


• All-cooling processes have a link with energy 
consumption/efficiency. 

• In water cooling systems bio-film (sessile bacteria) are the 
single most important contributor to a decreased energy 
efficiency profile 

• Often these inefficiencies are un-known and /or unquantified.  

• IMCHLO’s “ENWANEX” approach bridges that gap…. 

ENergy/WAter NEXus (ENWANEX) 



Isolating proterties of deposits 



IMCHLO’s ENWANEX audit  approach  

• Cooling system MOC audit  IMCHLO to understand link with 
your business profile and your specific water-energy nexus 
situation. 

• Determining the critical exchangers  

• Agree on energy/water nexus value of critical exchangers 

• Share design specs of critical exchanger (s) 

• Make a ENWANEX audit proposal with indication of expected 
audit results 



ENWANEX a Step-wise approach 
1. Select a critical, system representative, exchanger. 

2. Determine the “energy/water value nexus” of the exchanger 

3. Collect design data of the selected exchanger 

4. Generate a exchanger specific pinch calculation sheet  links any heat 
transfer resistance increase to energy deficiency.  

5. Install plug&measure “ENWANEX-audit” measuring equipment 

6. Measure base line  determine bio-film isolation cost 

7. Evaluate improvement alternatives. 



ENWANEX audit  
measuring set-up 

Critical exchanger 
Design specs 

CW in 

CW out 
Proces   

in 

Biofilm monitor 

ORP 
sensor 

no fromulas results only

U Steel U Copper U Bio U transfer Cooling water Alu Air separation plant Air

k W/m,K 43 400 0,6 229 Example high DeltaT's U*f mcp m cp DTLnM Power Compression Capacity O2 t/day 1000 R 8,315 kJ/kmol,K

layer mm 2,5 2,5 0,050 2,5 167,3 1062,03 30,0 199,9 t/h 55,77 Case Test no biofilm 50 mikron 500 mikron air t/h 199,9 moleweight 28,96 kg/kmol

U = k/layer kW/m²,K 17,2 160 12 1,0 91,6 Air 0,15 HEX 56,20 55,53 kg/s 1,01 kJ/kg,K Nm³/h 154.696 r  = R/moleweigth 0,29 kJ/kg,K

7714 supply pressure bar(g) 0,0 0,0 0,0 cp 1,01 kJ/kg,°C

Hot side Copper Bio layer Cold side Total bar 1,013 1,013 1,013 biofilm thickness 15 micron very good

kW/m²,K kW/m²,K kW/m²,K kW/m²,K kW/m²,K target pressure bar(g) 9,0 9,0 9,0 15 -30 microngood

160 12 1,0 Alu Bio layer Cold side Total m cp bar 10,0 10,0 10,0 30-50 micronacceptabel

Unlimited heat transfer coefficients on product and utility side kW/m²,K kW/m²,K kW/m²,K kW/m²,K 28,0 0,130 15,0 kg/s Volume Vo Nm3/h 154.696 154.696 154.696 50-200 micronbad

w/o bio layer -- 160 -- -- 160,0 91,6 - 1,0 0,9892 HEX 593,39 141,73 kg/s 4,19 kJ/kg,K koelwater Kappa k 1,40 1,40 1,40 200 very bad oxygen depletion below biofilm from 200 micron

with bio layer -- 160 12 -- 11,2 -93,0% 7714 510,2 t/h Polytr.exponent m 1,50 1,50 1,50 see Buckman leaflet -Biofilms.pdf

With practical heat transfer coefficients on product and on utility side Polytr.effic eta-ip 0,856 0,856 0,856 Po 1,013 bar

Condensing steam w/o bio layer 4,0 160 -- 1,0 0,796 Mechanical efficiency % 98,0% 98,0% 98,0% 1kmole = 22,414 m³

with bio layer 4,0 160 12 1,0 0,747 -6,22% delta area

Condensing hydrocarbon HP w/o bio layer 1,10 160 -- 1,0 0,522 U*f 0,00 mcp m cp DTLnM Stage 1 Filter pressure drop bar 0,005 0,005 0,005

with bio layer 1,10 160 12 1,0 0,500 -4,17% 167,3 1062,03 30,4 199,9 t/h 56,22 Pin bar 1,008 1,008 1,008

Gas high pressure 20 bar w/o bio layer 0,60 160 -- 1,0 0,374 Air 0,15 HEX 56,20 55,53 kg/s 1,01 kJ/kg,K Hydrocarbon liquid Tin °C 15 15 15

with bio layer 0,60 160 12 1,0 0,363 -3,02% 7694 Pout bar 3,60 3,60 3,60

Condensing hydrocarbon LP w/o bio layer 0,40 160 -- 1,0 0,285 Tout °C 167,3 167,3 167,3

with bio layer 0,40 160 12 1,0 0,279 -2,32% 50 mikron Power stage 1 kW 8676 8676 8676

Gas low pressure 1bar w/o bio layer 0,11 160 -- 1,0 0,099 Alu Bio layer Cold side Total (inter)cooler kW 7714,1 7714,1 7714,1

with bio layer 0,11 160 12 1,0 0,098 -0,82% kW/m²,K kW/m²,K kW/m²,K kW/m²,K 28,0 0,129 15,0 m cp capacity loss % -0,3% -2,7%

91,6 12 1,0 0,9139 HEX 593,39 141,73 kg/s 4,19 kJ/kg,K koelwater Net capacity kW 7693,6 7506,0

7694 510,2 t/h cp(v) kJ/m³,°C 1,308 1,3078 1,3078

Hot side Steel Bio layer Cold side Total Tout intercooler °C 30,0 30,4 33,7

kW/m²,K kW/m²,K kW/m²,K kW/m²,K kW/m²,K Stage 2 Cooler pressure drop bar 0,050 0,050 0,050

17,2 1 1,0 0,99734 Check 0,99734 Pin bar 3,55 3,55 3,55

Unlimited heat transfer coefficients on product and utility side Tin °C 30,0 30,4 33,7

w/o bio layer -- 17,2 -- -- 17,2 Pout bar 10,01 10,01 10,01

with bio layer -- 17,2 12 -- 7,1 -58,9% Tout °C 155,2 155,7 160,4

With practical heat transfer coefficients on product and on utility side Power stage 2 7132,45 7141,10 7219,62

Condensing steam w/o bio layer 4,0 17,2 -- 1,0 0,764

with bio layer 4,0 17,2 12 1,0 0,719 -5,99% Example low DeltaT's U*f mcp m cp DTLnM Power stage1+2 kW 15808,6 15817,2 15896

Condensing hydrocarbon HP w/o bio layer 1,10 17,2 -- 1,0 0,508 167,3 1062,03 30,0 199,9 t/h 55,77 motorefficiency % 96,0% 96,0% 96,0%

with bio layer 1,10 17,2 12 1,0 0,488 -4,06% Air 0,15 HEX 56,20 55,53 kg/s 1,01 kJ/kg,K Motorpower kW 16467 16476 16558

Gas high pressure 20 bar w/o bio layer 0,60 17,2 -- 1,0 0,367 7714 Specific power kWh/Nm³ 0,106 0,107 0,107

with bio layer 0,60 17,2 12 1,0 0,356 -2,97% increase 0,05% 0,55%

Condensing hydrocarbon LP w/o bio layer 0,40 17,2 -- 1,0 0,281 8,6 kW 87,2 kW

with bio layer 0,40 17,2 12 1,0 0,275 -2,29% Alu Bio layer Cold side Total m cp

Gas low pressure 1bar w/o bio layer 0,11 17,2 -- 1,0 0,099 kW/m²,K kW/m²,K kW/m²,K kW/m²,K 28,0 0,130 15,0 kg/s

with bio layer 0,11 17,2 12 1,0 0,098 -0,81% 91,6 - 1,0 0,9892 HEX 593,39 141,73 kg/s 4,19 kJ/kg,K koelwater

7714 510,2 t/h

Legend

T in Area (m²) T out

Hot process stream Name delta area

Load (kW) U*f 0,00 mcp m cp DTLnM

167,3 1062,03 33,7 199,9 t/h 60,15

Air 0,15 HEX 56,20 55,53 kg/s 1,01 kJ/kg,K Hydrocarbon liquid

7506

T out U*f global T in

Name Cold utility 500 mikron

Load (kW) Alu Bio layer Cold side Total

kW/m²,K kW/m²,K kW/m²,K kW/m²,K 27,6 0,117 15,0 m cp

91,6 1,2 1,0 0,5422 HEX 593,39 141,73 kg/s 4,19 kJ/kg,K koelwater

7506 510,2 t/h

Critical Exchanger Pinch 
algoritme based on specs 
and water/energy  nexus value 
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Mobile easy to install Plug & measure   
IMCHLO’s ENWANEX audit equipment 
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1) BioGeorge (biofilm)probe 
2) Corrosion probe 
3) ORP probe 
4) Flow regulator 
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ENWANEX audit equipment 



ENWANEX outcome 
Biofilm dashboard Energy/CO2  dashboard 

Energy/pinch calculations 

Comparison between actual situation and design situation detects  
and finacially quantifies improvement possibilities. 



Possible value paths based on ENWANEX audit: 

Advantage  / value claim Benefit Financial 

1. Reduced corrosion 
 

Asset protection Lower replacement costs  

2.   Clean heat exchanger surfaces Improved heat transfer Lower energy related costs  and or  higher 

output  € 

3.   Better bio-film control/removal - Lower Legionella risk 
- Less bio dispersant needed 

 

-good company citizenship / protect 

employees 

-  Lower cost of bio dispersant    

4.  Reduced  Disinfection by -product formation 
      (AOX/ THM/ chlorates/ …) 

Avoid discharge fines / strengthen 
comply with company targets and 
policy 

- good company citizenship / improve 

environmental profile 

 

5. Cleaner packaging  
     (high efficiency packaging) 

Lower approach temperature Lower energy related cost and or higher 

output   

6.  Less destruction of  organic water treatment chemicals 
      (including Cu & Fe corrosion inhibitor and dispersants)   

Lower water treatment cost Lower treatment cost   

7.   No/less biodispersant needed Lower total water treatment cost Lower treatment cost 

8.   Higher bleach efficiency/effectiveness Lower bleach consumption/ cost Lower bleach cost  

“Hard financials”  possible to quantity, put agreed money value  IMCHLO to help 

“Soft financials”  difficult to quantify, agreement on value  

            = quantifiable 
        *: as compared to none DMH use 




