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ABSTRACT 

Many experiments are being carried out through 

demonstration to establish the negawatt/demand 

response (DR) market, in Japan. 

A demonstration project of DR among residential 

households, buildings, factories, and electric vehicles 

(EV) has been conducted from 2012 to 2014, in 

Yokohama Smart City Project (YSCP), which is one of the 

largest-scale smart city projects in Japan, and 2014 to 

2016 in successive projects. 

In the DR demonstration experiments for buildings and 

factories, the target amount of reduction of power 

consumption had been allocated for each customer 

according to its capability to reduce electricity demand, 

in order to provide the stable amount of 

negawatt(aggregated DR capacity) for the power utility 

as an “negawatt aggregator”. 

In this paper, we report the demonstration experiment 

result and the difference between consumers in capability 

to reduce electricity demand in terms of the 

characteristics of consumers. In order to compare each 

consumer, the analysis was based on several key factors 

such as; DR response time (speed of response), 

equipment and control process, and capability of 

reduction of power consumption. 

INTRODUCTION 

In the electricity system reform process promoted by 

METI (the Ministry of Economy, Trade and Industry), 

the negawatt trading system is under discussion for 

establishment in Japan. Negawatt refers to the amount of 

power load capacity reduced as a result of consumers 

refraining from their original intended power 

consumption levels, in response to the requirement by the 

power utility and/or market. Since the Great East Japan 

Earthquake occurred on March 11, 2011, more attentions 

were drawn to the “negawatt power” as one of the 

measures to stabilize the balance of demand and supply. 

Toshiba has conducted demonstration project of DR 

among residential households, buildings, factories, and 

EV from 2012 to 2014, in YSCP, which is one of largest-

scale smart city projects in Japan, and 2014 to 2016 in 

successive projects. Figure 1 shows an overview of 

YSCP. In these demonstration projects electricity 

consumers reduced their electricity demand by energy 

saving and utilization of energy storage facilities and 

equipment control by building energy management 

system (BEMS) and so on. The demonstration has been 

proven each customer had enough capability to shave or 

shift its peak electricity demand. 

In the DR demonstration for buildings and factories, the 

target amount of reduction of power consumption had 

been allocated for each customer according to its 

capability to reduce electricity demand, in order to 

provide the stable amount of negawatt for the power 

utility. 

 

 
Fig.1 Overview of YSCP  
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In the advanced countries and/or region such Europe and 

North America [1]~[7], negawatt trading market is 

established and revealing by utilizing energy 

management/control of factory load mainly. In order to 

further expand negawatt trading market volume, it would 

be necessary for DR players to include industries that 

utilize other types of DR capacities in addition to factory 

load. Considering these points, we tried to clarify the 

characteristics of participants of more than 10 industries 

participating in the demonstration projects and utilize 

them for future negawatt trading market expansion. 

DEMONSTRATION SYSTEM OF 

EXPERIMENT 

Figure2 shows demonstration system diagram of 

experiment. In this experiment, Integrated-BEMS operates 

as DR aggregation system. 

Integrated-BEMS receives the DR request signals from 

CEMS (Community Energy Management System, which 

manages local power grid) in YSCP demonstration project 

and DRAS (Demand Response Automation Server, which 

owned by the power utility) in successive projects. Then, 

Integrated-BEMS dispatches DR requests to customers in 

order to reduce electricity demand. Finally, Integrated-

BEMS provides the requested amount of negawatt to grid, 

and send the result of DR to CEMS and DRAS. 

 

 
Fig2. Demonstration system diagram for experiment 

DEMONSTRATION EXPERIMENT OF 

DEMAND RESPONSE 

The demonstration experiment was carried out in three 

stages. 

In the first stage, the capability to shave or shift 

customer’s peak electricity demand was evaluated [8]. It 

was reported that more than 20% of the maximum 

reduction of customer’s peak electricity demand was 

achieved and about 15% of the average reduction was 

achieved. Furthermore, DR capability was significantly 

different for each customer. Customers, who installed 

cogeneration system or storage battery, could reduce more 

than 15% of peak electricity demand. On the other hand, 

customers, who takes power conserving measures (e.g. 

turn off the lighting and weaken the heating or cooling), 

could reduce 3~6% of peak electricity demand. 

This result is due to the fact that the participating 

buildings taking power conserving measures were 

commercial buildings which were occupied by many 

tenants. In order to avoid disrupting the comfort level of 

residents, DR was only performed for common areas, 

which only consume approximately 30% of the power 

consumed by the whole of building. Even if the power of 

the common areas were reduced by 20% as a whole the 

effective reduction was only 6% (30%*20%=6%). Tenant 

participation is critical for DR in commercial buildings. 

However, it was found that many problems remain in the 

incentive scheme for tenants and the DR performance 

measurement of each tenant. 

In the second stage, the accuracy of the amount of 

adjustment in accordance with the each customer’s target 

was evaluated.  

Since in the first stage of the demonstration, we were able 

to demonstrate the capability to shave or shift customer’s 

peak electricity, but we couldn’t verify and control the 

amount of adjustment in accordance with the each 

customer’s target. 

Six of the ten customers reduced electricity demand more 

than target amount of electricity reduction. As a whole, the 

average achievement rate of all customers reached to 98%. 

On the other hand, two customers were not able to reduce 

their electricity demand successfully. This is due to 

temperature of DR event date was higher than temperature 

of that of the baseline calculation date in this experiment 

and amount of decrease in baseline is larger than amount 

of customer’s power reduction. This result shows that 

temperature condition have an influence on the accuracy 

of the baseline. In order to reduce effect of temperature 

and enhance accuracy in baseline calculation, the Fast-DR 

such as 1 hour-ahead DR or fifteen minutes-ahead DR is 

needed. 

In the third stage, to solve the issues identified in previous 

experiments became the obvious next step, hence the 

capability of Fast-DR (15 minutes-ahead DR and 1 hour-

ahead DR) was evaluated. There were mainly two 

purposes. One is to quantify the potential to reduce 

electricity demand through the Fast-DR and the other is to 

evaluate the difference in the potential between consumers. 

In this paper, the result of the Fast-DR demonstration 

experiment result and the difference between customers in 

capability to reduce electricity demand in terms of the 

characteristics of customers, are reported. 

Fast-DR demonstration experiment 

Prior the experiment, each customer had made a contract 

about DR program such as commitments to the DR 

response time and the duration and amount of electricity 

reduction. 

Table.1 shows the condition of the DR demonstration 

experiment.  

DRASCEMS

Integrated BEMS

DR requestDR request

negawatt

negawatt

Customers

DR request
negawatt

DR dispatch

1
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Table.1 The condition of the DR demonstration 

experiment 
period 7/2014~1/2015 

The number of 

participated customers 
14 

The number of the DR 

events 
51 

DR event time period 

8:00~11:00 / 13:00~16:00 

(7/2014~9/2014) 

8:00~11:00 / 17:00~20:00 

(10/2014~1/2015) 

Condition of the DR 

requests 

At the request from the power 

utility 

DR request timing 

15 minutes-ahead 

1 hour-ahead 

Day-ahead 

Baseline calculation 

method 

Mean electricity consumption 

during DR event time period of the 

3-highest-days among last 5 

weekdays (High 3 of  5 method) 

 

The experiment results were evaluated with an average 

success rate of all DR events and an average achievement 

rate of all DR events. The formula is shown as below. 

  ,where 

   Rs,t: Success rate 

   Ns,t: The number of successful reductions 

   Ne,t: The number of the DR events 

  ,where 
   Ra,t: Achievement rate 

   Ebase,t: Electric energy of base-line 

   Econs,t: Electricity consumption 

   Etarget,t: Electricity reduction target 

 

The higher success rate means that the electricity 

consumption has been stably reduced. If achievement rate 

is close to 100%, it can be said that the customer has 

reduced electricity demand with high accuracy. The 

customers were evaluated in terms of following 

characteristics. 

In this experiment, various types of customers such as 

factories, commercial facilities, water purifying plants, 

sewage treatment plants and district heating and cooling 

company have participated.  

The customers were evaluated in terms of following 

characteristics. 

 - DR response time (speed of response) 

 - Equipment and control process 

 - Capability of electricity reduction 

 

Table.2 shows the number of customers by characteristics. 

 

 

 

 

 

 

 

Table.2 The number of customers by characteristics 

DR request 

timing 

15 minutes-ahead DR 3 

1 hour-ahead DR 5 

Day-ahead DR 6 

Category of 

business 

District heating and cooling company 1 

Event venue 1 

Commercial facility 2 

Factory 2 

Laboratory 1 

Waterworks department 7 

Equipment and 

control process 

Distributed power generator 1 

Distributed co-generator 3 

Battery storage 2 

Control air-conditioner 4 

Shifting production process 4 

Results and evaluations 

Evaluation of DR response time 

DR response time was evaluated. Table 3 shows the 

results of the average success rate and the average 

achievement rate of the Fast-DR customers and the Day-

ahead-DR customers. 

 

Table.3 Result of DR response time 
 success rate [%] achievement rate [%] 

Fast-DR 79.4 167.6 

Day-ahead-DR 73.7 266.3 

 

The success rate of Fast-DR customers was higher than 

Day-ahead DR customers and the achievement rate was 

closer to 100% than Day-ahead DR customers. The result 

indicates that the Fast-DR is more accurate than Day-

ahead DR. However, the achievement rate of Fast-DR 

customers also exceeded 100%. From these results 

following factors can be considered. 

 Customer who participated in DR program for the first 

time has set the contract volume for reduction of 

electricity demand conservatively. 

 Customers avoid declining target because the incentive 

is paid only if customers achieve the contract volume for 

reduction of electricity demand 

We need to adjust the contracted volume for reduction of 

electricity demand according to each customer’s potential. 

Evaluation of taking power generating vs. power 

conserving measures 

We classified the customers into two groups; those taking 

power generating measures (distributed generator, 

distributed co-generator and battery storage) vs. those 

taking power conserving measures (control air-conditioner 

and shifting production process). Table 4 shows the results 

of those two different approaches. 
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Table.4 Results of taking power generating vs. power 

conserving measures 
 success rate 

[%] 

achievement rate 

[%] 

power generating 

measures 
84.8 145.6 

power conserving 

measures 
70.6 318.2 

 

As a result, the success rate of the group taking power 

generating measures was higher than the group taking 

power conserving measures, and the achievement rate 

closer to 100% than the other group. This is because 

customers equipped with distributed generator are able to 

adjust the output to the target amount of electricity 

consumption. 

Evaluation of contract volume 

We evaluated result for different DR contracted volumes 

by classifying into large (100[kW] or more) and small 

(less than 100[kW]) customers. Table 5 shows the results 

by contract amount of reduction of power consumption. 

 

 

Table.5 Results difference of the contracted volume 
 success rate [%] achievement rate [%] 

Large Customer 81.3 158.2 

Small Customer 63.2 440.4 

 

The success rate of Large Customer was higher than Small 

Customer and the large customer’s achievement rate was 

closer to 100% than Small Customer. Stable reductions are 

expected beyond a certain level of contracted volume. In 

contrast, if the contracted volume is small, there is a 

possibility that the DR performance is absorbed by 

fluctuation of the baseline. 

Characteristics of customers 

Up to 2015, more than ten types of the industries of 

customers participated. As a result, the characteristics of 

each industry and resource were grasped. Table 6 shows 

the characteristics of customers. 

In order to provide the stable amount of negawatt/DR for 

the power utility, it is necessary to utilize the reduction 

characteristics of each industry and each customer and to 

dispatch DR request according to their characteristics. 

 

Table.6 The characteristics of each industry and resource 
Industry DR resource Characteristics 

District heating and 

cooling company 

Shifting production process 

(Switching operation of refrigerator) 

 The volume for reduction of electricity demand is large 

 Operational structure is in place, power reduction is stable 

Event venue 
Operating distributed power 

generator 

 The volume for reduction of electricity demand is large 

 Power reduction is stable 

Waterworks 

department 

Shifting production process 

(Stopping the pump) 

 Power reduction is stable in fine weather, but is not stable in rainy 

weather 

 A certain amount of reduction is required for stable power reduction Control air-conditioner 

Shifting production process 

(Changing quantity of water intake) 

 Power reduction is not stable ,because it can correspond only the 

day-ahead DR 

Discharge of battery storage 

(NaS battery) 

 The volume for reduction of electricity demand is large 

 Power reduction is stable 

Recycling plant Stopping scrap equipment  Power reduction is stable , because it is only equipment stop 

Office building 

Control air-conditioner and lighting 

adjustment 

 Automatic control is possible 

 Power reduction is not stable ,because the volume for reduction of 

electricity demand is small 

Operating distributed co-generator 
 The volume for reduction of electricity demand is large 

 Power reduction is stable 

Factory 

(Manufacturing 

industry) 

Control air-conditioner 
 Power reduction is not stable ,because the volume for reduction of 

electricity demand is small 

Operating distributed co-generator 
 The volume for reduction of electricity demand is large 

 Power reduction is stable 

Laboratory 
Operating distributed co-generator 

and Discharge of battery storage etc. 

 The operation of research facilities varies from day to day, the 

baseline is not stable 

 Power reduction is not stable 

Commercial facility 

Control air-conditioner and lighting 

adjustment 

 Power reduction is not stable ,because the volume for reduction of 

electricity demand is small 

Operating distributed co-generator 
 The volume for reduction of electricity demand is large 

 Power reduction is stable 
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Approach to the high-accuracy DR 

The accuracy of the amount of negawatt/DR is improved 

by enhancing our understanding of the characteristics of 

each DR participant and selecting the participants who 

dispatch DR requests according to the situation (e.g. 

weather forecast, expected temperature, power usage 

situation etc.). 

Figure3 shows the approach to generate high-accuracy DR. 

The histograms of DR potential (DR capacity) for 

participants with different behavioural patterns were 

created. Then, the customer’s optimal portfolio could be 

found by repeating simulation and analysis. 

Demonstration experiments will continue to be conducted 

throughout FY 2016 (Japanese FY 2016 ends in March 

2017) to target error rate within ± 10% of the aggregator’s 

contracted volume with the power utility. 

 

 
Fig.3 The approach to generate high-accuracy DR 

CONCULSIONS 

Demonstration experiments of DR have been conducted. It 

has been proven that each customer had capability to 

shave or shift its peak electricity demand. In addition, the 

customer’s potential about Fast-DR and the difference of 

each customer’s characteristics were verified. 

In the future, we will evaluate aggregator potential and 

continue to enhance DR performance (e.g. dispatch 

method to each customer, the contracted volume for 

reduction of power consumption according to each 

customer’s potential, etc.). 
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