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» National Electricity Market Management Company Limited
(NEMMCO)

» Key responsibilities

— Operation of the physical power system
* Power system security
¢ Planning statements (SOO)
¢ Technical assessment of new and existing connected plant.

— Operation of the National Electricity Market (NEM)
« Dispatch of plant

Setting prices

Settling the market ($)

Management of prudential arrangements

Registration of market participants

Development of the NEM

» Dependence on the wind
— Short term variability (5-10minutes)
— Possible large changes over a short period (e.g. ¥2 hour)

* Locational issues
— Local network control

— Not ideally placed to support the main grid (275kV for SA) — remote
locations, not close to major load centres
(conclusion drawn from DIgSILENT studies)

» Availability of validated dynamic models
— Rules require Generators to provide validated models

— Guidelines on model requirements and test requirements on the
NEMMCO website




NEMMCO (operational):-
Central dispatch

— Constraint equations in the central dispatch systems

— dispatch of scheduled generators — 5 minute dispatch cycle

— NEMMCO implementation of limit advice from the NSP (e.g. ElectraNet)
Network Control Ancillary Services (NCAS)

— Network loading control

— Services procured by NEMMCO for power system security
NEMMCO “direction”

— Ability to direct NEM participants to operate in a particular manner
— Compensation under the Rules

— Applied in exceptional circumstances

Network Service Provider (network augmentation):-

Network support agreement
— Similar to NCAS

— Procured by the NSP

— Operated by the NSP or NEMMCO

Special control schemes
— Generator dispatch limiters

— Eg: use of Murraylink (DC link between Victoria and South Australia to
assist in managing flows)

Primary plant augmentation
— Eg: new transmission line / SVC / capacitor bank, etc.

— Must satisfy the Regulatory Test (>$10M) — can be constructed if there
is a market benefit or there is a reliability requirement that must be met
by the NSP




South Australia

« 388 MW currently operating

* 340 MW is under construction

¢ 610 MW with planning approval
« 890 MW in feasibility stages

Victoria

* 83 MW currently operating

* 357 MW is under construction

* 725 MW with / seeking planning approval
* 667 MW in feasibility

Tasmania

* 140 MW currently operating

* 130 MW with planning approval

The rest of the NEM \

* Less than 30MW registered O

Murraylink interconnector (DC)
+220MW

Py

Demand

900MW min
3300MW (forecast) max N

Vic-SA intercon (AC)

460MW to SA; 300MW to Vic \
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DIgSILENT Studies - Background

In Feb 2005 NEMMCO engaged DIgSILENT to carry outa series
of power system stability studies (Stage 1.1)

Studies were aimed at answering the questions:
— What are the main technical issues that could arise in the future?
— In broad terms, the extent of any impacts?

— Is there a stability issue that could limit the total amount of installed wind
capacity in South Australia?

Stability studies were from a system perspective
— Transient stability
— Short term voltage collapse
— Long term voltage collage
— Oscillatory (small signal) stability




» Determine a technical _envelope — worst case combinations of;
— Demand (highest to lowest)
— AC interconnector flow (maximum export to maximum import)
— No wind (base case) ; Installed wind : 400MW / 800MW / 1200MW

» Assumptions:
— Assume all wind generation operating at full capacity
— Wind generation displaces synchronous generation in the market

» DIgSILENT dynamic models
— Used their own in-house knowledge and models for wind generation
— Obtained additional model information directly from the manufacturer

— Other (synchronous generator) models were benchmarked with existing
PSSE models

13

» Stability Studies (Stage 1.2) — DIgSILENT
The main objectives of this stage 1.2 of the study were:

— Confirm the results of stage 1.1 with additional contingencies, load
scenarios and model updates.

— Assessing wind power impact on freq ROC in case of SA-islanding.
— Assessing wind power impact on oscill stab limits, esp the QNI-mode.

— Greater emphasis on ensuring reactive power support is properly (and
fully) modelled

Completed in Oct 2005




Stability Studies (Stage 1.3) — PSSE and DIgSILENT
The main objectives of this stage 1.3 of the study were:
— Confirm the results of stage 1.1 and 1.2 with
key contingencies (NPS flt, SE-Tail flt, HYTS-APD-MLTS flt)
Updated Wind farm details
Updated load scenarios
Updated network details

Additional detail regarding study methodology. In particular criteria
for bus voltages in SE South Australian network
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» Stability Studies (Stage 1.3) — Continued
Also used as an opportunity to benchmark DIgSILENT against PSSE
— Benchmark system studies against PSSE (with updated wind models)

— Benchmark the DIgSILENT wind generator models against PSSE

(for those models that agree this provides confidence in study results ...

for the ones that don't it prioritises our modelling efforts)

Completed in June 2007




DIgSILENT Studies - RESULTS

Key results of Stage 1.1 and 1.2:
— 800MW of installed wind capacity could be managed

« With some reduction in interconnector capability (around 140MW)
under peak demand conditions

« With no impacts at other conditions
— Voltage control:

« A combination of the placement of wind farms at remote locations
and the displacement of synchronous generation significantly
reduces the voltage control capability on the 275kV system.

¢ This occurred under maximum demand conditions with 1200MW of
installed wind capacity

— Transient stability & oscillatory stability were no problem under any of
the assessed conditions
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Key results of Stage 1.3:

— Results essentially consistent with stage 1.1 and 1.2 studies

— Oscillatory stability not considered
— Transient stability impact on export limits not considered

« With some reduction in interconnector capability (around 140MW)
under peak demand conditions

« With negligible impacts at other conditions
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DIgSILENT Studies - Benchmarking
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» Methodology — Benchmark models against ideal Infinit e Bus

Set ZSOURCE to value such that
Gen HV bus fault level is consistent
with actual fault level

1.0 pu
Lopu INFINITE LOAD
ACTUAL JNFINITE L t
GENERATOR / assw’\;aOd ef.;nera\ or
WIND FARM ode
D=10

GEN LV Bus GEN HV Bus LOAD HV Bus
(V CONTROL) (SWING)
_ AN )
~ ~
VARIABLE MODEL FIXED MODEL
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» Methodology — Benchmark models against ideal Infinit e Bus

Apply fault
(0ohm or 80ohm)
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» Results — Benchmark models against ideal Infinite Bu S
« The agreement between models is generally satisfactory.

« The key model differences are due to;

— DIgSILENT models tend to show a faster sub-transient response than that
observed in the PSSE mode.

— DIgSILENT models often display higher oscillatory behaviour, but also a greater
amount of damping

— Some features, such as AGOL1 at Lake Bonney, are more explicitly observed in
the PSSE model, where the AGOL feature is captured using a resistance in
series with the generator connections

— [For some more basic machine types (Wattle Point, Starfish Hill), the PSSE
model does not have a two mass model, but rather, a single mass model is used.
This results in the DIGSILENT model displaying greater oscillatory behaviour.
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Results — Benc

Benchmarks were carried out on the results for the short and long term

stability analysis.

Generally there was good agreement between PSSE and DIgSILENT

results

hmark Studies
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FUTURE WORK

« Forecasting —
— Long term wind generation forecasting solution (AGO project)
¢ Technical Standards Rule changes

— Adds requirements for control of active power (subject to energy source
availability)

— Adds requirements fir dynamic model provision and testing
« “Semi-dispatch” of intermittent generation
— Be able to submit and manage dispatch offers
— Included in central dispatch (NEMDE)
— Follow a point dispatch target if the target is less than generation forecast
— Be subject to non-conformance procedures
— Rule changes being developed — with AEMC
— Implementation by mid-2008
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FUTURE WORK

* Market Impact Studies
— Similar to ANTS and Drought Impact studies
¢ Review of VIC and SA combined wind
— VRET scheme resulted in additional VIC wind farms
« Small Signal modelling
— Thought that wind farms contribute nothing to damping etc.
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