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Kobelco SGH165
R-245fa + R-134a (mixture)

Single-stage screw compressor +
flash tank +
steam compressor

Steam <175 °C,
Heat source from 35 °C to 70 °C
Q = 660 kW (0.9 ton/h)

COP = 2.5, for 165 °C steam
70 °C source

IR Steam Grow Heat Pumps (SGHs)

135-175°C Flash tank
Steam

Steam

Pressurized
water

WL |35-70°C

Heat
source
water
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IR Steam Grow Heat Pumps (SGHs)

Flash tank

Kobelco SGH165 135-175°C
Steam’

Steam

Pressurized
water

Already working! But.... W 35-70°C

Future-proofing Increase performance

©  F B

Lower cost

Heat
source
water
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IR Technology Perspective

* New refrigerants as alternative to R-245fa Higher temperatures:

* Drop in for BAU: R-1336mzz(2)
— R-1224yd(2) Pentane
— Butane — Removing expensive steam compressor unit
T[*C] Case 1
150 f------- g
SC
R-718
4 SG
HP
70 b L lzzdvdlz) orbutene
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u u * Numerical values at the rated condition
IR System Configuration
Steam
A
165°C Steam compressor unit Flash tank Heat pump unit

840kg/h /
110°C
Throttle

Steam Steam valve 115°C .
\/ compressor /,e& D—Ij7 A
A Pressurized
é water

N Aa} 65°C

separator Refrigerant

KFor preventing\

the superheat
of the discharge
steam

® For keeping the
clearance
between rotor
and rotor,
between rotor vV : \/ ,
. l ] Drainage Drainage
\and casing _/ Injection water 9 eed water — J Heat source water
|

Blow IX
100kg/h | | 30kg/h valve > 110°C
20°C 20°C
230kg/h 740kg/h
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DTU Saturated steam
> » 135-175°C

. (P) J : : ‘ : ;
Mis (P) ;  Compressor ™ . : Msteam * Msteam * Min * Rin — Mpw - hpw
nvol(P) Drain COP = ; ; ;
L separator WHP + Wsteam,comp + WFT
Nmech (m) ____________________________________________________
» Drainage
Injection water Throttle valve

35 °C Source temperature 70 °C

Flash Pressurized

Feed water =——>

{r tank water
115°C

135 °C Steam temperature 175 °C

Heat pump
unit i
 Nis (P) 105 °C EERRENSCIMIEICIOC- 114 °C
\ 77V01(P)

Nmech (M)

g ) 280 kW Capacity 535 kW

* Evaporator |

; Expansion valve i .

R245fa+R1342 7 U(Re Pr) B%
""""""""""""""""""""""""""" R-245fa R-1224yd(Z) R-1336mzz(E)

Heat source water
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IR Mechanical and electric efficiency

« Data
Fit
KCIose to \
constant
— 1o ® Varying slightly
F: 1 20 62114 ¢ 08 A with rotational
< 10781953 13 111 ¢ ) speed and
o temperature
S level
g \ _J
®
(v
=
1]
-
9]
Q
=
1 2 3 4 5 6 7

Pressure ratio, Pd/Ps [-]
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Efficiency of working fluid compressor

=

Data - Data
Fit Fit
o 1518 8. = 15 17
e ; s 20
B < < 181975, 4, 21
o 20 3 AN
c 21 c vé 134
2 5 4 Q 5 .
S . S . 109 ¢
. 3 = 12
v u * .11
2 g
o £
3 /
= >
® Clear trend
between
efficiencies and 1 2 3 2 5 6 7 1 2 3 a 5 6 7
pressure ratio Pressure ratio, Pd/Ps [-] Pressure ratio, Pd/Ps [-]
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® \/arying water

b

injection rates J
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Data
Fit
Removed from fit

Pressure ratio, Pd/Ps [-]

9 S

[ ]
o 4
=
> 10 13
O 0 —
c 14 2
< ) i
% 05 7
% ¢ J
e
£ 11
]
n

b
1 15
3 a 5 6

Efficiency of steam compressor

Volumetric efficiency [-]

. Data
Fit
x Removed from fit

Pressure ratio [-]
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Comparing experimental results modelling

KError within \ 350

3.00
5%

® One 325 2.75 .5
measurement i '

L o -
within 7 % m T 250 ey
o A A
/ o # )
, 6. 10
. Due to E '0/0;0 f-’/ E //‘1
~ )5 Yl
compressor = 275 WL \gi RS s
.« . Q k
efficiency 3 & v S ol o
£ < \ o o
o 250 S e £ 2.00 et
g ATV & S a3
T 225 - A 5 1.75 S
- rd i s - -
o P [ e L= o 21/,
a el el? 5 p
o e U o d
- £ 1.50 s ,
200 e G E
A O/ /,’ ] ,” L
A 6
1751 7~ 1.25
1590, 1990 155 150 175 200 3235 250 2.
50 175 200 225 250 275 300 325 350 .00 125 150 175 2.00 225 250 275 3.00
Total power, experiment [kW] Coefficient of Performance COP, experiment [-]
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Saturated steam

» 135-175°C
e [ ; Flash tank temperature

=
—]
—

Compressor

=

» Drainage

Injection water

Throttle valve

Flash Pressurized

{r tank water
115°C

Feed water =——>

Pump@

......................................................

Heat pump
unit i
Condenser

Economizer

Size of economizer
and internal heat

Iy
»

R245fa+R134a

35-70°C
Heat source water

Compressor : exchanger optimized
Internal heat ) : for each simulation
exchanger
Evaporator {1
Expansion valve :
I :
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IR Optimal Flash Tank temperature

10
3.2

9
8 5
v
()
7 &
=
O
&)
6 ¢
(18]
)
5 0
K(-)ptimal flash tank\ =
temperature varies -4 E
with steam 5
w0
temperature 3 g
T

® Optimum depends

heavily on 2
compressor
- . - T T T T T T T 1
Kefﬂaenaes / 90 95 100 105 110 115 120 125 130

Flash tank temperature [ ° C]
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Saturated steam

» 135-175°C
e [ ; Flash tank temperature

Compressor

=

Drain
separator
» Drainage
Injection water Throttle valve Source Source
0 0
Feed water = Flash Pressurized 35°C 65 °C

ir tank water
115°C

Heat pump
unit i

Hydrocarbons

Internal heat )
exchanger

_ Evaporator
Expansion valve

R245fa+R134a 7

35-70°C
Heat source water

F 3
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R 2.5_

KMinor difference\ 2.0

between working
fluids

® Slight edge to
Hydrocarbons 1.5

® Better without

\stea m com press_(y

COP [-]

1.0
g Source
0.51
65 °C
Steam 0.0 R245fa Butane Isobutane Pentane Isopentane R1224yd(Z)R1336mzz(ZR1336mzz(E) Isopentane R1336mzz(Z)

no top cycle no top cycle
150 °C | | |
With steam compressor Without
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> Inverter, steam [0 Steam compressor EEE Condenser B Expansion valve M |nverter Internal HEX
> I Drain separator WM Flash tank BN T pump B FEco valve W Screw compressor M Evaporator
Injection pump FT valve FW pump Economizer
1200
/'
1000 ] /® Lowest cost bh
R-1336mzz(2)
% 842 W.0. steam
& compressor
E 800
8 | ® Lowest cost by
£ 682.4- R-245fa in
s \ current setup-./
> 600 N
@
A
[1s]
_: —
u
=
j= R
Source g -
u
65 °C
200 1
ol HEEEE N B . I
150 OC R245fa Butane Isobutane Pentane Isopentane R1224yd(Z) R1336mzz(Z) R1336mzz(E) Isopentane Rl336mzz(Z)

no top cycle no top cycle
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. = 4
> Inverter, steam [0 Steam compressor EEE Condenser B Expansion valve M |nverter Internal HEX
> I Drain separator WM Flash tank BN T pump B FEco valve W Screw compressor M Evaporator
IR Injection pump FT valve 0 FW pump Economizer
1200
/‘
1142 /® Lowest cost bh
R-1336mzz(2)
W.0. steam
1000 1
KSteam '\ compressor
compressor . 895 ¢ | |l® Lowest cost by
most expensive 2 R-245fa and
'~ 800 { .
® Then screw \ butaneicm tup, /
compressor, v (_current setup.
followed by £\ 627
Kcondenser _/ 5 \600 -
2
(=)
2
o
=
g Source g
u
35°C
200 1
Steam
| I

12 OC 0 R245fa Butane Isobutane Pentane Isopentane R1224yd(Z) R1336mzz(Z) R1336mzz(E) Isopentane Rl336mzz(Z)
0 no top cycle no top cycle
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oD Fuel HP, top Drain separator W Flash tank W FT pump Eco valve W Screw compressor
““ W Fuel HP, bot BN |njection pump e FT valve FW pump B Economizer Internal HEX
O&M Steam compressor M Condenser WM Expansion valve Inverter Il FEvaporator
0 Inverter, steam
70
64.6
61.5
60 - P
46 (@ Little power )
consumption of
50 | flash tank
® Fuel is
dominating
< 40 \_overall LCOH _/
N
=
S
v,
T
o
Y 30
Source
65 °C
10 1
Steam I I
— B B I
. S B B == B
150 C R245fa Butane Isobutane Pentane Isopentane R1224yd(Z) R1336mzz(Z) R1336mzz(E) I|sopentane R1336mzz(Z)

no top cycle no top cycle
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IR Keys to improve performance

Successful drop-in of new working fluid

Low GWP fluid was implemented without changes to the SGH
components or controlsystem.

Hydrocarbons are capable

Hydrocarbon as working fluid are capable of delivering highest
performance across all temperature conditions when
considering life time economics

Compressor efficiency is key

Greater performance heavily rely on the development of more

efficient compressors.
The best performance was exhibited when dropping the steam

compressor.
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KMinor losses ih

evaporator and
condenser

® Compressor
efficiencies
become more

\important /

— Source

® COP=2.5 (3.45)
®R1336mzz(E)

Heat exchanged [%]

| — sink
— Cycle /
— /
 ——
0.0 0.2 0.4 0.6 0.8 1.0
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4.0
3.5
LN
i
"
™ 3.01
©
£ 25
o
/& No testing of ) ~ 50
hydrocarbons =
&)
due to Q
restrictions on @ i
oil import =
. 1.0+
® Ammonia not 5 0
compatible with T
current seals £ 0.51
\and metals / =
0.0

pressure

R-134a
R-245fa

R-600

R-600a

R-601

R-601a

R-717
R-1224yd(Z)
R-1336mzz(Z)
R-1336mzz(E)

Suction Suction Conductivity Latent heat Liquid CP/
viscosity density latent heat
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FW pump

FT pump
Injection pump
FT valve

Economizer valve
Expansion valve

Flash tank

Steam
compressor

Screw
compressor

Double screw
compressor

Inverter steam
compressor

Inverter screw
compressor

Evaporator
Condenser

Internal HEX

Volume flow [I/s]

Volume flow [m”3/s]
Volume flow [m”3/s]
Mass flow [kg/s]
Mass flow [kg/s]
Mass flow [kg/s]

Inlet volume flow
[M73/s]

Suction flow [m”3/hr]
Shaft power [W]
Shaft power [W]
Input power [W]
Input power [W]

Area [m”2]
Area [m"2]

Area [m”2]

Economizer HEX Area [m”2]

726

500

325

567

551

iES

1.16

CEPCI _ Cost function, CB

510

1444 —V -
0.089

0.9-1-1038

p \071
ffiam * 0.9 - 1490 - (—745.7)

1.3 - Screw compressor

0.65

250000)

10710 - (

0.88 - (1600 + 210 - A%95)

fflam = 1.2 for
flammable
refrigerants

CBM =1.1-F -CBy

CAPEX = 1.77 - fiule - YCBM

fsale = 1.2
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