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1. Motivation
System

Grid-connected single-family house

PV plant for self-consumption

PV Array

Electrical load

« heat pump for DHW supply 1 3
« lithium-ion battery for improved self-sufficiency
- two degrees of freedom that need to be managed Distribution |~
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1. Motivation
Multi-Use

« three main objectives

— high security of DHW supply

PV Array

Electrical load

— minimize operation cost 1 '}
— maximize components’ lifetimes (especially battery)
Distribution i"
. . . grid i
« Solution: model predictive control (MPC) i
. . ! p
1. forecast external variables and system behaviour Q; :
over time horizon i Prp
! \ 4
2. optimize decision taking into account forecasts {Z}N Heat
| FR—
3. apply only first part (e.g. 15 min) of decision and ; ; pump
re-optimize afterwards Energy | | ; 1
manage- [T TS B
ment i ]
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battery storage | .
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1. Motivation
Model predictive control

Solar User

Objective function | Model predictive controller irradiation 1 1 behaviour

i i B HP zet:

b  S——  — J Controlled

P i P P system

Optimization! Forecast | G, lims B,zet

I I |ﬁ g

i  Model | Module ‘! Grid >

b e power

controller

PPV: PL: Q)HW

Battery and heat storage states
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2. Methods
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2. Methods
Overview

How to measure energy management performance?
What characteristics of forecast errors might be important for energy management performance?
How to measure impacts on energy management performance?

How to ensure high reliability of the results?
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2. Methods
How to measure energy management performance?

Performance criteria

that are impacted by forecast errors

cost

PV curtailment

degree of self-sufficiency
quality of DHW supply

How to model them?

highly nonlinear relationship and more influences
than just forecast errors

difference to ideal values when using ideal
forecasts = better, but difference accumulates

change of difference > events - model occurence
instead of extent

0.006

0.004

0.002

©
o
S
S

curtailment difference change

Change of curtailment difference
over time for real and ideal forecasts

— change of curtailment diff.
greater than mean

0 100 200 300

time
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2. Methods
What characteristics of forecast errors might be important for EM perf.?

Power time-series forecasts are very complex

three physical variables to forecast

PV power

electric load power

DHW ,load” (enthalpy flow, equivalent to power)
time horizon of 16 h in 15-minute intervals

all of this every 15 minutes

errors in the past may have influence on the future

Solution: feature engineering

extraction of characteristics of forecast errors that
could have an influence

here: manual feature engineering for interpretable

features

PV power (forecast)

PV power and 16 h forecast

10 15

time of day

simulation
—— ideal
— real

20
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2. Methods
What characteristics of forecast errors might be important for EM perf.?

Power in the next time step Difference in energy content F1Y
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2. Methods
What characteristics of forecast errors might be important for EM perf.?
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2. Methods
How to measure impacts on energy management performance?

« correlation is not sufficient due to correlation — How much does p change due to changes in one
among influences influence?

« regression isolates individual contributions

Inp
1-Inp

. |ogistic regression: =a+b-x;+c-xy+ - — Semi-standardized change in probablllty

A . . o _
o Logistic function S5 = p(x1 =% +71,x,- _ x,-)
o _
- p(xl_xl ?1,3(] =x])
o 0.5
0.0
= -2 0 2 B

BTX=a+b-x1+C-Xs+ ...
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2. Methods
How to ensure high reliability of the results?

Questions on possible problems Solutions

- Is the relationship identified by the model adequate — ,Pseudo-R? values”, here ,coefficient of

or is it just outputting some random noise? discrimination” measure model adequacy
« Are the results reproducible? — Carry out study for multiple households instead of
just one
« How sensitive are the results? — Vary the energy management strategy to see if the

results change

— Vary the reference point for the semi-standardized
change in probability (not shown here)
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3. Simulation design and results
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3. Simulation design and results
Simulation design

Load: 20 households from HTW Berlin dataset
PV: one timeseries scaled to 1.5 times load energy
DHW: created probabilistically using DHWcalc

Battery: either around 5 or around 10 kWAh,
depending on PV size

PV Array Electrical load

Distribution

grid i
Heat pump: 750 W electric power !
. . i P
Heat storage with electric heater: 300 |/ 1500 W Q: PL
L HP
] \ 4
i _____ Heat
i i pump
Energy i i
manage- [~~~ 1 1
ment i ]
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battery storage | .
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3. Simulation design and results
Simulation design

— Solar User
Objective function r@gﬂql_p_;r-@qt}y_q P_QI}EC_'I_IF_T_l irradiation behaviour
! ! Pip gt
»(|  Optimization Solver | - P
R  S—  — J Controlled
T I i P P system
'Optimization] Forecast | G, lims _ B et
»! Model | Module | »  Grid >
b Ao power
— controller
PPV: PL: %HW
Battery and heat storage states
Feed-in peak shaving Double-sided peak shaving
« lower limit always O « only peak shaving: grid feed-in and buy limits from

« upper limit either Optimization: ,DDPS”

 also with load levelling : grid feed-in and buy limits
are both set to first time step’s grid power from the
optimization: ,DDLL"

— grid feed-in limit from optimization: ,PVPSmax"

— grid feed-in at first time step from optimization
(usually lower): ,,PVPSnext"
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3. Simulation design and results
Simulation results

Criterion = cost 0.70 Criterion = self-sufficiency Criterion = PV curtailment
800 °  Forecasts > ° 0.05
o
B ideal °
BN real 0.65 0.04 o

600
o) 0.03 T
5 0.60
M .
= 400 0.02

0.55 0.01 -
200
0.00
\v © ¥ L
WV N3 & &
X S Q(.o@ Qfo°
A N
Q Q
Energy management Energy management Energy management
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3. Simulation design and results

Spread of impacts

Legend: forecast error features

fron

next time step’s power

Impacts on PV curtailment by feature and energy management:

PV forecasts

el. load forecasts

DHW load forecasts
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Fr. | energy content '
% . l J.J- l 1 J.J- L1171
frygm | Maximum power o '
-0.005
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-0.010
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TECHNISCHE The Impact of Forecast Uncertainties on the Model Predictive Control E/s
UNI\gERSITKT of a Domestic PV Battery Heat Pump Heat Storage System Slide 19 of 25
DRESDEN

Chair of Energy Storage Systems, Dipl.-Ing. Ronny Gelleschus, 23.01.2024

Chair of Energy
Storage Systems



3. Simulation design and results
Selected impacts over lag

Impacts of energy forecast errors on PV curtailment over lag
Feature = PV energy content Feature = el. load energy content
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3. Simulation design and results
Most influential forecast error features

Most impactful forecast errors on curtailment by energy management

PV / next time step's power 10 10 11
0 energy content 3 5 4
= maximum power 2 6 3 -0.0006
8 power at actual maximum 5 3 5 '
Ny time of maximum 14 14 (K
o ¢l load/ nexttime step's power 7 7 9
e energy content 1 1 1
LY maximum power 6 4 8 0.0004
& power at actual maximum 4 2 2
= time of maximum 13 13 14
@ DHW load / next time step's power 8 8 7
% energy content 9 9 6 0.0002
> maximum power
i power at actual maximum

time of maximum

DDLL DDPS PVPSmax  PVPSnext
Energy management
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3. Simulation design and results
Most influential forecast error features

Most impactful forecast errors on cost by energy management
PV / next time step's power 8

energy content -0.10

maximum power

power at actual maximum
time of maximum -0.08

el. load / next time step's power
energy content

maximum power

power at actual maximum

time of maximum

DHW load / next time step's power
energy content

maximum power

power at actual maximum

time of maximum

0.06

0.04

0.02

Physical variable / feature
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4. Conclusions and outlook
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4. Conclusions and outlook
Conclusions

 reliable identification of important influences Impacts on PV curtailment by feature and energy management:
PV forecasts el. load forecasts DHW load forecasts
needed rather complex array of methods

- results: 0.000 -?.HH%HH_ %Jr%\%.}_ A

o
g
. o e . )
— individual PV or electrical load powers not very Yoo
important (even for next time step)
-0.010
— energy content forecasts are what matters most
“y o {Q X h3 (N x ~ N X
w G w O ' O
i i i . Most impactful forecast errors on cost by energy management
« most important limit of these results: BV next e step's pove e y energy manag
. . g energy content -0.10
— other energy storage applications 8 pouier at e Poer
hay time of maximum -0.08
® el. load / next time step's power
e energy content 0.06
e maximum power .
© power at actual maximum
ks time of maximum 0.04
8 DHW load / next time step's power
& energy content
E\ maximum power 0.02
o power at actual maximum
time of maximum
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4. Conclusions and outlook Py Ay Eectrical load

Outlook ; #

¥
Forecasts Distribution |
. . grid
« evaluate methods with respect to important o 1, ,
. Ni"6  yFlpy L
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- modelling uncertainty [~ oot
— i pump
Energy F Y E
Optimization ment v .
Lithium ion L__ Heat
- adequately take into account information about 1 I battery storage [
uncertainty
Solarl lUser
Objective function | Model predictive controller » irradiation behaviour
Energy management evaluation >l Optimiztion Solver —= (I
' imizations i * > system
- implement forecasts and optimizations into MPC | foptmmtion) Forocast || Poame L Thew )
- see if performance improved | contoller
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Transfer findings to other applications and into Rattory and heat storage statcs
practice
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