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Abstract: 
Several studies have investigated large scale renewables, electricity networks and the potential 
for a supergrid, both in the US and the Europe. However, much of this work is focused on 
technical and economic barriers and under-recognises social, political and other non-technical 
aspects. This paper builds a conceptual framework to analyse the non-technical barriers, 
engagement of stakeholders and social risks to the proposed supergrids in the US and Europe. 
In doing so, we find 12 different non-technical situations (barriers) on each region that are 
present in the implementation of a supergrid, and can help guide the development of these 
economically efficient projects to address the social barriers and risks that they may face. From 
our results, we suggest a set of policy recommendations, parting with the introduction of an 
overarching body of governance for the coordination and implementation of the supergrid. 
This, we hope, provides a map and encouragement for policymakers, investors and 
stakeholders looking to develop and complete these megaprojects; recognising that some 
configuration of a supergrid is required to achieve a full penetration of renewables. Therefore, 
the results of this paper have a significant contribution in decarbonising energy production and 
supply systems, complying with national and international climate ambitions. 
 
Key words: non-technical barriers, supergrid, megaprojects, renewable energy, electricity 
networks, large scale infrastructure. 
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1. Introduction 

It is widely acknowledged that a global large-scale penetration of renewable energy is needed 

to reduce carbon emissions and other greenhouse gasses  in order to stay below the 2 degrees 

Celsius target (Vuuren, et al., 2011; Brouwer, et al., 2016); and capture other co-benefits such 

as reducing water use, land impact, health emissions (particulate matter), and increased energy 

security (Arent, et al., 2014; Berrill, et al., 2016). Such deployment of renewable energy 

capacity, however, demands changes to local, national and cross-national energy and electricity 

system configurations of infrastructure (Brouwer, et al., 2016; Purvins, et al., 2011; 

G.Papaefthymiou & Dragoon, 2016).  

Internationally, a number of studies have assessed the feasibility of renewable energy 

technologies to decarbonise local, national and international power systems (Spro, et al., 2015; 

Brouwer, et al., 2016; Aghahosseini, et al., 2017; Jacobson & Delucchi, 2011; Delucchi & 

Jacobson, 2011). Much of this work remains highly technical, with quantitative models that 

assess the technical and economic feasibility of a number of technologies and system 

configurations (Ueckerdta, et al., 2016; Heide, et al., 2011; Mai, et al., 2014; Noel, et al., 2017; 

MacDonald, et al., 2016; Budischak, et al., 2013). However, this approach has under-

recognised the non-technical aspects of low carbon systems, where only in some instances 

these studies allude to non-technical challenges for the power networks; noting for example 

social uncertainties and governance challenges, such as feed-back loops between private and 

public stakeholders (Dedecca & A.Hakvoort, 2019). Even supergrid-focused research briefly 

notes non-technical challenges may arise in political elements (Platzer, 2016), or governance 

structures to enable its development (FoSG, 2014), and warns of great regulatory, legal and 

commercial challenges (MacDonald, et al., 2016) but without elaboration on what these are, 

how to identify them or address them.  
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That said, the literature has acknowledged that it is the social, political and non-technical 

elements that could be a larger impediment to large scale electricity networks coupled with 

renewable generation (Jacobson & Delucchi, 2011; Delucchi & Jacobson, 2011; MacDonald, 

et al., 2016; FOSG, 2016). In doing so, the literature calls for more social science research in 

the energy sphere to understand challenges, barriers and opportunities that might fall outside 

of the parameters of economic and mathematical models (Sovacool, 2014; Heffron, et al., 

2015). 

Consequently, this paper proposes a conceptual framework of analysis, that aims to serve as a 

tool to identify and mitigate potential non-technical barriers that might arise in the delivery of 

large scale infrastructure, in this case a large scale electricity network or a supergrid supported 

by renewable energy sources. Due to the nature and scale of the potential infrastructure (large-

scale electricity networks), we build from megaproject and infrastructure literature as a basis 

to describe the processes and institutional arrangements that may occur in the delivering of 

infrastructure like supergrids. The framework is subsequently applied to a case study: the 

implementation of a supergrid in both the United States and Europe. 

In doing so, this paper hopes to elaborate on the utilisation of social science research in energy 

studies, providing a multidisciplinary tool of analysis in the conceptual framework and 

potentially contribute the guide to policy-making in the consideration of non-technical barriers 

when delivering energy infrastructure. Moreover, this paper contributes to further to the current 

technical research on supergrids or large-scale renewable network system proposals (see for 

example MacDonald, et al., 2016), where considerable economic and technical benefits are 

underpinned, but they lack proposals on the institutional, regulatory, and stakeholder 

arrangements that surround such system configurations. Indeed, several of these papers, after 

concluding on technical and economic efficiency, have actively encouraged future research in 

the social aspects of a supergrid (MacDonald, et al., 2016; Mai, et al., 2014; Noel, et al., 2017).  
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Therefore, this paper has three central novel contributions: 1) to contribute to megaproject 

literature with the development of a detailed framework for analysing the barriers for large-

scale infrastructure projects, 2) to fill the current research gaps within such technical research 

of supergrids and renewable energy integration and 3) recommend specific policies to ease the 

implementation of a supergrid. 

2. Supergrid and large-scale infrastructure 

On this paper we focus on large scale energy or power networks, supergrids, which have been 

previously conceptualised under different geographical (national, regional or global) and 

technological (power source supported) configurations. Geographically, the supergrid has been 

considered under growing configurations with a North-American supergrid, including Canada 

the US and Mexico (Aghahosseini, et al., 2017); or a trans-Mediterranean supergrid, 

connecting an EU system with Russia, Ukraine, Belarus, Moldova and the Baltic states 

(Purvins, et al., 2011); and even suggestions for a global supergrid (Gellings, 2015; Spataru, 

2017). Technology-wise, the supergrid has been considered, for example, as a highly efficient 

electricity and hydrogen underground corridor across the U.S supported by nuclear power 

production (Starr, 2002, p. 31; EPRI, 2006). More recently, however, supergrids have been 

mostly linked with the potential for large scale renewable energy penetration, by accessing its 

remote locations (i.e. offshore wind in Europe and onshore wind in the US), offering improved 

power control and balancing services to minimise the risks that may arise from power 

intermittency, as well as increased security of supply (Hertem, et al., 2010; Elliott, 2013; 

Purvins, et al., 2011; Torriti, 2012). Additionally, large scale grids are being explored with the 

potential of cross-sectoral electrification, for example heat and transport, with the objective 

wider-social decarbonisation (Noel, et al., 2017; Pensini, et al., 2014; Lund & Kempton, 2008; 

Ashfaq, et al., 2017). Therefore, on this study we part from such definition considering a 

supergrid as a system of high voltage lines for the long-distance transmission of bulk power 



 5 

across countries and even continents, supported by renewable energy and including broader 

energy system electrification.  

The challenges of developing supergrids have been mostly attributed to technical or economic 

feasibility of specific technologies, such as HVDC power lines, or different system 

configurations, such as renewable energy systems (Dedecca & A.Hakvoort, 2019), having 

underrecognised the non-technical aspects. Examples in the literature exist of technical studies 

focused on regional transmission networks with renewable energy (i.e. offshore wind) that 

allude to non-technical challenges for the supergrid noting potential social uncertainties and 

governance challenges (Dedecca & A.Hakvoort, 2019), with issues such as feed-back loops 

between private and public stakeholders.  

Internationally, a number of studies have assessed the feasibility of renewable energy 

technologies to decarbonise local, national and international power systems (Spro, et al., 2015; 

Brouwer, et al., 2016; Aghahosseini, et al., 2017; Jacobson & Delucchi, 2011; Delucchi & 

Jacobson, 2011). Much of this work remains highly technical, with quantitative models that 

assess the technical and economic feasibility of a number of technologies and system 

configurations (Ueckerdta, et al., 2016; Heide, et al., 2011; Mai, et al., 2014; Noel, et al., 2017; 

MacDonald, et al., 2016; Budischak, et al., 2013). However, this approach has under-

recognised the non-technical aspects of low carbon systems, where the literature has 

acknowledged that it is the social, political and non-technical elements that could be a larger 

impediment to large scale electricity networks coupled with renewable generation (Jacobson 

& Delucchi, 2011; Delucchi & Jacobson, 2011; MacDonald, et al., 2016; FOSG, 2016). In 

doing so, the literature calls for more social science research in the energy sphere to understand 

challenges, barriers and opportunities that might fall outside of the parameters of economic and 

mathematical models (Sovacool, 2014; Heffron, et al., 2015). 
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We recognise the supergrid is one  of several alternatives to system-based approaches for the 

integration of renewable energy, with most of the literature and empirical work focused on 

smartgrids harmonised with demand response (DR) technologies (such as smart meters, electric 

vehicles or heat pumps) and schemes (such as time of use tariffs). From exploring the benefits 

of DR (Müller & Möst, 2018; Feuerriegel & Neumann, 2016) noting the cost-benefit elements 

of these by reducing capital investments in balancing capacity and grid infrastructure (Siano, 

2014); to reviewing barriers for implementing both DR schemes and systems (TarishHaider, et 

al., 2016), both within residential and industrial energy demand sectors (Goulden, et al., 2018); 

or noting the current and future limitations on the potential of smart grids (Kwon & Østergaard, 

2014). While the aim of this paper is not to elaborate a debate between other different system 

configurations, it does recognise the discussions whether smartgrids are a complementary or 

competitive technology to the supergrid (Blarke & Jenkins, 2013; FOSG, 2016). 

For the analysis of the supergrid, this paper recognises it as a large-scale electricity network, 

which can be a type of  large scale infrastructure, or  megaproject. In this sense, there is a vast 

array of literature that explores the dynamics, successes and failures of megaprojects across 

their life cycle (Flyvbjerg, et al., 2003; Arena & Molloy, 2010; Sovacool & Cooper, 2013; 

Wegrig, et al., 2017). Such interest in megaproject literature increased in the last 30 years as 

the delivery of large-scale infrastructure became a priority topic within development political 

agendas. These type of projects have been labelled and described in various ways, such as, a 

megaproject (see Flybjerg et al., 2003; Sovacool & Cooper, 2013; Van Marrewjik et al. 2008) 

or as a large scale engineering project (see Miller, et al., 2001; Lessard, et al., 2013). Others 

have described these as temporary organisations used for the delivery of infrastructure, 

generally a one-off structure which temporal nature brings complexities of stakeholder 

interaction (Arena & Molloy, 2010; Priemus, et al., 2008). However described, these projects 

generally indicate towards the delivery of large-scale infrastructure, in this case energy-related, 
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where life cycle can go from a few years, to several decades. The scale of the project and 

infrastructure is vast, often involving several constituencies, industrial sectors, geographies and 

even continents, that they become a political matter as the number of potentially benefited and 

affected stakeholders increases. Here, it has been well documented that, despite the high upside 

projects might have, i.e. 100% national clean energy access, they often fail to even get past the 

planning stage; which result on many cases in negative spill-over effects being imposed onto 

wider society (Van de Graaf & Sovacool, 2014). 

Therefore this study contributes to the literature in two main way. First  as it explores the 

development, analysis and understanding of electricity supergrids from a non-technical 

perspective. Considering that, as mentioned above, current literature has under-recognised the 

non-technical aspects of low carbon systems which could be a more significant impediment to 

large scale electricity networks coupled with renewable generation (Jacobson & Delucchi, 

2011; Delucchi & Jacobson, 2011; MacDonald, et al., 2016; FOSG, 2016). Secondly, the paper 

contributes to megaproject and large scale infrastructure literature by developing a framework 

of analysis for the identification of non-technical barriers of megaprojects. Below we elaborate 

on the methodology and introduce the framework.  

3. Methodology  

This paper is a comparative study that follows a constructivist positioning and deductive 

approach. First,  as it constructs reality from the interpretation of different truths,  and second 

as the research looks to build from existing work in the field of large-scale infrastructure and 

megaproject literature (Ormston, et al., 2013), that allows the exploration of phenomena that 

can subsequently be further tested and explored (Scapens, 1990). This is reflected both in the 

research design of this paper, as it first builds a framework of analysis from elements of existing 

literature on explanations of life cycle dynamics, successes and failures of megaproject and 

large-scale infrastructure; having multiplicity in the reality that its constructed. Subsequently, 
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the framework, as the constructed reality, is applied on two case studies (see 2.2 below for case 

study selection) to 1) identify potential barriers and policy solutions in the implementation of 

a supergrid in two different international contexts, and 2) compare and contrast, barriers and 

potential solutions, to understand the differences and the similarities between the cases 

(Gustafsson, 2017; Baxter & Jack, 2008; Stake, 1995).  

Notably, the paper proposes that its comprehensive framework of analysis is applicable to any 

supergrid project, as well as other megaprojects more generally. It uses the case studies to 

highlight the value of application and puts forward a roadmap that identifies potential non-

technical barriers in developing a supergrid. However, the authors recognise that there may be 

other examples of each type of challenge than the ones selected on this paper. Subsequent 

research may explore each case study specifically, exploring the full range of barriers and 

complexities to put forward a supergrid project.  

Data has been collected primarily from ready-available sources on reports, studies, and 

proposals from industry, governments, academia and supranational bodies on the supergrid. In 

particular the documentation selected for the case studies its based in one of the most recent 

and noteworthy studies, Macdonald et al. (2016), for the United States, and the 

conceptualisation of Friends of the Supergrid (FoSG) for Europe (refer below to 2.2 each case 

study). Subsequent information based on use-cases on complexities of existing grid 

infrastructure was drawn from sources such as Energy Information Administration (EIA), 

International Energy Agency (IEA), Eurostat, European Network of Transmission System 

Operators for Electricity (E-ENTSO), Friends of the Supergrid and national TSOs. Other 

secondary sources include news reports, industry magazines and conference proceedings. The 

case studies were then matched to the analytical framework of Table 1,  identifying elements 

of the current electric grid system on each region and the proposed supergrid configurations; 

for example in terms of governance by looking at the FERC orders for the US, or in planning 
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and development looking at the proposed nodal epicentres of Macdonald, et al. (2016) such as 

Texas or Colorado. In doing so the paper introduces 24 total different situations across both 

case studies that can impede the development of a supergrid.  

3.1 Framework 

The conceptual framework utilised on this paper (see Table 1) has been developed by the 

authors from the proposed notions of megaproject failure by Sovacool & Cooper (2013), and 

further expanded based on megaprojects and infrastructure literature (Wegrig, et al., 2017; 

Sanderson, 2012; Arena & Molloy, 2010; Flyvbjerg, et al., 2003). The aim is to provide a 

framework that allows the identification of potential barriers accross the life cycle of a 

megaproject, and subsequently suggest policy options to mitigate such arising issues in order 

to facilitate an easier transition to large-scale renewable energy; in this case the supergrid.  

Based on Sovacool & Cooper (2013) we have, in our framework, categorised the potential 

sources of failure into: 1) Governance and Stakeholders, 2) System Costs, 3) Democratic 

Elements, 4) Externalities and 5) Risk & Accountability.  We then included a set of attributes 

and sub-attributes to each of the five categories, described below, which have been adapted 

from literature within each discipline. The framework is then applied to our selected case 

studies, identifying the non-technical barriers for the implementation of a supergrid and 

recommendations on potential policy solutions.  

Table 1: Conceptual Framework of Large Scale Infrastructure Analysis 

Framework 

Category Attribute Description Sub-attribute 
        

  
Hierarchy and 

Power  
Governance structure, priorities and 

agendas 
Decision-making 

clearance 
(importance) 

Governance 
and 

Stakeholders 

Governance 
Capacity 

Megaprojects perform badly when they 
lack robust & flexible governance 

arrangements to navigate and resolve such 
emergent issues 

Flexibility and 
Dynamism 

Governance 
Theories Communication Identifies the communication processes: 

for planning, implementation, reviewing  
Level and Direction 

  Efficiency 
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Dimension  Conditions of complexity and uncertainty 

Temporal  

  Geographical  

  Sectoral  
        

System Costs 
Size of Project 

and 
Interdependence 

Multiple geographies, stakeholders and 
technologies 

Adding number of 
parallel and sub-

systems 

System 
Technological 

Theories 
  

Costs Cost impacts within the life cycle of the 
project 

Newness of costs 

Unforeseen costs 
        

  Secrecy & 
Undemocratic 

Levels of secrecy and un-democratic 
processes within the project life cycle Levels of corruption 

Democratic 
Elements 

Balance of 
Authoritarian 

and Democracy 

Projects have a balance of each of 
authoritarianism and democracy 

Level of democratic 
processes and 

decision-making 

Democratic 
(Political) 

Theory 

Social 
Peripheralisation 

Strategically aim for undemocratic 
stakeholders  

Target of 
"undemocratic" 

spheres 
        

Externalities 
Externalisation 

of costs 

Enabling of firms, and beneficiaries, to 
allocate costs on society, and 

identification of most impacted 
stakeholders. 

Multi-
geography/stakeholder 

Externality / 
Economic 

Theory 
Political implications 

        

Risk 
Assessment Accountability Accountability of responsibilities, 

budgets, targets and underperformance Time dimension 

Risk 
Assessment and 
Accountability 

Theory 

Psychological 
Assessments 

Tendency for biased assessments to meet 
agendas 

Biased assessments 
(optimism) 

Source: constructed by authors, from Sovacool & Cooper (2013), Wegrig, et al. (2017), 
Sanderson (2012), Arena & Molloy (2010) and Flybjerg et al., 2003. 

 

3.1.1 Governance and stakeholders 

In the first category of our framework, we developed the attributes of Hierarchy and Power, 

Governance Capacity, Communication and Dimensions. Here we refer to hierarchy and power 

as both the structural arrangements of the institutions governing, planning, implementing and 

constructing the project, as well as the decision-making process structure; where the multi-

jurisdictional nature of the project, decision-making can be biased towards the priorities and 

agendas of specific stakeholders, creating a problem of bounded rationality (Wegrig, et al., 

2017; Sanderson, 2012). Moreover, governance capacity is as a key element of our framework, 

referring to primary stakeholders, i.e. government(s) and TSOs, having robust and flexible 
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governance mechanisms, and the capacity to coordinate and create consensus across different 

layers of public and private bodies of the project (Wegrig, et al., 2017). The lack of governance 

capacity can result in underperformance, poor planning, implementation and inefficient 

operability of day-to-day processes (Sanderson, 2012; KPMG, 2016; Flyvbjerg, et al., 2003).  

We considered ‘communication practices’ as they are essential in the management and 

governability of a megaproject (Arena & Molloy, 2010, p. 2). In this sense, our framework 

refers to the level and direction of communication as the layering of stakeholders, as well as 

the horizontal or vertical flow of information related to promote better practices in exchange 

of information; such as, the inter- and cross-departmental or sectoral channels of 

communication. Communication practices can be assessed upon its efficiency, in terms of the 

smoothness in sharing dynamics within and across organisational structures of the megaproject 

(Arena & Molloy, 2010). 

Additionally, megaprojects tend to extend across temporal, geographical and sectoral 

dimensions, that incorporate conditions of complexity and uncertainty during the life cycle of 

the project (Wegrig, et al., 2017; Siemiatycki, 2017). Due to the complexity of a megaproject, 

its governance must similarly be sophisticated enough to weigh the costs and benefits across 

temporal and spatial dynamics (Wegrig, et al., 2017; Flyvbjerg, et al., 2003). Lastly, 

megaprojects often include a multitude of sectors of similar or different infrastructure, which 

may not have previous experience in mutual engagement. This creates trade-offs amongst 

technologies and sub-sectors of infrastructure as well other policy areas (Wegrig, et al., 2017).  

3.1.2 System costs 

Secondly, from a systems perspective, our framework considers two attributes: the size of the 

project and its independence, and the overall system costs.  Due to the geographical size and 

complexity of megaprojects, and as shown below, supergrids, implementation thereof faces 

several challenges, such as lack of system responsiveness in reaction to external stress.  At 
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worst this can create a “domino effect, spreading system failures” across the project (Sovacool 

& Cooper, 2013, p. 48), where in some instances large technological infrastructure systems are 

operated mannually to reduce the risk of malfuntion and spillover failure.  

Beyond the size and complexity, costs also pose a challenge to large scale infrastructure 

implementation.  Though previous research has found that a larger technological systems can 

reduce the lifetime costs of the system, for example regional or local grids versus a supergrid 

(MacDonald, et al., 2016; Mai, et al., 2014), in our framework cost represents two barriers, the 

newness of costs and the uncertainty costs brings; as capital-intensive investments that can be 

challenging to coordinate and can add uncertainty to project management, create delays, 

monetary losses and stall progress (Sovacool & Cooper, 2013). 

3.1.3 Democratic elements 

In the implementation of large scale infrastructure, our framework further detailed Democratic 

Elements to include the attributes of Secrecy and Undemocratic practices, the Balance of 

Authoritarianism and Democracy and Social Peripheralisation. Firstly, as it has been noted, the 

primary stakeholder’s decision-making is based around the facilitation and easiness of 

implementation of the project and therefore, it may result in the sacrifice of democratic 

elements, in order to prioritise costs, completion and revenues (Flyvbjerg, 2007). Moreover, 

megaprojects can be considered as temporary organisations that often rely in a mix democratic 

and authoritarian forms of organisational structures and processes for the delivery of 

infrastructure; where from a technological standpoint, large-scale systems can be inherently 

undemocratic following top-down approaches (Arena & Molloy, 2010; Sovacool & Cooper, 

2013).  

Lastly, this category in our framework includes the attribute of social peripheralisation as the 

tendency of infrastructure planners to target stakeholders and locations with lower levels of 

democracy, regulations, accountability processes and rule of law (Blowers & Leroy, 1994). It 



 13 

has been noted that projects tend to run smoother where there is a background of undemocratic 

practices and low levels of activism (Sovacool & Cooper, 2013). 

3.1.4 Externalities 

In our framework, we consider externalities due to its multi-geographies and -stakeholders, and 

its political implications (Sovacool & Cooper, 2013; Flyvbjerg, et al., 2003). As megaprojects 

tend to add an increasing number of constituencies and stakeholders, often located in multiple 

geographies, where primary stakeholders (i.e. owners of the project) can shift externalities to 

non-beneficiary stakeholders (i.e. affected communities). Additionally, due to the large scale 

of megaprojects, and the several layers of stakeholders, projects become a political matter, 

where it has been noted that decision-makers can have a political will to shift externalities 

outside of their own constituencies. For example, in wind energy infrastructure, where case-

studies in Scotland, Mexico and North America have shown that communities located near the 

infrastructure are alienated from the main benefits of the project, such as access to clean power, 

and in some cases are the primary bearers of externalities, such as land, aesthetics and cultural 

impacts (Pasqualetti, 2011, p. 914). What is more, the failure of a megaproject can impose 

large costs on society, and even when it succeeds, megaprojects can still create social inequality 

(Van de Graaf & Sovacool, 2014). 

3.1.5 Risk and Accountability 

Risk and Accountability was separated into two attributes, accountability and psychological 

assessments.  First, the attribute of accountability is considered to reflect the allocation of 

responsibilities across the institutional arrangements of megaprojects, as the implementation 

of the infrastructure often extends beyond the original contractual arrangements of labour (i.e. 

staff turnover) or the political cycle that originally arranged the project (Wegrig, et al., 2017; 

Sovacool & Cooper, 2013). Therefore, processes of review and accountability are weakened 

and exacerbates further the occurrence of underperformance. One way is through what it is 
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referred as not-in-my-term-of office (NIMTO), where decision makers can set targets for dates 

when the individuals will no longer be in office or holding their position (Vaze & Tindale, 

2014).  

Secondly, it is recognised that the promoters of large scale infrastructure projects tend to have 

overly inflated and biased expectations, cost and revenue projections (Van de Graaf & 

Sovacool, 2014; Sovacool & Cooper, 2013; Wegrig, et al., 2017; Sanderson, 2012; Flyvbjerg, 

et al., 2003). This has been referred in different ways, for example as ‘bounded rationality’ 

where individual’s knowledge and resource limitation affects decision-making processes 

(Sanderson, 2012; Wegrig, et al., 2017); or as a curbing optimism bias, where there is a 

psychological tendency to misrepresent issues within infrastructure planning (Flyvbjerg, 2008; 

Flyvbjerg, 2007); or as the logic of discipline, where short-term benefits are favoured over 

long-term societal effects (Roberts, 2010).  

3.2 Case study selection 

For the purpose of this paper we have selected two case studies. First, we investigate the 

national single electricity grid system based primarily on Macdonald, et al. (2016) (Figure 1) 

for the United States, in the context of other studies related to sectoral electrification such as 

Noel, et al. (2017), Pensini, et al., (2014) and Jacobson & A.Delucchi (2011). Secondly, we 

explore the configuration proposed by Friends of the Super Grid for Europe (Figure 2), 

considering only the EU-28 and EEA region, in the context of ENTSO-E (2016) transmission 

infrastructure plan, and the cross-sector electrification literature of Ashfaq, et al. (2017) and 

Lund & Kempton (2008). These two regions represent perhaps the most commonly discussed 

areas for the development of a supergrid (MacDonald, et al., 2016; FOSG, 2016; Mai, et al., 

2014; Pierri, et al., 2017), with well-developed liberalised power systems and, in tandem, 

account for almost one third of the world’s electricity consumption and production (CIA, 

2016a; CIA, 2016b). We then apply our conceptual framework to each of these two case studies 
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by qualitatively assessing each context and, supported by the framework and literature assess 

situational challenges that may arise in the construction of the supergrid. For example, looking 

at existing challenges for large scale transmission network between states in the US.  

Admittedly, the barriers presented do not represent the entirety of non-technical situations that 

may impede the development of a supergrid either the US or Europe. That said, we believe the 

framework presented above can and should be applied to any type of large-scale infrastructure, 

especially those in regions outside of the developed world (e.g., an Asian supergrid), as we 

discuss further in the Conclusion & Policy Recommendation section.  

3.2.1 United States case study 

The United States does not have a single national power grid; instead, it is divided into three 

interconnection regions, or electrical islands: western interconnection (Western Electricity 

Coordinating Council –WECC), eastern interconnection (Eastern Interconnection Planning 

Collaborative –EIPC) and the Electric Reliability Council of Texas (ERCOT) (LLC, 2017). 

The regional power grids are regulated by the Federal Regulatory Commission (FERC), 

through the FERC Order 2000, 890 and 1000 and by North American Electric Reliability 

Corporation (NERC) (FERC, 1999; Chernyakhovskiy, et al., 2016). 

The power grids are comprised mostly of alternative current (AC) power lines which create 

interconnection challenges, where the benefits of renewable energy sites are mainly captured 

by local grids. This, however, creates potential balancing and system inefficiencies, as well as 

limits the deployment capacity of renewable energy and the ability to decarbonise the US 

power system as a whole (MacDonald, et al., 2016; Mai, et al., 2014).  For this reason, the 

project of Tres Amigas LLC proposed initially to place interconnectors between the Eastern, 

Western and ERCOT interconnections, but was forced to scale-down the project as it 

encountered challenges related to financing, operational delays and stakeholder conflicts 



 16 

(Kleckner, 2015). Highlighting that the proposition of the construction of a supergrid in the US 

should not under-recognise non-technical elements of the project. 

Consequently, the potential of building a national supergrid has remained mainly an academic 

exercise. We use one of the most recent and noteworthy studies, Macdonald, et al. (2016), as 

our case study for the United States. Macdonald et al. (2016) modelled a national supergrid 

dominated by HVDC, shown in Figure 1, and found that 32 regional but connected power 

markets could allow the integration of renewables such that greenhouse gas emissions from 

power production could be reduced up to 80% by 2030. The proposition considers that 

transmission lines are built with the intention that power transport takes the shortest possible 

route in between nodes, as it prioritises system efficiency and power loss minimisation. 

Importantly, the study finds that investing in HVDC is key to technical and economic 

efficiency, minimisation of losses and costs; demonstrating that the combination of intermittent 

renewables and a national transmission system can eliminate most fossil electricity and match 

power demand, with current existent technologies and without any utilisation of storage 

technologies (MacDonald, et al., 2016). However, while the study does recognise that this 

single grid system would come with great regulatory, commercial and legal challenges, it does 

not elaborate further on them nor offers suggestions or recommendations on how to address 

these and other non-technical elements. Therefore, we aim to fill this research gap by using the 

system proposed in MacDonald et al. (2016) as our first case study, and connect such technical 

findings with policy-development that supports the implementation of a supergrid. 

Importantly, we focus in the MacDonald et al (2016) proposition in the context of other 

literature related to cross-sector electrification, where the development of a single power grid 

in the US could be co-implemented with the electrification of the transport or heating sectors; 

maximising the potential benefits on each technological system (Noel, et al., 2017; Pensini, et 

al., 2014; Jacobson & A.Delucchi, 2011). 
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Figure 1: HDVC proposed transmission network by MacDonald, et al., (2016). 

 

3.2.2 European case study 

In Europe, electricity power grids are more interconnected across countries, as there are 

common overarching goals from the EU to foster 10% of interconnection by 2020 and a 

prospective 15% by 2030 (EC, 2014). In order to organise such interconnection, the European 

Network of Transmission System Operators (ENTSO-E) along with the Agency for 

Cooperation of Energy Regulators (ACER) were established representing 43 TSOs and energy 

regulators from 36 European countries, to create the largest electricity market in the world 

based on a high penetration of renewable energy (ENTSO-E, 2015).  

As compared to the United States, there has been a more collaborative approach between 

governments, industries and scientific community in developing a regional supergrid in 

Europe. ENTSO-E has developed the only existing long-term regional network development 

plan which foresees around 150 billion euros of grid infrastructure investments with the aim to 

connect up to 60% of renewable energy power sources into the EU grid (ENTSO-E, 2016). 

While the plan does not officially propose a supergrid, it does provide basis for a collaborative 
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multi-stakeholder platform, that can create consensus and commitment in medium- and long-

term targets for a more narrowly-focused regional transmission infrastructure. Noteworthy, the 

Desertec project proposed a trans-Mediterranean supergrid but, as with Tres Amigas in the US, 

the project stalled in 2014 due to under-recognition of political, social and non-technical 

elements causing the majority of partners to not renew their contracts (Dii, 2017; Rees, 2015) 

Presently, the industry-driven European Association Friends of the Supergrid (FoSG) comes 

as the principal promoter of a pan-European supergrid that facilitates large-scale renewable 

energy integration, power balance and power transportation; and considers that the main 

technological elements to build a HVDC European grid are available today (FOSG, 2017; 

FOSG, 2016). We use their pre-conceptualisation shown in Figure 2 as our primary European 

case-study considering the EU and EEA area. FoSG has proposed a three-phase plan that would 

implement a scheme of multi-terminal supernodes connecting remote renewable generation 

areas to population centres, with an initial phase focused in developing super nodes in the North 

Sea and build-up a larger grid to mainland Europe. This sequential roll-out is seconded across 

the region, with some political interest by the North Sea countries and literature on the field 

supporting the phase-in of nodes starting with an offshore European grid (Pierri, et al., 2017; 

EC, 2016; Energinet, 2017).  

However, FoSG proposal is based on assessing technical feasibility and while it does recognise 

that the non-technical market elements can hold back the supergrid’s development, their 

proposals do not elaborate further in identifying nor how to address the entirety of non-

technical elements. Consequently, to-date there is no official supergrid project agreed at a 

continental level and rather, social, regulatory and political challenges lay ahead if any single-

grid project is to be developed (Purvins, et al., 2011; Jay & M.Toonen, 2015; Pierri, et al., 

2017). As a result, our proposed framework will help identify and address such social elements 

that may hinder the optimal development of a supergrid similar to the FoSG. 
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For our analysis, we consider the FoSG supergrid pre-conceptualisation in the context of 

ENTSO-E development plan, and studies that focus in the electrification of other sectors such 

as heat and transport in Europe (Ashfaq, et al., 2017; Lund & Kempton, 2008). The basis for 

this is the consideration of the co-development of a European supergrid with cross-sectoral 

electrification and, thus, societal decarbonisation (Jacobson & Delucchi, 2011). 

 
Figure 2: Conceptualisation of a Pan-European supergrid by FoSG 

 

4. Results & Discussion 

The results from applying our proposed framework to the selected US and European supergrid 

case studies are shown in Table 2 below. Here, we include 12 different non-technical situations 

for each region (barriers), one for each attribute of our framework, present in the potential 

implementation of the US and EU supergrids, with a potential policy solution. Subsequently, 

we more into three overarching themes on each region in section 3.1 and 3.2 below. 

The results show that barriers are largely attached to the behaviour, organisational and 

jurisdictional dynamics of the supergrid’s primary stakeholders, such as the owners of 

transmission infrastructure or decision-makers. In this sense, the two sets of 12 identified 

barriers can be influenced by the primary stakeholder’s agenda based on particular views and 

preferences regarding the direction of the power sector development and the policy that 
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supports it. This refers to the attributes of Hierarchy and Power, Secrecy and Undemocratic, 

Externalisation of Costs, Psychological Assessments and Accountability within our 

framework. Additionally, the organisational and jurisdictional dynamics influence the 12 

described barriers where the structural arrangements of decision-making, authority, 

communication processes and operability can affect the implementation of the supergrid in the 

US and EU. In this case referring to attributes such as Governance Capacity, Communication, 

Dimension and Balance of Authoritarianism and Democracy.  

Noteworthy, we consider that one of the most pertinent results for the implementation of a 

supergrid is the development of an Overarching Body (OB) of governance in order to properly 

govern and plan the coordination and creation of consensus within the multitude of 

stakeholders operating in multi-jurisdictional settings. As Table 2 shows, under the correct 

configuration, the OB could alleviate the majority of identified challenges for the US and EU 

supergrids, such as Hierarchy and Power, Governance Capacity, Dimension, Secrecy & 

Undemocratic, Psychological Assessments and Accountability. For achieving this, the OBs 

would 1) create a platform for flexible decision-making mechanisms and 2) foment processes 

for stakeholder communication and participation to reach coordination, consensus and develop 

the responsiveness capacity (in terms of governability) across the lifetime of the supergrid 

project.  

The OBs, through established formal and informal communicational processes, could look to 

professionalise information-sharing practices in cooperation between public and private 

stakeholders, to mitigate barriers such as swift trust and reduce the risks that occur when 

operating alone in the public or private sector (Wegrig, et al., 2017; Torbaghan, et al., 2017). 

In terms of Externalisation of Costs, rather than focusing only in a compensation method, 

through its participatory approach, the OB would also look to reduce externalities and 

opposition to grid projects, and gain the trust of stakeholders in communities where the 
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infrastructure is placed (Torbaghan, et al., 2017). To do so, the OB would establish local and 

regional offices, to foster representative involvement of the stakeholders. In the US, offices can 

be placed at the main nodal connections highlighted by MacDonald et al. (2016), therefore 

having 32 national offices, one in the major urban centre of each power node. In the EU, offices 

can be mostly placed at a national level (i.e. 28 national offices), with the option for local 

offices in member states such as the UK or Germany, where more than 1 TSO operates, and 

has more than 1 nodal connection. 

For System Interdependence, the OBs would also coordinate the development and 

harmonisation of a systematic regulatory assessment and standardisation of processes, 

particularly between different balancing systems, infrastructures and technologies. This is to 

mitigate system inefficiencies, such as power imbalances or lack of infrastructure integration 

between supergrid systems and other local grids. Here, from a costs and pricing standpoint, the 

OB would need to revise the pricing mechanisms of the system, utilising the involvement of 

its stakeholder platform of participation, reaching consensus on the implementation of dynamic 

pricing systems. This to both cope with the demands of a regional-wide grid and market, as 

well as the recovery of invested costs. For example, ENTSO-E in the EU points at the potential 

implementation of LMP which accounts for location elements, but through the participatory 

approach of the OB, other elements can be recognised to include variables of welfare-

maximisation in the pricing algorithms. In particular these elements are essential to also address 

externality attributes where due to its size (stakeholders, locations, financial implications) the 

supergrid could create inequality, allowing primary beneficiaries to control markets and the 

distribution of benefits and welfare. 

Considering the long-term aspect of the supergrid in the EU and US, the OB should be 

instituted over the same timeframe. In practical terms, this means having authorisation on 

leasing grid commission on longer timeframes, as current mechanisms are insufficient, and 
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also to create continuity in the selected grid-development targets and commitments from its 

stakeholders. In addition, this temporal aspect is combined with the regional and local OB 

offices, to address other found barriers of the supergrid, dealing with potential corruption, 

lobbying, social peripheralisation and accountability. The latter in particular, the OB should 

develop new forms of social accountability mechanisms, such as more participatory approaches 

through its platform of stakeholders, which can be combined with market oriented 

compensation schemes supported by advisory bodies like ENTSO-E in Europe or FERC in the 

US (Wegrig, et al., 2017). The aim is for the OB to help create governability capacity, tailored 

to the local conditions of each context, with the premise that the OB can evolve dynamically 

as do the internal and external factors of the supergrid projects. 

Table 2: Application of Conceptual Framework of Large Scale Infrastructure Analysis 
Framework US Europe 

  Attribute Sub-
attribute Example Consequence Policy 

Implication Example Consequence Policy 
Implication 

  

                

G
ov

er
na

nc
e  

Hierarchy 
and Power 

Decision-
making 

clearance  

Prioritisation 
of state's 

agenda and 
views  

Miss-alignment 
of supergrid 

implementation 
(SG) 

Overarching 
Body (OB), for 

coordination and 
consensus 

Prioritise 
national 

security of 
energy supply 

Miss-alignment 
of delivery of 

the SG 

Overarching 
Body (OB), for 

coordination and 
consensus 

Governanc
e Capacity 

Flexibility 
and 

Dynamism 

Processes 
cannot deal 

with 
uncertainty & 

risk 

Lack of  
responsiveness 

capacity to 
external 

pressures 

OB with flexible 
mechanisms of 

decision-making 

Processes 
cannot deal 

with 
uncertainty & 

risk 

Lack of  
responsiveness 

capacity to 
external 

pressures 

OB with flexible 
mechanisms of 

decision-making 

Communi-
cation 

Level and 
Direction 

Federal and 
state 

agencies, with 
RTOs  

Miss-
coordination of 

information-
sharing 

processes 

Professionalise 
specific parts of 
communication 

flows  

EC with 
member states 
and national 
TSOs and 
utilities 

Miss-
coordination of 

information-
sharing 

processes 

Professionalise 
specific parts of 
communication 

flows  Efficiency 

Dimension 

Temporal Trump 
administratio
n favouring 

fossil 
intensive 
energy 
sources 

Changes in 
position on 

energy views 
and agenda on 

SG 

OB, with 
dynamic 

structure for the 
duration of the 

project, it is 
grandfathered 
and binding 

Changes in 
political 

views or EU 
membership 

(Brexit) 

Loss of UK  
‘voice for’& 
expertise on 

power 
exchanges & 

liberalised 
markets 

OB, with 
dynamic 

structure for the 
duration of the 

project, it is 
grandfathered 
and binding 

Geographi-
cal 

Sectoral 

Sy
st

em
 C

os
ts

 

Size of 
project and 
interdepen

dence 

Adding 
number of 

parallel and 
sub-systems 

Connections 
with regional  

(PJM) or 
local grids 
across the 
country 

Lack of 
standardisa-

tion of 
infrastructure 

Systematic 
regulatory 

assessment and 
standardisation 

of processes 

Connections 
with micro 
grids across 
the EU and 

other flexible 
systems 

System 
inefficiency 
leading to 

power 
imbalances and 
volatile prices 

Systematic 
regulatory 

assessment and 
standardisation 

of processes 

Costs 

Newness of 
costs 

Current grid 
primarily 

composed of 
AC lines 

High 
investments on 
HVDC cables 

across the 
country 

Reviewed 
impact 

assessments, life 
cycle cost & cost 
benefit analyses 

Deployment 
of new 

interconnectio
n corss-broder 

lines 

High 
investments on 
HVDC cables 

across the 
region 

Reviewed 
impact 

assessments, life 
cycle cost & cost 
benefit analyses 

Unforeseen 
costs 

D
em

oc
ra

tic
 

El
em

en
ts

 

Secrecy & 
Undemocr

atic 

Levels of 
corruption 

Corruption 
and 

susceptibility 
for lobbying 

from big 
corporations 

Influenced 
decision-

making that 
benefits only 

primary 
stakeholders 

OB, with 
national offices 

that oversees 
accountability 

Different 
levels of 

corruption & 
regulatory 

accountability 
in countries 

Placing 
infrastructure 
in countries 
with lower 

implementation 
of rule law 

OB, with 
national offices 

that oversees 
accountability 
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Balance of 
authoritari
anism and 
democracy 

Level of 
democratic 
processes & 

decision-
making 

Consensus 
across 

stakeholders, 
i.e. RTOs and 
governments 

Lack of 
consensus in 
delivering the 

project 

OB, for 
Coordination 
and consensus 

Consensus 
across 

stakeholders, 
i.e. TSOs and 
governments 

Lack of 
consensus in 
delivering the 

project 

OB, for 
Coordination 
and consensus 

Social 
peripherali

sation 

Target of 
“undemo-

cratic” 
spheres 

Different 
levels of 
industry 

standards or 
labour 

regulations 

Promotes 
undemocratic 
behaviours, 

targeting states 
for cost-savings  

Thorough 
decision-making 
review processes 
across project’s 

life cycle 

Different 
levels of 
industry 

standards or 
labour 

regulations 

Promotes 
undemocratic 
behaviours by 
targeting states 
for cost-savings  

Thorough 
decision-making 
review processes 
across project’s 

life cycle 

Ex
te

rn
al

iti
es

 

Externali-
sation of 

costs 

Multi-
geography/ 
stakeholder 

Directing 
carbon 

intensive 
power to less 

lucrative 
markets 

Unequal 
distribution of 

welfare 

Thorough review 
of pricing 
models to 

account for geo-
location and 
system costs 

Directing 
carbon 

intensive 
power to less 

lucrative 
markets 

Unequal 
distribution of 

welfare 

Thorough review 
of pricing 
models to 

account for geo-
location and 
system costs 

Political 
implications 

R
is

k 
&

 A
cc

ou
nt

ab
ili

ty
 Psychologi

cal assess-
ments 

Biased 
assessments 
(optimism) 

Different state 
political 

affiliations 
with budget 
prioritisation 
or technology 
preferences 

Changing 
budget 

priorities 
supporting SG 
technologies  

OB, with state 
offices to 
oversees 

accountability 
with new 

mechanisms 

Different 
political 

cycles across 
EU members 

Discontinuity 
on commitment 

towards SG 
development 

OB, with 
national offices 

to oversees 
accountability 

with new 
mechanisms 

Accounta-
bility 

Time 
dimension 

Change of 
federal 

administratio
n 

Changing 
budget 

priorities 
supporting SG 
technologies  

OB, with state 
offices that 

oversees 
accountability & 

new 
accountability 
mechanisms 

Change of 
member states 
ruling parties 

Discontinuity 
of 

commitments 
towards SG 

develop-ment 

OB, with 
national offices 

that oversees 
accountability & 

new 
accountability 
mechanisms 

 

Nonetheless, the OBs would still face barriers for their implementation both in the US and 

Europe. Therefore, based on Table 2, we find that the most pertinent aspects and barriers of the 

supergrid which can be aggregated as the 1) Overarching Body, 2) Stakeholder Agendas and 

Political Commitment and 3) System Interdependence. Thus, below we present the analysis of 

the barriers under these three categories, first for the (3.1) US and then for the (3.2) European 

supergrid. Importantly, we recognise that there can be other examples and barriers to the 

implementation of the supergrids in each region. 

4.1 The US supergrid 
4.1.1 The Overarching Body 

The implementation of an OB of governance in the US would face challenges and risks within 

its Hierarchy and Power, Governance Capacity and the Balance of Authoritarianism and 

Democracy, impeding the development of the supergrid proposed by MacDonald et al. (2016). 

In order to establish such OB, the US Congress and FERC would need to utilise the frameworks 

of FERC order 2000, 890 and 1000 as basis for having authority upon the coordination, 



 24 

planning and development of new transmission infrastructure and grid code harmonisation 

across the country. While FERC and NERC currently establish national interconnection and 

reliability technical standards, there is no unified arrangements of interconnection requirements 

in the US (Chernyakhovskiy, et al., 2016). Here each state has relative freedom to manage and 

develop the electricity market within their own jurisdiction at distribution level, with some 

authority on transmission infrastructure, and elements of distributed energy sources (DOE, 

2017; R Street Institute, 2016) In consequence, a considerable challenge for the OB is the 

development of robust governance capacity with the ability to create coordination, inclusion 

and consensus for the implementation of a single HVDC grid across the  near 3,000 parties 

with balancing and grid responsibilities. Therefore, the OB could utilise the networks and 

structural robustness (governance capacity) of the ISO/RTO Council (IRC) that includes the 

major regional and independent system operators, along with the regional interconnection 

councils of WECC, EIPC and ERCOT in order to have the ability to integrate and coordinate 

a national platform of stakeholder-engagement that collaborates on grid development, planning 

and implementation.  

Problematically, FERC jurisdiction currently does not apply to the ERCOT interconnection, 

Hawaii and Alaska, and some other municipal utilities and cooperatives even fall outside of 

the state regulatory transmission jurisdiction (Chernyakhovskiy, et al., 2016); thus political 

commitment would be required to provide stronger legislative authority to FERC and the OB 

in the development of the supergrid. However, this can create challenges for the OB within the 

Democratic Elements attribute of our framework, particularly when finding the right Balance 

of Authoritarianism and Democracy within the coordinating and operating processes of 

transmission development. The federal authority status of the OB alleviates challenges of 

jurisdictional conflicts between different state authorities and operating balancing areas, with 

potential legal powers to enact rules and regulation of grid infrastructure, along with the set of 
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penalties upon incompliance. However, such impository top-down approach can result in an 

imbalance of power, where the OB has excessive authority affecting the stakeholder plurality 

and limiting democratic processes of planning and decision-making within the stakeholder-

engagement platforms. In this regard, the OB can fall into other undemocratic practices and be 

susceptible to corruption, being influenced by lobbying of other colliding sectors, for example, 

from power energy lobbies campaigning against climate change mitigation technologies and 

instead, supporting fossil fuels in the US (Barria, 2017; Lipton, et al., 2017; Welsh & Young, 

2017); or falling under social peripheralisation, targeting states in the US with lower 

regulations to maximise economic benefits, for example states with below average minimum 

wage. 

4.1.2 Stakeholder Agendas and Political Commitment 

A key consideration for the development of the supergrid is the multi-dimensional aspect of 

the infrastructure related to the Dimension attribute of our framework and its temporality, 

geographies and sectoral elements. As the implementation of the supergrid is expected to last 

three to four decades, extending beyond the majority of institutional and decision-making 

cycles (Hirschhausen, 2010), the US supergrid is susceptible to failure due to the changing 

whims of decision-makers. This, through the discontinuity or radical change of political views 

at a federal and state level regarding energy matters, or with changes in political party 

leadership; such as the current US administration denying climate change and prioritising more 

carbon intensive energy sources (Lavelle, 2017). Therefore, if the US supergrid were to-be 

implemented, perhaps its greatest threat for completion, is the risk of continuous political will 

to support it.  

In that thread, challenges of Hierarchy and Power, Dimension and Psychological Assessments 

arise in the application our framework to the case-study from the interaction between federal 

and state priorities, agendas and regulatory processes, as well as horizontally at an inter-state 
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level; where each constituency has its own procedures and processes for power line approval 

(Booher, et al., 2016). For example, in the US, state authorities that actively support 

transmission grid coordination and expansion, are the ones with high quality of renewable 

sources (Chernyakhovskiy, et al., 2016). However, the states of Colorado and Texas are set as 

main nodal connections with ten transmission lines, despite these are low producers of 

renewable energy with 3.11% and 2.55% of their total generation mix, and the latter being the 

top state in oil and gas infrastructure and production (DOE, 2017; EIA, 2017). Therefore, 

stakeholders on these entities might be hesitant to support a supergrid that in principle is linked 

to fostering large-scale renewable power penetration, and can collide with their development 

priorities. Consequently, the development of the proposed supergrid by MacDonald et al. 

(2016) could exacerbate these complexities, whilst aiming for higher inter-state and federal 

harmonisation of regulation, planning and operational processes for transmission infrastructure 

delivery.   

In addition, given that the supergrid would implicate stakeholders with potentially conflicting 

interests, such as the nuclear and fossil fuel industry or owners of previous interconnectors, 

stakeholder agendas could lead to further barriers such as Social Peripheralisation and Biased 

Assessments, where decisions are made to better individual agendas. Potentially creating 

complexities of coordination, competition and bounded rationality among political parties. For 

example, given that Republicans and Democrats may favour specific technologies and 

development strategies, and therefore, potentially preventing the harmonisation of targets, 

plans and actions for the delivery of the supergrid. Hence, decision-makers and stakeholders 

are susceptible to biased assessments and the supergrid can suffer from a lack of accountability 

mechanisms to prevent non-viable planning, actions and inaccurate budgets that lead to project 

failure. In our case study, a significant barrier is how to liaise these challenges between the 

state authorities, RTOs and the OB, in states that are main nodal connections in MacDonald et 



 27 

al. (2016), such as Oklahoma, where the regional transmission organisation reported grid 

projects facing as high as 150% in cost-overruns with a lack of mechanisms to prevent the 

inaccurate assessments (Heidorn, 2015).  

4.1.3 System Interdependence  

System interdependence is the last aggregated barrier we analyse for the US supergrid, in 

particular related to problems arising with the close integration of systems such as tight 

coupling’ (Sovacool & Cooper, 2013). This implicates Size and Project Interdependence, Costs 

and Biased Assessments in our framework. For example, it would be difficult to connect remote 

generation sources, namely onshore wind in the US, to residential sites in a timely 

interdependent manner. Downstream, distribution lines can be connected to a system of smart 

meters that might regulate the flows of power, and potential interaction with increasing flexible 

demand mechanisms (i.e. electric vehicles). While the alignment of technological systems and 

sectors can lead to better efficiency and process capacity, it can also create potential difficulties 

in predicting how processes might react in times of system stress and, even failure, creating a 

system failures across the supergrid system (Sovacool & Cooper, 2013). 

In the supergrid, the element of system interdependence can be exacerbated with cross-sector 

electrification as means to decarbonise not only the power system, but society as a whole (Noel, 

et al., 2017; Jacobson & A.Delucchi, 2011). For example, Noel, et al. suggested that a cost-

minimisation scenario for a US RTO is to overbuild wind generation capacity and dump the 

excess power into the heating and transport sectors, particularly EVs (Noel, et al., 2017).  

However, if the latter sectors lag behind in development, such solution would result in cost 

increases and wasted energy in the supergrid system. If the current US administration were to 

commit to a MacDonald et al. (2016) type proposition while also committing to large-scale 

penetration of electric vehicles, the latter sector would be dependent on the timely progression 

of the supergrid and any delays or alterations on the project would impair the economic 
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electrification of vehicles. Furthermore, inter-sector dependence becomes a larger barrier when 

the supergrid starts to integrate other sub-systems to alleviate the pressures of balancing and 

frequency flexibility in the grid, which MacDonald et al. (2016) still consider as a significant 

constraint, through the introduction of a nation-wide smart meter system. Consequently, if the 

roll-out of smart meters in the US were to lag behind, it could in turn affect the operability 

efficiency of the supergrid system.  

Furthermore, if we were to put inter-sector dependence and smart meters to one side, with the 

concomitant development of renewable energy across the country would result in the 

retirement of coal and other baseload power solutions. This, if not planned properly, may cause 

issues in terms of stakeholder impacts but also potential unplanned costs to the project: relating 

to our sub-attributes of Newness and Unforeseen Costs. This creates further challenges for the 

supergrid system and exacerbates the aforementioned barrier of Biased Assessments to 

improve individual welfares.  That is, if the supergrid were to be developed, the states that 

support these competing technologies, such as Texas or states in the mid-west, might be 

reluctant to participate and remain biased to infrastructure that does not maximise the supergrid 

configuration. 

4.2 The European supergrid 
4.2.1 The Overarching Body 

Initially, the challenge from our framework arises in terms of Hierarchy and Power as the 

region needs to achieve a level of consensus to create the OB that cannot be straight forwardly 

instituted by the Commission with legal binding authority upon creation and enforcement. 

Rather, the OB can be set up through regulations and directives with overarching requirements 

of grid development but relies upon the member states to identify the desired methods for 

development and enforceability of grid transmission projects; therefore, the implementation 

and particular design of the supergrid cannot be imposed (EC, 2017). Moreover, while there is 
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progress in the establishment of governance structure with the EC, and coordination bodies 

such as ENTSO-E and ACER, there are noticeable limitations with colliding priorities, agendas 

and decision making structures (EC, 2014). In terms of grid commissioning, harmonising grid 

codes and standards, there is a lack of efficiency with, for example, the ENTSO-E ten-year 

delivery plan for grid expansion, where between the promoter of the grid project, ENTSO-E 

and the EC, a single project proposal can take 2 years for consideration and approval by the 

EC (ENTSO-E, 2016). 

In consequence, the OB would face challenges of Governance Capacity, Communication and 

Psychological Assessments in the ability to harmonise grid standards and codes, particularly 

as the supergrids would navigate within the robustness of the public-private dimension of the 

electricity market and grid infrastructure delivery.  For example, in countries like Germany, it 

is the federal authorities who determine the need for grid projects, whereas in others like Italy, 

this role falls onto the TSO (Roland Berger, 2014). Therefore, the OB would be required to 

navigate the multi-stakeholder and decision-making structural differences, and could utilise the 

existing EU-wide multi-stakeholder coordination platforms of EC, ENTSO-E and ACER. As 

compared to the US, the OB in Europe would follow a more bottom-up approach, with higher 

degree of democratisation on grid development processes where member states and 

stakeholders have higher accounts of decision making for setting up nodal connections within 

a country. However, due to such democratic approach the OB could have a relative lack of 

authority for enforceability of rules and penalties upon incompliance and non-completion; as 

it has been experienced in other areas such as the recent breach of air quality standards by 5 

member states (EC, 2017), raising similar questions to whether they could complete the more 

challenging task of a supergrid. In this regard, we find that lack of accountability is also a 

barrier the OB faces in Europe for the implementation of the supergrid, and thus the 

development of the OB’s platform of stakeholder engagement is not only essential in terms of 
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Governance Capacity, but also to alleviate Accountability challenges and ensure continuous 

consensus on the deliverables of the project across its multitude of stakeholders.  

4.2.2 Stakeholder Agendas and Political Commitment 

In our framework, attributes such as Hierarchy and Power, Dimension (temporal), Social 

Peripheralisation and Accountability, show that continuous and clear political commitment is 

essential if the supergrid is to be implemented. This, considering transmission infrastructure 

development extends well beyond temporal decision-making cycles of the region; with 

transmission projects and inter-country connectors lasting 10-15 years from agreement of 

delivery to operational status, with for example the UK-Iceland interconnector starting to be 

investigated in 2015 and expected to be operational by 2027 (National Grid, 2017; ENTSO-E, 

2016). Consequently, as with the US, the implementation of a supergrid proposal for Europe 

can extend to a few decades making the large-scale grid project susceptible to changes in future 

political and stakeholder commitment. The constant changes in national energy policy become 

a significant barrier for the long term implementation of the supergrid (Torbaghan, et al., 2017). 

Additionally, while the implementation of the supergrid could follow a more democratic 

approach due to the political and governance structures in Europe, the supergrid faces an 

inherent challenge in colliding or opposing stakeholder agendas. Here, even if regional 

institutions such as the European Commission and ENTSO-E express their commitment for 

the development of the supergrid, national governments may choose to not commit to the 

single-grid and even if expressed commitment is made explicit, countries could still fail to take 

action and implement the agreed deliverables (Parliament, 2011). For example, Spain is one of 

the countries with most nodal connections in the FoSG conceptualisation, but remains a critical 

concern with technical difficulties and with only one interconnection project planned, but will 

not be commissioned until 2025 (ENTSO-E, 2016). In this sense, the supergrid in Europe raises 

concerns over prioritisation of primary political agendas. Moreover, since the unitary elements 
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of jurisdiction are countries and not states (as in the US), priorities such as national security of 

energy supply can become a barrier for inter-country collaboration and consensus, as it is 

treated as a national issue, with national solutions, separate from the other EU nations (Aguado, 

2014).  

Another big challenge for the implementation of the supergrid in Europe arises from the 

development of financial capabilities and structure to support it, which relates to our 

framework’s attributes of Costs (newness and unforeseen), Externalities, Governance Capacity 

Social Peripheralisation and, Hierarchy and Power. There is currently no overarching single 

energy market or any type of unified capital investment structure, instead, decision-makers and 

investors operate in a multitude of democratic contexts. In turn, the investment process for the 

supergrid is also susceptible to national and regional economic crisis and recession, as 

experienced in 2008-2012, as well as the continuous commitment from both private and public 

bodies of the region (Pierri, et al., 2017). Here stakeholders, due to the potential new(ness) and 

unforeseen costs that would come with implementing the supergrid, may be reluctant to accept 

the new design of the power system supporting new capital investment required and even 

change national policies, with previous commitment in different energy system configurations 

and support for non-renewable energy sources (Pierri, et al., 2017). In this sense, the supergrid 

in Europe is also susceptible to barriers within the attributes of Hierarchy and Power, 

Governance Capacity, (lack of) Communication and (increase of) Externalities with conflicts 

of agendas where stakeholders that would not benefit from the increase of large scale 

renewables, namely the fossil generating and nuclear industry, or interconnector and AC line 

owners who could use undemocratic practises to deter progress of the supergrid. From this 

latter point, and as compared with the US, the supergrid implementation in Europe is also more 

susceptible to social peripheralisation through strategic selection of the design and 

implementation of the single-grid that overlooks other key elements which can result in social 
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and economic failure (Sovacool & Cooper, 2013). This can be present in different ways such 

as, if Belgium or France are selected as nodal connectors to the UK instead of the Netherlands, 

as yearly personal earnings were around €3,000 less than in the latter country (eurostat, 2017); 

or limiting the placement on densely populated countries with large proportion of protected 

areas like Germany (ENTSO-E, 2016). 

4.2.3 Interdependence 

As compared with the US, system interdependence also comes as a key challenge in the 

implementation of the supergrid in Europe. Particularly as the region is moving towards 

decarbonisation of the power systems and in turn, electrification of other sectors such as heat 

and transport. Hence, the implementation and development and full potential of the supergrid 

can be tied to the development of other sectors and vice versa. Ashfaq, et al. found that coupling 

a regional decentralised heating-pump network with a supergrid can result in the most 

significant reduction of energy-balancing requirements as compared with alignment with only 

national grids (Ashfaq, et al., 2017). Moreover, Europe can see interdependence in the 

electrification of the heat and transport sectors, to decarbonise the power use of the EV fleet, 

and achieve other potential benefits of power-balancing, system reliability and reduction of 

total system costs (Lund & Kempton, 2008). Additionally, the supergrid in Europe can also be 

interdependent with a smart meter system, as in the US, where the supergrid is coupled with a 

full roll-out of smart meters to further the balancing and frequency flexibility capabilities of 

the system; however, to-date only 9 member states have committed to a full roll-out by 2020 

(EC, 2017).  

In consequence, interdependence comes as a significant challenge in Europe since the 

supergrid would not only likely be linked to different technological systems, as heating and 

transport, and its relationship with the Costs element of our framework where the Nordic 

countries have invested heavily in CHP and district heating; but it would also be dependent on 
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the progress of each of those sectors across the multitude of participating nations. Hence, if 

some nations lag behind or are not in line with the electrification of transport and heating, the 

full potential of the supergrid as well as its development can be tampered. Moreover, in the 

sense of interdependence, the supergrid can falter due to lack of technological and system 

standardisation across Europe, where different nations and markets continue to operate under 

a multitude of standards and grid codes, with reluctance to accommodate their system to the 

prospect of a supergrid proposal. 

5. Conclusion & Policy Recommendations 

One of the main arguments of this paper is that there are challenges for the implementation of 

a supergrid in the US and EU, that go beyond technical and economic elements. Consequently, 

on this section we arise a number of policy recommendations for the prospective 

implementation of a supergrid in the US and EU. First, as we argue, that the supergrid 

proposals, as shown in Figure 1 (US) and Figure 2 (Europe), typically only focus on optimising 

technical and economic attributes, but, in practise, design will be influenced by social and 

political elements.  Thus, in order for a cost-effective transition to large-scale renewable energy 

to occur, policymakers must carefully consider not only technical and economic elements, but 

also be careful to consider policies to tackle socio-political barriers. That is, while supergrids 

offer the possibility to radically alter renewable energy use in both the US and the EU, there 

must be first stable and clear governance structures and policy-frameworks to address non-

technical barriers and encourage supergrid from a socio-political perspective. Secondly, and 

more specifically, our results show that in order for governments to implement transitions to a 

super electricity grid dominated by dispersed renewable energy supply, they should focus on 

establishing an overarching body (OB) to ensure proper governance, as well as coordination 

and creation of consensus across the (supergrid) megaproject.  Considering the potential of 
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supergrids, in some respects, the development of an OB may be one of the most important 

renewable energy policies a government could implement.  Thirdly, our framework shows that 

renewable energy policy needs to focus on more than techno-economic aspects in order for 

megaprojects of any sort to succeed. For example, while previous research on large-scale 

renewable integration has argued for strong economic policies (such as taxing externalities 

(Noel, et al., 2017)), the framework and results presented here show that the transition to 

renewable energy requires more nuance.  

More precisely, through the application of our framework (Table 1), we presented 12 non-

technical situations that can prevent the agreement, planning, implementation and completion 

of a supergrid project in the selected case-studies. We find the most pertinent barriers for the 

supergrid can be categorised as the barriers the OB would face in organising and coordinating 

the project, the challenges that arise from different and colliding stakeholder agendas along 

with a (lack of) sustained political commitment to support the supergrid; and the 

interdependence across different technological systems, particularly when thinking on 

decarbonisation of wider society.  As such a clear policy implication is that implementing an 

energy-related megaproject requires a comprehensive and complex policy framework that is 

flexible enough to address such barriers.  Indeed, future research should further explore a more 

thorough application of the framework presented here to more fully explore the non-technical 

nuances of a typical supergrid application on a specific setting.     

Importantly, there are plenty similarities between the found barriers in the US and EU, and 

more in particular related to the potential policy solutions with the introduction of the OB. This 

can be attributed in part to the fact that both regions represent advanced economy settings, with 

well-developed and liberalised power markets. Nonetheless, both regions can implement 

policies tested in the other, as each has particular elements that are necessary in the 

development of the supergrid; for example the EU can look at ERCOT and PJM in the US, and 
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the introduction and operability of dynamic pricing mechanisms of LMP; and the US can learn 

from the EU multi-country regulatory framework for grid interconnection and common 

network codes, as well as the aggregated power markets of the Nordic region, or the Iberian 

Peninsula.  

In this sense, it can be argued that the EU is closer in the direction of a supegrid since first, it 

has to-date a higher degree of standardisation in the sub-power markets and grid, as the unitary 

entities of the supergrid are member states, each with a well-developed transmission system 

and already well interconnected with other countries. On the other hand, in the US the division 

is not as clearly defined, with only three major RTOs and a multitude of other balancing parties 

that operate across different political jurisdictions. Additionally, the supergrid would require 

continuity in political leadership, policy-frameworks and governance structures, which in the 

case of the US, it represent be the biggest barrier for the implementation of a supergrid; given 

its change in political leadership and strong changes in views regarding the direction of its 

energy-policy and development of power sector, favouring more fossil-intensive sources. 

These, to some extent go against the purpose and principles of the supergrid, of fostering large-

scale renewable energy penetration and system-wide efficiency, and implementation of 

policies considered by the current administration would only make the eventual transition to 

renewable energy more expensive 

This study aimed at highlighting the barriers and suggest policy recommendations, offering 

comparability between two case studies. However, we call for further research that looks 

deeper into the barriers and solutions of the supergrid, that is more specific to each context. 

Particularly as the non-technical aspects of the supergrid and its surrounding context can 

change rapidly and drastically, thus affecting its development; for example, with changes in 

EU membership. Additionally, the framework proposed on this paper (Table 1) can not only 

be used in other supergrid settings such as an Asian or a South American supergrid, but also in 
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other large scale infrastructure projects. In this sense, the framework can evolve and mature, 

with further research, to both deepen its categories and attributes for the general analysis, but 

also to develop it for specific context-analysis, for example adequate it to analyse other 

infrastructure.  

Ultimately, in this paper we proposed a framework that allows identification of  non-technical 

barriers for large scale infrastructure projects, in this case the supergrids in the US and EU, as 

well as potential policy recommendations to ensure their development. Also, we have 

highlighted how despite major progress is done via technical research that assesses the 

economic and technical benefits of large scale electricity networks, it is the non-technical 

aspects that pose a significant barrier for their development. In other words we argue that the 

non-technical aspects should not be under-recognised for the implementation of large scale 

network projects, particularly from a policy perspective, and perhaps if previous attempts of 

regional interconnection or supergrids, such as Tres Amigas and Desertec, would have utilised 

a more comprehensive policy framework, such  as the one presented on this paper, they could 

have prevented some of the issues that led to their eventual failure. Therefore, the research 

presented in this paper, is essential to push forward the tangible implementation of a supergrid 

in the US and EU. 
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