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In order to secure high-speed and stable operation of Shinkansen trains in heavy snowfall regions, snow melting by water-
sprinkler systems is done in sections totaling approx. 76 km on the Joetsu Shinkansen Line.  A high efficiency water-
sprinkler snow melting system developed at the Environmental Engineering Research Laboratory was introduced to the 
Nakajima snow melting base in fiscal 2017.  This paper gives an overview of that high efficiency water-sprinkler snow 
melting system and reports on the results of verification of the energy-conserving effects of the system based on results of 
operation in the winter of fiscal 2017. 

2. Overview of High Efficiency Water-sprinkler Snow Melting System

2.1 Mechanism of Sprinkler Snow Melting Equipment
Sprinkler snow melting equipment on the Joetsu Shinkansen heats water taken from rivers and the like by heaters at snow 
melting bases and sprinkles water on Shinkansen tracks on viaducts to melt snow, as shown in Fig. 1.  Water sprinkled on 
the viaduct flows down from the viaduct and is collected in storage tanks at the snow melting base and reheated by heaters 
and sprinkled on the viaduct again.  Such sprinkler snow melting equipment circulates water sprinkled on viaducts to 
recycle it. 
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Fig. 1  Mechanism of Water-sprinkler Snow Melting Equipment
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2.2 Composition of High Efficiency Water-sprinkler Snow Melting System
The high efficiency water-sprinkler snow melting system introduced in fiscal 2017 is composed of high-power heaters and 
a highly efficient control system.  The following sections give overviews of those components. 

2.3 Overview of High-power Heaters
The high-power heaters are about the same size as conventional ones, but output is 25% greater.  And while output of 
conventional heaters could be adjusted in two stages of 50% and 100%, output of the developed heater can be adjusted 
in increments of 1% from 33 to 100%.1)  With that, operation can be controlled more appropriately than before and the 
number of heaters installed can be reduced.

2.4 Overview of Highly Efficient Control System
With the highly efficient control system, control of the temperature of water sprinkled on viaducts was optimized and 
improvements were made to heater operation control to utilize high-power heater functions.  Those improvements are 
covered below. 

(1) Revising of sprinkler water temperature at restart
Sprinkler water temperature at start of sprinkling (startup) is set to 10 ºC.  This is set taking into consideration the 
amount of heat lost to frozen viaducts in addition to the amount of heat necessary to melt snow.  In the previous system, 
sprinkler water temperature at start of sprinkling was fixed at 10 ºC regardless of the conditions.  

If starting to sprinkle water again within a certain amount of time from the previous use (at restart), the viaduct is 
relatively warm, and the amount of heat lost other than for melting snow is lower.  The highly efficient control system 
thus controls so sprinkling can be done at sprinkler water temperature lower than 10 ºC at restart.  For the sprinkler 
water temperature at restart, the higher of the temperature calculated by the sprinkler water formula (formula for finding 
sprinkler water temperature) and the temperature of water in the water storage tank is used, and this is done while taking 
into account snowfall condition and external temperature.  Operating in this manner enables excessive addition of heat 
to be minimized. 

(2) Stopping Use of Lower Limit of Water Temperature and Setting Minimum Heat Input
When at a steady state after a certain amount of time has passed from start of sprinkling, control is performed by changing 
water temperature according to the situation.  In conventional control, a lower limit value was set for water temperature 
control.  This setting realizes safe-side control to ensure that snow on viaducts is melted, not for water temperature to be 
unnecessarily lowered.

On the other hand, energy loss occurs in cases were water temperature is not lowered to under the limit value.  With 
the highly efficient control system, a lower limit value is not used for water temperature control so as to conserve energy.  
Instead, when the control value for water temperature becomes too low, minimum heat input is provided to the heater 
in sprinkler operation as the lower limit of heat generated to avoid actual water temperature becoming excessively low.
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Fig. 2  Overview of High-power Heater
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(3) Optimal control of heater
As shown in Fig. 3, the number of heaters operated is controlled according to the amount of heat needed to melt snow 
in conventional control.  With the highly efficient control system, amount of heat is used as the control value, and a 
method of optimizing is used where all heaters coordinate to adjust the amount of heat.  With high-power heaters, 
output adjustment was enabled, and control is done to distribute necessary heat with all heaters and operate in the high-
efficiency range.  This is done because the range that is highly efficient is on the side of lower output.

3. Verification of Effects of a High Efficiency Water-sprinkler Snow Melting System

3.1 Verification of Energy-conserving Effects
(1) Verification period
90 days from January 1, 2018 to March 31, 2018
(2) Verification location 
Joetsu Shinkansen Nakajima snow melting base
(3) Verification method

(a) Heater operating efficiency
Output, cumulative time, and efficiency of each heater are found from past operating records, and heater overall 
operating efficiency is calculated from the results of that.  Efficiency is found by the method of heat loss for exhaust 
gas.  Past operating records at automatic operation with load due to snowfall are used to calculate operating efficiency. 
(b) Energy-conserving effects of highly efficient control system
Energy-conserving effects of “Revising sprinkler water temperature at restart” and “stopping use of lower limit of water 
temperature” with the highly efficient control system are confirmed by calculating reduced energy consumption. 
Reduction in energy consumption by revising sprinkler water temperature at restart Q1 is found by the following 

formula. Past operating record values are used for T1'. 

Reduction in energy consumption by stopping use of lower limit of water temperature Q2 is found by the following 
formulas. Past operating record values are used for T2a', T2b, and T2b'.
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Fig. 3  Comparison of Heater Operation Control Methods (example: at 200% output)
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3.2 Verification results
(1) Heater operating efficiency 
Operating records were analyzed, and heater operating efficiency was calculated based on operating records of February 
2 and February 8, 2018.  The results of that showed that overall heater operating efficiency was 92.7%.  The operating 
efficiency of heaters previously installed at the Nakajima snow melting base was 89%, so there was a 3.7% improvement 
in heater operating efficiency.  We also estimated reduction in fuel consumption due to improved efficiency.  Estimating 
fuel use in conventional heater operation from records of fuel use in winter of fiscal 2017 with operation of high-power 
heaters (403.9 kL), that comes to 403.9×((92.7)/89)=420.7 kL (rounded to the first decimal place).  The amount of 
reduction is 420.7−403.9=16.8 kL.
(2) Energy-conserving effects of highly efficient control system
Energy-conserving effects of revising sprinkler water temperature at restart were confirmed for just one case example 
on February 15, 2018.  Sprinkler water temperature at that time was 3.5 ºC and that was maintained for 31 minutes.  
Finding reduction in energy consumption by Formula 1, this is approx. 4,655×103 kcal, equivalent to 534 L of fuel 
(kerosene).

Energy-conserving effects of stopping use of lower limit of water temperature could be confirmed for 36 days during 
the verification period.  The total reduction in energy consumption was approx. 247×106 kcal, equivalent to 32.3 kL 
when converted to fuel consumption of conventional heaters. 
Combined reduction in fuel consumption of (1) and (2) above was 49.1 kL, and calculating efficiency from that reduction 
in fuel consumption comes to 49.1÷(403.9+49.1)×100=11 (%)(rounded to the nearest full unit).  In other words, an 
approx. 11% improvement in efficiency was achieved by the high efficiency snow melting system.

4. Conclusion

The high efficiency water-sprinkler snow melting system was developed for the purposes of conserving energy and 
reducing environmental burden.  This system is composed of high-power heater and a highly efficient control system.  
We introduced the system to the Nakajima snow melting base on the Joetsu Shinkansen and verified energy-conserving 
effects based on operating records for the winter of fiscal 2017.  The results of that verification showed an approx. 11% 
improvement in efficiency by the system overall. 
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