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e 2030: Best Paths
e 2050: IRENE-40

e Towards a fully Controllable System
e The Global Grid
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Best Paths: Scalability Assessment for 2030

How can Best Paths technologies increase RES penetration and reduce
curtailment and costs?

e AC
—Dynamic Line Rating
—High Temperature Low Sag Lines

e HVDC
—Point-to-point links
—Multi-terminal HVDC
—Superconducting HVYDC
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Best Paths: Scalability Assessment for 2030

@ AC Upgrade @ DC Upgrade @ Combined Upgrade

RES

Penetratir I

RES Penetration RES Penetration

AC Repowering
AC Repowering

Best
Paths
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Transmission investments

HE

to increase RES penetration by 2030

>/ Maximum possible RES penetration: 56.47%
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Bau2030 DC Scalability DC Scalability DC Scalability DC Scalability
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Reducing operating costs by 2030

51

50

49

48

47

46 AC+DC

45 (but with trafo
44 limits)

43

Generation Cost (B€/a)
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Bau2030 DC Scalability 1 DC Scalability 2 DC Scalability 3 DC Scalability 4
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2050: IRENE-40

e ABB, Siemens, Alstom Grid (now GE)
e 4 universities
 2008-2012
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: RES 2050 OPF HVDC - Annual Average Loading :

Towards a | RES 2050 OPF HVDC - Annual Average Loading |

e High Loading (Existing Line)

E u ro p e an S u p e rg r i d Mediur Laading (Existing Line)

e Low Loading (Existing Line)

b 2 O 5 O = High Loading (New AC/HYDC Line]
y Medium Loading (New ACHVOC Line)

= Low Loading (Mew AC/HYDC Line)

s

Scenario: 80% RES by 2050

Simplified European System

Three options:
1. AC-400 kV
2. AC-750 kV
3. HVDC lines
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Annual Cost of Operation (RES 2050)

HVAC-400kV UHVAC-750kV

Savings = 11 billion EUR/Za | Savings = 12 billion

m== High Loading (Existing Line)

EUR/a

> = == High Loading (Existing Line}
Mediurn Loading (Existing Line) =
we Lowr Loading (Existing Ling)

Medium Loading (Exisiing Linej -
we Low Loading (Existing Ling)

=1 High Loading (New AC/HVDC Ling)

= Medium Loading (New ACHVDC Ling)

=i Lowe Loading iNew ACAHYDC Line|

i High Loading (Mew ACHYDC Line)
~ Medium Loading (New ACHYDC Ling)
= Low Loading (New ACHVDC Line)

HVDC
Savings = 18 billion EUR/a

w= High Loading (Existing Line)
Medium Loading (Existing Line)
wen Low Loading (Existing Line)
= High Loading (New AC/HVDC Line]
“1 Medium Loading (Mew AC/HVDC Ling)

=1 Low Loading (New AC/HVDC Line)
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Redispatching costs (RES 2050)
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Corrective Control from HVDC lines results in
additional savings of 1 billion Euros per year
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Vision:
Towards a fully controllable power system

i

e Decouple “completely” the market Redispatching costs (in %)
operations from the security
considerations

e Fully controllable power flows eliminate
redispatching costs

e Ensure secure operation and market-
optimal dispatch

Cost of Security (in %)

=ie & T
= HVDC, FACTS, flexible demand % 1 2 3 4 5 6 7 8 9 10 11 12 13 14
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The Global Grid
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ABSTRACT

This paper puts forward the vision that a natural future stage of the electricity network could be a grid
spanning the whole planet and connecting most of the large power plants in the world: this is the
“Global Grid”. The main driving force behind the Global Grid will be the harvesting of remote renewable
sources, and its key infrastructure element will be the high capacity long transmission lines. Wind farms
and solar power plants will supply load centers with green power over long distances.

This paper focuses on the introduction of the concept, showing that a globally interconnected network
can be technologically feasible and economically competitive. We further highlight the multiple op-
portunities emerging from a global electricity network such as smoothing the renewable energy supply
and electricity demand, reducing the need for bulk storage, and reducing the volatility of the energy
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The Global Grid

Spyros Chatzivasileiadis, Damien Ernst, G6ran Andersson, The Global Grid,
Renewable Energy, vol.57, p. 372-383, 2013
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Thank you!

spchatz@elektro.dtu.dk

www.chatziva.com

9/2/18

14 DTU Electrical Engineering, Technical University of Denmark . .
g g 4 Spyros Chatzivasileiadis


mailto:spchatz@elektro.dtu.dk
http://www.chatziva.com/

Appendix

15 DTU Electrical Engineering, Technical University of Denmark

Spyros Chatzivasileiadis

i

9/2/18



Scalability Assessment: Results
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Maximum possible RES penetration: 56,47%b
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<+— 3. Highest grid development stage,
which can be facilitated with Best

Paths technologies: 56,06%0

+ 50 DC lines (150 GW)
2. Only DC Upgrades: + 56 AC lines require upgrade (63,62 GW)
55,86% . 20/56 lines: <20% increase

1. Only AC Upgrades:
53,03%

BaU: 52,85%
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Scalability Assessment: Results

52

Generation Cost (B€/a)
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BaU: 50,2 B€/a
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=8-—N0o BP Reinforcements BP Reinforcements

=8—BP Reinforcements w/o Trafo Limits =8—AC Unlimited
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Main Takeaways

e Large increase in offshore wind power capacity - offshore wind capacity only

deployable with additional corridors

e Controllable flows are required: DC upgrades have shown substantially better

performance

e Combination of AC and DC upgrades is necessary - AC upgrades enable full

potential of DC lines and vice versa

e Upgrading underlying AC grid is essential to accommodate new flows injected by

the newly installed DC lines
e Transformer bottlenecks need to be considered

e Optimal grid development: AC & DC
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Long transmission lines to
harvest remote RES
and connect regional Supergrids

In one “Global Grid”

DTU Electrical Engineering, Technical University of Denmark

Time difference: Transfer
excess energy to where it is
mostly needed

 Emerging Opportunities
e.g., less storage,
less peak power plants

Cigre C1.35: Global electricity
network feasibility study
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