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TheFlexPlamproject

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

How to value Pre-processing
storage tool
in planning

How to value |
flexibility

in planning

New
planning
tool

‘\\
Regional
Studies

Scenarios Pan-European J
2030 - 2040 —> study /
2050 // |mpact
A on Regulation

FlexPlan

Poject Coordinator
RSE, lItaly (Project Coordinator)

Stakeholders’ board:

Amprion, ARERA, CEER
CINELDI, CYBER-GRID

Research Partners:

EKC, Serbia - KU LEUVEN, Belgium - N-SIDE, Belgium
R&D NESTER, Portugal - SINTEF, Norway

TECNALIA, Spain - TU DORTMUND, Germany

VITO, Belgium

CLEANTECH, E-CONTROL
EMPOWER, EDSO, EDYNA

EERA Joint Programme Smart Grids
Elering, ELIA, Energinet, ENTSO-E
EURELECTRIC, FEEM

FSR (Florence School of Regulation)
ISGAN Annex VI, JRC
Red Electric de Espana
SmartWires, SwissGrid
T&D Europe, Wind Europe

Transmission System Operators:
TERNA, ltaly - REN, Portugal
ELES, Slovenia

Distribution System Operators
ENEL Global Infrastructure and Networks

Linked third Parties:
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TheFlexPlarmproject

A Regional cases

RC1 Iberian Peninsula
RC2 France & BeNelux

RC4 ltaly
RCS5 Balkan Region
RC6 Northern Countries

RC2 France & Benelux



TheFlexPlarmplanning
methodology

FlexPlan

Candidate transmission lines & cables,
HVDC connections, PSIs, storage,

demand flexibility

Generation and demand
time series for 2030, 2040,
2050

T& Dgrid data based on
ENTSO ce TYNDP

b

IandQuar::K act Carbon footprint
Sf.f’as P analysis using LCA

h

1 1

-

impact, system security impact

PST & HVDC set points

\_

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,

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

J




FlexPlan

Optimization objective; General
structure

AThe maximum social welfare objective formulated as a cost minimization

A Quantification of potential benefits not straigiibrward without market
assumptions
A Danger of double counting benefits / costs due to complex flow of money

A Eventually, all cost needs to be borne by consumers in some in way

AObijective function structure:
AT EB B[B(6as)| Bl a(8nn)| [Yrr30B 8 sr &0 fpr] | B 1 7'Gil

Operational Operational cost Expected cost due to CAPEX of
cost of of cgndidate outages candidate
existing equipment equipment
equipment

i € set of existing equi
j € set of candidate equ
|é¢ binary decision vari .

té.set operational ti me
y... set of planning horizons (2030, 2040,
2050)

A Environmental impact cost considered as part of operational and CAPEX cost
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Detallediormulation of the objective
function
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Model dimensions:

A Set of grid elements
(x1000)

A Set of planning hours
(8760)

A Set of planning years
(2030¢ 2040- 2050)

A Set of planning
scenarios

MILP problems will
millions of decision
variables and constraints

3

Model decompositions
are needed!
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Environmental impact modelling

Alr quality impact modelling

M/

IMC, i)
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Linearized model quantifying air
quality impact related costsin
dependence of generation

Carbon footprint modelling

- --?F"’

&
¢

Q0, emission cost of power
generation asdirect input, GO,
impact of new grid investments
using LCA

Landscape impact modelling
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Using optimal routing routing algorithm
guantifying landscape impact cost for
OHL and cable investments
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Environmental impact FlexPlan
scenarios

, . )
Generation cost for conventional generators

Climate change avoidance costs
EKUWBSHdZA Gl £ SY U OeHnAmMCU
| COemission | Low | Cental High Nwmwmaiﬁﬁﬁﬁg
cost

\_ Y,
2030 60 100 189 »

4 Investment cost A
2040 and 2050 156 269 498
A Production =,
A Transportation -4
A Operation ' :
A Dismantling
A Recycling TTT
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Flexible load modelling

upward and downward Demand

Shiffing voluntary reduction (Not Consumed
E”TQY) involuntary reduction (Load
Cunailment)
5 5 * h ¥ h LA L
Ui Yra 3Vrpn 3VRn 3V AR 3V Rk
ref
Pu,t,y
reference demand
¥ n upward demand shifted
v hh n APds,up
+ h AR wky pllex
T 3V pp 3 R wty
* R h h . active power consumption
m 3V xR 3 AR ™ bounds on variables Apffr;”
5 5 h downward demand shifted
m 3V jp 3V fR
) r) 4R ticty 4R, ﬂ‘;}\'
T 3V fR U rh _ load curtailment not consumed power
(3{) ﬁr? a0 F\F? ) nltDtl 1 A m upward and downwa}rd demand shifts
( BF) are rebalanced everyy periods
N
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torage modelling

f f f f
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energy stored selfdischargeenergy stored energy absorbedenergy injectedexogenous

at time o

maximum content
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fj,t,y 20

demander power

gf.ny <0

storage self-discharge

attimeo p from network into network term

bounds to energy level

bounds on power absorbed from network

bounds on power injected into network

FlexPlan
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Transmissiomand distribution grid
modelling

- : In order to maintain computational tractability, linearized models

~ | are adopted:

A DC approximation for ADCtransmissiorgrids

A linearized approach (DISTFLAIKé) simplifying but not
eliminating reactive power for distribution grids

A Synthetic distribution grids are generated the basis ofew
metrics/statistics of real networks

. Transmission -
N network 380 kV

Distribution
s, network 20 kV

Transmission
network 150kV

J
Original distribution network Surrogate model The gnd model is decomposed into TNEP and PN_EP'_
1. Compute one surrogate model for each distribution
é ||- network
2.  Run TNEP problem with the surrogate distribution networks
Components attached to calculate optimal solutidor transmission
Vv . e i s network, costs relatedo transmissiometwork, power
V4 V2 <V + one flexible load exchangebetweentransmissiorand distribution networks
% Vi v v Component parameters such tht: 3. ij power exchanges and run DNEI.3 problem for each
—_— o tassibilitymplies feadibility inoriginal model distribution network to calculate optimal solution for
IOV * cost approximates cost in original model distribution networks and costs related to distribution
networks
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Stochastic optimisation

#timesteps: 8760 hours

K
/ﬂ»
(:\
K\

® 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.

Climate variantof 35 yearqvariability of RES time series and load time series)
are considered in the framework of a stochastic optimisation.

#nodes The number of combinations is reduced to two by usthgsteringbased scenario

Piioad reduction techniques

Plgen

P4\oad
P4gen

— - So, the dispatch costs of the different variants are weighted together in the target
1h function, each with their own probabilitg{ochastic optimizatior).

In order to retain numerical tractability, the dispatch calculation of the different variants is split by using3hg R S N& Q
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.
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Reduction of the model size
through clustering

\

costt)] m T _ Representative
a e L —* weeks
I / dl ? \ )\ Scenario 2 In order to simplify the problem, only g

—— :
. A scenarlo 1 few representative weeks are selected

A " i
Pt Scenario 3

N\

[

> | m.m,. STEP 1 - It consists in performing a
1=8760 ] 10 O learn standard reduction on the number of
i | SRR yearly variants.
xﬂ,\\ ] [Tnsj/
~
A tWO-Ste p ap p ro aC h IS 35 variants * 8780 hours 2 variants * 8760 hours
adopted in order to:
. O learn STEP 2 — it consists in splitting
A SeIeCt 12 represe ntative ey [ Col independently every remaining yearly
weeks 0 wee=2 | variant in 52 weekly variants (pre-
. . . processing) and then performing a
A reduce 35 climatic variants — gm‘:.""mf' 1 standard reduction on the number of
to 2 eq u ival ent ones: —— T : weekly variants independently for each
2 variants * 8760 hours 2" vanams * 168 hours 2° E‘raliams * 168 hours ir”.t,.a', yearfy varia"t‘
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Grid expansion planning  FlexPlan
p ro CeSS Methodology part

Non-expanded OPF |:> Pre-processor :> Planning tool

Congestion Plagzlng
severity candidates

A Role of the non-expanded Optimal Power Flow
I Simulation of the scenario and indication of the level of congestion for grid
elements

A Role of Pre-processor

i ldentification of potential asset investments aimed at solving congestion (with
priorities depending on congestion severity i Lagrange Multipliers)

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

I Proposal of storage technology based on characteristics of congestions and
territory

A Role of Planning tool
T Returns the list of the candidates which minimizes the total costs
(CAPEX+OPEX), and details on their behavior

oy |




The FlexPlan planning tool

Load &
generation
time series

Transmission
& Distribution

Scenario
generation
&
reduction

Candidate
pre-
selection

@ python cpex SV

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

EE——
Optimal
investment
decisions

A AC&
HVDC
lines

*

it

A PST
A Storage
assets T|

A Demand E
flexibility

FlexPlan

grid data Constraints: T&D grid constraints, T&D security
constraints, flexibility characteristics, storage
A ~—
constraints
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FlexPlaimmodel¢ Open  glexplan

source implementation
Electagit / FlexPlan.|l



