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

The Near-Optimal Feasible Space
of a Renewable Power System Model

Fabian Neumann and Tom Brown

fabian.neumann®@kit.edu
Institute for Automation and Applied Informatics
Karlsruhe Institute of Technology (KIT), Germany

September 28, 2020

HELMHOLTZ ﬂ("‘

Karlsruhe Institute of Technology


mailto:fabian.neumann@kit.edu

What are near-optimal solutions? An example? Minimise tr issi i What are the near-optimal capacity ranges? Next?

- obJecth ( unchion
[

>

o)

/i
optinel solubon




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

Optimal Transmission Volume ¢ = 0.0%

imise Transmission Volume ¢ = 5.0%

HVAC Line Expansion  HVDC Link Expansion Technology Generation HVAC Line Expansion  HVDC Link Expansion Technology Generation
— 26w 26w ® Onshore Wind ® Reservoir & Dam — 206w 26w @ Onshore Wind ® Reservoir & Dam
— sow __ sgw ® OffshoreWind (AC)  © Run of river o aw — saw — sow @ Offshore Wind (AC) ) Run of river o0 Gw
Toow Togu © OffshoreWind (0C) @ Hydrogen Storage — 100w e 10Gw " OffshoreWind (0C) @ Hydrogen Storage
- - Solar Battery Storage Solar Battery Storage
10 GW ® Pumped Hydro Storage 6w

® Pumped Hydro Storage

16w



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

1200 1200 1200 today's 1200 -
—- == hydro+PHS
1000 = 1000 1000 = 1000 -
- 2 s 2
= 800 o° 800 o 800 O 8o0-
9 é ‘d_.; c
600 600 600 & 600-
.E o g ,—0—-‘"““ g
= 400 2 400 S 400 T 400
[ (2] [ >
c I
200 - O 200 PR U] = e S e S ey 200
0- 0 0 0
0 2 4 6 8 10 0 2 4 6 8 10
e [%] e [%] e [%]
1200 - / 1200 1200~ —— today's grid 1200 -
= € !
1000 - = 1000 ~ 1000 - 1000 -
z P 2 g s
o so0- T 800 = 8oo 3 800-
;- / £ S =
o 600- % 600 @ 600 2 600~
et
© — — ﬁ
S 400 S 400 £ 400 © 400 -
w n c @ oot
b= ©
200 - o S 200 E 200 200 e
L e L : i i _(
0 0 0 G —— 0
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
€ [%] e [%] e [%]

100 IT



What are near-optimal solutions?

Goals

m technology-specific boundary conditions

m technologically diverse solutions

m either offshore or onshore wind

m some Hj-storage and grid reinforcement
m vague but robust conclusions

m visualising dependencies
m sector-coupling
m technology cost uncertainty

An example? Minimise transmission expansion

What are the near-optimal capacity ranges? Next?
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Providing just a single least-cost solution underplays an
immense degree of freedom when planning future
energy systems.

There are many near-optimal alternatives with attractive
properties like social acceptance due to less onshore

wind capacity or limited grid reinforcement. m
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