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Evaluating regulatory measures in the German energy transition:
A European multimodal market optimization approach including
distributed flexibilities
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Introduction - RWTHAACHEN
Motivation and Aim I/EI-IT i UNIVERSITY

= Climate obligations and decreasing ressources force us to

» Include renewable energies into the power market
Composition of Retail Electricity Price

. = Concession Fee
~ B Tax

VAT

= Electrify other sectors such as heat, transport,. ...

= Large amounts of additional REN capacities
have been installed in germany in the last years

m EEG Lewy

= Cogeneration Levy

[ ]
StromMNEV Levy
m Offshore Liability Levy
m Net-Grid Charge
m Billing, Measurement
I,I"I . = Wholesale

How to adjust these issues though adapted taxes and levies?

= But...

= Additionally, sector coupling is inhibited due to taxes and levies

» Subsidies are decreasing and regulation pushes
REN into direct market participation (using aggregators)

—> Integration of decentral generation (DG) into a pan-European market simulation considering
- All techno-econmic constraints of hydrothermal power-plants
- Market coupling conecting markets within ENTSO-E
- DG have to perform as an individual acctor in the wholesale market
- Balacing of DG either on local or wholesale markets

31.05.2019 Institute for High Voltage Engineering — IAEE International Conference Montreal 2019 3
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Pan-European Market Simulation
Overview on European Lagrangian Relaxation

Hochspannungs-
technik 4

Scenario: Local Virtual Power Plants within Market
Simulation

= Optimzation of the locally defined supply task through
aggregators/LVPP

» Taking into account/varying regulatory price components

» Analysis of economic feedbacks

Data basis for the scenario local virtual power plants

(LVPP):
» Modelling of LVPP covering Germany

» Comprehensive data source (Demand, technologies, time series)

» Aggregation the highly resolved data onto ,Cell-Level* >
Performing an aggregated unit commitment
» Matching of LVPP to German HV-Grid
(approx. 4300 substations)
-> topological power plants / ,cells*

= Potential to consider all installed (decentralized) flexibility
into a pan-European market simulation

European Marketsimulation

Economical Optimization

= Market Clearing for Bidding
Zones within ENTSO-E

= Generation of Prices

= Considering each individual
power plant > 10 MW

= Lagrangian Approach

Elec. Pricesn Bids

Revenue Optimization

(Subproblem) (Large-)

= Optimzation of actors against a given Storages
market signal Conventional

= Generation of schedules Power Plants

= Taking into account regulatory price .
L A . Virtual
components within objective function

of MIP Power P'ants |

Local Virtual Power Plants  (LVPP)

Aggregation/Pooling

¥ Highy reagional resolved data (postcode)
= Building register for Germany

(~22 Mio. Bldgs.)
= REN-Register
Profilepools (thermal/elec..

Aggregation/Virtual Power Plants

31.05.2019 Institute for High Voltage Engineering — IAEE International Conference Montreal 2019
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Overview on European Lagrangian Relaxation
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IFHT — European Lagrangian Relaxation ]

Aim: Maximizing the Welfare optimal coupling of Cost-optimal portfolio-
revenue markets using EUPHEMIA /country - dispatch of power

MIP Approach for
thermal PP

DP-Approach for
(pump) storages

LP approach for REN
Decomposition of load

coverage constraint

IFHT - REG & RES

IFHT - POS & RED

__100
]
o5 90
2 € \
am O " .
% 0 50 100 Iterative convergence process
© Iterations (IT)

31.05.2019 Institute for High Voltage Engineering — IAEE International Conference Montreal 2019 6



Sheet1

						» Karte aktualisieren

		ID		Spalte 1		Füllfarbe		Linienfarbe		Beschriftung

		AL		Albania

		AM		Armenia

		AT		Austria

		AZ		Azerbaijan

		BA		Bosnia and Herzegovina

		BE		Belgium

		BG		Bulgaria

		BY		Belarus

		CH		Switzerland

		CY		Cyprus

		CZ		Czech Republic

		DE		Germany

		DK		Denmark

		EE		Estonia

		ES		Spain

		FI		Finland

		FR		France

		GB		United Kingdom

		GE		Georgia

		GR		Greece

		HR		Croatia

		HU		Hungary

		IE		Ireland

		IT		Italy

		KZ		Kazakhstan

		LT		Lithuania

		LU		Luxembourg

		LV		Latvia

		MD		Moldova, Republic of

		ME		Montenegro

		MK		Macedonia, The Former Yugoslav Republic of

		NL		Netherlands

		NO		Norway

		PL		Poland

		PT		Portugal

		RO		Romania

		RS		Serbia

		RU		Russian Federation

		SE		Sweden

		SI		Slovenia

		SK		Slovakia

		TR		Turkey

		UA		Ukraine






Integration of DG into the EULR I/EHT SR RWTHAACHEN

DG aggregated on hv-node and then optimized within EULR

— UNIVERSITY

Substation 1

B Supply Area (HV network section)
B Substation (HV/MV)
[] Building/DER level (MV/LV)

85.000
DER

10.000
DER

50
DER
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Exemplary Results I/EI'ITWW ‘ RWNTH
Hochspannungs-

Test Case: Implementation of status quo-regulation

technik

with regulatory price components

without regulatory price components
225 225

Elec.

Storage Storage

u¢.l

own-

consumption

own-
consumption

flexlblllsatlon

Curtailment

curtailment

31.05.2019

0,07 001 0,01
Consumers are subject to wholesale = Price markups for end-consumption
prices and REN receive wholesale prices (direct consumption of PV-Roof is only

subject to the EEG-levy)
Curtailment of REN is penlaized

= REN receive either market premia or fixed
Inifitisemal price-markup to avoid solver feed-in tarrifs (+ ,6 hours rule®)

indiferrence for own-consumption
= CHP receive a cogeneration bonus

Institute for High Voltage Engineering — IAEE International Conference Montreal 2019



Exemplary Results

Test Case: Implementation of status quo-regulation
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without regulatory price components

with regulatory price components

6%

11% 1%
< 1% <1%
28% 6%
1% 1%
39 4%
18% 18%
15%
59 13% 5%  13%
[ ] VPP (local supply) I other
I ver B Hydro
B Lignite [ wind Offsh.
I Hard Coal [ | pumpstorage
[ ]cecep B import
[ ces

Scenario for 2030
(GDP and TYNDP)

Less negative prices

=  WI/O regulation: -109 €/ MWh
=  With reg.: -27 €/MWh

Significant reduction of P2H

=  WI/O regulation: 15.0 TWh
=  With reg.: 9.7 TWh

Pumpstorages reduce dispatch
by 0.4 TWh (due to price
markups for pumping)

Institute for High Voltage Engineering — IAEE International Conference Montreal 2019
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Exemplary Results

Test Case: Support of self-consumption
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"local" VPP
11%

10%

<1%

6%
1%
4%

17%

18%
15%

5% 139,

9%

"regional" VPP

19%

15%

5%

1%

13%

[ ] VPP (local supply)
I vrr

- Lignite

I Hard Coal

[ lccep

[ ]Gas

I other
I Hydro
[ ] wind Offsh.
:| Pumpstorage
B import

6%
1%
3%

18%

Remaining costs Diminishing costs

° Production costs o Grid fee
° VAT ° Grid related levies
o EEG-levy o Electricity tax

. Concession fee

= Local supply in total
(no incentive - local; regional)
37 TWh - 75 TWh; 111 TWh

= Local supply by technologies
= PV: 37TWh - 42 TWh; 42 TWh
= Wind: 0 TWh > 23 TWh; 59 TWh
= CHP: 0.05 TWh - 10 TWh; 10 TWh




Exemplary Results - R\WNTHAACHEN
Test Case: Support of self-consumption IIEI-IT B UNIVERSITY

w/o incentive Local VPP Regional VPP

.
**jk 0% - 10%
| 10% - 20%
- ; 20% - 30%
- #'r g 30% - 40%
g J I 20% - 50%
s b 4 W 50% - 60%
L g : B 50% - 70%
B 70% - 80%
B s0% - 90%
I 20% - 100%
& " o .
_ L Wi, Dl s ;
o, P | *;1.;‘1?‘?%"%‘.*' 2 o
Fohe S i T O

b

Supply of demand by local technologies relative to the total demand of the VPP
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Conclusion and Outlook
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Conclusion

= Integration of +4,000 (L)VPP into a pan-European Marketsimulation achieved

= Fundamental models usually exclude regulatory price components - distorted unit commitment

= The remission of costs related to transport of electricity significantly enhances local demand
coverage

Outlook

» Further sensitivity analysis regarding

Derive ,regulatory costs” for the further integration of sector coupling

Incentives for local load supply

= Derive implications for transport grid through

31.05.2019

power flow and

redispatch simulations

Institute for High Voltage Engineering — IAEE International Conference Montreal 2019
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