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Background 

a) The power of electric water boilers are mostly 9kW for 
120L/h boiled water. 
 
b) There is enormous waste of energy from 100℃ boiled 
water to drinkable temperature boiled water.  
 
c) Presuming 1.5L boiled water for 1 person 1 day for a 
whole year, drinkable at 40℃，the whole wasteful energy 
could be 36kWh;  
   For China, with population of 1.4 billion people, it would be 
up to 5.0 * 1010 kWh, generated by a 10GW power plant for a 
whole year.  

(A)   Common electric water boilers 
consuming enormous energy 
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fig.1 a common water boiler 



background 

e.g. 
a) Black tea and coffee 
requires 100℃ water. 
 
b) Green tea demands 
80℃ boiled water. 
 
c) Milk powder prefers 
37-40℃ water. 

(B)  Varied boiled water temperatures are 
necessary  for  different drinks 
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fig.2 boiling water for tea 

fig.3 warm water requirment 
for milk powder powder 



background 01 
(C) Common electric water boilers exist  unhealthy factors   

a) Mixture of boiled and unboiled water may 
contain a variety of pathogenic microorganisms. 
 
b) Repeatedly boiled water may contain 
carcinogens which may exceed the safe standard. 

fig.4 Mixture of boiled and 
      unboiled water 

fig.5 Repeatedly boiled water 
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Principle of  the Device 
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A1—A7:Solenoid valves 
B1 : Solenoid valve 
4,5：outlets of boiled water 



Principle of  the Device 02 
Operation principle:  
1. The flow rate on the hot side can be 
constant at 120L/h， while the flow on 
the cold side can be varied from 0 to 
120L/h. 

2.The hot side inlet water temperature 
is 100℃ and the cold side inlet water 
temperature is 23℃。 

3. When heating water in any heating box 
is less than 3L, the box is replenished 
by cold water from the water pipe to 3L 
via valve A1. 

fig.6 system schematic 

Cold side 
23℃ 

Hot side，
100℃  



Mechanism 

Based on experiment, this 
design eliminated problem 
of mixed water and 
reduced the problem of 
repeatedly boiled water. 

Advantage 1: Healthy 

Advantage 3: Energy 
Conserving 
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System 
Advantages

Temperature Adjustable 

Energy Conserving 

Healthy 

•  Recycled wasted energy 
through heat exchanger 

•  Reduced power through 
two boiler system 

Advantage 2: 
Temperature 
Adjustable 

Adjust temperature 
output through heat 
exchanger and 
controlling the rate of 
flow for cold water. 
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03 Design of the Device 

project 1：Heating Box 

project 2：Heat Exchanger 

project 4：Experimental Platform 

project 3：Control System 



03 Design of the Device

project 1：Heating Box 

fig.7 the design of heating box 
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Energy equation: 
 

The design results for the heating box: 
•  external diameter is 220mm 
•  thickness is 1.5mm with 
•  height is 196.5mm 
•  304 stainless steel. 
 
The heating box has one water outlet,one 
water inlet and 1 service outlet. 



03 Design of the Device 

project 2：Heat Exchanger 

The method of designing a heat exchanger is LMTD(Log Mean Temperature Difference) method. 

fig.8  Plate Heat Exchanger 

Table.1 Parameters of actual 
plate heat exchanger 

parameters value and unit 

board spacing  0.003m 

width of flowing path 0.197m 

thickness of plate 0.0004m 

total heat exchanging 
area 

0.30m2 



03 Design of the Device

project 3：Control System 

fig.9 Control subsystem 

The control subsystem is the Arduino 
system, which mainly contains: 

 
Ø  one Arduino mega control module  
Ø  multiple sensors,relays 
Ø  solenoid valves 
Ø  transformers 
Ø  step-down modules. 



03 Design of the Device

project 4：Experimental Platform 

fig.10 experimental platform 

The experimental platform includes: 

Ø  2 heating boxes 

Ø  1 plate heat exchanger 

Ø  7 solenoid valves 

Ø  1 control subsystem 

Ø  1 cold water inlet and 2 outlets 



Experimental Results 
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04 Research Results 

Stabilize the flow rate in hot 
side, adjust the flow rate of cold 
side water 
Find the relation between the 
temperature of outlet water and 
the flow rate of the cold water. 

Assessment on the ability of 
conserving energy. 

Test the workability of 
controlling on-off switch of the 
solenoid valve to change the 
temperature of output water. 

Experiment 1 Experiment 2 

Experiment 3 



04 Research Result 

rela%on	between	the	temperature	of	output	water	and	the	flow	rate	of	the	cold	water 

Experiment 1 

As the cold side flow 
rate increases, the 
output boiled water 
temperature 
decreases. 

Conclusion 1 

y = 3E-05x3 - 0.005x2 - 0.0821x + 88.763 
R² = 0.99239 
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04 Research Result 

controlling	on-off	switch	of	the	solenoid	valve	to	change	the	temperature	of	output 

Experiment 2 

It is possible to change 
output temperature by 
controlling on-off switch 
of the solenoid valve 

Conclusion2 

y = 3E-07x2 - 0.0059x + 91.892 
R² = 0.99138 
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04 Experimental Results 

Estimate energy saving performance using the heat 
amount reserved to the total heat to boil 3L of cold 
water. 
The efficient of energy saving is given by： 

Experiment 3 

2

1

1 Q
Q

η = −

Where: 
Q1 is the electric heat required to heat 3L water from 23s℃ to 100℃,  
Q2 is the electric heat required to heat 3L water firstly by heat 
exchanger, then to 100℃. 



04 Research Result 

Assessment	on	the	ability	of	conserving	energy	(comparing	in	3L	water) 

Experiment 3 

When boiling 3L water, 
the higher the cold side 
flow rate, the higher the 
efficiency.   

Conclusion 3 

y = 6E-07x3 - 0.0001x2 + 0.0089x - 0.1044 
R² = 0.99715 
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Conclusions 
 

05 



05 Conclusions 

1.This presentation raised a innovative type of energy 
conserving and temperature adjustable water boiler. This 
system includes two boiler, one plat heat exchanger and the 
Arduino control system. This design solved problems that 
standard boilers face such as mixed boiled and unboiled water, 
waste of energy, unadjusted output temperature.  

2.With the usage of plat heat exchanger, this design enable the 
boiler to recycle heat energy, while being able to adjust output 
water temperature. At the same time, this design uses the 
unique two boiler system, being able to intake water and boil at 
the same time, enabling consistent output of boiled water. 

Inovation 



05 Conclusion 

1.Remained water in the heat exchanger 
that affects the temperature adjustability 
and efficiency of the boiler. 

2. More optimization of the system is 
needed，i.e., heat preservation and 
filtration at the input. 

3. More accurate temperature control 
subsystem. 

Defects and follow ups 
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