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Introduction

Demand Response

Demand response (DR) control on buildings has been widely accepted as an effective

method to reduce or minimize energy consumption and/or cost.
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Examples

Demand Response in a building
Method:
E+ and IDA ICE building simulation tools, MATLAB, Different rule-based and model-based predictive DRs
Building:
Two different types of structures Lightweight 1960s and Massive Passive
Two-story building (180 m2) with the area of each zone and window
Internal heat gain:
Equipment, lighting, occupancy profiles
Standards (thermal comfort):
European standard EN 15251, and ASHRAE standard 55
Weather:
Finland TRY 2012 and UK RWD

Hourly electricity price
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Demand Response in a building

> All presented DR control algorithms maintained the indoor temperature at an acceptable level for occupants.

» The performance of the control algorithms depends on the heat distribution system, controller type and the

parameters of the control algorithm.

» The effect of the control algorithm does not depend significantly on the thermal mass of the building

structure.

» The results of several proposed DR control algorithms showed that all presented ones were able to reduce the

heating energy demand.

» The rule-based DR control algorithm was able to reduce the electricity cost by around 15% and the model-

based predictive DR control algorithm did this by 12% in the best cases.



EMS at a community level / Questions

Solar thermal panel Photovoltaics panel
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EMS at a community level

Method:
IDA ICE and TRNSYS building simulation tool

non-linear economic model predictive control and successive linear programming, MATLAB

Buildings® key parameters.

Description Building
EL VI MP Lw

Building code regulations D3 Nearly-zero energy D3 Zero-energy RIL 249 — 2010 Low energyv construction 176,/2013 1960s house
house house specifications

Net floor area (m?) 150 175 180 180

No. of occupants 4 - 4 2

Heat delivery system Hydronic radiators Hydronic radiators  Hydronic underfloor Direct electric radiators

Space heating demand (kWh/a.m?) 33.3 21 11.9 150.9

Domestic Hot water demand (kWh/a.m?) 33.5 13.3 39.4 19.8

Electricity demand (kWh/a.m?) 30.1 29.3 32.8 30.1

Battery capacity (kWh)/Efficiency 20/60% N.A. N.A. N.A.

Hot Water Storage Tank HWST (Litre) 500 750 500 300

GSHP heating (kW)/COP 4.5/3 6.3/3 N.A. N.A.

In-tank electric heater power (kW) e 4 2 =

PV power (kWp) 4.32 9.36 N.A. N.A.

Solar-thermal panel area (m?) 8.6 6 N.A. N.A.

Nominal wind turbine power (kW) -+ N.A. N.A. N.A.

micro-CHP (heat/electricity) N.A. N.A. Full capacity (9 kW/3 kW), 50% capacity N.A.

(4.5 kW/1.5 kW)




EMS at a community level
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EMS at a community level
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Energy Conversion and Management 239 (2021) 114178

Three different scenarios of the
energy management system for the
studied community are investigated,
and the results indicate that the
annual electricity energy cost for
single buildings can be reduced by
3.0% to 87.9%, depending on the
building and its systems, and by
5.4% to 7.7% on the community
level.



EMS at a community level - Challenge
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EMS at a community level

The need is a framework of

» Mathematical Models of Building Physics and Energy Technologies Integrated Energy Management Systems

This framework should be designed by simplified but accurate models of building physics and building energy
technologies and should allow for the selection of proper control strategies according to the control objectives

and scenarios. Therefore, it is formed by
» building physics

» popular building energy technologies (renewable energy systems, common heating and cooling energy

systems and energy distribution systems)

Buildings 12(2), 238
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EMS at a community level
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EMS at a community level — Ongoing
research

»Second energy price
» Energy technologies
»Size of a community

» Energy policy
> ...
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