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INTRODUCTION:
THE GREEN
PROMISE BENEATH
OUR FEET

A s  t h e  w o r l d
a c c e l e r a t e s  i t s
transition  away  from
fossil fuels, the search
for reliable, round-the-
c l o c k  r e n e w a b l e
energy  sources  has
intensified.  Solar  and
wind  power  o f ten
d o m i n a t e  t h e
headlines,  but  quietly,
and  with  remarkable
consistency, heat from
the  Earth’s  core  offers

a  c o m p e l l i n g
a l t e r n a t i v e .
Understanding  the
e n v i r o n m e n t a l
i m p a c t  o f
geothermal  energy
i s  e s s e n t i a l  f o r
p o l i c y m a k e r s ,
environmentalists,  and
everyday  citizens  who
want to make informed
decisions  about  our
planet's  future.
Unlike the intermittent
nature  of  sunlight  or
wind,  geothermal
energy  provides  a
stable, baseload power
supply.  It  harnesses
the natural heat stored
deep  underground,
often in the form of hot
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water or steam trapped
i n  p o r o u s  r o c k
formations.  While  this
technology  is  lauded
for  i t s  low  carbon
footpr int ,  i t  is  not
without its own set of
e n v i r o n m e n t a l
cons iderat ions .  A
balanced,  nuanced
look  at  these  impacts
reveals  a  complex
picture—one where the
benefits  often
o u t w e i g h  t h e
drawbacks,  but  where
careful  management
remains  absolutely
critical.

WHAT IS
GEOTHERMAL
ENERGY AND HOW
DOES IT WORK?

Before  diving  into  the
e n v i r o n m e n t a l
specifics,  it  helps  to
understand  the  basic
m e c h a n i c s .
Geothermal  power
plants typically tap into
h y d r o t h e r m a l

reservoirs—pockets  of
hot  water  or  steam
found  several  miles
beneath  the  Earth’s
surface.  Wel ls  are
dr i l led  in to  these
reservoirs, bringing the
hot fluid to the surface.
The steam then drives
turbines  connected  to
electricity  generators.
After  the  energy  is
extracted,  the  cooled
w a t e r  i s  u s u a l l y
injected back  into  the
reservoir  to  maintain
pressure  and  sustain
the  resource.
There  are  three  main
types  of  geothermal
power  p lants :  dry
steam,  flash  steam,
and  b inary  cyc le .
Binary cycle plants,  in
p a r t i c u l a r ,  a r e
b e c o m i n g  m o r e
popular  because  they
can  operate  at  lower
water  temperatures
and  produce  virtually
zero  emissions.  The
specific  technology
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used  significantly
influences  the  overall
environmental  impact
of  geothermal  energy
at a given site.

POSITIVE
ENVIRONMENTAL
IMPACTS: THE
CLEAR
ADVANTAGES

When  discussing  the
e n v i r o n m e n t a l
i m p a c t  o f
geothermal  energy,
t he  pos i t i ves  a re
substantial  and  often
serve  as  the  primary
a r g u m e n t  f o r  i t s
expansion.

Ultra-Low
Greenhou
se Gas

Emissions
The  most  significant
benefit  is  the
remarkably low level of
g r e e n h o u s e  g a s
emissions.  Compared
to  a  coal-fired  power
plant,  which  releases
vast amounts of carbon
dioxide, sulfur dioxide,
and  nitrogen  oxides,
geothermal  plants  are
exceptionally  clean.
While  they  do  emit
some  gases—such  as
hydrogen  sulfide,
c a r b o n  d i o x i d e ,
m e t h a n e ,  a n d
ammonia—these are a
fraction  of  what  fossil
fuel plants produce. In
fact,  modern  binary
cycle  power  plants
re lease  a lmost  no
greenhouse  gases  at
a l l .  T h e
e n v i r o n m e n t a l
i m p a c t  o f
geothermal  energy
in terms of air  quality
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is  therefore  vastly
s u p e r i o r  t o
conventional  energy
sources.

Small
Physical
Footprint
Geothermal  facilities
require  significantly
less land per megawatt
of electricity generated
compared  to  coal ,
nuclear,  or  even solar
f a r m s .  A  t y p i c a l
geothermal  plant  can
be built on as little as
one to eight acres per
m e g a w a t t .  T h i s
compact design means
less  d is rupt ion  to
natural  habitats  and
e c o s y s t e m s .
Additionally,  because
the  infrastructure  is
mostly  underground,
the  visual  impact  on
t h e  l a n d s c a p e  i s

minimized.  Drill ing
pads  and power  plant
bu i ld ings  a re  the
p r i m a r y  s u r f a c e
features,  leaving  the
sur round ing  area
largely  intact.

Baseload
Reliability
and
Consisten
cy
Perhaps  the  most
p o w e r f u l
e n v i r o n m e n t a l
a r g u m e n t  f o r
geothermal is that it is
a  base load  power
source.  I t  runs  24
hours  a  day,  seven
d a y s  a  w e e k ,
regardless  of  weather
conditions  or  time  of
day.  This  reliability
means that geothermal
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can replace traditional
baseload  plants  (like
coal  or  natural  gas)
without  the  need  for
m a s s i v e  b a t t e r y
storage  or  backup
systems. By displacing
dirty  baseload  power,
geothermal  directly
c o n t r i b u t e s  t o  a
cleaner  grid  in  a  way
that  in te rmi t tent
renewables  cannot
always  guarantee  on
their  own.

Low
Water
Consump
tion
Compare
d to

Other
Thermal
Plants
Whi le  geothermal
plants  do  use  water,
they consume far less
than  foss i l  fue l  or
nuclear  power  plants.
Many  geothermal
o p e r a t i o n s  u s e  a
closed-loop  system,
where the same water
is  cycled  repeatedly.
Even  in  open- loop
systems,  the  water  is
usually  reinjected  into
the  ground.  This  is  a
crucial  advantage  in
arid  regions  where
water  scarcity  is  a
pressing  concern.

POTENTIAL
NEGATIVE
ENVIRONMENTAL
IMPACTS: THE
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CHALLENGES

No  energy  source  is
p e r f e c t ,  a n d
geo the rma l  i s  no
exception.  A  thorough
assessment  of  the
e n v i r o n m e n t a l
i m p a c t  o f
geothermal  energy
must also consider  its
downsides.

Induced
Seismicit
y
One of the most widely
discussed  concerns  is
the  risk  of  induced
earthquakes.  This
occurs  primarily  in
Enhanced  Geothermal
Systems  (EGS),  where
water  is  injected  at
high pressure into hot,
dry  rock  to  create
fractures.  While  these
e a r t h q u a k e s  a r e
a l m o s t  a l w a y s

m i c r o s e i s m i c
events—too small to be
felt  by  humans—there
have  been  rare  cases
of  more  noticeable
tremors.  Proper  site
select ion,  carefu l
monitoring,  and  strict
operational  protocols
a r e  e s s e n t i a l  t o
minimize  this  risk.  In
c o n v e n t i o n a l
hydrothermal  plants,
induced  seismicity  is
far less common, but it
remains  a  topic  of
ongoing  research  and
public concern.

Water
Quality
and
Contamin
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ation
Risks
Geothermal fluids often
conta in  d isso lved
minerals  and  heavy
meta ls ,  inc lud ing
arsenic ,  mercury,
lithium,  and  boron.  In
closed-loop  systems,
these  fluids  are
c o n t a i n e d  a n d
reinjected, posing little
risk. However, in older
or  poorly  managed
operations,  there  is  a
potential  for  surface
water contamination if
fluids  leak  from  pipes
or  ho ld ing  ponds .
Add i t i ona l l y ,  the
disposal of geothermal
brine—if  not  handled
correctly—can  harm
l o c a l  a q u a t i c
ecosystems.  Stringent
regulatory  oversight
a n d  a d v a n c e d
e n g i n e e r i n g  a r e
required to ensure that

water  quality  remains
protected.

Land
Subsiden
ce
In  some  geothermal
fields,  the  removal  of
large  volumes  of  fluid
from  underground
reservoirs  can lead to
land  subsidence—the
gradual  sinking of  the
ground surface. This is
more common in  fields
where the rock is soft
or  where  fluid
extraction  exceeds
natural recharge rates.
Reinjecting  the  cooled
water  back  into  the
reservoir is the primary
mitigation  strategy.
When done properly, it
maintains underground
p r e s s u r e  a n d
significantly  reduces
the risk of subsidence.



8

8 Environmental Impact Of
Geothermal Energy

2024-12-25

Hydrogen
Sulfide
and
Other
Gas
Emissions
Whi le  geothermal
plants  emit  far  less
pollution  than  coal
p l a n t s ,  t h e y  c a n
re lease  hydrogen
sulfide—the  gas
responsible  for  that
classic  "rotten  egg"
s m e l l .  A t  l o w
concentrations,  it  is
m e r e l y  a n  o d o r
nuisance.  At  higher
levels, however, it can
be  harmful  to  human
h e a l t h  a n d  c a n
cont r ibu te  to  the
formation  of  fine
particulate  matter  in

t h e  a i r .  M o d e r n
geothermal  plants  are
e q u i p p e d  w i t h
scrubbers  and  other
a b a t e m e n t
technologies  that
capture up to  99% of
hydrogen  sulfide,  but
the  problem  is  not
entirely eliminated.
The  environmental
i m p a c t  o f
geothermal  energy
regarding  air  quality
a l so  inc ludes  the
r e l e a s e  o f  s m a l l
amounts  of  carbon
diox ide  f rom  non-
condensable  gases.
While this is orders of
magnitude  less  than
fossil  fuels,  it  is  not
zero.  Carbon  dioxide
e m i s s i o n s  f r o m
geothermal  plants
typically range from 10
t o  4 0  g r a m s  p e r
k i l o w a t t - h o u r ,
compared to over 800
grams for coal.
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MITIGATION
STRATEGIES:
MINIMIZING THE

DOWNSIDES

The good news is that
many  of  the  negative
aspects  of  geothermal
p o w e r  c a n  b e
effectively  managed
through  technology
a n d  r e g u l a t i o n .
Understanding  these
mitigation efforts is key
to a fair assessment of
the  environmental
i m p a c t  o f
geothermal energy.

Reinjection:
Returning spent
geothermal fluids
to the reservoir
maintains
pressure,
reduces
subsidence, and
prevents surface
contamination. It
is now standard
practice in most
modern plants.
Closed-Loop

Systems: Binary
cycle plants use
a secondary
working fluid in a
sealed loop,
meaning the
geothermal fluid
never directly
contacts the
atmosphere. This
eliminates
almost all air
emissions.
Seismic
Monitoring
Networks:
Advanced
seismometers
and real-time
data analysis
allow operators
to detect
microseismic
events
immediately and
adjust injection
rates to prevent
larger
earthquakes.
Emissions
Scrubbers:
These devices



10

10 Environmental Impact Of
Geothermal Energy

2024-12-25

remove
hydrogen sulfide
and other
pollutants before
any gases are
released to the
atmosphere,
drastically
improving local
air quality.

COMPARATIVE
ANALYSIS:
GEOTHERMAL VS.
OTHER ENERGY
SOURCES

To truly appreciate the
e n v i r o n m e n t a l
i m p a c t  o f
geothermal  energy,
it  helps to compare it
side-by-side with other
major sources.

Geotherm
al vs.

Coal and
Natural
Gas
T h i s  i s  w h e r e
geotherma l  t ru l y
shines. Coal plants are
responsible for massive
a m o u n t s  o f  a i r
pollution,  mercury
contamination,  and
carbon  emissions.
Natural  gas,  whi le
cleaner than coal,  still
emits  significant
methane  and  carbon
dioxide.  Geothermal's
lifecycle emissions are
typically  97%  lower
than  coal  and  90%
lower than natural gas.
In  terms  of  land  use,
water  use,  and  air
quality,  geothermal  is
overwhelmingly  the
better  choice.
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Geotherm
al vs.
Solar and

Wind
This  comparison  is
more  nuanced.  Solar
and  wind  have  zero
operational  emissions
and are becoming very
cheap.  However,  they
require  large  amounts
of land, produce waste
from  decommissioned
panels and blades, and
rely on battery storage
f o r  c o n s i s t e n c y .
Geothermal  has  a
smaller  land  footprint,
a  longer  operational
life (often 30-50 years),
and  provides  steady
power without storage.
The  main  trade-off  is
that  geothermal  is
geographically  limited
to regions with suitable

u n d e r g r o u n d
r e s o u r c e s .  T h e
e n v i r o n m e n t a l
i m p a c t  o f
geothermal  energy
is  thus  more  about
local geology than the
widespread  availability
of sun or wind.

THE FUTURE OF
GEOTHERMAL AND
ITS
ENVIRONMENTAL
ROLE

Innovation  is  rapidly
e x p a n d i n g  t h e
potential of geothermal
energy.  Enhanced
Geothermal  Systems
(EGS)  and  advanced
closed-loop  designs
promise  to  unlock
geothermal  resources
in areas once thought
unsuitable.  These
technologies  also  offer
the  potential  for  even
lower  environmental
impact,  as  many  of
them are  designed  to
be nearly emission-free
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and  to  operate  with
minimal water use.
As we move toward a
decarbonized  energy
g r i d ,  t h e
e n v i r o n m e n t a l
i m p a c t  o f
geothermal  energy
will  likely  become  a
central topic in energy
p l a n n i n g .  I t s
c o m b i n a t i o n  o f
r e l i a b i l i t y ,  l o w
emissions,  and  small
land footprint makes it
an  indispensable  tool
for  fighting  climate
change.  However,
public  acceptance  will
depend on transparent
communication  about
r isks,  part icular ly
induced seismicity and
w a t e r  u s e ,  a n d  a
d e m o n s t r a t e d
commitment  to  best
practices.
Policy  incentives  that
support  geothermal
e x p l o r a t i o n  a n d
development—similar
to  those  granted  to

solar  and  wind—could
accelerate its adoption.
When  cons idered
across its full lifecycle,
f r o m  d r i l l i n g  t o
d e c o m m i s s i o n i n g ,
g e o t h e r m a l
consistently  ranks
a m o n g  t h e  m o s t
e n v i r o n m e n t a l l y
benign energy sources
available.

CONCLUSION

The  environmental
i m p a c t  o f
geothermal  energy
is  overwhelmingly
positive,  especially
when  contrasted  with
fossil fuels. Its ability to
provide clean, reliable,
baseload  power  with
minimal  emissions  is
unmatched  by  most
o t h e r  r e n e w a b l e
technologies.  While
challenges  such  as
induced  seismicity,
water  contamination
r i s k s ,  a n d  l a n d
subsidence exist, these
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a r e  m a n a g e a b l e
t h r o u g h  c a r e f u l
engineering,  robust
r e g u l a t i o n ,  a n d
continuous monitoring.
No  energy  source  is
e n t i r e l y  w i t h o u t
e n v i r o n m e n t a l
consequences,  but
geothermal  offers  one
of the most sustainable
paths  forward.  As  the

world faces the urgent
need  to  decarbonize,
harnessing  the  heat
b e n e a t h  o u r  f e e t
deserves  far  greater
attention.  I t  is  not
m e r e l y  a  n i c h e
solution—it  is  a  quiet,
p o w e r f u l ,  a n d
remarkab ly  c lean
workhorse  ready  to
shoulder a larger share
of our energy future.


