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OUTLINE OF RESEARCH PROJECT

The main purpose of this research project is to develop a system theory of next generation power system control in
order to achieve a harmonized power supply under large penetration of photovoltaic (PV) power systems. In particular, this
project aims to develop a power system control framework and methodology, fully exploiting PV/demand power prediction,
and focusing on, in addition to both system operation and user layers, functions and properties of a middle layer (called
as a harmonized aggregator) consisting of various kinds of power aggregators such as demand-response aggregators,
electricity-trade balancing groups, and cooperative electric power converters. This research is performed from the following
five viewpoints: PV power prediction, supply and demand control, consumer-side control, control of power transmission

and distribution systems, and basic system theory.
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+ Control Technolog)
PV power prediction. -
APPROACH

0 accomplish the goal of this research, we p
following two main topics, as shown in Fig. 1:

(A) (Harmonized electric power s stem control using F

Development of electric power system control theory and tech
on PV power prediction including large errors, to achieve a harmor le . ‘
power supPIy from the perspective of economy, environmental friendliness,

resilience, fairness, and comfort.

(B) (Electric power system design including a middler layer) Middle

Development of system design theory to optimize the entire electric power Iayer
system by focusing on the role of various aggregators in the middle layer,
which is created as the third function neither included in the system operation
layer nor the user layer with reference to changes in electric system structures
such as large penetration of PV generators and batteries, the electricity

- Realizes stable power supply from the
System viewpoints of economics, environmental
operation friendliness, resilience, faimess, and comfort
Iayer - Power system control fully exploiting
PV-prediction and Electricity Market

deregulation, and the unbundling of electricity generation and transmission. User
By developing a collaboration room that realizes powerful collaborative research laver Hydro 0 Solar farm
through electric power simulations, we can offer a new collaborative research y CEMS

DR Aggregator PPS

Fig. 1 Framework of next generation electric power system control

method for developing new cooperative control techniques of electric power
systems, as shown in Fig. 2

To achieve the research target according to the above two topics, the
research is exaecuted according to the following five unit groups, as
shown in Fig. 3.

PV Prediction Unit

Develops high precision PV generation forecasting and estimation technology
for the entire spatial-temporal scale, merging large-scale generation data, and
variety of weather resources.

(i

Supply and Demand Control Unit;
Clarifies the roles of conventional power sources under the next generation

. ‘ Fig. 2 Collaboration room supply and demand control/operation, and realizes cooperative control
L voe Fig. 3 Five research units technigues with the conventional and other requlating power resources.

: T TR q------oom oo ! i Demand-Side Control Unit:
2 ofian | i ion! | Develops basic theory and technology for cooperatively utilizing the
 Predictorsbased ; Power_ Systlem DeSIQn i ﬂe>t<tibili ies of power (%nsum%ticr)tn of%)clmsumers ﬁavm% PV geinerators and g
| | atteries under ensured comfort and fairness. This achieves the demand-side
Povier ystem Contol x| Supply & Demand Controlw{; ncluding Midde Layeri control in order to balance the system supply and demand.

Control of Transmission and Distribution Grids Unit:

Develops theory and technology to solve the stable operation [iroblem of
fransmission and distribution grids (synchronized stability, overload, voltage,
efc.), taking info account the spatial output fluctuation characteristics of P
generation and its power prediction capability.

.' *'i-<—+ Demand-Side Control

: Control of Transmission
= and Distribution Grids

Basic System Theory Unit:
Develops basic system theory and technology for optimally designing the entire
system composeﬁ of the sysiem operation, middle, and user fayers, from various

perspectives such as system, integrity, and stability.
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ORGANIZATION STRUCTURE

System Theory for Harmonized Power System Control Based on Photovoltaic Power Prediction

Principal Investigator Jun-ichi Imura
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Management organization P J.imura

Meetings for Unit Leaders, Meetings for Group Leaders,
Research Policies, Promotions of Units Collaboration,
Information Disclosure, Enlighten Research Activities etc.

[ Collaboration Room@TUS | Bridging

the study and society

PV Prediction U
UL: A.Murata

Office (Tokyo Tech)

* Meeting management
* Website maintenance
* Qutreach(Publication etc.)

Supply and Demand Coordinators: Yamaguchi, Ueda

Control U * Research meetings,Seminars, etc.
UL: T.Masuta

Ba_?_LCeSO)If;tSm Towards development of

_ oung researchers
UL: S.Hara Globalizing research collaboration . —
Seminar, Workshop

Different field study groups
for young researchers etc.
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INTERNATIONAL COLLABORATION

International Research Collaboration

+ KTH(SW), COOPS(IT). Univ. of Orleans(FR)

Clemson Univ.,CMU,MIT,NCSU,WSU(US)
+ International WS etc.
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GROUP LEADERS

Jun-ichi Imura Tokyo Instute of Technology

( Principal Investigator )
Middle layer based power system control theory

Hideyuki Suzuki Osaka University

Nonlinear science of power grids and photovoltaic
power prediction

Shun-ichi Azuma Kyoto University Yoshifumi Zoka Hiroshima University

Enabling improved electricity-supply flexibility of the
grid by expanded and highly efficient utilization of
power electronics

Design principles of demand response

Yuzuru Ueda Tokyo University of Science
( Unit Leader on Demand-side Control, Collaboration Room Coordinator )
Development of the harmonized EMS by utilizing
demand side diversity

Shinji Hara The University of Tokyo
( Unit Leader on Basic System Theory )
Development of hierarchical decentralized aggregators J

Taisuke Masuta Meijo University

( Unit Leader on Demand and Supply Control )

Advanced demand and supply control in future power
systems

Yoshito Ohta Kyoto University

A study on efficient power transmission and distribution
with high quality - theory and experimental verification

Akira Kojima Tokyo Metropolitan University

Robust scheduling and predictive control for power
systems

Akinobu Murata AIST
1 ( Unit Leader on PV Prevention )
High accuracy PV power monitoring and forecasting
technologies for the whole spatio-temporal scale

Hideharu Sugihara Osaka University
( Unit Leader on Control of Transmission and Distribution Grids )
Methodologies for evaluating middle layer entities in
T&D networks

Nobuyuki Yamaguchi Tokyo University of Science
( Collaboration Room Coordinator )

Technical and economical decision making on power
systems through a middle layer



