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1. Introduction

To balance supply and demand of electricity, utility companies need to be equipped with electrical

power generators with enough capacities to meet the peak demand. While renewable energy, such as

solar photovoltaics (PV) and wind power, increases the total energy of electricity generation, they

also increase the volatility of power grids since their power output strongly depends on the dynamic

change of weather and other conditions. Besides, newly introduced devices in households will push

this trend further; for example, plug-in hybrid electric vehicles (PHEV) will account for a large portion

of the power consumption in a household during their charging period. As a result, suppliers are

required to have much more operating reserves by preparing additional power plants, which

eventually increase electricity prices. Thus, “how to absorb the volatility in the grid” is a critical issue

for reliable and efficient future power systems.

Several approaches are being pursued to address this problem, e.g., coordination of different areas

with long distances and installation of large batteries. Since renewable energy generators installed in

different locations are affected by weather change in different timing, the first approach may cancel

out short-term fluctuation, known as the smoothing effect. The second approach directly introduces

capacitance into the grid and decreases high peaks via low-pass filtering. While these approaches are

promising to reduce power fluctuations, both require large investment for infrastructure. For example,

as the current grid in Japan is not designed to coordinate different areas but rather to achieve

reliability in each area, the interconnection capacity between different areas is limited. As such,

another approach should be pursued in parallel.

2. Coordinated Demand-side Energy Management

In contrast to the aforementioned utility-side approaches, we focus on energy management inside

each household, and introduce the coordination of demand side (end users). In this approach, we

consider that an autonomous home energy management system (HEMS) is installed in each

household and connected via a communication network. Given such situations, we can bring a variety

of information technologies into the grid, from sensing of power consumptions to automated

coordination of multiple households.

In particular, we introduce an architecture in which end users (households) participate in a certain

incentive-based program and constitute a community. The users are connected through a provider,

which is often referred to as an “aggregator” (Fig. 1). Here, the aggregator coordinates the end users
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and tries to achieve a group-level

objective (e.g., power balancing, CO2

reduction) in total. The community

size depends on the type of

objectives; for example, a town-size

community (micro grid) is often

appropriate for power balancing. The

proposed approach is one of demand

response (DR) frameworks, in which

end users change the electric usage from their normal consumption patterns in response to

incentives or prices. In a classical DR program, utility companies remotely control (or request to

control) participants’ devices to reduce peak loads during critical periods. Although this classical

strategy satisfies utility-side demands, it cannot fully take into account user-side demands, i.e.,

quality of life (QoL), preference, or flexibility of changing power profiles. In the proposed method, we

balance these two-sided demands/requests by introducing machine learning and distributed

optimization techniques [1]:

1. First, the normal consumption patterns in each household are modeled by using a probabilistic

generative model, which enables us to represent the preference or flexibility of changing power

usages with a probabilistic distribution of sequences.

2. The distributed optimization algorithm finds an agreement point of both the end-users’

objectives (e.g., QoL) and the aggregator's objective. Here, the end-users’ objectives can be

derived directly from the probabilistic models introduced in 1.

The key aspects are that (1) the probabilistic model in 1 can be learned from real data captured via

smart taps (outlets) in each household and that (2) the distributed algorithm in 2 only requires the

exchange of planned demand/supply profiles, i.e., it encapsulates actual device controls in each

residence. In this talk we will show some numerical results to demonstrate how the method achieves

the flattening of total power consumption.

Conclusion This is a joint work with the energy informationization (i-energy) project [2], which aims

to integrate physical power grids and information networks through four phases from demand side:

sensing and monitoring, power control in a house, priority control of multiple power

sources/batteries, and the coordination of households. The present approach is in the fourth phase,

and we are now planning to investigate a variety of coordination schemes including peer-to-peer and

hierarchical architectures.
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Figure1. Coordination of demand-side management
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