DOES DEMAND RESPONSE MAKE IT WORSE? IMPACTS OF AVALANCHE EFFECTS
OF PRICE-OPTIMIZED VEHICLE CHARGING ON THE ELECTRICITY SYSTEM
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Motivation

ca. 1000 <1.000
power plants

" Decarbonisation of the transport sector necessary 1990 a l l ‘

Substitution of conventional fuels
Diffusion of different power trains (BEV, PEV, H2)
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Definition: Avalanche effect

> Overreactions of demand response [4]
A DR signal is created in order to incentivize load shifting

Automated devices react to this signal by rescheduling
their load

Original peaks are eliminated, but alternative peaks occur

[5-7]

incentive to shift load
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Research Questions

What are the impacts of (sub-)optimal charging on the electricity system and on user benefits?

Can controlled EV charging cause avalanche effects?

How does (avoiding) an avalanche effect affect EV-owners’ benefits from controlled
charging?
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Methodology - EV modelling and DR using eLOAD

Load Projection Demand Response

Methodology Methodology

Partial decomposition of historic system load Simulation with embedded optimization

" Minimal cost allocation of load of suitable processes
= Simulation of the composition of system load and from user perspective
its long-term development " Mixed-integer optimization of process-specific
= Consideration of process-specific alterations electricity demand
* No behaviour changes assumed ® Dynamic restrictions for mobile storage

" Hourly resolved system load for 2030 and 2050 " Aggregated process-specific load curves of flexible
before simulation of DR load after optimization

" Long-term development of the system load curve in " Hourly resolved system load after DR
order to identify structural demand changes
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https://www.forecast-model.eu/

Methodology — price prediction

B Residual load &

actual spot prices 70000
for 2015 60000 =
50000 <
40000 B
M Predictions using 30000 f
different polynomial 20000 _g
regression fits 10000 @
0 04

1 4 7 1013161922 1 4 7 1013161922 1 4 7 10 13 16 19 22

1 187 231
days and hours of day

mmm residual load —e— actual price

linear regression - guadratic linear regression

----- cubic linear regression

Data source: [8]
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Methodology — Variation of cohorts

Simulation with 1 cohort Simulation with 10 cohorts
5000

4000
3000
2000
1000

Load in MW

i1 3 5 7 9 11 13 15 17 19 21 23
Hour of the day

1 3 5 7 9 11 13 15 17 19 21 23
Hour of the day

" cohort #1 ® cohort #1 w cohort #2 m cohort#3 ® cohort #4 cohort #5

cohort #6 M cohort#7 ™Mcohort#8 Mcohort#9 ™M cohort #10

M Total hourly demand of electric vehicles is devided into cohorts — groups of vehicles

B Variation of number of cohorts (i.e. vehicle groups) from 1 to 10

B Optimization order of cohorts fixed during all model runs
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Case study for Germany

Data in TWh
Case study Technology
2030 2050

2030 & 2050
Charging at 3.7 kW 100.7 180.8

Central coordination of DR 161.0 352.5
Share of EVs participating in DR program Wind offshore 52.6 73.4

B 2030:50 %

Net total electricity 578.0 853.0
E  2050: 100 % LETEE
Electric mobility total 22.3 95.3

Electric mobility - private
passenger cars

15.4 81.1

data source [9]
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Results
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Systemic Impacts of DR — 2030

Change of EV charging load (i. e. hourly demand after DR minus hourly demand before DR)

—e— DR - 1 cohort
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% = —— DR - 5 cohorts
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9 : Wholesale price
s " without DR
o
w
24 6 8 1012141618202224 2 4 6 8 10121416 18 202224 5
Day 141 Day 142
Hour of the day
M Moderate impact on price due to low leverage of charging load
B Load change patterns similar for all cases
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Systemic Impacts of DR — 2030

Residual load without DR and after applying DR for varying numbers of EV cohorts

2030

70,000 A
60,000 -

50,000 -

40,000

titttl

30,000 -

20,000

2 4 6 81012141618202224 2 4 6 8 10 12 14 16 18 20 22 24
Day 141 Day 142
Hour of the day

No DR

DR - 1 cohort
DR - 2 cohorts
DR - 3 cohorts
DR - 5 cohorts
DR - 10 cohorts

M Slight reduction of peaks and filling of valleys

B Positive systemic impacts in all cases
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Systemic Impacts of DR — 2050

Change of EV charging load (i. e. hourly demand after DR minus hourly demand before DR)
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—e— DR - 1 cohort
—— DR - 2 cohorts
—o— DR - 3 cohorts

—+— DR - 5 cohorts
—s— DR - 10 cohorts

Wholesale price
~ " without DR

Very uneven charging load dispersion for 1 & 2 cohorts
Leverage of EVs is sufficient to have an impact on price

Dynamic update of price leads to smoother distribution of charging load
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Systemic Impacts of DR — 2050

Residual load without DR and after applying DR for varying numbers of EV cohorts
2050

120,000 -
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80,000 -

Residual Load in MW
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20,000 -
0-
2 46 81012141618202224 2 4 6 8 10 12 14 16 18 20 22 24
Day 141 Day 142
Hour of the day

titttl

No DR

DR - 1 cohort
DR - 2 cohorts
DR - 3 cohorts
DR - 5 cohorts
DR - 10 cohorts

Substantial impact on residual load
Avalanche effect for low number of cohorts

Avalanche effect avoided when DR signal is updated between cohorts
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Results — Cost Implications for EV Owners 2030

Average charging costs 2030

B Noticeable financial benefits of DR in terms of
electricity costs

M Cohorts at the top of the optimization queue
receive higher cost savings

mcohort#1 mcohort#2 mcohort#3 © cohort#4 mcohort #5

mcohort #6 mcohort#7 mcohort #8 mcohort #9 mcohort #10

DR with 1 cohort

DR with 2 cohorts

DR with 3 cohorts

DR with 5 cohorts

DR with 10 cohorts

No DR (real time price)

No DR (flat tariff)

Cost in Euro/MWh
0 10 20 30 40
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Results — Cost Implications for EV Owners 2050

Average charging costs 2050

Cost in Euro/MWh

20 10 0 10 20 30 40
B Substantial price reductions with DR (up to the DR with 1 cohort
point where negative prices are paid to the EV —
owner) DR with 2 cohorts
M High spread between cohorts DR with 3 cohorts
M Real time price without DR even more costly than —
in 2030 DR with 5 cohorts T —
DR with 10 cohorts g
[
No DR (real time price) —
mcohort#1 mcohort#2 wmcohort#3 = cohort#4 mcohort #5 . —
No DR (flat tariff) —_—

mcohort #6 mcohort #7 mcohort#8 mcohort#9 mcohort #10
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Conclusion & Outlook

Demand Response

B Demand response reduces demand peaks and helps integrating RES

B Further research on sufficiency of financial gains from DR and user preferences needed

Avalanche effects

B DR without update of DR signal has severe negative systemic implications
M Disaggregation of EVs and pricing can avoid avalanche effects

M Strong impact of optimization order on cost savings of controlled charging
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Methodology — eLOAD (energy LOad curve ADjustement tool)

eLOAD '\

energy LOad curve ADjustment tool

1. ) EV charging + system

e load curve Assessment of

economic and

Projection
module

systemic
implications of DR
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demand Hourly demand
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DR parameters
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Methodology - Simulation of demand response of electric vehicles

100%
B Mixed-integer optimisation embedded in the simulation of total demand 90%
hmax hmax 80%
. . : 70%
Min Pispj - (pj —pr)h #J, h,j € [Amin, hmax] 60%
h=Rmin J=Rmin 500 = Driving
40% m Public
30% = Work
EVs are aggregated during the optimisation 20% = Home
load Pz, hours h & j, DR signal p; 10%
0%
Rpin and Ry, 4, correspond to 1 and 24 for the first day 1357 911131517192123

Hour of the da
365 optimization blocks Y

Share of private passenger cars parked at
home, at work, in public spaces and
driving for each hour of a day.

Capacity and load restrictions of mobile EV storage are considered
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Methodology - price prediction

B Challenge: Demand side model — no endogenous calculation of spot prices

M Solution: Endogenous price prediction using modelled future residual load (2030 + 2050)

B Polynomial regression using historic data
dependent variable: Spot market prices 2015

independent variable: Residual load (demand minus (PV + wind onshore + wind offshore)
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Price prediction using historic data

250 \
L .\
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Results — Systemic Impacts of controlled EV charging

2030 2050
5000 .
§ 24000 _ 40000 EV charging load
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< 5000 E 20000 DR modelled with 10 cohorts
S 1000 g 10000
0 S 0
14 71013161922 1 4 7 1013161922 14 710131619221 4 7 1013161922
Week Sun Week Sun
day / hour of the day day / hour of the day
charging load before DR charging load after DR
5 s 3%
U s .
2 40000 ~~-'“\ ," \ ’~~“ 2 40000 "..'.-.br. ,{.,. ...... } N ,:::~ ReS|dua| Ioad
£ 20000 “es? ~e-. / £ 20008 '\':_/ TRe, & .
B N, T 20000 Neveeeersf DR modelled with 10 cohorts
S 0 hdl S 40000 st
- -
-20000 -60000
14 710131619221 4 7 1013161922 14 710131619221 4 7 1013161922
Week Sun Week Sun
day / hour of the day day / hour of the day
..... residual load before DR «eseeeeee residual load after DR

\

~ Fraunhofer
ISI



	Foliennummer 1
	Foliennummer 3
	Foliennummer 4
	Foliennummer 5
	Methodology
	Methodology - EV modelling and DR using eLOAD
	Methodology – price prediction
	Methodology – Variation of cohorts
	Foliennummer 10
	Results
	Systemic Impacts of DR – 2030
	Systemic Impacts of DR – 2030
	Systemic Impacts of DR – 2050
	Systemic Impacts of DR – 2050
	Results – Cost Implications for EV Owners 2030
	Results – Cost Implications for EV Owners 2050
	Conclusion & Outlook
	Foliennummer 19
	Foliennummer 20
	BACK-UP
	Methodology – eLOAD (energy LOad curve ADjustement tool)
	Methodology - Simulation of demand response of electric vehicles
	Methodology – price prediction
	Price prediction using historic data
	Results – Systemic Impacts of controlled EV charging

