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Flow-tracing and nodal cost allocation
in	a	heterogeneous highly renewable European	electricity network
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Renewable European	electricity network
+	fluctuating „weather forces“
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Infrastructure	measures
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Breaking	homogeneity:		
cost-optimal	heterogeneity		

	 𝐺"1 = 𝛾" 𝐿" 	 𝐺"6 = 𝛼" 𝐺"1

D
E

FR G
B IT ES SE PL N
O N
L

B
E FI C
Z

AT G
R

R
O

B
G PT C
H

H
U

D
K R
S IE B
A SK H
R LT EE SI LV LU

0.0

0.2

0.4

0.6

0.8

1.0

“ n

D
E

FR G
B IT ES SE PL N
O N
L

B
E FI C
Z

AT G
R

R
O

B
G PT C
H

H
U

D
K R
S IE B
A SK H
R LT EE SI LV LU

0.0

0.5

1.0

1.5

2.0

“ n

No transmission Synchronized GAS (K=2)
0

10

20

30

40

50

60

70

LC
O

E
[Ä

/M
W

h]

Wind Solar KB EB KT

		1/𝐾 ≤ 𝛾" ≤ 𝐾



DEPARTMENT OF ENGINEERING                                       

AARHUS                                  
UNIVERSITY                              AU

 

Who	pays	for	…
…	the	transmission	grid?	
…	the	heterogeneity?
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Flow	tracing	
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Who	pays	for	the	heterogeneity?
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Benefit	of	cooperation
D
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next	“physics”	challenges					

big networks: 
power-flow renormalization
small-world AC/DC networks,
self-organizing power flows. 

emerging renewable energy networks:
socio-economic market + investment games
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“engineering”	challenge:
electricity	à “smart”	energy	system

cross-sector	coupling					
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submitted	to	
Energy
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„Energiewende“:		kickoff to the second half

Danmarks InnovationsfondGrand	Solutions
(04.2017-03.2021,	 	2.3	M€)

RE-Invest
Renewable	Energy	Investment	Strategies	
– a	2dim	interconnectivity	approach		

Aalborg	U				
+						

Aarhus	U
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(1) Highly Renewable Energy Networks		
(2) ComplexNetworks

(3) Wind-farm	Modeling	+	Optimization
(4) Turbulence

M	Schäfer (Carlsberg	PostDoc)
M	Victoria	 																								(PostDoc)
M	Dahl								 (Master15	+	PhD18)	
B	Tranberg (Master15	+	PhD19)
H	Liu (Master16	+	PhD19)
S	Kozarcanin (Master15	+	PhD19)
K Zhu	 							 (PhD20)	
J	Kruse (Master18)
S	Siggaard (Master17)
M	Kofoed (Master16)
L	Schwenk_Nebbe (Master16)
M	Janum (Master16)
M	Raunbak (Master16)
C	Poulsen (Master16)	
N	Skou-Nielsen (Master15)
M	Hansen (Master15)
K	Holm (Master15)
E	Eriksen (Master15)
A	Thomsen	 (Master14)
B	Sairanen (Master14)
T	Jensen									 (Master13)
T	Zeyer (Master13)	
A	Søndergaard (Master13)		
R	Rodriguez			 (PhD14)
M	Rasmussen				 (PostDoc11)

Gorm Andresen			+			Mahdi	Abkar +
Martin	Greiner	(greiner@eng.au.dk)				

J	Trane (Master18)
A	Khamas (Master18)
B	Carlsen (Master16)
A	Huche (Master16)
E	Thorgersen (Master16)
M	Therkildsen (Master15)	
P	Nybroe (Master15)	
J	Otten (Master15) J	Herp (Master13)
J	Bjerre (Master15) U	Poulsen (Assist	Prof)	

Fundamental	Research	on	
Renewable Energy Systems

at	the interface between engineering +	physics +	mathematics +	economics

FunResRes	
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Research-driven	Teaching	(ENG	+	PHY)

Regular: Fluid	Dynamics	+	Turbulence	(10	ECTS),
Wind	Energy	(5	ECTS),
Thermodynamics	+	Heat	Transfer	(10	ECTS),
Turbomachinery+	Compressible	Fluids	(5	ECTS).	

Occasional:	 Statistical	Turbulence	(5	ECTS),
Complex	Networks	(5	ECTS),
Renewable	Energy	Networks	(5	ECTS).


