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What are near-optimal solutions? An example? Minimise transmission expansion. What are the near-optimal capacity ranges? Next?

Optimal Transmission Volume ε = 0.0%

HVAC Line Expansion
2 GW
5 GW
10 GW

HVDC Link Expansion
2 GW
5 GW
10 GW

Technology
Onshore Wind
Offshore Wind (AC)
Offshore Wind (DC)
Solar
Pumped Hydro Storage

Reservoir & Dam
Run of river
Hydrogen Storage
Battery Storage

Generation

50 GW

10 GW

1 GW

Generation

50 GW

10 GW

1 GW

Minimise Transmission Volume ε = 5.0%

HVAC Line Expansion
2 GW
5 GW
10 GW

HVDC Link Expansion
2 GW
5 GW
10 GW

Technology
Onshore Wind
Offshore Wind (AC)
Offshore Wind (DC)
Solar
Pumped Hydro Storage

Reservoir & Dam
Run of river
Hydrogen Storage
Battery Storage

Generation

50 GW

10 GW

1 GW

Generation

50 GW

10 GW

1 GW
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What are near-optimal solutions? An example? Minimise transmission expansion. What are the near-optimal capacity ranges? Next?

0 2 4 6 8 10
ε [%]

0

200

400

600

800

1000

1200
W

in
d 

[G
W

]

0 2 4 6 8 10
ε [%]

0

200

400

600

800

1000

1200

On
sh

or
e 

W
in

d 
[G

W
]

0 2 4 6 8 10
ε [%]

0

200

400

600

800

1000

1200

St
or

ag
e 

[G
W

]

today's
hydro+PHS

0 2 4 6 8 10
ε [%]

0

200

400

600

800

1000

1200

Hy
dr

og
en

 [G
W

]

0 2 4 6 8 10
ε [%]

0

200

400

600

800

1000

1200

So
la

r P
V 

[G
W

]

0 2 4 6 8 10
ε [%]

0

200

400

600

800

1000

1200
Of

fs
ho

re
 W

in
d 

[G
W

]

0 2 4 6 8 10
ε [%]

0

200

400

600

800

1000

1200

Tr
an

sm
iss

io
n 

[T
W

km
] today's grid

0 2 4 6 8 10
ε [%]

0

200

400

600

800

1000

1200

Ba
tte

ry
 [G

W
]

3 cb



What are near-optimal solutions? An example? Minimise transmission expansion. What are the near-optimal capacity ranges? Next?

Goals

technology-specific boundary conditions

Results

technologically diverse solutions

either offshore or onshore wind

some H2-storage and grid reinforcement

vague but robust conclusions

Outlook

visualising dependencies

sector-coupling

technology cost uncertainty

@fneum on Twitter
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