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The Dutch High-Voltage Network
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Meeden

380 kV connection/substation

380 kV connection/substation project
380 kV interconnection

380 kV interconnection in planning
220 kV connection/substation

220 kV interconnection

150 KV connection/substation

110 kV connection/substation

110 kV connection project

Subsea interconnector

Subsea interconnector in planning
Offshore connector

Offshore connector in planning
Offshore convertorstation/substation
TenneT head office

TenneT office

Power plant

Name substation
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Diele (Gerrany)

Hollandse

Van Eyek (Belgium) |||
Zandvliet (Belgium) Maasbracht

R Rommerskirchen (Germany)
Siersdorf (Germany)
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Development of RES
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80 Zon PV
70 . Wind op zee
60 . I I . Wind op land
50 | - I I I I [ . Gas (methaan en waterstof)
40 . Biomassa
30 . Steenkool en bijstook
20 B owig
10 - Pigkbelasting inclusief P2X
0 -  Piekbelasting
KA ND A Scenarios:

KA = Klimaat Akkoord
ND = Nationale Drijfveer
IA = Internationale Ambitie
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Stability challenges due to high RES e

Towards 100% clean power supply
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* Changing (time-variant), faster, and complex dynamic properties due to
higher penetration of power electronic converters.

* Instability risk due to unprecedented adverse multi-controller dynamics.

* Limitations of existing tools for offline and online dynamic security
assessment, control design, and decision making.
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PMU data in power system operation
Example WAMPAC vision Challenges

Control actions

Corrective control
Preventive control

Control center

* Increasing the number of PMU devices (currently 6 PMUs
deployed offline).

* Optimal handling and storage of large amounts of data.

ELECTRIC Ronl time visualization * Continuous evaluation of data quality and its influence on
POWER GR'D and alerting

models and functionalities of EMS.
Real-time decision

Measurement data Situation awareness

EMS/SCADA . Pre-con‘tingenc:y online
static/dynamic security assessment
Post-contingency real-time
dynamic vulnerability assessment

Historical system
performance data

Operational statistics

» Effective tools for real-time resiliency assessment and
enhancement and decision making.

Pattern recognition
expert system
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Relevant R&D topics

Enable secure operation
of widespread hybrid

Deployment of AC/DC grid
Assessment/validation meshed DC grids

AC/DC system of meshed DC grids

modelling
Intrinsic grid parameter estimation

Power quality monitoring
and maintenance for

- F: i Reliabilit < t

hybrid AG/DC systems g o

Controllability and stability New optimisation techniques

asspegment considering AC/DC system

HYBRID AC/DC POWER FLOW
AND SYSTEM MODELING

Assessment of interac-
tion between AC and DC

flow contral tools to
parte of the eyetem include DC grids Restoration plan of the
Pan-European system

New protection schemes
Fast system frequency
change identification tools
Inertia management by
grid forming converters

Network code and guidelines up-

Upgrade of power

DC faults propagation

assessment

CONTROL AND PROTECTION
OF HYBRID AC/DC GRIDS

Ancillary services from
grid forming converters

date with requirements for the DC
side of grid forming converters

HYERID AC/DC SYSTEMS: ANCILLARY SERVICES Source: ENTSO-E



: (epes | QIEEE
Relevant R&D topics b‘

Enhance control
centres operation and
interoperability

Vendor independent

solutions for control
centres

Standardized data Back up procedures for
protocols automated systems
Cyber security for
control centres Cyber secure and resilient Pan EU

ICT platform for data exchange

CONTROL CENTRES
INTEROPERABILITY

Pilot for fully automated decision
support systems for better supported
decisions in the control centres

High speed protection and control
for meshed AC/DC grids

Al-based decision support
systems: technical, social and
ethical aspects fully considered

PMU usage for WAM Resilience toolbox

Dynamic security
assessment Coordinated guantitative

risk management approach

Enhanced methods for more accurate

and wider representation of the grid

Innovative training concepts

ENHANCED CONTROL CENTRES AND
WIDE AREA MONITORING

GUIDELINES AND TOOLS FOR HIGHLY COMPLEX SYSTEMS Source: ENTSO-E
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The Colombian High-Voltage Network \ e

Generation Mix

B Hydraulic
B Coal & Gas
B Cogeneration

Solar & Wind

e 1400 buses

* 364 synchronous generators (mostly hydraulic)
* 900 transmission lines

* 17.6 GW maximum generation capacity
 10.6 GW maximum active power demand.

Electrical grid from 66 kV to 500 kV [dotted lines means expansion plan]
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PMU data in power system operation
Climate impacts of “El Niho” Challenges
WARM EPISODE RELATIONSHIPS DECEMBER - FEBRUARY * Resiliency jeopardized by climate patterns (e.g. El Nifio)

* Unprecedented dynamic phenomena due to technological
upgrades (e.g. growing integration of power electronics).

* Increasing the number of PMU devices (currently 100 PMUs
installed across the system and used in online applications
like state estimation and network analysis).
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* Application of PMU data for uncertainty modelling and
WARM EPISODE RELATIONSHIPS JUNE - AUGUST reliability assessment and enhancement in different time
' % 3 CERy horizons

* Deployment of big data analytics and advanced artificial
intelligence.
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