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Definition of Robustness and Resilience

• Robustness to a class of perturbations is defined as 
the ability of a system to maintain its function (normal 
state) when it is subject to perturbations of this class.) j p

• Resilience to a class of unanticipated failures is 
defined as the ability of a system to gracefully degrade 
and to quickly self-recover to a normal state.
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Achieving Resilience via Modularity

• Resilience is achieved 
• via a segmentation of the system into weakly 

coupled subsystems to prevent the propagation 
of local failures to large areas via cascading 
events;

• and via distributed and coordinated control 
actionsactions

• A trade-off between robustness and resilience can 
be formulated as an optimization problem subject to j
a bound on the cost. 

• This optimization will indicate where to segment the 
t i i t i HVDC li k d ill i
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transmission system via HVDC links and will give 
us the desired level of penetration of microgrids.



Power System Segmentation (EPRI)

A metric of system flexibility is being developed using 
the potential energy function.
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Enhancement of the Stability Margin
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Mitigating Hurricanes’ Impacts

• Following hurricanes, microgrids can provide electric 
energy to customers in an islanding mode for several 
weeks. 

• A cost-benefit analysis is being carried out in a case 
study in Florida that integrates energy, transportation,study in Florida that integrates energy, transportation, 
water, and communications infrastructures
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Agent Based Supervision of  Zone 3 Relays

• Master agents co-ordinate with slaves in a peer-to-peer manner
• Monitor and control power system through interconnected network
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Monitor and control power system through interconnected network



Maximum Delays in the Network

Maximum delays in the network 
sharing same topology with the 

power lines

Maximum delay in the hierarchical 
network with LANs in the 

substationpo e es substation
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Modeling of Cascading Failure in Power Systems

The IEEE reliability test system has 9 different types of 32 generating 
units ranging from 12MW to 400MW. 
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The variance of the Loss of Load Expectation (LOLE) for the direct 
method and the importance sampling algorithm



Sustainability of Power and Communications Systems

• Development of theoretical foundations of a two-
level sustainability assessment framework (SAF)y ( )

Multicriteria Analyses 
and Optimizations
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Sustainable Power System
• Selection of environomic sustainability indicators to assess the 

sustainability of the NW European regional transmission/distribution 
grid interacting with a set of micro-grids (Frangopoulos et al., 2010).
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Composite sustainability index and relative 
weight of the indicator in group j.

Composite Sustainability IndexCombining



Sustainability of Microgrids in the NW European Market

• Goal: Assess the sustainability of 
microgrids in the NW European 
market that consists of 15 nodes. 

• Market Simulator: COMPETES
(COmprehensive Market Power in(COmprehensive Market Power in 
Electricity Transmission and 
Energy Simulator) 
www ecn nl/ps/tools/modelling-www.ecn.nl/ps/tools/modelling-
systems/competes/

• This Model was enhanced to 
quantify emissions and 
thermodynamic efficiency 

C ll b t O O d i d S
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• Collaborators: O. Ozdemir and S. 
Hers, ECN (The Netherlands)



Sustainable Power System

• Development of a 20 MW residential 
micro-grid configuration including 
renewable and non-renewable 
technologies with cogeneration tied 
to a NW European power network 
and used in an upper-level SAF.

• 50 Residential MGs are aggregated at 
the node Krim in the Netherlands

• The daily load demand is divided into 
b l d i t di t l d d k

20 MWe
Characteristics of MG Emission rates in the MG by 

t h l (t /MWh)

base load, intermediate load, and peak 
load.

technologiestechnology  (ton/MWh)
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Impacts of Microgrids
• Microgrids (MGs) lead to an 

improvement in the 
energetic and exergetic

Application of an Upper-level SAF to 
the NW European Power Network

g g
efficiency.

• MGs enhance the 
sustainability of a power 
system because they yield a 
reduction in both CO2 and 
NOx emissions.

• MG scenarios are less
economically sustainable 
due to the high capital costs 
of the MG technologies, 
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g
especially fuel cells.

S1 – no MG, no CO2 price        S2 – MG, no CO2 price
S3 – no MG, CO2=25 €/ton      S4 – MG, CO2=25 €/ton



Conclusions

• Microgrids will allow a host of small-scale 
renewable energy resources to be interconnected 
with a power system.

• Microgrids will provide a power system with 
enhanced flexibility and agility during emergencyenhanced flexibility and agility during emergency 
conditions.

• Microgrids will represent a paradigm shift in power 
system operation and control.  They are one of the 
key components of a smart grid
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key components of a smart grid.


