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Figure 1 (Color online) Energy level grade of water vapor (150-500°C). (a) e-h of water vapor; (b) w-h of water vapor; (c) w-t of water vapor
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Figure 2 (Color online) Energy level grade of industry flue gases (30—100°C). (a) e-h of industry flue gases; (b) w-h of industry flue gases; (c) e-f of
industry flue gases. GFFG: the glass furnace flue gas; BFGFG: the blast furnace gas flue gas; CGFG: the converter gas flue gas; NGFG: the flue gas of

natural gas; COGFG: the coke oven gas flue gas
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Figure 3 Schematic diagram of basic system of Organic Rankine Cycle. (a) System diagram; (b) basic cycle. PPTD, e, pinch temperature difference
in the evaporator; PPTD, ¢, pinch temperature difference in the condensator
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Energy level of residual heat resources and its matching property with
ORC working medium

LIU Wei', BAO Yulia®, XIE Pan', LIU ZhiChun' & YUAN Fang'

! School of Energy and Power Engineering, Huazhong University of Science and Technology, Wuhan 430074, China;
2 Guilin University of Aerospace Technology, Guilin 541004, China

Reducing energy consumption and improving energy utilization efficiency are the inevitable measures to solve the
energy problems in China. It is of great significance to achieve the strategic objectives of energy reduction that industrial
sector, as a major energy- consuming areas, improves its energy efficiency and waste heat recycling level, follows the
principle of maching temperature requirement and cascaded utilization, evaluates reasonably and makes full use of the
waste heat, especially the one in low temperature. Considering certain limitations of using temperature as the grade
evaluation of residual heat resources, available potential e and available potential energy level w were proposed to
quantitatively appraise the residual heat resources (such as flue gas, water vapor) which with sensible heat, latent heat
and pressure properties. This paper details physical significance of available potential and available potential energy level
and derivation process of their formulas, and calculates the available potential and the available potential energy level of
water vapor and industrial flue gas in different temperature and pressure conditions to quantitative analysis the energy
level grade of these two kinds of waste heat resources. Meaning while, due to e can represent the working capacity of
working medium in a system, taking it as a quantitative evaluation index, is a tentative way to match the residual heat
resources and the working medium of the system, and can provide guidance for efficient utilization of residual heat
resources. On the basis of e, this paper analyses the matching properties between heat source and working medium of the
ORC (Organic Rankine Cycle) system and puts forward some approaches for the increase of working performance in the
evaporator of the ORC system. The results show that the enthalpy and available potential of water vapor increase with the
rising of temperature when pressure is constant and the available potential on the point of the isotherm increase with the
increasing of pressure, and the change regularity of available potential level along with the change of temperature and
pressure has the same trend with available potential; Besides, the composition of industrial flue gas has a great influence
on its enthalpy and available potential, especially the content of water vapor. The available potential level of specified
flue gas decreases with the increasing of temperature when pressure is constant, and the available potential level of
different kinds of industrial flue gas those who have the same temperature decreases with the increasing of the content of
water vapor, in other words, the higher content of water vapor of industrial flue gas lead to the lower proportion of
available potential of enthalpy. In general, the available potential criteria could quantitative reflect the sensible heat,
latent heat and pressure potential of residual heat resources and comprehensive evaluate the energy level and utilization
potential of residual heat resources; comparing with the pinch analysis method, the available potential analysis method
was more intuitive to assess the matching properties between resource and working medium of the ORC system, which
could be an alternative reference for choosing working medium of an ORC system.

residual heat resources, available potential, energy level, matching property of working medium
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