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ABSTRACT 

This simulation study reveals the nature of kinetic 

envelopes in tenns of heating and cooling loads, and 

compares kinetic models and other three referenced 

models. This research first selectt:d the small office 

prototype model created by Pacific Northwest National 

I ,aboratory m accordance with the design and 

construction requirements of 90.1-20 l 0. Second, we used 

jEP!us and Energyp!us to conduct parametric simulation 

for the small oftice prototype model for the selected 

representative cities related to the different climatic zones 

in the U.S. Third, we compared the heating and cooling 

loads. The results showed: 1) Compared to other three 

referenced models, kinetic technologies significantly 

reduced heating and cooling loads and peak demands of 

buildings in the representative climates. 2) Kinetic 

windows played a more significant role of saving energy 

than the other elements in the four climates, and the 

savings were around two times as large as the savings of 

the highly-insulated glazing. 
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I. I TRODUCTION

As interest increases in the area of net zero energy

buildings, some studies arc focusing on variable envelope

components which may greatly impact on indoor

environmental performance and building energy usage.

These kinetic components are phase-change materials,

thermochromatic glazing, automated shadings, and etc. In

order to evaluate the potential energy savings of kinetic

building envelopes, it is important to conduct a

comparative simulation study.

This study utilized a small office prototype model 

developed by the Pacific orthwcst N ationaJ Laboratory 

(P L). The energy performance was simulated by using 

EnergyPlus v8.0 (released in Apr. 2013). The selected 

four cities (see Figure 1 and Table 1) represented a range 

of climates: Houston, TX (Climatic zone number 2A), 

San Francisco, CA (Climatic zone number 3C), Baltimore, 

MD (Climatic zone number 4B), and Chicago, IL 

(Climatic zone number 5A). The purpose of using four 

climatic conditions was to explore energy saving 

potentials of kinetic envelopes for different climatic zones 

relative to other three referenced models. 
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fig: 4: Savings percentages of the annual heating and cooling loads on a basis of Baseline Models 
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Fig. 5: Savings percentages of peak heating loads on a basis of Baseline Models 
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