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Extended Benders Decomposition for CVaR-constrained unit
commitment decisions in pan-European energy system
models considering feed-in uncertainties
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Introduction
Motivation
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Energy Transition

» Vast increase of variable renewable generation

» Growing (absolute) forecasting errors affecting
trading on spot markets

Traded quantities at EPEX Spot and EXAA in TWh

Marketing Implications

|

» Increasing relevance of intraday/realtime trading to
compensate for forecasting errors

» Marketing risks due to uncertain prices and

guantities

Fundamental Market Modeling

|

» Integration of uncertainties into fundamental uc-
models leads to high computational burden through:

» Integration of forecasting-error scenarios

» Integration of risk constraints reflecting realistic risk-
averse behaviour

38
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Source: Monitoringbericht 2017 BNetzA
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Integrating a two-stage stochastic uc into an existing uc Bl UNIVERSITY

[sngeppopm b wanerceang b oispacn |
t ‘ A ,

Gnerating ]
Schedules Stage 1 (Day-Ahead) Stage 2 (Intraday)

ID-Quantities

Technical constraints
Risk (CVaR)

Commitment decision

Thermal
Power Plants

Startcosts
DA-Quantities

ID-Quantities

Technical constraints
Risk (CVaR)

Hydro
Power Plants

DA-Quantities

*: S. Raths, Marktsimulationsverfahren fuer einen dezentral gepraegten Strommarkt, Dissertation, Aachen, 2019
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Benders decomposition: QT T

= Splitting into one master problem and several

subproblems min | C,—A-Py
= |terative cutting of the solution space .
= Masterproblem: Tip |\Wip < |hp
: (%, :
= Coupling the scenarios — - .
» Day-ahead marketing decision x" L hup

Subproblems:

= |ndividual scenarios

» Intraday marketing decision subject to xV from A

optimality cut
msterproblem

» Returning feasibility oder optimality as new
restriction for the masterproblem

Iterative converging

7
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Benders decomposition s.t. conditional value at risk
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Masterproblem

min 1+p)-cT-x +|6, |+|B-6,
S.t. A <|b
E-Cut - 9_1I Sﬂ
CVaR-Cut I —Tll STI'

x:. DA decision variables

p: risk aversion parameter

cT: DA cost coefficients

A: unit restrictions
0,: lower bound E(ZFW,p)

6, upper boundCVaR(ZFWp)

Subproblem

qT.ywl

S.t.

Yw,. |D decision variables.

W,

1

+ T, - x

ID
Szenario 1

<|h

W, : recursion matrix

q”: 1D cost coefficients. T,, - technology matrix

. |

Iteration

26.08.2019
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Every iteration adds the
following to the masterproblem:

= Cutting plane of the expected
value of ID-costs

= Cutting plane for CvVaR

= Auxiliary variables for CvaR-

Cut
'®)

\J

Modification of the original
Benders decomposition
especially for risk-averse
decision processes




Methodology and Approach

Method extensions for runtime/memory optimization
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Decomposed model build-up

closed decomposed
. Masterproblem
Apa Ay | c.p |
Ly '.‘2.4'
(|t
: %, \ |_Subproblems_|
O —_

Single-Cut Multi-Cut

\
\

MIP-Starts / B&B Cutoffs

Hybridisation

Lower boudn 100 i
@ @ 19 Cutoff Value 140 Hybridisierungs-
upper bound criteria
v
Benders Q closed
xl : Masterproblem Masterproblem
¥
Subprobleme Subprobleme
X I
Masterproblem Masterproblem Ap,
S S i ] B
[ J [ J Subprobleme Subprobleme : [N
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Runtime improvements due to add-ons I/EI-IT Bl UNIVERSITY
Single-Cut Benders Multi-Cut Benders
= The majority of power plant models T )
converge completely within one . B .
iteration. 2 2
* 94,97 % in Single-Cut-Mode 5 ) 5 2
= 0511 % in Multi-Cut-Mode § §
2, 21
= Multi-cut variant always requires § - E
less or the same number of o I 0

iterations as single-cut variant

= Significant reduction of the
solution time with the Multi-Cut
variant

= Further reduction through
implemented extensions:
= MIP-Starts
= B&B Cutoffs

Single Single extended Multi Multi extended

26.08.2019 Nobis et al., IAEE European Conference 13
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Runtime improvements due to decomposition oo

technik

0.8 : : .
= Average solution time over all thermal power é 06
plants for one year = o
o U
= Extended Benders process combined with o 0
hybridization approach leads to a significant 2
reduction in solving time 0
closed Benders Benders
w/o hyb w hyb
L5 T T T T T
= Average solution time across all thermal |—©— Benders |
power plants for selected week on desktop 5 | T8 closed
1
computer £
=
L
= Linear increase of the solution time with the 2 .
. (%2]
number of scenarios 5
=
* |ncreasing solving time improvement for 0

benders

Number of intraday scenarios

Nobis et al., IAEE European Conference 14
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Build-up time and RAM requirements Hochspannungs-

technik

0.4
= Build-up time indepentend of model instance  [—o— Benders
03 || === closed
= Diagonalization of restriction matrices in )
- - - q)
closed solution time-consuming E o2
>
. . °
= Constant build-up time for benders due to 5 o
decomposed model construction (no
diagonalization) ’
600 T T T T T
| —©— Benders
= - |—©— closed
. . .9.400
= Linear increase of the absolute RAM 2
_ _ R
requirement in both cases T
()
) g 200
» Reduced RAM requirement due to g
decomposed model structure &
0

Number of intraday scenarios
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Exemplary Results — RWTH
Simulated electricity prices stochastic model IIEI-IT Bl
Simulated elec. Prices in cal. week 4: stochastic model
[ | [ [ [ [
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_ Yearly optimization results
Price spread
mean Std-dev
= Forecasting error ) Day-Ahead Intraday Day-Ahead Intraday
shows an offset ! Empirical [ a5 06 T P
: i 32,76 -+ 33,14 7 ! 12,77 o 13,4
" ImpIICIt Incentlve for ;"""""""""""'l‘_’_'_'_'_'_'_'_'_'_'_ZM'}'{VZQZZZZZZZZZZZZZZM'}/Z\'{Z}};Z' MWh MWh
i Optimization | _£ _€ _€ _€
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Physical production and marketing quantities o

technik

= Comparison of generation quantities of stochastic simulation with real data (ENTSO-E) and
simulated quantities from deterministic simulation

» [ntraday marketing volume: balance of positive and negative trading volumes (weighted with the
probability of occurrence of the scenarios)

150 | | |
< | ... ... | stochastic Optimization DA-Quant.
E .................................................................................................... |:| Stochastic Optimization ID-Quant.
e I B Dcterministic Optimization -
= — B empricQuanties N
Q [ R R
e
m ...........................................................................................................................
8 50
O | B0 B
RGN | [EEEEN 00 BEEEE | B | I
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) Y 000 | B R

0 |

Lignite Hardcoal Nuclear Gas Oil

©

Satisfactory representation of the real production quantities
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