A life cycle perspective of geothermal energy systems
Maria Milousi and Manolis Souliotis
Department of Chemical Engineering, University of Western
Macedonia, 50100 Kozani, Greece

Methodology

Objectives
Geothermal technologies
exhibit high capacity factor
and are suitable for providing
constant base-load power,
thus overcoming the restriction
of intermittent renewable
technologies.

Nowadays the demand for a
holistic evaluation of the
energy and environmental
profile of Renewable Energy
Systems is undeniable.

Most of the studies covering
all life cycle stages, present
an extensive difficulty in
collecting adequate
information and validating
relevant data sources.

A cradle-to-gate Life Cycle
Assessment of two binary cycle
geothermal power plants (5.5 and
2.9 MW has been implemented
based on existing data.

Life Cycle environmental assessment
results for geothermal systems

Life Cycle Assessment of geothermal
power plants
Both studied geothermal power plants comprise three main parts: i. the heat
and power generating unit, ii. the stimulation and iii. the drilling of the deep
geothermal well. The functional unit of the carried out LCA was the production
of 1 kWh net electricity with all parameters adapted to EU specific conditions.
Parameter

Medium capacity

Low capacity

Net plant power [MWel]

5.5

2.9

Well depth [km]

5

5

Number of wells

6 (2 well triplets)

3 (1 well triplet)

Surface plant life time [years]
Well (reservoir) life time [years]

30
20

20
20

Reservoir temperature [°C]

190

165

Electrical efficiency [%]

14

13

Net thermal efficiency [%]

9

14

Annual net energy generation [GWh yr-1 ]

46

24

Annual net energy generation per
installed capacity [GWh MW-1 yr-1 ]

8.36

8.27

T otal energy produced per installed
capacity [GWh MW-1 ]

250.8

165.4

T otal energy produced [GWh]

7524

3308

Plant cost [€/kWel installed]

GHG emissions (gCO2/kWh) per life cycle stage for various
power generating technologies [3].

4900

clearly indicate that the main
environmental impacts originate
from the drilling phase for both
studied geothermal power plants,
and these are around 97% in
both cases.

Life cycle GHG emission estimates from various
electricity generation methods [4].

 Other impacts are associated

with the electricity production,
transportation
and
system
disposal, and they are also taken
into consideration.
Process network for low capacity

geothermal power plant. Cut-off
threshold: 10%, total nodes: 10938.

 The

cumulative
CO2
emissions over the whole life
cycle of the power plants
vary between 1.8×10-2 and
kgCO2/kWh·MW,
2.2×10-2
and the plant with the lowest
capacity shows the highest
impacts.
 The steel and cement used
for the casing, and the
electricity use for the drilling
rig are dominant contributors
to the environmental impacts
[1], [2].

A literature data analysis of
various
power
generating
systems, including construction
and operation, revealed that the
GHG emissions per kWh of
electricity output of fossil thermal
plants were about one order of
magnitude
higher
than
geothermal power systems [3].
A review of 79 studies involving
LCA of renewable energy
technologies for electricity and
heat generation concluded that
life cycle CO2 emissions from
geothermal installations (i.e., 1178 gCO2/kWh) are of the same
order of magnitude as the
majority of other
renewable
technologies.

 The detailed process networks

Process network for medium capacity
geothermal power plant. Cut-off
threshold: 10%, total nodes: 10930.

A selection of papers using Life
Cycle Assessment as a tool to
calculate the environmental
profile of geothermal power
plants is also presented and
compared.

Comparison between maximum emission values for
renewable electricity generation technologies (RETs) and
average values for conventional fuel electricity generation
sources [4].

The main GHG emissions from
geothermal installations are
from: i. the diesel used to drive
the electric generating sets and
ii. the embedded GHG in the pig
iron used in the construction of
the plant [4].

The life cycle water use for
various electricity generation
technologies has been validated
and presented.

Total life cycle water consumption for selected production
pathways for various energy generation technologies [5].

Regarding the equipment of a
geothermal power plant, a
consumption of 2 gal/MWh is
reported, while drilling and
cementation during the plant
construction were the most
water demanding processes.

Conclusions

LCA results for the plant construction and operation showed that fossil fueled thermal
plants exhibited about one order of magnitude higher GHG emissions compared to
geothermal power plants. Life cycle water consumption for the geothermal power plant
equipment was 2 gal/MWh, while drilling and cementation during the plant construction
were the most water demanding processes.

Additionally, an LCA study of geothermal power plants, indicated that: i. almost 97% of
the environmental impacts occur during the drilling phase, ii. the GHG emissions over
the whole life cycle varied between 1.8×10-2 and 2.2×10-2 kgCO2/kWh·MW, and iii. steel
and cement used for the casing of the drilling rig had the most negative effects to the
environment.
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