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Basics and Otaniemi Project
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Geoscience Australia

Engineered Geothermal System – EGS - Basics
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Geothermal heat – Technologies to be involved in
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- Shallow well technology -> GSHP, Well depth 200-600 mtr
- Mid Deep tech. -> GSHP, Well depth 1500-2500 mtr
- Ultra Deep tech. ->  EGS, Well depth 5000 -> mtr
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𝑃 ~  ∗ 𝑐 ∗ ∆𝑇 ∗ ሶ𝑚
Power  ~  efficiency * specific heat capacity * temperature drop  *  mass flow

40 MWT (> 80% Heat) (~ 100 C) (> 100 l/s)

4 MWE (<10% Electric)             “                            “

1 liter of 100 ˚C water     → 0.3 MJ

1 liter of crude oil        → 30 MJ

Oil/Water   =  100  /  1         (E are about the same)

→ 100 l/s to match!
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St1 Deep Heat project: 
plant concept

• St1 concept is basically an 40 MW EGS 
(Enhanced Geothermal System) heat plant
• This gives better efficiency for the plant

and allows more electricity to be used
in pumping

• Finnish district heating networks are all
designed with maximum temperature 120 °C 
and normal maximal operating temperature
is around 115 °C.
• Summer time minimum temperature is 

75 °C
• This causes the need to drill as far down

as 6400 m in Southern Finland

YouTube: ”St1 Value Chain”
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Kwiatek et. al. AAV 7224



Drilling Efficiency
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Market potential
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Market environment – areas of consideration
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Economical dependencies

- Investment risk control downsizing 
projects

- Total production cost in focus

- Speed to market

- Consumer prices in steady raise

Political dependencies

- Emissions reductions (CO2, NOx, PM)

- Sanction driven

- Balancing between subsidies & tax 
income

- From taxed production towards taxed 
usage

Social dependencies

- Climate awareness raising

- Consumer behavior still price driven

- Transparency

- Metoo# & NIMBY

Technological dependencies

- Flexibility & scalability

- Connectivity with Everything

- Eur/MWh

- Urbanization/limited land area 

- Distribution challenges

Controlled energy 
transformation 

towards sustainable 
production
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Market environment – District heating Fi & Swe

Supplied heat
36,6 TWh

Fi
Swe

- Existing potential for EGS
- Nordics 10+ plants
- CE; Ger, Swi, Turkey….. 20+ plants

- Bottle necks
- Capacity of deep drilling equipment
- Engineering capability for EGS

₋ Fading energy sources
-> Oil, ongoing

-> Coal , by 2029
-> Peat, by 2040 est.

-> Gas, tba
-> Biomass, tba

₋ Amount of buildings 
attached to DH steadily 
growing
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Supplied heat
54,7 TWh
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Geo-energy market situation in 
Europe and global

Overview on geothermal capacity - power & heating 
(Source: EGEC GEOTHERMAL MARKET REPORT – Key Findings, 2018)

➢ Core markets have continued 
carrying developments in 
geothermal electricity, large 
geothermal heating and cooling 
projects and deployment of small 
scale geothermal heating and 
cooling systems. 

➢ Meanwhile, the use of 
geothermal energy has also 
expanded geographically with 
such milestones as the 
commissioning of Croatia’s first 
geothermal power plant during 
the year 2018.
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(Source: EGEC GEOTHERMAL MARKET REPORT – Key Findings, 2018)

Geo-energy market situation in 
Europe and global
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➢ The EGEC Geothermal Market Report 
confirms the trend towards the steady 
growth observed in recent years, but also 
notes the need for greater recognition in 
order to enable the full deployment of 
geothermal energy in Europe
(Source: EGEC GEOTHERMAL MARKET REPORT – Key Findings, 2018)

(Source: EGEC GEOTHERMAL MARKET REPORT – Key Findings, 2018)

Geo-energy market situation in 
Europe and global
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Geothermal heat – cost factor
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- Geothermal will be the price setter
- Energy taxation driving change toward non-fossil (taxes incl. above)
- Target to build EGS plant with 1,0 Meur/MW during 202X



Growth potential - EGS

• 1 unit -> 2 units / year
• Effect 40 MW/unit
• Inv. 2,2 Meur/MW -> 1,0 MEur/MW
• Running hours 8500/year
• Sales margin 10 -> 19 Eur/MWh
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Growth potential – Land rig availability

• Basically three good land rigs available in CE
• Limiting factors are footprint and electrical drives
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Rig Company Current Activity Hookload Powered with Footprint Year of manufacture

Deutag T46 KCA Deutag Netherlands 510 Grid/Diesel Medium 2000 /updated 2012

Deutag T700 KCA Deutag Germany 480 Grid/Diesel Medium 2012

Herrenknecht B004 Fonroche Strassbourgh (maybe for sale) 420 Grid/Diesel Small 2007 / updated 2018

Huisman LOK400 Huismann Netherlands 400 Diesel Large 1990

Eurorig 450 OMV Austria 450 Diesel Large 1999

Deutag T160 RMW/Wintershall Not active (for sale) 380 Diesel Large 1995

Eurorig 350/Benteq Iceland Drilling Unclear 350 Diesel Large 1992

Drilltec VDD370 Drilltec Unclear 370 Diesel Large 1994

Eurorig 350 Daldrup Munich 350 Diesel Large 1993

Bauer TBA440 Bauer Schrobenhausen storage 440 Diesel Very large 1989

Eurorig 450/Benteq Exsalo Unclear 450 Diesel Very large 1989

Rig 23 Itag For sale 380 Diesel Very large 1987



Seismics and Stimulation
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Seismic Network

12 Borehole
Seismometer
stations

17 Surface PGV stations

1 Deep
Array of
12 level
3C 



Public Acceptance
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Public Acceptance
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Stimulation Control
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Modelling the Reservoir and the Flow



Back Up: Lessons Learned
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Being Persistent
How to stabilize a crystalline rock borehole more than 5km deep?
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Being Innovative
Six ways to destroy a hammer
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