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Transformation

Destabilizing factors

Challaging the security of power supply



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 »
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Calculation principle

Build an electrical model over the power system 1:1

« Create a digital twin
* Import data from SCADA, PSS/e, CIM, Netbas and other static sources

« Build detailed branch library based on the primary and secondary equipment for each voltage
level

* Include all available data form the components
« Combine advanced reliability analysis with flow calculations

« Calculate the reliability for each component, each branch, each stations and the system as
whole

« Calculation the probabilistic risk level for the whole system



Calculation of the probabilistic risk level in near real time

We use Markov models to represent each individual component in
the grid segments:

pi = 4ip; (1)
« where A; is a Markov model containing fault rates and repair rates.

build reliability models of whole grid segments by
« combining all the Markov models of each individual component as Kronecker
sums, as follows

A=A,0A,®...0A4, (2)
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Building a model
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Promaps Realtime — data driven system operation

Real-time probabilistic risk analysis of power
systems
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Product development

Current state: Promaps Realtime — data driven system operation

Risk ; Expected not delivered energy EENS [MWh/h)
Security of supply System minutes, SMS or in 99,9xyz %

All combinations of fault in the
system are ranked in each
calculation
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Security of supply is dynamic

What is
the
correct
risk
level?
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Maintenance is a key to network integrity

+ Income

\
- cost
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Historical security of supply Current security of supply Future security of supply

postpone
investments?

Planned grid
investments
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Example
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Large load increase- 3 alternative investments
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Large meshed power system
Large load increase
Three different grid

reinforcement alternatives
considered
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Conclusions

« Power system is rapidly changing towards the digital power system

* 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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