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Mincarb Overview

• Mincarb manufactures desalination systems using a 
low energy electrochemical technology called 
capacitive deionization (CDI).

• Projects in Australia, Vietnam and India involving 
desalination of brackish groundwater.

• See www.mincarb.com
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CDI Technology Overview
CDI   works   on   the   principle   of 
electrosorption to   porous   carbon 
electrodes.  Ions  are  adsorped into  the 
electric  double  layer  until  capacity  is 
reached.  A  desorption  step  removes salt.
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The energy required to reduce TDS to 0.5g/L 
from a starting feed salinity (left) and cycle of 
operation (below).



Small Scale Solar Desalination System
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Small Scale Solar Desalination System
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Does it make sense to use CDI for Agriculture?

Illustration of the impact of salinity on crop yield (grapes) showing the revenue increase 
associated with reducing the salt content in a 100 ML/Ha/year supply by 500 μS/cm. 
This is known as the crop-water-salinity function.
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Australia – Addressing the issue of water scarcity
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Variability of groundwater salinity will 
influence where solar powered CDI will be 
most cost effective and will be less influenced 
by proximity to major centres.

The suitability of grid powered desalination of 
groundwater for agriculture in Australia 
correlates with proximity to major centres
(image from Barron et al 2015).



Framework for assessment of CDI at Specific Locations

• Scenario ranges:

• water application rates from 1 to 25 ML/ha, 

• on crop salinity from 0.1 to 15 dS/m,

• bore salinity 0.1 to 20 dS/m and

• Areas 1 to 1000 ha.
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Economic Model
(Annualised profits and IRR)

CDI sizing model

CDI simulation and calibration

Bore sizing model
Crop-water-salinity

functionSite characteristics

Cost data i.e. irrigation,
crop, brine etc.



Methodology - Agricultural Cash Flow Model

A farm-based standard agricultural cash flow model was used to determine the 
optimum crop and CDI configurations, where annual profit is equal to revenue from   
crop sales minus annualised establishment costs and ongoing costs (Connor et al., 
2012; Kan et al., 2002).
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where πap is annual total profit (AUD$/yr), Y is yield (t/ha/yr), A is area (ha) and p is crop price (AUD$/t).

The first grouped term represents the annualized establishment costs where

IEC is Irrigation Establishment Cost (AUD$/ha/yr), CEC is Crop Establishment Cost (AUD$/ha/yr), REC is Brine Removal 
Establishment Cost (AUD$/ha/yr), BEC is Bore Establishment Cost (AUD$/yr), PC is Photovoltaic Establishment Cost (AUD$/yr) and 
CC is CDI Establishment Cost (AUD$/yr). Note that the calculation for BEC, PC and CC includes a factor for amount of applied water. 

The second grouped term comprises the ongoing costs where WT is the total water applied for irrigation (ML/ha/yr), CIR is the 
ongoing irrigation cost (AUD$/ML), CCR is the ongoing crop cost (AUD$/t/ha), CB is the ongoing bore cost (AUD$/yr), CPV is the 
ongoing photovoltaic cost (AUD$/yr) and CCDI is the ongoing CDI costs (AUD$/yr).



Case study – Naracoorte, SA, Australia

• Currently irrigated vine crops.

• “Moderate” climate – water deficit of 8 ML/ha.

• Included factors for water quality, soil quality and sodic soil effects.
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Optimization (Annualized Profit )
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grapes

citrus

nuts

apples

tomatoes

Annualized profit for a variety of 
crop types (left) for our case study 
location in SA. Optimum 
conditions are for maximum 
annual profit using groundwater 
with initial conductivity of 3.0 
dS/m. In practice, the optimum 
conditions are achieved by 
choosing the appropriate electrode 
configuration and water 
application rate.



Optimization (Internal Rate of Return)
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Internal Rate of Return for a 
variety of crop types (left) 
showing optimum conditions 
for maximum IRR.



Case study – Naracoorte, SA, Australia

13



Sensitivity to CDI improvements
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Scenario Base Change IRR (%)
IRR 

Difference
Annualised profit 

($/ha/yr)
Profit 

Difference

Base
12 $10,100

Price of carbon $1.33/gr $1/gr 14 16% $10,600 5%

Price of carbon $1.33/gr $0.5/gr 16 33% $11,450 13%

Energy recovery 0 60% 15 25% $10,450 3%

Water recovery 
ratio

60% 80% 21 75% $11,600 15%

For grapes, 60 ha, 8 ML/ha, 3 dS/m bore salinity, 1.5 dS/m on crop



Conclusion

• Agricultural economic model coupled to a CDI process 
simulation was used to determine feasibility and optimisations 
of CDI desalination for irrigated agriculture.

• Certain applications were found to be feasible at the case 
study location and were optimised whilst others were not.

• Lots of areas for future work leading to improvements in cost 
effectiveness.
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