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Phase change materials

Phase change materials (PCMs) are substances that
can absorb/release large amounts of heat during the

phase transition.

A A

Sensible

Temperature
Temperature

Stored Energy Stored Energy
(a) Material without phase change (b) Material with phase change

Sustainable Places 2023 - June 14-16 - Madrid, Spain.

SUSTAINABLE
PLACES



The OE-BUILDINGS project (MSCA-IF)
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PCM thermo-physical properties
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Optimized results:

quantities, location).

- Integral optimized design of a new/retrofitted building. E
- Novel building component designs according to the E
climate and typology (PCMs thermo-physical properties, |


https://cordis.europa.eu/project/id/101024627

PCM modeling in buildings

EnergyPlus

The thermal capacity of PCMs is
iteratively calculated at each time
step as:

7

i _ i1
Ti. T’L

A
cp(T) = —

where h is the enthalpy (J/kg), T is
the temperature (°C), / indicates the
material node, and j and j-7 indicate
the current and previous time steps,
respectively.

SUSTAINABLE
PLACES

Single curve - MaterialProperty:PhaseChange

250

200

—
W
(-

h [kJ/ke]

100

50

15

20 25 30 35
Temperature [°C]

Sustainable Places 2023 - June 14-16 - Madrid, Spain.



Phase change hysteresis of PCMs

ATy,

| Melting
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Klimes, et al . 2020
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Phase change hysteresis

« Hysteresis in PCMs introduces a temperature delay between
melting and solidification, complicating their behavior and
modeling.

Dual curve - MaterialProperty:PhaseChangeHysteresis « A “numerical energy” is generated

Bre et al. 2022

because of the modeling approach
when incomplete cycles occur.

A T, le - The model is not energy-

conservative  because of the
switching approach between curves.

- Large heating/cooling load

Melting curve

reductions can be wrong-predicted

o 5 T > (5 times higher than PCMs without
Solidification curve hyS teresis).
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Design of PCMs in buildings
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PCM design parameters:
 Melting temperature.
 Location.

Amount.

« Thermal conductivity.
« Thermal capacity.
 Others.

A HVAC temperature setpoint
Best heating design E )
=@ Pareto front E ' — Heating loads :
1 = Cooling loads '
% 2] 1 1 1
= = 1
= = 1 1 1
E Sl
—_— =1 [ ] 1
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O Best cooling design 1, Heating setpoint Cooling setpoint ,
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. g ! l‘L/Best heating design Best cooling design\_a‘;
Heating loads PCM melting temperature (peak)
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Use and optimization of PCMs with different
melting temperatures in buildings
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min [f1(x), f2(x)]

eV

subject to :
Roof insulation 250
" s :1:{‘ <r < .I”,E i=1,....n;
—@— RT25HC
200
16 mm gypoum board The objective functions f1(x) and
Cellines f2(x) are annual heating and _iso}
cooling loads, which are obtained 5 LN
— timization
from the results for each =l -
EnergyPlus simulation. !
|
: 50 I
16 mm gypsum board DESigH Vﬂ-riablﬂ .']TL j_TL |
Tpeak PCM-1 [°C] 18 26 . o .
. POM.1 PCM-2 Tpear PCM-2 °C] 18 26 5 10 15 20 25 30 35
';Z,ﬂ TPEak PCM-3 [“(—‘] 18 26 Temperature [°C]
;f_E; Wall insulation 13 mm gypsum board ThiCkHESS PCI‘([—]_ [111] U[][]l [][}25
External walls Internal walls ThiCknE‘Sﬂ PCB‘[—Q [lﬂ] {][][]1 ”025
Thickness PCM-3 [m] 0.001 0.025 Bre et al. 2023
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Climate-representative locations (ASHRAE-169) in the
WMO-Region VI (Europe)
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[Eéﬁl}?fg T;Z) Climate description  Criteria - CDD10 [°C|, HDD18 [°C]
' ; 0 Extremely Hot 6000 < CDD10
'(‘E‘ff:':p:’)' e 1 Very Hot 5000 < CDD10 <= 6000
2 Hot 3500 < CDD10 <= 5000
\ 3 Warm CDD10 <= 3500 & HDDI18 <= 2000
— 4 Mixed CDD10 <= 3500 & 2000 < HDD18 < 3000
_ 5) Cool CDD10 <= 3500 & 3000 < HDD18 < 4000
_%‘ggg%:ﬂg;ﬁ:“’ 6 Cool 4000 < HDD18 <= 5000
| St T Very Cold 5000 < HDD18 <= 7000
:Zﬂ.:"‘“m 8 Subarctic/Arctic 7000 < HDD18
B Zone 3C Warm Marine
s I b p o | ‘ ' ! | ! |
Bl Zone BA Cool Humid - _ Cooling
= %:EEEE?:: 70 B _ Heating
I Zone 68 Cold Ory [ Total
bl S8 © ASHRAE — 60 ]
= 50 ] -
)
E;I;nl_?;f Az]g nleﬁg) Selected location Latitude Longitude [Er::]amtlon EMO ;E(I;]Dln FI&DIS "f’; 0
1B Agaba (Jordan) N 20° 36.72° E 35° 1.08 53 403400 5597 162 ;. 30 .
2A Beirut (Lebanon) N 33° 49.26° E 35° 20.28° 27 401000 4217 319 = ]
3A Capo Pertusato (France) N 41° 22.48° E 9° 10.70° 116 TTT00 2464 1116 .?: 20
4A Osijek (Croatia) N 45° 27.78° E 18° 48.6(° 88 142840 1964 2502
5A Torun (Poland) N 53° 3.000 E 18° 34.98° 72 122500 1027 3499 10 -
6A Kongsvinger (Norway) N 60° 11.42° E 12° 0.40° 148 14680 614 4498
T Hovden (Norway) N 59° 34.600 E 7° 23.3%8 836 14410 127 6005 0 : : : —
8 Qaanaaq (Greenland) N 77° 29.10° W 69° 22.38° 16 42050 7 0676 IB ZA A 4A SA 6A T 8

https://climate.onebuilding.org/
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ASHRAE 169 climate zone
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Optimization results (Climate 1B)
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Optimization results (Climate 4A)
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@ Baseline model

@ Pareto front

© Feasible designs
@ PCM-1

- PCM-2

@ PCM-3
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Optimization results (Climate SA)
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Optimization results (Climate 7)
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Annual total load saving [kWh/m’]

Annual total load saving [%]

Optimization results: load reductions
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Effectiveness Indicators for PCMs
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 ALS is the annual load saved (kJ) by the incorporation of PCMs into
the building.

ALS ALS = ALBaseline — ALPCM

PCMEI =

LLSC/| * LSCis the latent heat storage capacity (kJ) installed in the building using

PCMs.
N
LSC = E mMpcM; AhPCMi
i=1
Roof Deck
(Outside) — —————u__ ___
:; Fiberglass Quilt -‘—’_’4‘_;
Bascline Plastrbourd—" peay peM2 Sensitivity analysis using the Morris method.
model model
Roof # Design variable ID Unity Level 1 Level 2 Level 3 Level 4

1 Thickness of PCM1 (walls) THKpewM m 0.005 0.020 0.035 0.050
Wood siding PCMI 2 Thickness of PCMZ2 (roof) THKpcn2 m 0.005 0.020 0.035 0.050

(Outside) 3 Peak melting temperature of PCM1 (walls) Tpeakpcy:  °C 20.5 22.5 24.5 26.5

L 4 Peak melting temperature of PCM2 (roof)  Tpeakpcye °C 20.5 22.5 24.5 26.5
! 5 Thickness of insulation in the walls THKnsyr, m 0.050 0.083 0.117 0.150

6  Window-to-wall ratio WWR % 30 50 70 90
__— 7  External shading length ratio ESR % 1 34 67 100
Foam insulation
N | Bascline B PCM
’ model model
Walls
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To conclude
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« The performance of PCMs in buildings is complex and their proper
design requires the use of whole-building performance simulation.

 The melting temperature, amount, and location of PCMs should be
carefully designed to maximize their performance.

« Using PCMs with different melting temperatures is preferred,
especially in climate zones and case studies with both heating and
cooling loads.

* Building design variables (e.g., window-to-wall ratio) have a
significantly higher impact on the effectiveness of PCMs than
typically employed PCM design variables (e.g., melting temperatures).

* In some climates, the performance of passive PCMs can be limited,
and their design should be combined with other passive strategies
and architectural variables, preferably at the early design stage.

Sustainable Places 2023 - June 14-16 - Madrid, Spain.



Future works
BLACES T or
« An automatic optimization procedure that characterizes all the
knowledge got during the project is under development (to be

published in the Open Research Europe (ORE) - Sl| of Sustainable
Places 2023).

A simple web interface of the platform will be developed to give
access to any building designers.

Sustainable Places 2023 - June 14-16 - Madrid, Spain.



Research data — Zenodo repository

44

Open Access Platform for Zero-Energy Buildings

Recent uploads

Mu.lmb jective optimization of latent energy storage in buildings by using phase
change malgngls with different melting temperatures

(® Bre, Facundo; (® Lamberts, Roberto; (® Flores-Larsen, Silvana; (® Koenders, Eduardus;

@

Technologies based on phase change materials (PCMs) are promising solutions to reduce energy consumption in buildings
and related greenhouse gas emissions. However, the performance of passive PCMs in buildings is highly dependent on the
melting temperatures employed, as well as the climate where the

Optimization-based design of insulating cementitious foams combined with phase
change materials for NZEBs

@

(® Bre, Facundo; (® Caggiano, Antonio; (9 Koenders, Eduardus A. B

This work aims to introduce a new multiobjective optimization method for designing insulating cementitious foams
combined with phase change materials (PCMs) to improve the energy performance of buildings. To achieve this, the
multiobjective Non-dominated Sorting Genetic Algorithm-Il (NSGA-I1) and En

Sepente 22,2022 1)

Impact of modelling the hysteresis phenomenon of phase change materials on the
building performance simulation

@

£ New upload

OE-BUILDINGS

Open Access Platform for Zero-Energy
Buildings

The EU's ambitious goal to be climate-neutral by
2050 is an opportunity to build a better future for all
The EU-funded OE-BUILDINGS project will develop
solutions to ensure new and existing buildings are
nearly zero-energy buildings (nZEB). It will use
building performance simulation (BPS) techniques
to evaluate building physics, including all the heat
and mass transfer phenomena because of the loca
climate as well as their relation to users’ behaviour
and the operation of equipment installed in the

building. Specifically, the project will develop a muiti-

objective computational platform to evaluate and
optimise phase change materials (PCM) used in the
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https://zenodo.org/communities/0e-buildings/
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