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Abstract

Renewable energy sources offer promise towards solving the impending
energy crisis. However, integration of renewable energy sources into a tradi-
tional electric grid poses many challenges. One of the fundamental challenges
is how to handle non-controllable and fast varying renewable power sources
like wind. Traditionally, the electric grid was designed and operated for large,
centralized and controllable energy sources, while renewable sources are dis-
tributed and often the uncertainty in the power produced is higher.

In this talk I will present two solutions to tackle the variability problem.
In the first part of my talk, I will describe the theory, analyses methods and
tools to study a system that has variable generation sources. The approaches
suggested in the past for modeling uncertainties in the electric power system
are either probabilistic, or to use computer simulation. Both approaches have
drawbacks when applied to systems with variable sources and loads: the key
challenges are that, in the case of probabilistic modeling, not all uncertainties
in the electric grid can be represented by a probability density function, and
for simulation based studies, there often aren’t enough data points to span the
entire sample space. In this talk I will present an alternate modeling approach
based on interval method of analysis, which allows derivation of strong upper
and lower bounds for reliable operation which can then be used to determine
design boundaries.

In the second part of my talk, I will present a design and deployment of
a large scale electric utility system that is mostly powered by wind energy.
The electric utility is responsible to meet the demand every instant while
maintaining the supply voltage and frequency constant. This is challenging
if there is significant amount of generation sources like wind that is variable
and whose power output cannot be completely controlled. In order to over-
come this challenge, I proposed the idea of using batteries in electric cars as
temporary storage to balance out wind power variation. Although this idea is
easy to comprehend, many engineering challenges had to be overcome for this



idea to be adopted into practice. I will discuss these challenges and present
the architecture we proposed for the Danish electric system which is currently
under deployment.

Finally, I will give an overview of the open challenges specifically related
to renewable power and smart grid and provide some insights into the future
trends and directions.
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