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Overview
This paper integrates an optimization system for home energy management. In order to achieve this objective, a multi-objective programming (MOP) with genetic algorithm (GA) and an analytic hierarchy process (AHP) approaches are utilized. There are three objectives being considered, i.e., total electricity expenditure, total appliances shift time and total appliances shift frequency, which stands for the multi-objectives of “economy”, “convenience” and “comfort” respectively. Then, a questionnaire was designed and a market survey was conducted by AHP method to obtain the weight of each goal from market-survey samples. The effective response rate is 85.9%. After the weights are obtained, MOP was utilized with GA to optimize the time schedule for all household appliances.
The results show that the MOP with GA enables household to do better energy management on electricity expense under an acceptable level of “convenience” and “comfort”, i.e., his study could reach the goal of optimal electricity bill management in the household sector without significant change of comfortable and convenient lifestyle of consumers. Therefore, it could create “win-win-win” situation among the consumers, power company and the whole society.
Methodology
Under advanced metering infrastructure (AMI), household end users could minimize total electricity expenditure, while pursuing comfort and convenience in daily life. Multi-objective programming (MOP) is suitable to describe trade-off between those conflict targets.
In the MOP model, three targets that residential concerns the most are “economy”, “convenience” and “comfort” of home energy management. “Total electricity expenditure”, “total appliances shift time” and “total appliances shift frequency” are the criteria to represent economy, convenience and comfort, respectively. 
Before optimizing the MOP, residential consumers should first provide their preference information. Therefore, a market survey was conducted to obtain preference weights of the three goals mentioned above. A total 107 questionnaires were responded, with an effective response rate 85.9%. Base on those survey data, weighting method and ε-constraint method were utilized to estimate weights of “total electricity expenditure”, “total appliances shift time” and “total appliances shift frequency”, which  are 0.524, 0.270 and 0.206, respectively. In addition, this study applies relevant real time pricing (RTP) data to undertake an empirical analysis. GA is employed to automatically create a time schedule for household appliances. 
Results & Conclusions
We investigated five scenarios as the followings: (1) For the baseline scenario, we have no restriction of total appliances shift time and total appliances shift frequency. The results showed that seven household appliances should be shift totally 460 minutes in the baseline-optimized electric schedule, and it could save 7.9% of total electricity expenditure. (2) For all other four alternatives that have different limited shift time and frequency of household appliances in MOP problem, the results indicated that it could save electricity expenditure of the percentages between 5.9% and 9.1%, as the lower bound and up bound. Suppose extending the result from the typical household to the total 8.06 million residential household in Taiwan, it would imply that Taiwan could reduce 2.5 billion to 3.8 billion kWh of electricity, or 2.10 million to 3.18 million tons of carbon emission, in a nation-wide scale. 
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