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Theproblem of uncertainty in
EnergySystem Modelling



Theproblemof uncertainty inenergy systermodelling

Pathdevelopmentof anuncertainparameter
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A Longterm capacityexpansiorplanningrequiresmakingdecisionsiow,
whichhaveanimpactonthe energysystemfor severaldecades

A Contextscenariosangivea generaldirectionof developmenthowevera
largenumberof consistentsub-scenariosre possible Thecurrent
approachusuallyconsidernlythe mainscenaricandevaluates
robustnesdy sensitivityanalysiof subscenarios
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Benders decompositicgeparating capacigxpansion

planning andeconomic dispatch

Benders decomposition for two Mathematical formulation in LP table
stage stochastic optimization

(L-shaped Method)
[Benders 1962 and V&lykel 969] Capacity

Expansion
Planning

‘ Investment ‘ Operation & Maintainance ‘

1st Stage:
Capacityexpansiorg
Installedcapacities

2nd Stage:
Dispatchg
Generation variables

Master problem:
Capacity

A Decide nowvhich capacities S
should be expanded

Dispatch

‘ Electrical Demand ‘ Capacity Limits ‘

Sub problem: Linking variables:

A Decide latepn economic InstalIeglcapamﬂesconnecﬂ_nghe capacity
dispatch to satisfy electrical expansiorproblemandthe dispatchproblem

demand with capacities given
by master problem
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Benders decompositicgeparating capacigxpansion

planning andeconomic dispatch

1. Twestage decision tree 2. Multistage decision tree
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Currentimplementationof stochastic
programming



TheREMiModel

GAMS
1 SIMPLE

sage Statistics
Population/Land Use
Climate/Weather Data

"t

Energy Data Analysis

' Heat Result: Strategies for Generation, Transmission and Balancing
Hourly aperation pattern of each technalogy, installed electric and thermal capacities

A Capacitexpansiorplanningand A Simplifiedversionof REMixused

economiadispatch asadevelopmenplatform

A Highspatia) temporaland A Scalabilitpf modeldimensions
technologicatesolution by genericdatageneration

A Modularapproachio includeheat U Modifiedfor demonstrating
sector electromobility DSMand implementationapproachesor
others stochasti@optimization
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Implementatiornof Enhanced Bendetiecomposition

approaches

GAMS SimpKlodel: Deterministic version of

A Capacityexpansiorplanning The GAMS SIMPLE model
andeconomiadispatch

l

1. Implementatiorof a Benders

decompositiorapproach
Seperatingapacityexpansion Master problem Subproblem:
el ezl gl en Investment decision Economic dispatch
@
/. >
Suggestedolution OptimalityCut
Capacitiedor installedplant capacities Informationaboutthe marginalsof the first

electricstoragesandlinksfor eachregion | |stagedecisionvariables
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Implementatiornof Enhanced Bendetiecomposition

approaches

' Master problem Subproblem:

1. Implementatiorof a Benders Investment decision Economic dispatch scenarios
decompositiorapproach

Seperataegionsandtype

i Setof uncertainparameters
: : Electricademand
2. Stochastienodelwith Fuelprices

Wind timeseries
Solar timeseries
E-mobility usage

scenarios
A Eachscenarichasa /O
probability >0
A Stochastienodelis still single
threat

T> J> T T I

A Eachsubproblenisweightedby a probabilityandrepresentsa specificset
of assumptiongor uncertainparameters
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Implementatiornof Enhanced Bendetiecomposition

approaches

2. Stochastienodelwith
scenarios

3. Simple Computing 4, Gridcomputing 5. DeterministidModel

A Scenariosire processewne A Scenariosindpartsof the A Onemodellfor masterand
afteranother modellcanbe placedin subproblem

severakthreats

Testingwith Testingwith Testingwith
Modelnodes 3 Model nodes 3 Model nodes 3
Scenarios: 100 Scenarios: 100 Scenarios: 100
<< 34 GB RAM = 34 GB RAM =40 GB RAM

A Small ESMith 3 powerplants 3storages 2nodelinksand8760h

A FormulationasDeterministidEquivalentfor smallproblemsfasterthan
Benderdecompositionbutleadsto memoryrestrictionsin largemodels
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Implementatiornof Enhanced Bendetiecomposition

approaches
Deterministic Equivalent Benders Decomposition
— Operation & Maintainance ‘ Operation & Maintainance ‘ MaSter SprrObIem
Scenario 1 Scenario 2 O
Capacity % /
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§ 1 Expansion constraints Scenario 1
Planning

A Size of LP increases with number of A Subproblemsan besolved in parallel
scenarios, solved by SIMPLEX / Barrie  Memory demandcalesvith number

A Out of memonyor typicalREMix of parallelsolve processes
problems with scenario dimension
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Improvementy optimality cut type

Singlecut Multicut Clustercut
A Oneoptimalitycut per iteration A Eachsubscenarisubmitsan A Eachclustersubmitsan
issubmittedto masterproblem optimality cut eachiteration optimality cut eachiteration
, O O | ®)
Weightedby Weightedby
scenarioprobability O Q@ scenarioprobability )
o) o) T o)
O O O
o | e C o ¢ o
O O - O
@ @ L @
@ Master: Investment O O O
© subproblemDispatch o @ ®

A Multicutsgivedetailedinformationbut increasecomplexity{Birge1988
A Singlecutsiggregatenformationtherefore moreiterationsare necessary
A Dynamicswitchingbetweencut-typesis possiblg Skar2014]
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Improvementto achieveasychronity %;AM_ME
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Synchronoudodel AsynchronousModel
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Iteration 1 Iteration 2 Iteration 1 Iteration 2 Iteration 3 Iteration 4

t

A New Mastercanbe startedassoonasa fractionof scenariosresolved
new iteration hasonly partialinformationthereforethe numberof
iterationsincreasegLinderoth 2003]

A Tradeoff betweenmoreiterationsandparallelisation

M. WetzelandF. Borggrefe (DLR) Applicationof Stochasti®Optimizationin ESM  21.09.2016



Algorithmparameters

Typeof
e . SIMPLE Model
. cuts cutsper : :
Deleting ® < \scenaric Optimality Cuts
optimality
cuts? O
GUSSIsage
Nli]rggggof _— @ Fractiono J
O solved Asynchronity
- scenario
Numberof O ] @ )
- ® Solveroptions
= Numbero
N - @ concurrent
umberof !
technologies O masters
Solvelink
® andSolver

Numberof
clusters

Cluster
submission
by GUSS

Numberof
scenarios

A Largenumberof parametergo optimizeperformanceof Enhanced
BendersAlgorithmmakingsystematidestingnecessary




Computationatestresults %;AM_ME
o

Method Clustercut Multicut Multicut + TR| MC +TR + GUS

lterations

Timeto solve 5:54 h 4:42 h 3:14 h 2:51h
CPUoadmax 300 % 449 % 466 % 134 %
CPUoadavg 66.9 % 70.8 % 56.2 % 18.6 %
RAMusagemax 0.58 GB 0.58 GB 0.48 GB 0.67 GB
RAMusageavg 0.11 GB 0.16GB 0.11 GB 0.26 GB

A Modelbuildingtime limiting constraint modelsare solvedfasterthan
generatedhereforelow averageCPUoad( 100 %equalsl coreout of 32)

A Exchangef informationbetweenGAMSandsolvercanbe acceleratedy
usingsharedmemoryandrunningGAMSndCPLEX differentthreads
thiscomesat the costof increasednemorydemand
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Challengeandpossiblamprovements



Challenges %; AM-ME
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A Reducingomputationabverheadoy usingmethodswhichsimplifyor
reducemodelbuildingtime (Usageof GUSSexternalizingnodelbuilding

A BalancingoPUoadfor migrationto highperformancecomputing

A Generatingetter cuts- insufficientelectricalgeneratiorwill causeall plant
typesin aregionto be built

A Deletingunusedcutsin orderto keepthe masterproblemassmallas
possiblevhileretainingimportantinformation

A Improvingthe startingpoint for the TrustRegiorapproach

A Combiningtochastimptimizationwith decompositioron the scenaridevel
(decopositionn modelnodesor timestepy in aNestedBendersapproach
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Challenges
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A Largescalescenariowith typicalsynchronousehavior
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A Gapsndicatesolvingmasterwhile peaksrepresentparallelsubproblems
A HighcorrelationbetweenCPUand memoryloadindicatingscalabilitywith

numberof parallelprocesses
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Applicatiorto path optimization

Motivating example
i from introduction
/
e —— —Base
Low
2014 20IZO 20I3O 20I4O 2050
Result

3 Contextscenario
pathwaysincluding
3 subscenariogach

M. WetzelandF. Borggrefe (DLR) Applicationof Stochasti®Optimizationin ESM  21.09.2016



Applicatiorto path optimization

Masterproblem Subproblems
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A Applicationof Bendersdlecompositiorin capacityexpansiorplanningand
economiadispatchleadsto alargenumberof subproblemsvhichcanbe
solvedin parallel
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