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Talk Outline

A Key premise: Adaptive demand aD&ERs are
key to meeting green energy goals at reasonable
cost.

A Implications on how one educates, and builds
teams with industry and government for
technology transfer and commercialization

A Innovation and expansion in education for energy
systems

A Some possible paths for technology transfer:
CMU vision for DYMONESabled electric
energy services at value



Revisiting education

A The state of current electric energy systems
programs

A Understanding the rationale for an education
program requires understanding the
challenges facing the electric energy industry

A New educational objectives



State of electric energy systems programs

A Must educate the next generation work force

A Must do so in the context of, and centered in,
Electrical and Computer Engineering (ECE)

A Must integrate ECE with other academic disciplines

A Must also address netechnical issues (policy,
economics)

A Recent awareness of an educational void, and a sen:
of urgency to innovate and integrate electric energy
systems education, Into existing curricula



State of electric energy industry

A Old infrastructure

A New challenges brought about by industry
restructuring

A The newest challenge- pressure to provide
sustainable energy

A New challenges brought about by complexity; from
the highest level system to the smallest level
component



Theon-going change of paradigndo & a Y | N
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A The electric power industry processes are a result of
numerous small decisions/actions; sharp contrast to the old
iIndustry

A Micro-level actions contribute to significant change at the
macrclevel

A Economies of scope gradually replacing economies of scale

A New opportunities are based on this change; however,
current operating/planning/design practices do not support
this change
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Complex large electric networks, operated in stationary ways; no-resatime




Often overstressed and prone to failures, yet sustained wudidization
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A ots of equipment must be #euilt (must understand engineering and policy
to decide what is the right way to put it together);
ANeed IT, and faster control and numerical algorithms to enable timely decisions.



FunctionalUnbundling oRegulated Utilities (Deregulation)
New challenges brought about by industry restructuring (need to operate
reaktime markets by means of IT; must know economics, policy, finance);

not working well now the markets never were designed properly
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OASIS: Open Access Saméme Information System
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New challenges brought about by
éStorage

Offices intermittency and distributed resources

Micro-
turbines

Industrial plants
Wind turbines
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Virtual power plant



Future Network Vision

ALGORITHMS NEEDED FOR COPING WITHGAREDICT SCENARIOS; NEED FOI
IT-ENABLED FLEXIBLE UTILIZATION ESSENTIAL FOR RELIABLE, EFFICIENT, S
SUSTAINABLE SERVICES
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VISION AND STRATEGY | ELECTRICITY NMETWORKS OF THE FUTURE

Value added

THE KEY ROLE OF INFORMATION TECHNOLOGY oy 5o

Forecast
information




The burden on new educational leaders

A Rethink how to plan, rebuild and operate an
infrastructure which has been turned upstde
down from what it used to be

A Leaders must understand
I 3n physics (the basic foundations)

I Modeling of complex systems (architecture
dependent models, components and their
Interactions, performance objectives)

I Dependence of models on sensors and actuators;
design for desired system performance (defined by
economic policy and engineering specifications)

I Numerical methods and algorithms

T IT



IT Layer

SubNetwork 1 / SubNetwork 2

Physical interconnections within a saktwork — — — Cutset

Physical interconnections between sabtworks @ Network nodes

S LELLE » |T connections between suietworks and IT layer ,
* Sensor locations

< == > IT connections between sensors and internal nodes



Major Modeling and Decision Making Challenge
Singleoptimization subject to constraints (old) vs. Reconciling multi
dimensional tradeoffs (new)

Single optimization subject to
constraints

Reconciling tradeoffs

Schedule supply to meet given demand

Schedule supply to meet demand (both supply
and demand have costs assigned)

Provide electricity at a predefined tariff

Provide electricity at QoS determined by the
customers willingness to pay

Produce energy subject to a predefined CO,
constraint

Produce amount of energy determined by the
willingness to pay for CO, effects

Schedule supply and demand subject to
transmission congestion

Schedule supply, demand and transmission
capacity (supply, demand and transmission
costs assigned)

Build storage to balance supply and demand

Build storage according to customers
willingness to pay for being connected to a
stable grid

Build specific type of primary energy source
to meet long-term customer needs

Build specific type of energy source for well-
defined long-term customer needs, including
their willingness to pay for long-term service,
and its attributes

Build new transmission lines for forecast
demand

Build new transmission lines to serve
customers according to their ex ante (longer-
term) contracts for service




Distributed future energy systemg
Qualitatively NEW NETWORK SYSTEM ARCHITECTURES

-distributed sensors and actuators, with their IT network;
new models for planning and operations.
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Multi -layered interactive (dynamically aggregatedyysten®d
Need for IT-enabled regrouping to reconcile tradeoffs
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Typical system input (load;ind, solar)Need for prediction,

look ahead decision making, sensing;

OTHERWISE BLACKOUTS AND INEFFICIENCY
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Objectives for modern electric energy systems

programs

A Not only a novel education, but mulisciplinary
coverage across ECE and beyond

A Provide conceptual problem formulation
(understand how models, sensing, control and
communication are different for sample
systems: 1) old centralized infrastructure; (2)
deregulated industry; and, (3) industry with lots
of distributed sensors, controllers, intermittent
generation, demandgide.)

A Introduce novel simulators/graphics/visualization
to teach these concepts.
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Our Vision for DYMOND#® support the new
paradigm [2]

A Define relations between physical, information
and financial processes, across entmdustry;

A Allowfor flexible, creative decision making within
these well recognized relations

A Implementation softwareébased, with various
degrees of automation; could accommodate
manyusers, including small urban customers and
DERs

A Without these, the customer choice is not i
sustainablecad Y NJ S4G A& y2i NB
businessonsequences.

A 2] llic, M and J.., Dynamic Energy Control Protocols for the Changing
Electric Power Industry Power Systems Computations Conference
(PSCC), Barcelona, Spain, 4082







