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A goal without a plan is just a wish.

Antoine de Saint-Exupéry

Transmission Planning with PowerFactory
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Agenda

• What is transmission planning?

• Planning process

• Examples

◦ 1 - Master Generation and Transmission planning

◦ 2 - Planning for new interconnectors to import

electricity

◦ 3 - Planning REZ infrastructure

◦ 4 - Co-optimising generation and transmission

• PowerFactory tools

• Results visualisation

Transmission Planning with PowerFactory
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Transmission growth –
Eastern Australia

AEMO’s 2022 Integrated System Plan (ISP), shows we need more than

10,000 km of new transmission lines and 9 times the large-scale

renewable generation we currently have within the next 20 years.

Transmission Planning with PowerFactory
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Transmission growth – the world

Transmission Planning with PowerFactory

Asia will account for half the world’s electricity consumption by 2025. Image: IEA.
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What is transmission planning?

The transmission plan is usually in response to scenarios that have been developed in terms of:

• Demand forecasts

• Generation plans

• Strategic directions

The transmission plan must consider the possible future outcomes in the scenarios

• Try to develop plans that:

◦ Meet the more likely scenarios (rather than the extremes)

◦ Can be changed if other scenarios become more likely

◦ Can be adapted if totally new issues emerge

◦ Are consistent with strategy

Transmission Planning with PowerFactory
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Scenario planning process

Transmission Planning with PowerFactory
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International practice for transmission planning

Objective is to provide a power system that can be operated securely and reliably for forecast loads

Transmission investment can be ‘lumpy’

• Big increments in capacity

• High costs per project

Type of planning depends on power system

• Low growth – careful, considered probabilistic planning

• High growth – criteria driven (eg N-1)

• Markets – require careful cost-benefit analysis to demonstrate best project

• Statutory – government controlled with priority to deliver reliable supply

Transmission Planning with PowerFactory
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Deterministic planning – quicker

Based on simple criteria:

• N-1 the power system must be capable of losing any item of plant

• N-2 for critical loads like city centres, ports, government areas

• Voltage criterion – margins

• Supply reliability criteria – expected unserved energy

Deterministic planning is faster but less precise

• For high load growth, timing is potentially biggest risk

• Routinely used in many power systems for decades

Transmission Planning with PowerFactory
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Deterministic planning - Probability of exceedance –
demand scenarios
• Demand is typically weather sensitive

◦ Temperature is most significant factor

• Power system can be stressed during extreme weather

• We typically accommodate this by testing 10% and 50%

loads

◦ 10% load has a probability of being exceeded one

year in ten (extreme)

◦ 50% load is average – so it can be exceeded one

year in two (mild)

• Demands <10% may not be covered

Transmission Planning with PowerFactory

Some risk 

here
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Probabilistic planning – lots of analysis

Used where:

• Risk of stranding is higher – low growth, uncertainty

• Transmission costs are recovered from consumers

• Regulated transmission owners are operating in markets

• Good for scenario-based planning

• Comparing alternatives, including generation and non-transmission options

The benefits of investing in a project must exceed its cost

• Over a given period (usually >10 years)

• For a defined scenario (or set of weighted scenarios)

• Typically an economic test is applied (In AU – the regulatory investment test – transmission and distribution RIT-T and

RIT-D)

Transmission Planning with PowerFactory
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Probability planning – PowerFactory Reliability 
Analysis toolbox

Transmission Planning with PowerFactory
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Deterministic planning - General approach

Develop overall strategy

• Synchronisation to different regions

• REZ connection points

Develop forecast for generation and load

• Load growth

• Generation committed and required

• Retirements

Develop scenarios and prepare power system

model

Load flow and contingency simulation

Steady state stability analysis (PV and QV

curves)

Transmission Planning with PowerFactory

Dynamic simulation

Optional

• Optimal power flow

• Transfer capacity analysis
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Example 1 – Master Generation and Transmission 
planning
Driver

• Significant electrical demand growth forecast for the next 2+ decades.

• Need to develop transmission and generation to meet demand growth and support the developing economy

Study approach

• Develop economic model and forecast demand and generation needs

• Develop transmission planning criteria

• Develop strategy for meeting supply / demand forecasts (e.g. major transmission links)

• Test proposed transmission system options against planning criteria (load flow and contingency analysis)

• Recommend augmentations where required

• Test system stability (RMS and small signal) - approximate

• Determine overall cost of infrastructure

Transmission Planning with PowerFactory
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Example 1 – Master Generation and Transmission 
planning – Electricity market modelling

• Economic models developed to assess underlying

demand growth (usually Prophet or Plexos models)

• Consider various factors such as primary resource

potential (e.g. hydro), reliability impacts, CO2

emissions and requirements for ancillary services

• Least cost generation and transmission plans

developed to meet projected demand

• Outputs are generally time series data

• Economic model used as basis for transmission

system planning

Transmission Planning with PowerFactory pp58 – IEA – Thailand’s Clean Electricity Transition
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Example 1 – Master Generation and Transmission planning –
Study cases and parameter characteristics

Transmission Planning with PowerFactory

• Study case used to capture study case time

• Usually several study cases capturing times for

different scenarios (e.g. peak demand, low demand,

wet season, dry season etc.)

• Parameter characteristics with a time trigger can

used to capture load and generation dispatch
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Example 1 – Master Generation and Transmission 
planning – Study cases and operation scenarios

Transmission Planning with PowerFactory

• Alternative approach to previous slide

• Study case used to capture active operation

scenario

• Usually have several study cases for different

scenarios (e.g. peak demand, low demand, wet

season, dry season etc.)

• Operation scenarios can be used to capture load and

generation dispatch

• Often use a combination of operation scenarios and

parameter characteristics
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Example 1 – Master Generation and Transmission 
planning – Load flow and Contingency analysis

Transmission Planning with PowerFactory
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Example 1 – Master Generation and Transmission 
planning – transient and oscillatory stability analysis

Transmission Planning with PowerFactory
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Example 2 – Planning for new interconnectors to 
import or export electricity 
• New interconnectors needed to facilitate power

exchange - many regions want renewable sources from

neighbouring countries

• Grids may be asynchronous

• Establishing new interconnectors may reduce inertia in

importing region

• Generally a frequency control problem - how to manage

contingency reserves

◦ Batteries for frequency control?

◦ HVAC or HVDC converters?

• Frequency control generally an RMS simulation problem

– trip of interconnector, largest load or generator

Transmission Planning with PowerFactory

• EMT simulation also required for HVDC stability

analysis / design
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Example 2 – Planning for new interconnectors to 
import or export electricity

Transmission Planning with PowerFactory

https://www.iea.org/reports/electricity-market-report-december-2020/2020-regional-focus-southeast-asia
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Example 2 – Planning for new interconnectors to 
import or export electricity

Transmission Planning with PowerFactory

Interconnection with back to back converter
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Example 3 – Planning REZ infrastructure

• REZ planning transmission to meet export targets

• Multiple options to evaluate

• Variations very useful for testing different options

• Analysis similar to previous examples

◦ Load flow and contingency analysis

◦ RMS stability

◦ Voltage stability - PV and QV analysis

◦ Transfer capacity analysis

Transmission Planning with PowerFactory
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Example 3 – Planning REZ infrastructure - variations

Transmission Planning with PowerFactory



25

Example 3 – Planning REZ infrastructure – transfer 
capacity analysis

Transmission Planning with PowerFactory
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Example 3 – Planning REZ infrastructure - QV curve 
and reactive margin
Shows relationship between:

• Operating voltage

• Reactive power

If fault level is 15 GVA:

• At 500 kV, 17 kA

• 1% is 150 MVA

• Q Margin=150 MVAr

Transmission Planning with PowerFactory
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Example 3 – Planning REZ infrastructure - Voltage 
stability and the PV curve

Transmission Planning with PowerFactory



28

Example 3 – Planning REZ infrastructure -
PowerFactory PV and QV analysis

Transmission Planning with PowerFactory
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Example 4 – Co-optimising generation and 
transmission
• Unconstrained transmission system

allows least cost generation dispatch

• Optimal Power Flow (OPF) solution

used to ensure generation dispatch

respects transmission constraints

• Weigh up cost of transmission vs cost

of generation by comparing cost of

generation between unconstrained and

constrained OPF

• OPF and Unit commitment tools useful

for solving problem

• Requires estimation of cost of

generation

Transmission Planning with PowerFactory
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Example 4 – Co-optimising generation and 
transmission

Transmission Planning with PowerFactory
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Results visualisation – geographic diagrams

Transmission Planning with PowerFactory
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Challenges with transmission planning process

• Assumptions

◦ Future scenarios

◦ What is a committed project?

◦ Demand growth

◦ Generation and retirements

◦ Characteristics of future equipment, particularly generation which is critical to transient stability analysis

− Generic models?

• Defining the planning criteria – many jurisdictions do not have an adequate grid code

• Always need to apply engineering judgement to problems

Transmission Planning with PowerFactory
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