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      (1)Aachen, 13th November 2013 


Analysis of Potential Congestion Risks in Schleswig-
 Holstein with Feedback  on the Net Transfer Capacities 
 between Denmark West and Germany 


Dr. Jessica Stenglein 
 Dr.-Ing. Jürgen Wilms 


An Investigation prepared by BET for Danish Energy Agency and 
Danish Energy Association based on Public Information 



(2)The BET inter-disciplinary consulting team 
 – more than 75 experienced specialists –  


Electrical and Mechanical Engineers, Industrial Engineers, 
 Business Economists and Political Economists. 


BET  Büro für Energiewirtschaft und Technische 
 Planung GmbH exists since 1988 as independant, 
 owner managed consulting & engneering company 
 for power systems engineering, energy economics and 
 for the water supply branch  


Head Office in Aachen, an affiliate in Switzerland, 
as well as local offices in Leipzig and Hamm. 
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Grid Consulting 



Management  Consulting   Market Consulting 


• Project Development for Generation and Storage Plants 


• Technical  / economical  Grid Conceptions 


• Advices, Studies, Analyses and  Modelling of Energy Markets 


• Coporate Assessment, Business and  Asset Valuation 


• Corporate, Management and Strategy Consulting 


BET offers not only broad professional Consulting through the 
 whole value creating chain in ther energy and water supply 
 industires but supports your business also competent in 
 strategy committment and corporate organisation.  


The BET Business Units: 


Aachen, 13th November 2013 
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Business Units & Teams 


Corporate 
 Management 
 Business Strategy 


Development of 
 Organisation & HR 


Market 
 Consulting 
 Management  


Consulting 


De-centralised  
 Energy Systems 


Organisation & 


Data Management 
 Regulation  


Grid Valuation  


& Grid Planning  


Power Plants  


& Storages 


 Energy Systems 


& Fundamental 
 Modelling 
 Energy Markets,  
 Trading & Sales, 


Portfolio 
 Management 
 Commercial 


 Grid Management  


   


Grid  
 Consulting 


Aachen, 13th November 2013 



(5)Short introduction 


- Jürgen Wilms - 


 Born 1960 


 Academic studies of electrical engineering, specialisation in electrical 
 power systems engineering, RWTH Aachen University of Technology, 
 Diploma 1985 (Dipl.-Ing.), Doctorate 1990 (Dr.-Ing.).  


 1985 - 1990 Scientific Officer  at the Institute of Power Systems 
 Engineering and Power Economics (IEAEW), RWTH Aachen 


 1990 - 2006 energy-intensive producing industrial enterprises and 
 service industry enterprises 


 Since 2006 Senior Expert Power, Transmission & Distribution Systems 
 at BET GmbH in Aachen 


 Key qualifications  


 Project Development of Power Plants 


 Grid Connection, Grid Access, Grid Usage for Power Plant Operators 


 National and International Grid Congestion Management 


 Technical & Regulatory Due Diligences of Transaction of System Operators 


 Network Modelling & Calculations 


 Power Plant Ancillary Services, Countertrading & Redispatch 


 Market Analyses 


Dr.-Ing. Jürgen Wilms 



(6)Short introduction 


- Jessica Stenglein -  


 Born 1979 


 Study of chemical engineering at the University of Stellenbosch in 
 South Africa, Bachelor of Engineering in 2002 


 PhD (2008) from the School of Chemical and Biomolecular 
 Engineering at the University of Sydney in Australia 


 Since May 2008: Consultant at BET GmbH in Aachen 


 Key qualifications: 


 Feasibility studies and optimization of power plants use 


 Market analyses 


 Use of market models 


Dr. Jessica Stenglein 
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(8)
Objectives of the requested investigation (1 / 2) 



 Analysis of the current state and future development   


 of the transmission grid in Schleswig-Holstein which means to estimate 
 the impact of grid optimization, grid reinforcement and grid extension 


measures on transmission line capacities and the realistic time schedules 
 of different grid related projects, 


 of the generating capacities feeding in and loading the transmission grid 
in Schleswig-Holstein, especially the renewables generated by onshore 
and offshore wind farms, as well as nuclear and conventional thermal 
power stations. 



(9)
Objectives of the requested investigation (2 / 2) 



 Analysis of potential feedback impacts of intra-Schleswig-Holstein  congestions on the cross border capacities between Denmark/West  and Germany  


 in relation to hours per year with cross border capacity restrictions due to 
 intra-Schleswig-Holstein congestions, 


 in relation to total amount of not transferable electricity between DK1 and 
DE due to intra-Schleswig-Holstein congestions. 



(10)
Approach and structure of BET‘s investigations 



 For this purpose BET looked at  


 The state of network development between Germany and Denmark and 
 within Germany between the years 2013 and 2033 (slide 9 - 20). 


 The electricity generation in the western European area by means of its 
 European market model, EuroMod under various scenarios of intra-


German electricity generation (slide 23 - 26).  


 The area of Western Denmark and Schleswig Holstein in particular and 
 analysed resulting electricity flow under various scenarios of intra-


German network development in its regional model, so called BET 
RegioMod (slide 27- 29). 
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(12)Grid Structure and Topology in Northern Germany ( SH + HH ) 


 Grid Map of  FNN | VDE  -  published on 2012-01-01 



(13)Grid Structure and Topology in Northern Germany ( SH + HH )



(14)Current Grid Status @ Schleswig-Holstein 



(15)Ongoing and Future Grid Development @ Schleswig-Holstein 



(16)Grid Development Projects @ Schleswig-Holstein 



(17)Cross-Border Capacities  DK-1    SH-N 


Maximum NTC-values  DK-1  <==>  DE  / MW


Ist.2013 Ist.2013 NEP.2013 NEP.2013 NUP.2013 NUP.2013


DK-1 >  DE  DE >  DK-1  DK-1 >  DE  DE >  DK-1  DK-1 >  DE  DE >  DK-1 


1.780 1.500 2.500 2.500 3.000 3.000



(18)CBC SH-N <==> SH-S  Thermal Power Rating of Circuits / MW 


Ist.2013


NEP_2013_v-02  BET-JW 


Electric Circuit  Type  UN/kV  B-2023  C-2023  B-2033  BET.2023  BET.2033 


Westküstenleitung # 1  AC  380   ø 2.500  2.500  2.500  2.500  2.500 


Westküstenleitung # 2  AC  380   ø  2.500  2.500  2.500  2.500  2.500 


Ostküstenleitung # 1  AC  380   ø  2.500  2.500  2.500   ø  2.500 


Ostküstenleitung # 2  AC  380   ø  2.500  2.500  2.500   ø  2.500 


Audorf - Wilster 380 # 1  AC  380  1.400  1.400  1.400  1.400  1.400  1.400 


Audorf - Wilster 380 # 2  AC  380  1.400  1.400  1.400  1.400  1.400  1.400 


Audorf - HH/Nord 220 # 1  AC  220  335   ø   ø   ø   ø   ø 


Audorf - HH/Nord 220 # 2  AC  220  335   ø   ø   ø   ø   ø 


Audorf - HH/Nord 380 # 1  AC  380   ø  2.500  2.500  2.500  2.500  2.500 


Audorf - HH/Nord 380 # 2  AC  380   ø  2.500  2.500  2.500  2.500  2.500 


SUM        3.470  17.800  17.800  17.800  12.800  17.800 


Standard 70 % (n-1)-secure        2.429  12.460  12.460  12.460  8.960  12.460 


Further reduction of (n-1)-secure 
 capacity conditioned by unfavorable 


grid topology 


      1.870  9.460  9.460  9.460  6.960  9.460 


Cross-Border Capacities  SH-N    SH-S 



(19)Cross-Border Capacities  SH-S    DE-3 


CBC SH-S <==> DE-3  Thermal Power Rating of Circuits / MW 


Ist.2013  NEP_2013_v-02  BET-JW 


Electric Circuit Type UN/kV B-2023 C-2023 B-2033 BET.2023 BET.2033


River Elbe Crossing I # 1  AC  220  335   ø   ø   ø   ø   ø 


River Elbe Crossing I # 2  AC  220  335   ø   ø   ø   ø   ø 


River Elbe Crossing II # 1  AC  380  1.400  2.500  2.500  2.500  1.400  2.500 


River Elbe Crossing II # 2  AC  380  1.400  2.500  2.500  2.500  1.400  2.500 


River Elbe Crossing II # 3  AC  380   ø  2.500  2.500  2.500  2.500  2.500 


River Elbe Crossing II # 4  AC  380   ø  2.500  2.500  2.500  2.500  2.500 


HH/Nord - HH/Ost # 1  AC  380  1.700  2.500  2.500  2.500  1.700  2.500 


HH/Nord - HH/Ost # 2  AC  380  1.700  2.500  2.500  2.500  1.700  2.500 


SUM        6.870  15.000  15.000  15.000  11.200  15.000 


Standard 70 % (n-1)-secure        4.809  10.500  10.500  10.500  7.840  10.500 


Further reduction of (n-1)-secure 
 capacity conditioned by 
 unfavorable grid topology 


3.570  10.000  10.000  10.000  6.160  10.000 



(20)Cross-Border Capacities  SH-S    BW & BY 


CBC SH-S <==> BW & BY Thermal Power Rating of Circuits / MW


Ist.2013  NEP_2013_v-02  BET-JW 


Electric Circuit  Project  Type UN/kV  B-2023  C-2023  B-2033  BET.2023  BET.2033 
 Brunsbüttel (SH-S) - 


Großgartach (BW) 


C.05 


approved  DC  ±320/ 


±500   ø 1.300  2.000  1.300  2.000  2.000 


Brunsbüttel (SH-S) - 


Großgartach (BW)  C.05.a  DC  ±320/ 


±500   ø  ø 2.000  1.300   ø 2.000 


Wilster (SH-S) -  


Goldshöfe (BW)  C.06.a  DC  ±320   ø  ø 1.300  1.300   ø 1.300 


Segeberg region (SH-S) - 


Goldshöfe (BW)  C.06  DC  ±320   ø 1.300  1.300  1.300   ø 1.300 


SUM SH-S > BW    DC  ±320/ ±500  0  2.600  6.600  5.200  2.000  6.600 


Wilster (SH-S) - Grafenrheinfeld 
 (BY) 


C.06_mod 


approved  DC  ±320   ø 1.300  1.300  1.300  1.300  1.300 


Segeberg region (SH-S) - 


Raitersaich (BY)  C.08  DC  ±320   ø  ø 1.300  1.300   ø 1.300 


SUM SH-S > BY    DC  ±320   ø 1.300  2.600  2.600  1.300  2.600 


SUM SH-S > BW&BY       0  3.900  9.200  7.800  3.300  9.200 


100 % (n-1)-secure capacity 
 conditioned by Emergency 


Power Control 


         0 3.900 9.200 7.800 3.300 9.200



(21)Maximum NTC values (1) 


- NEP Sc B - 


DK 1 


SH-N 


SH-S 


      DE 3 


Baltic Cable 


615 MW 
 600 MW 
 NORD.LINK 


1400 MW 


NO 


Kontek Cable 
 600 MW 
 585 MW 


DK2 
 SE4 


BW   BY 


OWF Cluster 4 + 5 
 2540 MW 


2500 MW 


10 000 MW 


2 600 MW  1 300 MW 


9 460 MW 


5 020 MW 


3 000 MW 


5 200 MW  2 600 MW 


2023 
 2033 


Assumptions (2023 vs 2033):  


• Offshore wind cluster in DE almost 
 doubles in capacity 


• Transmission between DE and DK 
 grows a little 


• Transmission capacity with in DE (SH to 
 BW and BY) doubles 


1 870 MW 
 1500 MW 


1780 MW 


3 570 MW 


2013 capacities  0 MW 



(22)Maximum NTC values (2) 


- NEP Sc C - 


DK 1 


SH-N 


SH-S 


      DE 3 


Baltic Cable 


615 MW 
 600 MW 
 NORD.LINK 


1400 MW 


NO 


Kontek Cable 
 600 MW 
 585 MW 


DK2 
 SE4 


BW   BY 


OWF Cluster 4 + 5 
 3 020 MW 


2 500 MW 


10 000 MW 


6 600 MW  2 600 MW 


9 460 MW 


2023 


Assumptions:  


• Compared to Sc B the offshore wind 
 development to 2023 is higher 


• Transmission between DE and DK is 
 unchanged 


• Transmission capacity in DE (North to 
 South) is significantly higher in 2023 


1 870 MW 
 1500 MW 


1780 MW 


3 570 MW 


2013 capacities  0 MW 



(23)Maximum NTC values (3) 


- BET - 


DK 1 


SH-N 


SH-S 


      DE 3 


Baltic Cable 


615 MW 
 600 MW 
 NORD.LINK 


1400 MW 


NO 


Kontek Cable 
 600 MW 
 585 MW 


DK2 
 SE4 


BW   BY 


OWF Cluster 4 + 5 
 3 020 MW 


2 500 MW 


6 160 MW 


2 000 MW  1 300 MW 


6 960 MW 


5 020 MW 


10 000 MW 


6 600 MW  2 600 MW 


9 460 MW 


2023 
 2033 


Assumptions (2023 vs 2033):  


• Transmission between DE and DK is 
 unchanged 


• Transmission capacity in DE in 2023 


increases more slowly thanassumed in the 
 NEP 


• Transmission capacity in DE (North to South) 
 in 2033 matches the NEP Sc C 


1 870 MW 
 1500 MW 


1780 MW 


3 570 MW 


2013 capacities  0 MW 
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(25)Goal of analysis: To identify congestion risks at the German-Danish border due 
 to bottlenecks in Schleswig-Holstein 


 In total 6 scenarios were considered for 2023/ 


2033: 


 2 energy market scenarios. These are based 
 on TWO different German developments of 
 renewble energy generation based on the 2013 
 national Network Development Plan  


 NEP Scenario B  


 NEP Scenario C 


 3 network expansion configurations 


 NEP Sc B  


 NEP Sc C 


 BET 


 By combination of energy market scenarios 
 and different network configurations a broad 
 range of cases is analysed 


Scenario description 


NEP Sc B 


BET 


NEP Sc C 


NEP 
 Scenario B 


NEP 
 Scenario C 


Networke expansion  


Energy scenario  
 Model year 


2023/ 2033 


Definition of cases 


Scenario B 2023 + network 
 expansion NEP B 2023 


Scenario B 2023 + network 
 expansion BET 2023 
 Scenario C 2023 + network 


expansion NEP C 2023 


Scenario C 2023 + network 
 expansion BET 2023 
 Scenario B 2033 + network 


expansion NEP B 2033 


Scenario B 2033 + network 
 expansion BET 2033  


6 cases are analysed 



(26)Procedure: First, the power market in Europe is modeled 


 The European model (BET 
 EuroMod) covers the following 
 countries: 


 DE, AT , CH, FR, BE, NL, GB, 
 IT, DK East and West (DK 2 
 and DK 1), NO and SE  


 These countries (in red) are 
 considered in detail, i.e. their  


 available power plant fleet 


 power demand  


 renewables feed-in  
 are considered hourly.  


 Satellite regions (in grey) are 
 considered via a fixed 


exchange. 



(27)Some background: Approach electricity market model 


- Model structure - 


Residual load 


least-cost approach  
 Minimisation of all costs 


of electricity production 
 (variable costs, yearly 
 fixed costs and capital 


costs) 
 Political framework 


Fuel consumption and CO2 
 emissions of the power plant 


parks 
 Power plants 


Commissioning and 
 decommissioning (with 
 technical and economical 


parameters) 


Existing power plant park 
 (with technical and 
 economical parameters) 


Generation 
 Installed capacity 


Offer 
 Interconnector capacities 


between model regions 


Electricity exchange between 
 model regions 


Model inputs 
 per country 


Model outputs 
 per country 


Commissioning and 
 decommissioning 


 Marginal costs  
 (electricity prices in model 


regions) 
 Electricity demand 


Fuel and CO2 prices 
 CHP 


Electricity exchange with 
satellite regions 
Renewable energy 



(28)General principle behind the model is the extended 'merit order' model 


 Consideration of electricity exchange between model regions and satellite regions 


 Consideration of thermal power plant start-up costs and revisions 


 Consideration of power plant commissioning and decommissioning 


 Consideration of pumped storage plant and storage plant dispatch 


 Consideration of electricity generation from renewable energy and CHP 


 Consideration of the markets for reserve capacity and control energy 


Installierte Leistung in MW


€ je MWh


Kernenergie Braunkohle Steinkohle
 Erdgas Gasturbine


pA 
 pB 


Reduction of load


Rise  
 RE feed-in


Installed capacity in MW 


€ per MWh


Nuclear power 
 CCGT 


Lignite 
 Gas turbine 


Hard coal 



(29)The difference between Scenario B and C is the future amount of renewable 
 energy in  Germany 


 Renewable energy 


 The current state is based on statistical data for 2011/2012. 


 For Germany TWO scenarios based on the Network Development Plan 
 (Netzentwicklungsplan 2013, NEP) were used.  


 For Denmark current predictions from Energinet.dk was used (”Analyseforudsætninger 
 2013-2035”). 


 The development in other nations is based on the National Renewable Energy Action 
 Plans (NREAP), which were submitted to the EU (2020 targets). These are 


consequently extrapolated, but with decreasing growth rates. 


 Demand 


 Demand remains constant in Germany  


 Demand in Denmark grows according to current predictions from Energinet.dk. 


 Prices: 


 Up to 2016, futures prices are taken into account (notation date: 22/07/2013) 


 From 2020 onwards forecast data is used based on the Fuel price assumptions of the 
 World Energy Outlook 2012 (WEO 2012) of the International Energy Agency (IEA).  


 Plant fleet 


 Known power plants in operation and plant projects which were under construction on 
 the date of the Scenario calculation are considered. 


 Decommissioning of individual nuclear plants takes place in each country in 
 accordance with national decisions. 


Description of market scenarios  Energy Scenario NEP B 


Energy Scenario NEP C 
 0


50
 100
 150
 200


2013 2023 2033


GW


PV Wind Onshore


Wind Offshore Biomass


0
 50
 100
 150
 200


2013 2023 2033


GW


PV Wind Onshore


Wind Offshore Biomass



(30)Procedure: Second, the German and western Danish electricity system is 
 modeled considering intra-German network restrictions 


 Regional model: This covers 
 the following regions: 


 Denmark-West and several 
 German network regions of 
 German TSOs 


 These regions (in red) are 
 considered in detail, i.e. their  


 power plant fleet  


 power demand  


 renewables feed-in  
 are considered hourly.  


 Electricity exchange with 
neighboring countries is 
determined by the BET 
EuroMod in the European 
model run. 



(31) Summary: Procedure of the quantitative analysis 


 Capacity development, plant dispatch and flows across 
 national borders are determined with the help of BET 
 EuroMod.  


 These flows and the capacity expansion are set as 
 fixed boundary conditions for the BET-RegioMod 


 The BET-RegioMod model examines the transportation 
 needs and potential network bottlenecks between these 
 inner-German-regions and Denmark West 


 Afterwards the potential congestion risks in Schleswig-
 Holstein with feedback  on the Net Transfer Capacities 
 between Denmark/West and Germany are analysed 


Procedure  Description 


BET RegioMod 
 BET EuroMod 


Analysis of congestion risks 


Capacity expansion 
 Cross border flows 


Regionalisation 
 Inner-German exchange 


zonal prices 


Feedback on 
non-transportable energy 



(32) For each of the 6 cases defined before 3 
 model runs are executed 


 The restrictions due to different inner-
 German bottlenecks are analysed by 
 comparison of the 3 model runs 


 First cross border flows at „C“ of model run 


„I“ and „II“ are compared to calculate 
 restrictions due to border C 


 Cross border flows at „B“ of model run „II“ 


and „III“ are compared to calculate 
 restrictions due to border C 


The reduction of the maximum NTC-Value at the German / Danish border is 
 estimated by comparison of crossborder flows 


3 model runs for each case 


Germany 
 rest 


DK 1 


SH 
 North 


SH 
 South 


A 


B 


C 


Germany 
 rest 


SH 
 North 
 DK 1 


SH 
 South 


A 


B 


C 


Germany 
 rest 


DK 1 


SH 
 North 


SH 
 South 


A 


B 


C 


I  II  III 


Calculation of non-transportable energy in detail 


Germany is a copper 
 plate – no bottlenecks 
 within Germany, only 
 between Germany and 
 Denmark West (Line A) 


Network restriction 
 (potential bottleneck) 
 from Schleswig-
 Holstein to rest of 
 Germany (Line C) 


Network restriction 
(potential bottleneck) 
within Schleswig-
Holstein (Line B) 
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(34)Results – Scenario B 2023 + network expansion NEP B 2023 


 Energy Scenario „NEP 2013 B“ 


 Network expansion „NEP Scenario B“ 


 Model year 2023 


Case assumptions at a glance 


Model results 


NEP Sc B 
 BET 
 NEP Sc C 


NEP 
 Scenario B 


NEP 
 Scenario C 


Network Expansion


Energy Scenario  
2023 



(35)Results – Scenario B 2033 + network expansion NEP B 2033 


 Energy Scenario „NEP 2013 B“ 


 Network expansion „NEP Scenario B“ 


 Model year 2033 


Case assumptions at a glance 


Model results 


NEP Sc B 
 BET 
 NEP Sc C 


NEP 
 Scenario B 


NEP 
 Scenario C 


Network Expansion


Energy Scenario  
2033 



(36)Results – Scenario B 2023 + network expansion BET 2023 


 Energy Scenario „NEP 2013 B“ 


 Network expansion „Scenario BET“ 


 Model year 2023 


Case assumptions at a glance 


Model results 


NEP Sc B 
 BET 
 NEP Sc C 


NEP 
 Scenario B 


NEP 
 Scenario C 


Network Expansion


Energy Scenario  
2023 



(37)Results – Scenario B 2033 + network expansion BET 2033 


 Energy Scenario „NEP 2013 B“ 


 Network expansion „Scenario BET“ 


 Model year 2033 


Case assumptions at a glance 


Model results 


NEP Sc B 
 BET 
 NEP Sc C 


NEP 
 Scenario B 


NEP 
 Scenario C 


Network Expansion


Energy Scenario  
2033 



(38)Results – Scenario C 2023 + network expansion BET 2023 


 Energy Scenario „NEP 2013 C“ 


 Network expansion „Scenario BET“ 


 Model year 2023 


Case assumptions at a glance 


Model results 


NEP Sc B 
 BET 
 NEP Sc C 


NEP 
 Scenario B 


NEP 
 Scenario C 


Network Expansion


Energy Scenario  
2023 



(39)Results – Scenario C 2023 + network expansion NEP C 2023 


 Energy Scenario „NEP 2013 C“ 


 Network expansion „NEP Scenario C“ 


 Model year 2023 


Case assumptions at a glance 


Model results 


NEP Sc B 
 BET 
 NEP Sc C 


NEP 
 Scenario B 


NEP 
 Scenario C 


Network Expansion


Energy Scenario  
2023 



(40)Results – Energy Scenario NEP C with Network expansion Scenario BET 


Interpretation  Results for 2023 


0  


217 


5564 


0   0  0  


2023 2023 2023 2023 2033 2033


Network ScB Network
 ScBET


Network
 ScBET


Network ScC Network
 ScBET


Network ScB


Energy ScB Energy ScB Energy ScC Energy ScC Energy ScB Energy ScB
 Non-transferable Energy due to Congestion in Schleswig-


Holstein  


GWh/a 


Non-transferable Energy due to  Border B
 Non-transferable Energy due to  Border C


 Small quantities of non-transferable energy in 
 Energy Scenario „B“ with Network expansion 
 Scenario „BET“ in model year 2023 


 Significant quantities of non-transferable 
 energy in Energy Scenario „C“ with Network 
 expansion Scenario „BET“ in model year 2023  


 No congestion risks in the other cases 


 Border C (Schleswig-Holstein-Germany) 
 causes the majority of bottlenecks (red in 
 diagram on right). Border B (intra-Schleswig-
 Holstein) causes only moderately more (grey 
 in diagram on right).  


 However, no conclusion can be drawn 
 from these results if a removal of 
 bottlenecks at Border C will 


simultaneously remove all intra-German 
bottlenecks, or if the bottlenecks will 
merely be shifted to Border B. 



(41)Sensitivity Analysis – Without Nord.Link + Scenario C 2023 + network expansion 
 BET 2023 


 Energy Scenario „NEP 2013 C“ 


 Network expansion „Scenario BET“ 


 Model year 2023 


Case assumptions at a glance 


Model results 


NEP Sc B 
 BET 
 NEP Sc C 


NEP 
 Scenario B 


NEP 
 Scenario C 


Network Expansion


Energy Scenario  
2023 



(42)Sensitivity Analysis – With NORD.Link + Scenario C 2023 + network expansion 
 BET 2023 


 Energy Scenario „NEP 2013 C“ 


 Network expansion „Scenario BET“ 


 Model year 2023 


Case assumptions at a glance 


Model results 


NEP Sc B 
 BET 
 NEP Sc C 


NEP 
 Scenario B 


NEP 
 Scenario C 


Network Expansion


Energy Scenario  
2023 



(43)Sensitivity Analysis – Energy Scenario NEP C with Network expansion Scenario 
 BET 


Interpretation  Sensitivity Analysis 


 Without NORD.Link the quantities of 
 non-transferable energy in Energy 
 Scenario „C“ with Network expansion 
 Scenario „BET“ in modelyear 2023 
 are significantly reduced 


 The result strongly depends on the 
projection of natural inflows of hydro 
reservoirs in Norway and sweden  
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(45)
Summary 


 If the German network develops as planned by the German government in 
 the network development plan (NEP), the intra-German network will not 
 cause bottlenecks at the German-Danish border in either 2023 or 2033. 


 In the case of a combination of delayed network development (network 


expansion scenario “BET”) with a strong wind power generation development 
 in Schleswig-Holstein (energy “Scenario C”) bottlenecks may cause problems 
 due to wind power induced curtailments of NTC-values (slide 35, 37). 


 NORD.Link can provide a means for easing as well as worsening congestion. 


If Norway/Sweden have a year with lots of rainfall/snowfall, a lot of hydro 
power can be generated which then may be exported to the south thereby 
worsening the congestion (slide 41, 42). If Norway/Sweden have a year with 
little rainfall/snowfall, NORD.Link is a means of sending Danish electricity 
north, thereby taking pressure of the Danish-German connection. 



(46)
Conclusions 


 German network development planning activities documented in    
 NEP.2013.v-02 fulfill all future requirements 


 to integrate a growing portion of electricity generated from renewable 
 resources  and 


 to secure cross-border exchanges in electricity  to achieve a well-
 functioning EU internal electricity market. 


 Based on the current political situation on the German federal level and on the 
 state level of Schleswig-Holstein BET realistically expects a combination of 
 delayed network development with strong wind power generation 


development in Schleswig-Holstein as probable, which may cause future 


temporarily curtailments of electricity exchanges between Denmark/West and 
Germany/Schleswig-Holstein. 
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(49)Results – Non-transportable energy in the direction south-north (Germany to 
 Denmark) 


 Shown below is the number of hours that the connection between Germany and Denmark is full, i.e. 


that congestion occurs at the border in the south-north direction.  


 This occurs more often than any bottlenecks within Germany that then are transferred to the 
 German-Danish border (slide 40).  


 These results are not directly comparable to the results on slide 40. Slide 40 shows reduced 
 transmission capacity due to intra-German bottlenecks, not bottlenecks at the border in the 
 north-south direction per se. 


 Potential bottlenecks in the Danish system after the border were not considered. 



(50)Projects for Transmissions Lines in Schleswig-Holstein ( 1 / 14 ) 
 HVAC  380 kV 3~  Project Standards of TenneT TSO 


 380 kV 3~ Standard OHL Conductors  2  3  4  565 / 72  AL-1/ST-1A  


 3600 A / circuit   2500 MVA / circuit 


 380/110-kV-standard transformers rated with 300 MVA 



(51)Projects for Transmissions Lines in Schleswig-Holstein ( 2 / 14 ) 
 HVAC  380 kV 3~  


 Main Schleswig-Holstein North-South-Axis (SH N-S) 


 Erection of a new double circuit overhead interconnector line 


 Tjele – Revsing - Kassø (DK1) – Jardelund (DE) - Flensburg –  Schuby 
 region – Audorf – Segeberg region - Hamburg/Nord – Kummerfeld - 
 River Elbe Crossing No. II (Circuits No. 3 + 4) – Dollern  


 partly dena I project, EnLAG project,  NEP2013.V2.B2023, PCI, PEI, PrP, 
 TYNDP2012, planned commissioning of total project 2018 


 Section Tjele – Revsing - Kassø (DK1) with 2 curcuits rated 1800 MW 
 currentently under construction, commissioning exspected @ 2014 


 Permit granted by state Schleswig-Holstein (Planfeststellungs-


beschluss ) for section Hamburg/Nord – Dollern @ 2013-04-19; EPC 
 contract mandated to LTB @ 2013-06-25 


 Dismantling of 220 kV 3~ double circuit overhead line 


 Ensted (DK) & Kasso (DK) – Flensburg (DE)  – Audorf – Hamburg/Nord – 
 Kummerfeld – River Elbe Crossing No. I – Dollern 


 planned decommissioning: finished 2019 



(52)Projects for Transmissions Lines in Schleswig-Holstein ( 3 / 14 ) 
 HVAC  380 kV 3~  


 West Coast Line (WCL) 


 Erection of a new double circuit hybrid interconnector line 
 (overhead line-cable-combination) :       


Endrup(DK1) – Ribe (DK1) – Bredebro (DK1) - Niebüll (DE )– Husum 
 (DE) – Heide (DE) – Barlt (DE) – Brunsbüttel (DE)         


 Danish cable section  assumed  to  1 000 MVA/circuit  (design 
 specification as the cable sections of the Aarhus-Aalborg-line) 


 German overhead line section 2500 MW/circuit   


 NEP2012.approved, BBPlG, NEP2013.V2.Starting Grid, NUP 2013, 
TYNDP2012, planned commissioning 2021 



(53)Projects for Transmissions Lines in Schleswig-Holstein ( 4 / 14 ) 
 HVAC  380 kV 3~   


 Reinforcement of 1st and erection of a new 2nd 380 kV coupling 
 between both Brunsbüttel switch yards of TSO‘s         
 50Hertz Transmission GmbH (50HzT) and TenneT TSO GmbH (TTG)   


 NEP2012.V2, NEP2013.V2.Starting Grid, planned commissioning 
 2014 


 Reinforcement of 380 kV couplings between both Krümmel switch 
 yards of TSO‘s  50HzT  and  TTG  


 NEP2013.V2.B2023 


 planned commissioning 2016 



(54)Projects for Transmissions Lines in Schleswig-Holstein ( 5 / 14 ) 


HVAC  380 kV 3~   



 Reinforcement of 380 kV double circuit overhead line  Hamburg/Nord – Hamburg/Ost – Krümmel /50HzT:  



 1700  2500 MVA/circuit       



 NEP2012 not approved, NEP 2013.V2.B2023.Prio II, not 



confirmed by Sensitivities Report 2013, planned commissioning  2022 



 Brunsbüttel/Büttel – Itzehoe – Kaltenkirchen/Segeberg region  



 TYNDP2012, NEP2012 not approved, NEP 2013.V2. 



(55)Projects for Transmissions Lines in Schleswig-Holstein ( 6 / 14 ) 


HVAC  380 kV 3~  


 East Coast Line (ECL)  



 Erection of a new double circuit overhead line:  



 Part I:  Audorf – Kiel – Göhl 



 NEP2012 not approved, NEP2013.V2.Prio II, not confirmed by  Sensitivities Report 2013, planned commissioning 2022/2023  



 Part II:  Göhl - Siems 



 Part III:  Siems – Lübeck – region Segeberg  



 TYNDP2012, NEP2012 not approved, NEP2013.V2.B2023.Prio I,  planned commissioning 2018 



 Dismantling of 220 kV 3~ double circuit overhead line: 



 Audorf – Kiel/West – Kiel/Süd 



 planned decommissioning: finished 2019 



(56)Projects for Transmissions Lines in Schleswig-Holstein ( 7 / 14 ) 


HVAC  380 kV 3~  


 River Elbe Crossing No. I  Conversion 



 220 kV 3~  16.7 Hz traction power double circuit overhead  line 



 planned 220 kV decommissioning 2018 


 River Elbe Crossing No. II Reinforcement  (Circuits No. 1 + 2) 



 380 kV 3~  1 400  3 600 A/circuit double circuit OHL: 



 Büttel – Wilster - River Elbe Crossing No. II (Circuits No. 1 + 2) -   Dollern  



 NEP2012.V2, NEP2013.V2.B2023 Prio II,  



 planned commissioning 2021 



(57)HVDC  onshore & offshore 



 HVDC interconnector  line NORD.LINK  



 planned  +/- 500 kV =  |  1400 MW 



 land and subsea cable combination 



 Wilster (DE) – Tonstad (NO)  



 NEP2012 approved, NEP2013.V2, O-NEP2013.V2, BBPlG,  NSCOGI, TYNDP2012 



 planned commissioning 2018 


Projects for Transmissions Lines in Schleswig-Holstein ( 8 / 14 ) 



(58)
HVDC  onshore & offshore 


 Multiterminal-HVDC  interconnector -line Combined Grid Solution 


 planned  220 kV 3~  double circuit subsea cable system | 400 MW 
 Bentwisch(DE-50HzT) - OWF Baltic 1 (DE) - OWF Baltic 2 (DE) –       
 tri-national OWF Kriegers Flak 


 planned  multiterminal HVDC circuit subsea cable system |   
 600 MW OWF Kriegers Flak – DE/50HzT 


600 MW OWF Kriegers Flak – DK2 
 600 MW OWF Kriegers Flak – SE4 


 NEP2012.approved, NEP2013.V2.B2023, BBPlG, TEN-E project, 
 TYNDP2012, EEPR  promotion 311 M.€ granted 


 planned commissioning 2018 


Projects for Transmissions Lines in Schleswig-Holstein ( 9 / 14 ) 



(59)HVDC  onshore 


 HVDC Standard  Converters for DC-hybrid lines 



 overhead line-/ XLPE cable-combination 



 +/- 320 kV  |  2100 A /circuit       1300 MW/circuit 


 HVDC Standard  Converters for DC-overhead lines 



 +/- 500 kV  |  2100 A /circuit       2000 MW/circuit 


Projects for Transmissions Lines in Schleswig-Holstein ( 10 / 14 ) 



(60)HVDC  onshore / B2023 : 


 VSC-HVDC Overhead Line C.05  



 Brunsbüttel /Büttel– Großgartach [BW]  1300 MW 



 TYNDP2012, NEP2012.approved, NEP2013.V2.B2023, BBPlG 



 planned commissioning 2022 


 VSC-HVDC Overhead Line C.06_mod  



 Wilster – Grafenrheinfeld  [BY]  1300 MW 



 TYNDP2012, NEP2012.approved, NEP2013.V2.B2023, BBPlG 



 planned commissioning 2022 


 VSC-HVDC Overhead Line C.06 



 Kaltenkirchen/Segeberg region – Goldshöfe[BW] 1300 MW  



 TYNDP2012, NEP2012.V2, NEP2013.V2.B2023.Prio I 
(urgent needs) 


 planned commissioning 2022 


Projects for Transmissions Lines in Schleswig-Holstein ( 11 / 14 ) 



(61)HVDC  onshore / C2023 : 


 VSC-HVDC Overhead Line C.05_big 



 Brunsbüttel /Büttel– Großgartach  1300    2000 MW [BW]  



 TYNDP2012 , NEP2012.approved.1300MW, BBPlG 1300 MW,  NEP2013.V2.C2023 



 adequate commissioning until 2023 


 VSC-HVDC Overhead Line C.05.a 



 Brunsbüttel /Büttel– Großgartach  2000 MW [BW]  



 TYNDP2012 , NEP2013.V2.C2023 



 adequate commissioning until 2023 


 VSC-HVDC Overhead Line C.06.a  



 Kaltenkirchen/Segeberg region – Goldshöfe  1300 MW [BW]     



 TYNDP2012 , NEP2013.V2.C2023 



 adequate commissioning until 2023 


Projects for Transmissions Lines in Schleswig-Holstein ( 12 / 14 ) 



(62)HVDC  onshore / C2023 : 


 VSC-HVDC Overhead Line C.08 



 Kaltenkirchen/Segeberg region – Raitersaich  1300 MW [BY]  



 TYNDP2012 , NEP 2013.V2.C2023 



 adequate commissioning until 2023 


Projects for Transmissions Lines in Schleswig-Holstein ( 13 / 14 ) 



(63)HVDC  onshore / B2033 : 


 VSC-HVDC Overhead Line C.05.a  



 Brunsbüttel/Büttel – Großgartach  [BW]  



 TYNDP2012, NEP2013.V2.B2033,  



 planned commissioning until 2033 


 VSC-HVDC Overhead Line C.06.a  



 Wilster – Goldshöfe [BW]     



 TYNDP2012, NEP 2013.V2.B2033,  



 planned commissioning until 2033 


 VSC-HVDC Overhead Line C.08 



 Kaltenkirchen/Segeberg region – Raitersaich [BY]  



 TYNDP2012, NEP 2013.V2.B2033,  



 planned commissioning until 2033 


Projects for Transmissions Lines in Schleswig-Holstein ( 14 / 14 ) 



(64)Information Sources  ( 1 / 3 ) 


 German Federal Law „EnLAG“ for Expansion of Electricity 


Transmission Lines (including a federal needs plan and pilot projects 
 for hybrid OHL-UGC-lines),  published 2009-08-21 


 German Grid Development Plan 2012, v.2, issued 2012-08-15 


 German Grid Development Plan 2012, approved by German Federal 
 Regulator BNetzA  2012-11-25 


 German Federal Law „BBPlG” for a Federal urgent needs plan 


(including pilot projects for HVDC projects and for hybrid OHL-UGC-
 lines, published 2013-07-13 


 German Offshore Grid Development Plan 2013, v.2, issued 2013-06-24 


 Sensitivities Report to NEP 2013, issued 2013-07-01 


 German Grid Development Plan 2013, v.2, issued 2013-07-17 



(65)Information Sources  ( 2 / 3 ) 


 Planning Principles for Transmission Grid Expansions, issued by the four 
 German TSO‘s @ 2012-03-01 


 Monitoring of German EnLAG-Projects by German Federal Regulator 
 BNetzA:  http://www.netzausbau.de/DE/Projekte/EnLAG-Monitoring/enlag-


monitoring_node.html 


 Energienet.dk’s Danish Strategy Plan 2012 (Strategiplan 2012),   issued 
 2012-11 


 Energienet.dk’s Danish Grid Development Plan 2013 
 (Netudviklingsplan 2013) , issued 2013-05 


 ENTSO-E’s Ten Years Network Development Plan 2012 


 ENTSO-E (formerly etso), Definitions of Transfer Capacities in 
Liberalised Electricity Markets, issued 2001-04 



(66)Information Sources  ( 3 / 3 ) 


 ENTSO-E (formerly etso), Procedures for Cross-Border Transmission 
 Capacity Assessments, issued 2001-10 


 ENTSO-E (formerly etso), General Guidelines for Joint Cross-Border 
 Redispatch, issued 2003-06 


 Publications by the State (Land) of Schleswig-Holstein 


 Publications by TenneT TSO GmbH 



(67)Abbreviations  & Translations  ( 1 / 3 ) 



 BBPlG = Bundesbedarfsplangesetz:  German federal law on urgent  needs for electricity lines, published 2013-07-23 



 BNetzA = Bundesnetzagentur für Elektrizität, Gas, 



Telekommunikation, Post und Eisenbahnen: German Federal  Regulatory Authority 



 EEPR = European Energy Programme for Recovery 



 EnLAG = Energieleitungsausbaugesetz:  German Federal law on  expansion of energy lines, published 2009-08-21 



 NABEG = Netzausbaubeschleunigungsgesetz; German federal law  on acceleration of grid expansion, published 2011-07-28 



 NEP = Netzentwicklungsplan: German grid development plan,        to be issued each year by the four  German TSO‘s 



 NSCOGI = North Sea Countries Offshore Grid Initiative 



(68)Abbreviations  & Translations  ( 2 / 3 ) 



 NUP = Netudviklingsplan: Danish grid development plan to be issued  by Danish TSO Energienet.dk 



 OHL= Overhead Line 



 O-NEP = Offshore-Netzentwicklungsplan: German offshore grid  development plan, to be issued by the four German TSO‘s yearly 



 PCI = Project of Common Interest  [see Annex II to Decision  1364/2006/EC] 



 PEI = Project of European Interest  [see Annex I to Decision  1364/2006/EC] 



 PPES = Project of Pan-European Interest 



 PrP = Priority Projects  [see Annex III to Decision 1364/2006/EC] 



 TEN-E = Trans-European Energy Networks 



(69)Abbreviations  & Translations  ( 3 / 3 ) 



 TYNDP = Ten-Year Network Development Plan, to be issued by  ENTSO-E each two years 



 UGC = Underground Cable 



(70)Energinet.dk  Netudviklingsplan 2013  ( 1 / 5  ) 



Planned  Grid in 



2017 



(71)Energinet.dk  Netudviklingsplan 2013  ( 2 / 5  ) 



Planned  Grid in 



2022 



(72)Energinet.dk  Netudviklingsplan 2013  ( 3 / 5  ) 



Planned  Grid in 



2032 



(73)
Planned  Grid in 



2050 


Energinet.dk  Netudviklingsplan 2013  ( 4 / 5  ) 



(74)Energinet.dk Netudviklingsplan 2013  ( 5 / 5  ) 



Planned Cross Border Capacities for Electricity 

From / to Denmark 



(75)Wind Power Development @ Schleswig-Holstein 


Wind Power Development @ Schleswig-Holstein  ( 1 / 5 ) 



(76)Wind Power Development @ Schleswig-Holstein  ( 2 / 5 ) 



(77)Wind Power Development @ Schleswig-Holstein  ( 3 / 5 ) 



(78)Wind Power Development @ Schleswig-Holstein  ( 4 / 5 ) 



Identified  Onshore  Wind Power 



Potential @  Schleswig-



Holstein 

(WINDTEST 

study, 2010) 



(79)Wind Power Development @ Schleswig-Holstein ( 5 / 5 ) 



(80)
Thank you very much for your attention ! 



For further requests please contact:  



Dr.-Ing. Jürgen Wilms 



BET  ▪  Büro für Energiewirtschaft und technische Planung GmbH  Alfonsstraße 44 



DE - 52070  Aachen  Germany 



Telefon   + 49 ( 0 ) 241 / 470 62 - 483    Telefax   + 49 ( 0 ) 241 / 470 62 - 600  Mobil     + 49 ( 0 ) 173 / 540 19 16 



Email       juergen.wilms@bet-aachen.de 
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