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Outline

• 2030: Best Paths

• 2050: IRENE-40

• Towards a fully Controllable System
• The Global Grid
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Best Paths: Scalability Assessment for 2030
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How can Best Paths technologies increase RES penetration and reduce 
curtailment and costs?

• AC 
–Dynamic Line Rating
–High Temperature Low Sag Lines

• HVDC
–Point-to-point links
–Multi-terminal HVDC
–Superconducting HVDC
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Best Paths: Scalability Assessment for 2030
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AC Repowering HVDC AC & HVDC
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Transmission investments 
to increase RES penetration by 2030
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• 50 DC lines (150 GW)
• 56 AC lines require upgrade (63.62 GW)
• 20/56 lines: <20% increase

Highest grid development stage, 
AC+DC upgrades: 56.06% 

Maximum possible RES penetration: 56.47%

Only DC: 
55.86%

Only AC: 
53.03%

BaU: 
52.85%
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Reducing operating costs by 2030
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2050: IRENE-40

• ABB, Siemens, Alstom Grid (now GE)
• 4 universities
• 2008-2012
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Towards a
European Supergrid
by 2050

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
Savings = 11 billion EUR/a

UHVAC-750kV
Savings = 12 billion EUR/a

HVDC
Savings = 18 billion EUR/a
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Corrective Control from HVDC lines results in 
additional savings of 1 billion Euros per year

Redispatching costs (RES 2050)

10 2 September 
2018Spyros Chatzivasileiadis

1 billion EUR/year
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Vision: 
Towards a fully controllable power system

• Decouple “completely” the market 
operations from the security 
considerations

• Fully controllable power flows eliminate 
redispatching costs

• Ensure secure operation and market-
optimal dispatch

• HVDC, FACTS, flexible demand

Few FACTS devices sufficient to 
eliminate redispatching costs
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Redispatching costs (in %) 
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The Global Grid

Spyros Chatzivasileiadis, 
Damien Ernst, 
Göran Andersson,
The Global Grid, 
Renewable Energy, 
vol.57, p. 372-383, 2013

12 2 September 
2018Spyros Chatzivasileiadis

The Global Grid
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a b s t r a c t

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
prices. We also discuss possible investment mechanisms and operating schemes. Among others, we
envision in such a system a global power market and the establishment of two new coordinating bodies,
the “Global Regulator” and the “Global System Operator”.

! 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Increased environmental awareness has led to concrete actions
in the energy sector in recent years. Examples are the European
Commission’s target of 20% participation of renewable energy
sources (RES) in the EU energy mix by 2020 [1] and California’s
decision to increase renewable energy in the state’s electricity mix
to 33% of retail sales, again by 2020 [2]. At the same time, several
studies have been carried out investigating the possibilities of
a higher share of renewables in the energy supply system of the
future. For instance, the German Energy Agency (DENA) assumes
39% RES participation by 2020 [3], while a detailed study from the
National Renewable Energy Laboratory suggests that meeting the
US electricity demand in 2050 with 80% RES supply is a feasible
option [4]. In Refs. [5,6], a 100% renewable energy supply system in
Europe with interconnections in North Africa and West Asia is
discussed. A similar study on a global scale was carried out byWWF
and Ecofys in Ref. [7]. The study concluded that a 100% renewable

energy supply by 2050, although an ambitious goal, is both cost-
effective and technically feasible. More recently Ref. [8], inves-
tigated “the feasibility of providing worldwide energy for all
purposes (electric power, transportation, heating/cooling, etc.)
from wind, water, and sunlight”. The authors made a detailed
analysis and proposed a plan for implementation. They found that
the barriers to the deployment of this plan are not technological or
economic, but rather social and political.

All these studies suggest that for an efficient integration of more
renewable sources in the current system, a reinforcement of the
transmission system is necessary in order to reliably satisfy the
energy demand. In Ref. [3], the need for constructing 1700e3600 km
additional transmission lines in Germany and the neighboring
regions is emphasized, in order to avoid non-transmissible power
from a 39% RES penetration in the German electricity system.
Towards the same end, the “Tres Amigas” project has been initiated
in the US in order to interconnect the three US transmission systems
and facilitate increased RES integration (www.tresamigasllc.com).
Benefits from interconnection are also pointed out in Ref. [9]. The
authors studied the interconnection of 19 dispersed wind genera-
tion sites and found that, on average, 33% of the yearly averaged
wind power can be used with the same reliability as a conventional
power plant.

At the same time, long transmission lines are being considered
for harvesting renewable energy from remote locations and deliv-
ering it tomajor load centers. Paris et al. seem to have presented the

* Corresponding author. EEH-Power Systems Laboratory, Physikstrasse 3, ETH
Zurich, 8092 Zurich, Switzerland. Tel.: þ41 446328990; fax: þ41 446321252.
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The Global Grid
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Thank you!

spchatz@elektro.dtu.dk

www.chatziva.com

mailto:spchatz@elektro.dtu.dk
http://www.chatziva.com/
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Scalability Assessment: Results
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• 50 DC lines (150 GW)

• 56 AC lines require upgrade (63,62 GW)

• 20/56 lines: <20% increase

3. Highest grid development stage, 
which can be facilitated with Best 
Paths technologies: 56,06% 

Maximum possible RES penetration: 56,47%

BaU: 52,85%

1. Only AC Upgrades: 
53,03%

2. Only DC Upgrades: 
55,86%
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Scalability Assessment: Results
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BaU: 50,2 B€/a

43,89 B€/a



DTU Electrical Engineering, Technical University of Denmark L. Halilbašić, F. Thams, R. Zanetti, G. Tsoumpa, S. 
Chatzivasileiadis, P. Pinson

186 July 
2018

Main Takeaways

• Large increase in offshore wind power capacity à offshore wind capacity only

deployable with additional corridors

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

performance 

• Combination of AC and DC upgrades is necessary à AC upgrades enable full

potential of DC lines and vice versa 

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

the newly installed DC lines

• Transformer bottlenecks need to be considered

• Optimal grid development: AC & DC
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The Global Grid

Long transmission lines to 

harvest remote RES 

and connect regional Supergrids

in one “Global Grid”

Low

Load

High

Wind

High

Load

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

Spyros Chatzivasileiadis

• Emerging Opportunities
e.g., less storage, 

less peak power plants

Cigre C1.35: Global electricity 
network feasibility study
• Convenor: Jun Yu, SGCC
• Secretary: Gerald Sanchis, RTE


