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Presentation Outline:
• About MCM and Sustainable Remediation
• MCM GreenTech Shield Technology Profile

• Background on Electrochemical Protection and Chloride Extraction
• System Performance/Results
• Sustainable Designs
• Towards Net Zero



Services
• Condition Assessments
• Design & Construct
• Concrete/Steel/Timber 

Repairs
• Cathodic Protection
• Structural Strengthening 
• Fender & Wharf Furniture
• Underwater/dive works
• Revetment Remediation
• Protective Coatings
• Stonework
• Piling/Pile Splicing



Sustainable Remediation

Sustainability is at the heart of our business.

We aim to recycle and re-use wherever possible, and 
our dedication to sustainable practices extends 
beyond our natural alignment with the environment.

Through MCM GreenTech, we deliver sustainable 
initiatives and innovative products to our clients and 
the broader community.
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Technology profile
MCM GreenTech Shield (GTS)

Together.  Tomorrow.



Australian Patent



Background

Previous research undertaken by our MCM Engineering Manager, Blane 
McGuiness (as co-author) across several Electrochemical Systems in PNG has 
demonstrated the ability for systems to operate intermittently with ongoing 
performance and residual protection of the steel reinforcement when the 
systems are switched off.

ACA Corrosion & Prevention Conference 2013
“THE EFFECT OF POWER SHORTAGES ON ICCP OF STEEL IN MARINE 
CONCRETE”



Electrochemical 
Protection

The simplest electrochemical method of preventing corrosion 
of a metal component, is to attach another more reactive 
metal with, for example, a conducting wire. The more 
susceptible metal, referred to as an anode, will corrode in 
preference to the component (Galvanic Anode Protection).
Another method involves current being applied to the 
component to be protected. As you may recall, corrosion 
requires a flow of electrons from the anode to the cathode. If 
an external current is applied in the other direction, then the 
component will be protected (Impressed Current Cathodic 
Protection, Hybrid CP, Chloride Extraction).



Current State of Play

Traditional Remediation Options, following inspections and 
assessments:
• Cathodic Protection (Impressed, Galvanic, Hybrid)
• Conventional Concrete Repairs
• Protective Coatings
• Continual monitoring and assessment (do nothing approach)

A “renewed” approach
• Electrochemical Chloride Extraction



Principles of Environmental Sustainability and Proactive 
Maintenance



Principles of Environmental Sustainability and Proactive 
Maintenance



Basis of Design

The system is designed to re-passivate the steel whilst enticing chlorides away from the 
steel reinforcement via the application of the DC current. 

As the system is temporary, certain control limitations no longer exist and it can be easily 
reapplied to targeted areas as the need presents itself across the service life of the 
structure. 

The system is best positioned as a preventative maintenance regime and provides greater 
system performance real time data, transparency, and assurance.



What is Electrochemical Chloride Extraction
Corrosion 
Product Transition Phase

Passive Layer

Chloride Ions                 Electron/Current Flow
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Traditional Electrochemical 
Chloride Extraction
Electrochemical treatments for reinforced concrete include cathodic protection 
(CP), electrochemical chloride extraction (ECE), and electrochemical 
realkalization (ER). ECE and ER are short-term treatments with a temporary 
installation that is removed after treatment. Treatment is intended to remove 
the cause of corrosion. 

Advantages:

• Low maintenance: No requirements for permanent system for monitoring.

• Long term global protection: Provides effective treatment for the entire area 
of application.

• Proven technology: Long history and an excellent track record.

Disadvantages:

• Requires application of chemicals 

• Cumbersome installation (sprayed fibers, chemical dosing, temporary 
formwork

• Not suitable in tidal and splash areas due to chemical leeching and washout



MCM GTS Electrochemical 
Chloride Extraction

The MCM GTS is based on the proven technology of chloride 
extraction, however, is constructed with MCM’s patented self-
contained matting (consisting of water retaining matting, 
conductive foam isolation strips, conductive adhesive, and 
encapsulated high efficiency ribbon anodes)

Advantages:

• Ease and speed of application

• Reduced Access requirements

• Elimination of chemicals (no leeching or washout)

• Reusable

• Self-contained



NACE/AMPP STANDARD SP0107-2021



NACE/AMPP STANDARD SP0107-2021



Stages of Development

• Office based trials and proof of concept
• Port of Melbourne (South Wharf Installation)
• Development Victoria (Docklands Installation)
• Port of Hastings Installation (Stony Point Jetty, Crib 

Point, and Long Island Point)
• Connect Sydney/TfNSW Asset Maintenance Program
• University of New South Wales Research Hub



System Performance – Half Cell Potentials
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Port of Melbourne – South Wharf

Soffit A – Prior to Application

Port of Melbourne – South Wharf

Soffit A – Post Application
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System Performance – Chloride Profiling 

LOCATION DEPTH (MM) CL (%W/W CONCRETE)

PRIOR TO ECE APPLICATION

CL (%W/W CONCRETE)

POST ECE APPLICATION

AREA A 0-20 0.158 0.254

20-40 0.123 0.091

40-60 0.094 0.023

AREA B 0-20 0.100 0.104

20-40 0.016 0.026

40-60 0.015 0.010

AREA C 0-20 0.120 0.138

20-40 0.020 0.023

40-60 0.017 0.015
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Chlorine Concentration within 1wt% Cl-containing Concrete at Different Depths
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Chlorine Concentration within 4wt% Cl-containing Concrete at Different Depths

UNSW Research – Chloride Profiling
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Before ECE 

After ECE

UNSW Research – Energy Dispersive Spectrograph 
(EDS) Analysis

ELEMENT STEEL [WT%] INTERFACE [WT%]
IRON (FE) 52.04 46.15

OXYGEN (O) 27.55 33.24
CHLORIDE (CL) 0.38 0.20
CALCIUM (CA) 0.68 3.15
SODIUM (NA) 2.77 2.01
CARBON (C) 14.49 4.37
SILICON (SI) 2.08 10.89

ELEMENT STEEL [WT%] INTERFACE [WT%]
IRON (FE) 83.59 44.64

OXYGEN (O) 1.37 5.49
CHLORIDE (CL) 0.04 0.04
CALCIUM (CA) 0.00 0.52
SODIUM (NA) 0.00 0.15
CARBON (C) 14.53 48.69
SILICON (SI) 0.47 0.48



ToF-SIMS Results before Application

0

200

400

600

800

1200

1000

1400

1600

4wt% Cl-containing concrete slab1wt% Cl-containing concrete slab

Sample Name

M
in

im
um

 T
hi

ck
ne

ss
 o

f P
ro

du
ct

s (
nm

)

Thickness of Corrosion products

Thickness of Passivity Inducing Products

1345

1486

0

200

400

600

800

1200

1000

1400

1600

4wt% Cl-containing concrete slab1wt% Cl-containing concrete slab

Sample Name

M
in

im
um

 T
hi

ck
ne

ss
 o

f P
ro

du
ct

s (
nm

)
85 105

12751284

ToF-SIMS Results after Application

Effect of ECE system on Corrosion and Protective Layer Formation 
UNSW Research

Removal of 
chlorides, depletion 
of oxygen, 
generation of 
Hydroxyl ions, and 
the increased 
alkalinity à
Re-passivation 

Thickness of Corrosion products

Thickness of Passivity Inducing Products

ToF-SIMS – Time of Flight Secondary Ion Mass Spectrometry

Multilayer Passive 
layer consisting of 
Fe3O4, FeO, Fe, and 
Hydroxides



System Performance - Visual Analysis 

1wt% Cl-contained
concrete sample

After ECE system 

4wt% Cl-contained
concrete sample

Fe2O3 
(Hematite)

Fe3O4 
(Magnetite)

Increasing negative potential favours 
formation of Fe3O4 and reduces Fe2O3

(Oxy-Hydroxide)



ECE Design Calculations ©

Structural Element: Stony Point - Tug Berth

Drawings: DWG 1964/2

Element: Tug Berth Piles

Assumptions:

1. Steel Surface within 1000 mm length of Pile
2. Steel Surface area = m s

2 = Rebar diameter x Pi x (bar length x no. bars) x percentage of layer
3. Concrete Surface Area = m c

2 = Surface area of 1m section of pile
4. Current requirement as follows:

600A.h per m2 steel in accordance with NACE SP0107-2007 Item: 21113
5. Total protected length of each pile 1500 mm length (from +3.2m to +4.7m)

TUG BERTH PILE

Main Horizontal 30 1000 4 65 100%
Ligatures 12 840 14 65 100%

Subtotal 0.82 ms
2/mc

Assume & Add 10% of Subtotal 0.08 ms
2/mc

Total 0.90 ms
2/mc

66 m
35734 A.h

TOTAL AMP HOURS REQUIRED 35734 A.h Steel Protected 59.56 ms
2

Hours per week 168 Hours Current Density 0.74 A/ms
2

Max Output Amps 44 Amps
Calculated Duration 5 Weeks

Steel Surface/Concrete 
Surface (ms

2/mc)

ASSUME THE USE OF THE DR50 - 50AMP UNIT OPERATING @ 44A for 5 weeks

Assumed Amp Hours for Dolphin Soffit

0.38

Percentage 
assumed 

Distance from 
concrete 

surface (mm)

Assumed Protected length of Concrete Piles

0.44

ELECTROCHEMICAL PROTECTION DESIGN CALCULATIONS
CHLORIDE EXTRACTION

Bar description
Bar 

diameter 
(mm)

Bar Length 
(mm) No. Bars



MCM Design Life Prediction Model©
Crib Point Dolphin 4A - Design Life Assessment

Year of Construction 1980
Age of structure 42

Depth Cl (%w/w cement)
0-30 3.649

30-60 1.871
60-90 0.99

Average Cover Depth 73 mm

Assumed Design Life:
1. Initial reduction radius (mm) from outer 
surface of Steel

25 mm

2. Chloride limit (within radius limit) 0.2 %w/w cement

3. Allowing for  50% of threshold limit 
immediately adjacent to the steel surfce

0.1 %w/w cement

Linear diffusion rate
4. Assuming 15 years of negligable ongoing 
penetration post application, time required 
to reach 0.4% w/w threshold

33.5
years overall design 

life
Soffit 0.024 % per year at the level of the steel reinforcement

Total years = 15 + time for 35mm 
penetration + time to increase from 0.1 to 
0.4%w/w cement

17 years to reach 0.4% w/w cement (@reo)

4.30 mm penetration per year

y = -1.3295x + 4.829
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Towards Net Zero



Towards Net Zero  

             

 20 mA per m2
  1 continuous cycle over 30 years

5241.6 A.hrs
 6 Volts

  31.45 KWh over 30 years
 1.13 Kg CO2/KWh
  35.54 Kg CO2 equivalent

      

         
       

CO2 Emissions per m2 of steel protected via 
traditional CP Systems (considering power use)



Towards Net Zero  

             

600 A.hrs per cycle  
1.5 cycles over 30 years     

900 A.hrs
18 Volts average output

16.2 KWh over 30 years   
1.13 kg CO2/KWh  

18.306 kg CO2 equivalent   

48% reduction in CO2 emissions/m2 steel protected

Additionally:
72.5kg CO2 is saved per tonne of concrete removal eliminated
3.75kg CO2 saved per man hour of labour

CO2 Emissions per m2 of steel protected via 
Innovative ECE Systems (considering power use)

Net Result: a 60%+ reduction across the 
project lifecycle when substituting CP 
for ECE via the MCM GTS 



MCM wishes to acknowledge our 
project partners

Thank you for your attention

marineandcivil.com.au

Contact
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