entiretiyow
voltage grid load approaches are determined from
installed capacity and theisimultaneity factor. The
simultaneity factor g is the quotient of demand set up and
installed capacity such aseviousspecified in[1]:

g(m =g, +@-g.)-n>"* 1)
with
Op .. limit value( n = B )n ..number of households
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In a first stepthis well-known simultaneity factor for
maximum load situationsas been improved, generalized
ard a second simultaneity factor for minimal load
situations has been introduced (figure 1).
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Figure 1. Schematic courses of minimal and maxi
simultaneity factor

The analytical formula can bedefinedas(cf. [2]):

a) maximal simultaneity factor

1 furn<a;
(2)
O (M) = 1- Gt ,
T {gm;'ﬁ(nﬂ—f;)h furn>a,

Op..limtvalue( n = D)
n ..number of households
ar_decay limit

xt.. decay factor

b) minimal simultaneity factor

0 furn<b;
gm’n,T (n) = gm‘n,Tm —

gm’nTm -

__ymnt.» f rn
(nei-byr  orn>br

Op .. limit value( n = D)

n ..number of households

br echo limit

yr.. echo factor.

A).

In the next step thelifferent functions of the single
technologies are superposed on an aggregated load
approach by analytical formul&uchlike analysis could
principally be explored by time series analysis. There
presented modehakes twovalid simplifications, which

may be made under certain circumstances.

For sake of simplicity, it is assumethat theeventsof
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technologies maximal or minimal demand occur low voltage grid degn.

simultaneously First analysis approves this assumption

as shown in [2] for electric cars and private households SIMULTANEITY FACTOR OF FUTURE
load patterns. The correlation in case of superimposing TECHNOLOGIES

demand and infeed cannot sienplified as easybecause ) ) )

the point of maximal infeed (about noon) cahsure be ~ Technologies with thdargestimpact on a households
seen as the point of minimal demand (actually at night, !0ad and infeed pattern, such as heat pumps, eleeric
but in this case the minimum about noon is searched). For Photovoltaic power plants and the basic technical
this reason a time range has been defined, in which the €duipment of households, have been analypederning
eventof minimal demand sulg s included This fact is their simultaneity factor curvesThis paper focus™ the
mode|ed by the use of Contingency ana'ysis_ demandSIdedsmultanelty factor functions.

Electric cars and heat pumps

be The technologgpecificallysimultaneity factor functions
are performed by modeling load profileBue to missing
detailed data abowstufficientload profiles, synthetic load
profiles are generatedlnput parametefor the different
simulation steps are e. g. load, utilization time, user group

Disregarding a possible correlation betweerthe
technologies, the aggregated load approach can
described in the following way:
a) for superpositiorof maximal demandt the time
of minimal infeed( A wi-na a0 )

3
P (M) ==t (M- Posir, + - G (M- Prgyr ) and random starting timésigure 3 shows the maximal
Lo . and minmal simultaneity factor functions for heat
b) for superpositiorof minimal demandat the time pumps
of maximal infeed A s u mmMere 0 '
3
Pm'n (n) = _gmax,Tpv (n) : PinsLTpV + Z gm’n,'lj (n) ! PinsLT (5)
i=1
Figure 2shows the principal scheme of theperposition
of two technologies A and B to an aggregated load.
‘E ==gmintechnolog A__
mo _
numberof private households ag|%§c%gtf8d
O n e
& ==gmax [echnology B AandB . . .. . .
g Figure 3: Maximal and minimal simultaneity factaf
= heat pumps
E The analysis for electric cars and heat pumps delivered
0 — the following results, shown in table 1.
number of private households
Fi > itiorof technol A and technol Table 1: Simulation results forsimultaneity factor
igure 2: Superpositiorof technology A and technolo parametersorresponding to equations (2) and (3)
B to an aggregated load :
parameter elektric cars heat pumps
F_undamental assumption (_)f the presented rr_u_)del is, that|go 3 40 . 3 o3.
simultaneity factor functions are probability mass
functions.They map maximal or minimdlousehold load ar 4 10
patterns considering the different possible load conditions |, 0.30 032
and their probability. Improbaél conditions up to a .
defined valid limit are not considered in the model. As a |9, mi n a0.04 0.027
result high but very shortermoccurringload values are br 189 2
disregardedAn illustrated exampléased orhouseholds
basic equipment load patterissmagedbelow. YT 021 0.35

The resultof superpositiondelivers the two mentioned  According to that the maximal simultaneity factor of
new load situations, which are relevant foostefficient electric cars with charging load of & kW is
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