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WP5 description and involved FlexPlan
partners

A Objectives

A Development of optimal regional grid architectures for years 2030, 2040 and 2050 for
deployment of flexibility sources at transmission and distribution levels and using FlexPlan
planning tool.

A Demonstrate the tool through six different regional cases

Regional Case Studies

* RCl1- |berian Peninsula

* RC2 - France & BeNelux

* RC3 - Germany, Switzerland
and Austria

*+  RC4 - Italy

* RC5 - Balkan Region

*+ RC6 - Northern Countries




Power system modeling FlexPlan
Transmission network model
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Power system modeling FlexPlan
Transmission network model

o T5.17 Common modelling and procedures

o Identification of required parameters for the creation of synthetic distribution
grid networks

o Collection of environmental and costs related data corresponding to the six
regional cases, including plant specific data for pollutant emissions

o Adaptation of WP4 scenarios data to correspond to grid nodal level, required
to perform regional cases simulations

o Validation and adaptation of ENTSO-E European Transmission System
model, used as main dataset for transmission networks of five regional cases

0 T5.2717 Regional Cases development

o Conversion and adaptation of Transmission systems for in-house simulation
by each one of the Regional Cases. As one example, this adaptation include the
addition of geographic location of all existing grid nodes

o Creation of missing transmission and sub-transmission grid models. Sub-
transmission systems were missing in 5 out of 6 regional cases. The Northern
Countries Regional Case had to built most of the transmission grid model as well
from different data sources (e.g. TSOs, regulators, open source data)

o Development and testing of methodologies to create JSON files (chosen
format to communicate with planning tool)



Workflow JSON-Creation FlexPlan

ENTSO-E grid data (models
for 2025 in CGMES format)

Scenario data (MILES) 1T WP4
[ JSON Files ]




Power system modeling FlexPlan
Transmission network model

ENTSO-E grid data (models
for 2025 |n CGMES format)

Balkan transmission network model:

A 1961 AC buses
A 3077 AC branches
A 1 DC branch

entso@

Transparency Platform



Power system modeling FlexPlan

Distribution network model

Data provided from DiNeMo -/"I.)e‘-
-SSJ

(Distribution Network Models)

https://ses.jrc.ec.europa.eu/dinemo

platform d I n e m @

Synthetic distribution networks

G. Vigano, M. Rossi, C. Michelangeli and D. Moneta,
are generated “Creation of the Italian Distribution System Scenario by Using
PDF Synthetic Artificial Networks”
‘ 2020 AEIT International Annual Conference, 2020, pp. 1-6
- . - f
Level of congestion is estimated o €3 ARERA—= 24 lerna

for each distribution network

Bl stat | oo <o @reti ¥S=T

@-distribuzione  E&HYNa &3 unareti

Grid reduction performed in
order to consider congested

areas only Balkan distribution network model:

A 1012 AC buses
A 1012 AC branches

Distribution network is
integrated into the transmission
model



https://ses.jrc.ec.europa.eu/dinemo

Detalls of the scenario FlexPlan
Model of International Energy Systems

MILESModel of International Energy System) is used in order to
process ENTSP scenario data and to geographically allocate energy
resources over the Balkan territory.

It uses:
A ENTS& scenario data for 2030, 2040, 2050:

- Distributed Energy scenario
- Global Ambition scenario
- National Trend scenario

w /2Y 2RAG0& LINAOSa
w . FtFryOAy3d wSaAaSNWSa 6uHnono
w bSO ¢NIYAFSNI /LI OAGASE SduHnono



Details of the scenario FlexPlan

Scenario reduction

Hour dimension

| ° tean

Scenario Reduction

%, [ K-Means J
%,

Node dimension

35variants *8760hours 5variants *12 weeks *168hours

Time profiles of 35 climate A 5 representative climate variants
variants for each decade (with different probabilities)

(203040-50) and scenario A 12 representative weeks
(DE,GA,NT) (one for each month of the year)

A Time resolution: 1 hour
(168 timesteps per week)



Detalls of the scenario

Environmental impact

Health impact (YOLL/pg-m3)
Cost (€/YOLL)
Reference production (MWh)

Air quality impact cost
(€/MWh)
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Impact areas around power
plants (25 km radius)

Weighting factor of individual
ower plant with respect to others

FlexPlan

Resident population

v

Pollutant concentration cumulative
impact due to all generators,
estimated with air quality simulations




Detalls of the scenario

Carbon footprint

direct CO2 eq.

m emissions

L, =

PV production, transportarion

2750+3500 kg of CO,*km**year

114+173 kg of CO,*km**year!

100+900 kg of CO,*MVA*year!

Planning investments

=y 288
-4+ il

| === ==

FlexPlan

direct CO2 eq.

@ emissions

dismantling and recycling

Climate change avoidance costs
€/tC0O, equivalent (€2016)

| tow | comual L tign

CO, Emissions —
short and medium 60 100 189
run (until 2030)

CO, Emissions —
long run (from 156 269 498
2040 to 2060)



Planning tool testing and model FlexPlan
simplifications
Grid Expansion Planning (GEP) process

Non-expanded OPF Pre-processor Planning tool
Congestion Planning
severity candidates

A Role of thenon-expanded Optimal Power Flow

- Simulation of the scenario and indication of the level of congestion for grid
elements

A Role ofPreprocessor

- ldentification of potential asset investments aimed at solving congestion (with
priorities depending on congestion severgyagrange Multipliers)

- ldentification of nodes in which storage/demand flexibility can be beneficial for
congestion management (using Locational Marginal Prices)

- Proposal of storage technology the basis oEharacteristics of congestions and
territory

A Role ofPlanning tool

- Returns the list of the candidates which minimizes the total costs (CAPEX+OPE
and details on their behavior



Planning tool testing and model FlexPlan
simplifications
Grid Expansion Planning (GEP) process

; - After modification (v1.12)
Before modification (v1.8)
Congestion duration (5) Congestion duration (5)
Technology
<2 2-6 >6 Yearly H Yearly
hours | hours | hours ours
>4380 h <2 2.6 624 >24 | >4380h
Li-ion
Batteries Nas
Flow
Demand Total (aggregated per zones) |
Response Industrial (per facili
Hydrogen
Compressed air storage
Liguid-Air Electricity Storage systems

Size depending on branch rating Maximum and minimum size per technology (MVA)
—_— - 2030 | 2040 | 2050 2030 2040 2050
as % of the congested branch Min Max Min Max Min Max
power rating
Li-ion batteries LiBattery 29% 3% 4% 0.1 450* 0.1 700* 0.1 1000*
Nas batteries NaSBattery 2% 3% 4% 12 220+ 12 330" 12 440+
Flow batteries FlowBattery 2% 3% 4% 0.01 600* 0.01 900* 0.01 1200*
Hydrogen HZ 2% 3% 4% 15 200* 1.5 300* 15 400*
Compressed air storage CAES 2% 3% 4% 0.01 330% 0.01 330% 0.01 330%
Liquid-Air Electricity Storage systems LAES 2% 3% 4% 0.3 100* 0.3 150 03 200%

* Size extrapolated from the present available maximum size by cost factor for the corresponding years

Table 7-1 - Size of storage [3]



Planning tool testing and model FlexPlan

simplifications
Grid Expansion Planning (GEP) process

Cost
2030 2040 2050
Batteries
CAPEX OPEX CAPEX OPEX CAPEX OPEX
€/kW €/kWh €/kWh €/kW €/kWh €/kWh €/kw €/kWh €/kWh
Li-ion 300 300 0.5% CAPEX 225 225 0.5% CAPEX 150 150 0.5% CAPEX
Na$ 200 200 0.5% CAPEX 155 155 0.5% CAPEX 110 110 0.5% CAPEX
Flow 200 200 0.5% CAPEX 155 155 0.5% CAPEX 110 110 0.5% CAPEX
All costs were extrapolated from the present cost and future indicative cost in D2.2 [3]
Table 7-2 - Cost of batteries
Cost
Other storage 2030 2040 2050
CAPEX OPEX CAPEX OPEX CAPEX OPEX
(€/kW) (€/kWh) [€/kW) (€/kWh) (€/kW) (€/kWh)
Hydrogen 500 2% CAPEX 450 2% CAPEX 400 2% CAPEX
Compressed air storage &0 0.23 60 0.23 60 0.23
Liguid-Air Electricity Storage systems 175 0.5% CAPEX 135 0.5% CAPEX 95 0.5% CAPEX

Table 7-3 - Cost of other storage [3]



Planning tool testing and model FlexPlan
simplifications
Dealing with realsize power systems

The development of the planning procedure has been carried out in order to be

able to manage:

A Reallsize power systemwith more voltage levels simultaneously (transmission,
and distribution)

A Multiple scenariosto consider both variability of electricity demand and
renewable power production (climatic variants)

A Multiple target years to optimally select investments by considering planning

Impad over their entire lifetime



Planning tool testing and model FlexPlan

simplifications

Dealing with the limited time/hardware resources d¥flexPlan
Even though the tools have been optimized to manage-sezd systems, operating

iIn many scenarios and climate variarfi&exPlamegional cases have been studied
by applying some simplifications.

1-decade time
horizon
(instead of 3)

100 planning
candidates

Redwced number of
seasonal storages
to 6
(instead of 12)

. . Total processing time Relaxed optimality
Limited portion of per reference year tolerance
Distribution Network 305 davs 0
(10%) y (0.01% MIRyap)
\ J
4 representative Reduced time 1 climate variant
weeks resolution (instead of 35)

(instead of 12) (2-hour time blocks)



Results of the planning process FlexPlan
Non-expanded OPF 2030

Non-expanded OPF consists of a simulation of

the energy dispatch model, including:

A Electricity generation:

- Dispatchable generator (fuel costs, environmental impact)

- wSySglotS SySNHe& a2dzNOSa o00dzNIil Af YSy
A Electricity transport and distribution

- Transmission network model (DC OPF)

- Distribution network model (linearized AC OPF)

A Electricity demand
- [2FR&a 6@l ftdzS 2F t2adGd t€t2FR Mn nnn €K:
A Electricity storage
- Pumpedhydro storage and water reservoirs
(with injection/absorption efficiencies and water
inflows)



Results of the planning process FlexPlan
Nlon-expandeld OPF 2039
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TRANSIMISISON ELEMENTS DISTRUBUTION NETWORKS

A co 0 NIy OKSpu]diffeterit thdn®, annaakaverage
A 23 of which are transmission branches (MelB@njand BajinaBastac RHBajina
Basta 220 kV and the rest are 110 kV)



Results of the planning process FlexPlan
Non-expanded OPF 2030



