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Analysis of the recovery system of flue gas from combined heat and power
plant with distributed peak-shaving heat pumps

ZHAO Xiling', FU Lin', WANG Xiaoyin', SUN Tao®, ZHANG Shigang’

(1.Department of Building Science, School of Architecture, Tsinghua University, Beijing 100084, China;
2.Beijing Tsinghua Tongheng Urban Planning and Design Institute, Beijing 100084, China)

Abstract; To improve the natural gas heating supply capacity, distributed heat pump peak-shaving technology has
great potential to be further studied and promoted. This technology is to use heat pump to adjust heat on the
secondary network in substation, simultaneously, to reduce the return water temperature of primary network by
using the principle of heat pump. Return water of primary network with low temperature creates favorable conditions
to recover waste heat in heat source, and improve heating efficiency. This paper takes a set of two 9F gas-steam
combined cycle back pressure heating unit as an example and evaluates its feasibility and application effect. It is
compared with a general gas boiler peak-shaving system on the design and operation condition. For comparison, fuel
consumption of these two heating systems are almost the same. Heating energy consumption of new system is
reduced by 6%. Dynamic investment-increment payback period is 3.1 years, meaning that the new system has good
economy. The research shows that the system can improve network transmission and distribution capacity, increase
heating capacity and reduce heating energy consumption. And it also can ensure the safety of heating.

Keywords: gas-steam combined cycle; combined heat and power; waste heat of flue gas; distributed peak
shaving; heat pump
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Fig.1 Gas boiler peak-shaving system
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Fig.2 Recovery system of flue gas from natural-gas combined heat and power plant with distributed peak-shaving heat pumps
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Fig.3 Distributed peak-shaving
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Fig.4  Absorption heat exchange unit
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Fig.5 Direct fired absorption heat pump
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Tab.1 Parameters of the new system

A= 24 Wit/ (t-h!) R/ JE 11/kPa IR/ (KJ -kg™")
1 HEA MRS IR 303.4 304.3 633.0 3 069.0
2 A AT AR BES K 303.4 161.0 633.0 679.9
1 HEATR - KA B R 508.5 304.3 633.0 3 069.0
2' HEATR 7K AR AR BE 2 K 508.5 304.3 633.0 679.9
3 AP TR 531337 90.0 7 8392
4 I [ K 7 392.0 10.0 43.3
5 Mg P AR K 7392.0 31.2 134.0
6 W W AR R K 7392.0 73.0 317.7
7 B BRI KR O 671.0 73.0 317.7
8 VR TR K 6721.0 120.0 503.8
9 Bl 8 SR I R K 671.0 120.0 503.8
10 i itk 7 392.0 120.0 503.8
11 B U (A S 5313.3% 11.0 1 100?
T O A BEARAL Nm®/h; QAR SHE (EH I kI/Nm® S ASRSEEHLIY 2 SO AL 510.9 J7 Nm®/h; i AR AR ALY KRR i

17.8 Ji Nm?®/h.
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Tab.2 Parameters of the original system

A= S8 Wit/ (t-h!) R/ C JE 11/kPa IR/ (KJ -kg™")
1 ARSI B iA 159.6 304.3 633.0 3 069.0
2 HEATR I R B2 7K 159.6 161.0 633.0 679.9
I HEATR- KR R 652.2 304.3 633.0 3 069.0
2! AT KR I VBE A K 652.2 304.3 633.0 679.9
3 AP DR 5313.39 90.0 7 8392
4 R 17k 7 749.0 23.0 96.6
5 AR AT TP IR K H 7 749.0 42.8 179.4
6 WS HREE AR R K H 7 749.0 64.7 271.0
7 BRI TS R R K 0 T 560.0 64.7 271.0
8 =K AR AR K 1 7 189.0 120.0 503.8
9 B AR AR K H 560.0 120.0 503.8
10 LK 7 749.0 120.0 503.8
11 BRI SE A s T 5313.39 24.0 25209
1 O AN IEAR A Nm® /b @SS (EH% IR K/ Nm® B AR HLAY 2 RN 510.9 J7 Nm’/h S AR SRR R R =l
17.8 77 Nm®/h.
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Tab.3 Parameters and heat constitutions of the new and original system
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Fig.6  Proportion allocation of the total heat load
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Fig.7 Heat load duration curves
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Fig.8 Flue gas temperature variation curves
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Tab.4 Heat supply amount and energy consumption
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