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The FlexPlanproject
Main objective: Establishing a new grid planning

methodology considering the opportunity to

introduce new storage and flexibility resources in

electricity transmission and distribution grids as an

alternative to building new grid elements



The FlexPlanproject
ÅRegional cases

RC2 France & Benelux



FlexPlan

The FlexPlanplanning 
methodology
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Generation and demand 
time series for 2030, 2040, 
2050

T & D grid data based on 
ENTSO ςe TYNDP 

Quantify 
landscape impact 

costs

Objective: Maximum social welfare consisting of investment costs, power plant operational costs, environmental 
impact, system security impact

Decision variables: Investment decision (binary), hourly generator dispatch, flexibility activation, storage usage, 
PST & HVDC set points

Constraints: T&D grid constraints, T&D security constraints, flexibility characteristics, storage constraints

Optimization model

Carbon footprint 
analysis using LCA

Candidate transmission lines & cables, 
HVDC connections, PSTs, storage, 
demand flexibility



FlexPlan

Optimization objective ςGeneral 
structure
ÅThe maximum social welfare objective formulated as a cost minimization
ÅQuantification of potential benefits not straight-forward without market 

assumptions
ÅDanger of double counting benefits / costs due to complex flow of money
ÅEventually, all cost needs to be borne by consumers in some in way

ÅObjective function structure:
ÅÍÉÎВ В В ὅȟȟ Вȟ‌ȟὅȟȟ ὟȟȟɝὸВὅȟȟῳὖȟȟȟ В‌ȟὍȟ] 

ÅEnvironmental impact cost considered as part of operational and CAPEX cost

ié set of existing equipment

jé set of candidate equipment

‌é binary decision variable
té.set operational time points (8760h)

y... set of planning horizons (2030, 2040, 

2050) 

Operational 
cost of 
existing 
equipment

Operational cost 
of candidate 
equipment

CAPEX of 
candidate 
equipment

Expected cost due to 
outages 



FlexPlan

Detailedformulation of the objective 

function
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Model dimensions:
Å Set of grid elements 

(x1000)
Å Set of planning hours 

(8760)
Å Set of planning years 

(2030 ς2040 - 2050)
Å Set of planning 

scenarios

MILP problems will 
millions of decision 
variables and constraints

Model decompositions 
are needed!
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Environmental impact modelling
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AC OHL graph

AC UGC graph

(x1,y1)

(x1,y1)

(x2,y2)

(x2,y2)

(x3,y3)

(x3,y3)

Air quality impact modelling

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

Carbon footprint modelling

CO2 emission cost of power 
generation as direct input, CO2

impact of new grid investments 
using LCA 

Landscape impact modelling

Using optimal routing routing algorithm 
quantifying landscape impact cost for 
OHL and cable investments



Environmental impact 
scenarios

Generation cost for conventional generators

Fuel cost

Air quality impact 
cost

CO2 emission costCO2 emission Low Central High

2030 60 100 189

2040 and 2050 156 269 498

Climate change avoidance costs
ϵκǘ/h2ŜǉǳƛǾŀƭŜƴǘ όϵнлмсύ

Investment cost

Å Production
Å Transportation
Å Operation
Å Dismantling
Å Recycling
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Flexible load modelling
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ὖȟȟ ὖȟȟ ɝὖȟȟ
ȟ

ɝὖȟȟ
ȟ ɝὖȟȟ ɝὖȟȟ

voluntary reduction (Not Consumed 
Energy)

upward and downward Demand 
Shifting

involuntary reduction (Load 
Curtailment)

π ɝὖȟȟ ɝὖȟȟ
ȟ

ᶰ ȟȣȟ

ɝὖȟȟ
ȟ
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ȟ

ɝȟȟ
ȟ ȟ

π ɝὖȟȟ
ȟ ɝȟȟ

ȟ ȟ
bounds on variables

upward and downward demand shifts 
are rebalanced every Ὕ periods

ὖȟȟ π

π ɝὖȟȟ ὖȟȟ
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Storage modelling
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Ὁȟ ὼȟȟ ρ Ὠὶȟ
Ў
Ὁȟ ὼȟ ȟ ɝὸ–ȟὖȟȟ

ὖȟȟ

–ȟ
‚ȟȟ

energy stored 
at time ὸ

self-discharge energy absorbed 
from network

energy injected 
into network

exogenous 
term

Ὁ ȟ Ὁ ȟ ὼ ȟȟ Ὁ ȟ

π ὖȟȟ ὖȟ
ȟ

π ὖȟȟ ὖȟ
ȟ

bounds to energy level x

bounds on power absorbed from network

bounds on power injected into network

energy stored 
at time ὸ ρ



FlexPlan

Transmission and distribution grid 
modelling
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In order to maintain computational tractability, linearized models 
are adopted:
Å DC approximation for AC/DC transmission grids
Å linearized approach (DISTFLOW-like) simplifying but not 

eliminating reactive power for distribution grids
Å Synthetic distribution grids are generated on the basis offew 

metrics/statistics of real networks

The grid model is decomposed into TNEP and DNEP.
1. Compute one surrogate model for each distribution 

network
2. Run TNEP problem with the surrogate distribution networks 

attached to calculate optimal solution for transmission 
network, costs related to transmission network, power 
exchanges between transmission and distribution networks

3. Fix power exchanges and run DNEP problem for each 
distribution network to calculate optimal solution for 
distribution networks and costs related to distribution 
networks



FlexPlan

Stochastic optimisation
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Adopting a Monte Carlo approach would present a modeling problem: if every 
Monte Carlo run is executed separately, then investment decisions are taken 
separately and there is a problem in putting together results that can be 
substantially diverging. 

So, the dispatch costs of the different variants are weighted together in the target 
function, each with their own probability (stochastic optimization). 

In order to retain numerical tractability, the dispatch calculation of the different variants is split by using the .ŜƴŘŜǊǎΩ 
decomposition. Such methodology allows to decompose a master problem dealing with the investment decisions from the 
optimum dispatch calculation for each Monte Carlo variant and for all target years.

Climate variants of 35 years (variability of RES time series and load time series)  
are considered in the framework of a stochastic optimisation.

The number of combinations is reduced to two by using clustering-based scenario 
reduction techniques.



FlexPlan

Reduction of the model size 
through clustering
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In order to simplify the problem, only a 
few representative weeks are selected

A two-step approach is 
adopted in order to:
Åselect 12 representative 

weeks 
Å reduce 35 climatic variants 

to 2 equivalent ones:



Grid expansion planning 
process

Å Role of the non-expanded Optimal Power Flow

ï Simulation of the scenario and indication of the level of congestion for grid 

elements

Å Role of Pre-processor

ï Identification of potential asset investments aimed at solving congestion (with 

priorities depending on congestion severity ïLagrange Multipliers)

ï Identification of nodes in which storage/demand flexibility can be beneficial for 

congestion management (using Locational Marginal Prices)

ï Proposal of storage technology based on characteristics of congestions and 

territory

Å Role of Planning tool

ï Returns the list of the candidates which minimizes the total costs 

(CAPEX+OPEX), and details on their behavior

Non-expanded OPF Pre-processor Planning tool

Congestion

severity

Planning 

candidates

Methodology part
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The FlexPlan planning tool
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Load & 
generation 
time series

Scenario 
generation 

& 

reduction

Transmission 
& Distribution

grid data

Mixed Integer Linear Programming model

Objective: Minimum costs consisting of 
investment costs, power plant operational costs, 

environmental impact, system security impact

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

storage usage, PST & HVDC set points

Constraints: T&D grid constraints, T&D security 
constraints, flexibility characteristics, storage 

constraints

Optimal
investment 

decisions

Å AC &     
HVDC      

lines

Å PST

Å Storage 

assets

Å Demand 

flexibility

Candidate 
pre-

selection

Highly 
congested line

Bus with 
high LMP

A storage asset or flexible 
load was selected

AC line was 
not selected



Electa-git / FlexPlan.jl

FlexPlanmodel ςOpen-
source implementation


