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Fig. 1  Effect of increase of electricity (heat) proportion on

increase of penetration rate
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Table 1  Related parameters of cold, heat & power user
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A " R LK .
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Table 2 Related parameters of solar and gas units
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Table 3  Penetration rate values under various definitions
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THERMODYNAMIC DEFINITION OF PENETRATION RATE OF
RENEWABLE ENERGY AND ITS ANALYSIS

Zhang Junli, Shen Jiong, Li Yiguo, Ge Bin
(Key Laboratory of Energy Thermal Conversion and Control of Ministry of Education , Southeast University , Nanjing 210096, China)

Abstract: The paper presents the definition of renewable energy penetration rate based on the first and second law of
thermodynamics. The differences and similarities between the two definitions are analyzed as well as the advantages and
disadvantages of the two definitions are discussed. The effect of the change of energy product proportion is also studied.
The results show that the definition based on the first law and the second law is same when the system outputs a single
energy production. However, the equivalent of the two definitions must satisfy strict conditions as the system outputs a
variety of energy productions. While some differences occurred, the penetration rate based on the first law is more
sensitive to the change of heat and cold production. Furthermore, the effect of the increase rate of electricity proportion
[B. on penetration rate is declined with the increase of the heat-to-electric ratio 6, , and the effect of the increase rate of
heat proportion [, on penetration rate is the opposite. The two effects are intersected on the point of B,/ 8, =6, . If some
small differences between the two definitions occurred, the definition of the first law can be adopted. When the
differences are large, it is better to use the second law definition.

Keywords: renewable energy resource; thermodynamics; exergy; penetration rate; cold and hot electricity





