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Abstract: Globally interconnected power grids are proposed as a future concept to facilitate decarbonisation of 

the electricity system by enabling the harnessing and sharing of vast amounts of renewable energy. Areas with 

the highest potential for renewable energy are often far away from current load centres, which can be integrated 

through long-distance transmission interconnection. The concept builds on the proven benefits of transmission 

interconnection in mitigating the variability of renewable electricity sources such as wind and solar by import and 

export of electricity between neighbouring regions, as well as on other known benefits of power system 

integration. This paper reviews existing global and regional initiatives in context of a sustainable future and 

presents the associated benefits and challenges of globally interconnected power grids and intercontinental 

interconnectors. We find that while the challenges and opportunities are clearly qualified, actual quantification of 

costs, benefits and environmental implications of the global grid concept remains in its infancy, imposing a 

significant gap in the literature.  
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1. Introduction 

 

The Paris climate change agreement sets a long-term goal of holding global average temperature increase 

to well below 2 degrees and pursuing efforts to limit this to 1.5 degrees above pre-industrial levels. Substantial 

research gaps in attaining the 1.5-degree target have been identified, including the ability of the energy system 

to transition to a zero-carbon system. Electricity is emissions free at its point of use and the decarbonisation of 

the power sector can enable decarbonisation elsewhere in the economy. Research on low carbon pathways to 

avoid dangerous climate change indicate a significant increase in global electrification [1–4]. It is not known 

whether this increase in electrification can be managed with the current infrastructure. 

 

Many studies show the vast theoretical potential of renewable electricity (RES-E) for decarbonisation of the 

power system [5–7], yet the extent of practical implementation and reliability of such a system in the foreseeable 

future is a matter of debate due to the inherently variable nature in generation of core technologies such as 

solar-PV systems and wind turbines [8–11]. A valid approach to tackle the variability challenge is by 

interconnecting adjacent power systems to be able to import or export electricity during peaks and lows in 

generation [12]. Even more ambitious projects examine the extent to which interconnection between continental 

grids can be achieved. 

 

The origin of the concept of globally interconnected power grids date back to the first half of the 20th century 

when inventor Buckminster Fuller considered the potential benefits of a global grid1 with renewable energy (RES) 

as backbone, yet also dismissed the practicality at that time due to the limited maximum distances of power 

transmission (around 350 miles) [13]. Decades later, Buckminster Fuller presented a first representation of his 

concept of the global grid at the World Game Seminar in 1969, resulting in acknowledgement of the potential of 

the concept by the United Nations (UN) [14]. More recently at the 2015 UN Sustainable Development Summit in 

New York, Chinese president Xi Jinping announced that China will take the lead on discussions about establishing 

a ‘global energy internet’, to facilitate efforts to meet the global power demand with clean and green alternatives 

[15]. Furthermore, current UN Secretary General António Guterres considered the benefits of a global grid to be 

in line with UN’s commitment to the 2030 Agenda for Sustainable Development and its objectives in regard to 

climate change [16]. Although there are some clear arguments supporting the concept of a global grid, 

implementation of intercontinental interconnectors to-date have been limited to short distance subsea AC links 

such as the Morocco-Spain and Egypt-Jordan interconnectors [17], and land-based interconnectors with limited 

flow between eastern Europe and central Asia. 

 

This paper provides a comprehensive review, assessment and comparison of developments in- and research 

on global grids and intercontinental interconnectors as a potential pathway to future power system 

decarbonisation. To-date, no such overarching review exists within the scientific literature. Section 2 presents 

an assessment of the implications of grid integration of VRES and outlines to-date reviewed aspects of the global 

grid concept. Section 3 provides an overview of initiatives and compares projects and development trends related 

to the promotion or development of intercontinental interconnectors and the global grid concept. Section 4 

provides an assessment of the arguments put forward in the literature supporting said developments, as well as 

potential risks and challenges. Section 5 incorporates an analysis of quantified results from performed techno-

economic modelling studies in a global or intercontinental context. The review ends in section 6 where we discuss 

overarching research outcomes, limitations in the assessed literature and potential research gaps. 

 

2. Review of previous literature 

 

Historically, hydropower has been the most mature form of RES-E. Yet, throughout the last decade, new 

additions of both solar-PV and wind energy were underlined with impressive annual growth rates [18] showing 

an increase in global installed capacities of (on- and offshore) wind energy from 115 GW in 2008 to 514 GW in 

2017 and 15 GW to 386 GW for solar-PV [19]. The inherently variable nature of solar-PV and wind energy in 

generation output and its impact on the electricity grid is a well-known challenge [8,9,12,20–22]. The dispatch 

of flexible generators can compensate for the variability up until a certain level of penetration of variable 

renewables (VRES). At higher penetration levels, especially when VRES displaces part of the dispatchable 

portfolio, this becomes a significant issue in terms of securing a match between demand and supply [8,9], as 

well as for maintaining stable inertia levels on the grid [10,11,23]. Despite these difficulties, a variety of 

continental- or global 100% renewable energy scenarios have been put forward [6,24–27]. Although these 

studies show the vast theoretical potential of RES-E for decarbonisation of the power system, the practical 

                                                           
1 Within the literature a variety of terminology is applied such as Global Energy Interconnection (GEI), Global Energy Internet, 

Global Transnational Grid (GTG), global interconnected power grid and global grid for a similar concept. Throughout this article 

we refrain from using multiple terminologies and henceforth the term global grid will be used. The term intercontinental 

interconnectors will be used for transmission lines crossing continents. 



implementation and reliability of such a system in the foreseeable future is often questioned [28,29]. To be able 

to decarbonize the electricity sector to contribute to overall emission reduction targets, while maintaining power 

system reliability, a variety of studies indicate the importance of a diverse and flexible low-carbon generation 

portfolio [11,22,30,31]. 

 

RES-E integration in the last decades has also emerged to decrease the dependency on import of fossil fuels 

from distant regions and to avoid its associated risks. As Robinson argues, “most countries favour renewables 

because they are indigenous resources” [32]. Following this analogy, the benefits of transitioning to a RES-E 

oriented power system with a focus on optimally utilizing local resources is being researched. Kaundinya and 

colleagues [33] conducted an extensive review on success and failure stories for standalone- and grid-connected 

decentralized (RES-E) power systems. Pleßmann et al. [34] assessed a global, decentralized 100% RES supply 

scenario with optimal combinations of solar-PV, concentrated solar power (CSP), wind energy and electricity 

storage for approximately 15.400 regions within 163 countries. This scenario, and similar power system scenarios 

depending on mostly storage technologies for balancing purposes (e.g. in [6,25,35]), can become viable in a 

situation where the availability and cost curve of storage technologies progresses significantly. Yet, to-date, an 

assessment of such scenarios fully depending on the availability of so far mostly unproven and costly storage 

technologies are often considered to “represent low probability outcomes” [28]. 

 

With growing penetration of VRES, an alternative or complementary approach to tackle the variability 

challenge is by interconnecting adjacent power systems to be able to import or export electricity during peaks 

and lows in generation. Historically speaking, transmission interconnectors were initially utilized to provide 

additional system security [32,36], after which the demand for cross-border trading, integration of wholesale 

electricity markets and these days the balancing of VRES have become core arguments for new transmission 

interconnectors [37]. Next to providing direct flexibility, interconnectors make the sharing of peak capacity 

possible [36], as well as the utilization of an overall more diverse, flexible and cost-efficient generation portfolio. 

The European Commission (EC) has underlined the importance of further market integration by endorsing a 10% 

interconnection target by 2020 (import capacity over installed generation capacity per member state) and 15% 

by 2030 for all member states [38]. Besides the earlier mentioned benefits, the expert group initiated to provide 

advise on how to make the 15% target operational [39], argues “that a fundamental role of transmission 

infrastructure is to enable the integration of areas of high renewable energy potential with main consumption 

areas”. Assessing this remark from a global perspective, it becomes clear that there is a discrepancy between 

on the one hand main consumption areas and existing grid infrastructure, and on the other hand areas with the 

highest RES-E potential [5,7,23,36,40–42]. This observation is one of the core thoughts behind the concept of a 

globally interconnected power grid. 

 

Certain specific aspects relevant to a global grid concept have been reviewed in detail. [17,43–50] provide 

an overview of the characteristics, trends and developments, prospects, reliability and commercial application of 

High Voltage Direct Current (HVDC) cables and convertors. Besides the former, [36] also reviews potential other 

required technologies for a global grid. Furthermore, [17] assesses the spatial implications, best practice of cable 

instalment, reliability and accident risks, and potential environmental issues for HVDC subsea power cable 

projects. Thomas and colleagues provide a review on the current research and prospects of superconducting 

transmission lines [51]. Engeland et al. [52] reviews the space-time variability of VRES generation from a 

regional to global perspective. Other reviewed aspects focus on the integration between backbone HVDC systems 

and smart grids [36,44,49], potential market models and development strategies [36,53–56], standardization 

needs for technologies in context of a global grid [36] and important treaties and laws for subsea HVDC cables 

[17]. Details of the elements assessed in these papers are therefore outside the scope of the current review. An 

assessment of previous literature demonstrates the availability of technical solutions such as HVDC cables, 

converters and laying equipment technology, but highlights a gap in the maturity of knowledge on the costs, 

benefits, challenges and opportunities of a global grid. The aim of this paper is to assess and compare these 

aspects to be able to determine the overall viability of the global grid concept as a means to global power system 

decarbonisation.  

 

3. Initiatives and projects 

 

3.1 Review and Comparison of Intercontinental interconnection projects 

 

On a continental scale, Europe is on the forefront in terms of power system integration through transmission 

interconnection. Expansion outside the borders of the EU is an item of significant interest [57,58]. Feasibility 

studies conducted during the early 2000’s on Trans-Mediterranean interconnectors, such as between Algeria-

Spain or Algeria-Italy (direct or indirectly through Sardinia and the already existing SAPEI HVDC interconnector), 

indicated that financial feasibility is highly dependent on factors such as investment costs and sales prices of 

electricity [59]. The original ‘Desertec’ project proposed to supply between 700 TWh/yr [60] and roughly 1000 



TWh/yr [61] of electricity generated by RES-E (mostly CSP) from the Middle-East and North-Africa (MENA) to 

Europe by 2050. The required investments of approximately 400 billion € [60] and the political unrest following 

the Arab spring revolution are often believed to be the downfall of the project [62] in its original form [63]. A 

similar project was The Medgrid Industrial Initiative which was formed in 2010 to support the design and 

promotion of a Mediterranean transmission network able to export 5 GW of electricity from MENA to Southern 

Europe [36,64]. This would be supported by 20 GW of mostly solar powered RES-E in MENA, with an overall 

estimated cost of the combined project between 38-46 billion € [64]. The MedGrid consortium ceased its 

operation in 2016 after completion of a number of planning and pre-feasibility studies [36]. 

 

Although projects on such scales to-date have not been pursued any further, smaller scale projects between 

Europe and MENA - and within MENA - are in order at different stages of development, gaining support from a 

range of regional initiatives and organizations (e.g. Friends of the Supergrid, Med-TSO and RES4MED). By 

receiving environmental approval from the Cypriot government late 2017 [65], the construction of the EuroAsia 

interconnector, interconnecting Greece (with Crete as intermediate landing point), Cyprus and Israel, can be 

commenced. Once completed, this 2GW, 1518 km long transmission link [66] will be the first (partial) subsea 

HVDC intercontinental interconnector and will reach maximum depths of around 3000 m. Moreover, the Cypriot, 

Greek and Egyptian governments agreed on a route for the 2 GW EuroAfrica HVDC interconnector [67]. The 

proposed route would cover 1707 km in total, with Cyprus and Crete as intermediate landing points. Italian 

transmission system operator (TSO) Terna is currently assessing plans for a 600 MW HVDC interconnector 

between Tunisia and Sicily [41,68]. Furthermore, Morocco and Portugal agreed on conducting a feasibility study 

for a 1 GW interconnector [41] and a 2 GW HVDC interconnector between Libya and Greece (with again Crete 

as intermediate landing point) is under consideration [69]. Other plans for interconnections between Northern-

Africa and Europe are in earlier stages of development, such as prospects of the TuNur project combining the 

development of a 4.5 GW CSP project in the Tunisian part of the Sahara with three transmission pathways 

between Tunisia on the one hand and France, Italy and Malta on the other [70].  

 

Next to the cross-Mediterranean subsea interconnection initiatives, a variety of land-based interconnection 

projects are in development to complete the so-called Mediterranean Ring (MedRing) of interconnected countries 

around the Mediterranean Sea [37]. Due to their advantageous geographical placement, Turkey is able to 

interconnect and synchronize their power system with Europe (synchronization with the European continental 

grid occurred in 2014) through AC links with Bulgaria and Greece, as well as towards Asia and the Middle-east 

[71]. Multiple existing- and planned AC- and back-to-back HVDC interconnections exist towards Armenia, 

Georgia, Iran, Iraq and Syria. Within the MENA region, Egypt is interconnected to Jordan with a 400 kV 450 MW 

AC subsea power cable crossing the red sea [17] and further plans have been made to reach a total transmission 

capacity of 2 GW between both countries [72]. Furthermore, a 3 GW HVDC interconnector linking Egypt and 

Saudi Arabia is expected to be operational by 2022, with an estimated total investment cost for the project of 

$1.56 billion [72]. This latter development could be the beginning of a pan-Arab power pool as envisioned by the 

Gulf Cooperation Council (GCC) [73]. 

 

One of the outcomes of the EU-Russia energy dialogue at the beginning of this decade was an “objective of 

moving towards a subcontinent wide interconnected electricity system and market” [74]. The possibility to utilize 

the vast renewable energy potential in Russia to partly supply the European market [36,75], introduced in the 

literature as the RUSTEC concept [76], would be an interesting option for further decarbonisation. Russia is 

currently interconnected to Finland with a 1 GW interconnector and with a number of smaller (below 200 MW) 

interconnectors to the Baltics and Norway. Yet, besides two additional small interconnectors towards Finland and 

Norway, concrete plans for further integration are not in sight. More than that, political unrest and conflicts in 

the region has led to a movement towards reduced dependency on energy from Russia [77,78].  

 

In recent years, State Grid Corporation of China (SGCC) has been very active in pushing the integration of 

regional and intercontinental power grids as part of China’s ‘one belt, one road’ initiative to export China’s 

industrial overcapacity and engineering expertise [79]. Liu Zhenya, (now former) chairman of SGCC, stated that 

wind- and thermal power in the west of China can be produced and delivered to Germany at half of the current 

cost of locally produced electricity [80]. Following this concept, the Joint Research Centre (JRC) of the EC studied 

potential routes for a future power interconnection between China and the EU to inform policy makers, potentially 

by utilizing a multi-terminal setup integrating a range of European and Asian countries [81]. Figure 1 shows a 

simplified representation of these routes, as well as an overview of other existing, commissioned, considered 

and conceptually studied (see section 5) intercontinental interconnection projects. 

 

http://www.friendsofthesupergrid.eu/
http://www.friendsofthesupergrid.eu/
http://www.med-tso.com/
http://www.med-tso.com/
https://www.res4med.org/
https://www.res4med.org/


 
Figure 1 Overview map of existing, commissioned, considered and conceptually studied intercontinental transmission pathways. 

Routes are indicative, they do not reflect accurate locational representation, nor do they show relative transmission capacities 

per pathway. Map includes intercontinental projects as described in this section as well as conceptually studied projects as 

mentioned in section 5. Continental supergrid projects (e.g. the Gobitec proposal) are not incorporated. 

 

On the western periphery of Europe, the development of the 1-1.2 GW, 1200 km long subsea HVDC Icelink 

interconnector, integrating the power systems of Iceland and Great Britain to utilize the high geothermal potential 

in Iceland, has been delayed. Although studies show the potential economic viability of such an interconnector 

depending on the setup of the business case [82,83], the progress in development is believed to be delayed by 

the ‘Brexit’ and fears of increasing electricity prices in Iceland [84]. Crossing the Atlantic by interconnecting 

Iceland and Greenland – or interconnecting Greenland and Canada – is currently deemed to be unrealistic by the 

relevant authorities despite the significant renewable energy potential [85]. Even more conceptual was an 

initiative in the early 90’s to connect load centres in Russia and the United States (US) by bridging the Bering 

Strait with a 10,000 km long HVDC interconnector [86,87], yet this concept hasn’t seen the light of day since 

then. 

 

During the sixth summit of the Americas held by the Organization of American States (OAS, covering all 35 

independent states in North- and South America) in 2012, the ‘connecting the Americas 2022’ initiative was 

endorsed. This includes the goal to achieve universal electricity access by 2022, among others by enhanced 

electrical interconnections throughout the Americas [88]. Currently, the six central American countries within 

the Central American Electrical Interconnection System (SIEPAC) are interconnected through a 300 MW backbone 

grid with plans for further expansion to 600 MW. The electricity markets of Belize and Mexico are expected to 

integrate with SIEPAC in the near future [89], as well as potentially Colombia after completion of the 400 MW 

HVDC interconnector towards Panama [41,90]. These ties link North- and South America, albeit with limited flow 

capacity to-date. Additionally, the interconnectivity expansion between countries in both continents stimulates 

trade between the Americas even more. For example, the US signed bilateral principles with Mexico in 2017 for 

further power system integration [91], as of early 2017 there are 11 pending applications for new Canada-US 

cross-border interconnectors [92] and additional cross-border interconnectors in South America are being 

commissioned [93–95]. 

 

The ‘Gobitec’ proposal was put forward in 2009, fuelled by the concept of the Desertec project, to 

interconnect the North-East Asia power grid (NEAG) by means of China, Japan, Mongolia and North- and South 

Korea [96]. Other NEAG advocates include Russia as well [97]. Following the Fukushima nuclear accident in 

2011, the Renewable Energy Institute was initiated in Japan by the SoftBank Group to support the transition to 

renewables, among others by interconnecting the power systems of Asian countries [98]. The visualized Asian 

supergrid builds further on the NEAG concept, in addition to integrating India and the Association of Southeast 

Asian Nations (ASEAN). The vision of the institute is being backed by Korea Electric Power Company, SGCC and 

Russian power company PSJC Rossetti after signing a memorandum of understanding in 2016 [99]. According to 

the International Energy Agency (IEA), the developments towards an integrated ASEAN power system remain 



promising, yet challenging, due to a variety of natural and man-made obstacles [100]. Although these Asian 

super grid initiatives focus on grid integration on a continental level, it could enable and stimulate the flow of 

electricity between and throughout continents, for example towards Europe [80,81,101], or towards Australia by 

means of an ambitious prospect of integrating Australia with the Asian mainland through a subsea HVDC 

interconnector [102–104]. 

 

When comparing these projects, a number of trends and developments can be observed, namely; Due to 

the large capital investments, most projects require political support. Despite this, to-date, projects tend to fail 

due to costs, political unrest, lack of support or a combination of the above. Early concept projects tended to 

pursue large capacities of 5GW+ whereas more recent initiatives favour capacities in the range of 2GW reflecting 

the current standard of HVDC projects. The bulk of projects are land-based, but recently there has been a move 

to investigate subsea interconnections, exploiting advances made in this area. Overall, the idea of power system 

integration towards an (inter)continental scale is gaining significant traction. 

 

3.2 Supporting Initiatives on the global grid concept 

 

The Global Energy Network institute (GENI) was founded in 1986 to investigate the original global grid 

concept of Buckminster Fuller [105]. To-date, GENI’s objective is to conduct research and inform the public and 

other relevant actors on the viability of interconnecting power systems between nations and continents. 

 

In response to the ‘one belt, one road’ initiative and China’s president Xi Jinping’s vision of a global grid, 

SGCC initiated the Global Energy Interconnection Development and Cooperation Organization (GEIDCO) in March 

2016 [106]. Currently, over 200 universities and research institutes, energy enterprises and other entities are 

engaged in membership of GEIDCO [107]. Its purpose is to conduct research and promote the development of 

a global grid to meet the growing global demand for electricity in a sustainable fashion and to support the UN’s 

agenda for sustainable development [108,109]. In 2017, GEIDCO signed a memorandum of understanding with 

multiple international organizations, including the United Nations Department of Economic and Social Affairs 

(UNDESA), to strengthen the cooperation for the purpose of sustainable development [110]. 

 

The Climate Parliament, an international cross-party network of legislators, initiated the Green Grid Initiative 

which among others supports the build of (inter)continental ‘electricity highways’ [111]. Compared to GENI and 

GEIDCO, this initiative utilizes a more top-down approach to create the political leadership- and will required to 

support the development towards a global green grid. To-date, ministers of 19 countries expressed their intention 

to participate (e.g. of Brazil, India, Indonesia and Mexico) as well as partnerships with among others the IEA and 

IRENA to provide technical advice. Similarly, under the umbrella of the Clean Energy Ministerial (CEM), 

discussions on the policy- and regulatory framework required for a global grid were undertaken [112].  

 

While these support networks and organisations promote the idea of a global grid, there is still a lack of 

evidence on the concept to objectively inform policy development and decision-making and justify construction 

of any projects. 

 

4. Benefits, opportunities, risks and challenges 

 

Defining possible benefits, opportunities, risks and challenges of- and for intercontinental interconnectors 

and a global grid is of vital importance to support necessary decision-making for a future low-carbon power 

system and an overall sustainable future. The chart in figure 2 gives an initial overview of these aspects as 

mentioned within the literature, which will be discussed in more detail within this section.  



 
Figure 2 Overview of mentioned benefits, opportunities, risks and challenges for a global grid and/or intercontinental 

interconnectors within the literature. The outer ring corresponds to further description of the benefits and opportunities (A) and 

risks and challenges (B) within this section. 

 

4.1 Benefits and opportunities 

 

The discrepancy between on the one hand main consumption areas and existing grid infrastructure, and on 

the other hand areas with high renewable energy potential [5,7,23,36,40–42,113] is often regarded as a core 

argument for the benefits of a global grid. Considering the projected required RES-E capacities around the globe 

in line with the 1.5-2 degrees climate targets [3,4], utilizing the possibility to interconnect highly efficient-, 

unused- and sparsely populated regions for RES-E integration (A01), in parallel with optimizing the use of 

domestic RES-E resources, has gained significant interest. Czisch [114] indicates that in essence Europe has 

significant RES-E potential, yet the high population density could limit expansion towards higher RES-E 

penetration levels. Similar observations have been made for load centers in North-East Asia [96] and South-East 

Asia [102–104,115]. Norrga and Hesamzadeh [113] argue that next to the siting of RES-E, the possibility to 

install vast capacities of nuclear power plants at unpopulated and safe locations can be an important driver for a 

global grid and decarbonisation of the power system, however the analysis doesn’t consider public acceptability 

as a significant challenge. Areas with significant RES-E potential and low population density, potentially able to 

supply intercontinental markets as identified in the literature, are on the outskirts of Russia for the European and 

Asian market [76], parts of Central and North-East Asia (e.g. Kazakhstan, Mongolia and Western China) for 

Europe, North- and South-East Asia [81,96,97,116–118], the Australian deserts for the South-East Asian market 

[42,48,102,103,115,117–120], MENA for the European market [41,60,61,73,114,121–124], Greenland for 



Europe and North-America [125–127] and unpopulated regions in South-America for the Central and North-

American markets [128]. While these studies focus on spatial availability, the consideration of geopolitical or 

public acceptance risks is often limited. For long-distance intercontinental interconnectors it is often argued to 

use a multi-terminal setup with connections to secondary lines. This allows transit regions to feed in RES-E or 

take out electricity as well, making optimal use of local resources [48,81,115,129]. However, such concepts 

would require detailed economic analysis. 

 

The inherent variability in generation of VRES as well as the variability in locational demand can be smoothed 

by utilizing time-zone diversity through longitudinal power system integration with intercontinental 

interconnectors (A02, e.g. [81,126,130–133]). Ardelean and Minnebo [81] highlight the potential of a China-

Europe transmission pathway by indicating that periods of high consumption on either side of the pathway often 

occur simultaneously with off-peak hours on the other side due to a time difference of seven hours. Furthermore, 

the authors show that solar output in Central Asia coincides with peaks in consumption in Europe or in China 

depending on the time of day, allowing for constant power exchange at peak electricity prices and an overall 

larger market for power exchange (A09). A similar strategy is envisioned by Chatzivasileiadis and colleagues 

[126] for RES-E export from Greenland to the European and North-American continents. Grossmann et al. 

indicate that by linking the main deserts in North- and South America the longest night (zero generation from 

solar-PV) can be reduced from 14 to 9 hours [128]. Conceptually, Kuwano [130] proposes to utilize the diurnal 

cycle of solar-PV generated electricity around the globe by linking significant solar-PV capacities with a global 

grid. Besides the importance of time-zone diversity, a range of studies [61,114,115,117,128,131,132,134] also 

indicate the potential benefits of the smoothing effect of area enlargement in VRES generation to an 

intercontinental scale. This is the case for longitudinal power system integration, but also for latitudinal 

integration by capturing seasonal and regional differences in load and VRES generation (A03). While utilizing 

time-zone diversity is a valid concept, it does necessitate longer interconnection distances for full exploitation. 

This increases the risk and complexity of such projects when compared to more local interconnections. Equally, 

the reviewed literature doesn’t always account for future impacts of smart grid initiatives which also aim to 

smooth out local demand and supply, and therefore may dampen the benefit of time-zone diversity. 

 

The ability to dispatch available low-cost generation capacity throughout larger regions by integrating 

continental markets can improve cost-efficiency in electricity generation (A05, e.g. [33,70,104,105,109,

116,118]). Besides cost savings during dispatch, integrating continental markets allows for the sharing of costly 

operating reserves and an overall reduction in required generating capacity (A07, e.g. [36,41,48,126,131,136]). 

Furthermore, intercontinental interconnectors can support the rapid growth of electricity demand in developing 

regions by utilizing existing generating capacity elsewhere (A10, [36,41,97,136]). In context of interconnecting 

the European and North-African power systems, a recent IEA report [41] argues that “interconnections are a 

viable option to ease the burden of North Africa’s increasing demand: compared to investment in additional 

generation and operational costs, grid infrastructure is a low-cost solution. The structural overcapacity in Europe 

can help meet the North Africa’s increasing need for energy.” While such a concept has theoretical merit, it would 

be required to comply with existing European climate and energy regulations such as the European Emissions 

Trading Scheme (ETS) and European Renewable Energy Policy, complicating the operationality of such an idea. 

Grossmann and colleagues [128,137] indicate that when considering an interconnected Americas power system 

to be solely supplied by generation from solar-PV, the total capacity required is about equal to the capacity 

required for supplying the North-American continent alone based on purely domestic resources. Interconnections 

make the utilization of seasonal and diurnal differences in solar-PV generation possible, reducing the overall 

required capacity, as well as significantly reduce the demand for (costly) electricity storage (A06) compared to 

the original ‘Solar Grand Plan’ for the North-American continent [138]. However, these and similar studies do 

not include detailed reliability and adequacy assessments to demonstrate that this type of grid could be operated 

with the same level of reliability as today. Until successfully completed, such ideas remain conceptual. 

 

The possibility to invest in regions with potential highly efficient RES-E resources promotes foreign 

investment in the RES-E industry in developing countries, which in turn can lead to further cooperation and 

commitment between regions (A14, e.g. [73,76,96,97,114,116,139,140]). Seliger and Kim [96] argue that the 

Gobitec proposal could be a catalyst for policy cooperation in the political tense region of North-East Asia. 

Grossmann and colleagues [128] highlight the significant role interconnections between the Americas could have 

on economic development in South America. Not only due to the expected revenue flows, but also in regard to 

an overall economic growth following the improved energy availability in the region. Other benefits and 

opportunities of intercontinental interconnectors and- or a global grid as mentioned within the literature are that 

it can improve diversity and security of supply (A04, e.g. [36,50,115,126,132,134]) and that it brings forth a 

lower price volatility in the interconnected regions resulting in an overall more stable price for consumers (A08, 

[36,61,126]). Boute and Willems [76] argue that the export of locally produced RES-E from biomass in Russia 

further into Europe might be a more cost-efficient and sustainable alternative to exporting the raw fuel itself 

(A11). A range of studies highlight the potential contribution intercontinental interconnectors and intercontinental 



RES-E import could have on policy targets, such as the earlier mentioned decarbonisation- and interconnection 

targets within Europe (A13, [32,41,76,81,121,133]). Additional socio-economic benefits are the possibility to 

improve a country’s image from fossil fuel exporter to RES-E supplier (A15, [76,102,103]), positive effects on 

green job growth [116,119,141] and an overall expected welfare improvement [97,133,141] (A16). 

Furthermore, significant environmental benefits are expected as a result of the higher RES-E integration and the 

decrease in electricity generation from fossil sources (A17, e.g. [36,40,60,97,134]). Bompard et al., [50] 

qualitatively benchmarks a global grid scenario to alternative decarbonization pathways and indicates that the 

concept could be particularly beneficial from an environmental viewpoint.  

 

Lastly, some studies indicate that by directly interconnecting to areas with high RES-E potential, local low-

voltage grids can by bypassed (A12, [37,126]). Yet, to-date, a core limit on RES-E integration lies within the 

weakness of local grids. Hence, although bypassing local grids might be an option in certain situations, for an 

optimally functioning intercontinental interconnector or possible (global) super grid it is essential that local 

transmission and distribution networks are able to support and distribute these bulk flows. Both in terms of Net 

Transfer Capacity (NTC) as well as coordination and exchange of information between transmission and 

distribution networks- and operators [23,37,45,49,142,143]. 

 

4.2 Challenges 

 

Although the development of interconnections between countries and continents could enhance cooperation 

and economic development between regions as indicated earlier, it could also bring forth risks in case of supply 

dependency from non-domestic sources in often unstable regions (B03, e.g. [32,50,55,144–148]). An often 

made argument is that import of electricity from centralized distant regions has obvious similarities to the current 

dependency of large parts of the world on gas and oil imports from a set number of suppliers, including the risk 

of supply interruptions and its consequences [32,55,144,149,150]. Despite the similarities, there are also 

inherent differences, such as the fact that oil and gas can potentially be rerouted from different suppliers whereas 

electricity is dependent on fixed grids [144]. Next to that, gas and oil can be stored, allowing importers to store 

buffers, but more importantly, it allows suppliers to stop exporting without an immediate monetary loss on the 

long term [55,144]. Electricity needs to be consumed directly after generation, creating a different balance of 

power between supplier and consumer. Furthermore, unless a transmission line is physically disconnected, 

Kirchhoff’s laws determine the flow of electricity [151], limiting the potential to alter supply directions. The 

vulnerability to supply interruptions in a Desertec scenario is assessed by Lilliestam and Ellenbeck [144]. They 

show that Europe in principle is not very susceptible to extortion following a potential export embargo from a 

single country. Only modest economic damage can be created, yet the exporting party might undermine its own 

market position in terms of direct income and long-term reputation. Only if all North-African countries combined 

would engage in an embargo Europe’s vulnerability would increase [144]. Similarly, certain politically unstable 

countries such as North-Korea would significantly benefit from linkage into an Asian supergrid due to their poor 

power status [147], making it unlikely to engage in activities affecting the exchange of electricity. Czisch and 

Giebel [149] furthermore indicate that the amount of partners involved in a RES-E supergrid is much higher 

compared to the current relative monopolies in fossil fuel supply (e.g. OPEC countries), securing a higher 

intrinsically stable and diverse system. However, many investors are risk adverse and previous literature shows 

that political support and backing would be required for such projects. Overall, it can be argued that the N-1 

contingency criteria for countries utilizing intercontinental interconnectors is of vital importance to limit the 

associated risks [96,97,144]. This can either be through interconnectivity with other regions or by securing 

sufficient domestic supply potential. 

 
Utilizing potential resources in areas with high RES-E potential might be an attractive means to fuel 

decarbonisation, yet a stream of research highlights a competing development trend towards prioritization of 

decentral RES-E (B05). Certain studies advocate that it is deemed to be the cost-efficient solution [104,152–

155] whereas others argue the societal preference for making use of indigenous resources [32,150]. Another 

societal concern is that by utilizing distant RES-E for import purposes, a ‘sell-out’ of local resources might occur 

which could otherwise be used for the domestic market (B06, [76,153]). Although this is a viable concern, it has 

also been indicated earlier that areas with some of the highest renewable energy potential are also areas with 

very low population density. That said, it is vital that expected trends in population growth, such as in Northern- 

[41,60] and Sub-Saharan Africa [156], are taken into account. Vice versa, by importing distant RES-E rather 

than making use of domestic resources, the economic- and employment opportunities that energy projects bring 

along are partly being lost to the exporting regions [76]. When it comes to providing flexibility for the variability 

of VRES, it is often argued that energy storage solutions in parallel with decentral VRES is a more economically 

viable solution (B09, [25,35,145]). However, because of the absence of detailed modelling of a global grid, as 

we’ll discuss in more detail in section 5, such a statement cannot be verified. Despite that, storage could provide 

auxiliary services required for a functioning global grid [23] and although storage and interconnectors may often 

compete for similar roles [12], they can also reinforce each other by optimizing the utilization rate of 



interconnectors [23,115,119,157]. Again, the role of storage in a future global grid is poorly understood and 

requires research for greater insight. 

 

A challenge for any transmission project, especially for long-distance and often sub-sea interconnectors, are 

the high investment costs- and risks associated with projects of this magnitude (B01, [17,32,36,58,80,

103,153]). In the past, and arguably so for the near future, it’s been one of the core limiting factors on 

intercontinental interconnection projects [59,104]. Table 1 gives an overview of expected investment costs and 

transmission losses for intercontinental HVDC interconnectors as mentioned within the literature. Furthermore, 

costs of a range of to-date installed- or planned subsea HVDC interconnectors have been included as an indication 

for the current state of the art.  

 

Table 1 Overview of normalized investment costs, conversion- and transmission losses for existing- and conceptual HVDC 

(intercontinental) transmission projects as mentioned within the literature.  

Ref. Year 

study 

Conceptual, 

Existing, 

Commissioned,  

Pathway Specifics 

line 

Costs Land- 

based  line (€ 

Billion /1000 km) 

Costs Subsea 

line (€ Billion / 

1000 km) 

% line 

loss /1000 

km1 

Costs 

Converter pair 

(€ Billion) 

% loss 

Converter 

pair 

Project costs 

(€ Billion)2 

[158] - Existing BritNed 1 GW, 

+- 450 kV 

- - - - - 0.6, 250 km 

subsea HVDC 

[159] - Commissioned EuroAsia 2 GW, 400 

kV 

     2.65, 1518 km 

subsea HVDC 

[160] - Existing NordBalt 0.7 GW, 

+- 300 kV 

- 0.6753 - 0.1934 - 0.463, 400 km 

subsea HVDC 

[161] - Commissioned NordLink 1.4 GW, 

525 kV 

- 1.4883 - 0.396 - 1.332, 516 km 

subsea HVDC 

[17,1

62] 

- Existing NorNed 0.7 GW, 

+- 450 kV 

-  5% incl. 

conversion 

 5% incl. 

line losses 

0.6, 580 km 

subsea HVDC 

[161] - Commissioned NorthSeaLink 1.4 GW, 

500 kV 

- 1.2243 - 0.409 - 1.299, 720 km 

subsea HVDC 

[17] - Existing SAPEI 1 GW,  

+- 500 kV 

- - - - - 0.73, 435 km 

subsea HVDC 

[114] 2008 Conceptual Europe-MENA 5 GW 0.35 

 

3.5 4 0.3 1.2 - 

[61] 2012 Conceptual Europe-MENA 3 GW5 1.986 

 

2.386 1.6 0.43 1.4 - 

[35] 2014 Conceptual Europe-MENA 3 GW5 1.657 1.657 - - - - 

[60] 2007 Conceptual Europe-MENA 5 GW - - 3.33 - - - 

[126] 2013 Conceptual Europe-

Greenland-N. 

America 

3 GW, 800 

kV 

- 1.15-1.8  3 0.6 1.2 - 

[133] 2018 Conceptual Europe-

Greenland-N. 

America 

4 GW, 640 

kV 

- - 2.12 - 2 - 

[82] 2010 Conceptual Iceland-UK 1.2 GW - 1.24  4.3 0.28 1 - 

[81] 2017 Conceptual China-Europe - 1.8-28 6-88 - 0.7-0.8 - - 

[163] 2016 Conceptual North-East Asia 3 GW5 1.496 2.386 1.6 0.43 1.4 - 

[116] 2014 Conceptual North-East Asia 10 GW, 

1000 kV 

- - 1.63 - 2.1 - 

[115] 2012 Conceptual South-East Asia-

Australia 

5 GW, 800 

kV 

0.774,7 0.774,7 3 - 2.7 - 

[119] 2017 Conceptual South-East Asia-

Australia 

3 GW 0.644 2.584 - 0.86 - - 

[117] 2012 Conceptual South-East Asia-

Australia 

- - - 3 - - - 

[128] 2014 Conceptual Americas - - - 2-3 - - - 

[132] 2004 Conceptual Global 3 GW5 0.797 0.797 3 - - - 

    Mean 1.196 1.646 2.757 0.465 1.625  

    Median 1.14 1.475 3 0.42 1.4  

1 At full rated power, lower losses at non-full load. 
2 Note that total project costs can be lower than combined line and converter costs. Line costs are normalized to billion €/1000 km. 
3 Line costs for to-date subsea interconnectors include line costs for land-based connections to converter stations. 
4 Applied exchange rate of €1-US$1.16379. 

5 3 GW used for conversion. 
6 Costs converted back from (NTC) with indicated 20% reserve margin [61]. 
7 Averaged value for HVDC, no distinction between land-based and subsea interconnectors. 
8 Includes potential costs for high capacity HVDC interconnectors as currently commissioned in China (800-1100 kV, 10-12 GW). 

 

The table indicates a significant range in normalized investments costs per 1000 km of transmission distance. 

Expected line costs for land-based HVDC interconnectors range between 0.35-2 billion €/1000 km and (expected) 

line costs for subsea HVDC interconnectors between 0.675-8 billion €/1000 km. A multitude of factors influence 

the cost expectations, such as cable characteristics (e.g. setup, type, voltage and wattage), the geography of 

the route (e.g. flat, mountainous or subsea) [17,81,146] and recency of the study. Refer to Ardelean and Minnebo 

[17] for a detailed assessment of these factors for subsea HVDC interconnectors. The majority of normalized 

costs as indicated within the literature are above the investment costs of to-date realised projects due to the 

generally higher voltage and wattage per line and converter. Yet, taking this and technological learning curves 

into account, assessment of the existing literature indicates that there’s a development trend of decreasing 



project costs for (intercontinental) long-distance HVDC transmission. Another visible trend is the growing interest 

of intercontinental projects in China and other parts of Asia, reflecting the growing economy in Asia and its 

resulting need for power.  

 

The median, as included in the table to limit the influence of outliers, in mentioned transmission losses 

normalized/1000 km is 3%, which seems to be a common assumption in intercontinental interconnector studies. 

Losses for a converter pair are deemed to be around 1.4-1.6%. The significant transmission losses associated 

with the utilization of long-distance transmission lines can be seen as a limiting factor to the overall feasibility of 

potential intercontinental interconnection projects (B02, [32,81,117]). 

 

Clearly, the high capital investments required for intercontinental interconnectors and the associated risks 

are an obstacle to be overcome. The BritNed and NorNed projects indicate that a merchant investment 

mechanism, where profit margins are determined based on the price differential between interconnected regions, 

can be successful for long distance HVDC transmission projects and that it might be a realistic option for future 

intercontinental interconnectors [55]. Yet, a merchant investment approach encounters significant limitations, 

such as the lack of transparency in long-term regulated planning, making it difficult to assess the viability of 

investments [41]. Furthermore, profits run on short-term spot- or day ahead markets and not so much on long-

term contracts, adding uncertainty for investors [126]. Next to that, a significant part of the benefits of power 

system integration on an intercontinental scale, such as the reduction in RES-E curtailment [61], the 

strengthening of regional grid stability [41] and significant cost-reductions in electricity generation are not part 

of the remuneration for private interconnector investors. This can be considered as a lack of incentives for market 

players to make high capital investments in developments which provide system-level advantages [61]. Hence, 

it is often argued that interconnectors can be seen as a public good and that a regulated investment strategy 

could be anticipated [32,41,48,126]. Robinson [32] suggests that “interconnectors should be built as part of a 

multi-country planning process and that the costs and benefits of the interconnectors should be socialised – in 

other words, shared – according to a set of principles agreed in advance”. Furthermore, Gellings [48] argues 

that a global tax on greenhouse gas emissions could be a financial incentive to shift to carbon-free energy and 

that once first segments of a global grid are in place, such a carbon tax would catalyse private funding for further 

power system integration and RES-E capacity expansion. While this argument work in theory, real world 

implementation of carbon taxes has been politically difficult. Whatever investment mechanism is used for 

intercontinental interconnectors and a global grid, the costs and benefits of any project need to be clearly defined. 

This aspect will be further assessed in section 5.  

 

Regulatory issues and challenges in market operations (B04) in a global grid context, such as the difficulty 

of integrating different types of power markets, are potential obstacles which need to be tackled 

[32,42,50,55,126,133,148]. Al Asaad [73] indicates the potential for a pan-Arab power pool, yet also highlights 

the differences in power market structures within the different countries of the GCC, from partly competitive to 

state-owned. In context of a possible transatlantic interconnector between Europe and North-America, Purvins 

and colleagues [133] state that power exchange between both continents would be challenging due to often 

incomplete exchange of information in competitive bilateral trading. Furthermore, the to-date lack of carbon 

pricing in power markets in large parts of North-America relative to the European ETS would prevent a level 

playing field in the transatlantic context [164]. Allowing competition between non-harmonized countries and 

regions as in the examples above would affect the competitiveness of market participants and possibly create 

unfair situations. Defilla therefore argues for an existing or new supranational institution to be assigned to act 

as global regulating institution [148]. Similarly, Chatzivasileiadis and colleagues [55,126] anticipate the need for 

a global regulator to provide a forum for communication among interested parties, coordinate investments and 

ensure a global competitive market environment, but also expect the need for an independent global TSO with 

a similar role compared to current regional and national TSO’s. The authors envision two potential market models 

for a global grid, a hierarchical one where the backbone DC grid is separated from the underlying AC grid, or a 

more horizontal model where every regional market participates as an individual player [126]. 

 

Another challenge is that by integrating power systems an improved balance in marginal electricity prices 

between regions will occur, and although this leads to an overall cost reduction, it also means that in certain 

regions the cost of electricity generation- and potentially the electricity prices for consumers will go up (B08, 

[36,117,133]). Besides that, concerns regarding energy sovereignty [104], influence of politics on protecting the 

domestic energy mix [32], resistance of market participants to new entries [32] and local resistance against 

interconnector development (NIMBY) [148] are all factors influencing occurrence of opposition against 

interconnector development or power system integration (B10). Defilla argues that local opposition is the most 

time-consuming and often limiting factor in interconnector development. Considering the larger range of parties 

involved in case of an intercontinental interconnector project, good governance and communication within all 

layers of involved actors is deemed to be essential [148]. 

 



The inexperience in long-distance interconnection projects, especially when considering subsea pathways, 

causes uncertainties in regard to the impact of the local environment, geography and terrain on the feasibility of 

the project (B07, [17,37,59,81,103,146]). Walter and Bosch indicate that the most optimal transmission pathway 

is through flat barren lands and that it becomes significantly more expensive when considering occupied terrains 

such as agricultural areas or woodlands, sloped corridors or subsea sections. The calculated cost optimal-route 

for a conceptual interconnection between the east of Morocco and Paris does therefore not run upwards through 

Spain, but through the Mediterranean and the Italian- and Swiss mainland, mostly due to the ability to bypass 

natural barriers such as mountains and rivers [146]. Ardelean and Minnebo [17] mention the importance of 

avoiding deep trenches and steep slopes while maintaining the shortest path possible when considering a subsea 

interconnection. Maximum depths expected to be feasible were set at 2000 metres about a decade ago [165] 

and although depths of above 1000 metres are only reached in the Mediterranean sea so far [17], the 

commissioned EuroAsia and EuroAfrica interconnectors will reach depths of near 3000 metres [66,67], expanding 

the technological boundaries. Refer to [17] for a more detailed review of environmental aspects influencing cable 

performance and factors affecting the physical implementation of subsea interconnection projects.  

 

On operational aspects, the risk of propagation of disturbances becomes more prominent with enhanced 

interconnectivity [166–168], especially on the scale of a global grid. Using Back to Back (B2B) HVDC 

interconnectors to prevent propagation between interconnected AC grids can be a solution [168,169], albeit with 

significant costs due to the high investments required for HVDC interconnectors as indicated earlier in this section. 

A collaboration between eight institutions and universities in Europe and the US engaged in 2017 in a project 

called the ‘Global RT-Super Lab’ [168,170]. During a demo event, an HVDC transatlantic interconnector was 

simulated through cloud-based communication, interconnecting the transmission systems of Europe and the US 

represented by the locations of the collaborating institutions. Different components of the power system, such 

as an actual wind farm in the US, were integrated during the simulations. Main goal of the demo was to assess 

the robustness of the interconnection in terms of acting as a ‘firewall’ against the real-time propagation of 

disturbances between the interconnected AC grids on both side of the DC link. The results indicated that the 

dispersed assets can simultaneously solve a grid stability problem by making use of the interconnection [171].  

 

Finally, according to the ENTSO-E, occurrence of inter-area oscillations [172] are a “major concern when 

enlargements of the [Continental European] system are studied or carried out” [173]. It is clear that this 

challenge becomes more difficult to tackle when considering power system integration towards a global scale. 

Within Europe, Coreso has been appointed as a centralised regional security coordinator allowing the exchange 

of information between TSO’s among others to help prevent significant disturbances to occur. A similar role could 

be assigned to a global institution such as the global regulator as introduced by Chatzivasileiadis and colleagues 

[55,126], or a separate independent institution. 

 

5. Techno-Economic assessment 

 

In the previous section we indicated the significant investments required for intercontinental interconnectors 

and a global grid. Yet, to be able to determine if these investments would be worth the capital and the associated 

risks, it’s of vital importance that the net benefits are assessed and quantified while considering the full market 

impact [36]. Within this section we review and compare studies attempting to assess the techno-economic 

aspects of intercontinental interconnectors and the global grid.  

 

5.1 Global grid 

 

The first ever attempt to simulate the functionality of a global grid was done by Dekker and colleagues [174] 

in 1995. However, the complexity of the optimization problem and the available modelling software limited the 

practical implementation of the envisioned nine region global model at that time. Bompard et al., [50] 

benchmarks the global grid concept with alternative decarbonization pathways, yet does not include a quantified 

assessment of system-wide techno-economic effects. Albeit the limitations of this aspect are acknowledged in 

the study, the claim from the authors that the global grid option seems sustainable from an economic point of 

view remain unverifiable based on today’s knowledge and literature. 

 

Biberacher [132] performed a linear least-cost optimization solely based on optimal utilization of available 

solar-PV and wind energy potential for a global grid based on 11 nodes. The author indicates that in a scenario 

with sufficient availability of low-cost storage, global interconnectors are mostly used to compensate for recurring 

geographical discrepancies in demand and supply. Storage is deemed to be the cost-efficient solution in case of 

peak oversupply by storing the generated electricity locally. If storage is not available, global interconnectors 

are utilized to balance the short-term variability in generation as well, yet as Biberacher mentions; “the grid 

becomes massively oversized”. Following the flow dynamics of the simulated global grid, a core flow of globally 

https://www.coreso.eu/services/
https://www.coreso.eu/services/


generated electricity towards load centers in South-East Asia and China can be identified, with Australia as main 

exporter.  

 

In contrast, Aboumahboub and colleagues [131] used a optimization methodology for a global grid model 

consisting of 51 nodes of similar geographical size, disregarding current borders of power systems and associated 

generation portfolios. The results indicate that the overall required conventional backup capacity can be reduced 

by a factor eight when comparing the optimization of an interconnected- versus a non-interconnected scenario 

of the 51 regions. This shows the potential of utilizing seasonal and diurnal (time-zone differences) variability for 

smoothing of the global VRES generation. Similar to [132], the study showcases the importance of the duality 

between storage and global interconnectors. It furthermore indicates the cost-efficient RES-E import potential 

for China, India and South-East Asia in the global grid context. These findings are in line with the earlier described 

trend of growing interest in (intercontinental) interconnection projects in Asia due to its growing need for power. 

In a second study by the same authors [134], the potential of global carbon pricing was assessed in context of 

CO2 abatement targets. In a scenario where capacity expansion of interconnectors between the 51 regions is 

permitted, a shift can be seen in the cost-optimal solution from mostly biomass- and gas-based generation to 

increased levels of wind power penetration to reach the same abatement targets. 

 

Ummel [40] applies a realistic limit on solar power capacity expansion while optimizing the deployment around 

the globe by restricting the global supply of solar powered electricity generation at 2000 TWh by 2030 

(approximately 7% of 2030 global demand). The author indicates that “there is generally low correlation of 

optimal generating sites and the location of electricity consumption”, which from an intercontinental perspective 

results in core power flows from MENA to Europe, the Persian-Gulf to India and from Australia to Indonesia. The 

modelling approach utilized in this study is restricted to the least-cost optimization of solar powered generation 

capacity. The supply of the remaining 93% of 2030 electricity demand is not incorporated in the simulations. In 

a similar study Bogdanov and Breyer [25] performed a linear optimization for a 2030 100% RES global energy 

system consisting of 23 regions across the globe. The authors highlight that the optimal solution is highly 

decentral, only 4% of energy demand is supplied by import of energy. Furthermore, besides a pathway 

interconnecting the Americas and a pathway interconnecting Southern Europe with MENA, the authors conclude 

that the results are a clear indication that a global grid does not generate benefits. Yet, the view of the authors 

that a 100% RES energy system (heat, power and transport) can be reached by 2030 seems optimistic.  

 

A comparative assessment of these studies show some potential benefits of power system integration 

towards a global grid, however they contain a number of weaknesses which limits their value, namely; 1) the 

relatively low nodal representation [131,132,134,152,174], 2) low technological representation [40,132], 3) 

limited locational data representation (e.g. lack of input data based on actual locational load- or VRES profiles 

outside Europe) [40,131,132,152], 4) a focus on 100% RES-E modelling [131,132,152] and 5) the overall limited 

quantification of costs and benefits [25,40,50,174]. In a recent paper [164], we introduced a project aimed to 

fill this gap by developing a global interconnected power system model to assess the global grid concept with 

high technical and temporal resolution for a variety of future decarbonisation pathways. Furthermore, 

developments in open power system data [175–177] and computational power [178] can support improved 

assessments of the global grid concept. 

 

5.2 Intercontinental interconnectors 

 

Compared to studies assessing the global scale, studies focussing on the potential of separate 

intercontinental interconnectors or transmission pathways are more numerous and often supported by more 

detailed quantification. Brancucci and colleagues [121] indicate the potential for cost-efficient RES-E export from 

Northern-Africa to the European market. Although these findings are relevant within their respective scenario, 

being an EU power system largely based on coal and gas, the trend in continental Europe has evolved towards 

a more established RES-E portfolio. Potentially, a reversed flow could assist in transitioning the current fossil-

fuel dominated power systems in Northern-Africa as well as support the growing demand for electricity [41]. Yet, 

as mentioned earlier, political instability in Northern-Africa has to-date limited the development of potential 

economically feasible interconnection projects due to uncertainty regarding the return on investments. Despite 

the uncertainty on transmission interconnection developments between Europe and MENA, studies assessing 

deep decarbonization of the 2050 Pan-European power system do highlight the cost-efficiency of utilizing the 

RES-E potential across the Mediterranean [61,114,179–181]. The E-Highway 2050 project, funded by the EC, 

showcases that in the higher RES-E scenarios approximately 10-40 GW of transmission capacity should be 

integrated between Northern-Africa and Italy, supporting the supply from up to 116 GW of installed solar capacity 

for demand centres in the European power market [179]. Overall, in a 2050 cost-optimal low-carbon combined 

energy system of Europe and MENA, Hess [182] identifies an empirical probability of technological integration of 

CSP export from MENA to EU through HVDC interconnectors of up to 66%. 

 



Chatzivasileiadis and colleagues [126] assess the economics of a 3 GW transatlantic interconnector between 

Europe and North-America with intermediate landing points in Greenland and Iceland, while also incorporating a 

3 GW offshore wind farm near Greenland with a capacity factor of 40%. The authors assume that electricity from 

the wind farm can always be sold at peak prices by utilizing time-zone diversity. The remaining capacity of the 

3 GW interconnector can be used for power exchange between both continents. By assuming similar revenues 

compared to the NorNed project, the study indicates that the income for each delivered kWh would exceed 2-4 

times the initial investments. In a follow-up study, the authors suggest that the amortization period for a direct 

link between the PJM interconnection (US) and Portugal is expected to be between 18-35 years [125]. Purvins 

and colleagues [133] simulate an interconnected European–North-American power system in a 2030 power 

dispatch model (North-America represented by a singular node). The results indicate that the majority of power 

exchange, being 27.4 TWh with a total capacity factor of 78%, through the 4 GW interconnector is directed 

towards North-America. The authors conclude that the overall socio-economic benefits for society, around 177 

million €/year, are sufficient to cover the investment costs and hence that the project is welfare improving. 

Brinkerink et al. [164] confirms the potential for power exchange between Europe and North-America in an 

integrated 2050 power system model. Similarly to [133], the study identifies a general direction of flow towards 

North-America when considering standardized fuel and carbon pricing, mostly due to the higher relative RES-E 

penetration in Europe. Yet, the study also indicates the sensitivity of the combined merit order to integration of 

localized fuel and carbon pricing. This highlights the challenge of integrating different markets, as put forward in 

section 4. 

 

Grossmann et al. [128] argues that considering expected solar electricity costs by 2030, and calculated costs 

of HVDC transmission for respectively interconnections between San Diego in the US and the Atacama- and 

Sechura deserts in South-America, solar electricity can be supplied for between 0.057-0.061 $c/kWh. This takes 

into account that 50% of installed capacity is based in South-America and 50% in the US, making optimal use 

of time-zone- and seasonal diversity in supply and demand. In an optimized 15 region 100% RES based 2030 

energy system for Central- and South-America, Barbosa and colleagues [183] indicate that the overall cost can 

be reduced with 8.7% if transmission capacity expansion is part of the optimization. Yet, the overall flow of 

electricity between both continents is limited at 1 TWh. Continental generation in combination with significant 

storage capacities is deemed to be the cost-efficient solution.  

 

In a similar study for the North-East Asian super grid context [163], the same authoring team showcases 

the significance of grid integration to make optimal use of available RES-E resources. Highly efficient wind power 

displaces decentralized solar-PV capacity. Mano et al. [116] indicate that a 100 GW RES-E project in the Gobi 

desert, including transmission pathways to China, Japan, North- and South-Korea, can be cost-efficient when a 

minimal capacity factor of 30% can be reached, which is feasible [184]. Zhenya and colleagues [97] argue in 

favour of a similar concept by highlighting that the average electricity price in Eastern China in 2016 was around 

$0.12/kWh, whereas the feed in tariff in Eastern Russia for RES-E is less than $0.05/kWh. In a cost-optimized 

100% RES-E power system for Europe and China, Wu and Zhang [101] indicate that a transmission pathway 

between both regions could reduce annual investments by more than 30%. 

 

The potential feasibility of Australian-(South-East) Asian interconnectors are underlined by a number of 

studies [115,117,119,120]. At today’s prices and cost estimates, delivering solar electricity from Pilbara in 

Australia to Java can be delivered at an expected LCOE of $AUS 0.18-0.25/kWh [119]. Compared to the current 

feed-in tariff for solar electricity in Java at $AUS 0.193/kWh, the authors of the study argue that if present trends 

in cost reduction continue, the business case for this interconnector can be commercially viable within five to ten 

years. Blakers et al., [115] argues the importance of electricity storage to capture the midday solar-PV peak 

supply in Australia; the required capacity for an interconnector towards South-East Asian can be reduced with a 

factor four if peak generation- and flow can be smoothed out throughout the day. Contrary to the above studies, 

Gulagi et al. [155] concludes that the costs associated to the transmission of generated low-cost solar and wind 

electricity from Australia is too high compared to the option of regional generation and storage in South-East 

Asia. 

 

Cova and colleagues [59] argued at the beginning of this century that financial feasibility of trans-

Mediterranean interconnectors highly depends on factors such as investment costs and sales prices of electricity. 

Based on the analysis above, it is clear that almost two decades later the same conclusion is still valid for any 

intercontinental interconnection project. Although the benefits of intercontinental power system integration are 

obvious, the assessed studies show that actual feasibility strongly depends on among others the assumed 

required capex investments, assumed cost-reductions for technologies in future scenarios due to the 

technological learning curve and the contextual scenarios in which projects are assessed. More detailed power 

system modelling studies with high temporal, technical and spatial resolution, including sensitivity analyses, are 

a must. 

 



6. Discussion 

 

This paper provides a comprehensive review of the current literature related to the concept of a globally 

interconnected power grid. It reviews the benefits and challenges associated with a global grid- and with 

intercontinental interconnectors. It furthermore assesses existing initiatives supporting the concept, as well as 

an assessment of the state of the art of intercontinental interconnection projects. 

 

The potential to utilize the vast quantities of efficient RES-E resources around the globe to decarbonize the 

global power system is significant. Among others, the possibility to smoothen demand and supply through area 

enlargement and time-zone diversity, as well as the discrepancy between consumption centres, existing grid 

infrastructure, and areas with high RES-E potential, could be valid reasons for power system integration towards 

a global grid and for the intercontinental exchange of electricity. Whether or not such a transformation to 

decarbonize the power system is worth the significant capital investments required is uncertain. A comparative 

assessment of literature and projects reveals that although the possible costs, benefits, challenges and 

opportunities of a global grid and intercontinental interconnectors are clearly qualified within the literature, actual 

quantification of costs and benefits remains in its infancy. Furthermore, to-date performed techno-economic 

modelling studies attempting to assess a global grid are often limited in their regional and technological 

representation and are mostly focused on 100% RES-E assessments. The limited quantification- and scope of 

these studies prohibits benchmarking of the concept to alternative pathways for decarbonisation of the global 

power system. 

 

Key development trends related to the global grid concept include a decrease in costs for long-distance 

transmission technologies, in particular land-based and subsea HVDC, partly driven by China and other Asian 

countries as a result of their growing economies and consequential power demand. Furthermore, a transition 

towards projects pursuing the development of intercontinental interconnectors with overall lower transmission 

capacities as a result of failed overly ambitious projects in the past (e.g. Desertec) can be witnessed. Overall, 

initiatives supporting the global grid concept have been gaining traction in the last years [108,111,112]. 

 

Despite these initiatives, as Robinson [32] argues; “The case for the Global Grid rests on a fundamental 

geopolitical principle: that physical integration of world electricity grids will lower costs and make the world a 

safer place“. As long as the detailed costs and benefits of global grids remain largely unquantified, it is inherently 

impossible to objectively inform policy development and decision-making, this being an essential factor for any 

large-scale transition to succeed. For future work [164], we aim to contribute to the filling of this gap in the 

literature by developing a global interconnected power system model with high technical and temporal resolution 

to assess the global grid concept for a variety of decarbonisation pathways and an overall sustainable future. 
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