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Integrated Infrastructures 

• ICT systems are essential for 
power system planning, 
operation, control & 
optimisation. 

• The ICT Architecture is a 
system in its own right. 

• PGen = PLoad + PLoss 
 

Area 1 

Area 2 

Area 5 

Area 3 

Area 4 

•  A power system is managed 
by separate entities with 
differing agendas. 

Integrated2 Infrastructures 

•  More or less well 
understood 

•  Managed by 
gradually developed 
systems & processes 

•  Largely hierarchical 
based on national 
borders and 
collaboration 
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Enter – the Smart grid 

-12% 

Possibilities with Smartgrids 

• Direct communication of price signals between 
consumer and producer 

• Possibility to shift load over time 
• Interconnection of intelligent appliances in the 

Smart Household 
• Enable the producing consumer – the Prosumer 

with microgeneration 
• Integration of large scale intermittent production 

– wind power 
• Use of electric storage in large fleets of electric 

vehicles 
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Priority Areas across the System 

• Wide-area situational awareness 
• Demand response and consumer energy efficiency  
• Energy storage  
• Electric transportation  
• Cyber security  
• Network communications  
• Advanced metering infrastructure  
• Distribution grid management  

Outline of the lecture 
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Where it all began (this time around) 

• Security of Supply 

• 4,5 Billion USD 
are available in 
subsidies for 
building the 
Smart electricity 
grids. 

From Intelligrid to Smartgrid 

EPRI Intelligrid 

EU Smartgrids TP 

t	

 circa 
1998	



GRIDWISE 

 circa 
2008	



Smartgrids 
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• ”Once interoperability standards are 
completed, the Commission will 
consider making compliance with 
those standards a mandatory 
condition for rate recovery of 
jurisdictional Smart Grid 
investments” 

FERC – Smartgrid Policy 

NIST Roadmap for Smartgrids 

•  Project within NIST 
(performed by EPRI et.al.) 
to identify areas that need 
to be standardised 
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BEA Systems, Inc. (Nasdaq: BEAS), the E-Commerce Transactions 
Company(TM), announced that Vattenfall, one of the largest energy companies 
in Europe, is using BEA's WebLogic product family of industry --leading e-
commerce transaction servers, along with BEA components, to build an 
integrated network A network that supports both data and voice and/or different 
networking protocols for providing 'smart building' subscription services 
throughout Sweden. The services let customers remotely monitor their 
refrigerators, ovens, electricity consumption and power mains status, and 
control their burglar alarms and heating and air conditioning air 
conditioning, mechanical process for controlling the humidity, temperature, 
cleanliness, and circulation of air in buildings and rooms.. Vattenfall estimates 
that, before the end of next year, 150,000 Swedish households will be using the 
new services, and hopes to add 200,000 new customers a year en route to a 
customer base of one million households within five years. ���
	



But wait - Possible is not Sufficient 

Yesterday’s news 
•  K.J. Åström “Modeling and identification of Power Systems 

Components”, In Proceedings of the Symposium on real-
time control of Power Systems, Baden, Switzerland, 1971 Ed 
E. Handschin. 

•  T. Cegrell  “A Routing Procedure for the TIDAS Message-
Switching Network” IEEE Transactions on 
Communications, Vol 23 issue 6, Jun 1975 

•  L. Cederblad and T. Cegrell , “A new approach to security 
control of power systems - local protection coordinated with 
system-wide operation”. In: IFAC Symposium on Power 
System modelling and control applications , 1988 

•  A.G. Phadke, J.S. Thorp, M.G. Adamiak “A new 
measurement technique for tracking voltage phasors, local 
system frequency, and rate of change of frequency”,  In  
IEEE Transactions on Power Apparatus and Systems, 1983 
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What is new this time? 

• Experiences from 15 years of de/re-regulation 
-  Regulators are making utilities cost focused  
-  Projects are driven by a business case 
-  Fewer Engineers are managers 

• New types of production are entering the system 
-  Large scale wind and solar power 

• Aware and connected customers 
-  Climate awareness 
-  AMR rolled out, Broadband to the home, Internet,…. 

• Modernising the transport sector 
-  Electric vehicles are being introduced in large scale 
-  Market dynamics of a another industry is affecting the 

conservative power industry 

Challenges this time 

• The 20/20/20 goals 

• For the electric power system they 
have the following implications 
- Power Balancing 
- Managing DER 
- Energy efficiency 
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Necessity driven by business 

A problem that 
requires a 
solution 

A business 
opportunity 

Technology that 
helps solve the 
problem 

Costs Benefits 

What is smart in this picture? 
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A structured approach to changes 
• The Electric Power system is facing 
challenges in three dimensions. 
-  Distributed (non-dispatchable) Generation 
-  Active Demand 
-  Introduction of Electric Vehicles 

• The challenges vary from country 
to country, market to market. 

 

EV 

AD 

DG 

Smartgrid ”summary” 

• Surely the power system is facing 
challenges 

• Many new technology features are offered 
as solutions 

• Few discuss what the problem to solve 
actually entails 
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Outline of the lecture 

Course Philosophy 
Course Administration 
Lab Tour 
 

   Break 
 
Computer Applications in Power Systems 
Smartgrids a bit of history 
The NIST report 

The Problem with Standards 

Source: GridWise Standards Mapping Overview  by M.L. Bosquet, March, 2004	
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Standardisation Domains 

Source: GridWise Standards Mapping Overview  by M.L. Bosquet, March, 2004	



Some ongoing activities 

• IEC SMB Strategic group #3 ”Smartgrids” 
• EU Mandate 490  - EU DG Energy TF on Smartgrids 
• CENELEC/ETSI reference architecture for Smartgrids 
• Mandate 441 – Smart Metering Coordination Group 
• NIST SGIP – Smartgrids Interoperability Panel 
• Mandate 468 –electric vehicle integration 
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NIST Smartgrids domains 

Domain actors 
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Customer Domain Details 
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Customer Domain Details -II 

Markets Domain Details 
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Markets domain details - II 

Service Provider Domain details – I 
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Service Provider Domain details – II 

Operations Domain Details - I 
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Operations Domain Details - II 

Bulk Generation Domain Details - I 
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Bulk Generation Domain Details - II 

Transmission Domain Details – I 
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Transmission Domain Details – II 

Distribution Domain Details - I 
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Distribution Domain Details - II 

But what of all this will happen? 

Market Model 

ICT 
Architecture 

ICT 
capabilities 

”Who” controls what in a distribution system? 
 Voltage? 
 Frequency? 

Is there a price for storage? 
Can production be curtailed? 
Can the system supply itself? 
Can the DSO shift load in time? 

Is the ICT system architecture 
distributed? 
Hierarchical control 
Peer to Peer? 
Who owns data? 

Is the ICT architecture secure? 
Is the performance sufficient? 
Are the measurements of high quality? 
Can all the systems communicate? 
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Tools to manage this!?! 

• A reference Architecture 
- What are the systems that will eb interacting? 
- What are their interfaces? 
-  How does the power system interface the ICT system? 

• Use Cases 
- Who are the actors that will use the systems? 
- What will they use it for? 
- Which systems will they interact with? 

• Security and reliability 
-  How do we maintain reliability 
-  Security must not be compromised. 

• Standards 
-  How can systems be standardised? 

Outline of the lecture 

Course Philosophy 
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