
Accepted Manuscript

The marginal system LCOE of variable renewables – Evaluating high penetration
levels of wind and solar in Europe

Lina Reichenberg, Fredrik Hedenus, Mikael Odenberger, Filip Johnsson

PII: S0360-5442(18)30289-5

DOI: 10.1016/j.energy.2018.02.061

Reference: EGY 12361

To appear in: Energy

Received Date: 28 June 2017

Revised Date: 16 January 2018

Accepted Date: 13 February 2018

Please cite this article as: Reichenberg L, Hedenus F, Odenberger M, Johnsson F, The marginal system
LCOE of variable renewables – Evaluating high penetration levels of wind and solar in Europe, Energy
(2018), doi: 10.1016/j.energy.2018.02.061.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.energy.2018.02.061


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

1 
 
 

The marginal system LCOE of variable renewables – 
evaluating high penetration levels of wind and solar in 

Europe 

  
Lina Reichenberg, Fredrik Hedenus, Mikael Odenberger, Filip Johnsson 

ABSTRACT 

The marginal levelized cost of electricity (LCOE) for increasing the share of Variable 
Renewable Energy (VRE) is estimated using the electricity investment model greenVRE, 
which entails a detailed representation of the time dimension to account for variability and 
variation management. The model is applied to Europe (EU-27+Norway and Switzerland), 
which the model divides into ten electricity balance regions and runs with 2920 time-steps 
The model is applied in a greenfield setting, in which the share of renewables (VRE+Hydro) 
varies between 0% and 100%. The results show that the system LCOE for VRE increases 
linearly with the penetration level range of 20%–80%, above which it increases sharply.  
Systems that have a high penetration of VRE are characterized by using wind power as the 
major generating technology and having strong expansion of transmission capacity. A 
sensitivity analysis for the cost of VRE and variation management capacity (storage and 
transmission) reveals that the point of increase in marginal LCOE is robust under different 
future scenarios regarding technology costs. We conclude that VRE could constitute the bulk 
of electricity generation at a reasonable cost, given that there is availability of variation 
management, especially with respect to transmission.   
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1. Introduction 
Currently, the power generation system in Europe is undergoing a rapid transition, with 
thermal generation of electricity being replaced by wind and solar power generation. There 
are several reasons for this development: (i) the decreasing cost of solar and wind generation 
capacity; (ii) energy security concerns associated with the importation of natural gas; and (iii) 
concerns about climate change. An electricity system that is based on wind and solar is 
radically different from the present system, since fluctuations in the residual electricity 
demand (wind and solar power generation subtracted from the demand for electricity) are 
larger and different from those of demand alone. This is already noticeable in countries and 
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