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A Study on Partial Load Performance of Absorption Type Heat Pump for
Waste Heat Recovery of Closed Cooling Water
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Abstract - As absorption type heat pump for waste heat recovery is ingtdled in combined cycle power
plant for Energy Service Company, performance test is implemented to confirm the operation data on partid
load. The operation data changes according to the heat pump operation on partid load are as follows.
Tota heat output increases, because waste heat of closed cooling water and a portion of LP steam from
HRSG is supplied. But dectric power output of steam turbine is reduced, because LP steam to steam turbine
is reduced. And heat output from HP district heeter and LP district heater is reduced, because HP turbine
exhaust steam to HP didtrict heater and LP didtrict hester is reduced. On partid load operdtion, turbine
output reduction is higher than the base load operation. Therefore, on partid load, heat pump should be
operated in congideration of the heat output increase and eectric power output reduction
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Fig. 1. General arrangement and operation screen of absorption type heat pump
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Fig. 2. Heat balance before heat pump installation
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Table 1. Design performance summary before heat pump installation

Item Unit Design Data Description
Combination 5:1 -
GT Output MW 397.000 -
ST Output MW 108.887 -
CC Output MW 505.887 -

Main DH Output Gcd/h 468.80 -
Stack DH Output Gea/h 68.53 -
Heat Pump Gea/h - -
Totd DH Output Geal/h 537.33 -
CHP Eff(HHV) % 80.91 -
DH Supply 140 inch 3580 Geal/h 138 inch DH Return
800|980 8.00{55.0
459 (1479 8311)98.2 8311{551 459 70.0
a7 |47 : 4271 100
4251 |665.1 o Heat B 1 4251|701
14.9 inch LEJ 10.92 Geal/h 3.1inch
460 |1480 CCW Heat Load
124.6 |665.2 1.75|169.7 0741153
6714 37116473
603 1490.0

624.2 |1812.0

108.39 MW
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Fig. 3. Heat balance after heat pump installation
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Table 2. Design performance summary after heat pump installation

Design Data
Item Unit Before Heat Pump After Hest Pump Description
Installation Ingtallation
Combination(GT:ST) - 5:1 5:1 -
GT Output MW 397.000 397.000 0.000
ST Output MW 108.887 108.390 -0.497
CC Output MW 505.887 505.390 -0.497
Main DH Output Gca/h 468.80 444.56 -24.24
Stack DH Output Geal/h 68.53 68.53 0.00
Heat Pump Gcal/h - 35.80 35.80
Total DH Output Gca/h 537.33 548.89 11.55
CHP Eff(HHV) % 80.91 81.84 093
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Table 3. Operation data related to heat production of heat pump at each load
80% Load 60% Load 40% Load
Item Unit
Heat Pump | Heat Pump | Heat Pump | Heat Pump | Heat Pump | Heat Pump
Off On Off On Off On
Heat Pump
Heet Output Geal/h - 19.69 - 18.13 - 13.36
Inlet T (¢ - 38.12 - 37.67 - 34.47
Outlet T (¢ - 33.00 - 32.93 - 30.37
CCW Pr. kg/em2 - 5.07 - 5.03 - 5.03
Flow ton/h - 1671.09 - 1674.62 - 1671.38
Hest Geal/h - 8.55 - 7.93 - 6.86
Inlet T (¢ - 156.80 - 149.90 - 147.47
Outlet T C - 92.40 - 92.40 - 92.40
LP
STM Pr. kg/em2 - 5.80 - 4.83 - 453
Flow ton/h - 19.70 - 18.10 - 1155
Hest Geal/h - 11.13 - 10.20 - 6.50
Inlet T 0 - 53.87 - 54.07 - 53.33
Outlet T C - 81.90 - 81.00 - 73.93
DH
WITR Pr. kg/em2 - 10.37 - 10.03 - 10.93
Flow ton/h - 700.97 - 671.77 - 647.30
Hesat Geal/h - 19.69 - 18.13 - 13.36
71z 232 S|EEI= g MMer
12.00 #2500 y/= 112.351 x° - 242.336 160802 x - 27/382
= 42714 X¥ - §6.081 X2+ 57.456 X - 5.213 = 12991 - 242,396 12 1 100602 X - 27,
10.00 2 . g £ Pt 20.00 /
. 8.00 ’/‘// ) /"’/
£ < 15.00
'i?"?l .00 Eﬁﬁ 10.00
2.00 5.00
0.00 0.00
20% 40% 60% 80% 100% 20% 40% 60% 80% 100%
bR Ea} wxig: S}
Fig. 4. Heat supply of CCW Fig. 5. Heat production of heat pump
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Fig. 6. Total heat production increase

Table 4. Total heat production of combined cycle power plant at each load

80% Load 60% Load 40% Load
Item Unit | Heat | Heat Diff Heat | Heat Diff Het | Heat | Diff
Pump Off| Pump On| (On-off) |Pump Off|Pump On| (On-off) [Pump Off Pump On| (On-off)
COW 1 Searn . 8.55 8.55 . 7.93 7.93 . 6.86 6.86
Heat
Heat | LP STM
pmp | He | O . 1113 | 1113 ; 1020 | 102 - 6.50 6.5
Hei;:mp Gealh - 1969 | 1969 ; 1813 | 1813 - 1336 | 1336
Main DH
- Gealh | 339027 | 327.96 | -11.31 | 25925 | 24807 | -11.18 | 177.19 | 16984 | -7.35
Tota Heat | Geal/h | 33927 | 34765 | 838 | 25925 | 26620 | 695 | 17719 | 18319 | 6.00
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Table 6. Electric power output of steam turbine at each load
80% Load 60% Load 40% Load
Item Unit . . .
Heat Pump|Heat Pump| Diff |Heat Pump|Heat Pump| Diff |Heat Pump|Heat Pump| Diff
Off On (On-off) On (On-off) Off On (On-off)
Turbine
Output MW 105.042 103.327 | -1.715 75.610 73.325 -2.285 45.492 44.449 -1.043
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7|4 S5 Zaa

y=-43.664.849 x3 + 101.238.948 x2 - 74,262,130 x +
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= =
N
N
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T7I1E2 (kW)

-2,500
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Fig. 7. Steam turbine power output reduction
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