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Preface 

The Lower Saxony research network ñSmart Nordò has achieved its goals. In this research network 

supported by Lower Saxonyôs Ministry of Science and Culture through the ñNiedersächsisches 

Vorabò grant programme with an amount of 4.1 Million ú, about 40 scientists of the universities of 

Oldenburg, Brunswick, Hanover and Clausthal as well as the OFFIS Institute for Information 

Technology, the Energy Research Centre of Lower Saxony and NEXT ENERGY, the EWE-

Research Center of Energy Technology e. V. worked together for three years in six sub-projects. 

In the past three years (from 3/2012 to 2/2015) the interdisciplinary research network Smart Nord 

aimed to create contributions to coordinated, decentralized provision of active power, control 

power and reactive power in distribution grids which allow a stable system operation. Therefore, 

the development of a new ICT infrastructure which includes all the new components of the 

distribution grids is required. 

The sub-projects were motivated by the transformation of the European and especially German 

power system which includes the shutdown of nuclear power plants, the replacement of fossil 

power plants with converter based decentralized generation units, the ever intensifying European 

power market and installation of Smart Grids and their ICT infrastructure. In addition to these 

changes, a high amount of new power lines and transformers to fulfil the changing transmission 

and distribution tasks will be included in all grid voltage levels as well as new control strategies. 

Based on this transformation of the power system, sub-project (SP) 1 was focused on methods for 

decentralized coordinated active power management to allow decentralized and especially 

renewable generation units to contribute to the power market. Another market which can be opened 

to these units is the market for ancillary services, especially provision of control power and reactive 

power, to support the power grid and the realization of the technical requirements (SP 2). The 

design and requirements of these above mentioned future markets had to be set within the project 

(SP 3). This included the design of new products and marketing opportunities. Based on the unit 

dispatch which resulted from SP 1-3, the resulting states of the transmission and distribution grids 

were evaluated in stationary and dynamic simulations to analyse the frequency stability in order to 

identify measures to ensure frequency stability in future grids (SP 4). The control strategies for 

distribution grids with a high amount of volatile converter connected generation units were also 

evaluated (SP 5). This included strategies for distribution grids connected to the transmission grid 

and islanding distribution grids without connection to other grids. SP 6 aimed at the analysis of the 

potential for the construction of new renewable generation units based on environmental 

conditions. 

The following report introduces Smart Nord to you and shows the various results of the sub-

projects and their work packages. For further information please visit www.smartnord.de. 

 

Prof. Dr.-Ing. habil. Lutz Hofmann  Prof. Dr. rer. nat. habil. Michael Sonnenschein 

Institute of Electric Power Systems  Department of Computing Science 

Leibniz Universität Hannover  Carl von Ossietzky Universität Oldenburg 
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 Smart Nord 

ñSmart Nord ï Intelligente Netze Norddeutschlandò which stands for ñsmart grids in northern 

Germanyò is an interdisciplinary research network supported for three years (from 3/2012 to 

2/2015) by the Lower Saxony Ministry of Science and Culture through the ñNiedersächsisches 

Vorabò grant programme with 4.1 Million ú. Smart Nord was organized in six sup-projects with 

research partners from up to four universities and research institutes which were: 

 

Sub-Project One - Decentralized Provision of Active Power 

coordinated by Michael Sonnenschein 

Research partners: 

University of Oldenburg 

OFFIS ï Institute for Information Technology 

Technische Universität Braunschweig 

 

Sub-Project Two - Grid Stabilizing Ancillary Services 

coordinated by Sebastian Lehnhoff 

Research partners: 

OFFIS ï Institute for Information Technology 

University of Oldenburg 

Leibniz Universität Hannover 

Technische Universität Braunschweig 

 

Sub-Project Three - Integrated Market  

coordinated by Michael Kurrat 

Research partners: 

Technische Universität Braunschweig 

OFFIS ï Institute for Information Technology 

Leibniz Universität Hannover 

 

Sub-Project Four - Distribution and Transmission System 

coordinated by Lutz Hofmann 

Research partners: 

Leibniz Universität Hannover 

Technische Universität Braunschweig 

EWE-Forschungszentrum für Energietechnologie e.V. 

 

Sub-Project Five - System Theory for Active Distribution Grids 

coordinated by Hans-Peter Beck 

Research partners: 

Clausthal University of Technology 

University of Oldenburg 
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Sub-Project Six ï SmartSpatial 

coordinated by Christina von Haaren 

Research partners: 

Leibniz Universität Hannover 

 

On the following pages an overview over the research aims of the six sub-projects is given. They 

are introduced with a brief explanation and visualisation of the contents as well as their interaction 

and collaboration, especially in the sub-projects 1-4 within the work group scenario design. 
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 Overview on Smart Nord 

The following pictures and annotations shall give a general overview and understanding of the 

connections and collaborations between the system layers market, function, information, hardware, 

grid and environment, which are handled in the sub-projects 1-6 and the collaborations between the 

sub-projects. 

Figure 1 shows the setup and connections of the sub-projects 1-4. The main research areas of these 

sub-projects are the operation of an interconnected energy system spreading over four voltage 

levels with a high amount of decentralized renewable generation. In the SP new decentralised 

market structures are examined in addition to a market based interface. A necessary part of the 

market is the market for ancillary services which is based on so far 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 decentralized regulation and control strategy which is realized 

by an agent-based information and communication technology (ICT) infrastructure. 
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Figure 1: Setup and connections of sub-projects 1-4 
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Based on the design of new tradable products and the results of the markets, 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 operational and technical boundary conditions. In addition to stationary 

analysis, the decentralised provision of ancillary services to ensure the frequency stability and 

measures to ensure the frequency stability in future systems are analysed. 

In order to work together on comprehensive topics, specialised work groups were established. The 

work group Scenario Design has developed joint scenarios and herewith corresponding grid models 

as joint evaluation environment for the studies in sub-projects 1-4 to allow a common simulation at 

several research institutes and an exchange of research results. 
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Figure 2: Setup of SP 5 
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Figure 2 shows the setup of SP 5 and possible connections to the other SP. Within this SP, 

MicroGrids with a high amount of renewable generation units 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 ancillary services with the use of converters are evaluated. The second part of this SP is a 

system-theoretical approach influenced by the stochastic disturbance of regenerative systems. The 

last part of this SP is the construction of a demonstrator to evaluate the simulations in real power 

systems. 

Figure 3 shows the setup of SP 6. 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 regions and identifies an efficient energy mix for a specific region under 

consideration of environmental requirements. 
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Figure 3: Setup of SP 6 

On the following pages detailed reports of each SP are given. These detailed reports are headed by 

an introduction of the joint evaluation scenarios which were created by the work group scenario 

design for the sub-projects 1-4. 
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 Work Group : 

Scenario Design for Sub-Projects 1-4 
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 Work Group: Scenario Design 

Marita Blank
1
, Timo Breithaupt

2
, Jörg Bremer

1
, Arne Dammasch

3
, Steffen Garske

2
, 

Thole Klingenberg
4
, Stefanie Koch

3
, Ontje Lünsdorf

4
, Astrid Nieße

4
, Stefan Scherfke

4
, 

Lutz Hofmann
2
 and Michael Sonnenschein

1
 

1 Goals 

Within the multi-disciplinary research project Smart Nord, different research questions have been 

addressed which concern different fields and system levels. However, several work packages 

require cross-disciplinary information and models and are dependent on results from other project 

partners. A simulation of the whole system taking into account all research questions within all 

work packages was not available and could not be realised at once. Nevertheless, the evaluation of 

the SP 1-4 had to be built on the same basic assumptions in order to guarantee compatible and 

comparable project results. For this reason, the work group Scenario Design ï consisting of 

researchers from all partner institutes and work packages ï has developed joint scenarios and 

herewith corresponding grid models as evaluation environment for all partners in the SP 1-4.  

The scenarios had to be valid for all voltage levels from ultra-high 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 estimations for their future development 

according to actual studies (see Section 3). With 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 algorithms 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) and the purpose the 

scenarios are used for. In companies, scenarios for future development can be used to identify new 

business strategies [2]. For energy systems, the design of future scenarios is an essential step for 

research studies. There, scenarios are used, e.g., to define goals for future energy systems (e.g. the 

energy concept of Germany [3]) or to make assumptions or predictions on future developments of 

the overall energy system. The predictions can be utilised to evaluate the development of different 

system parameters such as the need for network expansion depending on, e.g., different energy 

mixes or different assumption on energy consumption ([4], [5], [6] and [7]). Moreover, structural 

and economic effects can be investigated for different scenarios and conclusions can be drawn for 

different approaches such as the need of flexibility (e.g. [8]). In [9] migration paths are described 

for information and communication technologies of different Smart Grid scenarios. Furthermore, 

scenario design is an important step during algorithm engineering especially for applications in 

Smart Grid approaches [10]. 

                                                      
1
 University of Oldenburg, 26129 Oldenburg, Germany, 

{forename.surname}@uni-oldenburg.de, Department of Computing Science 
2
 Leibniz Universität Hannover, 30167 Hanover, Germany, 

{surname}@iee.uni-hannover.de, Institute of Electric Power Systems (IEH) 
3
 Technische Universität Braunschweig, 28106 Braunschweig, Germany, 

{first  letter.surname}@tu-braunschweig.de, elenia 
4
 OFFIS ï Institute for Information Technology, 26121 Oldenburg, Germany,  

{forename.surname}@offis.de, R&D Division Energy 
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However, a uniform or standardised process for scenario design does not exist [1]. The vast amount 

of scenarios and their different usage shows that the design 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 different work packages to ensure that the 

scenarios are suitable for the investigations of all work packages. Two main scenarios - a reference 

scenario 2011 and a future outlook of the year 2030 - have been aligned. Based on these 

requirements a process has been developed to define and realise the scenarios in the available 

evaluation environments in all SP. This process is visualised in Figure 1. 

First, the Basic Assumptions (4.1) were made on which the scenarios were built. These include all 

basic information as grid, 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 corresponding studies regarding 

grid expansion in transmission and distribution grids (Section 4.1). Furthermore, requirements from 

the simulation environments available and used at each SP have been identified which were 

necessary to adapt to the scenario requirements and to obtain an overall coherent simulation 

environment. Thus as the second step, the transmission grid model used in the work package 4.1 

has been determined in order to define coupling points to underlying grid levels (see Section 4.2 

Top-Down). As a third step, requirements from the distribution grid have led to defining coupling 

points to the higher voltage levels (see Section 4.3 Bottom-Up). In a fourth step, the unit 

distribution within the distribution grid has been computed in order to represent the actual and 

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 models (cf. work package 4.2). 
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Figure 1: Process for scenario definition  
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In both analyses ï the top-down and bottom-up step ï 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 scenarios (2011 and 

2030). 

4 Main Results 

As the process itself is a main result of the work group, the individual steps of the process 

introduced in the previous section of this chapter are being presented in more detail. Furthermore 

excerpts of the results and realisation of the scenarios are shown as well. For more detailed 

descriptions refer to the corresponding work packages and further [11] and [12]. 

4.1 Basic Assumptions 

The Basic Assumptions form the foundation for the scenarios, since they establish the scope for 

investigations of the SP 1-4. The steps 2-3 (Figure 1) are the realisation of the scenarios in order to 

obtain a setting and environment to conduct experimental evaluations. 

For investigations of a segment of the distribution grid, the structure of loads and distributed 

generating (DG) units for rural grids were chosen to represent the structure of rural regions in 

Lower Saxony. To this end, statistical data of population of rural regions was utilised [13]. In order 

to reflect the installed capacity in Lower Saxony according to the different voltage levels, the asset 

master data of all installed renewable energy sources (RES) in the German transmission grid 

operators [14] 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 a good basis of data 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 assumptions on 2030: BMU
5
 Long-term scenarios 2011 [8], 

Netzentwicklungsplan 2012 [15], ENTSO-E
6
 Ten Years Network Development Plan (TYNDP) [6], 

ENTSO-E Scenario Outlook & Adequacy Forecasts (SOAF) [7], Dena
7
 Verteilnetzstudie [4], and 

BMWi
8
 Verteilernetzstudie [5]. 

4.2 Top-Down 

The approach of the top-down step is based on an integrated grid and market simulation developed 

in MATLAB
9
 by the IEH (refer to [11], [16] and [17]) which is used for simulations of the 

European transmission system in this research project (cf. work package 4.1). The integrated 

simulation is based upon several databases like e.g. measured load data of the ENTSO-E, a grid 

model of the ENTSO-E interconnected continental transmission grid, generation data of all power 

plants with an installed capacity greater than 50 MW and further generation as well as RES and DG 

generation (all units smaller than 50 MW) as regional aggregated data [11], [10], [17]. The first 

result of the simulation is an energy market simulation based on a merit order of marginal 

costs (see work package 4.1). The according power plant dispatch is the input value for the load 

flow calculations of the transmission system. 

                                                      
5
 Bundesministerium für Umwelt, Naturschutz, Bau und Reaktorsicherheit (Federal Ministry for the 

Environment, Nature Conservation, Building and Nuclear Safety), http://www.bmub.bund.de/en/ 
6
 European Network of Transmission System Operators for Electricity, https://www.entsoe.eu  

7
 Deutsche Energie-Agentur (German Energy Agency), www.dena.de/en/ 

8
 Bundesministerium für Wirtschaft und Energie (Federal Ministry for Economic Affairs and Energy), 

www.bmwi.de/EN/ 
9
 http://www.mathworks.com 

http://www.bmub.bund.de/en/
https://www.entsoe.eu/
file:///D:/SmartNord/Abschlussbericht/www.dena.de/en/
file:///D:/SmartNord/Abschlussbericht/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 into the generation data with the 2011 scenario as the existing reference scenario (see 

Figure 3 as an example for the German transmission system model). 

 

Scenario 2011 Scenario 2030 

  

Figure 2: 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 model (see work package 4.1) and the Vision 3 of the SOAF [7]. The forecast in the 

SOAF gives only information about the installed 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 type within the 

simulation model (see Figure 3). 
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of the nominal power listed in the database. Wind and solar power plants are scaled with the target 

values and the geographical allocation of the power plants remains unchanged. Thermal power 

plants and hydropower plants are first analysed regarding their expected lifetime within the 

database [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 cumulative capacity 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 relative deviations are estimated from existing and planned power plants [21]. 

As the nominal power of run-of-the-river power plants and storage power plants is strongly 

influenced by the local conditions, the nominal power remains the same when these power plants 

are rebuilt. Due to the small amount of heavy oil-fuelled 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 scenario 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 (see Figure 3), which is based on the stated studies and the described allocation 

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 expansion (compare [6], [15]). Thus 

this required grid expansion according to the stated studies, including the high-voltage direct 

current (HVDC) lines within the German transmission system (see Figure 4), had to be 

implemented in the simulation model. Furthermore, because of divergences of the simulation 

model and the stated studies, further grid expansions within the transmission grid model have been 

implemented. 

 

 Scenario 2011 Scenario 2030 

Ur = 380 kV

Ur = 220 kV

HVDC
 

  

 

Figure 4: The scenarios 2011 and 2030 in the transmission system model including the NEP 2012 

One main research question of the project Smart Nord is the provision of active, reactive and 

control reserve by dynamic virtual power plants (DVPP) in the underlying voltage levels to the 

transmission system. Hence the distribution grid had to be implemented into the existing 

transmission system model. This was realised with the stated top-down and bottom-up 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 model (see Figure 1). Therefrom, the top-down requirements for the 

bottom-up coupling points are defined. The distribution section from HV to MV is based on 

synthetic grids for the HV-level and a modification of a common MV-Benchmark 

grid [22] (see 4.3). 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 model [12]. 

4.3 Bottom-Up 

Within the project, 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 eight LV-grids with typical rural grid structures. 

For completion, household profiles were generated (cf. [23]). 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 resulting profiles of domestic consumption for one year 

were validated by checking the correlations with the standardised load profile H0 from BDEW
10

. 

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

As a model for an MV-grid a sub-network of the Cigre-Benchmark Grid [22] was chosen and 

adapted according to the requirements of the research project. According to Figure 5 the sub-

network I has been used for evaluations in Smart Nord. The LV model-grids have been randomly 

connected to the MV-nodes according to the maximum load at the MV/LV-transformers and 

furthermore the specification of maximum power at the coupling point (HV/MV) from the top-

down step. For modelling the scenario grids of the distribution level, the software DIgSILENT 

PowerFactory
11

 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 

package 4.2 and further as one part of the top-down step in the transmission system model (work 

package 4.1) in the MATLAB simulation. 

 

                                                      
10

 Bundesverband der Energie- und Wasserwirtschaft e.V. (Federal Association of the Energy and Water 

Industry), https://www.bdew.de/ 
11

 PowerFactory is a professional network calculation tool, which can be adjusted via freely programmable 

scripts (DPL Programming 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 flow, short-circuit, 

harmonic calculations, contingency calculation and reliability analysis. 

https://www.bdew.de/
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Figure 5: Graph of a German medium-voltage grid [22] (left) and aggregation of lines used for Smart Nord (right);  

sub-network I was has been used as evaluation basis 

The MV-grid with connected LV-grids represents the evaluation environment for the SP 1-2. 

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, domestic load models have been 

generated. Moreover, nine different models of photovoltaic units were generated in form of 

normalised time series of power feed-in (i.e. the time series have been scaled with respect to peak 

power) for different angles (15°, 30°, and 45°) and tilts (east, south, and west) of the photovoltaic-

module. In order to generate a profile for the power feed-in of a wind turbine, a synthetic reference 

wind turbine was utilised. Furthermore, physical models were available for storage devices from 

work package 1.1 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, i.e. the unit 

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 mix of the region of interest ï in this case Lower 

Saxony. However, the following procedure can be applied 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. To this end, for renewable energy units the asset master data [14] 

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 mapped to the grid 

model via per-head installed power. The population in Lower Saxony has been inferred from 

statistical data [13]. With the information of the installed power per technology and voltage level 

from the asset master data [14], the per-head installed power 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 inhabitants. With the per-head 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 grid model was known. 
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Given the number of units, in a third step the units have been randomly and automatically assigned 

to nodes in the grid model. To this end, the co-simulation framework mosaik
12

 has been used: the 

grid models have been processed and simulators of distributed units were connected to the grid 

nodes. After that, the distribution is being checked for plausibility (e.g., units are connected to the 

right voltage level; no unrealistic combinations of units appear at one node). 

Besides the plausibility check, it must also be evaluated whether the random unit distribution 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 expanded accordingly. Details on the distribution grid 

calculations and grid expansions methodologies can be found in the report of work package 4.2. 

4.5 Results 

In Figure 6, the results of the units distributed in the model distribution grid are shown as 

aggregated data representing the rural structure of Lower Saxony for the reference scenario 2011 as 

well as the future scenario 2030. The models of the distribution grid and the corresponding unit 

distribution are the basis for simulations. 

 

 Scenario 2011 Scenario 2030 

N
u

m
b

e
r 

o
f 

u
n

it
s 

  

In
s
ta

lle
d

 p
o

w
e

r 
in

 k
W 

  

Figure 6: Results of unit distribution in model distribution grid  

(PV: photovoltaic, CHP: combined heat and power plant, HP: heat pump) 

Using the suitable unit models developed within this research project, investigations can be 

conducted concerning different load and generation ratios. Figure 7 shows exemplary results for a 

week in the winter of the scenarios 2011 and 2030, respectively. For simulations of the unitsô 

power feed-in and consumption, the tool mosaik has been used. The different unit 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 observation (summer or winter, high load or low 

load). 

 

 Scenario 2011 Scenario 2030 

 

 

Figure 7: 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 wide 

range of characteristic points in time and realistic evaluation. Hence, both simulations of the 

distribution grid (see Figure 7) are based on the same time series of load and generation data the 

time course of the aggregated active power is basically the same, but the share of the single 

components differs as well as the unit 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 distribution 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 in large-scale 

evaluations.  

5 Conclusion and Outlook 

The work group Scenario Design has been an interdisciplinary work group within the research 

project Smart Nord of the sub-projects 1-4. Consistent and compatible scenarios have been defined 

and existing simulation infrastructure has been adapted to comply with the scenario definition. 

Since a single simulation environment for the whole system from low- to ultra-high-voltage levels 

was not available and realisable, coupling points between the different levels and simulation 

environments were defined such that requirements from top-down to bottom-up 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 Saxony. The 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 Nord sub-projects 1-4.  

  


