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JAIE Committees on Nuclear Heat Application
Established in September 1969

Publications

s ‘Industrial Uses of Nuclear Heat”
e March 1971
 (Steel, Chemicals, Desalination)

“The Uses of LWR and HTR Nuclear Heat”
« September 1981
 (Coal liguefaction and gasification, Hydrogen production, etc.)

“The Contribution toward Global Environment Protection”
e March 1992

 (Hydrogen production and CO2 recycle / application to steel
Industry, Cogeneration, Clean energy from fossil fuels)

Interim Report : “The Study on HTR Future Perspective”
e June 1999




Reactor Ez Reducing Gas Production Lz Direct Steel-making
Steam
/ﬁ;;(\ | ‘ Heater ‘\ @/

Steam
— Helium
2R~ 0L GeneratOr Reducing Gas Feed
Secondaf@ Helium CECEC Steam
B Reducing Gas (H2+CO)
ﬁ —
CES F Reduced Iron
HTR 890 Gl f RN E Iron ore
= =AE B 0 R
. HEH =
1R~ YD b : Direct
Pri P .
rimary Heflam gﬁ RedUCt|On
I ﬁEﬁ?ﬁim :f.ff.f.)"ﬂ- IIIIIII*- Zi
. g, 2 Furnace
Vacuum Residue _" ? 7y
1 e
Steam ; Electric Furnace
Cracking T s
‘W = Steam == NELINENE
H # s = H =53 ﬂ:l |
FU; z': ] " Reformer 5 P
iE = e \ ] Steel
¥o Purifier & Heater

Japanese Nuclear Steel Conceptin 70’s




Nuclear Steel Making Prototype Reactor
(500MWH)
(The Engineering Research Association of
Nuclear Steel making, Japan)

Ref:K.Tsuruoka,et al, Transactions ISU, Vol.23, p.1091 (1983).
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Ref; IAEA TECDOC-1085 (1999).

EVA/ADAM Energy Transmission System
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District Heating, Desalination

Petroleum Refining

Heavy Oil Recovery & Refining
Hydrogen from Natural Gas

] Methane Steam Reforming
Direct Reducing Steel-making .

Pyrochemical Hydrogen Production #zzzzzz:

Coal Gasification

Helium Gas Turbine E:z=

Cement / Glass Manufacturing —=

- HTR Application =
Temperature Range of Required Heat

for Various Industries (based on survey in 1970’s)




Operating desalination systems In
Nuclear Power Plants in Japan

Takahama : 1,000ton/day (MED)

Ohi : 1,300ten/day (MSE), 2,600ton/day(MED), 2,600ton/day(RO)
Ikata : 2,000ton/day(MED), 2,000ton/day(RO)

Genkal : 1,000ton/day(MED), 1,000ton/day(RO)

Ohi (MSF) Ikata (RO)




Hiaoh Temperature Gas-cooled Reactor Development
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VHTR Deployment Scenarios
and R&D Roaadmap in Japan
April, 2007
Objectives

Propose promising VHTR applications and utilization
systems

Estimate possible fossil energy savings and CO,
reduction

ldentify technological gaps for practical use

5 B
Promote governmental support

And potential users




Cogeneration System of VHTR

hxdrogen Eroduction system

IS Hydrogen Plant
HI Decomposition Facility Bunsen Reaction Facility

H,SO, Decomposition Facility

Thermal rating 600 MWt _

o Reactor Pressure =
Net electricity up to 175 MWe Vessel Heat Exchangers
Hydrogen rate up to 0.64X10m3/d Vessel




Outline of VHTR Deployment Scenarios

Salient economy

Inherent safety

Broad use of nuclear heat
No emission of CO,

600MWt
Outlet Temp. 950°C
Cogeneration
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30 units of VHTR (by 2100)— |[|Replacement for TPP 15units—| | Cooperation with local
12 million FCV (27% of share) |[20Mt-CO2 reduction government




The Scenario for FCV (1/2)

1. Deployment Schedule 2. System Concept
-2030 ~ : Demonstration plant
-2040 ~ : Commercial plants
= 1 unit / 2 years construction
-~2100 : 30 operating units

3. H, Supply by VHTR

.. D
- 400 Mm/unit/year
(= 400,000 FCVs) Reactor
= 30 units : 12 million FCVs —
uni

27% of total FCVs in 2100 in Japan

__ . cooler
Very ambitious target of 15 million

FCVs by the year 2030




The Scenario for ECV (2/2)

1. Economics Cost competitive with existing technologies
2. Environmental protection : 16 Mt-CO,, (COG) reduction
3. Energy Security : 5 % saving of LNG import

Use of VHTR in the transportation sector can contribute greatly to
environmental protection and energy security

O St. cost

O Transport

B Compression/storage
O Production

—h
o
o

Cost (¥/Nm)

CO2 emission (10°t-CO2)




The Scenario for Chemical Complex

1. Deployment Schedule 2. System Concept

) Steam
2020 ~ : Demonstration Plant (Neighboring (150-160°C)

_ : Chemical
> L e location) ans ' _
030 Commercial Plants Steam = industrial

(VHTR replace all existing and SOOMW (600°C~)E
aged industrial power plants in . : Steam
major chemical industrial complex.) : (300-500°C)

3. Potential Capacity of VHTR Generator

950°C.~850°C Gross:281MWe

Total electric power capacity in major oro. Net:275MWe
chemical complex : 3,500 MWe (40units)

= VHTR (15units) could cover

Use of VHTR in the industrial sector, to be a “Nuclear Boiler”, can
contribute greatly to environmental protection and energy security




The Scenario for “Hydrogen Town”

1. Deployment Schedule 2. System Concept

. Aomorl Prefecture has a H2 supply station
strategic plan to promote local Fuel Cell for
use of hydrogen. generation

-2030 ~ : VHTR
demonstration plant for
hydrogen production

Generator

Heat | Public facilities
Farm / Nursery
Home




The Scenario for Super-long-term Fuel

Condition
-Hydrogen production scenario
-2040 — 2100 : U-fuel
-2100 — . MOX-fuel
( Plutonium is produced by LWR/FBR)

2050 2100
i 30 VHTRs do not affect future
ool e Japanese uranium demand much
;?%3 . %{2:%&%%“”FBR* = no deviation from the official fuel
ETE [subme T 7T cycle policy of Japan.
222 0 77000y " 3LWR(Pu-Thermal) +FBR
02000 2050 2100 2150

Year




2006

System Design

Hydrogen/Electric power.
Co—generation
VHTR System design

HTTR—IS design

Reactor technology
Basic technology using HTTR

High level technology using
HTTR
Irradiation test using HTTR

Safty technology

Fuel developpment for heat
resistance

R&D for Hight burn—up fuel

Development for reprocessing
technology

Development for MOX fuel

Research for long time use of
graphite core

Development of C/I using
ceramics composite
Heat utilization Technolo,

Development of high
temperature isolation valve

Development of turbine
machine technology

Development of IHX

Development of IS process
hydrogen production
technology

RE&D road map of VHTR System

2015

Detail Design

Licensing >

2010
C&R
\ 4
Basic Design >
Safty Review
Cost Revie
Design

R&D Roadmap

| Licensing

HTTR-IS Test

Technology relating to 950°C operation . core characteristics,
fuel exchange, shortening of periodic inspection, ISIS of HIS, etc

analysis

Depressurized accident

analysis and assessment __ "

Accumulation of fuel material data by irradiation test
_____________________________ craldalaby lrradiation test ..

Adhesion test / Irradiation test

Production test / Irradiation test

(Hydrogen/Ectric power

Demonstration plant

H T Study/Design/ 1 1
i R ——— echnological subjects
Plant dynamics and safety Techniques for high precision of\‘

necessary to realize the VHTR
deployment scenarios have

Co-generation)

Pilot plant production & test.”
Graphite capacity decrease test

been submitted from the

Commercial
Plant

Getting test piece data / Verification of
large structure / Irradiation test

Production test / Irradiation test (inc.

Durability improvement

| Production facilities / Demo. test

iIndustry.
> JAEA should take an initiative

Hydrogen/
Electric power.
Co—generation
(600MW)

Carrying out by the
international
cooperation

(GIF)

Domestic implement,
or NGNP (US),

or NHDD (Korea), etc

Development of large diameter
valve

Test for magnetic bearings for the turbine machine development
Test for passive surge avoidance system
T

for steady promotion of VHTR
research and development.

Elemental test for IHX made of ceramics / Verification test

>Production > Test

-Elemental test

resistance material, equipment )

“Development of process analysis code

(Efficiency improvement, corrosion

High performance equipment

;HTTR—

IS Test

Test Reactor Stage

Commercial
Plant Stage

Demonstration
Plant Stage



Making Distillates from
Ultra Heavy Olil Hydrogenation

s Ultra heavy olls equivalent to vacuum
residue, of Orinoco tar (Venezuela), OiIl
sand (Alberta, Canada) to be processed at
100 thousand barrel / day

= Hydrogen consumption of 4 wt.%
corresponds to 7.2 million Nm3 / day

= Four HTR of 600 MWt to produce H2

s Distillates of 6 million ton annually, equal
to 8 % of transportation or 15 % of
residential fuels in Japan




Heat Supply by Nuclear Energy

HTR(600MWI) x 3 units

SISty 200 sl Bitumen, equivalent to
Available Heat 1,600 MW atomos. residue

Nuclear Energy to Bitumen Upgrading

M. Numata, et. Al. “Application of Nuclear Energy to Bitumen Upgrading and Biomass
Conversion”, ICONE14, Miami, Florida, USA July 17-20, 2006




- Distillates A
52,000 t/d

Bitumen —— Upgrader —

55,600 t/d C,-C,
200 MWe 430 MWt
200 e L— thodud

H, 1,000 t/d

HTR(600MW1t) X 6 units

H, Production 1,670 MW
Electricity 200 MW
Available Heat 1,730 MW

Nuclear Energy to Bitumen Upgrading

An Extension by Nuclear Hydrogen




From Nuclear to Energy Carrier

Turbine Electricity Generation, Water Splitting for Hydrogen, etc.

- === Energy Carrier
Electricity, Hydrogen
Heat Loss

Steam Reforming, Gasification, etc
Fossil Fuels

Biomass

Synergy to regenerate Exergy

Energy Carrier
Hydrogen, Hydrocarbon

From M. Hori presentation




Remarks

= Nuclear heat application has been said for long,
long time, but not so much succeeded

s Effective and practical measure to climate change
/ green house gas reduction

= Nuclear technology and its related institutions
should advance and address to the real world as
other technologies and environments do

= Practical application would be possible based on
experiences and further international collaboration




| have a dream.
Someday we can develop fully
nuclear capacity for human survival

on this planet.




