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Strategic International Collaborative Research Program (SICORP)
Japan—China Joint Research Program
Executive Summary of Final Report

1. Project Title : TDevelopment and engineering research in high efficient recovery and
utilization of low and medium waste heat in metallurgical industry |
2. Project Period : April 1,2013 ~ March 31, 2016

3. Main Participants :

Japan-side
Name Title Affiliation Role
Eiichi Chief Toshiba Selection of working
PI L : fluids and ORC
Sakaue Scientist Corporation .
system design
Eii University of Measurement and
Co-PI J Professor y analysis of thermal p
Hihara Tokyo ) .
roperties of fluids
Measurement and
Akio Saga analysis of thermal
Co-Pl Miyara Professor University transport
properties of fluids
Development of high-
Co-PI Ryo Professor Kyl.JShu. Sangyo precision Equation of
Akasaka University :
State for fluids
Measurement and
Katsuyuki | Associate . : analysis of
Co-PI Tanaka Professor Nihon Univ. thermodynamic
property of fluids
Total number of participating researchers in the project: 13
Partner-side
Name Title Affiliation Role
PI Guodong CTO Xi'an Shaangu Technology
JIANG Power Co., Ltd. manager
i Xiangming Hunan University . .
Co-PI ZHENG Professor of Technology Turbine design
Director of
Kangzhen | Chief Shaanxi Blower : .
Co-Pl | cHANG | Engineer's | (Group) Co., Ltd. | Frolect Organizer
Office
Collabo Meili LIU Senior Xi'an Shaangu Team Leader of
rator Engineer Power Co., Ltd. ORC development
Collabo |, . . . Shaanxi Blower . .
rator Liping XU | Engineer (Group) Co., Ltd. Fluid machinery
Collabo . Senior Shaanxi Blower : .
rator Qian HU Engineer (Group) Co., Ltd. Fluid machinery
Total number of participating researchers in the project: 20

4. Scope of the joint project
Metallurgical industry requires a lot of energy. As China produces 50% of iron of the
world, efficient energy utilization of Chinese iron plants is important.
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This project designed and proposed the Organic Rankine Cycle (ORC) system which
recovers the waste heat and generates electricity from Chinese iron plants.

The project selected low Global Warming Potential (GWP) and inflammable substance
for ORC’s working fluids in response to the recent trend of global environmental regulations.
As the selected fluids have several unknown properties, they are measured and analyzed by
this project. Then highly accurate Equation of State (EOS), the mathematical model of the
property, is developed from the acquired property data. From the property data and EOS,
ORC system for iron plant is designed, and it is found that the proposed system is more
efficient than the conventional fluids.

ORC is not limited to the waste heat from metallurgical industry. It is applicable to any
other waste heat or geothermal energy. So the result of this project can be expanded to other
ORC application. Also, the selected fluids have the possibility to be used in other field than
ORC, such as refrigerant and forming material. The acquired highly accurate data and EOS
of the selected fluids in this project is expected to contribute to these fields.

5. Outcomes of the joint project
5-1 Intellectual Merit

Recently, energy conservation and prevention of global warming are highly concerned.
Since metallurgical industry requires a lot of energy and China produces 50% of iron of the
world, efficient energy utilization of Chinese iron plants is important. This project designed
and proposed the Organic Rankine Cycle (ORC) system which recovers the waste heat
generates electricity from Chinese iron plants.

The regulation to High Global Warming Potential (GWP) substances has been rapidly
promoted. So this project selected two Hydro-Fluoro-Olefins, HFO-1233zd(E) and HFO-
1336mzz(Z) for ORC working fluids, both of which are low GWP and inflammable material,
in response to recent global environmental regulation trend.

The project newly set up the equipment which is capable of high temperature and
pressure to measure the accurate property of the selected fluids near the critical point. As for
HFO-1336mzz(Z), there are unknown properties. So this project newly measured and
analyzed these data. Then highly accurate Equation of State (EOS), the mathematical model
of the property, is developed from the acquired property data. Using the property data and
EOS, ORC system for Chinese iron plants is designed, and it is found that the proposed
system is more efficient than conventional fluids in addition that it meets the recent trend of
global environmental regulations.

Furthermore, by optimizing the parameter of ORC system and adjusting the size of ORC
equipment with each other, the project achieved the compact layout of the ORC plant.

5-2 Synergy from the Collaboration

This project addresses the common subject of ORC system development with the
scheme of China and Japan Mutual exchange. This has brought synergies, such as 1) This
contributed to solve the problem in short period by exchanging the various know-how and
experience of both countries, and 2) This scheme has provided a lot of opportunities to
access the sites of each country, such as the Chinese iron plants. This stimulated the both
side of engineers.

5-3 Potential Impacts on Society

ORC is not limited to the waste heat from metallurgical industry. It is applicable to any
other waste heat or geothermal energy. So the result of this project can be expanded to other
ORC application.

Also, the selected fluids have the possibility to be applied in other use than ORC’s
working fluid, such as refrigerant and forming material. The EOS, which is developed in this
project, will be installed and disclosed in REFPROP, a de fact standard of thermal property
database. So the result of this project is expected to contribute to these fields.
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1. 1 RERXFEFARFEF—L EDI-ZEERSC) Original Publications (Articles co—authored with the Partner Research Teams)

i

£EZ54. 8B BHFER. B B RV RTHFE

L

1.2. 1 RERXHBFUARF—LEZEFTLEVOAXRAUFRFT—LOHX)
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2014

Ryo Akasaka, Yong Zhou, Eric. W. Lemmon, A Fundamental Equation of State for 1,1,1,3,3—Pentafluoropropane (R-245fa), Journal of Physical and Chemical Reference Data, 2015
March 26: 44(1): 013104

2015
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2015

Katsuyuki Tanaka, Ryo Akasaka, Eiichi Sakaue, Junichi Ishikawa, Konstantinos Kontomaris, Thermodynamic properties of cis—1,1,1,4,4,4-hexafluoro—2-butene (HFO—-1336mzz(2)):
Measurements of the p 0 T Property and Determinations of Vapor Pressures, Saturated Liquid and Vapor Densities, and Critical Parameters, Journal of Chemical & Engineering

Data, 2016
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Original Publications (Articles by the Partner Research Teams only, excluding the Japanese Reasearch Teams)
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2.1 PEER(HEFAFRRF—LEESLDHRK) Conference Presentations (Joint Presentations with Partner Research Teams)
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E.Sakaue et al., "Development of ORC system which recovers wasted heat of metallurgy plants in China” International
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sz . J. He, E. Hihara, C. Dang,” Speed of Sound and Density of 1-Chloro—3,3,3—Trifluoropropene (R-1233zd (E))”, 19th Symposium on _
=h G|
2015 | 3235 (English) Thermophysical Properties,Boulder(USA),2015/6/21-26 RERES
2015 | %28 (English) Keishi Kariya, Akio Miyara, Soichiro Mori and Ryo Akasaka, “Thermal Conductivity and Viscosity Measurement of Low GWP N3ESEE

Refrigerants”,19th Symposium on Thermophysical Properties, Boulder(USA),2015/6/21-26

K.Tanaka, R.Akasaka, E.Sakaue,” Measurements of Thermophysical Properties for HCFO—-1233zd(E)”19th Symposium on .
RRA—FR

-|+§£ .
2015 | 358 (English) |1 o ohysical Properties.Boulder(USA).2015,/6,/24

K.Tanaka, R.Akasaka, E.Sakaue,”PVT Properties and vapor pressures of HFO-1336mzz(E)”, ASME

BiE - 2 H—
2015 | 3238 (English) | 3262015 Brussel(Belgium),2015/10/13 RAZ—FR
sz . K.Yamashita et al,“Evaluation of ORC using Low GWP Working Fluids for Waste Heats” ASME .
'E VAAS —
2015 | 3258 (English) | 3262015 Brussel(Belgium),2015/10/13 RAF—FR
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2015 | B 235 (Japanes %ﬁﬁﬁéb HCFO-1233zd(E)EHCFO-1233xf MEAFNARES FUVBEMARRZEDRAE I HRAAEEZRAFSERKRE, BHK. NaEss

BEXZE. Islam M. A REEE. ERAS. MEGWPHEDREERATE LS LOHEEARXDRE ). 2015FE B A RERF

i L 5
2015 Ez':nn (Japanes %Emk%, iﬁ'\\ 2015/10/21 I:l A%i
= . K.Tanaka, R.Akasaka, E.Sakaue,”Vapor pressure and saturated liquid density of HFO—1336mzz(Z)” First Pacific Rim Thermal -
sH I:|
2015 | 3238 (English) Engineering Conference,Hawaii(USA), 2016/3/16 RERSER
2015 | % 2E (English) E.Sakaue et al. "Development of ORC System which recovers wasted heat of metallurgy plants using NE%%

low GWP working fluid” First Pacific Rim Thermal Engineering Conference,Hawaii(USA),2016/3/15
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(BARAIAEF—LBEV E- B FAITFEF—L I #)Workshops, Seminars, Symposia (Organized by the Japanese and/or Partner Research Teams)
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2015 | 291975/28% gz EoWPIAMIR T — ayT PR LR AROTILE 8 |meBBA—n—LoBRZS
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4,1 BXRAINSHEFEHEA~DFBIZEDREIERecord of Visits by the Japanese Side to Partner Institutions
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2013 2013/6/30 2013/7/2 |% #BER HERERKE HEHIR j;ggggﬁ R hE S= GRS b 3
2014 2014/10/9 2014/10/11 |IRE ZHE— ¥4 T8 FE., AR, REE N |HHERIE. ORCHBEERE 3
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2014 2014/10/9 2014/10/11 |FRE A HERKZE Hi% FE., AR, REE N |HHERKIE. ORCHBEERE 3
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5. 1. BAFfIoBEHHEE Independent Applications by Japanese Research Teams
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