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Changes in location and structure of underground pipes enhance water vapor 
collection in plastic film tunnels 
 

Agriculture is the largest water user, with 70% of the world’s freshwater withdrawn for 
irrigation. Ishikawa et al. (1996) developed an “earth-air heat exchange water distillation 
system” that can produce freshwater by collecting water vapor in a plastic film tunnel as 
condensed water on the insides of the plastic film and underground pipes. Their system 
successfully collected 30% of the evaporated water. This study aimed to develop a simple 
water distillation system constructed from agricultural materials, suitable for installation 
in rural areas, while improving the earth-air heat exchange water distillation system to 
enhance water vapor collection. 

Three plastic film tunnels (1.2 m wide, 0.6 m high, 8.0 m long) were built, and three 
types of underground pipes were embedded at 20 cm depth below ground: i) one PVC 
pipe with a diameter of 100 mm below the tunnel (control; Ishikawa model), ii) one PVC 
pipe with a diameter of 100 mm outside the tunnel (100 mm outer), and iii) four PVC pipes 
with diameters of 50 mm outside the tunnel (50 mm x 4 outer). Different underground 
pipes were selected for each tunnel and rotated for the next trials. Water tubs serving as 
evaporation pools were put in the tunnels, and the water in the pools was heated by solar 
radiation and evaporated. Hot and humid air was blown into the pipes by a fan with a 
solar panel, and water vapor was cooled by soil temperature around the underground 
pipes and condensed on the inside of the pipes. The water vapor in the tunnel was cooled 
by ambient air, and condensed water on the inside of the plastic film was collected by L-
shaped aluminum frames placed under the plastic film on both sides of the tunnel. The 
collected freshwater was stored in tanks at the tail end of the tunnel (Figs. 1 and 2).  

Soil temperature at the ground surface, pipe wall temperature, and air temperature in 
the pipes embedded outside the tunnel tended to be lower than those of the control. In 
particular, the pipe wall temperature of 50 mm x 4 outer was significantly lower than the 
control (Table 1). In the case of 50 mm x 4 outer, 12.4 L of freshwater was produced from 
one tunnel on a sunny day in March in Tsukuba, Ibaraki, Japan. The water vapor collection 
ratio, defined as the ratio of collected water volume to evaporated water volume, for the 
pipes of the control, 100 mm outer, and 50 mm x 4 outer was 4.3%, 11.3%, and 23.3%, 
respectively (shown as the orange color bar in Fig. 3). The water vapor collection ratios 
for the plastic films were 30.3% using the control, 27.2% using 100 mm outer, and 22.5% 
using 50 mm x 4 outer (shown as the blue color bar in Fig. 3). The total collection ratio 
for both the pipes and plastic film of 50 mm x 4 outer was 46%, which was 1.3- and 1.2-
times higher compared to the control and 100 mm outer, respectively. 
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Fig. 1. Schematic of the improved earth-air heat exchange water distillation system  
Sectional notations are shown as A-A’, B-B’, and the numbers ①-⑤ are common items with Fig. 2. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Air temp. in 
the tunnel 
(℃) 

Soil temp. at 
ground 
surface (℃) 

Soil temp. at 
10-cm depth 
(℃) 

Pipe wall 
temp. at 20-
cm depth (℃) 

Air temp. in 
the pipes 
(℃) 

Control 19.8 19.3a 20.4a 22.2a 22.9a 
100 mm outer 19.5 12.6* 14.5b 19.0ab 19.9ab 
50 mm × 4 outer 19.2 11.9b 14.6b 18.3b 19.1b 

Table 1. Daily average temperatures of the air in the tunnel, soil, inner wall, and inner air of 
the underground pipes 

 
Fig. 3. Water vapor collection 
ratio by underground pipes 
and plastic film 
Error bars show standard error (n=12). 
Significant differences were found 
among a-b-c and a ’ -b ’  (p < 0.05, 
Tukey Kramer HSD test). 

Water vapor collection ratio  
= collected water volume  

/ evaporated water volume. 

 
 
 
 
 

 
Fig. 2. Plastic film tunnel and underground pipes 
Upper photo shows the structures above ground, with the 
blue line box showing an enlarged view of the L-shaped 
frame. The frame ridge, shown as a blue dashed line, is 
adhered to the inside of the plastic film. Lower photo shows 
the pipes buried underground.  
Sectional notations shown as A-A’, B-B’ and the numbers ①
-⑤ are common items with Fig. 1. 

Reference: Ikeura and Fujimaki (2024) Paddy and Water Environment 23: 95-109.  
The figures are reprinted/modified from Ikeura and Fujimaki (2024) with permission. © Springer Nature 2024 

 

n = 12 (*Lacking 4 ground surface data points for 100 mm outer.) 
Significant differences were found between a and b (p < 0.05, Tukey-Kramer HSD test) 
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