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Abstract- The objective of this research was to study a biomass energy thermal water pump (BTWP) in order to produce hot 
water. The BTWP was powered by vapor which was obtained thermal energy from a cookstove. The mangrove charcoal was 
used as fuel. The pump comprised an overhead tank (OT), liquid piston tank (LT), heating tank (HT), storage tank (ST), water 
cooling valve (WCV) and well tank (WT). The pump could operate automatically. The overall water heads of 3 and 4 m were 
tested.  It was discovered that the pump efficiency was 0.0021% and 0.0048% depending on the overall water head. The 
pumped water volume was same 70 l within 1 h. The pump starts working at temperatures in the LT equal to 102°C. The 
average temperature of pumped water was around 42.8–44.9°C, which is sufficiently high for residential use.  
 
Index Terms- thermal water pump, charcoal, biomass, cookstove.  
 
I. INTRODUCTION 
 
Nowadays, the ground water and a small pond are 
necessities of life in rural area of developing countries 
such as bath, cleaning and agriculture. Most 
agriculturists use electric pump or engine pump to 
suck water from wells, which consumes electricity or 
fossil fuels. Moreover, the agricultural areas faraway 
from the electric power supply is not available because 
the limitation of grid power. The biomass energy 
thermal water pump (BTWP) could partly decrease 
conventional energy, convenient for agriculture that 
employ the water pump. It can be installed anywhere. 
Furthermore, this also promoting the use of renewable 
energy in the other one. 
The thermal water pump was discovered by Savery in 
1690 [1]. The pump obtained vigor from solar energy. 
Ben slama [2] presented the solar water pump for 
drawing groundwater based on the principle of 
thermodynamic. His pump could suck water as much 
as 221% of the pump volume for suction head of 1-8 
m. The advantages of this system are that can suck 
large volume from a deep well. Sumathy [3] did 
experimental studies on a solar thermal water pump 
that is composed of a 1 m2 solar collector, had an 
overall efficiency of 0.12–0.14% for a discharge head 
between 6 and 10 m and performed 12–23 cycles/d. 
Sutthivirode et al. [4] and Roonprasang et al. [5], 
enhanced the solar water heating system, which 
compared with Roonprasang [6]. His system had 
higher stored energy due to all hot water from the SC 
can be stored in the ST, no heat exchanger was used. It 
is cheaper, compared to the product of Thailand. 
Wong and Sumathy [7] reviewed a more detail of solar 
water pumps. 
Nowadays, the pump power could be produced from 
west heat also. Sutthivirode et al [8] studied a new 
thermal water pump system that utilize the waste heat 
as a heat input of the system. Sitranon et al [9] studied 
the effects of suction heads on the efficiency of a 
thermal water pump with steam. His pump had 
maximum pumping efficiency of 0.01973%.  

The goal of this research was to study a BTWP that 
consumes biomass energy for decreasing the 
electricity or fossil fuels. The mangrove charcoal was 
burned as fuel in the cookstove (CT) in order to 
generate thermal energy which was used the heat 
source of the pump. 

 
Fig. 1. A schematic diagram and Points measurement of a 

BTWP 
 
II. EXPERIMENTAL SETUP OF BTWP 
 
The BTWP consists of seven main parts, as shown in 
Fig. 1, with a hidden supporting stand:  
1. The liquid piston tank (LT), which is made to push 
and to suck the water, is made of cylindrical-shape 3 
mm stainless steel. The cylinder is 30 cm high with a 
20-cm diameter. It is well insulated with a 7.5–10 cm 
aeroflex (thermal conductivity of 0.040 W/m K) and 
installed above the SC. 
2. The overhead tank (OT) is a cylindrical tank of 35.5 
cm height and 31.5 cm diameter. It is made of plastic 
without insulation. It is placed at an upper lever over 
the LT and open to atmosphere. The floating valve was 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009,                Vol-4, Iss-2, Spl. Issue-3 Jun.-2016 

Biomass Energy Thermal Water Pump 
 

31 

inside installed to prevent water overflow at the OT. 
3. The water cooling valve is comprised of a reducing 
socket (PVC) of 55×18 mm with a floating ball inside. 
It is used to control 300 cm3 of water, the minimum 
amount, to flow into the LT to generate a vacuum. 
This valve is important in this study.  
4. The heating tank (HT) is the cylindrical tank with a 
20 cm diameter, 15 cm height. It is used to source of 
steam production. The HT temperature is around 
95-103๐C. HT produces steam at nearly all times 
except when the fire low.  
5. The storage tank (ST) is a cylindrical tank of 50 cm 
height and 30 cm diameter with an air vent. 
6. The well tank (WT) has a small float valve inside in 
order to supply 9 l of water into the LT. It was used as 
a reservoir.  
7. The CT is the biomass-fired cookstoves, as shown 
in Fig. 2. The cookstove is approximately 300 mm 
wide and 270 mm deep. It can burn wood, charcoal or 
coal on the grate [10].  
 

 
Fig. 2. A CT with burning mangrove charcoal and producing 

steam 
 
The one-way valves are brass check valves. They were 
used to control water flow direction. They were placed 
between the LT and OT, SC-HT, LT-HT, LT-WT, and 
at the LT outlet. Cooling water can flow from the OT 
to the LT when the LT pressure is equal to one 
atmosphere. 
The equipment installed between LT-HT are 
connected by ½-in copper pipe with insulation. 
OT-WT-ST are connected to the LT using a ½-in 
rubber hose in which the water flow can be seen. The 
experiment was tested for suction heads of 2 and 3 m 
and a constant discharge head of 1 m. The discharge 
head is the difference between the LT bottom and the 
air vent levels; the suction head is the difference 
between the LT top and the WT water surface. 
Experimental data were recorded for 1 h at the 
Phetchaburi Rajabhat University.  

A set of K-type thermocouples connected with a 
hybrid recorder (Yokogawa) were used to measure the 
temperature of the surrounding air, water, and vapor at 
the LT, OT, WT and the ST with an accuracy ±0.5 ๐C. 
The measurement points are shown in Fig. 1. 
 
III. SYSTEM OPERATION OF BTWP 
 
The general operation of this pump consists of four 
stages: heating, water circulating, vapor circulating, 
and then suction. Fig. 3 presents the general operation 
of the thermal water pump. 
1. Heating  
In Fig. 3a, the HT, which initially contains water at 
atmospheric conditions, requires heat energy from the 
CS. The water in the HT has a temperature rise until 
boiling occurs, then it is vaporized to flow to the LT. 
As a result, the pressure and water temperature in the 
LT increase accordingly. The heating stage continues 
until the pressure in the LT is high enough to move the 
hot water from the LT to the air vent. 
2. Water circulation 
In Fig. 3b, when the pressure within the LT is slightly 
higher than the discharge pressure of the system, hot 
water in the LT then moves upward through a hose to 
the air vent by the air-water vapor pressure and to the 
ST by gravitational force. The water circulation 
continues until the water level inside the LT is lower 
than the outlet.  
3. Vapor circulation 
In Fig. 3c, after the water level inside the LT is lower 
than at the outlet, the steam inside the LT can flow 
upward through the hose to the air vent. The vapor is 
released into the surrounding air due to buoyancy 
force until the LT pressure balances with the 
surrounding air. During this process, there is less 
vapor flowing to the ST. 
4. Suction  
In Fig. 3d, the cooling water at the OT at a higher level 
than the LT can flow automatically through the check 
valve into the LT by gravitational force. The water 
cooling valve closes temporarily. A vacuum is 
generated due to condensation, then water is sucked 
from the WT. One cycle of the operation of 
self-pumping is thus completed, and the pumping 
action at this moment is set for the next step. The 
system can circulate around 9-10 l of water per cycle. 
 
IV. SYSTEM ANALYSIS OF BTWP 
 
The daily pump efficiency in percentage is given by  

%100
input

h
p Q

NW          (1) 

where N is the number of pumping cycles per day. Wh, 
the required hydraulic energy per cycle, is expressed 
by 

hgVW wLTh           (2) 
when VLT is the volume of the pumped water per cycle 
(m3/cycle). ρ is the density of water (kg/m3). g is the 
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(a) 

 
(c) 

 
acceleration due to gravity (m/s2). h is the discharge 
head of 
system (m). The percentage of daily thermal efficiency 
of the system is the ratio between the total thermal 
energy within the ST to the total energy from the CS, 
expressed as    

%100
input

s
t Q

Q                 (3) 

where Qinput is the total energy from the CS. Qs is the 
total thermal energy within the ST. The heat stored in 
the hot water storage tank can be obtained from the 
equation 

spss TcmQ                 (4) 
when ms is mass of the water in the storage tank, and is 
the rise in water temperature in the ST. 
 
V. RESULTS AND DISCUSSION OF BTWP 
 
Based on the experiment, the Qs calculated from eq. 
(4) are equal to 3.578 and 3.868 kJ for the total heads 

of 3 m and 4 m, respectively. The pump could circulate 
around 9 L of  

 
(b) 

 
(d) 

Fig. 3. Four-stage operation of the HBWP: (a) heating; (b) 
water circulation; (c) vapor circulation; (d) suction 

 
water for each cycle. The pumping method is 
workable only when the vapor temperature is equal to 
or greater than 102 oC. The average temperature in the 
ST was around 44 oC. The energy inputs were around 
28.5-30.0 MJ from mangrove charcoal energy. 
 
A. Effect of suction head 
Table 1 shows the performance of the system. The 
suction head did not effect on the number of pumping 
cycle with the both total heads. The reason is that the 
suction head has little distance. Nevertheless, the 
pump efficiency increases when the total head 
increases which calculated from eq. (1). As a result, 
the number of pumping cycles is 7; the number of 
pumping cycles can be counted from the saw-tooth in 
the Fig 4. The pumped water volume is 63 L with the 
both total heads. Furthermore, the pumping cycle time 
of the 4 m total head case has slightly longer than the 3 
m suction head case,  
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Table 1. The result of Tw, Ta and pumped water temperature; 
energy input, pumped water volume, pump efficiency, thermal 

efficiency, for the total head of 3 m and 4 m 

 
 

as shown in Fig. 4. The main reason is that the system 
has to consume more energy to overcome the friction 
and the gravity force at a higher head of system. 
B. Effect of ambient temperature 
It was found that the higher ambient temperature in  
the table 1 leads to a higher temperature in the ST, 
whereas the high ambient temperature less heat loss to 
surroundings. 
 

 
(a) 

 
(b) 

Fig. 4. (a) air-steam temperature in HT (TvHT), ambient 
temperature (Ta) and air-steam temperature in LT (TvLT) for 
3 m total heads in a BTWP; (b) air-steam temperature in HT 

(TvHT), ambient temperature (Ta) and air-steam temperature 
in LT (TvLT) for 4 m total heads in a BTWP. 

 
CONCLUSIONS 
 
The pumping method is workable only when the vapor 
temperature is equal to or greater than 102 oC. The 
system could run automatically. The system can be 

applied to real applications with biomass energy 
sources such as firewood or waste, which is readily 
available across the country. The system with biomass 
energy is sustainable, appropriate for rural area where 
there is no electricity. Moreover, the temperature of 
water in the ST is around 44 oC. Therefore, the water 
temperature within the ST is sufficiently high for 
residential use.  
The present system was in low efficiency because heat 
lost to environment was around 99% of total heat 
input. The one-way valves may be tumbledown when 
they absorb thermal energy for a long time.  
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