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Preface

Preface

The Lower Saxony resezh networkiiSmart Norad has achieved its goals. In this research network
supported by Lower Saxonyds Mi nifNiedersachsisthesSci e n «
Vorabd grant programmevith an amount oft,.1 Mi | | ,ialbont 4Qiscientisof the universities of

Oldenburg, Brunswick, Hanover and Clawadtas well as théOFFIS Institute for Information

Technology, the Energy ReselarCentre of Lower Saxony and NEXT ENERGYe EWE

Research Center of Energy Tackogy e. V. workdtogetherfor three yearé six subprojects.

In the past three yeafBom 3/2012 to 2/2015khe interdisciplinary research network Smart Nord
aimed to create contributions to coordinateé@centralized provision of aedi power,contmol

power and reactive power in distribution gridhich allow a stable system operatidinerefore

the development of a new ICT infrastructure which includes all the new components of the
distribution gridgs required.

The subprojecs were motivated bythe transformation of the European and especially German
power system which includes the shutdown of nuclear pg@iars, the replacement of fossil
power plants with converter based decentralized generation unitsyehéntensifyingeuropean
power marlkt andinstallation of Smart Grids and their ICT infrastructure. In addition to these
changes, a high amount of new power lines and transfonmdtsfil the changing transmission
and distribution taskaill be included in all grid voltage levels as wali new control strategies.

Based orthis transformation ofhe power systensubproject &P 1 wasfocused on methods for
decentralized coordinated active power managementto allow decentralized and especially
renewable generation units contributeto the power market. Another market which can be opened
to these units is the market for ancillary serviespecially provision of control power and reactive
power, to support the power grid and the realization of the technical requireif&pg). The
desiq and requirements of these above mentioned future marlakte ha setwithin the project
(SP3). This includd the design of new products and marketing opportunities. Based on the unit
dispatch which resudtd from SP1-3, the resulting states of the miamission and distribution grids
were evaluated in stationary and dynamiimulatiors to analyse the frequency stability in order to
identify measures to ensure frequency stability in future (i&#4). The control strategies for
distribution grids witha high amount of volatile converter connected generation waits also
evaluated $P5). This includd strategies for distribution grids connected to the transmission grid
andislandingdistribution grids without connection to other gri&26 aimed athe analysis of the
potential for the construction of new renewaleneration units based on environmental
conditions.

The following report introduces Smart Nord to you and shows the various resulie sfib
projects and their worgackagesFor furtherinformation please visit www.smartnord.de.

Prof. Dr-Ing. habil. Lutz Hofmann Prof. Dr.rer. nat. habilMichael Sonnenschein
Institute of Electric Power Systems Department of Computing Science
Leibniz Universitat Hannover Carl von Ossietzkyniversitét Oldenburg
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Introduction

Smar't Nor d

fiSmart Nordi Intelligente Netze Norddeutschlamavhich stands forfismartgrids in northern
Germany is an interdisciplinary research netwoskipportedfor three yearqfrom 3/2012 to
2/2015) by the Lower Saxony Ministry of Sciencedaulture through théNiedersachsisches
Voraho grant programme witd.1 Mi | | iSomrt Nardwas organized in sisupprojectswith
research partners from up to four universities and research instifutdswere:

Sub-Project One - Decentralized Provision of Active Power
coordinatey Michael Sonnenschein

Research partngr

Universityof Oldenburg

OFFISi Institutefor InformationTechnology
TechnischeJniversitatBraunschweig

Sub-Project Two - Grid Stabilizing Ancillary Services
coordinatedy Sebastian Lehnhoff

Research partners:

OFFISi Institutefor InformationTechndogy
Universityof Oldenburg

Leibniz UniversitatHannover
TechnischaJniversitatBraunschweig

Sub-Project Three - Integrated Market
coordinatecby Michael Kurrat

Research partners:
TechnischaJniversitatBraunschweig
OFFIST Institutefor InformationTechology
Leibniz UniversitatHannover

Sub-Project Four - Distribution and Transmission System
coordinatedy Lutz Hofmann

Research partners:

Leibniz UniversitatHannover
TechnischaJniversitatBraunschweig
EWE-Forschungszentrumiir Energietechnologie.V.

Sub-Project Five - System Theory for Active Distribution Grids
coordinatecby HansPeter Beck

Research partners:
ClausthalJniversity of Technology
Universityof Oldenburg

13
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Sub-Project Sixi SmartSpatial
coordinatedy Christina von Haaren

Research partners
Leibniz UniversitatHannover

On the following pagesn overview ovethe research aims tiie sixsubprojectsis given They
are introduced with a brief explanationdavisualisation of the contents as well as their interaction
and collaboration, espiadly in the subprojectsl-4 within the work group scenario design

14



Introduction

Overeawvn S mar t Nor d

The following pictures and annotatiorshall givea general overview and understangd of the
connectionsaind collaborationbetween thesystem layersnarket, funtion, information, hardware,
grid and environmentvhich are handled in theibprojectsl-6 and the collaborations between the
subprojects

Figurel shows tle setup and connectionstbk subprojectsl-4. The main research area$ these
subprojectsare the operation of an interconnected energy systpneading over four voltage
levels with a high amount of decentralizednewable generation. In the $lew decentralised
market structures are examined in addition to a market based interface. A nepassafythe
market is the market for ancillary services which is basedoofar existing units. In the lower
voltage levels of the distribution grid, the units are organised within virtual dynamic coalitions.
These coalitions are subjected to a decemgdlregulation and control strategy which is realized
by an agenbasednformation and communication technolod@ ) infrastructure.

Market for German Market European Market
Ancillary Services for Energy for Energy

Function

c
§=)
IS

IS

=

o
—
=

Transmission

station [N

Hardware

Local Services

Figurel: Setup and connections sxibprojectsl-4
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Based on the design of new tradable products and the resulte ofatfkets, further analysis is
possible.The stationary operational behaviour of the system under the constraints of decentralised
provision of active and reactive power as well is calculated for several stationary cases and
evaluated with regard to operatal and technical boundary conditions addition to stationary
analysis, the decentralised provision of ancillary services to ensure the frequency stability
measures to ensure the frequency stability in fudystemsare analysed.

In order to worktogether on comprehensive topics, specialised work groups were estafdlisbed.

work group Scenario Design has developed joint scenarios and herewith corresponding grid models
asjoint evaluation environment fdhe studies irsub-projectsl-4 to allow acommon simulation at
several research institutes atexchange of research results.

Autonomous System _ | Local Services

Figure2: Setup of S
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Figure2 shows the setup of S and possible connections to the other SP. Within this SP,
MicroGrids with a high amount of renewable generaunits are evaluated. These MicroGrids are
simulated as islanded grids without any connections to neighbour grids and as part of the
interconnected energy system. In addition, the possibilities of a virtual synchronous generator for
providing ancillaryservices with the use of converters are evaluated. The second part of this SP is a
systemtheoretical approach influenced by the stochastic disturbance of regenerative systems. The
last part of this SP is the construction of a demonstrator to evaluagarthlations in real power

systems.

Figure3 shows the setup of S This SP evaluated the local potential of possible construction
sites for renewable generation units. It identifies the potential of several renewable energy sources
in predesigned regionand identifies an efficient energy mix fa specific regionunder
consideration of environmental requirements.

8
3
o
Rt
&
&

Figure3: Setup of SB

On the following pages detailed reports of each SP are given. These detailed reports are headed by
an introduction bthe joint evaluation scenarios which were created by the work group scenario
design for the subrojectsl-4.

17
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Work Group :
Scenario Design for SukProjects 1-4
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Wor k Group: Scenari o Desig

Marita Blank', Timo Breithaupt, JérgBremer, Arne Dammash®, SteffenGarské,
TholeKlingenberd, StefanieKoch®, OntjeLiinsdorf, Astrid NieRée', StefanScherfké,
Lutz Hofmanrf andMichael Sonnenschein

1 Goals

Within the multidisciplinary research project Smélord, different research questions have been
addessed which concern different fields and system levels. However, several work packages
require crosslisciplinary information and models and are dependent on results from other project
partners. A simulation of the whole system taking into account alar@sejuestions within all

work packages was not available and could not be realised at once. Nevertheless, the evaluation of
the SP1-4 had to be built on the same basic assumptions in order to guarantee compatible and
comparable project results. For thisason, the work group Scenario Desigrconsisting of
researchers from all partner institutes and work packageas developed joint scenarios and
herewith corresponding grid models as evaluation environment for all partnersSia ke

The scenariokad to be valid for all voltage levels from uHnagh voltage to low voltage and have

been transferred to the corresponding grid models. Furthermore, the present regional structure of
loads and generating units had to be represented as well as estrfatitheir future development
according to actual studies (see SecBhnWith the developed scenarios characteristic points in
time (high load, low load) and time horizons (e.g. winter, summer) can be investigated in order to
evaluate the different algthms und approaches within the project under different case studies.

2 Related Work

The terms scenario and scenario design are used in different ways depending on the domain under
investigation[1] (e.g. in companies, energy system, algorithm design) thadpurpose the
scenarios are used for. In companies, scenarios for future development can be used to identify new
business strategid2]. For energy systems, the design of future scenarios is an essential step for
research studies. There, scenariosuaes, e.g., to define goals for future energy systems (e.g. the
energy concept of Germaifi$]) or to make assumptions or predictions on future developments of

the overall energy system. The predictions can be utilised to evaluate the development af differe
system parameters such as the need for network expansion depending on, e.g., different energy
mixes or different assumption on energy consumptjiéh [6], [6] and[7]). Moreover, structural

and economic effects can be investigated for different siosnand conclusions can be drawn for
different approaches such as the need of flexibility (8]3. In [9] migration paths are described

for information and communication technologies of different Smart Grid scenarios. Furthermore,
scenario design is amportant step during algorithm engineering especially for applications in
Smart Grid approachg$0].

! University of Oldenburg, 2612®Idenburg, Germany,
{forename.surname}@uroldenburg.deDepartmentf ComputingScience

¢ Leibniz UniversitatHannover 3016 7Hanover, Germany,
{surname}@iee.unrhannover.de, Institute of Electric Power SystéHas{)

® TechnischdJniversitatBraunschweig28106Braunschweig, Germany,
{first letter.surname}@traunschweig.de, elenia

* OFFISi Institutefor InformationTechnology 26121 Oldenburg, Germany,
{forename.surname@offis.de, R&DDivision Energy
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However, a uniform or standardised process for scenario design does ndf] eXisé vast amount
of scenarios and their different usage shows thatdésiggn of scenarios strongly depends on the
purpose and investigations to be conducted.

3 Methodology

For the development of the scenarios within this research project as a first step, the work group
Scenario Design collected requirements from the differenitk packages to ensure that the
scenarios are suitable for the investigations of all work packages. Two main scenaefsrence
scenario 2011 and a future outlook of the year 203ftave been aligned. Based on these
requirements a process has beewnetbped to define and realise the scenarios in the available
evaluation environments in &lP. This process is visualised kigure 1.

First, the Basic Assumptior{d.1) were made on which the scenarios were built. These include all
basic information agrid, load and generation data for as well the reference year 2011 as the future
outlook of the year 2030. The assumptions are mainly based on the governmental plans for the
transformation of the energy supply system and furthermore the correspondirg sagdirding

grid expansion in transmission and distribution g¢isctiond.1). Furthermore, requirements from

the simulation environments available and used at &flhave been identified which were
necessary to adapt to the scenario requirements aarmmbtain an overall coherent simulation
environment. Thus as the second step, the transmission grid model used in the work $é&ckage
has been determined in order to define coupling points to underlying grid levels (see &8&ction
Top-Down). As a third &®p, requirements from the distribution grid have led to defining coupling
points to the higher voltage levels (see Secto® BottomUp). In a fourth step, theunit
distribution within the distribution grid has been computed in order to represent ttad aocd
regional structure of load and generation. Hence the according units have been distributed and
connected to the grid model nodes followed by a validation and verification of the grid
compatibility of these generated grid modgls work packaget.2).

UHV T

Ultra-high voltage Basic Reference year 2011
.................................... IXSSITgTolife]g gl Future outiook 2030
HV 1

High voltage

Modeling of highvoltage grids
Top—Down Definition of coupling points at MV nodes
Load and generation models (HWV)

15

MV i m_i Load and generation models (MALV)

Medium voltage

| - Modeling of MV and L\fgrids
m—T 9 5 — Bottom-Up Distribution of MV- and LV-grids

Unit Distribution of units to MV and LV-nodes
. . . (generators, consumers, storages)
Lo Distribution Validation and grid compatibility
LV i ;
Low voltage M

Figurel: Process for scenario definition
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In both analyses thetop-down andbottomup stepi requirements and data interfaces for load and
generating units were identified that comply with the assumptions and coupling points. The results
of this process are coherent grid models for both distribution and transmission grid within this
research project with corresponding load and generation distribution for both sc&@tibsand

2030).

4 Main Results

As the process itself is a main result of the kvgroup, the individual steps of the process
introduced in the previous sectiof this chapteare being presented in more detail. Furthermore
excerpts of the results and realisation of the scenarios are shown as well. For more detailed
descriptions refeto the corresponding work packages and furfh&fand[12].

4.1 Basic Assumptions

The Basic Assumptions form the foundation for the scenarios, since they establish the scope for
investigations of th&P1-4. The steps-3 (Figurel) are the realisation ohé scenarios in order to
obtain a setting and environment tondact experimental evaluations.

For investigations of a segment of the distribution grid, the structure of loads and distributed
generatingDG) units for rural grids were chosen to represémt structure of rural regions in
Lower Saxony. To this end, statistical data of population of rural regions was Jtl&eth order

to reflect the installed capacity in Lower Saxony according to the different voltage levels, the asset
master data of hlinstalled renewable energy sources (RES) in the German transmission grid
operatorg14] has been filtered. The joint reference year has been chosen to be 2011, whereas the
future horizon was specified to be the year 2030 because for this horizon aagodfldata and
studies were at hand. Predictions of growth of renewable and distributed energy resources as well
as assumptions on grid expansion had to be consistent throughout all voltage levels. The following
studies have been chosen to build the mpsions on 2030: BMBJLongterm scenariof011[8],
Netzentwicklungsplan 201[25], ENTSOE® Ten Years Network Development Plan (TYNLB),
ENTSOE Scenario Outlook & Adequacy Forecasts (SO/F) Dend Verteilnetzstudig4], and

BMWi® Verteilernetzstudi[5].

4.2 Top-Down

The approach of th@p-down step is based on an integrated grid and market simulation developed
in MATLAB® by the IEH(refer to[11], [16] and [17]) which is used for simulations of the
European transmission system in this research pr@ketork packaget.1l). The integrated
simulation is based upon several databases like e.g. measured load data of theEENMT@@
model of the ENTSEE interconnected continental transmission grid, generation data of all power
plants with an installedapacity greater than W and further generation as well as RES and DG
generation (all units smaller than BW) as regional aggregated ddtdl], [10], [17]. The first
result of the simulation is an energy market simulation based on a merit order gihahar
costs(seework packaget.l). The according power plant dispatch is the input value for the load
flow calculations of the transmission system.

®> Bundesministerium fiir Umelt, Naturschutz, Bau und Reaktorsicherheit (Federal Ministry for the
Environment, Nature Conservation, Building awdclearSafety),http://www.bmub.bund.de/en/

® European Network of Transmission System Opesdiar Electricity,https://www.entsoe.eu

" Deutsche Energidgentur (German Energy Agencyyww.dena.de/en/

8 Bundesministerium fiir Wirtschiafind Energie (Federal Ministry for Economic Affairs and Energy),
www.bmwi.de/EN/

® http://www.mathworks.com
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In this simulation environment the assumptions of the future outlook scenario 2030 have been
implemented ito the generation data with the 2011 scenario as the existing reference gseario
Figure3 as an example for the German transmission system model).

Scenario 2011 Scenario 2030
= 100 = 100
O O
£ 80 £ 80
g 60 q;) 60 |
g 2
B 40 E 40 |
< I
£ £
0 - 0 -
$ @ D P & OO ® & D £ & OO &
\Q‘%Q\@%(‘&b\“g\ & FFFEIF SN
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& \\QO\&& 6*\06‘ SN & \\%@;\b 6\\‘3‘ &

Figure2: The scenarios 2011 and 2030 in the generation data for the
transmission system model

The forward projection of the power generation is based on the power plant database of the grid
and market moddgkeework packaget.1) and the Visio3 of the SOAH7]. The forecast in the
SOAF gives only information about thestalled capacities of the different energy sources. Hence
different concepts for the distribution of the various types have been developed within this research
project to calculate the shares and the geographical allocation of each generation typhevithin
simulation mode(seeFigure3).

Scenario 2011 Scenario 2030
O solar e A
. . 8 g e e et
B wind TS S e ceagy T
%e -'..‘.- . : o L . 5&.' .. e . ..
. hydrO . -...--_.-._ . ® .' . o..' ..-__ . @ D. *e
'.-.' .’ .'.I.’.. ., " '.?‘. & ..-.' . -....'.5 [ ¥t ‘,.n 5
. furtha e _ "--.c—... o @ .... e . ® . . ....’..' * o @ h ‘. * . o
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Figure3: The scenarios 2011 and 2030 in the generation allocation data for the
transmission system model

For biomass, garbage and not clearly identifiable energy sources alttehatis of the single
power plants listed remain the same except the nominal power. To estimate the nominal power for
every power station a scaling factor is calculated in relation of the target value (SOAF) and the sum
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of the nominal power listed in ¢hdatabase. Wind and solar power plants are scaled with the target
values and the geographical allocation of the powants remains unchanged. Thermal power
plants and hydropoweplants are first analysed regarding their expected lifetime within the
datdbas€18], [19], [20]. Power plants whose lifetime ends before 2030 are removed. If the
remaining cumulative capacity is greater than the target value, the power plants starting with the
oldest are removed until the target value is reached. If the cumeutatpacity is smaller than the
target value, new power plants are built in the second step using a trend line with consideration of
the average relative deviation for nominal power and efficiency at the same location. The trend
lines and the average ralat deviations are estimated from existing and planned power [dits

As the nominal power of ruof-theriver power plants and storage power plants is strongly
influenced by the local conditions, the nominal power remains the same when these poiser pla
are rebuilt. Due to the small amount of heavyfodlled power plants the identification of a trend

line is not possible. If the cumulative capacity is still smaller than the target value the missing
capacity needs to be added manually.

Within each senario load flow calculations can be analysed for various characteristic points in
time. As the simulation model is based on the reference scenario 2011, the new generation
allocation(seeFigure3), which is based on the stated studies and the descritmzhtian
algorithm, is not compatible with the present grid data. The extensive transformation of the
European energy supply system leads to a high need of grid exp@wigrarg6], [15]). Thus

this required grid expansion according to the stated estudncluding the highroltage direct
current(HVDC) lines within the German transmission sys{@eeFigure4), had to be
implemented in the simulation model. Furthermore, because of divergences of the simulation
model and the stated studies, further gnigansions within the transmission grid model have been
implemented.

Scenario 2011 Scenario 2030

@ U,=380kV
W@ U, =220 kV
B HVDC

Figure4: The scenarios 2011 and 2030 in the transmission system model including t2@ NEP

One main research question of the project Smart Noithe provision of active, reactive and
control reserve by dynamic virtual power plafi®®d/PP) in the underlying voltage levels to the
transmission system. Hence the distribution grid had to be implemented into the existing
transmission system model. Thigs realised with the statéojp-down andbottomup approach in
addition with distributed load and generation data models. On selected UHV nodes the existing
load and RES data was substituted with distributed HV and MV load and DG models in one
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distribution grid section modgkeeFigurel). Therefrom, thetop-down requirements for the
bottomup coupling points are defined. The distribution section from HV to MV is based on
synthetic grids for the HWevel and a modification of a common MBenchmark
grid[22] (see4.3). With the distribution grid sections coupled to the transmission system with
individual load and RES data for each node, both scenarios can be evaluated in an integrated
transmission and distribution system moldel].

4.3 Bottom-Up

Within the poject, data of rural LV grids have been available from which realistic grid parameters
were identified such as data of transformers, number of house connection nodes, line lengths and
line types. This data was the basis for modelling eighigtids with typical rural grid structures.

For completion, household profiles were generated [@S]). To this end, different domestic
consumers were modelled depending on size of households and technical equipment, e.g. how
domestic warm water is prepared. The raésglprofiles of domestic consumption for one year
were validated by checking the correlations with the standardised load profile HO from '8DEW

For simplification, commerce and industry were neglected within the MV and LV level.

As a model for an M\rid a subnetwork of the @re-Benchmark Grid22] was chosen and
adapted according to the requirements of the research project. Accordiigute5 the sub
networkl has been used for evaluations in Snéotd. The LV modefrids have been randomly
connectd to the M\nodes according to the maximum load at the M\Hkahsformers and
furthermore the specification of maximum power at the coupling point (HV/MV) fromdpe

down step. For modelling the scenario grids of the distribution level, the softwardLBNjB
PowerFactor}} was used. Due to the many opportunities and the high adaptability of the software,
the lower voltage levels (LV, MV) were completely simulated using PowerFactory within the work
packaget.2 and further as one part of ttogg-down step m the transmission system modgebrk
packaget.l1) in the MATLAB simulation.

2 Bundesverband der Energiend Wasserwirtschaft e.V. (Federal Association of the Energy and Water
Industry),https://www.bdew.de/

! poweFactoryis a professional network calculation tool, which can be adjusted via freely programmable
scripts (DPLProgramming Language). The program is also capable of calculating very large power grids.
Far from the modeling PowerFactory includes all common analysis tools such as load flowirshibyt
harmonic calculations, contingency calculation and reliakalitslysis.
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Figure5: Graph of a German mediunoltage grid[22] (left) and aggregation of lines used for Sniéord (right);
subnetworkl was has been used as evaluation basis

The MV-grid with connected LMrids represents the evaluation environment for $ifd-2.
However, in order to evaluate the various concepts and algorithms of the single work packages
detailed models of the units are necessary. As already introduced, domestimtied have been
generated. Moreover, nine different models of photovoltaic units were generated in form of
normalised time series of power feied(i.e. the time series have been scaled with respect to peak
power) for different angles (15°, 30°, and 48fd tilts (east, south, and west) of the photovacltaic
module. In order to generate a profile for the power-faeaf a wind turbine, a synthetic reference
wind turbine was utilised. Furthermore, physical models were available for storage devices from
work packagel.1l as well as combined heat and power plants and heat pumps. The grid models
together with the unit models form the basis to connect grid nodes with unit simulators,urgt the
distribution presented in the subsequent section.

4.4 Unit Distributio n

With the grid models as a part of a distribution grid with suitable household loads, the next step is
to assign other consumer units, generating units as well as storage devices to the various nodes of
the grid model in order to reflect the energy mixtloé region of interest in this case Lower
Saxony. However, the following procedure carapplied to other regions, too.

First, typical unit sizes per technology are chosen. This can be done according to the frequency of
appearance of installed capacity this end, for renewable energy units the asset mastdildhta

has been filtered. Typical unit sizes are determined for each technology and voltage level. Second,
the installed power per technology and voltage level of Lower Saxony has been mapeegkiih

model via pethead installed power. The population in Lower Saxony has been inferred from
statistical dat@l3]. With the information of the installed power per technology and voltage level
from the asset master ddia], the pethead installegpower in a region has been computed. The
population in the grid model has been determined from the household loads. From this, the annual
energy demand has been known at each node and conclusions have been drawn on the number of
households and inhabitan@/ith the perhead installed power of the region the installed power in

the grid model has been calculated. Together with the typical unit size, the number of units to be
distributed in the gd model waknown.
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Given the number of units, in a third stéye tunits have been randomly and automatically assigned

to nodes in the grid model. To this end, thestoulation framework moski has been used: the

grid models have been processed and simulators of distributed units were connected to the grid
nodes. Afer that, the distribution is being checked for plausibility (e.g., units are connected to the
right voltage level; no unrealistic combinatgoof units appear at one node).

Besides the plausibility check, it must also be evaluated whether the ramdodmstribution to

realistic grid structures leads to any grid related problems. To this end, operational equipment is
investigated with respect to contingencies and overloads according to actual guidelines. In case
these limits are exceeded the grid is exeanh@dccordingly. Details on the distribution grid
calculations and grid expansions methodologies can be fouhd ieport of work package2.

4.5 Results

In Figure6, the results of the units distributed in the model distribution grid are shown as
aggregatedata representing the rural structure of Lower Saxony for the reference scenario 2011 as
well as the future scenario 2030. The models of the distribgihand the correspondingnit
distributionare the basis for simulations.
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Figure6: Results olnit distribution in model distribution grid
(PV: photovoltaic, CHP: combined heat and power plant, HP: heat pump)

Using the suitableunit modelsdeveloped within this research fgat, investigationscan be
conducted concerning different load and generatiios. Figure7 shows exemplary results for a
week in the winter of the scenarios 2011 and 2088pectively F o r simul ati ons
power feedn and consumption, theool mosak has been used. The differamit distribution
allocated within the distribution grid models lead to different load and generation characteristic for

12 https://mosaik.offis.de/
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the different scenarios and different periods under observ@tionmer or winter, high load ¢cow
load).

Scenario 2011 Scenario 2030

load (LV)
solar (LV)
CHP (LV)
wind (MV)
solar (MV)
storage (LV)

Figure7: Aggregated consumption and distributed generation within the scenarios 2011 (left) and 2030 (right)

The scenarios developed within the simulation environments of this research project provide a wid
range of characteristic points in time and realistic evaluation. Hence, both simulations of the
distribution grid (seéigure?) are based on the same time series of load and generation data the
time course of the aggregated active power is basicallysdinge, but the share of the single
components differs as well as it distribution within the grid models. With the implementation

of the different distribution grid models (2011 and 2030) in the transmission system simulation as
components for the disbution grid section for as well the reference scenario 2011 and the future
outlook 2030 the scenarios can be evaluated consistently in all voltage levels and-stdéege
evaluations.

5 Conclusion and Outlook

The work group Scenario Design has beenma@rdisciplinary work group within the research
project Smart Nord of the sydrojectsl-4. Consistent and compatible scenarios have been defined
and existing simulation infrastructure has been adapted to comply with the scenario definition.
Since a singl simulation environment for the whole system from-ltavultrahigh-voltage levels

was not available and realisable, coupling points between the different levels and simulation
environments were defined such that requirements fogpdown to bottomup have been taken

into account and mapped to the according point of coupling. Corresponding grid models were
adapted and generation, consuming and storage units were distributed in the distribution grid
models in order to reflect the energy mix of Lower Sgxdrhe scenarios and accordingly adapted
simulation environments have been used as a basis for investigations and evaluations of the various
research questions in the different work packages of Smart No#utsjelots1-4.
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