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Study on the WSHP system utilizing waste heat in power plants

Abstract

To protect environment and save energy is a popular issue now. And it is becoming &
higkly valued opinion of how to recovery the low temperature waste heat oceurring in industrial
process. Heat pump, as an effective energy saying device, is qualified to be employved in saving
energy and enhancing energy utilization. Based on the study of larpe low temperatire wasta
heat occurring in arbine cirele water located in cerain Power Plant, a Water Source Heal Pump
{(W3HP) systein is proposed to recover low temperalure waste heat and supply heat in winter
and cool in sunumer for plant office.

This paper firstly points ont the feasibility of developing prozram of refrigerants
thermodynamic properties calculation and tntroduces three kinds of caleulation methods in
detail: diagram method, equations of state (FOS) method and polymemial function fitting
method. The software of cooling/hest pump cycle analysis is developed, it can be used to
calenlate the single-stage vapar compression refrigeration /heat pumip thermodynarue cycle
with 12 kinds of refriperamts. On the basis of summanization for the experences and
achicvements about heat pump technolagy and the practical production process in Power Plamt,
the technical and economic analysis 15 made using WSHP system for plant office, wlruc;h i3
presented in this paper.

This paper analyzes the s:,stcm with thermodynamic :ficiency and thermo-economic
optimization respectively in order to improve the performance of the WSHP system. Pinch
point termperature differences analysis method was introduced 1n this paper, and the major
equizments of system was designed in term of the guideline that the best total effictency of
cooling ard heating mode should be achieved. Then the paper puts forward an integrated
optimal mathematical madel with an objeetive function of anrual total costs per load according
to techinical and economic aptimal principle. This model is used to calculate and optimize sorc
key operating parameters and components. After analysis, the opumization direction is
presented with different targets.

In arder to analyze economic character of WSHP totally, cost-effectivensss analysis is
sclected to compare economy of WEHP systern with some routine systerns in Dabian district,
The first cost, perating cost ete. are selacted as appraising targets. The comparison result shows
that WSHP system is the 1deal system for air condition in power plants. The operating cost of
WSHF system for heating is estimated and compared with former heating way. The caleulated

result shows that the present method can save about ¥ 260,873 cvery vear for heating. The
study has indicared that using WSHP system for air condition in power plants can nol only
reduce first cost of investment, but also realize high efficient and enerpy-saving aperation. The
simiificance of reusing low phase energy iz emphasized again according to the conchision.

Key Words: Waste heat recovery; Relrigerants; Water source heat pump (WSII)
gystem; Optimum design; Cost-effectiveness analysis
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Fig. 1.1 Closz type vapor compression cycle scheme
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E«-‘-&E P(kPa) ') hilcl/ca) v (kg
0 961 .87 22 412.4837 0.02459
! 961.87 12 4206230 | 002608
2 2272.79 !. 4483456
2 | 2179 81 4428011 ]
3 | 227279 57 4180285
| 4 PR 57 | 2659589 .
| s [ PR s | 2596089 ]
6 961.87 o) 259.6089
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Table 3.2 Thermal parameter of cach pownt for cooling

s ol P{kPa) L) |mmm) v (m/kg)
0 | S80S | 3 ) 4065200 | 0.04292
o 348.05 13 ¢ 4137985 | 0.04521
2 | 1T 448.0836

Za 1571.22 68 4385532

3 157122 41 4166600

4 157122 41 2443668

5 1571.22 36 238.0168

6 548.03 3 238.0168
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Tuble 3.3 Thermal calculation resudts of system circulate

IT HEET
%A AR _

& = il

L | | ERBRef RS R /e g =h-h 16101241 | 180.9557 i
2 g Rl AR AT (K ke g, =h —h, 1887366 1mmwl
3 Bl T L (ka/'s) B = Cov’ Tian 8.4135 7.1840 ,f
4 EEAMERESE /) Y, =lebbg, v | 0205 | | 1_@&_:
5 WA T (K#) 0, =q_ 4, 103286

B Frike AR AT (W) =g, 4q 1508.23

7 Felr T (R . =0.91) F.=F. /. 661.70 1284.90
3 MR w,=F/F 2.36 260

i g lhrh o kM) wy = hy, — Ry 221781 | 247347
10 ERFTETITY (RJ/ke) w, = w7, 277226 | 305434
1| FEEMIESTI GO n—08) W | No=gq {h-R) | 17780 | 22230

12 | EHULRIRIL) (FUAGE =09 (kW) N =N /. 197.56 | 247.00
13 | SThHLILEE (g ding, =095y  (KR) N.=N/n 219.51 744
1 e e =0, N, 547 i
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Table 4.1 Comparisan of the results between the optirmuzation & tradition design methods

& W ih | teh | the ter Neh | Ner | Fa | Fb |
| B c C T T KW KW ™’ e
fEmEE | 57 22 41 37 9 22480 | 29882 | 10601 | 10257 °
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28 | o | cope | G Ee Ce Npr Nph f
B fY Ty | KWy | i kW KW | T kW
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Table 4.5 Parameter and economic comparasan about different condensation temperature
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