
* Corresponding author.

Presented at the 9th International Desalination Workshop (IDW2016): Sustainable Desalination, SM-A1000033, November 13–15, 2016, Abu Dhabi, UAE.

1944-3994/1944-3986 © 2017 Desalination Publications. All rights reserved.

Desalination and Water Treatment 
www.deswater.com

doi: 10.5004/dwt.2017.21018

90 (2017) 32–45
September

Comparative study on the methods of calculating theoretical 
minimum energy requirement for desalination

Seungwon Ihm*, Sungwoo Woo
Doosan Heavy Industries & Construction, 465 Gangnam-daero, Seocho-gu, Seoul 06611, Korea, Tel. +82 2 513 7274;  
Fax: +82 2 513 6217; email: seungwon.ihm@doosan.com (S. Ihm), Tel. +82 2 513 6184; email: sungwoo.woo@doosan.com (S. Woo)

Received 31 January 2017; Accepted 6 June 2017

ab s t r ac t
Theoretical calculations to estimate the minimum required energy for desalination are compared. In 
order to calculate the reversible energy to produce purified water from saline water, three different 
theoretical methods are applied, which are the second law of thermodynamics, the osmotic pressure 
theory and the vapor compression theory. For each method, the derivation of the equations to calcu-
late the theoretical minimum energy is reviewed in detail from the background and assumptions, and 
the equations are summarized for an infinitesimal and a finite recovery cases. Various temperatures, 
recoveries and the salinities of feed and product water are considered for case studies to analyze the 
quantitative difference between the methods. For 25°C and 35,000 ppm feed saline water, the min-
imum required energy to produce a unit product water of 0 ppm is calculated as 0.762, 0.742 and 
0.761 kWh/ton for an infinitesimal recovery and 1.068, 1.071 and 1.098 kWh/ton for a 50% recovery 
from the second law of thermodynamics, the osmotic pressure theory with the van’t Hoff equation 
and the vapor compression theory with the boiling point elevation Eq. (33), respectively. In general, 
it is supposed that the calculation of theoretical minimum energy could include 5%–10% uncertainty, 
depending on the conditions of the concerned case and the applied equation. It is believed that for the 
same conditions the theoretical minimum energy for desalination should be identical in nature, regard-
less of the type of desalination, for example, membrane, thermal or any other way of desalination.
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