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Brief Introduction of JSRAE

Main Activities

1. Education and training of engineers

2. Survey and research on technology development

3. Certificate recognition and commendation of award

4. Promote international exchange with the overseas
associations

5. Other project to achieve the purpose
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2020 14th GL
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Activities : : :
Nt Japan Society of Refrigeration and

Air Conditioning Engineers (JSRAE)

1978 JSRAE consists of

MOU with ASHRAE ST

(Updated in 2010 & 2019) 3500 individual members and
232 corporate members

1962

1037 Monthly Journal
Committee of IR Technical Committees
v' 9 technical committees
1925 Establishment v 3 research projects for carbon neutrality

Japanese Association of Refrigeration (JAR)



Overview of JSRAE’s Activities for Carbon Neutrality

Research Projects and committees in JSRAE, and collaboration —_
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Refrigerants T.C.

Natural Refrigerant System T.C. Project on Advanced Heat
Exchange Technology

Project on R23 Alternative Project on Natural Refrigerant / » 16 Universities
Refrigerants Systems > 29 Companies
» 6 Universities » 6 Universities

> 17 Companies > 11 Companies OUtPUt‘

[Members only]
State of the art heat transfer,
heat exchanger, refrigerants,

Output‘ Output‘
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State of the art systems operated

[Members only]
Candidates of R23 alternatives

and related technology
with natural refrigerants




JSRAE Roadmap for Carbon Neutrality

Refrigeration and Air-Conditioning Technology Roadmap 2050
Released in May 2021
https://www.jsrae.or.jp/jsrae/JSRAE_Roadmap2050.pdf

2050 Vision

Carbon Neutral Era:
v Energy shift from fossil fuel energy to renewable energy
v Refrigerant recovery, recycle and reclamation
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Development of Products and Services: =
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v" Utilization of hydrogen and fuel cells § e 5
v" Improved efficiency by Al and loT -

To achieve this 2050 vision:

v Tightening or relaxing of regulations depending on risks involved
v International standards and regulations

v" Low environmental impact products and infrastructures

*

Contributions by Refrigeration and
Air Conditioning Technology

from Ministry of Economy, Trade and Industry
https://www.meti.go.jp/english/press/2020/1225_001.html



JSRAE Roadmap for Carbon Neutrality

Technological Contributions to 2050 Vision

' v Lowering of GWP with green refrigerants (synthetic and natural refrigerants); Promotion of
refrigerant recovery and recycle; Development of new refrigerants for expanding heat pump
applications from low to high temperatures

o= = mm =

B Compression Technology:
v' Efficiency improvement; New refrigerants and lubricant oil; Environment burden reduction

B Heat Exchanger,

Frost and Defrost Technologies:
High efficiency systems by improving heat exchange performance; Low refrigerant charge

AN |

B Next-generation Technologies of Refrigeration and A.C. Systems,

Desiccant, Adsorption, Absorption and Chemical Technologies:
Environmental load reduction; Widespread use of high-temperature heat pump system

\

B Food Technology:
v Food loss reduction by cold chain; Food production optimization; Energy consumption reduction



Themes for Refrigerant Technology (Residential or Commercial Use)

Theme 1: Search and development of Theme 2: Full utilization of existing Theme 3: Emission reduction by
new refrigerants refrigerants and expansion of promoting refrigerant recovery

Aannlinatianme Adiia +A dAavaxulatinm

Theme and Target year

> Targetyear: By 2030 2t year: By 2030

Fundamental issues: Fundamental issues : Fundamental issues:
« Refrigerant candidates to achieve the final target of the « Natural refrigerants such as propane, CO, and » |tis essential to reduce refrigerant emissions
Kigali Amendment to the Montreal Pro . idering the environmental impact in line with the
specified yet. Fundamental Issues Agreement. The rules and schemes to recover
SYSLEIT EITICIENLY. féifigerants are not yet established (recovery rate is
Solution proposals 38% in Japan as of 2018).
« To develop an innovation ecosystem to accelerate the Solution proposals
searching and development of new pure/mixed « To extend the application range of refrigerants with Solution proposals
refrigerants (there is an on-going NED| . 3sign, propose and implement new measures
2021). SOIUtlon proposals idering social schemes and legal structures to

| | e SO S SIS (= tate refrigerant recovery.

Government supports needed to realize the above-mentioned themes

(O Deregulation for the use of flammable refrigerants such as R32 in ensuring safety
e ltisrequired to extend the use of flammable ijpment.

e ltis hoped that funding support will be avail Suggestions from Academia to Gove rn ment

O Facilitation of refrigerant recovery to reuuce uIc amMUUILUT TEITIZEIaIS 1S1I8a>EU W UIE auliusplcic
e Itis recommended to add new criteria in the industrial standards for the ease of refrigerant recovery, policy to develop incentive schemes facilitating refrigerant recovery, and to develop a new system to monitor
the distribution of refrigerants in the industry.

(O Encouragement of the reuse of refrigerants to restrain new refrigerant production
« Itisimportant to reduce the environmental impact by the reuse of regenerated refrigerants with sufficient purity and correct composition ratio for the restrain of virgin refrigerant production.
« Itis recommended to have subsidies to encourage the reuse of refrigerants in order to improve the economic competitiveness of regenerated refrigerants compared to virgin refrigerants.

(O Examination and certification of flammability classification for domestic use of new refrigerants certified by the ASHAE
* ltis suggested to support the establishment of a system to quickly evaluate the classification of new refrigerants, as regulation of refrigerants depends on the classification in the High Pressure Gas Safety Act.
* ltis suggested to have research support in order to choose ideal new refrigerant candidates for each product sector through cooperation with foreign organizations related to refrigeration and air-conditioning.

(O Safety measures for refrigerant leakage, establishment of guidelines, subsidies for installation of ventilation devices and detectors
« ltis suggested to have research support strategically and timely in order to reduce risks at refrigerant leakage, and establish guidelines to secure safety.

O Equipment evaluation scheme considering not only the GWP value of refrigerants but also refrigerant charge amount of system during operation

«  Environmental impact by refrigerant leakage is calculated by the carbon dioxide equivalent (GWP x leakage amount). Direct expansion products require additional charge at equipment installation with longer
connecting pipes and this additional charge should properly be recorded.

e |tis recommended to support the related research tasks in order to improve the measurement accuracy and precision of refrigerant leakage amount for each product sector, and manage the information of
refrigerant charge amount during equipment installation.

(example: Refrigerant Technology)

Key Technologies

» Green refrigerants
-Search
-Development

» Existing refrigerants

» Refrigerant recovery

Government supports

» Deregulation

» Refrigerant recovery

» Recycle/reuse of

refrigerants

» Guidelines
-Safety
-Classification
-Efficiency evaluation



Technology Roadmap 2050 (2020 Edition)

Fields

Technology Developments

Technological Contributions

2050

2050 Vision

by establishing hygiene standards

Lowering the Global Warming Potential
[GW P) of refrigerants, and use of natural
refrigerants

Promotion of refrizeration recovery and
reuse

Development of new refrigerants for
expanding applications of heat pumps

Efficiency improvement of compressors
Development of compressors compatible with new
refrigerants

Environment burden reduction through improved
compressors with low GW P and natural refrigerants

of high efficiency systems by improving heat exchange
L reducing heat loss due to frost formation and defrosting

o Enviro nmental
burden reduction
by next generation
refrigeration and
air-conditioning
technology
(absorption,
adsorption, heat
storage techrnology,

etc ) that actively

W
| Establishment of food freszig and cod chain technalogy that complies with hygiens standards >
* Food loss reduction by cold chain
Food | Establishment of quality evaluation model that can comprehensively evaluate from freez ng. thawing to > . FOOd produotion optimization
Technology p consumption ! )
£ + Reduction of energy consumption
| Visua lization UM wakie (optimal enerey amount) for total engineering h foed freezing and cold chan >
«ch and develpment of new refrizerants >
ats and expansion of applications due to dereeulation AN
moting refrigerant recovery I arge yearS
Refrigerant B i
“nt of refrigerants suitable for homemReEETETEETE =
Technology
| y “oroperties and establishment of equation of state > =
A
| Evaluatio = and selection of suitable heat pump cycle >
| ateriale and lubricant ol >
| s >l
c A .
ompression Adaptation to vario
Technology
| Establshment of refrigeran [ >
| Development of heat exchangers with ultra-low refrigerant amount
Heat
Exchanger oefticient erfar mance impravement and further comfartabilty by independent ventilation of in
Gosff Of Pert (COP) d furth tartabilty by independ I f
circulation and heat exchanser
Technology
Fromation of renemable cnerey utileation, and contral on maximum power consumplion by heat storaee
mechanism
| Enerey-savine by promoting the use of air-source heat pump >
Frost and
Defrost | Utilization of ai-source heat pump for stable heating >
Technology
| Impravement of energy-saving parformancs of ar-coaled heat pumps far heating purposss >
| Realization of a system that can operate mith high efficiency from high load to low load
Noxt | Optimization of balance by networking all heat load
3 imization of encrey balance by networking all heat loads
Generation " ’ i
Refrigeration
and Air— | Promotin of waste heat utilization, and development of refrigeration, air-conditioning and heat pump equipment that can be operated with lower tempe
conditioning
System | Simplification and no waste technalos ies of equipment installation
Technokgy
| Establishment of skment and system design, system operstion, and perfarmance prediction technologies linked with Al >
Desiccant, | Development of absorption, adsorption, chemial heat storags materislwith suitable physical propertiss >
Adsorption,
Absorption and | Elucidation of phenamensa h warious absorption, adsaorption and chemical heat storage technalogiss and establishment of the theary >
Chemical
Technology | Establishment of system optimization technology for high performance and ministurization >

utilizes renewahble
energy

o Widespread use of
heat pump systems
that enable high
temperature heat
generation for
home and ind ustrial
use

A carbon neutral
era, in which the
shift from fossil
fuel-derived energy

to renewable

energy, refrigerant
recovery and reuse

is being moted.

Development of
products and
services that utilize
hydrogen, fuel cells
and magnetic
refrigeration
technology to
improve the
efficiency of
hydrogen
liguefaction, are
considered to be
one of the new
options. In addition,
maximum energy
efficiency by spread
of Smart Factory,
ZEB, ZEH, ete. will
be realized by
introducing
information and
communication
technology (ICT),
using artificial
intelligence (Al) and
the [

T

To achieve this
vision, Japan will
take a leadership
role with its
technological
capabilities and
social infrastructure,
for the integration
of standards and
regulations globally
to seamlessly
develop products
and services with
low environmental

.

Summarizing

» Fields

» Developments
» Target years
» Contributions
» 2050 Vision



Search and Evaluation of Ultra Low GWP Refrigerants called Green Refrigerants

Short history of Refrigerants, and limited Green Refrigerants

Montreal protocol (1987) mmmmm) | Kigali amendment (2016) » Regulations on Refrigerant
Kyoto protocol (1997) /) | Paris Agreement (2015) Measures against Global Warming
Whatever worked  =—=) Safety =) Environment Environment Low GWP e mmm———————————— ~
Durability - Ozone protection - Global warming » Refrigerants .
- Ozone protection 8 Green REfrlgerantS

Limited pure HFOs:
R1132a, R1123, R1132(E),
R1234yf, R1234z¢(E),
R1311, R1336mzz(E),
R1224yd(Z), R1233zd(E),
R1336mzz(2)

Blended refrigerants:
HFO/HFO, HFO/HFC,

Synthetic
Refrigerants

2nd Generation

CFCs (R12...),
HCFCs (R22,...)
etc.

-
N N N . . . . .y,

~

Natural Refrigerants:
NH3, CO2, HCs, Water, Air

--------------_
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Activities in Committees related to “Low Carbon Solution”

Global Warming Task Force Committee

v' recovery and recycle/reuse of refrigerants (WG-1)

v" management system for refrigerant cylinders (WG-2)
v' mathematical model for recovered refrigerants (WG-3)
v management of recycled refrigerants (WG-4)

v' situation in other counties (WG-5)

=

Refrigerant

management system

Carbon Neutrality Committee ‘ system
v' Recover/Reclamation/Replace WG
v' Green refrigerants WG

v' Energy saving WG

v' Energy management WG

. LCCP
v Equipment WG

LCA

YV VYVYYVY

Green refrigerant

Selection of refrigerant
Cycle analysis
Performance evaluation
Design equipment

v Foods WG

for eac

1elC




Activities in Global Warming Task Force Committee

Refrigerant Management Circle
( by N. Kagawa, Reito, vol. 95 no.1112, pp.323-328 (2020) )

Measures to Refrigerant issues
Development of low GWP refrigerants
Replacement refrigerants

Measures for leakage

Measures for atmospheric release
Recovery, Reclamation, Recycle/Reuse
Destruction with low energy
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Trend in HFC recovery rate at disposal

https://www.env.go.jp/press/110357.html

New charge @

New Machines

Reclamation & Recycle

Recovery of Refrigerants

I 4

20 times energy

@ | New Production of Low GWP Refrigerants ‘%

New charge
& Retrofits

€)

Leakage

D, X

Operation & Maintenance of Machines

Disposal of Machines

of reclamation %
@

Atmospheric Release




Activities in Carbon Neutrality Committee

Green refrigerants WG
Natural Refrigerants Sub-WG

Proper Handling of Natural Refrigerants

» 5 conditions for increasing adoption of natural refrigerants (S + 3E + R)

1. Safety, 2. Environmental impact, 3. Energy saving, 4. Economic efficiency, 5. Reliability
Deregulation through the development of safety devices

Preferential taxation subsidies for the adoption

Development of guidelines for installation and leak prevention

Al and IoT technology to improve efficiencies

International Standard

Qualification system for handling engineers

Construction of recovery, recycling, and disposal system
Measures to improve social acceptance

YV VV V V V V VY



NEDO Project: Risk Assessment for Flammable Next-Generation Refrigerants

Safety and Risk Evaluation of Next-Generation Refrigerants

» Risk Map and fire accident occurrence conditions
» Experimental and numerical investigations

Frequently 104
/N | Some time 105
-8 Rare 106
_g Usually not 107
T | very difficult 108
i
= Extremely difficult | 102
Near zero 10Q-10
Allowable frequency of fire 0 I o il '
e"e”ti No Minor Light Major | Lethal
107 caselyear damage | damage | damage | damage | damage
Room air conditioner in Japan: (smoke: (fire from (fire, (permanent
108 units from product, human | injury,
) product) light injury) injury) death, bum
Allowable frequency of fire down
events per unit: house)
102108 = 10-10 case/unitiyear SEVEI’ity%

Fig. 1-1 R-Map for consumer products when one hundred million units are distributed.!-?

Concentration

higher than LFL Ignition

Existence ot

e Rapid leak of refrigerant
an ignition source

Fig. 1-2 Conditions for fire accident occurrence.

13 @ R3

Yy § R

L2 ¢ 5 R2

I P1 . Sl}mmﬂ:
" - ' 5
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e H 50mm
I P f
Front view

50mm

Fig. 4-11 Glass door behavior observed after propane gas ignition (200 ms interval).

ﬁ outlet

Fan

Fig. 2-13 Internal structure of showcase model.

a3.005F

o002
{(a) 5 s after the door is opened (b) 10 s after the door is opened Io,m».

Fig. 7-3 Concentration distribution at air flow rate 0 m®/s without air curtain (refrigerant 0.5 kg. floor area 24.01 m?).

https://www.jsrae.or.jp/jsrae/committee/jisedai_R/jisedai_R-e.html



NEDO Project: Search and Evaluation of Low GWP Refrigerants

A Measurements REFPROP
Thermodynamic Property ‘ Experiments < Reference F::'SdTTS:':;E::;:::;';;'b:::';" U
Critical Parameters Heat transfer ~ E.W, Lemmon,Eh.Lgee{l,SiﬁTlﬁrti:rj ghEcIIaM.D.McLinden o
: : Green Refrigerants
Properties and Equation of State NIST REFPROP L &
. [~ » Worldwide software System
of Green REfrlge rants et i e e oo o o o adoen v, NET
. "™ JSRAE JARef |
Formulat :
Data EdUation e e > REfErence Data Table || > Sel?Ctmn of
o e e HFOS & refrigerant
arameter titng
o ot FLD (REFPROP) “Ig'ﬂ]li EORefrigerant standard > CyCIe
Thermal conductivit :
Tl sonhctit analysis
Surface tension > Perform ance
- J - :
Correlations eval_u ation
‘ Heat transfer Database on Website \ > Prediction of heat > Design
= — transfer coefficient equipment
"3 B Heat Exchanger Design » LCCP
® i » Comprehensive data » LCA
R of various conditions
R513A \

n

o :
; M‘ o

-« =| 36 Kinds of refrigerants
==| 20884 points of heat transfer
data

R141b




Summary and Future Plan

JSRAE Activities for Carbon Neutrality
» Roadmap 2050
- for JISRAE’s direction to solutions and collaborations
» Global Warming Task Force Committee & Carbon Neutrality Committee

- for refrigerant management, dissemination of green refrigerants. And for policy recommendations
» Research Projects

- for solutions of specific topics

Cooperative Activities with Universities, Institutes, National Projects for Green Refrigerants (GWP < 10)
» Risk assessment

- clarifying risk map and accident occurrence conditions
» Thermophysical properties and heat transfer

- building the database REFPROP (NIST), Heat Transfer DB

/Future Plans )
» Continuous review and update of the JARAE Roadmap
» Development of suitable Green Refrigerants

» Proper handling of flammable refrigerants

» New evaluation method based on GWP, LCCP, and LCA
» Collaboration of Government-Industry-Academia

\> International collaborations
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