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Abstract: This paper gives a review on the development of logistics for 
the Japanese Antarctic Research Expedition (JARE) from 1956 (JARE-1) to 1984 
(JARE-25), especially on the energy problems of Syowa and Mizuho Stations. 

Diesel-electric generators as the energy source of Syowa Station were 
developed from two sets of 20 kVA in 1956 to three sets of 200 kVA after 1984 
(one of which will be set in 1985), and the number of wintering members increased 
from 11 (1956) to 35 (1984). A total energy system for a diesel engine, i.e. the 
recovering of coolant energy and exhaust-gas energy, has been fully developed 
saving much fuel at Syowa Station. The waste heat thus recovered has been 
used to melt ice or snow for producing water in winter and to produce hot water 
for bath and room heating throughout the year. In the new power house built 
in 1984 (JARE-25), a total energy system was also adopted; cold and hot water 
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was produced through the coolant energy, and the exhaust-gas energy was used 
to warm the cold fresh air taken from outdoors, by employing a heat-pipe type 

heat-exchanger. 

At Mizuho Station, the coolant energy of a 16-kVA or 12-kVA diesel-electric 

generator has been used to produce cold and hot water for bath and room 

heating. Some notes on the experiences in utilizing wind energy in Antarctica 

are added. 

1. Development of Japanese Antarctic Stations 
and Power Generation 

The Japanese Antarctic Research Expedition (JARE) established Syowa Station 

on 29 January 1957 (JARE-1) and Mizuho Station on 21 July 1970 (JARE-11). The 

development of power generation at these stations from JARE-1 through JARE-25 

(1983/85) is shown in Table 1 with relevant data. The energy source facilities of 

Syowa Station began with two sets of 20-kVA diesel-electric generators and increased 

to two sets of 45-kVA (1966, JARE-7), 65-kVA (1968, JARE-9) and 110-kVA (1978, 

JARE-19). One of the two sets of 110-kVA generator was replaced by 125-kVA in 
1979 (JARE-20) and the energy source facilities reached two sets of 200-kVA in 1984 

(JARE-25) and another set of 200-kVA is planned to be brought in 1985 by JARE-26 

(1984/86). 
One of these two or three sets of diesel-electric generators has been continuously 

operated supplying all power necessary for the station. The remaining one is ready 

for the emergency use as well as for the replacement for the running set during its 

regular inspection. 

The reasons for adoption of diesel-electric generators are as follows: 

(1) Light diesel oil, the fuel for diesel engines, is relatively safe from fire hazard. 

(2) Light diesel oil is suited for the transport in the tropics because of low 

vapor pressure. 

(3) Fuel consumption rate of diesel engines is low, and the cost of fuel is low. 

( 4) In the early period of expedition, diesel engines of the same type were used 

for oversnow vehicles, so that common repair parts were available. 
(5) Starting of diesel engines is easy even at -40°C. 

(6) Exhaust-gas temperature of diesel engines is about 270 to 400°C, being lower 

than that of spark-ignition engines. 

From JARE-15 (1973/75) through JARE-24 (1982/84), about 240 to 300 t of fuel 

were shipped to Syowa Station every year, which account for about 50 to 60% of 

the total cargo (500 t) of the icebreaker Fun. In JARE-25 (1983/85), a new icebreaker 

SHIRASE made her first voyage to Antarctica. Its cargo capacity was increased to 
1 000 t, and 400 kl (340 t) of light diesel oil was tarnsported to Syowa by her barge. 

2. Total Energy System for Recovering the Waste 
Heat of Diesel Engines 

At Syowa Station, systems for recovering coolant and exhaust-gas energy were 

installed and used effectively from 1957 (JARE-1) to the present; the recovered energy 
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Table I. Development of diesel-electric generators at Syowa and Mizuho Stations with relevant data of 

Japanese Antarctic Research Expedition. 
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Fig. 1. Waste heat recovery system and 20-k VA diesel-electric generators in JARE-1 engine room (1956-62). 
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Fig. 2. Coolant heat recovery system in a trench engine room of Mizuho Station prepared for JARE-17 (1975/77). 
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was used for the water supply in winter and part of the room-heating, thus savmg 

about 50 kl of fuel every year (AWANO et al., 1982). 

At Mizuho Station, which is 270 km inland from Syowa Station, a system for 

recovering jacket coolant energy of a 16-kVA or 12-kVA diesel-electric generator has 

been used for producing cold and hot water for the use in bath since 1971 (JARE-12), 

and the hot water has also been used for room heating from 1977 (JARE-18) to the 

present. 

2. 1. Recovery of coolant energy 

(a) Coolant energy of a diesel engine accounts for about 29 to 30% of the heat 

released from the fuel. 

(b) Energy recovery is very easy by using an ordinary shell- and tube-type heat 

exchanger. 
( c) The coolant energy may be used for making cold water by melting ice or 

snow, making hot water of 50 to 80°C, and room heating by utilizing the hot water 

and fan-coil units. 

(d) Remarks: 1) Coolant temperature of the engine should not be lowered 

excessively by recovering heat because it occasionally causes incomplete combustion; 

2) An external load should be put in parallel to the engine radiator. With a light 

external load, an automatic valve regulated by the coolant temperature opens and 

leads a part of the coolant to the engine radiator so that the coolant temperature 

will not exceed its allowable maximum value; 3) A 50% ethylene glycol solution 

should be used instead of water as coolant to prevent freezing. 

2. 2. Recovery of exhaust-gas energy 

(a) Exhaust-gas energy of diesel engine is about 30 to 35% of the heat released 

from the supplied fuel. 

(b) The design of heat exchanger for recovering exhaust-gas energy is very 

difficult for the following reasons: 1) Acid corrosion of metals is very severe when 
the steam contained in the exhaust-gas condenses on the surface of the metalic wall 

cooled by cold water flowing along the other side of the wall; 2) Impinging of hot 

exhaust gas occasionally causes some cracks on the shell surfaces due to thermal stress: 

3) Soot adhering to a heating surface decreases the overall heat transfer from hot 

gas to cold water through the wall. As an example, the heat recovery efficiency 

decreased from 73 to 40% after three weeks. 

( c) Protection against acid corrosion: I) Minimum temperature of the exhaust 

gas at the outlet of heat exchangers should be kept above 100 to 150°C; 2) Water 

temperature led to the exhaust-gas heat exchanger should not be too low, because the 

condensation of steam contained in the exhaust-gas is promoted. It is more preferable 

to heat again the warm water preheated by engine coolant than to heat directly the 

extremly cold water such as melted ice water. 

(d) A new type exhaust-gas heat exchanger, which was developed by one of the 

authors A WANO has been used successfully since several years ago. This heat ex­

changer is composed of a stainless-steel cylindrical shell with water jackets and an 

aluminium finned cylindrical core cooled internally by water. In this heat exchanger, 

temperature of fins is kept sufficiently high so that the condensation of steam may be 
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prevented (AWANO et al., 1982). 

(e) The exhaust-gas heat exchanger may be used for making hot water, which 

can be used for bath and for room heating, and for making cold water by melting 
snow or ice. 

(f) In the new engine room built in 1984 (JARE-25), a heat-pipe type gas-to-air 

heat exchanger was first adopted to heat the intake air to the engine room by the hot 
exhaust gas. But the experimental results on heat recovery were not sufficient as 
shown in Table 2. 
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Fig. 4.  JARE-9 engine room containing two 65-kVA diesel-electric generators, which 
were replaced by a 110- and 125-kVA in 1978/79 (JARE-19/20). 

Table 2. Data on the heat balance of a 200-kVA diesel-electric generator 
at Syowa Station (27 June 1984 by TAKEUCHI). 

Fuel consumption 

Heat supplied 

Effective output 

*Cooling loss 

**Exhaust-gas energy at the exit of a turbo-charger 

Other losses 

*Recovery of cooling loss 

Heating of ice-melting tank 

Radiation from a radiator to air 

Heating of recirculating hot water 

**Exhaust-gas energy 

Heating of outdoor air 

Rediation from duct in the engine room 

Remarks 1) Outdoor air temperature - 14. 1 ° C. 

34. 6 //h 

1 1 7. Ox 104 kJ/h 

35. OX 104 kJ/h (96. 0 kW) 

35. 4X 104 kJ/h 

41.  2 X  104 kJ/h 

5. 4 X 104 kJ /h 

35.  4 X 104 kJ/h 

21 . sx 104 kJ/h 

10. 9 x  104 kJ/h 

2. 7X  104 kJ/h 

4I . 2 x l04 kJ/h 

1 .  6 X 104 kJ /h 

7. 5 X 1 04 kJ/h 

Exit air temperature of a heat-pipe type air heater 46. 0°C. 

Flow rate of air at the exit of air heater 4 m3/min. 

2) Air flow aspirated by a turbo-charger 0. 32 m3/s. 

Room air temperature 25. 0° C. 

Temperature of exhausted gas from the turbo-charger 320°C. 

100. 0(%) 

29. 9 

30. 2 

35. 2 

4. 7 

100. 0 (%) 

61 . 5 
30. 8 

7. 7 

100. 0(%) 

3 . 7 

18. 2 

3) Recovery of coolant energy is nearly perfect, but the recovery of exhaust-gas 

energy is unsatisfactory and more improvement are desired. 
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3 .  Water Making System 

(a) At Syowa Station, the water in a pond called the First Dam has been used 

in summer. The water is supplied to the JARE-7 engine room (built by JARE-7) 

through the fol lowing route : First Dam-Aragane Dam-100-k/ ( 1 30 k/ afterward) out­

door tank-10-k/ outdoor tank-water supply line in the JARE-7 engine room (TSUCHIYA, 

1 969 ; MATSUDA, 197 1 ; OKAMOTO et al., 1 97 1 ; TAGA, 1972). 

(b) In winter, a 2- to 5-kW electric heater is placed in the First Dam to prevent 

the bottom water from freezing. However, the pond is about 1 -m deep and the ice 

developes to the bottom in early winter. A fire engine pump and hoses have been 

used to reduce the time necessary for the temporary pumping up and transporting of 

this water so as to prevent i ts freezing. The 1 30-k/ outdoor tank, which was built to 

replace a 1 00-k/ tank in 1 982 (JARE-23), was kept at + 6 to 1 4°C throughout the 

year by the heat recovered from the exhaust gas of diesel engines. 

(c) The 1 0-k/ outdoor tank, which was built in 1 966 (JARE-8), has been used 

for melting snow or ice from April through November because the water in the First 

Dam becomes salty with the growth of ice cover and finally it becomes unsuitable for 

drinking. The 10-k/ tank can be kept at + 20 to 30°C throughout the year by the 

recovered exhaust-gas energy. 

(d) A cold and hot water supply line was constructed in 1 966 (JARE-7). It 

makes a closed loop that can circulate water continuously to prevent the cold water 

from freezing. A polyethylene pipe, 1 40mm in diameter and 3 .88 m in length accom­

modates a set of aluminium pipes of 32 mm in external diameter, which consists of 

two pipes employed for hot water and one or two pipes employed for cold water. 

The space around these aluminium pipes is fill ed with polyurethane foam. Of the 

two pipes employed for hot and cold water, one serves as a feeding pipe and the 

other as a return pipe. 

The heat loss from the hot water pipes prevents the freezing of the cold water. 

These insulated piping units are successively connected to make a hot- and cold-water 

supply line of 1 60 m in i ts total length. 
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Fig. 6. Hot- and cold-water feeding pipes prepared for JARE-7 (1965). 
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(e) The water consumption at Syowa Station was as follows : 

From 1 957 (JARE- 1 )  through 1 96 1  (JARE-5) 1 4.5 to 2 1  //day - person 

From 1 966 (JARE-7) through 1 978 (JARE-20) 40 to 54 //day - preson, except 

1 976 (JARE- 1 7) 77 //day · person. 

(f) It is desired to increase the water supply up to 100 to 1 50 //day · person. 

One of the methods to increase the water supply, especially in winter, is mechanical 

collection of snow or ice and automatic feeding into the ice-melting tank. Another 

method is the use of pond water or sea water throughout the year. 

In 1 984 (JARE-25) a desalination equipment using ion-exchange resin-films was 

prepared in the new engine room so that the water in the First Dam may be used till 

late summer. During the winter, the drifting snow is automatically collected into the 
outdoor 100-k/ and 1 30-k/ tanks. 

Generally, a method of evaporating sea water to make pure water requires more 
energy than the ice- or snow-melting method. 

(g) In the new engine room, a new water-making system is prepared as shown in 
Fig. 7 .  A horizontal shell- and tube-type heat exchanger is prepared for each of 200-

kVA diesel-electric generators and recovers the engine coolant energy to hot water 

recirculating between the heat exchanger and a 6-k/ hot-water tank set on the first 

floor. Another 6-k/ warm-water tank is prepared besides the hot-water tank, in 

which the hot water is mixed with the cold water led from an 8-k/ cold-water tank on 

the same floor through a desalinator. The warm water warms the ice- or snow­

melting outdoor 100-k/ and 130-k/ tanks by the aid of a vertical shell- and tube-type 

heat exchanger and returns to the coolant heat exchanger. These two large outdoor 

ice-melting tanks can supply cold water at a rate of 5 t/day, which corresponds to 

1 70 //day · person in design. 

Hot- and cold-water supply lines are led to a dark room, lavatories, a washing 
room, a barber shop and to a bathroom on the second floor. 

The hot water is also used for heating a dining room and a recreation hut which 
are separated about 1 00 m from the new engine room. 

Fig. 8. Inside view of the new engine room and a 200-k VA diesel-electric 

generator with a shell- and tube-type horizontal heat exchanger for 

coolant heat recovery. 
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Fig. 9. Outdoor JOO-kl water tank set near the new engine room. 

Fig. 10. A cold storage room and a heat-pipe type gas-to-air heat 

exchanger built on the side of the new engine room. 

Table 3. Quality of water at Syowa Station in 1984. 

Items Water in 100-kl 
tank 

Water of the new 
water supply l ine in 

new engine room 

Water of the old 
water supply l ine in 
JARE-7 engine room 

pH 

Electric conductivity (s/cm) 

CI (mg//) 

Fe 

Colon bacil l i  

Various bacil l i  

Minerals 

(mgll) 

(mg//) 

6. 35 

6 1 8  

329 

0. 15 

1 52. 2 

Remarks 1 )  Cl ion removal ratio 95. 2%. 

6. 43 

54 

1 8  

0. 02 

undetected 

undetected 

4. 2 

6. 72 

474 

205 

0. 00 

undetected 

undetected 

100. 5 

2) Total ions removal ratio 91 . 2% (cal.::ulated from the de.:reasc of ele:tric conductivity). 
3) Minerals removal ratic 97. 2% by using a desalinator. 



No. 84. 1 985] Energy Problems in the Logistics of JARE ( 1 956-1984 } 75 

(h) A new water supply system in the new engine room replaced the old-water 

supply system on 10 March 1984. Actually, this new system has a capacity to feed 

water at a rate of about 2 876 //day for 29 wintering members, which corresponds to 

99 .2 1/ day · person. The water of the First Dam was first fed on 20 March 1 984 to the 

new engine room, when the thickness of ice was 20 cm. The pond water was desalted 

completely. Water temperature of the 1 00-k/ tank was 30°C, and that of 1 30-k/ tank 

was O to + l 0°C. The properties of the water are shown in Table 3 .  Temperature 

of the hot-water tank was 52°C. 

(i) The heat balance of the new system was measured by one of the authors, 

TAKEUCHI, as shown in Table 2. The measured cooling loss of a diesel engine is 

about 30.2% of total supplied energy, 6 1 . 5% of which is recovered and used effectively 

to melt ice, to make hot water and to protect the freezing of 100- and 1 30-k/ tank. 

4. Room Heating Systems 

(a) From 1957 (JARE- 1)  to 1 962 (JARE-5) pot-type warm air heating furnaces 

(heating capacity 4 1  860 kJ/h) were used to supply warm air to the living quarters and 

the laboratory. A mixture of recirculated air and fresh air was heated by the 

furnace and blown out through several nozzles which were opened on the wall of a 

closed-loop type air duct suspended from the ceiling (SPECIAL COMMITTEE ON EN­

GINEERING FOR JARE, 1959). 

(b) After 1 966 (JARE-7), a forced fuel atomizing furnace with a heating capacity 

of l 04 650 kJ /h was placed in the vestibule of the living quarters (l 00 m2
) and the 

laboratory. It provided very comfortable air conditioning, but fuel consumption was 

increased, although room temperature was kept at + 10 to l 7°C. Fuel was also 

changed from l ight diesel oil to kerosene, about 60 kl of which was consumed every 

year (KOKURITSU K YOKUCHI KENKYOJO, 1983). 

(c) A hot-water heating system utilizing coolant energy of a diesel engine was 

first introduced to Syowa Station in 1 967 (JARE-8) to warm a kitchen in the mess hall 

and this method was also applied to heat a recreation hut ( 40.3 m2
) near the JARE-7 

engine room by the members of JARE-9. In 1 968 (JARE-9), an engine control room, 

a l iving room, two dark rooms, a dispensary and a food storage room (area is 1 20 m2 

i n  total) i n  the JARE-9 engine room were also heated by eight fan-coil units, through 

which the hot water heated by the coolant of a 65 kV A diesel-electric generator was 

recirculated (Fig. 4). The use of these room-heating systems of the recreation hut 

and the rooms in the JARE-9 engine room has been continued to 1 983 saving much 

quantity of fuel (Aw ANO et al. , 1 982). 

(d) Hot-water room heating at Syowa Station : 1) In the environment science 

laboratory built in 1 974 (JARE- 1 5), a hot-water room-heating system with a boiler 

was adopted, because the recirculation of air must be avoided in this laboratory ; 

2) For the rocket assembling and control room built in 1 969 (JARE-1 0), a warm air 

heating system produced by hot water was adopted to warm rocket motor, in addition 

to the warming of room by ordinary oil furnace ; 3) In the summer of 1 978/79 and 

1 979/80 (JARE-20/21) ,  a two-storied summer quarters with a floor area of 302.4 m2 

was built. In this building, a sufficient supply of hot water was necessary during the 
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summer relief period, so the hot-water production and room-heating system with an 
oil-fired boiler was also adopted (KOKURITSU K YOKUCHI KENKYUJO, 1983). 

(e) Room heating at Mizuho Station : It was already described that the water at 

Mizuho Station was produced by the use of coolant energy of a diesel engine. A fire 
occurred in the engine room on 29 January 1 975. After the re-opening of the 

Station i n  1 977 (JARE- 1 8),  the livnig and observation huts were heated with two 
fan-coil units using hot water produced by the coolant of a diesel engine. This 

heating system is effective to avoid fire hazard and carbon monoxide especially in a 

trench room. 
(f) Remaining problems on room heating : 1) More saving of fuel ; 2) Elimi­

nation on fire hazard ; 3) Prevention of back flow of hot gas through chimneys 
during blizzard. Two methods have been adopted at Japanese stations ; one is to 
install a blower in an intermediate part of chimney and the other is to use a slit type 

chimney ; 4) Realization of district heating system. ; 5) Houses near an engine room 
should be warmed by the waste heat of the diesel engine, while houses far from the 

engine room should be heated by electric power ; 6) Utilization of wind energy must 

be realized. 

5 .  Freezing and Cold Storage Room 

(a) Freezing and cold storage rooms are necessary even in Antarctica. 

(b) At Syowa Station, six storage rooms (total area 1 85 .3 m2) and three natural 
temperature storage room (total area 170 m2) have been prepared for food storage 

(KOKURITSU KYOKUCHI KENKYUJO, 1983). 
(c) In 1 973 (JARE- 14), the air-cooled condenser employed so far in the refrige­

rator was replaced with a liquid-cooled condenser (TAKEUCHI et al. , 1 974). 
(d) Remaining problems on refrigerator :  1) Waste heat of the condenser 

should be recovered ; 2) Adoption of an absorption type refrigerator, in which the 

waste heat of a diesel engine can be used as its driving power. 

6. Sewerage System 

(a) No sewerage system could be prepared for JARE-1 ( 1956/58) because the 

natural environment around the scientific station to be established was unknown. In 

1 966 (JARE-7), a lavatory and a sewerage tank were first prepared in the JARE-7 
engine room (SATO, 1 967). 

(b) At present, six flush toilets s imilar to those in the aircraft have been prepared 

in three huts, the new engine room, the summer quarter and the Ionospheric Physics 

Laboratory. The sewage was dumped into tide cracks. Improvement of sewerage 

system at the Japanese station is necessary. 

7. Fuel Storage 

(a) At Syowa Station, the following reservoirs were prepared (KOKURITSU KYo­

KUCHI KENKYUJO, 1 983) : 
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Steel tank 

Steel tank 

Rubber bladders 

FRP tanks 

Drums 

50 k/X 2  

20 k/X 3  

I0 k/ X 8 

25 klx 1 

38 k/ x 1 

20 k/ x 1 

56 kl X 1 

o.2 kl x 1 45 

Total 

lOO k/ 

60 

80 

25 

38 
20 

56 

29 

408 kl 

77 

(b) The fuel supply J ines from reservoir tanks to the engine rooms were com­

pleted . 

(c) Total fuel consumption of Syowa and Mizuho Stations 

Fuel 
Average of 1968/79 

(JARE-9/20) 
1 984 (JARE-25) 

(planned) 

Light diesel oil 

Kerosene 

Gasoline 

Total 
Mean electric power 

220 kl/year 

60 kl/year 

20-30 kl/year 

300-3 10  kl/year 

60 kW 

(d) The fuel consumption per a head is 8 to 1 1  kl/year. 

330 kl/year 

60 kl/year 

30 kl/year 

420 kl/year 

90 kW 

( e) The consumption of light diesel oil at Mizuho Station is about 22 kl/year, 

and the mean electric power is 4. 1 kW. 

(f) The fuel saved by recovering waste heat of diesel engines is estimated as 

Syowa Station 

Mizuho Station 

1980/84 (JARE- 1 9/24) 

1979/84 (JARE- 1 8/24) 

about 50 kl/year 

about 3 kl/year. 

8 .  Natural Energy 1n Antarctica 

8. 1. Wind energy 

(a) The annual mean wind velocity at Syowa Station is 6. 1 and 1 1  m/s at Mizuho 

Station. Wind energy is the most promising natural energy source in Antarctica. 

(b) The wind energy will be available as a supplementary energy source of the 
station, for such uses as melting ice or snow and heating water of a pond . A medium 

type windmill is suitable for these purposes. 

(c) The windmill should be able to withstand blizzards, and its rotational speed 

should be governed positively and accurately even under such conditions. 

( d) The transportation of long blades and a high tower, the erection of the 

tower, and the reassembling of the blades will be difficult problems. 
(e) Electrical output power of 2 to 20 kV A will be mostly available for these 

purposes. 

(f) In JARE- 1 ( 1 956/57), a windmill with three polyester blades of 4.4 m in  

diameter and an I -kW DC electric generator was prepared by Honda Giken Kogyo 

Co., Ltd. The windmill was tested in Japan and shipped to Antarctica as an emer-
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gency energy source, but unfortunately it was lost in the sea near Syowa Station 

before being tested (SPECIAL COMMITTEE ON ENGINEERING FOR JARE, 1 959). 

(g) The authors built a small windmill of down-wind type with a stator and an 

eddy-current electric brake named NU-102 in 1 978 (JARE-1 9) and tested at Syowa 

Station in October 1 978. It had multi-blades of 1 .2 m in diameter. It could resist 

blizzards of 20 to 40 m/s and 2 to 4 kW output was obtained (AWANO, 1 974 ; AwANO 

et al. , 1 976, 1 979). 

(h) In 1 982 in Japan, one of the authors Aw ANO succeeded to make hot water 

directly by using an eddy-current brake coupled to a three-blade windmill 1 5  m across. 

(i) A two-blade windmill 3 m across was used as the electric source of the un­

manned observation station by JARE-1 8  (1977). The output was 1 .2 kW (AYUKAWA 

et al. , 1 978). 

(j) One kW windmill was used at Mizuho Station during 1 20 days in 1 983 

(JARE-23) as  a supplementary energy source of room heating (MORITA et al., 1 983). 

(k) Since 1 977 small wind generators, 1 to 2 kW, have been used as the main 
electric source of unmanned observation stations in the inland. Further improvement 

is necessary to resist blizzards of 50 to 60 m/s. 

(1) Two hydrogen gas explosions at the unmanned stations occurred by the 

overcharging of batteries. Perfect ventilation of the battery room is needed and some 

devices to avoid the overcharging should be given. 

8. 2. Solar energy 

(a) Solar energy may be available in summer of Antarctica to make a small 

electric energy source by utilizing solar cells (NISHIBORI et al. , 1974). 

(b) The solar-cell panel should withstand blizzards and should be protected from 

snow covering. 

References 

AwANO, S .  (1974) : Several types of wind electric-generator designed for JARE. Preprint for XIII 

SCAR Meeting, Working Group on Logistics. Tokyo, Natl Inst. Polar Res. , 1-45. 

AWANO, S., MURAYAMA, M. and TAKEUCHI, s. ( 1976) : Wind electric geneator NU-101 driven by 

axial-flow air-turbine with stator. Mem. Natl Inst. Polar Res., Ser. F (Logistics), 2, 1-47. 

AwANO, S., MURAYAMA, M. and TAKEUCHI, S. (1979) : Axial flow wind air-turbine NU-102 with 

electric eddy-current brake. Mem. Natl Inst. Polar Res. , Ser. F (Logistics), 3, 1-57. 

AwANO, S., TAKEUCHI, S. and MUTO M. (1982) : Energy saving at Syowa and Mizuho Stations. 

Mem. Natl Inst. Polar Res., Ser. F (Logistics), 4, 1-1 10. 

AYUKAWA, M., FUJISAWA, I. ,  TOYA, T. , ABE, T. , SAKAMOTO, J. and TERAI, K. (1978) : Mujin 

kansoku shisetsu no seisaku keika to kansoku komoku no gaiyo. Nihon Nankyoku Chiiki 

Kansokutai Dai-1 8-ji-tai Hokoku (1976-1978) (Report of the 1 8th JARE 1 976-1 978). Tokyo, 

Kokuritsu Kyokuchi Kenkyujo (Natl Inst. Polar Res.), 95-97. 

KoKURITSU KvoKUCHI KENKY0Jo (Natl Inst. Polar Res.) (1983) : Nenry6 -abura-rui. Syowa Kiti 

Yoran, 1 983-nen-ban. Tokyo, 52-54. 

MATSUDA, T., OKAMOTO, Y., KANEKO S. ,  KAKINO, T. and OHIRA, J. (1971 ) :  Setsuei bumon, 2, 

Kikai. Nihon Nankyoku Chiiki Kansoku Dai-1 1 -ji-tai Hokoku (1 969-1971) (Report of the 1 1th 

JARE 1 969-1971). Tokyo, Nankyoku Chiiki Kansoku Togo Suishin Honbu (Headquaters 

JARE), 226-252. 

MORITA, T. , SHIMIZU, M. ,  KANEKO, s. and TAKAHASHI, S. ( 1981 ) : Furyoku hatsudenki. Nihon 

Nankyoku Chiiki Kansokutai Dai-23-ji-tai Hokoku (1981-1983) (Report of the 23rd JARE 1981-



No. 84. 1 985J Energy Problems in the Logistics of JARE ( 1 956-1 984 ) 79 

1 983). Tokyo, Kokuritsu Kyokuchi Kenkyujo (Natl Inst. Polar Res.), 300. 

NISHIBORI, E. and YosHINO, T. (1974) : Application of solar energy for power supply of communi­

cations facility at Antarctic expedition. Preprint for XIII SCAR Meeting, Working Group on 

Logistics. Tokyo, Natl Inst. Polar Res. , 1-6. 

OKAMOTO, Y., KANEKO, S. ,  KAKINO, T. and OHIRA, T. (1 971 ) :  Chosui oyobi kyu-haisui. Nihon 

Nankyoku Chiiki Kansoku Dai-1 1-ji-tai Hokoku (1969-1971)  (Report of the 1 1 th JARE 1 969-

1 971 ). Tokyo, Nankyoku Chiiki Kansoku Togo Suishin Honbu (Headquaters JARE), 237-242. 

SATO, K. (1976) : Zosui oyobi kyu-haisui setsubi. Nihon Nankyoku Chiiki Kansokutai Dai-7-ji 

Ettotai Hokoku (1 966-1967) (Report of the Wintering Party of the 7th JARE 1 966-1 967). 

Tokyo, Nankyoku Chiiki Kansoku Togo Suishin Honbu (Headquaters JARE), 1 39-144. 

SHIZUOKA PREFECTURE OFFICE (1 984) : Sho-enerugi Jitsuyoka Sokushin Jigyo Jisseki Hokokusho 

(Report on the Experimental Test Results to Save Energy for Heating Pond Water by Using 

Windmill .), 1 -1 60. 

SPECIAL COMMITTEE ON ENGINEERING FOR THE JARE OF JAPAN SOCIETY OF MECHANICAL ENGINEERS 

AND TECHNICAL MEMBERS OF THE FIRST, SECOND AND THIRD JARE (1959) : Report of the 

Mechanical Engineering Committee for the Japanese Antarctic Research Expedition. Nankyoku 

Shiryo (Antarct. Rec.), 8, 57-128. 

TAGA, M. ,  YAMAZAKI, K., SHIMAZAKI, Y. and NoBUTA, Y. (1 972) : Mizu kankei. Nihon Nankyoku 

Chiiki Kansoku Dai-1 2-ji-tai Hokoku (1970--1972) (Report of the 1 2th JARE 1 970--1 972). Tokyo, 

Nankyoku Chiiki Kansoku Togo Suishin Honbu (Headquaters JARE), 273. 

TAKEUCHI, S., ISHII, I. , SHIGA, s. and MURAYAMA, Y. (1974) : Reitoko. Nihon Nankyoku Chiiki 

Kansokutai Dai-14-ji-tai H6koku (1 972-1 974) (Report of the 14th JARE 1 972-1 974). Tokyo, 

Kokuritsu Kyokuchi Kenkyujo (Natl Inst. Polar Res.), 1 34-1 35. 

TsucHIYA, T. (1 969) : Mizu taisaku. Nihon Nankyoku Chiiki Kansokutai Dai-9-j i Ettotai Hokoku 

(1 968-1 969) (Report of the Wintering Party of the 9th JARE 1 968-1969). Tokyo, Nankyoku 

Chiiki Kansoku Togo Suishin Honbu (Headquaters JARE), 77. 

(Received A1ay 8, 1984; Revised manuscript received July 12, 1984) 


