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INTRODUCTION

•

Why energy flexibility in buildings?

•

What is energy flexibility in buildings?

•

In practice: IEA EBC Annex 67

•

Common Exercise

•

Literature review on heat pump controls

•

Planned work

•

Other activities
© Victor Enrich
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WHY ENERGY FLEXIBILITY IN BUILDINGS?
Increased penetration of undispatchable renewable energy sources

•

Solar and wind power are the most
dynamic RES sectors

•

They are also the most undispatchable

 Possible mismatch between production
and demand, congestion
 Stability of the grid is threatened
 Paradigm shift needed towards
“demand follows production”

Growth in installed power of solar and
wind 2005-2015 (Source: REN21 (2016))
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WHY ENERGY FLEXIBILITY IN BUILDINGS?
Possible solutions
•

Curtailment of RES production / supply-side flexibility (fossil fuel based)

•

Voltage/frequency deviations in the grid

•

Development of transmission lines => increase export/import capacities

•

Grid regulation services / Demand-side management (DSM)

© Figure: Red
Electrica de España
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WHY ENERGY FLEXIBILITY IN BUILDINGS?
Buildings as flexible elements / active nodes in the grid
•

Buildings account for 40% of the
energy use worldwide => big potential

•

Electrification of dwellings: PV, heat
pumps, EVs…

•

Consumer + Producer > Prosumer

•

Existing thermal mass and water tanks
as potential storage, no need for
further investment

 Buildings can become active elements
in the grid, providers of flexibility

© Figure: 3M

© Picture: 3M

7

WHY ENERGY FLEXIBILITY IN BUILDINGS?
Buildings as flexible elements / active nodes in the grid

nZEB

> energyflexible
houses?

© Figure: Fraunhofer IBP
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WHAT IS ENERGY FLEXIBILITY IN BUILDINGS?
Definition
“The energy flexibility of a building is the ability
to manage its demand and generation according
to local climate conditions, user needs and grid
requirements.”
•

Focus on heating and cooling loads

•

Use of thermal mass/inertia and potential
water tanks as means of storage

•

Forced or delayed operation of HVAC systems

•

Grid supportive or grid independent?

•

Terminology, goals and effects of flexibility still
in discussion

Local climate
conditions

Energy
flexibility in
buildings
User needs

Grid
requirements
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IEA EBC ANNEX 67
International Energy Agency
Energy in Buildings and Communities Programme
Annex 67: Energy Flexibility in Buildings
•

Definitions, choice of indicators for flexibility

•

Simulation work: Common Exercise

•

Experimental work for testing the flexibility scenarios

•

Gathering of case studies

© Figure: Fraunhofer IBP
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COMMON EXERCISE
Quantifying energy flexibility in a study case
Common simulation boundaries sent to the participants, with a building model
Research question:
“How to define and quantify the energy flexibility of a building equipped with a
heat pump, thermal storage and PV system?"
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COMMON EXERCISE
Model implemented in TRNSYS
•
•
•
•
•
•

Divided in 2 zones, day and night with a thermostat and set-point each
Stochastic occupancy profile
8 radiators (dynamic radiators, Type362) controlled by 2 thermostats
DHW profile for draw-offs
DHW tank (Type534) with 2 nodes
Heat pump with different COP for DHW (2.8) and SH (3.5)

Day zone
Night zone
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COMMON EXERCISE
Flexibility action: set-point modulation
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COMMON EXERCISE
Example of the flexibility with Domestic Hot Water (DHW)
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COMMON EXERCISE
Quantification of the flexibility

Flexibility factor based on price (Le Dréau and
Heiselberg, 2016), considering low and high price
periods:

→ Shows repartition of energy use between low
and high price periods, interval [-1 ; 1]
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COMMON EXERCISE
Discussions and conclusions on the Common Exercise
•

Two different approaches for characterizing flexibility:
 Prediction of flexibility: Characterization of the building itself (similar to heat loss
coefficient for ex.)
 Evaluation of flexibility: Building in use, taking into account the control strategy

•

Problem of the choice of the reference case (1st approach)

•

Indicators can be very case-dependent (on distribution of price…)

•

Overlaps identified with several indicators -> some will be chosen

•

Benefits of participation: hands-on experience on evaluating the energy flexibility in buildings,
concrete case instead of theory, comparing approaches with other participants

•

Next common exercise with different research question?
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Controls of heat pumps for improved
flexibility
Classification
between
Rule-Based
Controls (RBC) and Model Predictive
Control (MPC)

•

Sub-classification according to the
objective: reduction of energy use, fixed
scheduling etc…

•

Other possible classification:
direct vs. indirect control

Objective

RBC

MPC

Comfort

Dar 2014
De Coninck 2010
Madani 2013
Masy 2015

De Coninck 2016
Masy 2015
Vana 2014

Fixed scheduling

Kyong-Ho Lee 2015 ≈ Sichilalu 2015
Carvalho 2015
De Coninck 2010
De Coninck 2014

Peak shaving, reduction of Dar 2014
De Coninck 2010
peak power exchange
Reduction of energy cost

Schibuola 2015
Le Dréau 2016

•

Work in progress
Identification of possible areas not yet
studied in depth -> potential for further
research

Optimization
consumption

of

Multi-objectives??
Trigger=Flexibility
indicators?

Masy 2015
De Coninck 2016
Vana 2014
Ma 2014
Halvgaard 2012
Mendoza-Serrano 2014
Zong 2012
Knudsen 2016
Oldewurtel 2013
Sturzenegger 2013
Oldewurtel 2012

Reduction of energy use

•

Ma 2014

De Coninck 2014

Flexibility objectives

•

Reference

LITERATURE REVIEW

self- Dar 2014
Schibuola 2015
De Coninck 2014
Oldewurtel 2012
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LITERATURE REVIEW
Model Predictive Control (MPC)
•

Objective function: defines the performance criteria
to achieve (cost, energy…)

•

Model: dynamics of the building

•

Constraints: boundaries in temperatures, power…

•

Predictions: forecast for weather, energy price,
occupant behaviour…

•

Actuators/control inputs: set-point, heat pump
power…

•

Receding horizon: time frame for the optimization
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LITERATURE REVIEW
Model Predictive Control (MPC)

Source: © P. Vogler-Finck

19

LITERATURE REVIEW
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LITERATURE REVIEW
Challenges in modelling heat dynamics
of buildings
•

White/grey/black box models

•

Degree of accuracy/complexity of the
model vs. practical use for control

•

Participation in DYNASTEE
School in Granada (June 2016)

•

Identification of models based
statistical analysis of time series data

Summer

on
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FUTURE WORK
Development of control algorithms
•

Development of a Model Predictive Control framework

•

Testing of different possibilities: change in the objective function, the constraints, etc…

•

Select several control strategies for further testing

Literature review –
State of the art

Development of
control strategies

Testing of these
control strategies in
semi-virtual and
real environment
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FUTURE WORK
Testing in semi-virtual and real environment
•

SEILAB: semi-virtual environment
laboratory (IREC, Tarragona)

•

Secondment in consulting company
3E: implementation of MPC in real
pilot buildings / Analysis of data
from MPC in real buildings
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FUTURE WORK
Preliminary testing in SEILAB with a boiler
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FUTURE WORK
Simulation

Experiment
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Thanks for your attention!
tpean@irec.cat
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