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Power Supply and Demand Control 
Technologies for Smart Cities

 Tomoyoshi Takebayashi      Toshihiro Sonoda      Wei-Peng Chen     

One of the missions of smart cities is to contribute to the environment and reduce social costs 
by using energy more efficiently and utilizing more renewable and distributed energy.  This is 
reflected in the increasing use of renewable energy and in energy consumers becoming “pro-
sumers,” i.e., people who not only consume but also generate and sell power.  However, several 
factors related to this trend are causing both the supply and demand sides of electrical power 
to fluctuate and complicate the control of the balance between the two sides.  While supply 
and demand balance is controlled mainly with generators in conventional power systems, more 
effective and economical control is needed for future systems.  We believe that it will be im-
portant to also optimally control the amount of energy that is needed for people to manage 
their daily lives at home and at work.  Demand response (DR) is a technology that is receiving 
attention in light of this need.  This article introduces R&D initiatives at Fujitsu Laboratories, 
including development of a Demand Response Automation Server (DRAS) conforming to 
OpenADR, which is advancing as a standard for DR, and a building-demand simulation technol-
ogy that optimizes control of the balance between supply and demand for electric power using 
DR technology.  

1.	 Introduction
The Great East Japan Earthquake of 2011 led to 

the expectation of dramatic changes to electrical power 
systems in Japan and of the creation of smart cities 
supporting a more efficient and stable power distribu-
tion environment.  One possible change on the power 
supply side is a shift from large-scale, concentrated 
power generation, such as conventional nuclear power 
generation, to diversified types of power generation in-
cluding renewable energy, co-generation, and various 
distributed power sources.  On the demand side, users 
are expected to become “prosumers.” That is, rather 
than simply consuming power, many households will 
also produce power by, for example, using solar pan-
els or emergency household generators and then sell 
the power they do not use.  These changes, however, 
will complicate the control of the balance between 
power supply and demand.  A promising approach to 
addressing these challenges is demand response (DR) 
technology, which not only reduces the peak load in 
smart cities but also helps balance power supply and 

demand.
As a specific measure to directly handle the power 

outages after the Great East Japan Earthquake, Fujitsu 
Laboratories developed a power demand estimation 
function that uses power demand data gathered online 
at 30-minute intervals from offices all over Japan1) and 
has been using it within Fujitsu as a real service since 
August 2011.  Another technology is being developed 
to provide cloud-based integrated control of the charg-
ing of office PC batteries and thereby reduce the peak 
load in the overall power demand in offices.2)  This 
paper reports our latest research and development 
activities related to DR technology, including the de-
velopment of the DR Automation Server (DRAS) and a 
means for optimizing the control of demand for power 
on the basis of human activity in households and busi-
nesses.  The later incorporates techniques for analysis, 
modeling, and prediction of enterprise and regional 
power demands.  
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2. Current state of DR technology
DR technology is used to balance the supply of 

and demand for power on a regional basis when there 
is a supply shortage.  The basic concept of DR technol-
ogy is illustrated in Figure 1.  It works by requesting 
consumers to reduce power use rather than increase 
power generation capacity.  This enables power com-
panies to avoid investing in excessive power generation 
facilities to meet peak power demands.  Consumers 
that cooperate can receive payments from the power 
company.  New businesses related to DR technology are 
expected in the future.  

Europe and America are leading the implemen-
tation of DR technology.  In the U.S., peak demand 
curtailment (“negawatts”) through DR technology grew 
from 30 to 66 GW between 2006 and 2012,3) and DR 
services in various forms are being offered.  These 
services can be broadly classifi ed into two types: those 
based on monetary compensation and those based on 
time-based pricing.  Those of the fi rst type can be con-
trolled systematically while those of the second type 
cannot because they involve consumers responding on 
their own initiative.4)

Currently, most DR services based on monetary 
compensation are provided via systems used by a power 
company to send requests by telephone or e-mail to 
large-scale consumers pre-registered for the DR service 
asking them to reduce power use.  If such services were 
expanded to include medium- and small-scale con-
sumers and the general public, it would be diffi cult for 
power companies to communicate directly with such a 

large number of consumers and to manage the avail-
able DR resources at customers’ premises.  This has led 
to the appearance of DR aggregators, who gather the 
demand curtailments of many consumers and make 
the entire quantity available to a power company as 
a resource during electricity distribution operations.  
Such “negawatt aggregation” requires sophisticated 
data analysis and complex equipment coordination.  
Through collaboration with DR aggregators who have 
expertise in these techniques, power companies hope 
to achieve both cost effectiveness and supply reliability.

An example of negawatt aggregation is the 
Capacity Bidding Program offered by the Pacifi c Gas 
and Electric Company (PG&E) in California, which is 
illustrated in Figure 2.5)  Each customer enters into a 
contract with an aggregator specifying the conditions 
under which they can reduce their consumption of 
electricity, and the aggregator enters into a DR pro-
gram agreement with a power company on the basis 
of these contracts.  The aggregator may send DR event 
notifi cations to customers when it receives a power re-
striction request from the power company and reports 
the amount of power reduction achieved to the power 
company.  The power company makes a payment to 
the aggregator in accordance with these achievements, 
and the aggregator then compensates the customers in 
accordance with their contracts.  

3. DR standards (OpenADR) and DR 
Automation Server 
Automated Demand Response (ADR) is a key 

technology in expanding DR services as it connects 
servers at power companies or DR aggregators directly 
to energy management systems in buildings and 
houses.  Standardization is the key to interconnecting 
devices from various vendors and reducing the cost of 
such solutions.  The most recognized standard for ADR 
is Open Automated Demand Response (OpenADR).  
The OpenADR 1.0 specifi cation was proposed by the 
Lawrence Berkeley National Laboratory in the U.S., and 
the OpenADR 2.0 international standard specifi cation 
is now being fi nalized by the OpenADR Alliance, with 
participation from over 100 companies.  The OpenADR 
2.0a specifi cation for simple device control was pub-
lished in August 2012, and the 2.0b specifi cation, 
covering a larger variety of services, was published in 
July 2013.  

Figure 1 
Concept of demand response technology.

Power company

Power-generating 
capacity Home/Industry

Power consumedDR service, turn power 
conservation into profit
DR service, turn power 
conservation into profit

Conserve power to balance 
regional supply and demand

Incentives to customers



74 FUJITSU Sci. Tech. J., Vol. 50, No. 1 (January 2014)

T. Takebayashi et al.: Power Supply and Demand Control Technologies for Smart Cities

Fujitsu Laboratories quickly recognized the 
importance of ADR and began development of a pro-
totype based on OpenADR. Fujitsu offi cially joined 
the OpenADR Alliance in October 2012 and was the 
fi rst Japanese enterprise to exhibit a DRAS prototype 
conforming to OpenADR 2.0a at Grid-Interop 2012 
in December 2012.  Grid-Interop 2012 is the largest 
event related to smart grids in the U.S. Fujitsu also 
demonstrated its compatibility with products from U.S.  
household device manufacturers.  In August 2013, 
Fujitsu’s DR client (VEN: Virtual End Node) software be-
came one of the fi rst in the world to receive certifi cation 
of compliance with OpenADR 2.0b.  In October 2013, 
Fujitsu’s DR server (VTN: Virtual Top Node) software 
became the fi rst among Japanese companies to receive 
2.0b VTN certifi cation.

A DRAS is used by a DR aggregator to send and 
receive signals to control the DR service (DR events) 
between a power company and its customers.  For 
example, when it receives a request to restrict power 
usage from the power company, it sends power con-
servation commands to smart appliances in the homes 
and to the energy management systems in the build-
ings and factories of DR service subscribers.

The confi guration of the developed test sys-
tem is shown in Figure 3.  Tests confi rmed its ability 
to control home devices such as a heating/cooling 

thermostat and smart plugs conforming to the ZigBee 
Smart Energy Profi le, which is standard in the U.S., 
through a Universal Devices home gateway supporting 
OpenADR2.0a.  

The OpenADR Alliance is also studying fast DR as 
a future direction for ADR technology.  It is expected to 
handle instabilities in power supply due to an increase 
in the use of renewable energy by controlling supply 
and demand within seconds or minutes.  Reformation 
of the electrical power system is also being discussed 
in Japan, including issues such as liberalizing the 
power retail business and separating power generation 
and power distribution into different businesses.  The 
business environment surrounding energy systems is 

Figure 2
Example of negawatt aggregation—Capacity Bidding Program at PG&E.
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changing, and ADR standardization is being studied in 
Japan as part of these changes under the leadership of 
the Ministry of Economy, Trade and Industry.

4. Demand control and simulation 
technology
In addition to conforming to international stan-

dards, a DRAS must also optimize management of DR 
resources at each consumer.  Developing a demand 
control mechanism based on the models of physical 
energy estimation and human activity is an important 
part of achieving this.

In the work reported here, a building-demand 
simulator was developed to link the Spot Oriented 
Agent Role Simulator (SOARS),6) which is a social be-
havior simulator developed at the Tokyo Institute of 
Technology, and EnergyPlus,7) which is a simulator 
incorporating energy consumption models at the build-
ing level developed by the U.S.  Department of Energy.  
The EnergyPlus simulator takes inputs including the 
building structure, weather information, heating, 
cooling, and lighting equipment, and usage scenario 
(occupancy rates) and computes the energy consump-
tion.  SOARS is able to simulate human activity by 
defi ning mobile elements such as people as “agents” 

and locations as “spots” and then regulating the move-
ment of agents between spots and the interactions 
among agents at spots.  

An overview of the developed building-demand 
simulator is shown in Figure 4.  A simulation of energy 
consumption in a building is implemented by simulat-
ing the activities of employees, including aspects such 
as arriving and leaving from work and attending meet-
ings.  The results are used to automatically generate 
occupancy rates for the building, which are the inputs 
to EnergyPlus that are used to compute the energy con-
sumption of the building.

The building-demand simulator can be used to, 
for example, evaluate the effects on employee comfort 
if a building manager implements DR service energy 
control.  As a specifi c example, a DR scenario was for-
mulated to optimize energy-use restrictions through 
DR requests and to maximize comfort in terms of room 
temperature, and an air conditioning control plan was 
drafted.8)

Two DR policies were simulated: “fl oor optimiza-
tion” (the temperature is set individually for each fl oor) 
and “building-wide setting” (one temperature is set for 
the entire building).  The simulations were done under 
the following conditions.  
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Figure 4 
Building demand simulator overview.
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•	 Building: Fujitsu Laboratories (Kawasaki City)
•	 Data collection period: from 10:00 to 17:00 week-

days during July and August 2011, when outside 
daytime temperatures were 29°C or greater

•	 Demand reduction targets: 5, 10, 15, 20 (kWh) 
The level of comfort in offices was converted 

into an index using the model proposed by Tawada 
et al.9)  The increases and decreases in energy used 
for air conditioning were estimated using multiple 
linear regression, with external temperature and room 
temperature by zone as explanatory variables.10)  The 
results are plotted in Figure 5 and show that the floor 
optimization policy maintained a higher level of com-
fort for each target.

Such energy usage simulations can be used by 
building facilities managers to estimate the effects of 
policy measures and by DR aggregators to estimate the 
potential load curtailment, enabling them to control 
the balance of supply and demand more effectively.  

5.	 Conclusion
Demand response technology is essential for 

implementing economical and stable electrical power 
systems in smart cities and is important for saving the 
environment and reducing social costs.  For this tech-
nology to be used effectively, techniques are needed 
for analyzing, modeling, predicting, simulating, and 

optimizing the control of energy demand.  We intend to 
refine these techniques through verification and test-
ing.  We also plan to apply them for use as solutions in 
other application domains.  
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Figure 5 
Example results for two DR policies. 
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