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New challenges for electricity grid
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Challenges for buildings?
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Source: J. Van der Veken et al. (2013). Studie naar
kostenoptimale niveaus van de minimumeisen inzake
energieprestaties van gerenoveerde bestaande residentiéle
gebouwen.
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On the one hand,

Extra load for distribution network,
possibly resulting severe voltage drops
or overloading

On the other hand,

High thermal inertia, thus

significant amount of flexible consumption
if heating power can be controlled
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From individual assessment ...

photovoltaic
system

Overview drawing of heat pump-based
the researched context, heating system
i.e. residential
heat pump-based
low-energy dwellings

in the low-voltage . low-energy
distribution grid. building envelope <>
and ventilation

On externalities of heat-pump based low-energy dwellings at the low-voltage distribution grid, R. Baetens, 2015
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From individual assessment ...
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On externalities of heat-pump based low-energy dwellings at the low-voltage distribution grid, R. Baetens, 2015
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... towards a system approach
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thus inter- and intra-

connected
Overview drawing of heat pump-based
the researched context, heating system
i.e. residential
heat pump-based _
low-energy dwellings
in the low-voltage i
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New challenges for building simulation
- multi-domain modelling
- increase of dimensionality
- reduction of time-scale

On externalities of heat-pump based low-energy dwellings at the low-voltage distribution grid, R. Baetens, 2015 8
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New simulation environments emerge

@ IEA EBC Annex 60:
EBC % “New generation computational tools for building

oo e and community energy systems based on the
Modelica and Functional Mockup Interface N
standards” Building and community energy grids
. designed and operated as integrated,
Multiple scales robust, performance based systems
J
Multiple domains N
BIM/GIS and Modelica Framework for c :
o ) ) L nergy and control systems modeling
building and community energy system Multiple disciplines libraries
design and operation /
Multiple tools ™~

Co-simulation and model exchange tools
and interfaces

IBPSA Project 1 I

International Building |[yitt:

Performance Simulation -
Association |||

IBPSA

BIM Translators
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 Modeling of electricity use:

o Heating with a
heat pump

o Stochastic use of appliances

¢ Z E B d eﬂ N |t|0 n.: Typ.1 Typ.2 Typ.3 Typ.4
H H Heated area, m? 127 98 149 123
tOtaI € nergy USE IS Cove red Wlth Window-floor ratio 0.12 0.19 0.16 0.13
. Infiltration rate n, h™! 0.03 0.03 0.03 0.03

from roof integrated PV Uais W/m? K 0.145 0.174 0.159 0.158
HRV efficiency 0.84 0.84 0.84 0.84
Design heat load, W/m? 20.5 28.0 21.6 25.9

R. Baetens, R. De Coninck, J. Van Roy, B. Verbruggen, J. Driesen, L. Helsen, D. Saelens, Assessing
electrical bottlenecks at feeder level for residential net zero-energy buildings by integrated system
simulation, Applied Energy, Volume 96, August 2012, Pages 74-83, ISSN 0306-2619,
10.1016/j.apenergy.2011.12.098.

10
R Y IR (7 YWY B o ST IITTYT O Al e gt ITEITT O S



Europees Fonds voor Regionale Ontwikkeling

S ? " EGPDPEES FONDS Euro eSe Ur‘ie
INNOVEREN &
L ONDERNEMEN (& | o0k RECIONALE P

Smart grids: assessment of effects of nZEB level

N\ Modelica environment to assess PV integration in districts

N\ Solar paradox: mismatch between supply and demand
N\Virtual storage in the grid
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Reynders, G., Nuytten, T., Saelens, D. (2013). Potential of structural thermal mass Baetens, R., Saelens, D. (2013). Multi-criteria grid impact evaluation of heat pump and photovoltaic
for demand-side management in dwellings. Building and Environment 64, 187-199. based zero-energy dwellings. Proceedings of Building Simulation 2013. International Conference of the
International Buildings Performance Simulation Association. Chambéry, France, 25-28 August 2013
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IDEAS.mo — Integrated District Energy Assessment Simulation
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R. Baetens, R. De Coninck, J. Van Roy, B. Verbruggen, J. Driesen, L. Helsen, D. Saelens, Assessing electrical bottlenecks at feeder level for residential net zero-energy
buildings by integrated system simulation, Applied Energy, Volume 96, August 2012, Pages 74-83, ISSN 0306-2619, 10.1016/j.apenergy.2011.12.098.

Open-source library: github.com/open-ideas
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Smart grids: assessment of effects of nZEB level

N\ Modelica environment to assess PV integration in districts

N\ Effective nZEB-level compared against design ZEB level on individual building
level (grey) and aggregated neighborhood level (black).
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R. Baetens, R. De Coninck, J. Van Roy, B. Verbruggen, J. Driesen, L. Helsen, D. Saelens, Assessing electrical bottlenecks at feeder level for residential net zero-energy buildings by
integrated system simulation, Applied Energy, Volume 96, August 2012, Pages 74-83, ISSN 0306-2619, 10.1016/j.apenergy.2011.12.098. 13
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Thermal connections: district heating and cooling networks
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EFRO-SALK GeoWatt Project
“Towards a Sustainable Energy Supply in Cities”

Research topics related to DHC
~= Building models

~ Optimal design

~ Thermal network control

~ Flexibility

~ Geothermal energy

~ Fault detection

Common case
~u City of Genk (B)

lllustration by Annelies Vandermeulen (KUL / EnergyVille) 15




District Energy System assessment

Geothermal exploration —

Geo. Information (GIS) — }
Building Information (BIM) - "LD

Data enrichment |
TEASER, AFC2Modelica 1) ‘

Stochastic occupancy
StROBe

Dynamic simulation ™
IDEAS
IDEAS2FMI

Modelica-IBPSA | & .
Metamodel ; |

€

Python J
Network routing —/ Storage optimisation A Building Integrated
Modesto Modesto Photovoltaics (BIPV)
Modelicax IDEAS
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OpenlIDEAS

An open framework for integrated building and district energy simulations

Model to assess DES
Integrated T
District
Energy

Modelica library allowing simultaneous transient simulation of thermal and electrical

systems at both building and feeder level.

Assessment
Simulation

_ CrashCourse Modelica %3 V'3

Initiatory crash course on Modelica, its standard library and the IDEAS library for building
and district energy simulations.
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j_ IL L}] Q L'-j @ e Python module for stochastic residential occupancy behavior for both building and
L \ / district energy simulations.

R. Baetens, R. De Coninck, J. Van Roy, B. Verbruggen, J. Driesen, L. Helsen, D. Saelens, Assessing electrical bottlenecks at feeder level for residential net zero-energy
buildings by integrated system simulation, Applied Energy, Volume 96, August 2012, Pages 74-83, ISSN 0306-2619, 10.1016/j.apenergy.2011.12.098.

Open-source library: github.com/open-ideas | 17
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IDEAS.mo — Integrated District Energy Assessment Simulation

Buildings.mo Thermal.mo Electric.mo Occupants.mo
Components Components Distribution Components
Window.mo Production Grid.mo Fanger.mo
Zone.mo Boiler.mo Components Standards
SlabOnground.mo HP_Airlater.mo Examples 1S013799.mo
OuterWall.mo . :
L Photovoltaic Extern
PvSystem.mo .
SingleZone.mo
GreyboxModels SErrs Components °
Distribution MultiZone.mo
TiTeThTsAe.mo Examples
DHW Batt Examples
Ventilation attery StROBe.py
Data GroundTubes ElectricVehicle.mo
Validation Control Connections
BESTEST.mo .
- HeatingSys Data
xamples . . i i
VentilationSys Validation
Data Examples
Validation
Examples

Open-source library: github.com/open-ideas 18
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Buildings as an input for DES assessment

~a Automation of the workflow is crucial! BIM2SIM
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BIM software Building energy :

IfcWindow - IfcWindow

and formats simulation tools

[ ] North space Sh: Space boundary
[ ] South space

Four spaces, two zones example case IFC structure of the example model
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Buildings as an input for DES assessment

~a Automation of the workflow is crucial! BIM2SIM
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Andriamamonjy R., Saelens D., Klein R. (2018). An automated IFC-based workflow for building energy
performance simulation with Modelica. Automation in Construction, 91, 166-181.

Temperature [*C]

Reynders G., Andriamamonjy R., Klein R., Saelens D. (2017). Towards an IFC-Modelica Tool Facilitating I
Model Complexity Selection for Building Energy Simulation. 15th International conference of the

international building physics association: Building Simulation 2017. Building Simulation. California, rimetyear il
USA, 7-9 August 2017 (art.nr. 2621).
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Buildings as an input for DES assessment

N Automation of the workflow is crucial! From building to city level: GIS

AMBERT72: " eatiog domard. |
230911 m T\ o ]
188582 m NS use of thermal
80.67 m . _\{_ b : N :
ongiemana | TN
GIS - TOAY e |
| | | use or electrica I
S I/\,\energy |
| electricity demand | I V \
AWNTAW.N. ) \_/_ -\l - [Karekietstraat, Genk]
AVATATAY, '
GEOMETRY NET ENERGY GROSS ENERGY PARAMETER-ISATION OF
& LOCATION DEMAND DEMAND ENERGY DEMAND
[BUILDING] [DISTRICT] [DISTRICT] [DISTRICT]

De Jaeger 1., Reynders G., Saelens D. (2017). Impact of spatial accuracy on district energy simulations. In Geving, S. (Ed.), Time, B.
(Ed.), Energy Procedia: Vol. 132. Nordic Symposium on Building Physics. Trondheim, 11-14 June 2017 (art.nr. 141) Elsevier BV.




Describing the building stock
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1 Workflow

Input data

GRB = Grootschalig RefentieBestand
Topographic Reference for Flanders

De Jaeger I., Reynders G., Saelens D. (2017). Impact of spatial
accuracy on district energy simulations. In Geving, S. (Ed.),
Time, B. (Ed.), Energy Procedia: Vol. 132. Nordic Symposium
on Building Physics. Trondheim, 11-14 June 2017 (art.nr. 141)
Elsevier BV.
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CityGML

# (Import)

TEASER (Data enrichment)

+ (Export)

[DEAS (2-zone models)
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Describing the building stock
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Wrap up — District Energy Simulations

w\The assessment of future energy requirements need new simulation tools

0
0

0
0

An integrated approach covering different disciplines and scales is essential

Within different fields and international research programs new simulation environments and
tools are being developed

These cover both electrical and thermal energy
Energy performance regulations to be revisited?

~w\Tools need many data: automated workflows to define the necessary input data and

boundary condition have to be developed using standards such as BIM and GIS

W Challenge: How to evaluate and validate these developments?
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