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Study of Demand Response based on Model Predictive Control
MPC × DR

Study of Demand Response based on Model Predictive Control

Background
◆Highly efficient use of electricity derived from 

renewable energy sources (RES)

Measure: Energy storage by energy storage devices

＋－

➡It’s necessary to predict the energy demand of a building and 
control the amount of heat stored and released based on 
optimization.

＞
Impossible to secure 
energy storage capacity 
for RES fluctuations

◆Leveling of electricity demand

Measure:Implementation of Demand Response(DR)

➡Controls are needed to maximize incentives on the part of 
consumers in the context of complex electricity prices.
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Real Time Price (RTP)

Methodology

×

Model Predictive Control (MPC) is a control method based on predictive modeling and optimization. 

Iterative calculations are performed using a predictive model and an optimizer for the error between the set value and the 
current state value to produce an output that minimizes the objective function.
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〇Model Predictive Control(MPC)〇Feedback control(PI,PID etc…)
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Purpose
The DR based on MPC using artificial neural network (ANN) as a pridiction method and εDE-RJ as an optimization method to 
maintain indoor thermal comfort and maximize incentives on the customer side as well as to leveling of electricity demand.

Prediction  Model

Objective function：
Minimize operational costs
Constraints：①Zone Temp≦26℃

②-0.5≦PMV≦0.5
③ Pump mass flow rate

Horizon：Predction 24h/ Control 1h

System Configuration

Simulation Results

・MPC can reduce summer operating costs 
by about 15% in RTP using the prediction model

・Depending on the region and season, it may be 
possible to implement DR and incentive 
maximization operations with only dry bulb 
temperatures for thermal comfort constraints.
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Optimizer
(εDE-RJ)

Prediction
Model(ANN)

MPC Controller
Control Input
(Pump mass 

flow rate)

Objective function
Constraints
Horizon

Building

・Zone Temp/PMV

・TES/ Plant temp

Evaluation of MPC

Control Output
(Zone Value, System value)

Target 
Area      ：Cold region
Building：Office
Zone  ：2F Office1
Period   ：2019/7/29～8/2
Comparison：Rule Based Control

⋮
⋮ ⋮

Input layer Hidden layer Output layer

Artificial Neural Network (ANN) Configuration

・Zone value
(Zone Temp etc…)

・Weather
(OA Temp etc…)

・System value
(CW Temp etc…)

・Operational Value
(Pump mass flow rate)

・Predicted  Zone value 
(Temp/RH/MRT/PMV)

・Predicted System value
(TES Temp/Plant Temp/
Plant electricity)

Seven ANNs will be constructed and finally PMV and Plant electricity 
consumption forecasts will be performed.
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ポンプ消費電力量 熱源消費電力量 電力従量料金(RTP)
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Rule Based Control (RBC) Model Predictive Control (MPC)
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電気従量料金(RTP予測値)
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Comparison of Electricity and Cost Accumulation

◆Electricity consumption and thermal comfort on a typical summer day◆

(15～17h)

Zone System

Calculation of values
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Pump_E consumption Plant_E consumption Electricity price (RTP)
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Pump_E consumption Plant_E consumption E_price (Predicted RTP)
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※E…Electricity
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