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1. INTRODUCTION
Types of thermal energy used for snow-melting systems in Japan

> Renewable energy e

» Waste energy

» Fossil energy

Solar thermal
Wind power (Sunlighty’
Fossil fuel Electricity gs % tel

Urban exhaust heat ‘ Pomping Well

e
Sle (Sewerage; hot air exhaust from buildings) |« Injection well l =

Ground heat

Ground-source heat pipe
| ©) | 3
Groundwater
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2. SYSTEM CONFIGURATION

System configuration and advantages

» S

Heat pipe

> Heat flux : 100 to180 W/m?
(Snow-melting capacity: 1 to 3 cm/hour)
» Automatically controlled

» No electricity or petroleum

» No operating costs

15 to 20 m deep
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2. SYSTEM CONFIGURATION

Installation procedures

!

3) Heat pip anchri d paving 4) Completed frsnowmelting
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. SNOW MELTING MECHANISM

Automatic control mechanism

Very cold Slightly cold

Temperature
differential
Large

Heat pipe

Liquid
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A glass heat pipe for demonstration

Heat radiation for snow melting

1 I R - O < I -

Pavement T 1 T f 1

e e » -
r. » Lt >

r 1

Transfer gr@und heat.

| Heat radiation by heat plpe

Glass heat pipe
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3. SNOW MELTING MECHANISM

A glass heat pipe for demonstration
The medium vaporizes when snow and ice are put on the condensation section.
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3. SNOW MELTING MECHANISM

Heat flux when snow falls
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Examples of observation data of temperatures and heat flux
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4. INSTALLATION CONDITIONS

Installation examples
Sidewalk Road Parking lot/ Path

(Station square) (Interchangé ramp/curve) (Residence)

335 b i

~ (Busstop) (Steep slope/curve) (Office building)
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4. INSTALLATION CONDITIONS

Installation regions and ground temperature

» Ground temp. > 10°C

Installation area in
each prefecture

>5,000 m?
1,000 to 5,000 m?
500 to 1000 m?2

o <500 m?2

Temperature of
Isothermal layer
(10 — 20 m depth)
(Kinouchi, 1950)

s Snowy and cold region
bewsd Snowy region

. biwsaa Cold region

L i o o Lt Other region

P B (Base map: Snow Research Center, Japan)
(Climate date: Japan meteorological agency)
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5. CONCLUSION

Ground-source heat pipe snow-melting system

Advantages

& > The simplicity of only inserting heat pipes into
boreholes

» Automatic control

» No electricity or petroleum (no CO, emissions)
» No operating costs

Issues

» Need to reduce drilling costs
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Appendix
Installation conditions

» 1980: First installed (association for Heat Pipes, Japan (2001))

» 2013: Cumulative installation area of more than 10,000 m?

- Unknown
100 ~ 10,000 6%
Cumulative area of installation ‘E’ A
g 80 '+ installations - 8000 g
= ‘- ©
E 60 6,000 E
© "
g * 0% - Parking lot Sidewalk
= 20 2,000 © 0
T 26% 2
0 0 ©
238388y ¢ jior
° S 8 R R IR R 2 14%
(3]
2 E
S :
& Construction year o Number of installations
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Appendix

Recovery of ground temperature

fz s W Ground temp.
8 <Az S_Q _:2 at —15m w.o.
2\ Z Y ;
17 y,l NS AONE heat_ pipe |
16 i ~ ~ (no installation)
15 ] v v
o M \J\ A ~—Ground temp.
s : i / at heat pipe
- Wy
£ 1o %
9
8
7
6 i W .
5 e ' 4 h kh..
DecJan Feb Mar AprMayJun Jul AugSep OctNovDec Jan Feb Mar AprMayJun Jul AugSep OctNovDec \
Examples of observation data of ground temperatures (15-m depth)
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Appendix

Cost competition

» Construction /initial cost; about 1,600 €/ m?
High drilling cost

» Operating and maintenance costs: 0

Operating and maintenance costs . Pavement
W Initial/construction cost y Installation
wor
1,800 - y-
1,600 |
@ 1400 -
1200 - _
€ 1000 - Materials( .
:g;- e Heat pipe) Dn”mg
= 600
8
I-S 400
200 -
0 ¥ T T T
Ground water  Air heat pump Gas boiler Electric heater Ground-source
sprinkler heat pipe
Assumptions: 1) 2,400-m? installation area, 2) 30-year lifetime
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Appendix
Cost reduction
» Improved drilling works » Reduced boreholes

140 W/m?
L=3.0m

Restrain the heat flux

Longer strokes Higher power Partial installation
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Appendix
Cost reduction

> Restrain the heat flux ft tt f‘ Desired radiation
- - -

160 W/m?

L=2.0m

| || Many boreholes

— =
“*"’t *ﬁ”“t Less radiation

140 W/m?2
L=3.0m i Fewer boreholes
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