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ACCEPTED MANUSCRIPT

Renewable Heating Strategies and their Consequences for 
Storage and Grid Infrastructures

Comparing a Smart Grid to a Smart Energy Systems Approach 

Henrik Lund 1a 
a  Department of Planning, Aalborg University, Rendsburggade 14, 9000 Aalborg, Denmark

HIGHLIGHTS:

 Comparing different strategies to transform the heating sector to 100% renewables. 
 Comparing a Smart Energy Systems to a Smart Grid approach.
 Focus is on the consequences for storage and grid infrastructures.
 Smart grids may require significant expansion of grid and storage infrastructures.
 Smart energy systems can succeed within existing grid and storage infrastructures.

Abstract:

This paper compares different strategies to transform the heating sector into a future 100% renewable energy solution. 
It focuses on the consequences for infrastructures in terms of grids and storage across the electricity, gas and heating 
sectors. The hypothesis is that these consequences are rarely taken into proper consideration, even though the costs 
are significant and differ substantially between the alternative pathways. While the smart grid scenarios are based on 
electricity as an energy carrier, the “smart energy systems” approach is based on a cross-sectoral use of all grids. Using 
Denmark as a case, this paper shows how the current gas and district heating grids each have twice the capacity of the 
electricity distribution grid. Moreover, the existing gas and thermal storage capacities are substantially higher and the 
additional future capacities are more affordable than within the electricity sector. The conclusion is that the “smart 
grid” pathway requires a 2-4 times expansion of the electricity grid and significant investments in electricity storage 
capacities, while the “smart energy systems” pathway can be implemented with relatively few investments in affordable 
minor expansions of existing grids and storage capacities.  

1. Introduction

The thermal sector currently accounts for 50% of Europe’s final energy consumption [1]. This makes heating 
and cooling Europe’s biggest energy sector and it is expected to remain so for the foreseeable future [1]. At 
the same time, the potential for improvement is substantial. It has been calculated that waste heat from 
Europe’s industry and electricity production exceeds the heat demand of all buildings in Europe [2]. 
Consequently, this is a key-sector to address in order to meet the goals of Europe expressed in the energy 
union. Furthermore, the thermal sector has a unique potential for decreasing fossil fuel consumption and 
CO2 emissions in Europe (and elsewhere), while simultaneously decreasing costs and creating jobs [2]. 
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