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The Fact:
• Growing global demand for critical minerals and increased productivity of the 

mining sector to facilitate the transition to decarbonization.

The Problem:

• Increasing GHG emission from mining operations.

• Rising mine waste, especially tailings, contributing to environmental concerns.

A solution: 

• Accelerated mineral carbonation (AMC) to help decarbonise the mining sector. 

• Integrating solar energy to generate renewable power and to reduce emissions 
and waste.

Background & Motivation
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Accelerated mineral carbonation (AMC)

3  |

Value added products: fillers (paper, 
composite), construction materials, 
fire retardants 

CO2

Metal recovery 

Carbonated productEx-situ Carbon 
Mineralisation Plant

tailings + CO2 → metal carbonate + quartz 

• Mineral carbonation is a natural process where CO2 
reacts with minerals to form stable carbonates 

• Challenges: Very slow process
• AMC: 

− Faster 
− Wide availability/cheaper raw materials, can store 

3700 Mt/a CO2

− Potential recovery of critical minerals
− Energy intensive, costly, difficulty to recycle additives

Objectives:

• Integrate solar thermal, AMC and Direct Air Capture 
(DAC) technologies to reduce GHG and wastes for a 
mining operation in Australia

 
• Size concentrating solar thermal (CST) system to 

provide energy for AMC, DAC, and electricity 
generation

Direct air capture (DAC) 

• Absorb CO2 from atmosphere
• Needs high energy input due 

to low atmospheric CO2 
concentrations
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Indirect aqueous carbonation process route

• Grinding then heat treatment of tailings at 400–440⁰C with ammonium sulfate. 
• Producing water soluble metal sulfates.
• Filtration and pH adjustment with ammonia to remove impurities. 
• Carbonation at 400–500⁰C, 20 bar.
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Solar integrated system overview

Process Flow: CST → Boiler → AMC-HX → Turbine → 

DAC-HX → Boiler (closed loop)

Key Components:

CST system: Delivers thermal energy 
HTF: Molten salt (60% NaNO3, 40% KNO3) 
AMC: Mineral carbonation for CO₂ sequestration

DAC: CO₂ capture from the atmosphere

Rankine Cycle: For electricity generation

• CST designed to deliver 20 MWe 
• Includes a 10–hour thermal energy storage (TES) system 

to meet nominal loads over the year 
• 50% of this for mining and auxiliar loads on site
• Remaining (50%) for AMC and DAC operation

Solar system sizing – CST and TES

• Done using the NREL based System Advisor Model 
(SAM)

Sizing Details

• CST system: Central tower, heliostats and 
• TES system to ensure heat supply on demand  
• Land area for the CST: 1.3 km2

• Heliostats: 2411 units
• Tower height: 103 m
• Receiver: 9 m height, 7 m diameter
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Heliostats arrangement in the solar field 
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Assumptions: 
• 5.78 MJ heat consumption in AMC per kg of carbonate produced and 
• 10 MWe power generation on site for auxiliary loads from turbines 
• 10.7 MJ per kg CO2 production in DAC 

Energy utilization pathways 

• High-temperature (450⁰C -500⁰C) steam powers the 
AMC heat exchanger (AMC-HX) 

• Expanded steam generates power via the turbine 
• Low-enthalpy steam (150⁰C) heats the DAC heat 

exchanger (DAC-HX) to regenerate CO2 adsorption 
liquid at 150⁰C and

• Getting back to the boiler to complete the cycle

Rankine cycle using Aspen Plus



Carbonate production 

• Annual carbonate (MgCO3) production 
is 175 Mt

• Atmospheric CO2 sequestered 92.2 Mt 
annually

• Winter challenges: Lower solar energy 
harvest (May – July) - lower carbonate 
production rates

• TES backup in winter: insufficient on 
low-solar days – carbonate production 
may cease temporarily
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GHG Emissions Reduction

With CST
• Produce 176 Mt/year carbonates – locking 

92 Mt/year of atmospheric CO2

• Generate 10 MW electricity (turbine), 
• 10.7 MJ/kg for CO2 production in DAC
• AMC generates 5.78 MJ net heat/kg 

carbonate products produced
• Diesel backup consumption reduced to only 

2.5 million L/year
• Avoiding 69 Mt/year CO2 (net)

Business As Usual (BAU)
• CO2 emission is 66 Mt CO2/year
• Diesel consumption 24 million L/year 
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