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Abstract 
Geothermal Energy (GE) is the natural heat energy stored in the rocks and water in the Earth’s interior. 
GE is a green renewable energy source as compared to conventional sources such as fossil fuels. It 
provides long-term energy with lower carbon footprint than other renewable energy. However, corrosion 
and poor or low permeability in geothermal systems are the pervasive issues. Corrosion affects the major 
components up- and downstream. Corrosion caused by biotic factors is difficult to forecast compared to 
abiotic corrosion. For that reason, the influence of microbial metabolites on the electrochemical kinetics 
of carbon steel –biotic corrosion requires thorough investigation. Also, poor or low permeability in 
geothermal reservoirs is a perennial concern even in highly convective geothermal systems. Techniques 
typically used in oil and gas reservoirs to enhance reservoir quality can be used in geothermal reservoirs. 
For example, increasing permeability helps to create heat convection and allows better heat flow from 
the subsurface to the surface. Acid stimulation can be used to increase permeability however, acid 
stimulation sometimes fails due to either poor stability of the acid or undesirable interaction between 
clay minerals in the cap rock and the acid.  
In this study, bio-corrosion and acid stimulation are studied under simulated non–volcano geothermal 
conditions. The influence of Extracellular Polymeric Substrates (EPS)-biofilm, acetic and L-ascorbic 
acids on bio-corrosion are investigated. The electrochemical techniques (PotentioDynamic Polarization 
(PDP) and Electrochemical Impedance Spectroscopy (EIS)), Inductively Coupled Plasma - Optical 
Emission Spectrometry (ICP-OES), X-Ray Diffraction (XRD) and pH measurements are implemented 
in characterization. Subsequently, the interaction of green chelating agents (BCA-1 and BCA-2) and 
clay minerals (kaolinite and smectite) under CO2 flooding are studied. The research shows that the 
simulated EPS–biofilm under anaerobic conditions has no influence on accelerating corrosion which is 
in contrary to results reported in some literature. In addition, the presence of acetic and L-ascorbic acid 
accelerates corrosion on test coupons. The increase in corrosion rate with acetic acid is in agreement 
with the available literature while that with L-ascorbic acid contradicts. On the other hand, results on 
compatibility of clays with green chelating agents show that both have low precipitate of minerals. This 
makes both green chelating agents suitable for improving the reservoir quality as they have limited 
reactions with clays. This is the first time to report these findings on BCA-1 and BCA-2. Understanding 
the influence of metabolites on corrosion enables the development of better strategies to avoid or 
decelerate corrosion. Moreover, understanding compatibility of clays and green chelating agents would 
help to increase porosity and consequently permeability. 
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 Geothermal Energy (GE) is the natural heat energy
stored in the rocks and water in the Earth’s interior.

INTRODUCTION
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INTRODUCTION

 Sources of GE

 Geothermal field consists:
1. Thermal source 
2. Reservoir 
3. Fluid
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 Geothermal reservoir

INTRODUCTION
 Hot water or steam is

trapped in permeable
and porous rocks under
a layer of impermeable
rocks

 Cap rock: Clays

 Heat transfer:
1. Conduction
2. Convection
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INTRODUCTION
 Geofluids which are hot and salty interact with reservoir

rocks. Key question in geothermal operation

 Therefore, geochemistry and hydrochemistry are of key
importance for the successful operation of a geothermal
scheme.

Why? – because a poor understanding of chemistry can
result in corrosion of plant, clogging of wells and
reservoirs and may even cause environmental problems.
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 Economic exploitation of the geothermal systems is
dependant on natural or induced mineral precipitation
and associated decrease in permeability of the system.

 This may affect pipelines, well casings or rock fractures
and in turn inhibit fluid flow.

 In a nutshell: corrosion and poor or low
permeability in geothermal systems are the pervasive
issues.

INTRODUCTION
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 Corrosion: Material degradation in contact with
external environment: Either by direct attack or by
electrochemical reaction.

INTRODUCTION
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 Causes: Biotic and abiotic

 Biotic corrosion is difficult to identify compared to abiotic
corrosion

INTRODUCTION
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 Poor or low permeability in geothermal reservoirs
results to a decrease in heat extraction from the
system.

Ways to overcome: Use of permeability stimulation
techniques: Acid stimulation

Hydraulic fracturing
Thermal fracturing

INTRODUCTION
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 Acid stimulation: Injection of acid into a formation.
matrix acidizing, fracture acidizing

 Conventional Acids used: HF, HCl, CH3COOH,
HCOOH, H2NSO3H, ClCH2COOH.

 Problems with Conventional Acids:
Precipitations, High corrosion rate
Incompatibility with sensitive clays
Poor stability at high temperature
Environmental concern

INTRODUCTION
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 This research therefore investigates:
The role of biofilm, acetic and L-Ascorbic metabolites
in the presence of CO2 and H2S (SRB metabolites)-
Bio-corrosion in geothermal systems

The interaction of green chelating agents (BCA-1 and
BCA-2) and clay minerals (kaolinite and smectite)
under CO2 flooding.
Acid stimulation in geothermal reservoir

INTRODUCTION
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METHODOLOGY
SET UP FOR CORROSION STUDY

API 5L X70M HFW

O OH

OH

OH

OH

O

O
Na

Simulated brine, Distilled water, 
Temp 30, 45, 60 oC
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METHODOLOGY
SET UP FOR CLAY-ACID STIMULATION

BCA-1 and BCA-2
Clay minerals
Brine from Songwe hot spring
Distilled water 

Simulated in situ P–T conditions (5.5 MPa, 230 oC)
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METHODOLOGY
 Analytical Methods
1. Characterization of Corrosion products

X-Ray Diffraction (XRD), 
Inductively Coupled Plasma - Optical Emission 
Spectrometry (ICP-OES), Electrochemical methods        
(PDP and EIS)

2. Characterization of treated and supernatant of treated 
clay minerals

pH, Conductivity, Salinity, ICP-OES, XRD, ASD,  
Porosimeter, and FT-IR 
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RESULTS AND DISCUSSION
Role of Biofilm:

 In the presence of CO2, H2S in
watery solutions biofilm offers no
protective layer

 The amount of metal ions in the
solution is governed by the
corrosion rate
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RESULTS AND DISCUSSION

iron (1a and b), γ-FeOOH (2a and b), α-FeOOH (3a and b) and sulfur (4a)

XRD
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RESULTS AND DISCUSSION
Corrosion rates (mm/year) 
 For acetic acid: corrosion

rate increases with increase
in temperature and
concentration

 For L-Ascorbic acid:
corrosion rate increases with
increase in temperature and
concentration. Contrary to
the available literature

Metal dissolution: Similar  
trends as for corrosion rates
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For L- Ascorbic Acid For Acetic Acid 

RESULTS AND DISCUSSION
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RESULTS AND DISCUSSION

 Changes in pH, EC and salinity signify any of the following physicochemical processes:
Ion-exchange, electrostatic adsorptions, dissolution of the clay constituents or
precipitation.

 Increase in pH in the acidic region: sulfonate ions exchange with the surface OH- ions.

 The drop in the pH in the alkaline region: exchange of the negatively charged sulfonate ions
with aluminate anions. Ion exchange between the surface H+ ions on kaolinite by Na+ ions
from all the added salts.
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RESULTS AND DISCUSSION
ICP-OES Results

 With the green chelating agents BCA-1 and 2,
the silicon and aluminium precipiatation are lower as
compared to the first experiment without chelating
agents.
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CONCLUSION

 In the presence of CO2, H2S in watery solutions, biofilm 
offers no protective layer to carbon steel corrosion.

 NaCl on the other hand, has the largest impact on the 
corrosion of carbon steel in a CO2 and H2S environment

 Acetic  and L-Ascorbic acids accelerate corrosion in the 
presence of CO2 and H2S

Bio-Corrosion
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Acid Stimulation
CONCLUSION

 Results on compatibility of clays with green chelating
agents show that both have low precipitate of minerals.

 This makes both green chelating agents suitable for
improving the reservoir quality as they have limited
reactions with clays. This is the first time to report these
findings on BCA-1 and BCA-2
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-----------------------END---------------------------
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