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FlexPlan
Recapitulation of thé&lexPlammpproach

Candidate transmission lines & cables, Generation and demand T& Darid data based on
HVDC connections, PSIS, storage, time series for 2030, 2040, ENTEDg & TYNDP
demand flexibility 2050 6
lan dQuar;t;l;)q/ act Carbon footprint
=cape Imp analysisusing LCA
costs
f Optimization model

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

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

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




FlexPlan
Optimization objective General structure

AThe maximum social welfare objective formulated as a cost minimization

A Quantification of potential benefits not straigifiorward 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:
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Operational Operational cost Expected cost due to CAPEX of
cost of of candidate outages candidate
exis_ting 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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Detailed formulation 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
(2030c 2040- 2050)



FlexPlan
Detailed formulation of the objective function

Model dimensions:

A Set of grid elements
(x1000)

A Set of planning hours
(8760)

A Set of planning years
(2030¢ 2040- 2050)
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Monte Carlo scenario generation and

reduction to reduce problem size

AGeneration of a high number of
MC planning years from a B ves, || - \ ‘ot
limited set of scenarios with mAal — N
nodal resolution ) | |

AReduction of the number of time
series based on clustering
technigues

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

“different

‘planning-year™




FlexPlan
Benders decomposition

Solve smaller problems, but solve them multiple times

AMain MILP problem:
A optimizesinvestments(binary variables)

A passes a set afecisions(whether to build network
components) to subproblems

O - A 15 LP subproblems (3 years x 5 scenarios):
A optimize operations(continuous variables)

A provide asurrogateof the operations costo the
main problem

main problem

subproblems

1 MILP
OLp A The decomposition is exagtot an approximation)

A It can be stopped at any time, providing an approximate result
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Implementation alternatives

Benders

decomposition

J

Manually
coded
algorithm

CPLEX builn
algorithm

with user
supplied
annotations

with automatic

modern variant :
annotations

classical varian
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FlexPlan
Comparison of different implementations

The performance of the different variants is very case dependent
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test_case = case67, number_of _scenarios = 3, number_of years = 3, preprocessing_repeatpresolve = -1,
mip_strategy_search = 2, emphasis_mip = 1, mip_strategy_nodeselect = 3, mip_strategy_variableselect = 0,

mip_strategy_bbinterval = 7, mip_strategy_branch = 1, mip_strategy_probe = 0

Performance of decompositions vs. single shot MILP problem (benchmark) on two different networks:

test_case = case6, number_of_scenarios = 3, number_of_years = 3, preprocessing_repeatpresolve = -1,
mip_strategy_search = 2, emphasis_mip = 1, mip_strategy_nodeselect = 3, mip_strategy_variableselect = 0,
mip_strategy_bbinterval = 7, mip_strategy_branch = 1, mip_strategy_probe = 0
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Performance of modern Benders decompositi

A As the size of the subproblems

increases:
How is CPU time split betweerain problemandsubproblem? A Time per iteration grows more

than linearly
A The number of iterations grows

Comparison with different number of hours: less than linearly
A Net effect: most of the time is spent
4 hours 45 hours on secondary problems
Solve time Solve time
_ Takeaways
o0 E ol A Thetime of each iteration depends
on secondary problem settings
| ‘ U \‘J L | \UJ‘ JALu ‘H iM\ MM J;ﬂ t Tune the secondary problem solver
ooo b MR Ll Ll i b R L WM WLl L . . : . .
0 w0 a0 0 1000 A Thenumber of iterations depends
terations — fterations — mostly on main problem setting
| I R secondary problems [ secondary problems .
Total time: 26 s — Threads: 4 e other Total time: 7772 s — Threads: 4 el other t Tune the main prObIem SOIVer
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Preliminary conclusions

ASolver tuning is essential both for decomposed and single shot solutions
A Challenge: finding suitable tuning parameters for different test cases

AThe effect of an improved parallelization has to be investigated. It may have a
beneficial effect to the simulation time.
A Tests: 9 (3x3) subproblems on 4 cores 3 passes
A Final configuration: 15 (5x3) subproblems on 16 cores 1 pass

ASo far, all tests have been carried out on single machines with limited
performance; performance on more powerful machines to be verified



Optimization of distribution network planning

FlexPlan

(taking into account that local flexibility can be reserved for transmission services)

Literature and experience demonstrates that

exploiting local flexibility @ can reduce
Investments in  reinforced lines and
transformers potentially leading to lower

planningcosts

Forthis reason,the EUdirective 2019944 states
that (art.32.3) the network development plan
shall also include the use of demand response,
energy efficiency, energy storage facilities or
other resourcesthat the distribution system
operator is to use as an alternative to system
expansion

distribution CAPEX

Distribution planning costs
distribution OPEX

distribution TOTEX

\ minimum
——

/

0 10 20 30 40 50 60 70 80 a0 100

Distributed flexibility reserved for transmission serivces %

CAPEX capital expenditure
(mostly related to new/reinforced network asset)

OPEX operationalexpenditure
(mostlyrelatedto the operationof flexibleresources)

TOTEX CAPEX+OPEX




Optimization of distribution network planning FlexPlan
(taking into account that local flexibility can be reserved for transmission services)

transmission CAPEX

However, the resulting DSGTSO share of Transmission planning costs
distribution flexibility might be non-optimal from
the transmissiorsystemperspective

transmission OPEX

transmission TOTEX

9—
Forthis reason,the EUdirective 2019 944 states \

that (art.40.5) transmission system operators
(shall) procure such servicesfrom providers of
demand responseor energy storage and shall 0 0 20 3 4 50 6 70 8 % 100
promote the uptake Of energy eﬂ:ICIenCy Distributed flexibility reserved for transmission serivces %

measures,where such services costeffectively
alleviate the need to upgrade or replace
electricity capacityand supportthe efficient and

secureoperationof the transmissiorsystem OPEX  operationalexpenditure
(mostlyrelatedto the operationof flexibleresources)

TOTEX CAPEX+OPEX

CAPEX capital expenditure
(mostly related to new/reinforced network asset)



Collaborative planning of transmission and distribution network FlexPlan

Forthis reason TSOand DSOshould coordinate - . —

L. . i ] . . Transmission + Distribution distribution TOTEX
the exploitation of distribution flexibility, which vlanning costs amemission TOTEX
can be beneficial for the planning of both the L T&D TOTEX

. op +
networksand, eventually,the entire system planning option
o
L R ——
Indeed,the EUdirective2019 944 statesthat _— : e
A Thedistribution systemoperator shall consult optimal distribution optimal fransmissio}
anning option lanning option
all relevant system users and the relevant il i ik
transmissiorsystemoperatorson the network ’ 0 ?’D?tb fjﬂ ,b_r’i" 5§f t o j" 0
Istripute exiniity reserve Or tIransmission serivces Yo
developmenplan. (art.32.4)

A collaborative (integrated)planningof both transmissionand distribution systemsallowsthe identification of
the global optimum, which doesnot generallycoincidewith the onesresultingfrom a separatedoptimization
limited to the perimeterof DSCand TSQOrespectively



Planning of distribution network

Flexible demand/generation/storagean provide a multitude
of services and distribution system operators could exploit
them asalternative planning optionwith respect to
conventional grid reinforcement.

min CAPEX

such that
Adistribution grid constraints are respected

FlexPlan

HV-MYV transmission network 220 kV %

0

CIGRE MV
1 benchmark

22020 kV

1.5 km




Planning of distribution network with flexibility FlexPlan

HV-MYV transmission network 220 kV %

Flexible demand/generation/storagean provide a multitude 0—
of services and distribution system operators could exploit . L cigGrEMY

them asalternative planning optionwith respect to T;] benchmark
conventional grid reinforcement.

min CAPEX+OPEX

such that
Adistribution grid constraints are respected

The engagement of existing/new flexible resources and
the related operational expenditure can be competitive
with respect to the reinforcement of grid sections.




Planning of transmission network with flexibility FlexPlan
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Flexible demand/generation/storag&an provide a multitude M et weoady
of services anttansmissiorsystem operators could exploit

them asalternative planning optionwith respect to

conventional grid reinforcement. 1Y

min CAPEX+OPEX

such that
Atransmissiorgrid constraints are respected
Adistributiongrid constraints are respected

A large portion of the available flexibility is expected to
be located at distribution level, and its exploitation for
transmission services needs to consider also lower

voltage systems.




Joint Transmission and Distribution Planning FlexPlan

Optimal planning (for the entire
system) needs the simultaneous
consideration of both distribution
and transmission requirements

Unbearable optimization problem for
state-of-the-art of mathematical solvers

AModel complexity (DC+AC OPF) Lack of transparency and standards

ADimension of the problem to exchange information among
(number of variables and transmission and distribution system
long-time horizons) operators

Decomposition of the joint transmission and distribution planning



