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Exergy Analysis of the Building Envelope Energy Efficiency Retrofit
Based on the Life Cycle Assessment
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2. Faculty of Architectural, Civil Engineering and Environment, Ningbo University, Ningbo 315211, Zhejiang Province, China

Abstract This paper presents an exergy analysis combined with the life cycle assessment method to systematically and quantitatively
evaluate the building envelope energy efficiency retrofit. Based on the second law of thermodynamics, the building energy consumption can
be transformed into exergy. The method only analyzes the production stage and the operation stage, which represent a higher impact in
terms of energy consumption and environmental impact in the building life cycle. A typical case of the existing building envelope energy
efficiency retrofit in Ningbo city is analyzed. The results show that it takes 15 years for the cumulative saved energy consumption in the
operation stage to reach the embodied energy of the newly added insulation materials in the production stage. For CO, emissions, it takes
16 years. The cumulative saved exergy consumption would be difficult to reach the embodied exergy consumption in the life span after
retrofit. So the embodied energy and CO, emissions of the newly added insulation materials in the production stage should not be neglected.
For the existing old building, it should be prudent to take any retrofit measures; and the energy and exergy efficiency and environment
impact of the retrofit measures should be considered as a whole in analysis.
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Fig. 3 Photos of the example building before (a)

and after (b) retrofit
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Table 3 Example building envelope parameters before and
after retrofit
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641 2.62
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Table 4 Embodied energy (exergy) consumption/CO,
emissions of the newly added insulation materials in the
production stage

M CO,
kg
[(kW-h)  /(kW-h) Ikg
16936 58194 26910 28283
XPS 946 30770 30770 16347

9390 912708 579853 204702
1493 224637 109482 112722
1226309 747016 362054
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Table 5 Saved energy (exergy) consumption and reduction CO, emissions in the operation stage
/(kW-h) /(kW-h) /(kW-h) M /(kW-h) CO, kg

1602534 1587876 14658 677 3543

679969 614084 65884 3145 19280

80543 3822 22823
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Fig. 5 Comparison between the embodied CO, emissions
of the insulation materials in the production stage and the
reduction CO, emissions in the operation stage
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