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Article Information ABSTRACT

Original Research Paper Today, facing the dual global challenges of energy efficiency and water
Received 24 October 2025 scarcity, waste heat recovery, particularly the latent heat present in
Accepted 1 December 2025 industrial flue gases, has become a vital solution. Moist flue gases, containing
Available Online 09 significant amounts of water vapor, represent a high-potential source for the
January 2026 simultaneous recovery of both water and thermal energy. The objective of
Keywords this article is to provide a comprehensive and analytical review of
Latent Heat Recovery Condensing Heat Exchangers (CHEs) as a leading technology for this
Condensing water purpose. This study focuses on the thermodynamic operating principles
Industrial Flue Gas (cooling below the dew point), design characteristics, key advantages, and
Condensing Heat Exchanger fundamental challenges of CHE systems. The review indicates that
Energy Efficiency implementing CHEs, by recovering both sensible and latent heat, leads to a

significant increase in process thermal efficiency (10-15%) and also results
in the production of substantial amounts of reusable water (with reported
recovery rates up to 89%). Furthermore, the condensation process aids in
the co-removal of pollutants such as SOx, particulates, and the elimination of
visible white smoke. However, critical technical challenges, primarily acidic
corrosion from condensates and flue gas pressure drop, necessitate careful
material selection (e.g, stainless steel) and optimal design. From an
economic perspective, while the initial capital expenditure (CAPEX) for these
systems is high, the resulting fuel and water savings often lead to attractive
payback periods (2-5 years). By reviewing recent research advancements
(such as system integration with Organic Rankine Cycles and design
improvements), this article concludes that CHEs are an effective and
economically viable solution for sustainable industrial development, though
their successful implementation demands an integrated techno-economic
approach.
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2 Tubular heat exchangers

3 plate heat exchangers

4 Narrow gap heat exchangers

5> Transport membrane condensers
6 Organic Rankin cycle (ORC)
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2 Flue gas condensing (FGC)
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! Colburn and Hougen transport equation

¥ olad OF )50 VF-F 50l wnlile )| g SKlKe iiigee alms



2y 500

SR o y1 53950 adlln Sy 1 driuo (55395 S35 31 T g ol Lo S Gloped 2L3L 30 (g8 Lo el

Sfdes dge sl S ) Gl 4 wlgioe cnm
Gl b oS I8 azgs 0)90 (15093 lajl8 o515 (loatinsns
Lyl 4 azg bl (b sl ane Sl Jl>
Slgoe Jol> mls opdy pbnl g p P Slles
Ol il Gl ST Sleexlib ln olie slie
Al 1500 slaslE 5l
o Gy e S 0 [\#] RUL CEIPINE
JaS L Cugb, b iSses 55 Jasrecew; ol
2 ol G oy 4 sdiee a4l e JLd slaelSy
obl sl Jhasl ablie slo,Kal, 5 Foge as JuSis
prr Jl glaan T dofus ST o la S5y (rizeen
1, (S03 S02 NOX) ooy ¥T sloarss slo STy 5 o Sanls
Glablio slo)Sal, ol I8 comy 050 1, O jlou 00 50
@BIop) (390 S same le S Jeld ead (o
3 (Sbialy i Le Bdo (659l g cogle po (Stily 1Sl
Cugb, b iS00 515 as ols las ol 0gr ol Hlews sloo
ahdclls il g an JSiS 0 2g BB jeb a4 YU
5 S8lge SRl T ojlail oS i 1) gy s 5]
I, NOX 5 S02 aisle _ulaoar¥T ol (,Sanl (gla 2isTs
Sas el 1y Sllee pH Codlgs co 0l ol aisls o
5 Blee &Iy wush; alS Baa b She lablie sl )Sal,
b Bl v 4l Sl Gy (5990 56 )3 ol 13!
el 35090 55 omly Dl sled o (Ssliuls xSl
by sladas il 5 ki gy WY ol Sen 5 Sl
Sk Sz by ey Glapians 4 jeme sl sl
iole S8 03 axgl yeilS jo |y iS00 38 5l Oyl felS
Coshy S 5 Saalusges Jpol Jelns o alli ol
@ a5 Ol Jol5 Sbl e 2 9 (295asb) i 2
ool ol iluangy 05 o Jas Tilu ey Glie
Syl ol (Dbl s 5 50 Cugby JUl oS e (5950
Sbml s (505 oy sl $2b, oo S0 g
ols las s IRV C‘)""‘“" Qj 3 Sl sl ol 5 00l
B alel el )b e (Shy ol ptee oS

3 Smog
4 Boilers equipped with vapor-pump (BEVP)
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