
GEOTHERMAL ELECTRICITY: A BALANCING FORCE

The production of electricity from geothermal energy is a century old technology. However, recent innovations have 
allowed to deploy geothermal electricity production in many areas of Europe, unlocking the possibility to use the benefits 
of geothermal electricity to accompany the decarbonization of the electricity system.
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Figure 1. 
Potential electricity production to 2050 

(available data as estimated by GEOELEC 
project, taking into account underground 

temperature distribution) and current 
electricity capacity in Europe 

(source EGEC Geothermal Market Report)

RESEARCH, DEVELOPMENT AND INNOVATION KEY TO UNLOCK 
THE GEOTHERMAL FLEXIBILITY POTENTIAL

Geothermal technologies are diverse 
and can be installed through Europe.

While the production of electricity 
from geothermal used to be limited 
to countries characterized by 
favorable geological settings and 
high temperature such as Iceland or 
Italy, technology innovation allowed 
Germany, France, Portugal, Romania, 
Austria and Hungary to become 
geothermal electricity producers. 

In addition, new countries are 
starting to develop the potential of 
geothermal for electricity, with plants 
being built in Croatia or the UK. 

Figure 2. 
Technologies and comparison of size and number of units 
(source : EGEC geothermal Market Report, 2016)



The flexibility benefits from geothermal electricity production is already 
exploited in Germany, where to comply with regulations, binary geothermal 
power plants have proven that they can ramp up and down their outputs from 
100% to 30% in 15 seconds and goes back to 100% in 15 seconds. Meanwhile, 
geothermal power plants have proven across the world that they are able 
to supply reliable baseload electricity at capacity factors of up to 100%. 
Geothermal plants have indeed been exploited for decades, and provide 
baseload renewable electricity at a lower cost than the grid average in some 
countries.

DEEP GEOTHERMAL TECHNOLOGIES AT THE INTERSECTION OF SMART ELECTRICITY 
AND SMART THERMAL GRIDS

Deep geothermal adds flexibility 
to the energy landscape of the 
future with its interconnected 
local energy grids that are fed by a 
variety of energy sources and that 
connect the three energy sectors 
(i.e., electricity, heating & cooling 
and transport). The local grids will 
be driven by new market models 
in which the separation between 
energy producers and consumers 
becomes less sharp than it is today. 
Geothermal fits in this grid with the 
supply of combined heat and power, 
which can fluctuate according to the 
needs of the heat or power grid to suit 
determined priorities. It also enters 
the equation with the potential for 
developing Underground Thermal 
Energy Storage and with individual 
geothermal systems of shallow 
geothermal.
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Figure 3.
 In the interconnected energy networks, 

based on renewable energy sources, 
geothermal and underground thermal 

storage play an important role 
(courtesy of DNV GL, based on Noordhoff 

Uitgevers B.V., 2012)

RD&I PRIORITIES FOR GEOTHERMAL FLEXIBILITY
Considering the significant potential of geothermal power production for stabilising the electricity grid, a possible 
adaptation from the traditionally baseload profile of geothermal electricity production to meet the needs of a 
changing flexible electricity system, the priorities to allow the unlocking of this potential are the following:
• Demonstrate the technical and economic feasibility of responding to commands from a grid operator, at any time, 
to increase or decrease output ramp up and down. Demonstrating the automatic generation control (load following / 
ride-through capabilities to grid specifications) and ancillary services of geothermal power plants. The potential for 
flexibility from geothermal power production should be associated with the concomitant supply of geothermal heat 
to district heating, agricultural or industrial applications. 
• Addressing flexible heat/cold and electricity supply from binary cycles and EGS power plants, including coupling 
with other renewable energy sources.
• Addressing specific problems of geothermal power production in isolated energy networks (islands).
• Thermoelectric energy storage integrated with district heating networks and dedicated equipment (heat pumps, 
ORC turbo-expanders, and heat exchanger networks, with hot and cold reservoirs able to cover variable demand of 
heat, cold and electricity.
To enable the achievement of this potential, it is also necessary  to develop transmission and distribution 
infrastructures and to interplay with other flexibility options (e.g. demand-side management and storage), and to 
test on dispatchability. Furthermore, the flexible generation should be able to provide additional services to the 
grid such as peak power, role in electricity balancing/reserve market.
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