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Abstract

This analysis uses empirical data for 20 single-family homes from a smart grid demonstration project

in Austin, Texas to create intra-day natural gas and electricity use profiles on one-minute intervals

based on cooling and heating degree days. Combining these intra-day energy use profiles with

emissions factors and a linear programming model, temporal energy use profiles were evaluated to

quantify primary energy consumption, CO2 emissions, and peak electric load for a house with a

residential fuel cell used as on-site power generation versus being connected to the electric grid.

Results showed that natural gas use primarily peaked in the morning, while electricity use peaked

in the afternoon. For fuel cell capacities of 0–3.0 kWe and efficiency of 40%, total CO2 emissions,

including the fuel cell for the cooling day, were 1.7–1.9 times higher than the heating day. For a

fuel cell capacity of 1.0 kWe and efficiency of 40%, peak electric load decreased during on-peak

hours (14:00–20:00) for the cooling and heating days by 60% and 44%, respectively. Effects of fuel

cell capacity and efficiency on total primary energy consumption and CO2 emissions showed that

as the fuel cell capacity and efficiency increased, primary energy consumption and CO2 emissions

were reduced from the baseline values that represent conventional homes’ patterns. These results

show that the use of residential fuel cells can offer environmental benefits from reducing primary

energy consumption and CO2 emissions, and grid reliability benefits by reducing peak electric load.
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