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Outline

ÅA brief history of the electric power system

Å Importance of science and research in the development 

of the electric power system

ÅSalient future research challenges, GAôs personal view

Å Future interaction between research and power industry 

stakeholders

Å Final Remarks
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History of challenges in electric power engineering

From Goran Strbac, Imperial College



|| 4

Challenge 1: To make it work (å 1880 ï1920)
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Challenge 2: To make it big and affordable (å 1920 ï1990)
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Challenge 3: To make it sustainable, market based and still 

affordable (å 1990 - )
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Price of Electric Power

# Minutes work

needed to buy

1 kWh electric

power.

(Blue collar worker)

Inflation adjusted

electricity price.
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Some Facts

The electric power system is based on original results from 

fundamental (non-applied) scientific research

A. Volta, H.C. Ørstedt, M. Faraday, é 

Based on the results from fundamental research, engineers

and researchers designed and built the first power systems

G. Ferraris,T.A. Edison, N. Tesla, é

The electric power system has been further developed by 

using results from both applied and fundamental research 
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Modelling and Simulation

Power engineers were pioneers in using (mathematical) modelling

and simulation as design and analysis methods. 

9



||

First PhD thesis in engineering at KTH, 

Stockholm, 1928 
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Important contributions also by

Vannevar Bush, MIT
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What about the future?
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About Planning and Forecasting the Future

ñPlans are useless, but planning is indispensable.ò

Dwight D. Eisenhower
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Salient Future Research Challenges 

(GAôsview, October 2016)

1. Energy System Integration

2. Modelling, analysis, and simulation of Cyber-Physical

Systems

3. Modelling and understanding the interaction between

different stakeholders, i.e. customers, power producers, 

prosumers, grid companies, regulators, é 

4. Integration of methods and results from other disciplines

more effectively
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1. Energy System Integration

Á The electric power system will be the back-bone of the 

future energy system

ÁOptimization considering ALL energy carriers needed to 

achieve the sustainability goals

ÁHuman activities, e.g. use of transportation and demand

response, must be included in the optimization and 

control approaches

ÁConsideration of interaction between different voltage

levels (active distribution grids with storage)
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Á Centralized production

Changing Aspects in Power Systems

Á Renewable energy sources

Á CHP: combined heat and power

Source: ETP Smart Grids (2006): Vision and Strategy forEuropeôsElectricity Networks of the Future

Distributed production

Storage

Multi-carrier energy systems
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Transmission Grid

[+/ς]: Power regulation up/down possible.

Storage

[+/ï] (Line rating & Voltage/Frequency constraints) 

var-RES
Generation [+/ï]

Coal Nuclear Gas Hydro Biomass Wind Solar PV

conv./firm -RES
Generation [+/ï]

Power 

Flow 

Control

(incl. 

FACTS)

controllable Loads [+/ï]
(price-responsiveness: Demand Response)

(control signal-driven: Demand Side Participation)

non-controllable Loads

No strict borderline

PRESENT & FUTURE ïhigh RES shares & Smart Grid Vision 

(DE capacity values of year 2011)

Time-
varying

dispatchable
~40% of all 
generation

Hydro Storage, 
Batteries, Flywheels, 

é

Soon >10% of peak load

Increase of controllable loads
(faster response times, automatic control) 

Fully 
dispatchable
~60% of all 
generation
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Modeling of Energy Networks ïEnergy Hubs
Á Energy Hub concept allows unified modelling of energy networks and 

resulting synergies of electricity networks (Pel, Eel), natural gas networks (Pgas, 
Egas) and district heat networks (Pheat, Eheat)

Á Energy Hub concept allows analysis and optimization of investment 
optimality, operation efficiency and operation reliability.

Geidl, Andersson et al., 2007 and 2008
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2. Cyber-Physical Systems

Á Future power systems increasingly dependent on ICT: 

Urgent need for joint models of bothòCyberò and 

òPhysicalò systems

ÁProblem: Different investment horizons in Cyber and 

Physical systems

ÁRisk ofòlock-in effectsò

ÁòBig Dataò

Áé.
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Cyber-Physical Models of Power Systems

Daniel Kirschen & François Bouffard, 

IEEE Energy & Power Magazine, 2009
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Å SCADA and EMS are complex 

monitor and control systems for  

the transmission grid

Å Many attack opportunities

- Sensor and actuators

- Communication systems

- Software systems (e.g. control)

- Human operators

- Physical infrastructure

Å How to strengthen these systems 

against cyber-attacks?

Cyber security: Attacks on Power Systems


