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General Comment
AI dataservers use a lot of water. This is even more important for data centers located in desert areas where the dry climate is kinder to
the electronics. See https://www.forbes.com/sites/cindygordon/2024/02/25/ai-is-accelerating-the-loss-of-our-scarcest-natural-resource-
water/ 
This was usage is due to the need to remove heat in cooling towers. A need exists to remove minerals from cooling tower water in order
to increase so called cycles of concentration in order to decrease cooling tower and therefore data center water usage. Capacitive
deionization has been used to make cooling towers more water efficient. At present, this technology uses expensive parts in the form of
ion exchange membranes, and has a relativelt high pressure drop that causes fouling. A new form of capaciive deionzation does not
require this membrane. That is called third genration capacitive dedionization, or 3GCDI. see attachment to compare costs with the only
other applicable technologies of reverse osmosis (RO) and ion exchange (IX). RO by itself wastes so muc water as not to be applilcable
in this application. With IX it generates salt brine waste. Therefore, new methods applicable to cooling tower water use reduction are
needed.

Attachments
Economic Introduction to 3GCDI



Third Generation Capacitive Deionization (3GCDI)    

Who? 

Marc Andelman founded the modern field of CDI with inventions from the early 90’s, 

leading to the membrane version currently on the market, and now a 3rd generation 

membrane-less CDIi.

What?  

3GCDI is the third-generation improvement of the basic capacitive deionization (CDI) 

water filter idea. In CDI water is purified when dissolved contaminants attract and 

adsorb onto opposing high surface area carbon electrodes as electronic charges. These 

contaminants are reversibly removed from the filter in a small quantity of concentrated 

water upon electronically reversing the voltage. This regenerates the filter allowing it to 

be used again for successive purification cycles. Therefore, water is purified without 

chemicals or disposable filters. 
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CDI applies to total dissolved solids (t.d.s) and some organic ions. However, CDI is a 

deceptively simple technology and does not work efficiently with only carbon electrodes. 

That is because the fluid concentrate stored in the electrode pores cannot efficiently be 

rinsed out and competes with the purification of fluid in the flow spacer. This problem 

was first recognized and solved by Marc Andelman’s invention of membrane capacitive 

deionization (MCDI), originally called “charge barrier flow through capacitorii. This 

achieves efficiency by hiding pore solution ions under two kinds of ion exchange 

membranes.   

3rd generation capacitive deionization or 3GCDI is the third iteration of Marc Andelman’s 

capacitive deionization inventions.  3GCDI works without the ion exchange membranes 

of MCDI.  These are the most expensive and troublesome parts of the CDI cell. 3GCDI 

works by means of derivatized forms of activated carbon (AC). 3GCDI achieves the 

ability to engineer to low cost because AC is one of the highest volume commodities, 

already used in water. Other inexpensive parts include inexpensive chemicals used to 

modify the carbon. For example, electrodes may be modified simply by soaking in 

surfactants used in food and cosmetics. Other parts include a valve, power supply, 

controls and electronics.  3GCDI offers robust operation at high water recovery, gravity 

fed pressure drop, and minimal to no pretreatment needs. 

Why the need for better water purification technology for t.d.s.? 

Assertion 1.  Total dissolved solids (t.d.s) are the rate limiting contaminants in trains of 

water purification for water recycle, reuse, and remediation.  An effective t.d.s 

remediation method could form the core of improved and broader spectrum water 

treatments. 

Assertion 2.  Extremely few t.d.s applicable water purification technologies exist in wide 

use. Existing widely used technologies to remediate t,d,s in brackish or recycled water 

are complex and costlyiii. Complex brackish water purification systems require 

chemicals, supplies, and personnel to operate and maintain.iv  These become more 

costly when employed at small scale (Fig1).  

Assertion 3. The way forward to lower costs is a technology that is appliance like in 

ease and cost of operation. This means a water purification machine with minimal inputs 

of energy, maintenance, disposables, and chemicals, and with low wastewater. These 

characteristics will enable scale to smaller as well as larger sizes for distributed use on 

site.  



Assertion 4.  Any technology which could reliably recycle or remediate water for 

operating costs substantially less than the costs of water and sewer would have the 

benefit of an extremely rapid return on investment, almost independent of capital cost. 

Assertion 5.  3rd Generation Capacitive Deionization (3GCDI) is to the best available 

knowledge the most reasonable approach to the abovev including low cost of goods 

sold and low cost of water.vi   

Assertion 6.   Water technology is resistant to change, partly due to reliance upon 

validated existing technology. Governance, regulatory, and existing contractual issues 

may contribute to inertia against change. 3GCDI may in this case be employed as a 

retrofit to make this existing technology work better and more reliably. Because 3GCDI 

both softens and deionizes water, merely replacing the salt using water softener 

pretreatment step with 3GCDI will both soften and deionize water without added salt, 

chemicals, or disposables. This will take the load off of existing downstream 

components. This will replace the need for much of the ion exchange and RO. That will 

make the water purification train more reliable, efficient, and smaller. 

Assertion 7.  Inventors have a role to play. Change comes from the periphery, not the 

centervii. 

Figure 1 shows how existing technologies become increasingly more expensive at 

smaller scale.   

Figure 1. Cost of Ion Exchange (IX) and Reverse Osmosis (RO) by flow rateviii. 



Figure 2 compares estimated cost of 3GCDI water with average all-in cost of water 

across water purification technologies.  
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Figure 2.  Cost of Water Versus Water Purification Method 



Figure 3 shows that actual costs of IX and RO vary a lot and may often be much 

higherix.  
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Figure 3.   Variation in costs of water produced by water purification method. 



Discussion.  

This analysis is an apples to apples comparison of prices of the two major technologies 

applied to total dissolved solids, and one new one, 3rd generation capacitive 

deionization (3GCDI). 3GCDI costs are predicted to the best of current knowledgex. IX 

and RO costs are exemplified by nitrate contamination from the US Davis reportxi.  

Other important costs of water not included are the cost of piping to distribute the water, 

and the cost of wastewater disposal.  Waste disposal cost is related to waste volume.  

Ion exchange adds salts and chemicals to the wastewater, making it worse in quality 

and adding disposal cost.   

Figure 1 shows that ion exchange and reverse osmosis do not scale down very well. 

This is likely because these technologies require experienced staff to operate, chemical 

and disposable supplies. These logistics cause increased costs when operating on a 

smaller scale and when buying and transporting smaller amounts of supply materials.  

3GCDI’s chief operating cost is electricity and is expected to operate automatically with 

minimal supervision and maintenance.  3CDGI does not have costs caused by using, 

storing, handling, transporting, and disposing of added chemicals or water softener salt. 

Therefore, 3GCDI costs are expected to be less sensitive to system size.  The 

predecessor membrane CDI technology is well documented to require less energy than 

RO for up to 3000 ppmxii. It is expected 3GCDI will be at least similar. 3GCDI can have 

high water recovery under many conditions, which means lower wastewater costs.  

Much of the real cost of water provided from a central purification grid is in kilometers of 

water distribution pipes. Smaller, distributed water purification systems will save this 

cost.  Distributed systems that can operate autonomously onsite may be the only 

economic way to supply upgraded water to small communities and rural customers, 

such as farms. An onsite 3GCDI system could also take advantage of solar power’s low 

operating cost.  Solar power used in this way would need less wiring to distribute 

electricity. Purification of water itself would also offer a load leveling mechanism for 

solar.  

Current State of Development of 3GCDI.  3CGCI has been granted European patent 

EP2689438B1 in November 2022, granted US, CN, AU, pending IN. A technical 

readiness level 6, three bench pilots sold.  Recent subject of NSF seed fund grantxiii. 
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