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“ MICHI-NO-EKI“
About 1000 sites in Japan
A kind of public rest area
(Travel plaza, cafeteria,  service sopt 
for road information)
In snowfall region
Parking lots to put on/take off tire 
chains
“HACHIKITA “ (construction in 2000y)
Thermal data measuring



OUTLINEOUTLINE

BACKGROUNDBACKGROUND

SNOW MELTING SYSTEM USING GROUND HEATSNOW MELTING SYSTEM USING GROUND HEAT

SEASONAL PAVEMENT TEMPERATURE CONTROLSEASONAL PAVEMENT TEMPERATURE CONTROL
Cooling and heating of the pavement using ground heatCooling and heating of the pavement using ground heat

CONCLUSIONCONCLUSION

THERMAL TRANSFER OF THERMAL TRANSFER OF ““HACHIHACHI--KITAKITA””
Monthly change of Monthly change of ……

the water temperature in the tanksthe water temperature in the tanks
the ground temperature surrounding groundthe ground temperature surrounding ground
the heat fluxes across the pavement surfacethe heat fluxes across the pavement surface

Heat transfer budgets between the equipments Heat transfer budgets between the equipments 



HachiHachi--kitakita(N35(N35oo3232””))
Fukui(N36Fukui(N36oo3.23.2””))

SapporoSapporo
(N43(N43oo3.43.4””))

OsakaOsaka

TokyoTokyo

NaraNara
KyotoKyoto

BACKGROUNDBACKGROUND

Climatic characteristics of JapanClimatic characteristics of Japan

Heavy snowfallHeavy snowfall
areaarea

Lightly Lightly 
snowfallsnowfall

areaarea
Mountain chainMountain chain

Cold regionCold region

Warm regionWarm region

•• Japanese land shape is slenderJapanese land shape is slender
•• Climatic variation depended on the altitudeClimatic variation depended on the altitude
•• Cold region and warm regionCold region and warm region

•• Mountain chainMountain chain
•• Heavy snowfall area and lightly snowfall areaHeavy snowfall area and lightly snowfall area
•• Warm snowfall regionWarm snowfall region
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Fukui(Sd)
Sapporo(Sd)

Hachi-kita(Sd)Fukui(Tg)

Sapporo(Tg)
Hachi-kita(Tg)

Tg Depth
Fukui 17.5 -50m
Hachi-kita 14.9 -9m
Sapporo 10.4 -20m
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Climatic characteristics of JapanClimatic characteristics of Japan
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SNOW MELTING SYSTEM USING GROUND HEATSNOW MELTING SYSTEM USING GROUND HEAT

Sidewalk 310m2

(warmed by BHES)

Parking 1120m
(warmed by RHCS)

2

High performance 
heat conductivity
Pavement

Warm water

Warm water

Cool water

Cool water

Cool water

Inner pipe

Outer pipe Pump(7.5kW)

Pump
(2.2kW)

First water tank
(Steel, D=4.5m, L=80m)

Second water tank
(Cast iron, D=2.6m, L=240m)

Heat collector
(SUS pipe, D=50mm, L=50m, 96 units)

Double polyethylene pipe
L=100m, 12units
(Inner =56mm, Outer =90mm)  Water flow

Ground heat
(Extraction)

Borehole heat
exchanger system
(BHES)

Reservoir Heat Collection system
(RHCS)

1200m3

1200m3

5.0m
1.0m

0.5m

2.0m

1.0m

Primary heat collector
Heat collector unit

50A SUS pipe

WeldingWelding the the heatheat collectorcollector 
pipespipes

80m

G.L.=
--4m

4.5m

Heat exchanger fins
( 53 plates )

First water tank
( Steel )

Setting the 1st water tank Setting the 1st water tank 
in the in the groundground

G.L.=
--6.5m

m

m
Second water tank

( Cast iron )

AssemblingAssembling the 2nd water the 2nd water 
tank in the tank in the groundground

4.7m
37.7m

14.0m 1.3m

Snowmelting area for truck parking

Concrete base panels

InstallingInstalling the pavement the pavement 
includingincluding pipespipes



PAVEMENT TEMPERATURE CONTROLPAVEMENT TEMPERATURE CONTROL



SNOW MELTING SYSTEM USING GROUND HEATSNOW MELTING SYSTEM USING GROUND HEAT

Connect to BHES
Connect to

RHCS



SEASONAL PAVEMENT TEMPERATURE CONTROLSEASONAL PAVEMENT TEMPERATURE CONTROL

SummerSummer periodperiod Winter Winter periodperiod

Parking lotsParking lots

SideSide walkwalk

Parking lotsParking lots

SideSide walkwalk

SideSide walkwalk

SummerSummer periodperiod Winter Winter periodperiod

Parking lotsParking lots
for trucksfor trucks

Parking lotsParking lots
for trucksfor trucks

Heating areaHeating areaCooling areaCooling area
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Tw1(Top-0m) Tw1(Middle-2.25m) Tw1(Bottom-4.5m) Tg-9m(Remote from heat devices) Op1

TIME SERIES OF WATER TEMPERATURE AND GROUNDTIME SERIES OF WATER TEMPERATURE AND GROUND 
TEMPERATURE OF THE 1stTEMPERATURE OF THE 1st WATER TANKWATER TANK

IncreaseIncrease of Op1of Op1
 

Drop of Tw1 (Winter)Drop of Tw1 (Winter)

IncreaseIncrease of Op1of Op1
 

Rise of Tw1 (Rise of Tw1 (SummerSummer))

Op1 Op1 decreasedecrease (Winter)(Winter)

Op1 Op1 increseincrese ((SummerSummer))


 

The Min. value of Tw1 in The Min. value of Tw1 in winterwinter 
graduallygradually riserise

CoolingCoolingHeatingHeating

Tw1Tw1 TgTg
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Tw2(Top-0m) Tw2(Middle-1.3m) Tw2(Bottom-2.6m) Tg-9m(Remote from heat devices) Op2

TIME SERIES OF WATER TEMPERATURE AND GROUNDTIME SERIES OF WATER TEMPERATURE AND GROUND 
TEMPERATURE OF THE TEMPERATURE OF THE 2nd2nd WATER TANKWATER TANK

IncreaseIncrease of Op1of Op1


 
Rise of Tw2 (Rise of Tw2 (SummerSummer))

CoolingCoolingHeatingHeating

Tw2Tw2 TgTg

Tw2 in Tw2 in DecemberDecember


 
Tw2 kept at over 20CTw2 kept at over 20C

DecemberDecember

SuspendedSuspended operationoperation


 
Tw2 Tw2 resemblesresembles the time the time 

change of Tgchange of Tg

NonNon--operationoperation
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Tgc-7m(Under heat collector) Tgc-5m(Centre of heat collector) Tg-9m(Remote from heat devices) Opc

TIME SERIES OF GROUND TEMPERATURETIME SERIES OF GROUND TEMPERATURE 
AROUND THE HEAT COLLECTORAROUND THE HEAT COLLECTOR

G.L.

<Ground plan of  heat collector><Cross section of heat collector>

CoolingCoolingHeatingHeating

TgcTgc
TgTg

•• TgcTgc((blueblue) ) oftenoften reachedreached 27C(27C(summersummer))
•• OpcOpc rapidlyrapidly increaseincrease
TgcTgc((blueblue) ) remarkablyremarkably fellfell 6C(6C(winterwinter))
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|E| rapidly increases |E| rapidly increases at the at the beginning of heat usage periodbeginning of heat usage period


 
|E| gradually decreases|E| gradually decreases

CoolingCooling

Negative correlation between Negative correlation between EmeanEmean and Tsand Ts
Road heatingRoad heating……
Ts falls Ts falls 

 
EmeanEmean increases, increases, Ts Ts raises raises 

 
EmeanEmean decreasesdecreases

Road coolingRoad cooling……
Ts raises Ts raises 

 
EmeanEmean decreases, decreases, Ts Ts falls falls 

 
EmeanEmean increasesincreases

-1.0

-0.5

0.0

0.5

1.0

9
7

/1
2

9
8

/0
3

9
8

/0
6

9
8

/0
9

9
8

/1
2

9
9

/0
3

9
9

/0
6

9
9

/0
9

9
9

/1
2

0
0

/0
3

0
0

/0
6

0
0

/0
9

0
0

/1
2

0
1

/0
3

0
1

/0
6

0
1

/0
9

0
1

/1
2

0
2

/0
3

0
2

/0
6

0
2

/0
9

0
2

/1
2

0
3

/0
3

0
3

/0
6

0
3

/0
9

0
3

/1
2

0
4

/0
3

0
4

/0
6

0
4

/0
9

0
4

/1
2

0
5

/0
3

0
5

/0
6

0
5

/0
9

0
5

/1
2Ex

tr
ac

te
d

 h
ea

t 
E 

(k
W

/m
2

)

0
5
10
15
20
25
30
35
40

Te
m

pe
ra

tu
re

 T
s 

(C
)

Emean Emax Ts TnHeating

Cooling

TsTs EmeanEmean

HeatingHeating



Heat balanceHeat balance of RHCS from Dec. 1998 to Mar. 1999of RHCS from Dec. 1998 to Mar. 1999

Energy consumption on pavement 597GJ

For anti-
icing,

226GJ,
38%

For snow
melting,
131GJ,
22%

For pre-
heating,
240GJ,
40%

22% for 22% for snowsnow--meltingmelting

38% for anti38% for anti--icingicing

40% for 40% for prepre--heatingheating

Energy supply from heat devices 597GJ

From
buried
pipes,
103GJ,
17%

From 2nd
water
tank,

140GJ,
24%

From
Heat

collector,
186GJ,
31%

From 1st
water
tank,

168GJ,
28%

28% 28% fromfrom 1st water tank1st water tank

31% for 31% for heatheat collectorcollector
24% 24% fromfrom 2nd water tank2nd water tank

17% 17% fromfrom heatheat transfertransfer pipespipes



CONCLUSIONCONCLUSION

1.1. The snowThe snow--melting performance of the RHCS was satisfactorymelting performance of the RHCS was satisfactory, , 
except during occasional heavy snow fall. except during occasional heavy snow fall. 

2.2. The road cooling operations in the summer contribute to the The road cooling operations in the summer contribute to the 
rise in the tank water temperature and the surrounding rise in the tank water temperature and the surrounding 
ground temperatureground temperature by injecting solar heat into the water by injecting solar heat into the water 
tanks.tanks.

3.3. The RHCS has The RHCS has the self control function of savingthe self control function of saving the the 
extraction of ground heat when both road heating/cooling extraction of ground heat when both road heating/cooling 
operations are conducted.operations are conducted.

4.4. The breakdown of the energy consumption in winter (597GJ) The breakdown of the energy consumption in winter (597GJ) 
was was 22% due to snow22% due to snow--meltingmelting, , 38% to anti38% to anti--freezingfreezing and and 
40% to the pre40% to the pre--heatingheating of the pavement, respectively.of the pavement, respectively.

5.5. The contribution rate to the total thermal energy extracted The contribution rate to the total thermal energy extracted 
from the shallow ground was from the shallow ground was 31% from the heat collector31% from the heat collector, , 
52% from the two water tanks52% from the two water tanks, and , and 17% from the heat 17% from the heat 
transportation pipestransportation pipes buried in the ground.  buried in the ground.  
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