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The contents of the presentation are personal views based on
experience gathered over the past few years of interaction with
Industry academia and other organizations
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Excerpts of the conversation between Swamy Vivekananda and Mr. J. N Tata
A Sea Voyage That Changed India!

They discussed Japan’s phenomenal progress in technology and
Jamsetji’s plan of laying the foundations of the steel industryin India.

The founder of one of India’s largest conglomerates, Jamsetji also
explained that he was in search of equipment and technology that
ld help make Indi trongin trial nation

The conversatlon dateé back to May 31st
1893, when these two great Indians met
aboard a steamer that sailed from

Vivekananda endorsed the vision with enthusiasm, adding that the real
- h f India lay in the pr rity and progr fits ordinary million
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e Supermarkets e [arge Capacity Cooling units
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)
¥

Deep Freezers
Display Cabinets

e Visi coolers

Bulk Milk Chillers
0.5-15 TR units
(R290, R600a, R600)

(Small Systems, Large Market Share,

3-5 vears life, commodity scale cost-

sensitive)
Domestic and Commercial

e Dairy Seafood Processing

e Food and Pharma Processing units
e Hotel and Hospitals

e District Cooling

>100 TR units

R717 (Ammonia) R744 (CO,)
(Large Systems. Long Life, Higher

Investments. Limited nos.)
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MythBusters about CO, Refrigeration Systems

Myth 1: CO, is toxic
Fact: CO, Is not toxic, but CO, being heavier than air will displace it. High volumes of CO, will cause asphyxiation.

Myth 2: CO, systems are not for tropical climates with high ambient temperatures

Fact: CO, systems work in transcritical mode (above the critical pressure of 72.8 bar) resulting in high discharge
temperatures > 90°C and hence can work at very high ambient temperatures (up to 55 °C)

Myth 3: CO, systems are bulky and unsafe since they operate at high pressures

Fact: CO, systems do operate at high pressures and adequate safety must be ensured in design. However, since CO,
IS much more denser compared to any other refrigerant. it is significantly more compact.

Myth 4. CO, systems are prone to leakages, requiring frequent maintenance

Fact: CO, systems have high standstill pressures and require good engineering. A well-engineered CO,system will
never leak and provide you with years of trouble-free performance.

www.refcold.in
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Misconceptions about CO, Refrigeration Systems

Misconception: CO, systems have low COP

Reality: COP is a single-point measurement. Theoretically, CO, systems have lower COPs compared to other
refrigerants. The penalty factor for CO, across the operating envelope is much lower compared to any other
refrigerant- outperforms all other refrigerants'!

Misconception: CO, systems are expensive

Reality: CO, systems are expensive due to high component costs...but compared to what? CO, systems are

industrial systems and should not be compared to Commercial Systems- The life of a well-maintained CO, system
can be as high as 30 years! Besides the cost of refrigerant is almost NIL!

Misconception: CO, systems are unreliable and prone to failures

Reality: CO, systems do operate at high pressures and adequate safety must be ensured in design,_However. since
CO,is much more denser compared to any other refrigerant. itis significantly more compact.

www.refcold.in
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T,=45°C P; = 115 bar S C00 T,=109°C
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Quc=29.5 kW U NI DO , FL CTD Ejector — W _
BEE, Danfoss Compressor
W eomp=10 kW J r,=10c @O
e Compressor\| | INDEE+, Alfalaval P, = 45 bar R
11 T,=17°C
. > IP receiver P, =45 bar
IP receiver my,=201 kg/hr. 4 »
: _ 256 + + 3713 3 i mg = 327.2 kg/hr,
mg=320 kg/hr. — o o
Expalnsmn 8 g Tg=10°C
Valve 1,=5°C Tg=10°C (1 P;=39bgr
1
128 + 1 1857 . ! g Q
.Evaporato’ T..=12°C 5 = E_i_(pal?f)'fn Evaporator
A = ank-
Expansion DR« @ PHE-01 @ PR < B ——— DR« @ PHEOL @
Tank-01 3 5 64 T928 > A A} BV-02 Q. = 19.5°C
BV-02 1 _Zoc BV-01 2 2 y o) 1 T = 7o e BV-01
Tox 13% Qevp=19.5 KW o 0 £ A u=1C
a e o { } Air cooled evaporator e
Air cooled evaporator 32+ 1 464 o r \  [Tw=12°C
(OO :

KD

Pump

T T T T Sp. enthalpy [kJ/kg]

Simple gas bypass system

COP=1.95

A T
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T3 = 45°C

Gas cooler * IP receiver = 115 bar @ CO& T, = 109°C
EjeCtor in-(;,_ a_ —J—;H ==
Qg = 28.2°C
( - \" Ejector W -
Control panel —— ! v

Compressor

0
R

m, = 662.9 kg/hr.

T,=17°C

Internal heat exchanger P, =45 bar

Filter dryer . M = 327.2 kg/h,
Tg = 10°C
39bar
Evaporator Expansion ' .Evaporator.
Tank-01 D@(] @ @ PHEOL @
Compressor —— Yo BV-0Z - Qen=195°C Bv-01§
& A\ 1~

Air cooled evaporator

Expansion tank

{ T,o = 12°C
= Lo ]
LxWxH = 1.4mx1.2mx2.3m Water pump Pump

Expected Date of Commissioning at Snowman Logistics, Bengaluru
Jan 2025 15 e d’““"”n
A P
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140 kW Transcritical
0! CO, Heat Pump
" For Mondelez India

... 1\|
| 2

L

Compact footprint of
1.5x1.2x2.4 m3 (LXxWxH)
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140 hours of testing over the entire operating range 80 - i
including 72 hours of endurance test completed atlISc 7,01 , | i
Bengaluru & 60 1 7 I e Gas cooler inlet temperature (°C) T4
% ] : ——Hot water outlet temperature (°C)
© 90 | —~<Evaporator inlet temperature (°C) T3 Q
g 40 | ——Evaporator outlet temperature (°C) - O
£ | -=Cooling and Heating COP Iy ©
\;.‘ a 30 L._._H_._._H'.'.—O—O-O—H—._._._._._._._._._. i
,§§ 20 T b o I
% 10 T T T i
| o~ ;:->-4r4t—t—tt 0
0 50 100 150 200 250 300 350

Time (seconds)

Hot water from 24°C to 85°C in 53s!
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Secondary
32°C 1‘ Cooling Water + 29°C

0 -+ 68°C
o (84.17 Bar) Gas Cooler (84.17 Bar)
L e -
2730 kg/hr Compressor
10°C
(44.01 Bar) 2730 kg/hr.
Ip
: 5°C
Receiver (39.69 Bar) GBCT
motorized
5°C
1846 kg/hr. - +"139.69 Bar) 10°C
{M.n‘ Bar’ I {39.5'9 Bar}
T.2°C Evaporator 12.2°C
Chilled Chilled Water
Water outlet inlat
HIGH TEMPERATURE LOW TEMPERATURE
HIGH PRESSURE CO, LOW PRESSURE CO;

CHILLED WATER LINE

MIDDIUM TEMPERATURE

MIDDIUM PRESSURE CO- SECONDARY WATER LINE

Schematic of T-CO, Cooling System

www.refcold.in

COLD® Norwegian University of
Science and Technology

I =Ty
sl Rision Fizenmor

INDIA 100 kW Transcritical CO, Chiller for Indian Navy

03 - 05 OCTOBER 2024
Biswa Bangla Mela Prangan, Kolkata

-

(Gas Cooler Temperatures (Ambient): 18-40°C
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T 101 110 e
Cooling capacity: 30TR | W o Lé'*s"?"‘"““"_; i

Maximum Pressure: 120 bar EET ‘
Maximum Discharge Temperature: 85°C
Material of Construction : $5316 (CO, side)

: Titanium (Water side)
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=

Pressure (bar)

n
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p-h diagram of T-CO, Cooling System

. . ===Gas bypasscycle
3¥C  __Basic cycle
- F < 0
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Specific enthalpy (kJ/kg)
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The system has been operational since 2022 and has clocked over 260@

www.refcold.in

Time (Seconds)

]

India-Norway
nnnnnnnnnnnnn

IN®EE

Future Refrigeration India:
INDEE+

ISH RAE ’ @ informamarkets

Transcritical CO, Chiller for Indian Navy- Performance Data

Temperature graph EvapOI'atOT
o~
\
IAMO T Temperature graph Gas cooler
| -
Voo AWater 77 40
~
20
CO
Cco, 4 2
5.00 < 5.00
—
? /A
34 OWw oo |
Water \29 21
Pinch: 4.00 ~ /

Extremely low temperature splits (pinch) possible with
CO, in both evaporator and gas cooler
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INDIA Tentative ROI Calculation Units
03 - 05 OCTOBER 2024 Requirement 20,000 LPD
Biswa Bangla Mela Prangan, Kolkata |n|t|a| feed Watel’ temp 25 oC
Obtained Water temp 87 °C
Differential Temp 62 °C
Transcritical CO, Heat Pump for Akshaya Hot water through Heat Pump
Patra Foundation Input Power required 40 kKW
COP of Heat Pump 3.62
No of operation hours required 13 hours
by TRANSCHRQETCﬁtﬁﬁRBON g Total Heat load generated 1,882.40 KWh
= Q @QE ' % & | No of units consumed for heat Pump 520 kWh
Q. __% %ﬁ@ % L No of units consumed for circulation pump 29.09 kWh
" No of unlt_s consumed for kltch_en circulation 6.71 KWh
pump during 4 hours of operation
Total no of units consumed for Hot water 55581 KWh
system
Unit Rate of kWh 11 Rs/kWh
dOa[IJyeratlon cost of the Hot Water system per 6,113.88 Rupees
Operation cost of the Hot Water system for 1,52,847.20| Rupees

25 Days

:i\

Trmwmmﬂ’
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|140 kW TRANSCHREI‘I;\I]E:;;b“(;:RBON DIOXIDEIH:‘E‘) E
! 60 T
[~ Iaiga :
Eian @[— ~ 501
. &) .
vvvvv 3 © 40 F
3 i
© ]
o 30 T
= Mm%mmwm
= : '
Q@ 203
] ——Hot water temperature (°C)
10 + :
§ ——Water inlet temperature (°C)
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Biswa Bangla Mela Prangan, Kolkaa Potential for Transcritical CO, Systems in India_
1) Heat Pumps:
Process Industries like Dairy, Pharma, Food Processing

\(3 informamarkets

¢

2) Combined heating and cooling applications
Pharma, resorts, cabin cooling, beverage industries

3) On-demand heating and cooling
Hotels, Hospitals, Oil and gas, pasteurization, ice-making

4) Transient Operations

Transportation, short time intervals like fisheries, and
shipping vessels, where both space and time matter

5) Low-temperature deep-freezing
Transport of medicines, cascade systems propane+CO,,
NH;+CO,

6) High Temperature Booster Heat Pumps
Cascade Heat Pumps- Isobutane+CO,, Pentane+ CO,
(70-130°C), flash steam generation, preheating to steam
compressor

[Ty e = o
. (AR &1 ° ~
www.refcold.in - e - %Aﬁ
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1) Transcritical Cycles 160 + 45°C
Conventional Ref. cycle knowledge is not sufficient to design transcritical
CO, cycles 80 1
2) Tailored application-specific CO, cycles =
Each application requires a different cycle optimized for the application 40 +
3) Component selection plays an important role
. . : . : . 20 1
Significant drop in efficiency due to incorrect sizing o
1000 : : —R134a o
500 — | : Carb?nDloxld\l.e
40PC 70°C [ | 2‘50"0 75°C 18g°c
124 ge \ Single Phase “Gas Cooler”
5 * T S G N N ) Pressure and Temperature can be
o | ¥ ° - independently varied
g 10t
|
5 10 . : . . N T R O
200 300 400 500
/ Enthalpy [kJ/kg]
1 I I L
150 200 20 Entiozglpy[kjjsl?g] 400 450 T Pressure-enthqll? \dILa ram of
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Challenges in Designing Transcritical CO, Systems
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L ack of Support from suppliers, system
designhers, manufacturing

CO, cycles are new and require highly skilled
manpower and advanced machines

Industrial Systems need handshaking with
other equipment

Most control systems are closed and do not
communicate with BMS or SCADA systems

Components are expensive and still
developing

Controls are most expensive part (Compressors-
20%, Heat Exchagners-25%, Skid Piping and
Instrumentation- 25%, Controls- 30%)

Initial investments are high for manufacturing
Leak detection tools, precision welding etc

Mandatory Equipment

Booster Pump Vacuum Pump

OilPump

~

www.refcold.in
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lISc-Danfoss Training Program On

Design and Development of CO, based Five-Day Traini ng !DI’OQ ram
Refrigeration and Heat Pump Systems for Industry Participants
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1

Course Date:
26" February to 1t March 2024

Course Timings:
M-F: 10:00 am - 5:00 pm

Faculty Co-ordinator
Prof. Pramod Kumar, ICER, lISc

Industry Co-ordinator
Dr. Kundan Kumar, Danfoss India

www.refcold.in
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5 reasons why we should shift to Natural Refrigerants at the earliest?

1) Refrigerant Reclamation and Storage is a futile effort- No OEM p
recommends reuse of old refrigerants ; HOW PFAS AFFECT OUR HEALTH

2) There are no known mechanisms for safe disposal of used (g noeerme
refrigerants — Nobody knows it! Not even the manufacturer! 7 secsemseo e _v’ .

3) Nobody knows the long-term harmful effects of these refrigerants -
The chemicals used for manufacturing refrigerants are destroying the (L0 mowar J iowammmeeara (YD oucesw
water, soil environment, and everything that surrounds us! '

4) Synthetic Refrigerants are Expensive and are a proprietary product!

5) There are no holistic studies that prove that energy saved using
synthetic refrigerants during their lifetime exceeds the energy used in
manufacturing, storing, transporting, and safely disposing of them!

Thermodynamics suggests that the energy needed to produce synthetic
refrigerants can be nearly twice of what one would get by burning them!

www.refcold.in
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o o IF THERE ARE CHALLENGES
Q u e St' 0 n S [ THROWN ACROSS. THEN SOME
INTERESTING, INNOVATIVE
SOLUTIONS ARE FOUND.
WITHOUT CHALLENGES, THE
TENDENCV IS TO GO ON THE
SAME WAY. /

! ! [ have always been very confident and very upbeat

about the future potential of India.
I think it is a great country with great potential.

feedingtrends.com

Ratan N. Tata
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India - Norway Collaboration (2021 — 2024)

Outcomes and Contributions
to Indian cooling applications

Dr. Sarun Kumar KOCHUNNI & Prof. Dr. Armin HAFNER
NTNU

Funded by: Coordinated by:

Norwegian Embassy B NTNU

New Delhi Norwegian University of

% Science and Technology
\CY.

Go Natural and apply Clean

Cooling/Heating Systems g, Ter

[ |

THE COUNCIL
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Outcomes and Contributions

= Hands on Demonstrators and Educational Units

= Team with a common goal and spirit

= Vision that refrigeration sector can support

soclety keeping growth and increase profits

10/8/2024 2



INDEE+ Demonstration Sites & Educational Units

Area of

System and

1ISc Bangalore:

Supermarket
refrigeration

BITS Pilani:

Application purpose Leading Institutes Vendor End User
COZIHP: 480 kg Medors Renewable
cooling capaci . .
(Hot water and air Enﬁ Antarlm
Hotel conditioning) ED%
CO2 HP: 290 kW Koshyma
healing cal_]acity_ E".ugineering Pt
Hot water and air Ltd
conditioning™® Kr)s HYMA
Equipment »
CO: HP: Hot water Fabricators AKSHAYA 7
School Kitchen and air '
conditioning aspation 3 eneray UnLimatal oo fon sl
Industrial CO2 HP: 200 kW
processes heating capacity.
(Boiler feed Hot water and air
water heating) conditioning* SINTEF NTNU
130 kW NH:/CO» E Cochin Food Tech
cascade system. . o
Private Limited

Low temperature

Dairy Industry

CIFT Kochi:

Maritime tunnel/blast freezer SINTEF NTNU (CF Tech)
350 kW NH3/COn
cascade system. B
Low temperature
tunnel/blast freezer SINTEF NTNU
13 kW propane- Mech Pfur
o Industries
Maritime based flake Ice — R
maker for boats SINTEF NTNU MECREH

* Under negotiation

Armin HAFNER, NTNU

Refrigerated
Sea Water

ONTNU
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Prof. M.P. Maiya  Prof. Pramod Kumar  Prof. M.S. Dasgupta Dr. S. Seshadri Dr. George Ninan Dr. Manoj Samuel Shikha Bhasin Sonal Kumar
IIT Madras IISc Bangalore BITS Pilani IIT Madras CIFT CIFT CEEW CEEW

f':s,f‘

M i [ - ’ - . \ \ A k A l i ) /' 4 7 A .
Prof. Dr.-Ing Armin Hafner ~ Dr. Krzysztof Banasiak Dr. Kristina Widell Dr. Yosr Allouche Dr. Sarun Kumar K Dr. Simarpreet Singh Torgrim Asphiell
NTNU SINTEF Energy SINTEF Ocean IR NTNU NTNU NEA

& The INPEE
) | 4 " R
Marco Bless Jan Bengsch Lukas Koster Didier Coulomb Te a m
SINTEF Energy SINTEF Ocean SINTEF Ocean R
Armin HAFNER, NTNU




e : LA
Artificial Refrigerants il-.
GWP

PFAS

Pentafluoroethane

R'125 F i WP 675] |:Difluoromethane
F
e |
F [F i /c\.,,,H
_ 1,1,1,2-Tetrafluoro
R-134a X
F=¢§H WP 18 400)
F H
Trifluoromethane
1.1,1-Trifluoroethz H
R-143a FH |
F~C-C-H ‘@ _Comf %
L : F O\
F H F
2,3,3,3-Tetrafluoropr [GWP 124]
R-1234yf .

1,1-Difluoroethane

H,C W
F F

1,3,3,3-Tetrafluoropro

R-1234ze P SN

F F

I

Ihl‘.?,I
O'tq

T m

R450,R452,R454, R455, R456, R459, R469, R473, R508,
R513, R514, R515, R472A, RA54C, R468, RA466A, +++

Not:
fully fluorinated methyl, except R23 —> has H on it
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The chemical scope of the PFAS restriction !I—_

EUROPEAN CHEMICALS AGENCY . _

The restriction proposal by ECHA is defined as: ANy SulbbStance that contains at least:
= one fully fluorinated methyl (CF3-) or

* methylene (-CF2-) carbon atom (without any H/CI/Br/I attached to it).

» A substance that only contains the following structural elements is excluded from the scope of
the restriction: CF3-X or X-CF2-X',

RESTRICTION:

1. Shall not be manufactured, used or placed on the market
as substances on their own;

2. Shall not be placed on the market in:

a. another substance, as a constituent;
b. a mixture,

c. an article




Natural Refrigerants

Commercial- / low temp. industrial refrigeration
Heat pump chillers, low temperature freezing
Hydrocarbons (Propane, Butane, etc.) / R290, R600
Residential AC split units, Light commercial refrigeration
WJ

Carbon Dioxide / CO, / R744 /
Ammonia NH; / R717
Home appliances (fridges and freezers)

Hot water heat pumps,
Industrial refrigeration and heat pumps
High temperature heat pumps

Armin HAFNER, NTNU



Take home message/question

IS your customer able to invest twice In
equipment the coming years?

*"Implementing a non-natural working fluid system In
the next years represents a bad asset for decades

=Sustainability reporting will be a key for successful
business
-PFAS assets are not sustainable

10/8/2024 8
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Presentation outline

s World Energy Statistics and Energy breakdown for hospitals
s Existing heating system and parameters for hospital

¢ Proposed CO, heat pump chiller

s Sizing of CO, heat pump chiller

s Operating parameters, operating cost savings and ROI

s Concluding remarks

10/8/2024 Potentiel of CO2 heat pump for hospital application 2
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89, Non-residential buildinge (ndiresd S% 3% boriimen (it United Nations
/ / :
T28% . 299, 239, / - 11% Environment Programme
ransport LD Transport -~ Residential 2019 Global Status Report.
esidentia uliaings
buildings (indirect)

o [o]
35% 7%{)- 38/0‘*6%
e v e
ther - e (direct)g

~5% L
32% . e 309, 10%

construction
Other Industry ENERGY industry Other industry EMISSIONS Buildings
construction
industry

Steam boiler
(aundry, medical

equipment, etc.), |
12% ‘
Devices in data

center,5%

OrdinaryHVAC,
31%

Energy breakdown structure for hospital

Cooking, 2%

Building auxiliary Cleanair

devices, 10%

Lightingand ‘
Shen, Chenyao, et al. "Analysis of building energy consumption _ plug-n, 15%
in a hospital in the hot summer and cold winter area." Energy

Procedia 158 (2019): 3735-3740. Elevators, 1%

10/8/2024 Potentiel of CO2 heat pump for hospital application 3
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\ K] Condenser

31.1

T (°C)

y
Exp. Compressor
valve

NARNANA
\ AN

Evaporator

\ 2

v

v

h (kJ/kg) S (kJ/kg-K)

Simple VCR system

CRRBEL

DRBD
\ £ Gas cooler
\ 4
Exp. Compressor
valve

Y. ROCROES
Ahiutibiit Ty > sta/kek)
2 Tl iy Trans-critical CO, VCR system .
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ONCE-FLOW THROUGH WATER “HEAT AND USE” IS A PERFECT APPLICATION FOR CO2
SYSTEM TO UTILIZE THE HEAT EFFICIENTLY

[ ' [ ‘ [ ‘ [ ‘ [ ‘ [

It Heat | » Sensible heat is available in the hot
Exchanger | discharge CO2 gas at a temperature
exceeding 120°C.

| > The gas temperature drops as it rejects
1 heat.

{ » If this thermal energy is utilized to
sensibly heat any fluid matching the
temperature gradient, then thermo-
1 dynamically, there is no exergy loss.

Temperature [°C]

1 » This concept can be used to efficiently
1 heat the water from room temperature
to nearly boiling temperature.

/(;) ®\ | » Thus, Transcritical CO2 systems are well-
30 32 34 36 38 40 42 suited for simultaneous cooling and
Entropy, [kJ/kg K] once-flow through water heating.

10/8/2024 Potentiel of CO2 heat pump for hospital application 5



REFCOLD®
INDIA

03 - 05 OCTOBER 2024
Biswa Bangla Mela Prangan, Kolkata

Existing heating systems for a 400-bed multi-speciality hospital

2 Y Hot water
& ! - L Raw water (25°C) (90°C)
Vs o, - CSSD 0214500 I/day
, '[ 5 (Central sterile 5 0
~ S supply department) € Y9 | ForCssD
3 e Condensate 1500 kg/day
akistan , "S- ) '.7'%"-;_ I Steam >—=
'_Af - . .é\ \"\.»_ y '_‘/T‘;'"i_ . (a) BOIIer SyStem 160 _17OOC FOI’ Laundry &
3 up uNepdh. . - o5 ABRARESY e drying
C R ; BN et Bhutan . ,/‘( Raw water (25°C) 4000 kg/day
- _? A -
- LA B8R AT st Diesel
\ .- - A o ~ . —‘F " .
N T t ‘ - B{,pgh({%s _/ 5 l—@—» Boiler
. India 1. 1, 5500 kg/day
: ‘ . Myanm
: - . (Burm Hot water
; Raw water (50°C)
Mumbai q |(25°C)
!..:a’." v
XA " Bani Hot Condenser
i * Bay of Benga NSV water R134a (N
' - o NIT Madras ST | storage Heat pump
Cochin ¥ tank T
: £ < Evaporator
Sri Lanka s | 2
— o
Laccadive Sea 5|8 (b) Heat pump system
—
10/8/2024 Potentiel of CO2 heat pump for hospital application
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.o .
-__ in fﬁ\
¥

R134a heat pump operating cost

_Hot water consumption for rooms per day at 45°C 12 kl/day
_Temperature lift from 25 to 45°C 20 °C
_Heating requirement for rooms per day 10,05,000 kJ/day

_Operating hours of R134a per day 10  hours

_R134a heat pump capacity 28.0 kW
_Power consumption with COP,=5.7 6.2 kwW

_Annual operating cost with 12 INR/kWh, (C1) 2,72,000 INR/year

e Diesel boiler operating Cost

_Steam required per day 5550 kg/day
_Steam required pressure 7.5 bar
_Total heat required 1,87,00,000 kJ/day
_Diesel consumption per day 700 |/day
_Boiler efficiency 70%
_Boiler operational hours 10  hours

_An nual boiler operating cost with fuel price 94 INR/I, (C>) 2,40,17,000 INR/year

] Existing chiller data

-Existing chiller operating load 2000 TR
16 Input Power 057 kW/TR

10/8/2024 Potentiel of CO2 heat pump for hospital application 7
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Proposed CO, heat pump chiller for the hospital

] i, o (25°C Hot water
Raw water (25°C) CSSD o weter ) (90°C)
O —114500 |/day
- - ﬂ@i (Central sterile 0 0
_ < supply department) Condensate Y U] ForCcssD
) 2 > g o 1500 kg/day
A\ S
:\d 5 Ef 2 % i Steam
1 2 28 o O | (a) Boiler system " ror Laundry &
O v Compressor © 3 s3 160 -170°C drying
e T o 7-8 bar
I cO E % § Raw water (25°C) 4000 kg/day
2 > z 5 Diesel
Heat pump = = Boiler
< f 3| .
— rorvaerout | 5| £ o0k
— g -?U = Raw water Hot water
> | Thermal 528 |(25°C) (45°C)
; @) Storage | P2 'S g ~ v
Tank 0 i
TR T5°C N —N Hot Condenser
3 EAS Evaporator = water R134a
] =
_IE__ 67 kW T @ storage Heat pump
O GRUD LAY, | Forrooms g AT tank T
rg‘ i | = : 1 Raw water
| CHW main return header 25°C Evaporator

CHW main supply header

(b) Heat pump system

For rooms
12000 I/day

10/8/2024 Potentiel of CO2 heat pump for hospital application 3
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Sizing of CO, heat pump

* Heat that can be provided by CO, heat pump in a hospital:

1. All the heat required for CSSD: Qcgsp=mg cssp™ (hse-heona)
(mgcssp - steam required for CSSD per day, hg — steam enthalpy & h,,,q — enthalpy of condensate)

2. Partial amount of heat required for laundry and drying: (Q:a)p) : Quidyp = Mt rdy ~(Orsr-hy amb) (Mg 119y - steam for laundry &
drying per day, hygr - enthalpy of hot water stored in TST (90°C)

3. All the heat required for rooms: Qpyw=mpuw™Cy w™* (Toaw-Tw,.amb)

* The heating capacity of CO, HP: Qyp =(Qcssp + Q+ayp  Qoaw)/(tap day)
(tp day - Operating time (20 h) of heat pump per day) (95 kW Heating, 67 kW Cooling)

* Heat to be provided by diesel boiler in a hospital:
The diesel boiler has to provide the remaining heat, Qg, = (Mg (1+4))* (hs-hrst)

1.e., heating the boiler to feed water from 90°C to steam at 165°C (enthalpy hy,)

10/8/2024 Potentiel of CO2 heat pump for hospital application
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CO, Heat Pump Operating Parameters

S.No. Parameters

130 £
1. CO, HP heating capacity, (Qup) 95 kw 110 —
& o0 |
2. Evaporator temperature (T,) 4 °C @
£ 70 -
3. Effectiveness of IHX (€,,y) 0.8 - §* 50 -
. = 50
4, Inlet water temperature to gas cooler (T, amp) 25 C -
10 £
5. Outlet water temperature of gas cooler (T+1) 90 °C 10 s
08 10 12 14 16 18 20 22
6. Gas cooler approach temperature 3 °C Entropy (kJkgK)
The cooling capacity of CO, HP: Q.= M *(h;-hy)

The compressor input power of CO, HP: Wy = Mo * (hy- hyl)

10/8/2024 Potentiel of CO2 heat pump for hospital application 10
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Annual operating cost savings and ROI

mm
CO, HP operating cost

_ Maximum heat demand CO, HP could meet, Q,,p 68,65,000 kJ/day
_ Required CO, HP capacity, Q,, (for 20 hour operation/day) 95 kW

Input power for CO, HP compressor, W, 28 kW
Total power required including proposed pumps (P1, P2, and P3) 32 kW
CO, HP operating hours in a day, t,; 4.y 20 hour/day
_ Price of electrical energy per kWh 12 INR/unit
Annual CO, HP operating cost (C;) 28,29,000 INR/year
Chilling benefit from CO, HP

_ Free chilling capacity produced by CO, HP, Q. 67 kW
_ Power rating for existing chiller 0.57 kW/TR
m Electrical Input Power Required for producing free chilling (1 TR = 3.5 kW) 11 kW

_ Annual electricity operating cost savings by free chilling (C,)
Existing diesel boiler operating cost to meet remaining heat (Q,.

_ Remaining heat to be taken care by diesel boiler per day, Q,.,, 1,23,95,000 kJ

m Diesel quantity required per day to meet Q,,,, 460 I
m Annual operating cost of diesel to meet Q,,,, (Cs) 1,58,17,000 INR

9,64,000

Savings & ROI

"5 Annual Cost savings (C,+C,-C5+C,-C.) 6,600,000 INR
"5 Present building cost of the proposed CO2 heat pump in India 20,000,000 INR
Return on investment (ROI) ~3 Years

10/8/2024 Potentiel of CO2 heat pump for hospital application 11
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0s-osocroser2024 — Reduction in the operating cost and CO, emissions for Hospitals
iswa Bangla Mela Prangan, Kolkata
25 -
! B Existing system
527% ® Proposed CO2 HP system 0.6
B 2 %
3 ‘ o =
E \ = c
2o 3.2
= =15 - =04
e s E°
8c | o=
C_C; 10 - 9 6‘
Z I < O
§° : ggm
< 57 <
v" ROI about 3 years
0 0
12 M Existing PNG system Compare Wlth HOte|S 400000 uy Existing PNG system
M Proposed CO; system ~ . 350000 m Proposed CO; system
o 10 . . . o
S g Reduction in the operating cost | © g gggggg
. and CO, emissions for Hotels S ‘g 200000
8§ . £ & 150000
g° v ROI less than 2 years 100000
= 2 50000
< o — Hotels don’t need steam 0

CO2 heat pump integrated thermal storage for DHW in hotels. Journal of Building Engineering (2024). https://doi.org/10.1016/j.jobe.2024.109270.

10/8/2024 Potentiel of CO2 heat pump for hospital application 5
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Concluding Remarks

>
>

The application of natural refrigerants is crucial.
India’s cooling and heating demands will grow exponentially.

Transcritical CO, systems are well-suited for simultaneous cooling and once-flow through water
heating.

This study is focused on examining the feasibility of a CO, heat pump chiller for hospitals in India
to meet heating demands.

The potential for significant reductions in operating costs and CO, emissions, estimated at 27 and
17%, underscores the value of CO, heat pump chillers.

ROI is about three years at the estimated cost of CO, HP installation in India.

CO, system integrated with TST can be adopted as a viable, efficient, and clean solution for
hospital heating needs.
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Clean cooling solution to meet the heating and
cooling demand in milk processing
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India aiming for White revolution 2

5 year Target:
* Food and Nutritional security
* To set up 56000 new multi purpose Dairy cooperatives
e Strengthen 46500 existing dairy cooperatives

 Technology intervention at all level

.
@ SR
NVIRONMENT

NTNU SINTEF “AGERG
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What’s unique about Indian Dairy sector
launched in 1970

* Worlds largest producer of milk with a wide margin.

e ~25% of global milk production (236.35 MMT in 2023-24)

* Only ~0.01% milk product exported, earning $272.64 million (2023-24)

* Dairy market is largest single agricultural item, ~22% of total agriculture
value and 5% of GDP

e Steady rise in milk production and demand, 6.4% CAGR

e ~80 million rural households engaged in dairying and 71% are women

e 70% production come from dairy firm raising less than 10 animals — most
common 2/3 animals

* Excellent example of cooperative type model implementation

e @B < a\ P
| & b A

O J©)
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Indian Dairy sector

‘ »h ];5 %\ !

* Productivity low

 Methane emission is high due to low digestibility of fodder

* Carbon foot print estimated between 1.45 -1.81 kg CO, eq. per kg of milk
e 40 kWh/MT electrical and 60000 kCal/MT thermal energy input estimated

e Dairy sector has significant demand of both heating and cooling

e Use of natural refrigerants in Refrigeration and Heat pump application

 The Bureau of Indian Standards (BIS) adopted safety standards for natural
refrigerants in 2020: IEC 60335-2-40:2018

* Technology intervention is a distinct focus of White Revolution 2

O J©)

NTNU SINTEF GG
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Heating and cooling requirement in dairy Industry

+ Cooling:
= Chilling of milk (4 °C) Up to
= Cold storage 80°C
* Heating: 4°C

= Pasteurization of milk (72 °C)

= Clean In Place (CIP)

« Conventional Systems:
= Cooling: NH3, R134a, R407c, R22... Vapour Compression system

= Heating: Boilers, Solar thermal, Electric, Gas, Heatpump

O J©)

NTNU SINTEF
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Advantage of Trans-critical CO2 over other VCR systems

—1

\ K Condenser

\ 4
Exp. Compressor
valve

NN AN
L AL TS ALY

Evaporator

@@@@
R

\E Gas
cooler

Y4

\ 4
Exp. Compressor
valve

N/ N

Evaporator

34

h (I9/kg)

v

h (19/kg)

31.1

T(°Q)

® 6

NTNU SINTEF

A

The transcritical cycle
operation provides a large
continuous temperature
glide.

The lack of condensing or
phase changing allows for
a water profile that
follows the CO2.
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CO2 for simultaneous heating and cooling application

120 —

Int Heat
Exchanger

100 —

N o)) o0
o o o
\ \ \

Temperature [°C]

)
o
\

\
3

|
34

36 38

Entropy, [kJ/kg K]

O J©)

NTNU SINTEF

Sensible heat available in the hot
discharge CO, gas at a temperature
exceeding 120 °C.

Can be used to efficiently heat the
water from room temperature to
nearly boiling temperature.

Reduce exergy loss
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22
CP Ambient Temperature

Sensor
HE e
! Heat Recovery;
Low Pressure lift 2 1 Gas 14 Uik y: oil
Ejector Bank (P IHX q) Cooler = Separator
A TET |
A ] o
—{ :)23
X A | e psa
Dt
S8 |
| l Compressor
_®24 “_® 9 _C_') 10 Bank
D2 F.G.B.V1 |
Dorin CD300 H Dorin CD360 H
i |
Receiver F.G.B.V2 L
Tanks i) (i
17 s ey e
S 25
iy 353 )
o3 -
2 Fiterkm & = Egrosmm=hrmecee
‘g g Drier X 7 21 Compartment/ Suction
2 q) q) —@ Tank accumulator
e ;— O e e tom et
: vaporator
...... EEV p @5 Shut Off Valve
® 20 -
18 >4 Safety Valve
N Non Return Valve
[El EEV/ Electronic Expansion Valve/

F.G.B.V Flash Gas bypass Valve

P & ID of the Demonstration unit @
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Summer Winter
Operation Operation
Heat Recovery Heat Recovery
Unit Unit
. . see®l,__ 0 o . PR o 0
LP ejector g o) > O Ogt LP ejector < 0 - 0
IHX Gas Cooler | IHX Gas Cooler
|
Compressor I Compressor QD
Bank | Bank
AN
|
|
|
Intermediate Intermediate |
. g : >
Receiver i Check Receiver I i Check
FGBV Valve FGBV Valve
|
EEV O 0 EEV °© ©
Evaporator Evaporator

o Summer & Winter Operation
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« Simultaneous heating and cooling application .
 FGB to improve refrigerant quality .

‘== T

\

>0

/

o i

:
e

IHX to provide subcooling
Compressor superheat

Il

O J©)
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* Liquid injection to control superheat * Ejector to recover high throttle loss
and compressor safety « Actas aback pressure control valve

| o0 | ”:m:” | o< | m

O J©)
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« Gravity-fed evaporator for additional cooling effect
» |deal for chiller application

—{ > | \M/1:m

O J©)
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Compressor Rack
1. Dorin CD300H: 1.46 m3/hr @ 50 Hz

2. Dorin CD360H: 2.39 m3/hr @ 50 Hz

80 b (R e e e

perit

Ejector

IHX
Heat recovery unit

pc [bar]

%0 50 —40 =30 —20 —10 0 10 20 30

Te [°C]

Electric panel Compressor Operating Envelope

O J©)
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Major Component Make/Models

akeModel o

To gas

Compressors Dorin: CD300H and CD360H  cooler/heat | g

reclaim unit

I
|
Heat Exchangers Alfa Laval: AXP14 & AXP82 T Oil Level EQ} EQD
i Regulator
i ! T
| !
i -

LP Ejectors and Controllers Danfoss: Multi Ejector LP 935

Oil Management System Tecnac (Oil separator) £

From
[HX

Teklab (Oil level sensor)

Oil Management System

15




REFCOLD INDIA 03-05 October 202 : */,,32 |
Collaborators
ENGINEERING
TOMORROW
I: | [l ®
MeC-RIR [kl
s 16




REFCOLD INDIA 03-05 October

Current Status and Path Forward

Modification | Educational/ Educational/
and testing Training Training
of the unit at
Vadodara,
Gujarat
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On-Board Refrigeration in Small Fish Boats with R290
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COLD-CHAIN EXHIBITION

FRESH & HEALTHY PRESERVATION
THROUGH INNOVATIVE TECHNOLOGIES
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Indian scenario

Coastline >8000 km

Exclusive Economic Zone ~2.02 million sq. km
~70,000 Mechanical Motorised boat
Estimated 13.7 million metric tons fish (2021)

1.37 million metric tons of fish & product exported (2022)
7.76 billion USD earned in export (2022)

* Third largest fish producer #* Second largest aguaculture
producer *# Fourth largest seafood producer in the world

. —and there is room for growth




The Challenge

Indian fishing scenario is dominated by
motorized & mechanized Purse seiner
that carries crushed ice from coast.

Challenge

@NTNU



Proposal: On-board & Transport Refrigeration

=
—

On-board &
Transport
Refrigeration

R-290 based
system

PAWE S AS P
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Onboard 1ice making unit, on-
demand ice production.

Simple and maintainable system
architecture focusing on
mechanical components rather
than sensitive electronic parts.

Powered directly from the boat's
engine via a belt.

Auxiliary system powered by cost-
effective 150Ah battery.



Why Propane (R290) as refrigerant

 Propane (R290) is natural refrigerant, inexpensive, offers great
thermal performance, and is compatible with common structural
materials and standard lubricants

» Better performance for stated application & temperature range

« Commonly used polyolester oil in compressors, is suitable for R290
with an adjusted viscosity

* Low acute toxicity according to ASHRAE standards

 Updated regulation of the European Union, the allowed R290
charge has been lifted from 150g to 500g of




Overall heat transfer coefficient (W/m?<K)

Evaporative drum side

R744/\Water 1141.9
R134A/Water 803.7

R404A/Water 1133.6
R290/Water 1322.5

Cascade heat exchanger

R744/R290 1486.7
R744/R404A 1028.9
R744/R134A 915.5

eNTNU I i @ @ @



Small boats come

18209 mm
, 0 in many variety!
Ll U
3 x Engine room - ]
1 5 + . Mumbai coast: RSW system,
Demand: Cooling load 3.5 kW,
A intermittent running, 50%
] support.
10804 mm
: 4 Gujarat coast: Flake ice system
£ 3375 mm 134|m .
B EH = SNTET | Demand:100 kg ice per hour for
. ] S 10 hr. daily, 50% support.
18212 TMm 8788 £ c
£ E 3658mm / £
s E"gi”iﬂ’ﬂ,——% 5 N Zedfor /| & .
A | \I = |” Kerala coast: block ice system 24
£ s .
SR 8y & hours of compressor running,

SIDE VIEW
REAR VIEW 50% support.




Proposed RSW system ]

Cooling load calculation

Average catch size 8 tonnes .
Compartment 1.22 xX1.22 %X 1.9 I
dimensions m3 O
No of compartment 10
Specific heat (Cp) of fish  3.13 —3.38 kl/kgK Insulating material
e ot | S e Fators  |Vales
Sea water temperature  26.5°Cto0 31.5°C A5Er 25 SR LS
PUF 0.048 kJ/kgK
Air 0.024 kJ/kgK
Cooling load unit 3.5 kW HT coefficient for moving air 34.05 kJ/kgK
Heat transfer coefficient of still air 9.3 kl/kgK
Heat transfer coefficient of ice 598.5 kl/kgK

BNTNU T ¢




Results (RSW unit)

2.4
,, | —*—R407C
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Ambient temperature (°C)

Reduction in compression work upto
13% and 23% found when compared

36

2.6 1

2.4 -

—=— R290
—e— R404A
—4—R407C

26 28 30 32 34

Ambient temperature (°C)
Improvement in COP upto 14% and
30% found when compared to R404A
and R407C

36




Proposed Flake Ice system

Direct loop

R290 system
configuration

Cooling Load 30 kW

@NTNU OENWE €1

Condenser
Water Pump

-5 1
L

¥

Alternator
i + Battery
A
1
1
1
1
Condenser ) ol = aall |

|

|2 R

Expansion
Valve

Evaporative
Drum

R290
Circuit
Reducer

) Motor

Lo
m

ompressor

C

Suction line
accumulator

™
e - s s e ..

" Evaporator
water pump

Mechanical 1
Drive E




Flake Ice system with various refrigerants

Evaporator temperature
Condensing temperature 40

Displacement at
Refrigerant LR Type NEDGEL nominal speed
Selected speed (RPM) m3/hr

R404A FVR-L-30-120 P R SErEy 2900
compressor

120

RA07A FVR-.L-30.120  OPentype screw 2900 120
compressor

FVR-L-30.120Ax  OPentype screw 2900 120
compressor




3D drawing of flake ice system

Left side view Right side view

I I

Front view

Isometric view




Results (Flake ice unit)

Cooling COP

1.8

1.6 1

1.4 +

ki
o
1

0.4 4

02 4

1.3984

1.4048

1.6102

0.0

R404A

16.13% and 14.6% higher cooling COP.

R407A
Refrigerants

R2390

Overall COP

2.0 - 1.9172 1.962
1.7045

1.5

1.0+

0.5 -

0.0
R404A R407A R290

Refrigerants

16.4% and 2.2% higher overall COP




Alternate system Wlth CO, In secondary loop
Atternator (A)— + Batery - -

e # 1
—O | ¢ : :
Sehamaer L CL COndenser_I 1) - '1HH_HJ":

-
Proposed - |
Suction line

indirect loop _ |
Rzgq accumulator Boat Engine

R'290, R-744 Circuit

configuration

Mechanical '

Compressor
)

Expansion
Valve

Evaporator

Mt |,

-

cO2
Circuit
- Red Expansion
Cooling Load 30 kW educe tank
T == :
= ‘ | PR YU U -
% S - i Evaporator
= W water pump
55 - TP S
-
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Alternate block ice system

sea Water Cooling load 13 kW for

Oaltlet /\/> block ice application
=) I 5 W

; ¢ Boat Engine

Inlet Combined height [m] 3.31
Single cell height for 5
parallel plates [m] 0.66
Ice Block Evaporator
Width [m] 0.03
length [m] 1.1
Plate spacing [m] 0.002

®NTNU T




Performance

9000
: Geometry vl
8000
Combined height [m] 3.31
ool Single cell height for 5 0.66
E . parallel plates [m] '
60007 Width [m] 0.03
[ ]
ol % length [m] 1.1
[ ]
[ ] .
® ) ° o Plate spacing [m] 0.002
e H4§g(t) transfer t:n:nefﬁc:ient6 ?sfﬁim 2-K] e o
3500 Width [m]
— 0.03
m -
E 3000 e 0.04
prar 2500 0.05
E 0.06
% 2000 0.07
- --- Trendline
1500 4

T T T
-30 -25 -20 -15 -10 -5
Evaporation Temperature [°C]
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Environmental analysis

“ Carbon footprint (CFP) *

Fish 0.25-0.3 kg/ kg of fish

Diesel 3.1 kg/kg of diesel burning

*Tan, R., Culaba, A., 2009. Estimating the carbon footprint of tuna fisheries. WWF Bin. Item 1-14.




Results and discussion (CFP)

L
{

Due to reduction in ice carried
(8000 kg)

Reduction of CFP

Due reduction in fish wasted

(315 kg)
Net reduction in carbon

foot-print = 6725 kg CO,
equivalent per trip

Due to machine weight
(1120 kg)

Increment of CFP

Due to operation of machine
(470 kg)

N N e N
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Results and discussion (ROI)

fems ___________ |Costsaving

Cost saving in terms of diesel $2848 USD

Reduced cost of crushed ice S96 USD

Profit due to the better fish quality S378 USD

Cost of On-board refrigeration system $11868 USD

Increase in expanse due to diesel consumption for S 602 USD
ROI: ~ 4 trips

@NTNU L



Conclusion

The reduced compressor work leads to less power supply from the boat engine,
resulting lesser fuel consumption

The cooling COP of propane system is 15.1% and 14.6% higher when compared
to R404A and R407A systems for RSW unit

Improvement in COP upto 14% and 30% found when compared to R404A and
R407C

In addition of using of natural refrigerant, the on-board refrigeration system can
reduce CFP upto 6725 kg of CO2

The ROI for installing the on-board refrigeration system is found around four trips
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Project
Introduction

Primary Objectives

» Coordinate various actions
» Design
»  Deliver training programs
»  Transfer knowledge to the various stakeholders.

» Extensive support
» Todevelop R&D programs, manufacture in India
» Implement demonstration sites in real environments.

» Knowledge Transfer
»  R744 refrigeration systems
»  Troubleshooting and maintenance of these systems will be provided.

» Technology transfer
»  Suppliers and manufacturers.

Future Refrigeration India: [N ®EE ©@ NTNU -
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Need of the
Hour

HFCs with ultra low lifetime do

1987 1970

Montreal Protocol Discovery of the ozone h ave u I-t ra l-OW GWP va l.U e.
on CFCand HCFC depletion process

Nevertheless, all the other equally

. Siistaliiable Important environ mental aspects
1995 Technologies:
Global warming R ety are either unknown or secret
becomes anissue | L Safeinuse lL?:g;Sﬂ%f
. - Affordable

safe refrigerants

NATURALS NATURALS + HFO

1834 Growing need for 2015
Invention of the vapor  safe refrigerants EU HFC
compression process.
Natural refrigerants

2019
Meontreal Protocol
phase-down on HCFC

Future Refrigeration India: [N ®EE @ NTNU
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Need of the
Hour

The wider market share of traditional man-made (synthetic) refrigerants is a major constraint.

DON’T CALL IT CHANGE, CALLIT
CLIMATE EMERGENCY

Need of the Hour
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Need of the
Hour

Current Status in India

1200 [~
I 0.3%

1000

800 Cold-chain
a B Transport
2 600 Air-conditioning
,5 I Refrigeration
5 B Space cooling in

400 buildings

200

0

2017-18 2022-23 2027-28 2037-38

Source: Ozone Cell (2019)

“7\\

Future Refrigeration India:[N ® EE

2017-18: ~135TWh

N>

2037-38: ~585TWh

W Room Air Conditioner

@ Chiller System

B VRF System
Packaged DX

Fan

W Air cooler

Space Cooling Energy Consumption by Equipment

R&D Institutions
Think-tanks

Industry experts,
think-tanks and
research entities

NTNU

+ Ministry of Agriculture and Framers Welfare
- Department of Science and Technology

+ Ministry of Housing and Urban Affairs

- Ministry of Skill Development and

Government Industry
+ Ministry of Power Industry
+ Ministry of Road Transport and Highways ¢ associations and
manufacturers

Entrepreneurship

+ Department of Industrial Policy Promotion

- Council of Scientific and Industrial Research
+ Bureau of Energy Efficiency

+ National Centre for Cold Chain Development
- Electronic Sector Skill Council of India

« Energy Efficiency Services Ltd.
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e |, SE e

Having the premises on a
landscape  location, greatly
provides challenges to the water
pipeline distribution channel.

Demosites
Location

i | Therefore, a systematic and

S z augmented  piping  channel

= 2 Jayout is outlined and finalized
2 zé to reduce the overall pumping
N Ly power/consumption throughout
T e T the hotel premises.

Future Refrigeration India: [N ®EE ©@ NTNU :
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¢

R744 Heat Pump
Unit for Hotel

I T T 1

| D I |

Control Strategy

| Application selection |

" System modification | | Geographical challenges |

|_Documentations | | Vender Selection |

| Documentation |

Phase | (Planning)

v’ Application selection
v' Geographical challenges
v' Ambient temperature frame

Phase Il (Development)

v" Assembly progress
v’ Control strategy has been working on

v Four modules (heat pump/chillers) are

Heating Demand Optimization

planned to smartly integrate

Cooling Demand

Data reduction

Specifications

[ J

<_I | Control Strategy | \_>

Peak load Demand Optimum point

v" A common thermal storage (hot water tanks)

S

| ) |
| ) {
( ) {
( ) { ) {

Design

Oil Management Troubleshooting

)
)
J
}

-

Parameters

[ System Configuration ] [ ] [ Optimum Strategy J

Future Refrigeration India: [N ®EE

@ NTNU

Phase Ill (Implementation)

v" Peak load demands
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R744 Heat Pump
Unit for Hotel

e The thermal energy demand in
—=> | the hotel is intended to be
supported by an ejector-based
R744 heat pump/chiller unit.

Consumption

lllllllll

o 5o The heat pump/chiller of 120 kW

cooling capacity (each
evaporator of 60 kW) is designed
to produce 70°C hot water and

- B B e 7°C cold water.

Lobby

Future Refrigeration India: [N ®EE ©@ NTNU 10



5 . reoLp’
L INDIA

03 - 05 OCTOBER 2024
Biswa Bangla Mela Prangan, Kolkata

R744 Heat Pump
Unit for Hotel

Heating loop

=

Total Electricity
Consumption
(14243+4+5)

v' The ground water at 24°C passes through

T the gas cooler, gain the rejected heat.

v The VFD is programmed to obtain the
required high side pressure.

v' The hot water gets collected in the 5™ hot
water tank through the three-way solenoid
valve.

v’ After filling the 5% water tank the hot water
is channelized towards the 4th, 3rd 2nd  gnd
later 15t pressurized hot water tank.

v Controller return water collection is going to
be taken care of by an individual three-way
solenoid valve connected to the high-rise of
each hot water tank.

Future Refrigeration India: [N ®EE ©@ NTNU 1
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R744 Heat Pump
Unit for Hotel
Chiller loop
= 3 4 . . .
! = % " v chiller loop is charged with glycol/water
e —— e solution.
T ? v’ The 1%t evaporator temperature which is
| gravity feed.

v' EEV is installed at the inlet of the 2nd
evaporator to achieve the required cooling
temperature.

v The mass flow rate of the water/glycol
solution would be controlled to simulate the
air conditioning set point temperature in the
cooling loop.

Ground Water S 3:F

| ST — BB B

Lobby

Future Refrigeration India: [N ®EE ©@ NTNU 12
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Modulation
Control Strategy

= Mode 1: Chillerand DHW —

Ground Water @

= Mode 2: Chiller e
= Mode 3: DHW —

Three operational modes of the

R744 heat pump/chiller are mODE]
mn

anticipated with the use of
advanced

SBIS

Room 2

@I@l@ﬂ—l@lﬁ@ﬂy@l

directional control valves (DCV)

L

Future Refrigeration India: [N ®EE

and non-return valves (NRV)

@ NTNU 1
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Modulation
Control Strategy

An optimized modulation control strategy is identified as there are four modules (heat pumps/chillers) working in parallel to
attain a common operation to fulfill heating and cooling in the hotel.

——>>( Controller }zzmmmms S
Inputs * 00000 TTTTTTTTTTTTTTTTT i
Temperature [ i
Pressure | i
Hot water demand i !
Ambient temperature
To Hotel
----------- e S S
From Hotel (Glycol Return)

With the support of thermal storage water tanks, each of the four modules would be driven and operated to work as
per the requirements. Each module (heat pump/chiller), however, has an independent control logic programme

Future Refrigeration India: [N ®EE ©@ NTNU 14




REFCOLD®
I N DIA
Modulation
Control Strategy

v' A heating call is generated once the water
. temperature in the 5™ hot water tank is less
H eatl ng than the set point temperature inside the tank

Call

v' A cooling call is generated once the return
water/glycol solution temperature is more

Coonng than the set point temperature for 1 minute.
Call v In both cases, the next module will be in
ON/OFF operation to achieve the set
temperature.

Future Refrigeration India: [N ®EE ©@ NTNU 15
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On-going
Challenges

1 2 3 4 5
* g B

Cansumgtion
(1+2+3+4+5)

Compremor | Conpresscr?  Conpreswr 3 Comgressord  fudieren

From Hotel
(Return Line}

TIF

Return line

16
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L [ [ [ [ [ l==)

Stage I:

v The initial testing of the first heat pump/chiller (module) is in-progress to ensure the unique
approach and methods designed and used to fulfill heating and cooling demands in the hotel.

v Once the initial testing is performed, the rest of three heat pumps/chillers (modules) are planned
assembled directly at the hotel site in Goa.

Stage |I:
v The hot-water and cold-water piping networks are ongoing.

v' Thermal storages or hot water tanks are under fabrication and testing process to ensure a T
streamlined water collection. | )

v Air to water outdoor heat exchanger is also under fabrication at a different location in Goa
planned.

Stage lll:

v System commissioning and data extraction development to support the knowledge disseminatio
activities.

Future Refrigeration India: [N ®EE ©@ NTNU 17
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Performance evaluation of CO,-NH; cascade
refrigeration system for seafood deep freezing

Presented by

*‘“ Arun. B. S

= |CAR-CIFT Kochi
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INDIA About ICAR-CIFT

03 - 05 OCTOBER 2024
| Biswa Bangla Mela Prangan, Kolkata

« The ICAR - Central Institute of Fisheries Technology (ICAR-CIFT) set up In

1957 is the only national center in the country where research in all
disciplines relating to fishing and fish processing is undertaken.

« Research centers function at Veraval, Visakhapatnam and Mumbai.
 INDEE+ Future Refrigeration India Project: Engineering Division at CIFT

www.refcold.in  10/8/2024

R744 deep freezer for seafood processing @ NTNU SINER



Demonstration site

&OLD‘@ Bellfoods Pvt. Ltd. & NAS 'SHRAE ©remee
Fisheries Pvt. Ltd.

| Biswa Bangla Mela Prangan, Kolkata

* Tunnel freezer (IQF) with Cooling

capacity 3
* CO,-NH, aavrefrigeration system

Evaporator temperature at -43 °C
Loading capacity 1000 kg/h

« Tunnel freezer (IQF) with Cooling
capacity 150 kW

e Three Flul
cascade re

 Evaporator t&fperature at -44 °C
« Loading capacity 500 kg/h

X =
‘!i‘/ri};e‘—r y
s =2

www.refcold.in 10/8/2024 R744 deep freezer for seafood processing
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ISHRAE ’ @ informamarkets

—— @71—}‘.’.1
| L T'n‘.'.w:
—o—T T
+ Qil
separator I ' I ' I ' I ' I T I T I I
7 Condenser PHE NH;Compressor 6 150 + _
E— f
Expansion valve 5 @ . ® @ : W
38 OO0, ¢
—k — )
A4 @ 5 100, :
1 ~
[H; LPR, Ty il O
separator 2 5 5
g 1. CO, Compressor ~
J T T &’
Tuc 5
Cascade PHE| — @.. Weam, "C‘U" 50 -]
ac B
: g‘ WComp,HTC ]
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. z I
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{ INDIA P&ID of CO,-Glycol-NH; —
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| Biswa Bangla Mela Prangan, Kolkata

—— @_T\‘.'. n
| - T'.‘.'.u.l:
L=
e + oil 160 ' I ' I ' I ! I I I I
r
7 Te separator
Condenser PHE MNH;Compressor 6 N C02 R717 A
| ]
Expansion valve
TS; n — % Wca-;p, 120 7]
o =t HTC
QCB ] - -1
+ | . ——
G|YCO| TS;m: Oil 6 -
tank ¥ separator

CO; Compressor

ke Qﬁé -

1

WComp,HTC

Expansion valve

Temperature (°C)

-15

°C

| AT=5K

P
CO:LPR, Te ) . Qcas }To Glycol
< Fvaand
Pump 3 L 1 L 1 L 1 L 1 L 1 L 1 L 1
v 0 1 2 3 4 5 6 7
T = Entropy (kJ/kgK)
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| Biswa Bangla Mela Prangan, Kolkata

\ "

AT

SIEMENS

mnnmu\\\\\\\:\\

-
| - . .
| con-1 cor-2 coit-3

| TEMPERATURE  TEMPERATURE  TEMPERATURE T

MPERATURE

3 -41.8°c § -42.8°¢ -40.4°¢c || -42.5°¢
& CABIN-1 CABIN-2 CABIN-3 ABIN

TEMPERATURE  TEMPERATURE ?Em»'énjn URE (;gwgu TURE

GLAZER-1 -2
TEMPERATURE TEMPERATURE T!~§!'§RATURE TEMPERA I'lise
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03 - 05 OCTOBER 2024
| Biswa Bangla Mela Prangan, Kolkata

Pmvea e worRATURE
f e
m HARDENER G

e,
|
|

TEMPERATURE ATURE
0,
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Data collection

Sensors used

ISHRAE ’ @ informamarkets

www.refcold.in  10/8/2024

a) Thermal energy meter/BTU
meter/Flow meter

b) Temperature sensors
PT1000 on CO, & NH; line

c) Temperature sensors on
condenser cooling water
line

d) Pressure sensors on
suction and discharge

ONTNU @ SiE in f@ W
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¢

CO, unit PLC NH,4

Freezer PLC loT device Data hosting/cloud

unit PLC

Suctiontemp. & Evap. coil temp. e 24x7 internet e Hosted through
pressure e Freezer cabin connection website

e Discharge temp. e Static IP e Accessed from
temp. & e Electrical address India and
pressure energy kWh Norway

e Superheat e Cooling

e PLCto PLC water/glycol
communication flow rate

e Water/glycol
temp.
\_ J \_ J \_ / \_ /

www.refcold.in 10/8/2024 R744 deep freezer for seafood processing
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CFT1092 £ Multiple languages
IQF CABI IQF CABI | IQF CABI DISCHARGE SUCTION TE
« & > o»» N—?l TEMPE | N-2 TEMPE Ng TEMPE H—Q4 TEMPE T:::;UfEETEMPERATU s::;ﬁ:: MPERATUR| CO2 KWh %?::ﬁfhs ?;::: zis: R.3 KWh | 10F CA..
RATURE | RATURE | RATURE | RATURE RE E
No.8Page Per Page1000 Row IQF CA...
Total 30839 1tem 5 -38.9 -39.6 -39.4 -34.1 13.6 62.0 2.1 -16.2 123801 18512 38312 20353 |* IQFCA..
2
2024-09-07 07:02:46 -38.7 -39.4 -39.3 -34.0 13.6 62.0 2.1 -16.3 123802 18513 38312 20353 DISCH...
2024-09-07 07:03:46 -38.5 -39.3 -39.3 -33.9 13.6 62.0 2.1 -16.3 123802 18514 38312 20353 DISCH...
2024-09-07 07:04:46 -38.4 -39.2 -39.2 -33.9 13.7 62.0 2.1 -16.2 123803 18515 38312 20353 SUCTL...
2024-09-07 07:05:46 -38.3 -39.0 -39.0 -33.8 13.7 62.1 2.1 -16.3 123803 18516 38312 20353 SUCTL...
2024-09-07 07:06:46 -38.3 -38.9 -38.9 337 13.7 62.1 2.1 -16.2 123804 18517 38312 20353 €O2 KWh
2024-09-07 07:07:46 -38.5 -39.0 -39.1 -34.0 14.0 62.4 2.2 -15.4 123804 18518 38312 20353 COMPR...
2024-09-07 07:08:46 -38.8 -39.2 -39.2 -34.3 14.3 63.0 2.2 -15.7 123805 18520 38312 20353 COMPR. .
2024-09-07 07:09:46 -39.1 -39.4 -39.3 -34.5 14.4 63.7 2.2 -16.0 123806 18521 38312 20353 co
2024-09-07 07:10:46 -39.1 -39.6 -39.4 -347 14.4 64.5 2.2 -16.1 123807 18523 38312 20353
2024-09-07 07:11:46 -39.0 -39.7 -39.6 -34.8 14.4 65.0 2.1 -16.3 123807 18524 38312 20353
2024-09-07 07:12:46 -39.1 -39.8 -39.7 -35.0 14.4 65.3 2.1 -16.3 123808 18525 38312 20353
2024-09-07 07:13:46 -39.1 -40.0 -39.8 -35.1 14.3 65.6 2.1 -16.3 123809 18527 38312 20353
2024-09-07 07:14:46 -38.8 -39.8 -39.5 -34.9 14.1 65.7 2.1 -16.9 123809 18528 38312 20353
2024-09-07 07:15:46 -38.4 -39.6 -39.3 -34.6 13.8 65.5 2.1 -16.7 123810 18529 38312 20353
2024-09-07 07:16:46 -38.2 -39.5 -39.2 -34.4 13.6 64.8 2.1 -16.5 123810 18530 38312 20353
2024-09-07 07:17:46 -38.1 -39.3 -39.2 343 13.6 64.3 2.1 -16.3 123811 18531 38312 20353
. 2024-09-07 07:18:46 38.1 -39.2 -39.1 34.1 13.6 63.9 2.1 -16.2 123811 18532 38312 20353 v
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SrrcoLp® Plots showing operating parameters!'SHRAE" ) informarric:
INDIA and performance
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Seafood Evaporator Cooling

Processing temperature capacity
Industry (°C) (kW)

Present study

-42 150 1.35
(CO,-NH3)

| (two-stage) -38 49.2 1.09

Il (two-stage) -38 45.7 1.2

Il (two-stage) -35 140 1.56
35

IV (two-stage) - 196 1.68
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Cochin Food Tech Pvt. Ltd.
Contact Person:

Mr. Saju George

Mob: +919656404300
email: saju.george@cftech.in \“‘\@

COOLING LINE

(%) thermofin’  thermowave = RERC @ SIEMENS @ r[i]5|]|]||f

MIRRANT
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v'The demonstration sites are purchased and owned by the end-user.

vINDEE+ team has provided active support during the design, tender and
commissioning.

v'A data management plan is established, in agreement with the end-users.
v’ Joint scientific publications for sharing the findings.

v'Local vendors will provide the service and maintenance even after INDEE+
IS terminated.

v'Encouraging others to adopt similar refrigeration systems.
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Introduction

R134a system CO, system

Compressor
Compressor

128
128
R134a
64 +
32 T 64
= 2
@
S 16 | =
2 2
7 [}
Q@ 8 T
g & 35 ]
o
4 4+
2 4+
1 LI LI L L L L R EL L L L B BB L] .' '.‘ '. T 16
150 200 250 300 350 400 450 500 100 150 200 250 300 350 400 450 500 550 600

Sp. enthalpy (kJ/kg) Sp. enthalpy (kJ/kg)
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Advantages of high pressure

256 T+ + 3713

128 + + 1857

Ejector

+ 928

Pressure [bar]
(e}
N
Pressure [psi]

i1+ 464

w
N

232

Sp. enthalpy [kJ/kg]

e Environmentally friendly with low GWP (1).
e Safe, non-toxic, and non-flammable refrigerant.

e 9% to 12% higher COP
e 10% to 25% energy savings.
e Compact design, reduce footprint up to 30%.

www.refcold.in 2



Basic design parameters

v' Applications: Freezing/Refrigeration/chilled water/Heat pump etc...
v Cooling capacity (kW/TR):

v’ Cabinet temperature (°C):

v" Chilled water temperature (°C):

v" Chilled water return temperature (°C):

v' Heating capacity (KW/TR):

v Hot Water temperature (°C):

v Hot water return temperature (°C):

v' Ambient Temperature: (Min, Max, Avg.):

v" Relative humidity/Wet bulb temperature:

www.refcold.in 3



Selection/Design of system configuration

o)
Gas cooleb _

HP expansion
valve

lo ol
HT Comp. HT CO,

Ejector Compressor
HP expansion = !
valve Comp. receiver =¥ Gas bypass
Gas bypass vale
vale
. P |o Inter stage cooling
receiver
o |, % s =~
E IP receiver L J
Expansion(O O
LT CO
valve  MT evaporator Expansion 2
valve Compressor
7
Cco

Expansion IO!III!II III!|O l

LT Comp.
valve \.:
) Expansion | » Liquid separator
Simple gas bypass system valve LT evaporator

LT evaporator CO, Pum Regulating

valve

Two stage compression system

Two stage ejector compression system

www.refcold.in 4




Component selection

COMPRESSOR

Bitzer

Selection parameters
Cooling / heating capacity : kW
Evaporator temperature : °C
Superheat : K

Gas cooler temperature : °C
Gas cooler pressure: bar

www.refcold.in 5




Component selection...

ﬁg‘ Selection criteria

1. Evaporator : Always go for distributor ( H and M type plate preferred)
2. IHEX : Over surfacing more than 15%
Alfa Laval _ _
3. AXP/CBXP series max. 300 plates is good to use
4. Gas cooler : higher delta T on water side
5. 300 kW and above capacity: Use multi evaporator
Heat exchanger
Danfoss .
Selected Type NS Max. capacity [kW] Min. capacity [kW]* a:o.a.d. EDI/G.]. .EDP [bar] Velocity, in [m/s] Result o ' i
. CCMT 2 15 31.33 0.4925 325 45.65 040 : " ?f’
ccMT4 15 82.96 1.304- 12:  45.65 040 v § "
CCMT 8 15 147.3 2.317. 7= 45.65 040 o e
CCMT 16 25 294.7 14032 31 4565 0.14 A ‘ﬁ . »
Expansion valve Ejector

www.refcold.in



Selection of controller

Danfoss controller

AK-PC 782A

Main applications:
» Trans critical CO, booster applications

Main functionality (preliminary)
* One controller for 8 MT/IT (parallel compr.) + 4 LT
Gas cooler control (as AK-PC 781)
Enhanced Receiver control
Heat recovery control (2 — as AK-PC 781)
Simplified Oil management
General purpose 10 (25 - as AK-PC 781)
General purpose Pl controllers (3 - as AK-PC 781)
« Smart Pl configuration
Simplified User Interface

AK-SM 800

AK-PC 783A

www.refcold.in 7




Component placement

— UL I
Xpansion Vlalve - il

)

3 wi| EJECTO Rl s
- i
" —]
oc o
< ' o
= o)
3) o)
& Liquid li o 8
o iquid line E 2
Su
&
Ll
n
=

Evaporator
inlet CL

AS COOLE

.
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Component placement

Ejector éz

IP receiver
Expansion

valve

Expansion

tank

www.refcold.in

D«

BV-02

BV—Olg

Air cooled evaporator

88
Pttt

Gas cooler

Control panel

Ejector

IP receiver
Filter dryer

Evaporator

Compressor

Water pump

Internal heat exchanger

Expansion tank

-
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Pipe sizing criteria

The flow velocity in the pipeline should not exceed 10% of the speed of sound speed

Velocity (mis)

Suction line 8-12

Discharge line 8-14

Liquid line (pump inlet) <0.3

Liquid line (EEV inlet) <1.2

Flash Gas Bypass Lines 4-6

Oil return line 3 (minimum)
8 (minimum)

Software: Coolselector2

Note:

v Higher velocity leads to higher pressure drop

A minimum velocity required for oil return

Higher velocity, lower oil separator efficiency Discharge port

: . Suction port
To avoid vapor flashing

DX system to minimize liquid hammer

Horizontal line

Vertical Line

v' Lower velocity results in a larger pipe size, it is not economical

www.refcold.in 7



Piping and support D

Pipe routing on floor
(" )
= ® Wrong

élamp (

Not good for long pipe

(? Good for short pipe

Good for Long pipe

'<I Gt
N )

\_
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Fail-safe and critical applications

v' Pressure Safety Valves (PSV)

All compressors are preinstalled with High pressure
and Low-pressure safety valve

Both safety valves are factory set. Do not
modify/change the set pressure without consultation

with the OEM

-

v' Pressure Relief Valves (PRV)

HP_ side-Inline  PRV; set >1.15 times

higher than max operating pressure
<compressor relief pressure

Top of IP_receiver; set >1.15 times IP

receiver pressure

~

www.refcold.in 9



Pressure and leak test

Pu rg I n g p roceSS E ------------------------------ I-_-I i.g"H"F.).':.é.é..S.a.r.é"S"i"d.é ------------ E
'
Pressure bar tlme

10 air 2

air 2

HP expansion
valve

Comp.

Gas hypass vale

(@) At5 bar. (a) At10 bar. (@ At 20bar | V| \peceiver
: | = Low pressure side —
Pressure testing N P :
=

a. Minimum pressure test =1.0xMAWP
b. Maximum pressure test =1.15xMAWP
c. Leak tightness test =1.0xMAWP

Expansion
valve

www.refcold.in 10




Oil management B,

J » To Gas cooler

Oil separator

— ]

—

Pressure ' level control
valve |
- Safety valve
HP expansion
valve
Comp. A A
Gas bypass Oil reservoir

vale
& X A
A
\J

. | |
IP receiver 1
[ A

E Strainer

Expansion (2 o Oll level regulator

valve Multi compressor with oil reservoir
Compresso

Simple gas bypass system

> > >

Multi compressor single stage system

www.refcold.in 11




Oil management.....

|O OI
oll

separator

HP expansion
valve

Gas bypass vale

Y Dl

IP receiver

Comp.

Tiave |
valve OIl Separato

www.refcold.in 12




Oil management.....

HP expansion
valve CCMT

Gas cooler

Water In

Hot water out

Compressor

h
Water In

Evaporator

Expansion

Chilled water out
valve CCMT

www.refcold.in



Oil management.....

Water at 24°C Water at 87°C

—k

Water to water PHEX

° Water at 90

Pump-2
A
. X X - i Gas cooler =140 kW
Ejector

(o]
—
|_
®
% O Compress
Pyl dMT-24
*M !_A. Water at 9°C ]

CCMT-8
LT evaporator =54.79 kW

Water to water PHEX

>

MT evaporator =45.21 kW

Water.at4°C.,. Water at 13°C
—
Water at 7°C Water at 15°C

www.refcold.in
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Conclusions

d Compact design: Reduces system footprint by up to 30%.

 Energy savings: Achieves 10% to 25% energy savings.

d Enhanced efficiency: Delivers 35% to 50% higher COP (Coefficient
of Performance) for both cooling and heating compared to other

refrigerants.
d Eco-friendly: CO, systems offer a sustainable and environmentally-

friendly solution.
 Applications: Ideal for use In process industries, hotels, kitchens,

supermarkets, the pharmaceutical industry, hospitals, and marine

applications.
d Performance stability: Provides more consistent system

performance compared to other refrigerants.

15
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' ' CRIT'ICAL CARB?N DIOXIDE)
* System description i a1
* Model description |

* Performance Analysis
* Energy
* Exergy

* Component testing: Ejector

« Summary of Conclusions

b i

Q
oy - m dJDIJIJI:h ﬂ mom
aslillinnssnil mﬂﬂmﬂ e o BF = ﬂTMm 3

www.refcold.in




COLD® ISH RA\E® @ informamarkets

INDIA ~  System description

03 - 05 OCTOBER 2024
Biswa Bangla Mela Prangan, Kolkata

Water at 87°C

Water to water PHEx
&

29°C Water at 90°C

* Transcritical CO, combined heating
and cooling system

» Two-stage evaporation with flooded M
evaporators Lt

Gas cooler: 140 kw

CCMT-16

Compressor

* One compression stage

* Direct expansion mode

High Temperature & Pressure .
. Low Temperature & high Pressure Water at4 € * Water at 9°C
o : :
EJeCtor m Od e Intermediate Temperature & Pressure Pump-1
0 o Low Temperature & Pressure
* Secondary heat transfer circuits T e o] oo o
porator: MT evaporator: 45.2 kW
Hot water closed loop e, Ror: S4.0%W
Water to water PHE
Hot water supply loop Water at 4°C S N e o 13°C
Chilled water supply loop
Water at 7°C Water at 15°C

Piping diagram of the CO2 heat pump chill&ﬁ&ﬂ

= ki AR N DGQ’DK\
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Direct expansion mode
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Energy rate [kKW]

B0 o
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,COP[-]

nt of performance

Coefficie
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Simulation time [s]
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* The ejector mode
has anincreased
operation range.

- * Combined COP
\‘k—“/ increase of 6% in

the ejector mode
at maximum load.

* The direct
expansion mode

—— Combined COP - Direct Expansion — - - Combined CC

achieves higher
cooling and

combined COPs

The heating, cooling and electrical power simulated with

500

1000 1500

2000
Simulation time [s]

The heating, cooling and combined COP simulated with

in part load
operation but at

\sprzlrr;fi(l:;an:l:;c;r the (:I_l;:zt expans:-cln:afirr\l: gjector mOCd:c-)lEi]g varvin ﬁg;jt?r:‘gr h('.:eo((j)ll:?lgt expansion and ejector mode. [2] K |gh er capacities
capacity [kW] capacity[kw] |COP[] |COP[-]
Ejector mode Maximum 293 62.3 2.6 1.2 - Depending on the load, mode
Minimunm 99.0 139.1 31 59 switching becomes relevant to
Direct Expansion Maximum 44.1 68.0 2.5 1.6 TITlT/ Optimize the SyStem ope_rautlon 8
mode Minimum 92.2 127.6 29 2.1 )
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Chilled water: 13 °C/4 °C EXERGY LOSSES by source

Hot water: 29 °C/90 °C

TOTAL
_50%
i LT EVAPORATOR
]
£ 49%
L
o MT EVAPORATOR
> 48% N
o
:-E 47% EXP VALVE |
U 0,
< 46% RECEIVER
©
2 45%
o BIECTOR
T 44%
S HX
2 43%
4 GASCOOLER
S 42% I
(]
T 41% COMPRESSOR
g
340% 0 2 4 6 8 10 12 14 16 18 20 22 24
%’O 0% 10% 20% 30% 40% Exergy stream loss, kW
= . . . . .
- Ejector isentropic efficiency by Elbel and Hrnjak [-] 3 ’I’r/\ﬁ Ejector efficiency 10% M Ejector efficiency 35%
= o u ou wTuL ST us e LWL Z

in fOVY
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» To compensate for the lower efficiency in hot climates due to operation in the supercritical
region, the unit comprises of an ejector-assisted work recovery system.

« Lab I_t”e:gting of the ejector has been performed for optimization of ejector system layout (LP
VS. : . |

Ejector - HP125

. Ejector - HP125

04 {06 HA

Ejector - LP125

Efficiency [%]
3 3 B B 8

O

Ejector - LP125

e

e : R
S Ee e S Model tuning and
| , . R effect on system
me Component testing] performance

The impact of ejector cartridge

I-D Geometry based models: = Expected area of operation )
type tested (LP vs. HP) is not

= Direct eXpanSiOn mode Boundary P [bar]  tun [°C] poy [bar]  ten [°C] pout [bar]
= Ejector mode __ Estimatedrange | 115-130 15-35  34-37 Floating 40 -44 S|g nificant. 8
Applied values 103 18-33  Floating Floating 42.2

www.refcold.in




7t Edition

EFCOLD®
INDIA

03 - 05 OCTOBER 2024
Biswa Bangla Mela Prangan, Kolkata

{

Ejectan - lTP‘lEIE
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Component testing: Ejector
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Operation Envelope: HP cartridge vs. LP cartridge
(discharge pressure limit: 103 bara)

System operation curve intersect

both ejector operation curves e s o
relatlvely Close tO eaCh Other: 0.7 = | P125 performance curve

Ejector efficiency: 35%
Ejector efficiency: 32.5%

o small difference in ejector Fjector eficiency: 30%
efficiency between LP125 and
HP125 for the conditions

06 Ejector efficiency: 27.5%
) Ejector efficiency: 25%
Ejector efficiency: 22.5%

an alysed : TPpllzzs c?ppeer:;nggpp;inntt
o - . 0.5
o negligible difference in the 28929 684 03748
overall system efficiency
between LP125 and HP125 for oa

the conditions analysed

Ejector Mass Entrainment Ratio [-]

25.03%, 6.58, 0.3390

.. 0.3
Exergy efficiency of the LP125- \ —
su orted svstem: 43.40% [Ejector efficiency, Pressure Lift, Mass Entrainment o
PP y ’ ’ Ratio] \
0.2
Exergy efficiency of the HP125- 4.0 4.5 5.0 5.5 6.‘0 6.5 ; b?.O 7.5 8.0 8.5 9.0
Supported system: 43.02% Ejector Pressure Lift [bar] o
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Energy Performance Analysis

Geometry based models gave insights into system capacities and performances at rated and part load
conditions forthe direct expansion and ejector mode.

- Depending on the load, mode switching becomes relevant to optimize the system operation.

Exergy Performance Analysis

« Relatively high exergy efficiency (close to 50%), due to the dual-effect feature (AC + HP)

« Exergy destruction in compressor dominating; ejector comes as 3rd contributor, after gascooler
« Efficient ejector performance improves overall exergy efficiency

Component testing: Ejector

* Proper selection of the cartridge type (LP vs. HP) for the working conditions given, is
recommended

« For the operational envelope considered, performance penalty for 'improper' selection of the
cartridge type is limited Dﬂd
0
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— g AR A A I
aslillinnssnil er e o BF = ﬂTMm 11

www.refcold.in



COLD® ISHRAE ’ @ informamarkets

INDIA ~  References

Biswa Bangla Mela Prangan, Kolkata

[1] Bless, M., Tommasini, D., Laguri, V., Banasiak, K., Hafner, A., Kumar, P., 2024.
Model based performance analysis of a transcritical combined heating and
cooling CO2 cycle for a school cantina in India. Presented at the 16th lIR
Gustav Lorentzen Conference on Natural Refrigerants, College Park, Maryland, USA
2024.DO0I:10.18462/iir.gl2024.1186

[2] Kochunni, S. K., Singh, S., Bless, M., Arun, B. S., Kumar, S. Tommasini, D.,
Singha P., Das, C., Laguri, V., Hafner, A., 2024. Upcoming Natural Refrigerant-
driven Heating and Cooling Systems in India. Presented at the IIR Conference on
Compressors and Refrigerants, Slovakia 2024. DOI: 10.18462/iir.compr.2024.0657,

available under https://szchkt.org/a/conf/submissions/657?locale=en_GB

[3] Flaatten, K., 2024: Climate Smart Cooling in India. Presented at the SummerResearch
Conference 2024, Trondheim, Norway.

D@d

A 0
= k3 B gy @ I
Bl AN T o o PR L o B

www.refcold.in


https://szchkt.org/a/conf/submissions/657?locale=en_GB

\(3 informamarkets

ISHRAE®

INDEE+ team

03 - 05 OCTOBER 2024
Biswa Bangla Mela Prangan, Kolkata

KNOWLEDGE SESSION

AN NN

A82A

Dr. Y. Siva Kumar Dr. Pradeep Gupta Dr. Arun B.S Dr. Chayan Das Guruchetan AM Vinod Laguri Prosenijit Singha Sumit Kumar Aditya Garg
IIT Madras 1ISc Bangalore CIFT BITS Pilani IIT Madras 1ISc Bangalore BITS Pilani CIFT-IIT KGP CEEW
R —
A -4
—
/ 1 . 9 7. %
AW\ 7 , ) A «
Prof. M.P. Maiya  Prof. Pramod Kumar  Prof. M.S. Dasgupta Dr. S. Seshadri Dr. George Ninan Dr. Manoj Samuel Shikha Bhasin Sonal Kumar
IIT Madras 1ISc Bangalore BITS Pilani IIT Madras CIFT CIFT CEEW CEEW

oy :
N a A&

Prof. Dr .- Ing Armln Hafner  Dr. Krzysztof Banasiak Dr. Kristina Widell Dr. Yosr Allouche Dr. Sarun Kumar K Dr. Simarpreet Singh Torgrim Asphiell
NEA

& @

Successful Demonstration and

Future Scope of Natural Refrigerant SRIEFER  SemErasn IR NTNU
Systems in India 4

\

‘ \"‘-

Marco Bless Jan Bengéch Lukas Koster Didier Coulomb Ina Colombo
SINTEF Energy SINTEF Ocean SINTEF Ocean IR IR

\
74

0 JO

NTNU SINTEF 13

CEEW |y

www.refcold.in



ISH RAE ’ @ informamarkets

- Acknowledgement

India-Narway
Collaboration
012074 3
Ul
E /

Future Refrigeration India: The authors express their sincerg gratitude to the

INDEE+ ' Norwegian Embassy New Delhi for funding the
India-Norway Collaboration program from 2021-
2024, which made this work possible. Additionally,
we express our appreciation to the INDEE+ team and
partners for their invaluable support.

INDEE+ updates: E

[=]

Norwegian Embassy
New Delhi

"

[=]

B3
ﬂMWﬂﬂﬂFnurww 14




5
Solutions for reducing food loss |
and waste in cold chains
RefCold 5 October 2024 Kolkata
Kristina N. Widell, SINTEF




SINTEF
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CEREALS
FOOD LOSSES

In industrialized countries,
consumers throw away
286 million tonnes of
cereal products.
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' 763 billion boxes of pasta
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Food Loss and Waste

2%

ROOTS & TUBERS
FOOD LOSSES

In North America & Oceania
alone, 5,814,000 tonnes of
roots and tubers are wasted at
the consumption stage alone

N This equates to just over
1 billion bags of potatoes.
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30%

FISH & SEAFO0D
FOOD LOSSES

8% of fish caught globally is
thrown back into the sea.In
most cases they are dead,
dying or badly damaged

This is equal to almost 3
billion Atlantic salmons.
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FRUIT & VEGETABLES

FOOD LOSSE

Along with roots and
tubers, fruit and vegetables
highest wastage
f any food products;
f all the fruit
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mill Globally

» 1/3 of all food produced is lost:
1.3 billion tonnes per year

* 25% of this could be recovered

* Global food production: 30% of
total GHG emissions

* Resources: not only wasting food,
but also water, energy and other
resources
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Differences between world regions

- I |- Consumption

- Processing

- Handling
and Storage
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6 - Production
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North America Industrialized Europe North Africa, Latin America South and Sub-Saharan
and Oceania Asia West and Southeast Asia Africa
Central Asia
42% 25% 22% 19% 15% 17% 23%

Share of total food available that is lost or wasted
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