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Presenter’'s Background

¢ Analytical Engineer for HVDC Links
& Power System Planning Engineer in Power Utility
» Manager of Technical Coamputer Services in Utility

o Consultant 1n Pewer System Operations &

Automation

— Respoensible for Designing, SpeCcHying & SUpervising the
development; off SCADA and EReray: Managemeni

SYSIEMS IR eVver 20 ublines workd=-wide
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Decision Conseguences




Generation Capacity Planning

Search for ‘Least Cost Investment Plan’, within

¢ lLoad grewth projections

¢ Energy Censtraints — hydre / hydrocarbon; availability,
o Envirenmental constraints

o Euel diversity chjectives

» Regienal intercennection plans
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Demand Side

= EConometric
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= [[oad Duration
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Supply Side

Generator 3
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Criteria for Selecting Plan

¢ LOLE / LOLP lLoss of Lead
expectation

— N Instances per anmaum

¢ VOLL — Value of Lost Load

— [DEpends on state: off ECONeMmIC
developmeni

— DEpends enfestimated value: e S IVINVViar
NeR=SuUpplicd
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Output from Generation Plan

Subject to various stated constraints

¢ Costed plan over, say, 30 years

¢List of Instances that exceed stated
acceptance criteria

oBased on user chosen schedule of
PROPESEE GEenEratng planit Witk

— Years In and out of service

— SPECIied ratings

— Plant utilisation

CAREC May 2011



WASP

¢ Wien Autematic System Planning Package
(WASP) - noew. In; V4

& Model fer Analysis off Energy: Demand
(MAED) helps In predicting demand

& Orginaliy/firem VA:C:.... Rew: availanle via
|IAEA

¢ \/enry extensive & detalled moedels af;
gEREration), demand; external iactorns

CAREC May 2011



WASP offers

& Various thermal plant types

¢ \arious hydre plant & pumped storage

types
¢ Extensive parameters on plant costs

» Operatienal’ & availanility, plant parameters
¢ Emission constraints (e.g. GHG)

¢ Discount rates

¢ Energy/ constraints

¢ Extensive Erent-endl & Back-end stupport

CAREC Viay 204l 150)



Other Generation Expansion
Software Models

¢ EGEAS from EPRI (Electric
Generation Expansion Analysis
System)

— Accounts fer US style energy: market
MEGCEIS

¢ For others see reference list at end

CAREC Viay 204l 11



Value

Decision Conseguences

Generation
Developments

Transmission
Development

Energy
Market
Real-Tim

Dispatc

Time Scale
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Transmission System Planning

Issues to consider

¢ Points of Interconnection

¢ Type of link

¢ Link voltage

¢ lechnical design’ parameters

CAREC May 2011
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Types ofi Link

AC or DC or AC + FACTS

AC Link




Voltage Level

¢ 110 KV =» 75 MW.
& 220 KV = 280 MW

y 400 KV =y 500 VIV

y SO0 KVE =92 SSO0NVIVY.

ding

CAREC Vay 20k



Technical Issues

¢ Line Rating In conservative scenario

¢ Fault currents arising frem new lines & breaker

capacities

Vay 20k



Technical Issues

IS in conservative scenario =2 Load Flow

. arising from new lines & breaker capacities

=>Short Circuit Analysis

Stability

Overvoltages

Vay 20k



Transmission Planning Scenarios

¢ Peak Demand

¢ Conservative geographical separation
off demand! & generation

¢ Criticall dependency. en eutage: type
—N-1
— N-2
— PrEPaPIISHE

Investment to be minimised !!

CAREC Viay 204l 18



Transient Stability

Often arises when load & generation
are geographically separated

Unstable Zone

Power Transfer

Stable Zone

Max Fault Duration
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Schematic Connections of
Software Modules

A 4

Load Flow

Data Input
Network data

eFixed data _ :
<Variable data Short Circuit >

A 4

\ 4

eEtc. Report
System
Stability > » *Graphical O/P
eSorted Lists
eFile output

A 4

4

RDBMS

\ 4

Harmonic Analysis

A 4

Output to PSSE, CIM,
IEEE Models etc.

A 4

\ 4

EMTP

RDBMS
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Typical Main Software Package
Features

¢ [abular or graphical data input
¢ Network size up to 150,000 buses

» \Wide range of modules for
— [Lead filow

— Shoert cirecunt analysis

— DPyRamic analysis

— Harmoenic analy/sis

¢» User defined / avtemated contingency, analysis
Wit Corrective actions

¢ User defined seftware filnchiens
9 Wicde ranger ol dater exchiange capaniines
9 Exitensive datar managemeni: & reporing

CAREC Viay 204l 21



Deferred Design Matters

¢ Exact route of line

¢ Environmental considerations
¢ Conductor design

¢ Line mechanical characteristics

9 GWER t\/PpPE: & design

CAREC May 2011
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Transmission Planning Packages

+» \Wide ramge of similar packages
— Siemens (PT1) PSSE
— CYIME

Vay 20k



Decision Conseguences

Energy
Market




Competitive Energy Market

» Many types — no standard model
» Complex and costly toe estalblish

» Minimum size needed fer genuine

COmpElien

» COompettion N deneraton and

custemer supply.

CAREC Viay 204l 25



Basic Market Model

GENCO 3

GENCO 2

Generation

Transmission

GENCO 1

Distribution

Transmission

Disco 1

-

Disco 2

Disco 3
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GENCO 3

GENCO 2

GENCO 1

Transmission

& Distribution

Supply Co 2

Supply Co 3
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Key Players in Market

» Competing Gencoes

» Wires Company — Transmission (&
Pistribubien; 2)

» Competing Supply: Companies
s Viarket & System Operator

» Regulator

CAREC Viay 204l 27



Market Activities

Generators

— Offer energy at chesen| prices
— Supply energy.
— Previde: capaciiby,

— Previde: suppert: services (Spinning
resenrve;, ViVar, frequency; control:..)

— REspend e Systen Operator
[AStrUCtioNS

CAREC May 2011
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Market Activities

Supply. Companies

—Procure energy at best rates

— Supply energy to custemers

—INEgotiate 1o Nop-uUpr or S

CAREC Vay 20k



Market Activities

Wires® Company.

— Maintain & oeperate transmission; (&
distribution) system

— Construct ties as agi [ WiIth

Viaket Operator

Vay 20k



Market Activities

Market Operator

— Forecast daily load (with Supply: Companies)

— Conduct bidding process te derive generation
schedule for next period

— Acguire system suppert Services

— Viaiptan secuity, andi resern/e margins
— Set market PrCes for energy. & capaciity,
— |piferm) GENCcoSs! of orthcoming schedule

— Operate Settlement: System

CAREC M2y 2011
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Market Activities

System Operator

— Accept generation schedule fream Market
Operator

— anage operations in real-time;, sulject
o) SecUrIty/, Safety & ecenemy.

— Vieniter and meter energy. ews &
SENVICES pPrevided

CAREC Viay 204l 32



Schematic Market Operations

Sched Settlement ‘ @
of Gen \
Market Operator d \
System Operator f \
bl
Real
\ Tirde ‘ Meterin /
Dispatch g data

- Initial

balance
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Value

Decision Conseguences

Generation
Developments
Transmission
Developments

Energy
Market
eal-Time

Dispatc

Time Scale

CAREC May 2011

34



Real-Time Software

¢ Known as SCADA (Supervisory
Control & Data Acquisition)

» Employed by System Operator to
Implement market allecation
decisiens

& Supplemented by ‘Energy.
VManagement: System (EVS)

¢ AlSE Used by DISCeS

CAREC May 2011
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Real-Time Software

Largely based in Control Centre

Data cellection) /' command eutpui
PHECESSEIS! 1IN EAChl MA) oK

SuBStatien and generating) station

Extensive NFnetwork

CAREC Viay 204l 36



SCADA Scheme




SCADA Functions

+» Monitor breaker status

¢ Monitor line amps & Vvolts

» SUpervise alarms In sulkstation
¢ Control breakers

¢ Conitrel tapchangers

9 Contiel generater eutputsievels
¢ SUPERVISE telecoms NeEWwWork

CAREC May 2011
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T Platforms and
Indicative: Pricin




Hardware / Software Mixes

Generation Planning

PC or shared server

Transmission Planning

PC or shared server

Market System

Complex IT network (some
hardware may be
iIndependently sourced)

SCADA

Complex IT network (some
hardware may be
iIndependently sourced)

CAREC

May 2011
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Indicative Pricing

Generation Planning
— Annual License: WASP-1V Is free

TTransmission Planning

— Annual time-constrained license: $6,000+
PEr USEr

— Purchase: $1.8,0001 - $40,000 per user
SCADA

— Purchase: $150,000 + hardware + RTUs +
telecoms

CAREC Viay 204l 41



Transmission System Planning

Limited! Eeature / Capacity PSSE and CYME
avallaile at approximately,

$5), 900 pPUICIE

Vay 20k



THANK YOU

ANY QUESTIONS 7
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List of Abbreviations

CIM Common Information Model (IEC 61970)
CYME Software from Coopers Electric

Digsilent Software from Digsilent

Disco Distribution Company

EMTP Electro Magnetic Transient Programme

EMS Energy Management System

EPRI Electric Power Research Institute

ERACS Software package from ERA (UK)

FACTS Flexible AC Transmission System

Genco Generating Company

GHG Green House Gases

HVDC High Voltage Direct Current

IAEA International Atomic Energy Agency

IEEE Institution of Electrical & Electronic Engineers
LOLE Loss of Load Expectation

LOLP Loss of Load Probability

MAED Model for Analysis of Energy Demand — from IAEA
PSSE Power System Simulation Engineering package from Siemens
PTI Original developer of PSSE

RDBMS Relational Data Base Management System
RTU Remote Terminal Unit

SCADA Supervisory Control and Data Acquisition

S/S Substation

TVA Tennessee Valley Authority

VOLL Value of Lost Load

WASP Wien Automatic System Planning — from IAEA

@
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Typical Market ..1 of 2

» Gencos offer energy & capacity in 30
minute blecks

¢ Bilateral contracts between seme
Gences & seme supply: companies

& Seme supply, companies proevide
Energy; ter nen=iranchised CUSLOmErS

9 POEI PIdAING SChEME GPEerates
between non-franchised customers
and Gencos

CAREC Viay 204l 46



Typical Market ..2 of 2

¢ Market Operator manages bidding process
for non-franchised demand

& Market Operator SUpPErVvises security &
constraints fer entire pewer system

¢ Market Operator Inierms Gencos off final
gERErations schedule

® ... .

¥ Viarket Operator manages; Settiemeni
SysStem

CAREC Viay 204l 47
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