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Content

» The characteristics of a power system

» The global power system is changing
* Unregulated energy sources like solar and wind
» Electrification of the society
» The effect is now becoming clear

* What we need to do and what we can do
» Deterministic and probabilistic security constraint

* Probabilistic risk analysis - Use cases
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Characteristics of power system

« Complex's system with a lot of components
» Need to be balance between production and load at all time
« Take a long time to develop a power system (long application- and installation time frames)

« The security criteria of power system is based on the deterministic N-1 criteria to obtain a
high security of power supply

» The N-1 criterion states that a system that is able to withstand at all times an unexpected
failure or outage of a single system component, has an acceptable reliability level.
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The global power system is changing

« Change in production — more solar and wind, less coal and nuclear

» Electrification of society — increase in load

» More weather — increase temperature — increase energy in atmosphere
* More interconnectors between countries/regions

* More depended on our neighboring power system than before

 More data available through digitalization

* More smart grid technology available

« Societies expectation of reliability of the power supply is increasing
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The global power system is changing

» All of these changes create new possibilities but also new challenges

» The changes in production and loads changes faster than the development of the
physical power system

* The new production is dependent on the weather
e Spinning reserve in the power system will be important
» This will challenge the power systems security of supply
« More volatile energy prices and higher prices

* Energy poverty

« Will challenges the politics and the speedfor reaching the clean energy goals
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This challenge the Utilities main task

«To provide customers with a stable and secure energy supply
(security of supply)
combined with
a most efficient operation and development of the electricity grid in the company's licensing area »

And this will again affect the whole society!
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What we need to do and what we can do

« Create predictability for all parties for the current and future state of the power system
« Grid owners

Producers

Consumers

Politicians

Regulators

« Through more in depth analysis of power system in real time and updated prognoses
analysis

« Understand the inherit property of the power system for different time scale
« Make the result available for all parties

« And based on this - plan for new security constraints in operation and development of the power
system for increasing flexibility
* Moving from deterministic to probabilistic security constraint
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What is the difference between deterministic and probabilistic
risk method

Deterministic and probabilistic in the nuclear industry

Vysus Group 9



Probabilistic calculation — principle

Example: A Markov chain is a mathematical system that experiences transitions from one
state to another according to certain probabilistic rules:
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Power system complexity

Power line 300 kV

State: State: State: State:

1. Function 1. Function 1. Function 1. Function

2. Passing fault 2. Unwanted function 2. Fault 2. Unwanted function
3. Lasting fault 3. No function 3. Nofunction




Deterministic vs. Probabilistic Safety Assessment
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Deterministic vs Probabilistic assessment — Nuclear industry

(<
() 1AEA

International Atomic Energy Agency

deterministic and probabilistic analysis shall be applied. On the basis of this
analysis, the design basis for items important to safety shall be established and
confirmed.”

“A safety analysis of the plant design shall be conducted in which methods of both
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Deterministic N-1 principle Probabilistic principle

The N-1 criterion states that a system that is able

to withstand at all times an unexpected failure or

outage of a single system component, has an
acceptable reliability level.
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ACERIE

New regulation ACER CSAM - Article 75 il M mlt s m—m

of Energy Requlators

o Source: ACER - Agency for the Cooperation of Energy Regulators (EU)

=" Document: Methodology for coordinating operational security analysis in accordance
with Article 75 of Commission Regulation (EU) 2017/1485.

. All TSOs shall publish, with the support of ENTSO-E, a report on the progress
achieved in Europe on the operational probabilistic coordinated security assessment
and risk management. The first report shall be published in 2021....

. development of the methodology on common probabilistic risk assessment......

. By 31 December 2027, all TSOs shall jointly develop the methodology on common
probabilistic risk assessment taking full account of the requirements......
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Vysus Group

What is the value of use for Utilities, large
consumer of power, regulators etc.
Promaps Realtime

1. The software
2. Usecasesl1l-4
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Promaps

Probability Method Applied to Power System

Designed to give insight into complex power systems
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Power system risk is dynamic The higher the graph the higher
(Security of supply the whole power system) the risk for outage
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Use cases: probabilistic analysis in the value chain

More oversight

A

Operations Operational Malntenance Emergency
Planning Planning Preparedness

Better insight q‘l%

System operation

Maintenance & preparedness

= Re- long term investment
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Use cases 1: System operation and planning of operation

Operational Maintenance Investment
Planning Planning

In operation:

Monitor system risk in real time: one look at the screen for assessing if the risk is okay or not

If high risk state occurs - go in to Promaps “study mode” and test which action can be done to reduce high risk
before it is set in operation

In planning of operation:
» Risk forecast next 45min - 48 hours

« Taking into account planned outages, maintenance schedules, weather forecast, configuration and load etc.

Reserve planning: spinning reserve, countertrade, grid temporary limits and other operational calculation and
evaluation

Provides base case analysis to the rest of the value chain

Vysus Group
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Use case 2: TSO-DSO coordinated operation
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Use case 3: TSO - Large consumer of power (LCP)

Grid owner's value chain
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Click here
for more

Use case 4: Investment analysis

Grid owner's value chain

Operational Maintenance Emergency Investment

Planning Planning Preparedness

Historical security of supply
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Conclusions

« Power system is rapidly changing with more renewable production and increase load demad

« The security of power supply will be challenged

« There is no quick fix for solving this

« A part of the solution: Need to understand the inherit property of the power system in real time:
* The impact of the changes that are coming

* Introduce new technology and production based on this insight

* Probabilistic real time risk assessment will give vital insight for achieve this
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