Development of a Bottom-up Type Residential Energy End-use Model

Yoshiyuki Shimoda, Yohei Yamaguchi and Ayako Taniguchi
Graduate School of Engineering, Osaka University

Background

® In the design, planning and of EMS,
disaggregate demand data is absolutely indispensable. To
estimate the potential of demand response, the amount of
“Controllable demand” should be quantified. In addition, to
assess the potential of EMS in the future, change of total
energy demand and controllable energy demand in the
future must be predicted.

® The authors developed a model that simulates energy end-
use demand of residential buildings based on a bottom-up
modeling approach in which the total energy demand is

of the consumption of all

evaluation

quantified sum
appliances/equipments.

as a

Signal

CEMS

Aggregator Total electricity demand and generation

Controllable Demand (kW /kWh)

Behavioral change

Time shift of operation (e.g. washing machine)

Adjustment of service level (e.g. air-conditioner)

Storage device (Battery, EV/PHYV, heat storage)

Features of energy demand simulator

® Controllable demand given by the four methodologies

listed above can be modelled.
® Deterioration in the service (comfort) level due to energy
management can be quantified.
The variety in energy demand among households can be
considered by developing database on the influencing
factors: 1) occupants behavior, 2) operation, 3)
specification (energy efficiency) and 4) ownership of
appliance/equipment, 5) specification of house, and 6)
meteorological condition.
information,

Disaggregated level e.g.

response to DR signals, can be understood at the power

component

system level.

Structure of Residential Energy End-
use Model
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2: Validation of the electricity load
curve in power system level

Measured data is an average of 1,237 smart
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3: Estimation of demand
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Occupants’ behavior model
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Appliance and equipment operation
model

® Appliance operation and sharing
® Hot water use

\2

Indoor environment model

® Jlluminance simulation for
lighting demand

® Indoor temperature simulation
for cooling and heating demand
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Conversion from operation to energy
use

® Appliance and lighting

® Heating and cooling

® Hot water generation

Y

Energy generation and energy
management system mode
® Quantification of flexible

energy demand

response resource in

prefecture level
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Future works :
Room j ®
®
Le. Model’)
®

demand by real time data, forecasting of energy demand)

Modelling of energy use in non-residential buildings. (Development of ‘Virtual City

4: Estimation of prefecture-scale

Electricity generated

(Reverse power flow)
Electricity generated

(Self-consumption)
¢ Energy balance

—AC+LHB

Deeper analysis on generating mechanism of energy end-use demand. (relationship with

Possibility of EMS which contains energy end-use simulator (i.e. Breakdown of end-use
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