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Can Nonionic Surfactant Treatment 
Improve Heat Transfer and Lower 
Energy Use in Water Systems?
Dale Edginton, Endo Enterprises (UK) Ltd., and Will Wilson, Pace Solutions 

Background
As the consumer demand for energy increases, the impact on 
the environment and the need for energy conservation has 
increased efforts to develop new sources of energy as well as 
improve energy efficiency. Environmental experts have long 
identified commercial and residential buildings as a target for 
these conservation efforts.

According to the Environmental and Energy Study Institute 
(EESI), commercial and residential buildings account for 39% 
of all North American greenhouse gas (GHG) emissions. 
Space heating represents the largest end-use in buildings, 
consuming more than 7 trillion Joules of energy in the United 
States alone (1). 

Hydronic systems are the most common space heating system 
used in the higher latitudes. The use of surfactant additives to 
improve heat transfer in hydronic systems has been heavily in-
vestigated over the past 30 years as part of passive heat transfer 
technology (2–6). This focus has initially been on the impact of 
additives on heat transfer in desalination due to the low stability 
of most surfactants. 

Recently, advancements in nonionic surfactant technology 
have created a new method to enhance hydronic heat transfer, 
improve energy efficiency, and lower GHG emissions. The 
water treatment significantly improves heat transfer and reduces 
hydronic system energy consumption by up to 15%. Utility 
providers are starting to recognize the energy saving impacts 
of nonionic surfactants with the creation of energy-efficiency 
rebates in the U.K., Ireland, and Canada. 
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“The focus has therefore been to obtain 
environmentally friendly and temperature-
insensitive surfactants that are sustainable 
and recyclable.” 

Introduction
The addition of surfactants results in the interfacial properties of 
the solution, such as surface tension (both dynamic and equilib-
rium surface tension), being lowered. Surfactants are generally 
known to reduce the surface tension of many solvents, especially 
water (surface tension of water, 𝛾=71.97𝑁/m at 25 ºC), even by 
the addition of minute (parts per million [ppm]) quantities of 
surfactants, yet not have a significant effect on other thermo-
physical properties of water.

To be suitable for hydronic heating systems, the surfactant must 
possess the important properties affecting the ultimate efficien-
cy of a boiler heating system (i.e., the heat flux, surface tension, 
solubility, concentration, and viscosity). Heat flux is directly 
related to the production of nucleation sites for enhanced heat 
transfer; thus, more stable heat fluxes attribute to the formation 
of more nucleation sites (2, 7).

Surface tension, on the other hand, controls nucleation sites by 
bubble formation. Lowering of surface tension facilitates and 
speeds up bubble formation and influences the size of bubbles as 
well as the departure diameter (8, 9). 

Thus, additives must have a significantly lower surface tension 
than water, and to have a meaningful impact on enhancing the 
heat flux, the additive must also be effective at very low concen-
trations. High concentrations may adversely change the physical 
properties (i.e., increase viscosity) of the system, to the detri-
ment of system efficiency.

Significant increases in the heat transfer coefficient of the system 
have been reported with the addition of ionic surfactants, even 
at very low concentrations (7, 10, 11). Heat transfer efficiency 
of a system can be enhanced by choosing a suitable system that 
effectively wets the walls of the container and can provide very 
high heat transfer coefficients at low temperatures (12). 

Hetsroni, et al. (5, 13, 14) found a significant decrease in the 
bubble size and an increase in the heat transfer coefficient in 
saturated boiling of surfactant solutions during pool boiling ex-
periments. They reported different behavior in the formation of 
bubbles in the absence and presence of a surfactant (Figure 1). 

Figure 1: Growth of steam bubble in (a) pure water and (b) 
surfactant 600pm solution on a flat surface in a liquid at 
saturated boiling (Reference 14).

Unfortunately, the environmental concerns surrounding several 
ionic surfactants studied for application in heat transfer systems 
rendered them unsuitable for use on large commercial scales due 
to toxicity and being nonbiodegradable. The focus has therefore 
been to obtain environmentally friendly and temperature-insen-
sitive surfactants that are sustainable and recyclable. 

Several reports have identified improvements in heat transfer 
created in water boiler systems from a nonionic surfactant, “green 
chemicals,” as they are nontoxic at low concentrations and an-
ticorrosive (6, 9, 14, 15). This solution is also less sensitive to tem-
perature change compared to other widely available surfactants.

In 2019, researchers from Tsinghua University (Beijing, China) 
and Brown University (Providence, Rhode Island) used a sol-
vent (surfactant) to boost the capacity of a common water-based 
turbulent heat exchange system by 500%. 

Chemical Analysis of Nonionic Surfactant
A chemical analysis was conducted by the University of West 
Scotland to quantify the nonionic surfactant constituent 
products, identify their thermal property changes, and log their 
impact on heat transfer efficiency (17). 

The surface tension was measured using a K11 Kruss Force 
tensiometer using a standard rod with a diameter of 2 millime-
ters (mm) and a length of 10 mm. The rod was immersed in the 
liquid to a depth of 2 mm with a surface detection speed of 10 
millimeter per minute (mm/min). Five measurements were tak-
en at 20 °C using a linear data acquisition mode, and the mean 
surface tension values were recorded (Table A) (17). 

Table A: Surface Tension of Nonionic Surfactant Solution 
Compared to Water and Pure UHQ Water

Sample Mean Surface Tension (mN/M)

Water (from tables) 71.97

Pure UHQ Water 71.85

Nonionic surfactant (dosed at 1% 
concentration)

28.99

The surface tension of the nonionic surfactant dosed at 1% can 
be seen to reduce the surface tension of water by more than 
60%. Other surfactants were also tested as part of the service 
company’sA competitor analysis/product improvement, and none 
were able to reduce the surface tension beyond the nonionic 
surfactant product at low concentrations. 
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Another analysis by LPD Lab Services looked at the change in 
surface tension of nonionic surfactant at different concentrations 
using the Wilhelmy plate method on a Data Physics DCAT 
21 tensiometer (17). This showed that 1% is the critical micelle 
concentration that has the biggest impact on water surface 
tension (Table B) (18).  

Table B: Results of Surface Tension Measurements by LPD Lab 
Services

Dilution
%

Surface Tension 1
(mN/m)

Surface Tension 2
(mN/m)

Mean Surface 
Tension 
(mN/m)

100 28.7 28.9 28.8

10 28.8 28.7 28.8

2 27.6 27.4 27.5

1 27.1 27.1 27.1

0.5 30.4 29.5 29.9

0.2 35.7 34.6 35.1

Impact of Nonionic Surfactant 
Dosed at 1%, a nonionic surfactant has minimal impact on the 
majority of water’s physical properties (Table C).

Table C: Physical Properties of Water Using Nonionic 
Surfactant-Dosed Water (1%) and Glycol-Dosed Water (35%)

Physical 
Property

Water Nonionic 
Surfactant

Glycol

Density (g/cm3) 1 1.005 1.035

Viscosity (cP) 1 1.1 4.2

Corrosive Impact of Nonionic Surfactant 
on Water
The anti-corrosive nature of nonionic surfactants was revealed 
in the International Journal of Electrochemical Science in 2011 
(19). The specific effect of nonionic surfactants within hydronic 
heating systems has been thoroughly investigated by indepen-
dent investigators.

Compatibility of Nonionic Surfactant With 
Common System Materials
Nonionic surfactant dosed water (1%) has been tested by Mead-
owhead Consultancy against hard/soft water using test protocols 
set out by the NSF International (formerly BuildCert Chemical 
Approval Scheme CIAS) for testing corrosion inhibitors and 
other hydronic additives (20). Conducted over 21 days, this 
laboratory evaluation looks at the pitting and corrosion rates 
of nonionic surfactants (compared with hard and soft water) in 
contact with aluminum, mild steel, stainless steel, brass, and 
copper. The hard water had a total hardness of 342 milligrams 
per liter (mg/L) calcium carbonate (CaCO3). The soft water 
had a total hardness of 36 mg/L CaCO3. This data is shown in 
Tables D and E.

Table D: Comparison of Corrosion Rates of Nonionic Surfactants in Hard Water With Untreated Hard Water

Material

Weight 
Difference 
Surfactant

Corrosion Rate C 
Surfactant mm/
year

Weight 
Difference 
Untreated Hard 
Water

Corrosion Rate C 
Untreated Hard 
Water

Corrosion Limit 
mm/year

A Mild Steel DC 01 46.3 0.057 78.15 0.097 0.040

B Copper Cu CW024 0 0 11.37 0.012 0.005

C Aluminum AL6082 0 0 1.98 0.007 0.100

D Brass CW505L 0 0 22.29 0.025 0.005

E Stainless Steel 1.4307 0 0 2.77 0.003 0.002

F Balance 1.4307 0 0 2.74 0.003 0.002

Table E: Comparison of Corrosion Rates of Nonionic Surfactants in Soft Water With Untreated Soft Water

Material

Weight 
Difference 
Surfactant 

Corrosion Rate 
C Surfactant 
mm/year

Weight 
Difference 
Untreated Soft 
Water

Corrosion Rate 
C Untreated 
Soft Water

Corrosion Limit 
mm/year

A Mild Steel DC 01 125.6 0.156 153.32 0.097 0.040

B Copper Cu CW024 0.1 0.001 10.54 0.012 0.005

C Aluminum AL6082 15.2 0.055 71.25 0.007 0.100

D Brass CW505L 2.9 0.003 18.55 0.025 0.005

E Stainless Steel 1.4307 0 0 2.92 0.003 0.002

F Balance 1.4307 0.6 0.0007 2.66 0.003

Can Nonionic Surfactant Treatment Improve Heat Transfer and Lower Energy Use in Water Systems?   continued
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Can Nonionic Surfactant Treatment Improve Heat Transfer and Lower Energy Use in Water Systems?   continued

Compatibility of Nonionic Surfactant With 
Corrosion Inhibitors
The compatibility of nonionic surfactant with leading brand 
Molybdate (Fernox MB-1) and Nitrite (Corrshield MD4100) 
nonionic surfactant is not a replacement for traditional water 
treatment or corrosion inhibitors, but its nonionic nature does 
not negatively impact on the corrosion protection afforded by 
these chemistries (21, 22). 

Compatibility of Nonionic Surfactant With 
Glycol Anti-Freeze Protection
Glycols are commonly used in the higher latitudes as ambient 
temperatures fall below freezing. The impact of a nonionic sur-
factant on propylene glycol’s freeze protection was analyzed by 
Maxim Chemical International (23). A glycol refractometer was 
used to compare freeze point protection before and after heating 
systems (Table F). 

Table F: Glycol Refractometer Readings, Before and After 
Heating and Freezing Cycles

Sample
Room 
Temperature. After Heating After Freezing

Without 
surfactant

-21 ºC -21 ºC -24 ºC

With surfactant -22 ºC -21 ºC -26 ºC

The sample with nonionic surfactant required slightly less 
energy to stay at a higher temperature. It also provided slightly 
better freeze protection than the sample without nonionic sur-
factant and did not freeze at the glycol’s designed temperature. 

Case Study 1: Enertek International Ltd. 
This investigative report was set up by ISO17025 test house 
Enertek International (24) to establish if adding a prescribed 
amount of surfactant to water of a typical boiler heating system 
can result in a reduction in gas consumed by the heating boiler. 
The rig used a new Bosch Greenstar 21i (condensing and mod-
ulating) gas combination boiler with two new standard double 
panel radiators situated inside a thermal chamber (itself within a 
thermally controlled lab) to establish a set ambient. The system 
was set up to maintain a thermostatic set temperature for 24 
hours with interval data recorded on multiple flow and room/
unit temperatures. All equipment was calibrated to UKAS 
industry standards as shown in Table G. 

Test 1: Water Only (system maintained at 27.5 °C)

Test 2: Nonionic Surfactant Dosed (system maintained at 
27.5 °C)

Table G: Results from Enertek E3363 Report
Variable Test 1 (Water) Test 2 Difference (%)

Ambient Temp (ºC) 27.5 27.5 --

Total gas consumption 
(m3)

5.41 4.59 15.2

Number boiler cycles 50 42 16

Average boiler flow 
temp (ºC)

49.56 49.54 0.03

Average boiler return 
temp (ºC)

38.81 36.80 5.47

Average ΔT (ºC) 10.75 12.75 15.64

Average boiler flue 
temp (ºC)

42.97 41.39 3.82

Average room ambient 
(ºC)

27.52 27.49 0.12

When operated under the test conditions, the addition of a non-
ionic surfactant solution to the heating system water resulted in 
a reduction on the gas consumed by the heating boiler of up to 
15% within the 24-hour test period. The test showed that the 
control variables (boiler flow and room ambient temperature) 
were tightly controlled so the reduction in gas consumption was 
not at the expense of comfort conditions (energy efficiency over 
energy saving). The report showed an increase in the system del-
ta T (ΔT) of 15.64% and a reduction in the boiler flue tempera-
ture as a result of a lower boiler return temperature (Figure 2). 

It is worth noting that both boilers’ return temperatures were 
well below the 55 °C dew point temperature required for con-
densing systems to recover latent heat. 

Analysis of the raw data (30-second intervals) showed that the 
boiler was firing for 14,520 seconds (16.8%) of the time with wa-
ter and 12,090 seconds (14%) of the time with nonionic surfac-
tant. It is also worth noting the reduction of cycles (16% from 50 
to 42). The raw data showed that heat was being liberated from 
the radiators into the room at a higher rate, allowing the boiler 
to modulate down sooner, thus reducing overall run times. 

Based on this result, Enertek International has supplied a 
declaration of product performance to confirm the performance 
of a nonionic surfactant, which has proven to save up to 15% on 
closed-loop boiler heating systems. 

Case Study 2: Novator Report 
This report was conducted by the Scientific Product Centre 
‘Novator’ Ltd. (25) to validate the claims of nonionic surfactant 
partners in the Ukraine. A small test rig (using a 2 kilowatt 
[kW] power strip and small double panel radiator) was set up 
with a room with set ambient temperature of 7 °C (Figure 3). 

“A chemical analysis was conducted by the 
University of West Scotland to quantify the 
nonionic surfactant constituent products, 
identify their thermal property changes, and 
log their impact on heat transfer efficiency.”
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Measurements were made on the equipment of the research 
laboratory of the department “Methods and Devices for Quality 
Control and Product Certification” at Ivano-Frankivsk Na-
tional Technical University of Oil and Gas. The radiator, in the 
experiment conditions and in the course of its normal work as a 
heating element in the premises, operates in the "heating-cool-
ing" cycle modes.

The room temperature is maintained constant, and the conditions 
of heat exchange between the outer surface of the radiator and 
the external environment (air in the laboratory) are immutable. 
This environment was deemed suitable enough to assume that the 
temperature on the outside of the radiator will depend only on 
the temperature of the coolant and the conditions of heat transfer 
from the coolant to the internal radiator surface.

Figure 3: Test rig from Novator report. 

By analyzing the rate of change in temperature on the outside 
of the radiator—if the heat exchange area is unchanged—it is 
possible to conclude that the nonionic surfactant additive in-
fluences the heat exchange between the heat carrier (water), the 
inside surface temperature of the radiator, and the heat transfer 
coefficient.

The study showed the heating of the outside surface of the 
radiator was 4.7x10-3 °С 𝑠𝑒𝑐 faster once nonionic surfactant was 
installed.

The study also showed the cooling of the outside surface of the 
radiator was 1.76x10−3°С 𝑠𝑒𝑐 faster once a nonionic surfactant 
was used. A nonionic surfactant allows the intensification of the 
heat exchange between the coolant and the air environment in 
the room where there is a radiator or other heating source. This 
means heat is transferred more effectively during the heat-
ing phase and during the cooling phase (when the boiler has 
modulated down). The latter supports the independent analysis 
from with longer periods between boiler runs due to an increase 
in heat loss from the radiator to maintain thermostatic desired 
ranges (25). 

Energy Costs
The total consumption of electricity in the 10 cycles of the stand 
was calculated using an attached electrical meter. With the 
addition of the surfactant, the system consumed 18.28% less 
energy to run the 10 cycles.

Case Study 3: University of British         
Columbia 
Nonionic surfactant was tested by the University of British Co-
lumbia (UBC) (26) to determine the improvement in the system 

Figure 2: Change in boiler return temperature.

Can Nonionic Surfactant Treatment Improve Heat Transfer and Lower Energy Use in Water Systems?   continued
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ΔT inside a secondary system on the university’s district heating 
network. 

The Horticulture Building within the UBC District Energy 
System (DES) is set up with 15-minute monitoring on flow/
return temperatures, internal comfort conditions, and external 
ambient air temperatures to allow the variable flow valve to 
open/close dependent on the demand and weather conditions.

The aims of the test study were as follows: 

Hypothesis 1: Nonionic surfactant increases the ΔT of the 
secondary system. 

Null Hypothesis 1: There is no change (or reduction) in ΔT of 
the heating system. 

Hypothesis 2: The VF Valve (%) should be lower on average at 
comparable temperatures. 

Null Hypothesis 2: There is no change (or increase) in VF Valve 
% at comparable temperatures (Table H [15]). 

Table H: Comparison of System ΔTs at Known VF Valve 
Positions 

Valve 
Position %

Pre-Additive 
ΔT (ºC)

Post-
Additive ΔT 
(ºC)

Difference 
ΔT  (ºC)

Improvement 
in ΔT

30 3.88 4.61 0.73 18.81%

40 4.97 5.86 0.89 17.95%

50 5.96 6.98 01.02 17.03%

60 6.85 7.95 1.10 16.02%

70 7.64 8.79 1.14 14.93%

80 8.34 9.48 1.14 13.72%

90 8.39 10.04 1.11 12.40%

100 9.42 10.45 1.03 10.93%

Average 1.02 15.23%

A comparison of the 15-minute interval data in the time peri-
ods before/after the nonionic surfactant was installed shows a 
clear increase (on average of 15.23%) of the ΔT once nonionic 
surfactant was used. The average improvement in 1.02 °C was 
recorded. 

Findings
Hypothesis 1 Validated: Nonionic surfactant improves system 
ΔT.

During each 15-minute interval the external temperature is 
recorded and compared with the valve position. During any day, 
the VF valve will open and close during the individual boiler 
cycles. The combined averages of the time periods are shown in 
Table I (15). 

Table I: Comparing Average VF Valve Position With Average 
External Temperature

Baseline Post-Install

Temperature (°C) 4.2 2.1

Average VFD Valve Position (%) 81.1 71.8

The average valve position in the post-nonionic surfactant 
period was smaller than the baseline period despite the ambient 
temperature being colder. 

Hypothesis 2 Validated: Nonionic surfactant reduces the aver-
age VF valve position. This is a reduction in the electrical work-
load of the pump to maintain the comfort conditions required 
in this district heating system.

Conclusion
Using a nonionic surfactant can reduce the surface tension of 
water by more than 60%, improving the wetted perimeter or 
thermal contact area. The larger heat transfer area improves the 
efficiency of heat transfer governed by the overall heat transfer 
calculation (Equation 1):

Q = UAΔT Eq. 1

Where: 
Q =  Efficiency or rate of heat transfer 
U =  Heat transfer coefficient
A =  Area
ΔT = The difference in temperature between the room and the 

water.

The result of the improved heat transfer is more optimal condi-
tions for peak hydronic energy efficiency. Along with reducing 
heating consumption by up to 15%, a nonionic surfactant is also 
noted to be less corrosive than water, compatible with common 
system materials and market leading inhibitors. The additive has 
no impact on the freeze protection of commonly used glycols 
and has been verified by major boiler manufacturers. Most im-
portantly, this chemistry is thermal stable, allowing for years of 
improved heat transfer and energy efficiency in hydronic HVAC 
systems. The growing use of nonionic surfactants by the energy 
efficiency community and utility companies will likely have an 
impact on the water treatment industry in the near future. 

References
1. Lin, H.-W.; Wong, T. (2012). “An In-Depth Analysis of Space Heating Energy 

Use in Office Buildings,” in ACEEE Summer Study on Energy Efficiency in 
Buildings, pp. 3-225 to 3-237,  accessible at  https://aceee.org/files/proceed-
ings/2012/data/papers/0193-000068.pdf.

2. Marto, P.J.; Lepere, V.J. (1982). “Pool Boiling Heat Transfer from Enhanced 
Surfaces to Dielectric Fluids,” Journal of Heat Transfer 104(2), pp. 292–299, doi: 
10.1115/1.3245086.

3. Aveyard, R.; Binks, B.P.; Chen, J.; Esquena, J.; Fletcher, P.D.I.; Buscall, R.; 
Davies, S. (1998). “Surface and Colloid Chemistry of Systems Containing Pure 
Sugar Surfactant,” Langmuir 14(17), pp. 4699–4709, doi: 10.1021/la980519x.

Can Nonionic Surfactant Treatment Improve Heat Transfer and Lower Energy Use in Water Systems?   continued



 14 the ANALYST   Technology Supplement 2021

4. Garofalakis, G.; Murray, B.S.; Sarney, D.B. (2000). “Surface Activity and 
Critical Aggregation Concentration of Pure Sugar Esters with Different Sugar 
Headgroups,” Journal of Colloid and Interface Science 229(2), pp. 391–398, doi: 
10.1006/jcis.2000.7035.

5. Hetsroni, G.; Zakin, J.; Lin, Z.; Mosyak, A.; Pancallo, E.; Rozenblit, R. (2001). 
“The Effect of Surfactants on Bubble Growth, Wall Thermal Patterns and Heat 
Transfer in Pool Boiling,” International Journal of Heat and Mass Transfer 44(2), 
pp. 485–497, doi: 10.1016/s0017-9310(00)00099-5.

6. Cheng, L.; Mewes, D.; Luke, A. (2007). “Boiling Phenomena with Surfactants 
and Polymeric Additives: A State-of-the-Art Review,” International Journal of 
Heat and Mass Transfer 50(13-14), pp. 2744–2771, doi: 10.1016/j.ijheatmas-
stransfer.2006.11.016.

7. Tzan, Y.L.; Yang, Y.M. (1990). “Experimental Study of Surfactant Effects on 
Pool Boiling Heat Transfer’,” Journal of Heat Transfer 112(1), p. 207, doi: 
10.1115/1.2910346.

8. Zhang, J.; Manglik, R.M. (2004). “Effect of Ethoxylation and Molecular 
Weight of Cationic Surfactants on Nucleate Boiling in Aqueous Solutions,” 
Journal of Heat Transfer 126(1), p. 34, doi:10.1115/1.1643755.

9. Elghanam, R.I.; Fawal, M.M.E.; Abdel Aziz, R.; Skr, M.H.; Hamza Khalifa, A. 
(2011). “Experimental Study of Nucleate Boiling Heat Transfer Enhancement 
by Using Surfactant,” Ain Shams Engineering Journal 2(3-4), pp. 195–209, doi: 
10.1016/j.asej.2011.09.001.

10. Kandlikar, S.G.; Alves, L. (1999). “Effects of Surface Tension and Binary 
Diffusion on Pool Boiling of Dilute Solutions: An Experimental Assessment,” 
Journal of Heat Transfer 121(2), pp. 488–493, doi: 10.1115/1.2826008.

11. Wasekar, V.M.; Manglik, R.M. (2002). “The Influence of Additive Molecular 
Weight and Ionic Nature on the Pool Boiling Performance of Aqueous 
Surfactant Solutions,” International Journal of Heat and Mass Transfer 45(3), pp. 
483–493, doi: 10.1016/s0017-9310(01)00174-0.

12. Bourdon, B.; Rioboo, R.; Marengo, M.; Gosselin, E.; De Coninck, J. (2012). 
“Influence of the Wettability on the Boiling Onset,” Langmuir 28(2), pp. 
1618–1624, doi: 10.1021/la203636a.

13. Hetsroni, G.; Gurevich, M.; Mosyak, A.; Rozenblit, R.; Yarin, L.P. (2002). 
“Subcooled Boiling of Surfactant Solutions,” International Journal of Multiphase 
Flow 28(3), pp. 347–361, doi:10.1016/s0301-9322(01)00062-3.

14. Hetsroni, G.; Zakin, J.L.; Gurevich, M.; Mosyak, A.; Pogrebnyak, E.; Rozenblit, 
R. (2004). “Saturated Flow Boiling Heat Transfer of Environmentally 
Acceptable Surfactants,” International Journal of Multiphase Flow 30(7-8), pp. 
717–734, doi: 10.1016/j.ijmultiphaseflow.2004.05.001.

15. Dikici, B.; Eno, E.; Compere, M. (2014). “Pool Boiling Enhancement with 
Environmentally Friendly Surfactant Additives,” Journal of Thermal Analysis and 
Calorimetry 116(3), pp. 1387–1394, doi: 10.1007/s10973-013-3634-x.

16. Wang, Z.; Mathai, V.; Sun, C. (2019). “Self-Sustained Biphasic Catalytic 
Particle Turbulence,” Nature Communications, 10, article no.: 3333, 
doi:10.1038/s41467-019-11221-w.

17. Yassen, M.; Saleemi, S.; Hursthouse, A.; McHugh, C.; Rateb, M. (2016). 
“EndoTherm for the Efficient Heat Transfer in Water Heating Systems,” 
Abstract, University of the West of Scotland, Paisley, Scotland.

18. Anwar, J.; Johnstone, W. (2015). “Surface Tension Measurements of a Heat 
Transfer Liquid at Different Dilutions,” Report Number: L70 - LPD Lab 
Services Ltd., Blackburn, Lancashire, UK.  

19. Malik, M.A.; Hashim, M.A.; Nabi, F.; Thabaiti, S.A.; Al-Khan, Z. (2011).  
“Anti-Corrosion Ability of Surfactants: A Review,” International Journal of 
Electrochemical Science, 6, pp. 1927–1948.

20. Wilson, V. (2013). “A Study of the Corrosive Effect of EndoTherm Water 
Treatment Chemical on Various Metals and Compatibility with Rubbers Found 
within Central Heating Systems,” Meadowhead Consultancy Ltd., West 
Dunbartonshire, Scotland. 

21. Munn, P (2014). “Corrosion Performance of EndoTherm Water Treatment with 
and without Fernox MB-1,” Report 0550, Midland Corrosion Services, Ltd., 
Debyshire, England.

22. Munn, P. (2015). “Performance of 0.25% v/v Corrshield 4100 and 1% v/v Endo-
Therm as Tested in Accordance to NSF CIAS Corrosion Test,” Report 0847,  
Midland Corrosion Services, Ltd., Derbyshire, England.

23. Lau, H.Y.; Moore, L. (2018). “Pace Propylene Glycol Comparison Testing 
– Report of Analysis,” Maxim Chemical International, Regina, Sakasuian, 
Canada.

24. Axon, S.J. (2014). “E3363 EndoTherm Solution Assessment,” Enertek 
International, Hull, UK.

25. Radysh, V.N. (2018). “Changes in the Physical and Chemical Properties of the 
Coolant, When Using the Energy-Saving Additive EndoTherm,” Novator. 

26. Edginton, D. (2017). “Effects of EndoTherm on an Energy Transfer Station – 
UBC District Energy System,” University of British Columbia, Vancouver, 
British Columbia. 

Endnote
A Endo Enterprises (UK) Ltd., based in Warrington, Cheshire, UK, is the water 

treatment service company mentioned in the text.
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