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EIE Research Matching of the IEEE / NIST SG

Layered Architecture

NIST Conceptual
Model 4-layers smart grid

architecture model
Source: IEEE/NIST
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Power Engineering Lab

Equipment

> ABB power technologies equipment

> Robotic arm

> $1m digital power system simulator

> Usage:
- Professional Training
- Teaching
- Research and
- Final year thesis project




THE UNIVERSITY OF

= SYDNEY
New Challenges Faced by Power System Plannino

ato Traditional ransmissiBRNSMISSION”  Yyjcy iy i Ristribution
GeneratoGenerators Netva Networks Neta
benefit ,
Power - -Power System reliability
Pla Planning
Investment

efficiency

Market
Deregulation

Demand
Response

Natural Gas
Networks

Renewable

Electric Vehicles

Generators

e Traditional power system planning only considers three main components.

e A number of new factors have to be taken into account in power system
planning, which introduces significant challenges.
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Problems in planning

1. The coordination of power system planning
and natural gas network planning.

3. Analyze the impacts of increasing customer
participation (e.g. demand response and PHEVS)
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* Major question - resilience

> HOW to shape the whole grid so that:

It adapts to the energy mix trajectory over decades

with minimum cost

specified stability margins
limited carbon-emissions

- limited reliability

> We need to allow for controls used, including DM, reliability — or
results too conservative

> Excessive reliability costs too much — use probabilistic measures
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Distributed architectures for demand response
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Grid2050 Architecture (Bakken et al.)
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Bigger question - grid structure?

» There are already extreme scenarios

1. What if consumer prices go so high and local storage cost
so low that most consumers can go off grid

2. Supergrids connecting continents to major sources of
renewable power, e.g. Desertec

Studies of future grids have been too driven by possible ICT
developments.

Economics will decide, e.g. cost of storage vs grid costs!
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Australian Transmission Network

Transmission lines and ceneratars
Transmission lines and generators
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Zero Carbon Australia

> Assume:

- generation is renewable (rooftop to farms)

- fixed distributed storage (batteries to pumped
storage)

- mobile storage (EVS)

> Aim: Provide an effective and efficient grid

Australian Sustainable Energy

Zero Carbon Australia
Stationary Energy Plan

: : Synopsis
> Real example: Masdar City, Abu Dabhi

> Baseload energy supplied by renewable sources
> Affordable at $8 per household per week

13



Proposed ZCA2020 National Grid
Solar sites are shown as yellow icons. Wind sites are shown as blue icons.
HVAC links are shown as green lines. HVDC links are shown as red lines
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ZCAZ2020 proposed high voltage grid upgrades
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Mt Isa upgrade

Geraldton to NWIS
(HVAC) upgrade
(via Camarvon)
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> Can we continue incrementally?

> Can we keep transmission following generation, i.e. create
(government controlled) ‘electricity highways’ or ‘super grids’ and hubs

based on solar, wind etc

> Need expanded computer analysis to solve ‘network of network’
problems, e.g. how electricity and gas systems interact, and water,

transport

> Must always model stability and capability to control
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Stability challenges

> Robustness to all the uncertainty (Hiskens)

> Dependence on structure
- Find the vulnerable points for collapse
- Study motifs for the new situations (project in Aus)

- Bigger questions: Backbone networks vs weakly connected clusters for
diverse generation

> For theorists: How to guarantee stability from local checks
- certificates (with some exchange)
- can these be granulated?

17
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Renewables - case conclusions

> At this point just have a lot of observations

> All stability types affected by new dynamics, but it is hard to make many
general statements

> Locations and generation types important, loads as before
> Structure of network important
Need more fundamental studies that can be applied generically

- Mechanism models, cf. as for voltage stability
- Control responses

18
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Computational questions

> Numerous scenarios (millions)

> How to scale up solutions to such large systems and all
scenarios — ideas from optimization and learning theory

> How to find the weak spots
- Transient instability
- Oscillations
- Vulnerable points for collapse

19
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Australia’s FG programme

Future Grid Cluster

« The proposed cluster, consisting of four of Australia’s leading
universities, will assist CSIRO (and Australia) in delivering the first
analytical framework of its kind to systematically investigate the
most economically efficient energy network (electricity and natural
gas) configurations for Australia.

» With this framework, to identify the lowest cost pathway to integrate
significant amounts of large and small scale renewables into our

grid with existing technologies while maintaining operational
stability.

» To pave the way for significant emissions reductions in Australia’s
most carbon intensive economic sector.

Funded by CSIRO, led by The University of Sydney - also a
FG Forum for utilities on a shorter time-scale

20
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Australia in 2050 (Ref: J.Sligar)

> Population 35million

> Large nuclear, geothermal and gas units with characteristics similar to present
large units

> Thousands of small renewable generators assembled (virtual generators) at
25kv to 330kv

> Our special ‘stringy’ grid will be less so, but how?
> Still ‘no infinite bus’? cf. Denmark

> Major changes to loads: Al plants gone, new desalination plants, demand
management, EVs




Four Projects

P1 - Power and Energy Systems Modelling and
Security

P2 - Grid Planning and Co-optimisation
P3 - Economic and Investment Models

P4 - Robust Energy Policy Frameworks for
Investment in the Future Grid



P1 — Power and Energy Systems Modelling and
Security - University of Sydney lead

To provide a modelling framework for the future Australian
electricity grid out to 2050.

To analyse beyond energy balancing to include grid power
flows, stability implications, security and resilience to changing
technologies.

Diverse scenarios for levels and placement of renewable
generation, different transmission and topologies, differing
load management and storage technologies will be
considered.

Balancing power, stability and vulnerability to collapse.
Impacts of technology and policy change will also be
assessed.
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P2 - Grid Planning and Co-optimisation -
University of Newcastle lead

* |nvestigate the mechanisms of natural gas and electricity grid
planning and the co-optimisation problem;

- To solve the multi-stage, multi-objective planning problem
to find optimal planning options considering the natural gas
and electricity grids simultaneously.

* Develop a co-optimisation framework to ensure that the
electricity and natural gas networks are co-optimised for
prescribed scenarios consistent with long-term planning
approaches and short-term operational requirements.

* The objective is to maximise overall social benefit subject to
constraints associated with the natural gas and electricity grid
networks.
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Planning interactions

Energy
Markets

PLANNING
-Gieneration
-Transmission Stability
-Storage -
—
oM Network
Electricity “ONStraints

Markets

Dispatch

Gnd
Dynamics
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Overseas

> USA DOE Future
Grid university
cluster

- http://Iwww.pserc.w
isc.edu/research/F
utureGrid.aspx

> Fraunhofer Institut

- http://www.iwes.fra
unhofer.de/en.html

> UK Grand
Challenges

The Future Grid to Enable Sustainable Energy Systems

A Department of Energy-Supported Initiative
of the Power Systems Engineering Research Center

What will the future grid look like?
A systemafic ransformation of today's 555 v

electric grid is underway to enable high | e g

penetrations of sustainable energy MY, S0, 218 o et TRARY Ij I =
systems. The grid is evolving from a PR e e i

network architeciure with relatively few =4 I; B = T
large, hierarchically-connected, tightly M?j i i - —
synchronized energy resources 3 .-..'..-.':TI:I. s Jﬁ _'1| il hma
supplying large, medium, and very ey 1004 i 0N | "_?_E.i N i i
many small passive consumers. Itis T ot e .

evolving toward a network driven by iy : e
many distributed and concentrated, Traditional Grid Model (Click image to enlarge)

highly variable energy resources mixed with large central generation sources, energy storage and responsive
users. The effective transformaticon of the grid requires decisions based on identification and solufion of major
operafing, planning, workforce, economic and public policy challenges.

=
~ Fraunhofer
IWES

Wind Energy & Energy System Technology

Fraunhofer Institute for Wind Energy and Energy System Technology
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Outline

Motivation

Future grids

Stability, control, planning
Research questions

Projects

* Modelling with DM

 Stability with renewables

* Networked RE farm control

* Probabilistiic margins

» Stochastic TNEP

» Generic market constraints with RE
o Co-optimisation across GenTrans

* Network vulnerability

Conclusions

27
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Possible agenda for modelling

> [dentify the granulated graphs

> Taxonomies of buses, lines, ‘motifs’

> Taxonomies of dynamics

> Aggregation up the levels

Lots of work here before we can begin analysis!

28
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Zero Carbon Australia FG

> Zero Carbon Australia proposal for HV grid upgrade

FIGURE 5.3
ZCAZDE0 poposed high voltsge grid upgrades
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Mt lsa upgrade

Geraldtan to MWIS
(HWAC) upgrade
(via Carnanran)

Roma - Armidale
(HYAC) upgrade

Fort Augusta
to wildura

Broken Hill
to Mildura

=
Maracoorte to Port Augusta (Adelaide bypass) -
Fodland - Maracoorte (HYAC) upgrad U DN i

Port Augustato 8
M elbourne

FIGURE 5.2
Proposed 4CAZ020 Natioral Grid

Solar sites are shown as yellow icons. Wind sites are shown as blue icons.
HVAC links are shown as green lines. HVOC links are shown as red lines

Callinsyille

Albatiy:l

Source: Australian Sustainable Energy Zero Carbon Australia Stationary Energy Plan 2010
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Tools for scenarios

> Scanning tool — fast simulation

> Revive direct methods, but load models no longer work

> Maybe EEAC type

> Most likely new algorithmic approaches

> Find weak points

> Network science ideas on vulnerability

31
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> ‘Future grids’ a different and bigger question to ‘smart grids’ — long-term
planning vs just better control

> Should we plan or grow the network incrementally — different scenarios

> Coordinated planning and control for high RE needs development

> Algorithms for planning (and control) — computational challenges

> Networks science ideas look promising BUT only after redone on useful
models
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System security and vulnerability assessment

> System security assessment to avoid cascading failure
requires high computational efficiency

- Deterministic vs probabilistic stability assessment
- Grid computing
- Load modelling & its impact

> In addition to conventional time domain methods and
energy based methods, new methods have been
proposed

- Data mining & intelligent system & WAMS based approach
- Complex system based approach
- Sensitivity based approach

EPRI funds, IEEE Taskforce member on cascading failure, State Grid funds, PM&C funds
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Intelligent system based security assessment

Off Line Real Time
I

| Knowledge Base .
Development | Implementation - Real-time System |
Input and Output — ) Measurements |
variables I Results utilization Historical archives !
I [
I [
I Off-Line Simulation |
I
Knowledge Base I |
Generation Classifier/Predictor —T
’ Significant-Feature |
Intelligent Stability : Selection '
Assessment : :
System l |
I

Significant-
Feature selection

s Leaming Stability Assessment | |
i Results
Robustness O
\ S =
Reliability

ZY Dong, P Zhang, Y Xu and KP Wong, “intelligent system for power system security assessment”, invited paper IEEE intelligent
systems journal (2010)

Intelligent
Algorithm training

Decision Making




IEEE 14 bus system and the corresponding topologica | model

THREE WINDING
TRANSFORMER EQUIVALENT
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The information exchange efficiency measures the

[ | T\ network security 5 1
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Road (Edge)
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wovey Load Modelling (load model parameter

identification & generalisation)

> Research Problems:
rl%igfger}?nt values of parameters describe different dynamic properties of load

- u ingndiﬁf?rentd namic respgnse data in the task of parameter identification will
obtaln different parameter values.

- how the real dynamic properties of load model can be reflected by the appropriate
selection o?logd mo&ﬁ pgrameters. y PProp

- Specific measurement based load modelling, PSS _E, DigSILENT

> Support: EPRI, ARC, HKPU, SG/EPRI, Western Power Corp, AEMO
> CIGRE C4.605: Modelling and Aggregation of Loads in Flexible Power Networks

uuuuuuuuuuuuu




> Operational data (CIM
format)

> Predict system Var &
recommend reactive
power switching to
maintain overall grid
voltage stability

Data Base

Data cleansing

Human

Correlation
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BHiriekiResource Analysis and
geediction Package — OptiWIND©

> Short term wind forecast (min, hours, days)
- For operations

> Long term wind resource analysis (n X years)
- For wind farm planning, and wind Atlas

> Stand alone at client PC

> Server based

L. T
D R TRl | e ol

> Interactive graphic user interface

_______

> Most commonly used wind turbines

o~
S A wind turbine
destroyed by _Identified .
typhooh in Taiwan 548 -~ oOffshore suitable
ol | 13 ! regions for wind
~ energy in HK

Map of the cumulative tracks of all ropical f e A * .
_cyclones during 1985 B e i ‘:EAH = :
o e —— e T - s ST e
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> PV panel coating technology:
- Improve efficiency upto 20%
- Absorbs light from all angles |
- Self-cleaning, scratch resistant —
- Low maintenance costs p

kWh per 30 minute interval on 11/08/2012 to 18/08/2012

200 I I I

> PV impact studies (é{f'igrid) *
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Microgrid

> How to schedule a microgrid to
maximise the utilisation of RE while

maintaining reliability | |
. . S Solar Electric
> point of common coupling (PCC) Sistribution Panel  Heater
power, electric heater and boiler to  Network Iﬁgﬁ\'l B Residentisl
accommodate the fluctuation of wind L A building
PCC T
power ‘ N
= UE ............
Numerical CHP3
weather prediction (Fuel Cell) \
v ) [ L1 v .
Historic wind Wind power | scenario generation Wind power [3._
power data ™ forecast value | reducton methos Scenarios C:EIP2 gctory
i i ] |]LE_ _ Boiler
v L - / CHP1
MILP(Deterministic model) MIQP(Stoqhastic model) \ T ) =
obj: operational cost obj: operational cost f) Wind Heat
St.1 Power balance —p + deviation penalty E —‘ t Turbine Reservoir
) 2' Heat balance St. 1.Power balance :
3.0perational constraints 2.Heat b".’"ance : — Lowvoltage __  Heat Communication and
- 3.Operational constraints Network Network Control Network

(in collaboration with Denmark)



& Future smart grid:

a social- Cyber physical system

Project projectb Scenaria: scenariol. (Subnet: 1op] W . W -
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Future grid: National vs international? Transmission
vs distribution? Energy, water, gas, telco, traffic,
service, social, ¢ flow?
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