A{]]

Karlsruhe Institute of Technology

on Mixed Random Variables?

Probabilistic Day-Ahead Battery Scheduling based

Janik Pinter, Frederik Zahn, Maximilian Beichter, Ralf Mikut, Veit Hagenmeyer

Probabilistic Forecasts

@ Renewables increase uncertainty in power generation @ Forecast Prosumptonp,
® Interplay of uncertain consumption and production ® ML-based autoregressive  ° JL. ST
demands new uncertainty management strategies forecast creation s. | T [
@ How to use a battery to quantify and reduce the ® Here, assume that P, s,
uncertainties on a building-level? ‘PB lPL ‘PG follows the sum of two % _____ :
> How to share quantified i normal distributions: a -6 L T o and 95% Quantie
uncertainties between S N T | wy Gm® o Gep? | e Medar
= fp, (2) = (e 2 4 X2 2E ) L S S S SRS
a battery system and the = ’ V2m o 02 O N
power grid? Battery Prosumer  Grid 5 fap,(2) = fp,(z + E[PL]) )

Institute for Automation and
Applied Informatics (l1Al)

Fundamental Idea

BATTERY

B Use Mixed Random Variables to @ Green part that Is fed into the battery

power Intervals instead of single AP, = AP; .5+ AP;_.c:

setpoints (restricted via x and x)

Stochastic Optimization Framework

- ) @ Divide the forecasted Prosumption PDF into a GRID

model battery power uncertainty @ Purple parts that are injected Into the grid to model grid power uncertainty
v AP <2 o AP —z AP <z
APLop= AP o <APL <z ?}f@\@‘ / % AP g =10 r < AP, <7
X T < APy, QO ~////// AP —x < APy
P1 8 - Do
NN \\///// MW
® With that, schedule battery \\\\\\\\ % /////% S ® Grid power uncertainty contains

4 )

B Use Mixed Random Variables*

discrete event at zero

~=~<_ =—— Nominal Battery State

— Expected Battery State the associated uncertainty

; Optimization fap,,
M o Find optimized schedule and minimize
A/”/% deviations from the schedule <
/ // _ . ] <0 ] ~0 D1 § _ D2
/////////// = ObJ FunC..C — f(pGa t[APL—>G]7 4"[APL_>G]) \\\\\\\\\\\\\\\\\\\\\&\\\\\\X\\\\\\\\\\ ;
T - > ® Decision Variables: P, T, T *contains continuous and
\_ discrete parts in the PDF |
Results § Probabilistic Grid Schedule §
............. g | @ Obtain both highly quantified probabilistic geuce go,, N
%ﬁe@,e‘?’f‘;«\@}/’ battery and grid power schedules ?| Criticy t?::e zuring
) ) / erj
c ’6“?“\’9 pe“°d ' @ Battery system can be used to influence the o N °d o

expected power exchange with the grid, as
well as for asymmetrical compensation of

_______________________________________________

—————————————————————————————————————————————————————

Grid Power [kW]
|
N

0.2

B = Nominal Grid Power
g —— Expected Deviations

suolleinaq 4o Alljiqeqoud

S Min/Max Battery State
| 4 SR S N R N R el / ] ) ] \ e | ---- 5% and 95% Quantile
T s e o s S e Intra-Day Scheduling Grid Impact Analysis B Y S S aam el
v Q- \X° ol R v * ’»0 S Na N3 R ’»0 R
'3)\02:5.00 v N N rﬂ\?’\gzggo O U t I 00 k &\gzgg rﬁ@\gzgg
- / _ Flexibility Markets PV Curtailment ~ /
\ %
Contact References
Janik Pinter [1] Pinter et al. (2024) — Probabillistic Day-Ahead Battery H E LM H 0 LTZ
janik.pinter@kit.edu Scheduling based on Mixed Random Variables for SPITZENFORSCHUNG FUR
\ KIT-1Al Enhanced Grid Operation GROSSE HERAUSFORDERUNGEN

KIT — The Research University in the Helmholtz Association

www.kit.edu



