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ABSTRACT 

Since the Great East Japan Earthquake, various measures have been studied and 

implemented for the tight supply-demand balance. Demand Response (DR) is a 

method of suppressing temporarily the power demand.  The customer is notified of 

incentives for power saving of a specified time and changing of electricity price, and 

determines whether or not to cooperate. DR is one of the effective measures. 

However, in terms of influence of the building environment, operation and climate 

change, existing methods is not performed efficiently. Therefore, in this study, we 

developed a system that can predict the thermal environmental change and the 

negawatt at that time with the use of predicting air conditioning loads by the weather 

forecast and nu-merical simulation analysis.  

In order to confirm the effect and operation of the system, we carried out 

demonstration experiment from August to September 2013 for the actual building in 

cooperation with the electric power company and the customer. Then, electric power 

company has requested a reduction in 19kwh / (30min) to the customer. 

In this demonstration experiment, we verify the effects to control an air conditioning 

apparatus by the simplest and lightest treatment, while preventing the comfortableness 

of residents from being damaged, when making an electric control as a demand 

response function. We are confirmed that the impact of DR in the indoor environment 

is not so much from the temperature rise in the DR time zone, for the temperature rise 

in DR time zone was 0.3 ~ 0.6 deg C a certain level. 

In this paper, we report summary of the demonstration experiment and the results of 

an attempt to apply to the system we developed for the actual building. 

 

KEYWORDS 

Demand response, BEMS, Indoor environmental evaluation 

 

INTRODUCTION 

Since the Great East Japan Earthquake, various measures have been studied and 

implemented for the tight supply-demand balance. Demand Response (DR) is one of 

the effective measures, but it is not always performed effectively, because it is not 
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easy to correspond to impact on the building environment, climate change and 

building operations. 

In this study, we have developed a system to predict the effect and the amount of 

thermal environmental changes during DR, to run the equipment control. In this paper, 

we report the results of an attempt and an overview, the application of the buildings of 

the actual 

 

RESEARCH METHODS 

1. Target building summry 

Target building is an office building, multiple companies are tenants. The area for 

DR is the exclusively owned space from 23rd floor to 28th floor. 

2. DR implementation flow 

In this experiment, in order to verify the feasibility of the DR service in cooperation 

with power company, an experiment was performed on the following points. 

Operation, Certainty, Impact on the indoor environment 

3. Scope and Target of DR control 

In consideration of the characteristics of the Target building, we studied the 

following method as a control method to suppress the power consumption of the air 

conditioner. 

a. Indoor air-conditioning load reduction by outside conditioner driving change 

b. Operation suppression of perimeter system air conditioners 

c. Suppression of the air conditioner fan power by the supply air temperature 

decrease 

As shown in Figure 2, the perimeter air conditioner system, the ratio of the total 

amount of cold of all air conditioner is small, but the ratio of the power sum of all air 

conditioners is large. There is spare capacity of outside conditioner and interior 

system air conditioner even in peak hours. In addition, it can be considered for 

residents are less in perimeter zones, even to suppress the operation of the perimeter 

system air conditioners, impact on the indoor environment is small.  

As a consequence, it can suppress the power consumption. Therefore, it was adopted 

as the control item in the DR during the operation suppression of the perimeter side 

system air conditioners (b.) in this experiment. 

4. System description 

The system has a function of (1) DR Management, (2) load prediction, and (3) 

calculated effect. I following the details of each function.  

(1) DR management 

Reading regular DR request file 

Monitoring of DR implementation 

Setting the air conditioning control pattern based on the effect of the calculation result  

(2) Load prediction function 

To predict the load by multivariate analysis by BEMS data and past weather forecast 

(Highest and lowest temperature) 
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(3) Effect calculation function 

To perform numerical analysis simulation based on the load forecasting results, 

calculate the indoor environmental impact and effect the amount of DR. Numerical 

analysis simulation, using the LCEM tool ver3.03 (Ministry of Land, Infrastructure 

and Transport) 

 

RESULTS AND DISCUSSION 

About operation, after having received the DR requests from the power company, 

aggregator was be completed within 30 minutes examination of DR implementation 

content using simulation, setting to the BEMS, the DR availability response to the 

power company. 

About certainty, we compared the actual values and estimates for DR effect size. We 

calculated as the value obtained by subtracting the power consumption of the day 

from baseline actual value. We calculated baseline by the amount of power 

consumption of the past few days near climatic conditions and DR day. It shows an 

example of the results in Figure 4. Error of the actual value and the estimated value 

was 73% on average. The cause is that you've predicted greater than the value of the 

actual load. By predicting a value closer to actual load, reliability of the system is 

improved. 

About Impact on the indoor environment, it shows an example of a temperature 

change in the DR day in Figure 6. Reduction of power consumption that has been 

requested is 19kWh / (30min). DR time zone is an area that is hatched. Thin line is  

indoor temperature of west side of 27th floor. Bold line is indoor temperature of 

eastside 27th floor. Temperature rise in the 13:00 to 14:00 about 0.6 deg C and in the 

15:00 to 16:00 about 0.3 deg C during DR time zone in both east and west. 

 

Table 1. Building Summary 

Site area 16,400m2 Total floor area 162,000m2 

Structure 

Steel construction 

Reinforced concrete 

construction 

Scale 
35 stories above ground 

and 4 below 

Heat source 

system 
District heating 

Air condition 

system 

Perimeter zone : AHU(CAV) 

Interior zone  : AHU(VAV) 

 

 

 

 

 

Figure 1. System configuration 
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Figure 2. Ratio of Power of the perimeter air conditioners system and cold amount 

 

 

 

 

 

 

Figure 3. Experimental schedule 
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Figure 4. Actual value and the effect size of DR 

 

 

 

 

 

 

 

 

Figure 5. Indoor temperature changes in the during DR time (west and east side of 
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27
th

 floor) 

 

 

CONCLUSION AND IMPLICATIONS 

By performing of the DR by using the present system, we could be completed within 

a predetermined time from consideration to the setting of control content and response 

to the power company is possible, and eliminates clutter. 

It was confirmed similarity of trends in actual value and the estimated value, but 

there is still room for improvement for load prediction. 

It is estimated from the fact that subsided the temperature rise of about 0.5 degrees; 

influence on office productivity is low. 

In this study, it was confirmed and future issues effectiveness of the system that has 

been developed. We aim to establish operational and how to improve the system. 

 

REFERENCES 

FERC; Assessment of Demand Response & Advanced Metering Staff Report，(2008), 

21-50 . 

Ryutaro Touji; Standardization Activities of OpenADR, NTT GIJUTU Journal (10, 

2013) 

711




