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Study on Water-Steam Conversion Technology at User End of Industrial
Heating Systems based on Thermoelectric Synergy
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Abstract; To address the problems of low efficiency, high pollution, and difficulties in long-distance
steam transportation associated with conventional industrial steam supply methods, such as decentralized
boilers and combined heat and power (CHP) systems, the waste heat recovery was integrated with water-
steam conversion and thermoelectric synergy technologies. A water-steam conversion system for industrial
heat supply at the user end based on thermoelectiric synergy was designed, and the operational strategies
for different time periods under time-of-use electricity pricing was proposed. To compare the energy con-
sumption and economic performance between the thermoelectric synergy steam generation system and con-
ventional steam generation systems, the thermodynamic models of the main system components and an e-
valuation model were constructed, performing a calculation analysis for an industrial heat project in Fujian
Province using engineering equation solver (EES). Additionally, the system’s comprehensive efficiency

and heating cost under varying waste heat levels, required steam pressures, and time-of-use electricity
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pricing were furtherly compared. The results demonstrate that the thermoelectric synergy steam generation

system significantly reduces heating costs, particularly under conditions of limited waste heat quality,

suitable steam demand pressures, greater peak-to-valley price differences, and lower average electricity

prices.

Key words: industrial steam, water-steam conversion, thermoelectric synergy, process design, analysis
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system for steam production
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Fig. 4 Diagram of the intraday time-of-use

electricity price in Fujian Province
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Tab. 1 Operating parameters of the conventional system

for steam production

RS A R/ C WE/teh !
1 25 10
2 75 10
3 80 69
4 30 69
5 87 893
6 82 893
7 82 8.0
8 82 2.0
9 170 10
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Tab. 3 Operating parameters of multi-stage compressors

E W1% 2k W3IL H4%
AHRE/C 82 100 121 144
A F1/MPa 0.051 0.102 0.203 0.403
R/ C 163 184 208 235
H E S/ MPa 0.102 0.203 0.403 0.80
KRR EE/C 100 121 144 170
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JE 1.987 1.987 1.987 1.987
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Tab. 4 Operating parameters of the thermoelectric

synergistic system for steam production
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Tab. 2 Operating parameters of multi-stage

electric heat pumps

Z 1Y W2 H3M A% S
FERMBE/C 27 37 47 57 67
BRI/ C 90 90 90 90 90

HGMREREL  1.92 2.67 3.82 5.73 9.41

EMRERRL 3.54 3.54 3.54 3.54 3.54
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Tab. 6 Investments and depreciation costs
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Fig. 5 Comparison diagram of systems at different

waste heat grades

4.2 FRHEREAN

BEXT T SR ARVRIE JI AR, 22 Ge A 3 2o 344 0 e
AR BLPET ST T B3 B PN R R R i LS LR A A
W, PIZ 301 MR R AT A iR AE IR R Ty
AT X AR Rl 77 R 28 V3R T T RGN LG
RAERAA
4.2.1 JE4RHLHEL

FEZE VR VAR A A 7 ) PR 2R 19 3 2o o 2
FEARPLGE AR R 55K o MR 7R e 4 ALK
MIEOLT B RN R G A RN R A RS
LER R MM A N E 6 i, BEE 22756 T)
(Tt , P R R R AR AR GRBCR



85

TR, 45 5L T S DI R] 09 Tl BERA P s K P B AR 5T - 89 -

H 10.3% BE % 9. 6% , BUORBEARN DA Frdr i, ik
b B 22V 0T, R B ) R VR SRR
A 16.8% H F 17. 6% , 33X f2 PR o 38 28 34 i e 45
BLEEOH L 75 SR 28R 1 T i =X, AR 32 Bk
ERWMERY R (R, A TR LR IR B
K, A5 R AT 3845 2 A T BE T, A 45 G FE H k1
I, R G A RBORREARAR FE /0N, [ I 38 m i #E i
WAL TF I H AR A 3, WP HER AR B M /N

4.0

2 MRS
351 [ A FEHR RS
3.44
5 3.0 3.09 700
&g 25¢ 2.70 X
& 239
&K 20r
8
W 1.5
1.0
0.5
0 0.2 0.4 0.8
FEIRES1/MPa
(a) RELARE
240
HWHHNRRGE
- 210 A BFEGTIERSE
¥ 1973
e 180 -
=3 173.6
. 150+ 163.2
R 1494 1431
& 120 - 124.2
jg 90
% 60 -
W
M 30l
0 0.2 0.4 0.8
ZEIKE S1/MPa
(b) R A

Eo EHENFEHPAEBFRTREMEREST L
Fig. 6 Comparison diagram of system performance
under different compressor stage

adjustment scenarios
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adjustment scenarios
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time-sharing tariffs
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