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FlexPlan
Work package objectives

ATodefine functional modelling specificationsr the new advanced planning
tool, which are then implemented in WP3.

ATo ensureefficient implementation of all innovative mathematical and
modelling features taking into account the remarkable dimension of the
scenarios to be analyzed:

A Analysis of best planning strategy carrying out a selection within a limited (but very high)
number of expansion options

A Planning scenario over several decades: 2P380-2050

A Target function open to different criteria introducing CBA elements in the optimization loop
A T&D integrated planning

A Embedded environmental analysis (air quality, carbon footprint, landscape constraints)

ATotest the new modelling concepts on small examptesdentify the o
ossible bottlenecks in the extrapolation of the developed techniques to realistic
arge scale (regional and p&uropeanproblems.



Planning tool structure and interaction
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Optimization model

Objective: Maximum social welfare consisting of investment costs, power plant operational costs, enwronmental

Decision variables: Investment decision (binary), hourly generator dispatch, flexibility activation, storage usage,

Gonstraints: T&D grid constraints, T&D security constraints, flexibility characteristics, storage constraints
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Optimization objective

AThe maximum social welfare objective formulated as a cost
minimization
A Quantification of potential benefits not straigfitrward without market
assumptions

ADanger of double counting benefits / costs due to complex flow of money
AEventually, all cost needs to be bared by consumers in some in way

AObijective function structure:
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AEnvironmental impact cost considered as part of operational and CAPEX cost



FlexPlan
ODbjective function ingredients

A Generators ]9

A Storage

A Operational costs, e.g. storage losses (existing and new)

A Storage CAPEX (new), storage carbon footprint impact cost (new)
A Demand flexibility (only new flexibility considered)

A Cost of voluntary demand reduction

A Cost of involuntary demand reduction

A Cost of voluntary demand shifting

A CAPEX and carbon footprint cost

A Grid elements
A AC line CAPEX and carbon footprint cost (new) r:A_"_‘ D&

A Operational costs Qf
A Generator emission impact costs -

A PST CAPEX and carbon footprint cost (new)
A HVDC line and converter CAPEX and carbon footprint cost (new)
A Expected redispatch / load shedding cost due to outages @
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Environmental impact modelling

Air quality impact modelling
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Linearized model quantifying air
guality impact related costs in
dependence of generation

Carbon foot print modelling

Direct emission in mmm Direct emission in mmmm..‘
electicty transportation and

CO2 emission cost of power
generation as direct input, CO2
impact of new grid investments
using LCA

Landscape impact modelling
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OHL and cable investments



FlexPlan

Structure of combined T&D modelling

Transmission
\ network 380 kV

Transmission  §
network 150 kV

Option 1: Transmission only

Option 2: Distribution only

Transmission -
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. Distribution
“, network 20 kV
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* Option 3: Combined T&D

AGeneric model formulation to support all options

AAllows model decomposition for combined T&D modelling
ADistribution system expansion as transmission planning candidate
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Decomposed T&D modelling_

1) Solve the distribution system
planning problem

2) Solve the distribution system

planning problem with —-
maximum flexibility objective (3)

3) Solve the distribution system
planning problem with
iIntermediate flexibility
O DjeCtIVG 70% 70% 50% step3

4) Provide range of flexibility and NS -
cost of distribution system :
expansion as input to the () (o

transmission planning model

S ————

Transmission



Flexible demand modelling

FlexPlan

AGeneric flexible demand model to cover all aspects and constraints:
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. . FlexPlan
Monte Carlo scenario generation and

reduction o n)
T % y samples
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“different
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AReduction of the number of
time series based on 1
clustering techniques

AReduction of the length of
the time series (if required
for computational reasons)

n(S,) +

E n(Sg)

11



FlexPlan
Validation & Testing

AFlexPlan.jlan optimization package in Julia language:
ABased orPowerModels.j{LANEANSI) &PowerModelsACDOHUL)

AFlexible design to exchange solvers and test efficiency of the developed
models

A Extending model formulation in a flexible way
AExperiment with decomposition techniques
AlIn depth analysis of model traesfs

AFlexPlan.jlill serve as design and testing reference for the WP3
planning tool
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