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Abstract. Given the stringent climate constraints the European Union has put forward for the power 

sector, the European energy system will have to change drastically. Although presenting a great number 

of challenges, the necessary transformation of our energy system also presents us with the opportunity to 

move towards a more sustainable society. This means balancing economic and social development with 

environmental protection, otherwise known as the ‘triple bottom line’. This work will focus on scenarios 

for the future energy system with high levels of renewable energy to realize this transformation. A high 

penetration of renewables will pose significant challenges for the technical operation of the system. To 

evaluate these challenges adequately the modelling of the energy system has to be sufficiently detailed. 

The last few years a number of high-level studies have been published exploring possible pathways for 

the evolution of national and regional energy systems towards a sustainable 2050 energy system. Four 

prominent studies have been examined in detail as to how they model the operational aspects of the 

energy system, namely: ‘Energy Roadmap 2050’ by the European Commission, ‘Power Choices’ by 

EURELECTRIC, ‘Roadmap 2050’ by the European Climate Foundation and ‘Battle of the Grids’ by 

Greenpeace. They are compared in terms of how they model supply, demand and the flexibility options of 

an energy system. Furthermore several ways exist for integrating sustainability considerations during the 

drafting of the portfolios, rather than assessing the proposed pathways afterwards, as is current practice. 

The studies are reviewed as to how they integrate sustainability considerations in their modelling process. 

A number of opportunities are found for the improvement of the construction of roadmaps for a low-

carbon European energy system. The main focus is on the assessment the technical feasibility of the 

proposed supply side configurations. 
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EXTENDED ABSTRACT 

All around the world governments and policy-influencing organizations are constructing roadmaps for 

the long-term energy future. In the USA the National Renewable Energy Laboratory recently published its 

Renewable Electricity Futures Study. This study, funded by the US Department of Energy’s Office of Energy 

Efficiency and Renewable Energy, explores the challenges of an energy system with renewable electricity 

generation levels ranging from 30% to 90% [1]. In other countries progress is slower, but is still obvious. In 

2013the National Development and Reform Commission of China issued the report: China’s Policies and 

Actions for Addressing Climate Change [2]. In this report a number of guidelines are presented for optimizing 

their energy structure, such as the development of non-fossil fuel. In this regard the National Energy 

Administration has issued several Development Plans, amongst others for Solar Energy Generation and Biomass 

Energy. 

In Europe the European Union’s ambitious climate policy has for several years driven the Member 

States to consider the future of their energy system. European Guidelines and Directives already set targets for 

2020, including the well-known 20-20-20 goals. Now Europe’s view is reaching beyond that, envisaging the 

2050 horizon. Limiting the increase in global temperature to 2°C above pre-industrial temperatures with a 

probability of at least 50% implies halving the global emissions by 2050 [3, p. 15]. Assuming equal per capita 

emissions by 2050, this comes down to an 85% emission reduction for developed countries [4, p. 34]. Hence 

“the European Council reconfirmed in February 2011 the EU objective of reducing GHG emissions by 80-95% 

by 2050 compared to 1990” [5, p. 3]. Following this, the European Commission published 4 roadmaps to outline 

the European vision, amongst which the Energy Roadmap 2050 produced by the DG Energy [6]. Given the 

Commission’s limited ability to enforce energy policy, the scope of the document is limited to the analysis of a 

number of symbolical scenarios and the identification of “no regret” options. Yet, even though the Commission 

cannot impose binding measures on certain key aspects of the energy problem without the accord of all Member 

States, the direction it chooses to move in is of key importance (e.g. its decision whether or not to support 

options such as CCS and nuclear). 
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Therefore, leading up to the publication of the European Commission’s vision multiple organizations 

published their own studies in an attempt to influence the European policy. 3 of the most prominent of those 

have been selected to be compared against Energy Roadmap 2050 as to how they approach the energy challenge 

and how they model the energy system and its evolution towards 2050. Thus in total 4 studies will be compared: 

1. Energy Roadmap 2050; European Commission, DG Energy – [ERM]  

2. Power Choices; Union of the Electricity Industry – EURELECTRIC [7] – [PC] 

3. Roadmap 2050; European Climate Foundation [8] – [RM] 

4. Battle of the Grids; Greenpeace [9] – [BG] 

To produce technically feasible supply side configurations for the power sector (i.e. generation 

portfolios and the corresponding energy system infrastructure) the operation of the electricity system has to be 

modelled in sufficient detail. Of specific interest for this work is the way in which the different types of 

operational flexibility of the energy system are represented. These flexibility options will be key in dealing with 

the intermittent character of the renewable energy sources [RES]. In addition the studies’ main assumptions and 

additional modelling methodologies for supply and demand are reviewed. Finally the studies are evaluated on 

how they incorporate goals and constraints regarding sustainability. 

Operational flexibility can be categorized in 5 aspects: (1) the flexibility of conventional power units, 

(2) energy storage, (3) demand response, (4) flexibility services from RES units and (5) power exchange [10]. 

(1) All studies perform a unit commitment and thus take into account the flexibility limits of the conventional 

power units (such as ramping rates). (2) Storage is almost completely absent in the 4 studies, except for pumped 

storage. ERM does consider the possibility to transform excess electricity to hydrogen. The possible applications 

of grid-scale storage are not investigated. (3) RM and BG allow their models to shift respectively 15-30% and 

20% of demand within 24 hours. ERM and PC do not explicitly model demand response. Implications of 

demand response use on the mid and low voltage grid are not considered, nor the limits that these grids or e.g. 

user behaviour could impose on its potential. Exception is a limited effort by RM for the British distribution 

grids. None investigate the possibility of demand response to shift demand over a larger timespan than a single 

day. (4) RM and BG base the output of their RES on weather data. ERM and PC use a deterministic equivalent 

to model RES output (uniform electricity production over a year). None consider possible balancing energy 

services of variable RES. Dispatchable RES (e.g. biomass) is used in all studies to help balance supply and 

demand. (5) All studies perform a DC power flow. ERM and PC only consider cross-border connections. They 

conclude that the TSO’s planned reinforcements of these links will suffice. However, they do not check the 

balance of the electricity system on an hourly basis throughout the year. RM allows grid reinforcements but 

represents Europe in only 9 nodes, which limits the validity of their conclusions. BG focusses on the grid needed 

to facilitate the Advanced Scenario of Greenpeace’s Energy [R]evolution. Their representation of the European 

grid (with 224 nodes) is therefore logically better. However, their reinforcement strategy is very simplified. 

Important options such as a possible HVDC supergrid are not considered in any of the studies. 

The sustainability of the different scenarios is not explicitly assessed. The studies limit themselves to 

imposing a limit on carbon emissions, in certain cases supplemented by a target for the share of RES. The 

integration of sustainability indicators, such as e.g. life-cycle greenhouse gas emissions, in the modelling process 

or a post-modelling analyses is completely lacking in these policy-determining/-influencing studies. 
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