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Outline

B Introduction Hokkaido, the Northern Island of Japan and the motivation of
this research (Energy self-sufficiency and CO, emission in Hokkaido)

B Evaluation of utilizable energy of hot spring water in Hokkaido as a heat
source for 4GDH

B A Newly developed palisaded heat exchanger combined with plastic pipes
to collect heat from hot spring water

B A heat energy network system among several facilities using hot spring
water and the heat exchanger
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Where is Hokkaido? The Northern Island of Japan
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Location of Hokkaido ~ Ski resort in Hokkaido ~Radiation panels for heating
Heat source: usually oil, gas

B About 8000km away from CPH

B Annual average temp. of prefectural capital (Sapporo):8.9°C (CPH:8.4°C) ,
snowy and cold climate
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Motivation of this research B0
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Fisical year
|mp0rt rate in Hokkaido COZ emission in Hokkaido
M (Total amounts:906 billion yen, Exports:371) 2 13.0 t-CO,/person (10.4 t-CO, in Japan)
Source: Hakodate Customs (2017) Source: Hokkaido local government(2018)
B Low energy self-sufficiency rate :only 7%
B Renewable energy sources and their suitable systems are required.
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Hot springs in Hokkaido

B Sites:245, Number 2225

B The total emission amount: 2,110 m3/min
B About 59% more than 315K (42°C)

Source: Environment ministry of Japan(2015)

Hot springs as heat sources

| Map of hot Spring sites
in Hokkaido

Hot springs like lakes g Unutilized hot springs gpe Waste hot water from —
Vo5 o spa facilities
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Utilizable energy of hot spring water as a heat source for 4GDH

o] | s
Calculated from more than 333K(60°C) Calculated from more than 313K(40°C)
Maps of the utilizable energy of hot springs in Hokkaido

Estimated more than 1MW
B 40 already used sites, 11 unused sites (more than 60°C)
B 6 added for already used, 1 added for unused (more than 40°C)

B Concentrated in the eastern area or the western area
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Problems of metal heat exchangers for heat collected from hot
spring water

: ' w4 X Corrosion
Metal plate X Make an effort of dividing
heat exchanger each plate and cleaning
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A new type of pallsaded heat exchanger for hot spring water

Sites of thermal

Appearance of palisaded heat exchanger fusion bonding
(prototype:893 x 1023 X 560 mm)

B A palisaded heat exchanger combined with pipes formed by thermal
fusion bonding

B Corrosion resistance

B Ease of cleaning
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Cleaning of heat exchangers

Before cleaning Cleaning After cleaning

Cleaning of heat exchanger using water or dissolution of scale by hydrochloric
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- - Hot water outlet
Hot water pre heat system | " in bathroom
Boiler l
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Hot spring
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hot water s
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Outline of hot water pre heat system (indirect heat exchange method)
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Energy conservation and cost at system-installed facilities

Entry A B C D
Location of facilities Kamoenai village Ishikari city Noboribetsu city Sapporo city
Characteristics of hot spring Scale rich mild Sulfurou§ " mild
heavily acidic
Heat source Raw hot spring Wasted hot spring Wasted hot spring Wasted hot spring
Number of prototype heat exchanger 2 sets 2 sets 2 sets 6 sets
Amounts of average heat collect [kKWh/day] 576.9 110.2 314.9 1099.8
Energy contribution of the system [%]
(boiler efficiency 90%) 49.8 SR ~AAl A
Temperature of the hot water tank[°C] 65 70 41 60
Payback time [year] 5.6 5.6 7.6 2.3
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Heat energy network systems among several facilities
using hot spring water

Heat Discharge

Heat

i Heat
Exchanger [

Exchanger

Hot Spring
[

: Heat Storag Palisaded Heat Exchanger
: Tank . . . . '
: combined with Plastic pipes

Heat Storage Heat Collect

A schematic diagram of the system
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Conclusion

B Already used in 46 sites, and Not used in 12 sites of the hot springs
in Hokkaido, (the northern most island of Japan,) were shown as the
sites that more than 1MW of the utilizable energy existed.

B A palisaded heat exchanger combined with plastic pipes for
preventing corrosion and clogging was newly developed and applied
for heat recovery systems from the hot springs.

B \We are trying to design an energy network system to install hot
spring water. The heat exchanger is one of the solutions to deal with
hot spring problems such as corrosion and clogging.
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Appendix
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Research achievements by the HRO in support of Hokkaido

~ The following wide range of achievements ~

W ha

conaete using valank sh In Hokkalda,

We conduct survays afthe gealogy Ins af

We have pﬂdlﬂaﬂthe TEsauree mlume of artinclal ip i el
Torests for up tothe next 50 year slopesto agalnst ]
¥leld and the diameter d istribution of logs for each mpelilsast!rs it

region.

Rare plant protection can lead proper conservatlon at
unique ecosystem surrounding its habitat.

We have studled how to collect woody residue
(forest b Iornasi]crmd uced by Io?g Ing, how to
uthlize It astuel and evaluated tts value as fuel.

We hawe conducted varlousstudles to put the

d material CLT (cross | d timber)
made of Hokkaldo timber to practical use and
achleved CLT construction using domestic larch
forthe firsttime In Japan.

In colla boratlon with a Hok‘lmddoampi“ we
have developed an easlly cleaned plastic heat
exchanger that can recover heat from strongly
actdic hotspring water or dirty hot waste water

We have developed Erlmo 167, a new adzukl
bean va ety that has quality attributes similar to
Erimashozu, a popular Hokkaldo adzukl bean
warlety. Erlma 167 Is alio resktant to brown stem
rat.

ed Kitahonam|, a wheat cultl-

We have deval
m ur color and good quality for

warwith a good

udon noodles, accounting far approximately
80% of the total amount of wheat produced In
Hoklalda,

Kentaro Yukirara, a new variety
Yukirara, a new spring strawberry varlety, 1s larger
and higher-yleld but [ess frequently harvested than

the well-regarded Kentaro varlety, resulting In
reduced harvesting work.

with many suspended solids. it Isapplied toa
preheating hot-water supply system.

We have developed Katsu-hava-zakura 5 a superkor
seed bull of Japanese Black Cattle; the bull has
excellent meat quality and quantity characteristics,
Its calves are well grown, and Its. i“hm:u
excallent In body shape.

we explore the possibilities of geothemalfhot spring
resource development and evaluatethe effect of su
development on the surrounding hat springs, cntrib-
oreglonal promotion through t!he use of
| resources.

Wie have eamined mutual Interactions between

orﬂa nisms, Including leaf litter, aquatic Insects and
fish to entify the iImportance of the connections
between these anga nisms In the natural world.

!4* '-{.;_’_‘. by,
\ mhi.' =

have suggested a shape and layout for bulldings
 to help prevent snow cornlces, snow accretion and

We hawe succeed ed Inthe mass propagation of
rare, useful trees (Myrica gale) using tissue
culturetechnaologles, and developed cosmetics
and cheese using these trees In collaboration

drifts, reflecting them In the design of bulldings. withcompanies.

In collaboration with a Hokkaldo company, we have
developed a super-thin wooden blind with a slat thickness
of 0.8 mm or less. The slat has a sandwich structure
omprised of veneer and Japanese paper.

to the eco-
of existing bulldings like schaols mainly using pesse:
methodsthat have been adopted In theu daum

————

The HRO uses trial product testing facilities that mest
facllity standards based on the Food Sanitation Act at
the Food Processing Research Center, contributing to
the development of the food industry In Hokkaldo by
stepping up food-related research and providing
maore tedinical suppart.

We work on Improving the accuracy of salmo
resaurce predictions and offer the pradicted value
to these concerned with the fishing Industry berore
the fishing season every year. This information is
used to secure parent fsh necessary forthe salmon
breading project In Hokkaldo

Health-consclous consumers Increasngly use kelp for salads S
and other dishes. Wehave developed a technique to make To promate the utilization of primary preducts In
culled kelp fwhich 15 mrely utilized) Into a paste. it & used for Ek;"dq,“ have ﬁmmp& pm'{&,eu Tood
a saucetor seafood bowls and dressings. with high-added value leveraging the health
tunctiorality of thelr ingredienits.

The development of a technique to automatically
discriminatefcount scallops In seabed footage taken
h drawn by afishing boat has made It

priate density management,

quality Improvement of scallops.
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Evaluation of utilizable energy of hot spring water as a heat
source for 4DH

Q=1/1000xCpxpxF/60x(T,,-313) ==+ (1)

Q: Amount of the utilizable energy [MW]

Cp: Specific heat of hot spring water=4.2[kJ/kg- K]
p: Density of hot spring water=1.0[kJ/kg- K]

F: Flow rate of hot spring water [L/min]

T+ Discharge temperature of hot spring water[K]

out-

313: Temperature for heating[K] (40°C)
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Heat exchange capability

—0

Test apparatus

Q=CpxpXFx (T,-T)W] (1) Q=KxAXAT_ [W] (2)
Q:Heat exchange capability [W], Cp:specific heat of water[J/(g-K)], p:density of water [g/L],

F:flow rate inside heat exchanger [L/s] , K:the overall heat transmission coefficient of the heat exchanger
[W/(m?2-K)], A:heat transfer area of the heat exchanger [m?], AT .= (AT niet-A Toutiet) ! INAT et /AT outiet)
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Heat exchange capability test apparatus
>0 ATinIet 35K 40
40 | | .ATinIet 30K ATinIet 35K
AAT . 20K 30 OAT, ot 30K |

inlet

.\l\ AATinIet 20K

Heat exchange
capability [kW]
N w
o o
\
Temperature rise of
heat exchanger[K]
N
o

O | | | | O | | | |
0 10 20 30 40 50 0 10 20 30 40 50
Water flow rate inside the heat exchanger [L/min] Water flow rates inside the heat exchanger [L/min]
Heat exchange capability of Temperature rise
the heat exchanger of the heat exchanger
to flow rate of the water to flow rate of the water

B Temperature difference of the inlet : 20K—the maximum heat recovery : about 20kW
B The maximum temperature rise : 18K
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Overall heat transmission coefficient
100

> e
»o
>

ATinIet 35K n
@AT, o 30K | |
AAT . 20K

inlet

AI\)OD-PU‘ICD\IOC%

COO0COO0OO0OO0CO0OO0o

coefficient of the heat
exchanger [W/(m?2-K)]

Overall heat transmission

0 10 20 30 40 50
Water flow rates inside the heat exchanger [L/min]

Overall heat transmission coefficient of the heat exchanger

B Low overall heat transmission coefficient
B Enough to deal with the hot spring and wasted water that are corrosive or have a lot

of suspended solids
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Example of operation data

60 77Heat exchange tank inlet — Heat exchange tank outlet

i W

Primary side inlet (PHE)
Secondary side outlet (PHE)

\

\ \ Primary side outlet (PHE)

Secondary side inlet (PHE)

Heat collect rate [MJ/min]

Heat demand rate [MJ/min]
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—Heat demand rate

Heat collect data of the scale riched hot spring
(December 23 2018, Indirect heat exchange method)

B Cold water is warmed from 12~15°C to about 35°C.
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Material endurance

Tensile yield strength of test pieces of
the heat exchanger

Location A B C
Water
temperature [°C] 60.2 58.8 72.5
Sulfurous | Sulfurous High
Quality spring spring |temperature

pH=2.3 pH=1.6 spring

Before soaking

(MPal 22.5 22.5 22.5

1 time [MPa] 23.4 23.1 23.1

. 2 times[MPal] 23.5 23.5 23.6

Test pieces 3 times[MPal] 23.2 23.6 22.3

set in the hot springs 4 times[MPa] 236 23.6 22.6

B Test pieces had endurance in the early periods.

B The heat exchangers installed at location A has worked well for more than 4 years.
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Effect of cleaning for heat collect
350
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o 170 O Heat exchanger cleaning day
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Effect of cleaning for heat collect
(Sulfurous, heavily acidic hot spring 2015)
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