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Å High-speed deployment of RES (challenging European target: 32% 
at 2030) is making T&D planning more and more complex and 
affected by a high level of uncertainty 
 

Å Grid investments are capital intensive and the lifetime of 
transmission infrastructure spans several decades: when a new 
line is commissioned it might be already partially regarded as a 
stranded cost 
 

Å Building new lines meets more and more hostility from the public 
opinion, which makes planning activities even longer and affected 
by uncertainties 

 

Å Variable flows from RES are generating a new type of intermittent 
congestion which can sometimes be well compensated with 
system flexibility: investments in a new line would not be justified. 
 

Å There is an on-going debate on the employment of storage 
technologies and system flexibility to make the RES grid injection 
ƳƻǊŜ ǇǊŜŘƛŎǘŀōƭŜ όάǾƛǊǘǳŀƭ ǇƻǿŜǊ Ǉƭŀƴǘέύ 
 

Motivation of the FlexPlan project  
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The FlexPlan project  

Χ ŀƛƳǎ at 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.  

Å Start date: 01.10.2019 
Å End date:   30.09.2012 
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FlexPlan: partnership  

Å Research Partners: 
ï RSE, Italy (Project Coordinator, WP7 and WP8 leader) 

ï EKC, Serbia  

ï KU-Leuven, Belgium (WP1 leader) 

ï N-SIDE, Belgium (WP3 leader) 

ï R&D NESTER Portugal (WP5 leader) 

ï SINTEF, Norway (WP6 leader) 

ï TECNALIA, Spain (WP2 leader) 

ï TU-Dortmund, Germany (WP4 leader) 

ï VITO, Belgium  
 

Å Transmission System Operators: 
ï TERNA, Italy 

Å Terna Rete Italia as Linked third Party 

ï REN, Portugal 

ï ELES, Slovenia 
 

Å Distribution System Operators 
ï ENEL Global Infrastructure and Networks 

Å e-distribuzione as Linked third Party 
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What FlexPlan will achieve  

1 ς New planning methodology - Creation of a new tool 
for optimizing T&D grid planning, considering the 
placement of flexibility elements located both in 
transmission and distribution networks as an alternative 
to traditional grid planning: in particular, storage, PEV, 
demand response) 

2 ς Scenario analysis 2030-40-50 - New methodology 
applied to analyse six regional grid planning scenarios at 
2030-2040-2050. A pan-European scenario will deliver 
border conditions to initialize in a coherent way the 6 
regional cases. 

RC6

RC3

RC2
RC4 RC5

RC1

RC1 IberianPeninsula
RC2 France & BeNeLux
RC3 Germany, Switzerland
& Austria
RC4 Italy
RC5 Balkan Region
RC6 Northern Countries

3 ς Regulatory guidelines ς FlexPlan goal is to provide: 
Å an optimized planning methodology for the future 

usage of TSOs and DSOs 
Å indications on the potential role of flexibility and 

storage as a support of T&D planning 
Å guidelines for NRA for the adoption of opportune 
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The new planning tool  

Pre-processor Å Best planning strategy with a limited number of 
expansion options (mixed-integer, sequential OPF) 

Å T&D integrated planning  

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

Å Simultaneous mid- and long-term planning 
calculation over three grid years: 2030-2040-2050 

Å Yearly climate variants (variability of RES time 
series and load time series) taken into account by 
a Monte Carlo process; the number of 
combinations reduced by using clustering-based 
scenario reduction techniques. 

Å Full incorporation of CBA criteria into the target 
function 

Å Probabilistic elements (instead of N-1 security 
criterion) 

Å Numerical ad hoc decomposition techniques to 
reduce calculation efforts 



The new planning tool:  

optimization target function  

Operational costs, of existing 
generation and load including air 
quality impact and CO2 emissions 
impact of conventional power 
plants 

Investment costs, including 
carbon footprint (apart 
conventional generation) 
and landscape impact costs 

άὭὲ Ὢȟ ὅȟȟ ‌ȟὅȟȟ ῳὸ Ὗȟȟὅȟȟ ῳὖȟȟȟ
ȟ

Ὢȟ ‌ȟὍȟ Ὢȟ
ȟ ‌ȟὍȟ 
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Residual Investment value, 
related to investments with 
expected life exceeding the 
simulation horizon 

Contingencies costs, as  the 
product of curtailed load and 
value of lost load weighted 
over a set of contingencies c, 
using contingency probabilities 

Operational costs of 
new investments 

y = 2030, 2040, 2050 



The new planning tool:  

optimization target function  

άὭὲ Ὢȟ ὅȟȟ ‌ȟὅȟȟ ῳὸ Ὗȟȟὅȟȟ ῳὖȟȟȟ
ȟ

Ὢȟ ‌ȟὍȟ Ὢȟ
ȟ ‌ȟὍȟ 

Discount factor for the investment 
costs: 

Ὢȟ
ρ

ρ ὶ
 

Discount factor for the residual 
investment value: 

Ὢȟ
ρ

ρ ὶ
 

ώ  is the expected end-of-life year 
for investment Ὦ 

Discount factor for operational costs: since each simulated year 
represents a decade, it counts for 10 years, each with its 

discount factor; thus Ὢȟ represents the cumulate discount 

factor, that is 

Ὢȟ
ρ

ρ ὶ
ȡ

 

ώ is the reference year for the discount factor evaluation 
(nominally 2030) 

y = 2030, 2040, 2050 



Reliability modelling and analysis of grid contingencies  

The reliability impact of the chosen 
grid expansion candidates is added to 
the objective function as an additional 
cost of energy not served ὅ .  
 
 
Considering a number of critical 
contingencies, ὧɴ Ὓ  ὧȟȣ ȟὧ ȟ 
the cost related to power curtailment 
due to a contingency ῳὖȟȟȟ) is 

calculated for each demand unit using 

the relevant value of lost load ὅȟȟ).  

These costs are summed up over all demand units όᶰὛ, each time point ὸɴ Ὓ, each 
planning year ώᶰὛ and each contingency ὧɴ Ὓ and is weighed with the contingency 

probability Ὗȟȟ which is determined by using failure rate and mean time to repair (MTTR) 

of the specific equipment and multiplied by the duration of the contingency ῳὸ. 



Modeling of environmental factors  

Landscape impact modelling 

Air quality modelling 

Carbon footprint modelling 
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Grids modeling  

The T&D grid model is decomposed into two components: meshed and radially operated networks. 
As the modelling of all radially operated systems would result in an unmanageable problem size, a 
four-step decomposition approach is chosen: 
Å STEP 1: a least-cost expansion plan of the radial network is determined with the objective of 

solving only local congestion in the most economical way  
Å STEP 2: a highest-cost expansion plan of the radial network is performed with the objective of 

providing the maximum amount of flexibility in terms of delivering and absorbing active power 
to/from the meshed network 

Å STEP 3: (optional) intermediate cases are analysed 
Å STEP 4: the radial grid expansion options of steps 1-2-3 are provided as expansion candidates for 

the meshed system, solved independently.  The best trade-off is determined. 

In order to maintain computational tractability, 
linearized models are adopted: 
Å DC approximation for transmission grids 
Å linearized approach (DISTFLOW-like) 

simplifying but not eliminating reactive 
power for distribution grids 

 
Simulating real distribution networks in detail 
would result in a unmanageable complicacy. 
Synthetic distribution grids are generated on 
the basis of few metrics/statistics which can be 
easily extracted from the analysis of real 
networks. 
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Flexible load modeling  
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ὖȟȟ ὖȟȟ ɝὖȟȟ ɝ0ȟȟ
ȟ

ɝ0ȟȟ
ȟ  ɝὖȟȟ 

Voluntary reduction of 
demand (nce = not 
consumed energy) 

Upwards and 
downwards demand 
shifting 

Involuntary reduction 
of demand (lc = load 
curtailment) 

π ɝὸϽῳὖȟȟ
ᶰ

‌Ὁȟ
ȟ  

ɝὖȟȟ
ȟ

ᶰ

ɝὖȟȟ
ȟ

ᶰ

 

π ɝὖȟȟ
ȟ

                 ɝȟȟ
ȟ ȟ

ῳὖȟȟ
ȟ

ᶰ ȟ
ȟ ȟ

ȟȣȟ

  

π ɝὖȟȟ
ȟ                 ɝȟȟ

ȟ ȟ ῳὖȟȟ
ȟ

ᶰ ȟ
ȟ ȟ

ȟȣȟ

  

nce boundaries 

Maximum demand shifting 

Same shift in both directions 
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Ὁȟ ὼȟȟ Ὁȟ ὼȟ ȟ  

ɝὸϽ–ȟὖȟȟ
ὖȟȟ

–ȟ
‚ȟȟ ὺȟȟ  

Energy stored  
at time t 

Energy stored  
at time t-Dt 

Energy absorbed  
from network 
at time t 

Energy injected  
into network 
at time t 

Exogenous  
terms 

Ὁȟ‌ Ὁȟ ὼ ȟȟ Ὁȟ ‌ȟ 

π ὖȟȟ ‌ȟὖȟ
ȟ  

π ὖȟȟ ‌ȟὖȟ
ȟ

 

Boundaries to per unit load state x 

Boundaries power absorbed from network 

Boundaries power injected into network 

Storage modeling  



Monte Carlo approach  

The number of combinations is 
reduced by using clustering-based 
scenario reduction techniques. 
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Yearly climate variants (variability of RES 
time series and load time series) for each of 
the grid years are taken into account in the 
framework of a Monte Carlo process. 

The adoption of a Monte Carlo approach presents 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.  
 
Methods based on stochastic modeling (alternative to the Monte Carlo approach) 
ŘƻƴΩǘ ŀƭƭƻǿ ǘƻ ǇŀǊŀƭƭŜƭƛȊŜ ǘƘŜ Ǌǳƴǎ ŀƴŘ ǿƻǳƭŘ ōŜ ǘƻƻ ƘŜŀǾȅ ŎƻƳǇǳǘŀǘƛƻƴŀƭƭȅΦ 
 
¢Ƙƛǎ  ǇǊƻōƭŜƳ ƛǎ ǎƻƭǾŜŘ ōȅ ǊŜǎƻǊǘƛƴƎ ǘƻ .ŜƴŘŜǊǎΩ ŘŜŎƻƳǇƻǎƛǘƛƻƴΦ {ǳŎƘ ƳŜǘƘƻŘƻƭƻƎȅ 
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. 



The pre -processor  

Å The planning tool needs to receive as an input the planning candidates for the 
three years (2030, 2040, 2050) and for each node. 
 

Å This input is provided by a software tool (pre-processor) that ranks for each node 
the suitability of different kinds of investments (new lines/cables, storage 
elements, flexible management of big loads). 
 

Å To do so, the pre-processor exploit the information provided by Lagrange 
multipliers of line transit constraints and nodal power balance of a non-expanded 
minimum cost OPF (they provide information on how much the target function 
would improve as a consequence of a  unit relaxation of the constraint). 

Non-expanded OPF Pre-processor Planning tool 
Lagrange  
multipliers 

Planning  
candidates 
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Å Determining expansion candidates by looking at 
Lagrange multipliers (LM) of line transit constraints 
generates the problem that by removing a congestion on 
a line, transits increase and this could create congestion 
elsewhere (typically downstream). 
 

Å Lines that could saturate in chain should be clusterized 
with the first one to create what is generically referred to 
ŀǎ ŀƴ άexpansion corridorέΦ 
 

ÅWe suppose the influence of nodal injections on line 
transits can be described by means of PTDF factors and 
ǘƘŀǘ ǎǳŎƘ ŦŀŎǘƻǊǎ ŘƻƴΩǘ ŎƘŀƴƎŜ ƛƴ ǘƘŜ ǎǳǊǊƻǳƴŘƛƴƎǎ ƻŦ 
the starting point. 
 

ÅWe use them to calculate parameter ɾὒȟὒὅ saying, for 
each line L how much oversaturated is LC when L 
becomes saturated. If we order all lines L by their ‎╛ȟ╛╒ 
factor, the lowest ranked will be those lines which 
become saturated first when the line LC increases its 
capacity and so, they should be clustered with it. 
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