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Research Area
Future Energy Infrastructures

Distribution Systems Transmission Systems

� Vision of Future Energy 
Networks (VoFEN)

� Infrastructure Roadmap for 
Energy Networks in 
Europe (IRENE-40)

ETH Research in the Area of Future Energy Networks
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� Goals
� Identification of strategies for regulators and investors for the development of a 

sustainable, secure and competitive European energy supply systems 

� Establishment of a Roadmap taking the interests of different stakeholders into account 
(Regulators, TSOs, manufacturers, power producers, …)

� Project information:

� Project financed by the EU FP7

� Start: Januar 2009 / Duration: 4 years

� Nine European Partners (academic and industry): ABB, AREVA, Siemens, 
RWTH Aachen, Imperial College, TU Delft, NTU Athens, Energy Center of the 
Netherlands, ETH Zurich

� Internet:

Infrastructure Roadmap for Energy Networks in Europ e
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UCTE Transmission Development Plan

� Integrated  modeling approach

Infrastructure Roadmap for Energy Networks in Europ e
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The Vision of Future Energy Networks Project

� Vision of Future Energy Networks:
Develop scenarios, how the systems for 
transmission and distribution of (electrical) 
energy should look like in 30 to 50 years, 
for the improvement of ecology, economy 
and functionality. 

� Sponsors:

� Swiss Federal Office of 
Energy

� AREVA

� ABB

� Siemens

� Swiss Utilities

� (EU FP 7 for European Project 
IRENE-40)

� Work Packages (8 PhD Students + 
Senior Researcher) 

� Risk Assessment and Investment 
Strategies

� System Dynamics and Control

� Hub Technology

� Integration of Plug-In Hybrid 
Vehicles

� Case Study Swisspower (City of 
Bern)

� Case Study Baden-Dättwil

� Infrastructure Roadmap for Energy 
Networks in Europe (IRENE-40) 
European FP 7 Project
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Project Motivation

� Carbon emissions, climate change
� Finite nature of fossil fuels and uncertainty about reserves
� Need to replace aging power plants
� Growing number of emerging technology options
� Ubiquitous use of ICT



“Old structure”
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Generation Transmission Distribution Consumer

Energy Flow

Generation Consumer

Information Flow

“Future structure”

Generation Transmission Distribution “Prosumer”

Energy Flow

Generation “Prosumer”

Information Flow
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Source: National Institute of Standards and Technology
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The Energy Hub – A Key Element
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Modeling the Energy Hub
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The Energy Interconnector
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The System View
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Modelling & Analysis Tools

� Energy flow models
� Hubs
� Interconnectors
� System

� Reliability models
� Economic models
� Dynamic models
� Optimization models
� Integrated energy and 

transportation flow models
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Integrated Analysis of Transportation and Power Sys tems
PHEV Energy Hub Model: assessment of energy consump tion and SOC

PHEV Manager: aggregation of PHEVs in specific urba n areas for impact assessment

… …
Frequency 
Regulation 
Capacity

Load imposed 
via uncontrolled 
charging
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System approach allows to study:
• integration of an increased amount of renewable gen eration 
• consequences for other energy carriers (gas,…)
• consequences for systems assets (lines, transformer s)
• power flows, voltage levels
• system friendly PHEV management schemes 

Example: 
16.000 PHEVs, in 4 urban areas, immediatly rechargi ng ��� � Management of line overloads
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� Analysis of multi-energy generation portfolios (big number of hubs)
� Different cost development scenarios are analyzed in an integrated way by 

means of mean-variance portfolio theory 

� Determination of an optimal multi-energy generation portfolio for the future and 
adequate “bridging portfolios”

Investments in Energy Hubs under Uncertainty



18

Investments in Energy Hubs under Uncertainty
� Analysis of different hub configurations (individual hubs)

� Stochastic prices of input and output energy carriers  

� Which hub configurations (converter structures) are optimal with respect to the 
economic value of an Energy Hub? 

� Approach: Real options model of an Energy Hub, which considers its 
operational flexibility
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communication

measurements/ 
actions

� Implementation of distributed control scheme for determining 
optimal operational set-points of the system: 

� System: integrated electricity and 
natural gas system, 3 hubs.

� Objective: minimize costs for 
energy consumption (el & gas).

� Control strategy: Model Predictive 
Control (MPC).

� Distributed Control:

� Each hub is controlled by its 
respective control agent.

� Coordination between agents 
needed.
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� High amounts of renewable (and 
fluctuating) energies are being integrated 
into the power system in many countries.

� Additional control flexibility is needed on 
various time scales in order to compensate    
for intermittency.

� Idea: usage of (thermal) loads as a 
controllable energy resource.

� The project addresses the following topics:
� Coordination algorithms for thermal appliances
� Device-dependent under-frequency load shedding
� Active Network Management including DG
� Power System Soft Start
� Economic implications of Local Load Management

Local Load Management – Demand Side Participation



•Advanced metering infrastructure

•Fully responsive load control

•Phasor measurement units

•Wide area monitoring and control  

The  essence of the “Smart Grid”

From Prof. I. Hiskens, Uni of Michigan
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In the beginning was Edison

The history of the electric power system

Then Westinghouse (Tesla) took over

In the future electric power system they will co-ex ist



“Linear” Model of Research 
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Basic Research Applied Research
Applications
(“Industry”)

Basic Research

Applied Research
Applications
(“Industry”)

“Co-Generation” of Knowledge 
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Concluding Remarks (1)

Hub approach = highly flexible modeling tool

� Any type and size of modeled system

� Multiple energy carriers and products

� Various energy technologies

� Any kind of planning and operating philosophy
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Concluding Remarks (2)

� More feedback control loops will be deployed

� A seamless integration of energy systems and ICT  

� PHEV will be a significant (controllable) load in the system

� Co-existence of microgrids and bulk power systems

� Standards are of outmost importance
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Building a Power System is a Team Work
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Questions?


