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Agenda

1. Resilient (modstandsdygtige) bygninger
2. Macro-encapsulated PCM ceiling panels (PCM)
3. Personal environmental control systems (PECS) og luftrensning

4. Konklusion og yderligere undersggelser
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Resilient (modstandsdygtige)
bygninger
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Klimaforandring

Storme

Smeltende Varmebglger
gletsjere (Stromafbrydelser)
Skovbrande g Sl F%E‘R LR . < Torke

Oversvgmmelser

" https://www.noaa.goveducationresource-collectionsclimateclimate-change-impacts
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Resilient (modstandsdygtige) bygninger

Modstandsdygtige bygninger overfor klimaforandringer - Annex 80
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... design : - > O Jusje anoW®
P oy Diisruptive Event Disruptive Event s Disruptive Events oy N
Vulnerability Resistance Robustness Recovery Time
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w
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. 3
Threats: l Heatwave (- Power outage
Design Stage Operation Stage

Hvilke systemer kan vi bruge til at fremtidssikre vores bygninger?

v

1 Attia et al., Resilient cooling of buildings to protect against heat waves and power outages: Key concepts and definition, doi.org/10.1016/j.enbuild.2021.110869
2 Zhang et al., Resilient cooling strategies — A critical review and qualitative assessment, doi.org/10.1016/j.enbuild.2021.111312
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Brug af termisk lagring
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» Kan kgle uden aktiv varmeafledning (absorberende)
med hgj genopretningsevne

» Kan kun gennemfgres i den indledende byggefase

7

00000 0COOOH||l0o0c00C00OCERO

1 Attia et al., Resilient cooling of buildings to protect against heat waves and power outages: Key concepts and definition, https://doi.org/10.1016/j.enbuild.2021.110869
2Qlesen, B. W., Thermo Active Building Systems - Using Building Mass To Heat and Cool, ASHRAE Journal 54.2 (2012): 44-52
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Personal environmental control system (PECS)

Climate proof Future climate Resilient building
design ~ (future and extreme future weather) p— RObLISt bLIIldII']g
Climate normals Forseeable Unforseeable vensesenes ReSiStaNt buildin
(average weather) (extreme weather) disruptions g
— e " = . A T Designed thermal conditions
@ CE vl L 8 e, 1 %
Q
I B el CCCCCECEEREEEEEE SRR - .- e Minimum thermal conditions
g . . . © 1
* Konditionering | umiddelbar naerhed og &
: 't
luftrensning 5
) o . R EE Critical thermal conditions
— Udvidet omrade med behagelige Resilent _
esign -
te m pe ratu re r '{ ------------ e Disruptive Event D»smrEEvem >4 Disruptive Events. >4 >
. 0 Vulnerability Resistance Robustness Recovery Time
— Energi besparelser (10% pr. K) - -
Design Stage Operation Stage

— Img@dekomme interpersonelle forskelle ‘ a PECS
— Ren luft

Luft rensning

 |kke absorberende, adaptive, hgj

genopretningsevne

>»Varmeudveksling princip, design, styring

1 Attia et al., Resilient cooling of buildings to protect against heat waves and power outages: Key concepts and definition, doi.org/10.1016/j.enbuild.2021.110869
2 https://portalfield.com/news/economy/2244

3 Philips 800 Air cleaner

4 Shinoda, A qualitative evaluation of the resiliency of PECS, AIVC 2022
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Macro-encapsulated PCM
ceiling panels (MEP)
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MEP design

Markedsprodukt Prototype

~— TOP COVER
PCM insertion valve - 0.02 m —

Structure of VARICOOL pipe opening : B
Spectra M e, “ #-D4 - 0:’,08 m—*

Sheet steel ceiling |
panel DSy’O(ﬁZ{/m “— Top edge - 0.014 m

@ Acoustic fleece
BOTTOM PART

@ Copper serpentine Bent
pipework i

ipes

da =10 mm o

@ Aluminium heat-
conducting profile Corner —~

2 cut
@ Magnetic strip

@ U-mounting rail

Bottom edge - 0.025 — ‘

- A|r ,'_PCM é
. P - Tep and bottom steal sheets p=
PCM (Paraffin) ' e
. . s R B Pl <
* MaCFO-IndkapShng W HF/PT1000 sensor b - 015m _‘ E

« 21— 25 °C faseaendringsomrade

1VARICOOL Spectra, Uponor, "Download-centre," [Online]. Available:
https://www.uponor.co.uk/services/download-centre. [Accessed 6 May 2018].

2Bogatu et al., An experimental study of the active cooling performance of a novel radiant
ceiling panel containing phase change material (PCM) 2021
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MEP konstruktion

* Ny opbygning med direkte kontakt mellem de indlejrede rar til vandcirkulationen og
faseaendringsmaterialet (PCM)

» Paraffin som PCM - ikke korroderende materiale med hgj latent varmekapacitet og
ingen underafkolingseffekt med fasezendringsomrade pa mellem 21 °C og 25 °C.

« Den varmekapacitet pr. volumen for PCM’en inden for smelteomradet er ~15 gange
af cement.

1R. T. GmbH, “rubitherm.eu,” Rubitherm, 2020. [Online]. Available: https://www.rubitherm.eu/media/products/datasheets/Techdata_-RT24_EN_09102020.PDF. [Accessed 02 February 2019].

2Bogatu et al., An experimental study of the active cooling performance of a novel radiant ceiling panel containing phase change material (PCM) 2021
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Heat Flux [W/m?]

(1) Arbejdstid — bygningsmasse absorberer
varme

4,000 ;
3,600
3,200 ]
2,800 :
2,400
2,000 :
1,200 :

2 Udenfor arbejdstiden — vand cirkulering til

"""" varmeudvinding; cyklus genstart ®?
s

Cooling Power (W)

TABS =~ PCM - lignede drift, varmefjernelse i
profil og energiforbrug med ingen

= Space Sensible Heat Gain = Cooling Power Needed on the Water Side
S|g N |f| ka nt fo rs kel | det resu Ite rende te rm iSk — Goolir_wg F‘_owe; Neede_d fpr . Reduction of the Required Peak Power
. Canditioning the Ventilation Air
miljo
*Q oxerace: Varmeudvinding gennem vand; Q,,.qs: Varmestrgm gennem rum og
MEP; T,,; operativ temperatur; T, ,: overfladetemperatur;

1Bogatu et al., An experimental study of the active cooling performance of a novel radiant ceiling panel containing phase change material (PCM) 2021
2B.W. Olesen, Thermo Active Building Systems Using Building Mass to Heat and Cool, ASHRAE 54 (2) (2012) 44-52.
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TABS lighed
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« Simulering af en aben-plans kontor (51 2L Iskiakiabdsbinkskusinaiuninhinhinhinkinkdnkdnbaniy
m2) med en ydervaeg AlAT _ 1 | |

0 10 20 30 40 50 B0 70 80 o0 100

Thermal environment distribution during occupied hours (%)
ol Oll mil OCutside

« Samme termiske indeklima som TABS;
EN16798-1:2019 Kategorier | (23.5 - 25.5 -

°C), Il (23 - 26°C), lll (22 - 27°C) e NG )

All-Air
« Samme primeer energiforbrug (== = = l
I o '
| TABS — . E %/f/f// E .
. HQJ temperatur kglesystem (TSW = 20 C) 00 >0 P?f?nary er(?eorgy use8 |On the clgo[fmg ségs%n [k\}\:’lf?\fmz] 0 180 200
E E’?J:np (TABS/PCM water loop) : Eggiag:&??lrl)go;?ln

Cooling (Water loop)

1Allerhand et al., "Energy and Thermal Comfort Performance Evaluation of PCM Ceiling Panels for Cooling a Renovated Office Room," Proceedings of CLIMA 2019, p. https://doi.org/10.1051/e3sconf/201911103020, 2019.
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Drift

Light fixtures

Water supply and return
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Simulated solar
heat gains

¢
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» Fordelene ved bade
stralingspaneler og thermo
active building systems (TABS)

 Load shifting og fleksibilitet

Working hours | Water circulation \_

08:00 - 18:00 18:00 - 08:00
if Top>22+1°C

® > S . @gi

*Drift eksempel

1Bogatu et al., An experimental study of the active cooling performance of a novel radiant ceiling panel containing phase change material (PCM) 2021
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Personal environmental
control systems (PECS)
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PECS eksempler

ENEnHOE)
TRERAL EMLEYAERD
BLRERD

L https://www.ahrend.com/en/collection/desks/balance-comfort/#specifications
2 https://embrlabs.com/
3 https://portalfield.com/news/economy/2244

4 Melikov et al. 2013, “Impact of Air Movement on Eye Symptoms”, Proceedings of 11th REHVA World Congress
and the 8th International Conference on Indoor Air Quality, Ventilation and Energy Conservation in Buildings

5A. K. Melikov, Advanced air distribution: improving health and comfort while
reducing energy use, Keynote: Indoor air 2014
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Design

Air terminal device

» Diskomfort ved varmeforsyning til hovedet

Desktop Unit
Varm underkrop (ekstremiteter) - uval

Touch screen
for system
control

« Kalig fornemmelse til hovedet er behagelig

Kole overkrop Heating Panel

1 Kazanci et al., Development and initial testing of a Personalized Environmental Control Systems (PECS), CLIMA 2022
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Evaluering

* Termisk vejrtraeknings manikin eksperiment « Eksperiment med forsggspersoner (18 — 28 °C)
Troom=28 °C
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— 1
D=1 L
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» Samlet set steerkere varme- end kgleeffekt > Flere “neutral” stemmer mellem 18 og 23 °C
» Ventilationseffektivitet > 1

1 Kazanci et al., Development and initial testing of a Personalized Environmnetal Control Systems (PECS), CLIMA 2022
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Drift

Udvidet omrade med behagelige temperatur

Y kWh/m?2
'3 3 1
- D Z kWh/m?2
X kWh/m?2
PECS ]
18 21 < » 25 28 Troom [°C]
Uden PECS

A
v
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Styring

Manuel styring Automatisk styring

e

A\ 4

{ Komfort model }

Kgle Varme Vent Q

‘i

L https://www.danfoss.com/da-dk/products/dhs/radiator-and-room-thermostats/radiator-thermostats/radiator-sensors/
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Automatisk styring

— | ™ Thermal

Sensation
Ok

« Find de meste relevante termiske indikatorer (miljg, fysiologisk, adfzerd, egenskaber)

PMV ... ML

... skift til personlig

« Data driven - machine learning (ML)

« Forudsige termisk fornemmelse

Resilient cooling and ventilation for buildings and people / Danvak Dagen
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Komfort model

[ Evaluering ]

- -
b) Neutrar 1 c) Colder r
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|

-
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|
|

[ Fysiologisk ] [ Adfaerd ] [ Egenskaber] I:j F!tgq "l“'ulj' | FB_|I-E-|]:|—!
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s I | - -

Varme BMI EMV]* ﬂ;_'i * I-I-ii } I_[E!_'E

Th
0 ZI(] 4I[] Glf!ﬁ 8I[] ; 100 0 ZI(] 4I(] 6I(]| BI(; 100 © 2IO 4I0 BIO I@ _!0(]
Fl-score [%] Fl-score [%] Fl-score [%)]
RH Kal Alder tLogt | 1 :
ole NE - |
RF - l . || 1 [ [ ]
KNN |
SVM [ |
FPMV -
Vent PV ]

) 2 3 S0 o o 59 & &
F¥ ¢ ST G ¢ S STEFSF

Statistical significance Statistical significance Statistical significance
BH, p-val<0.05, «=0.05 BH, p-val<0.05, x=0.05 BH, p-val«<0.05, a=0.05
A Mean ns [

» Men forventet - PMV designet til at forudsige den termisk komfort af en gruppe mennesker

1 Personalised Thermal Comfort Model for the Automatic Control of a Newly Developed Personalised Environmental Control System (PECS), Dragos-Ioan Bogatu et al., In Press: IAQVEC 2023
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Konklusioner og fremtidige
retninger
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Konklusion

» Vi kan fremtidssikre vores bygninger...

> MEP »PECS og luftrensning

Resilient - termisk lagring Resilient - udvidet omrade med

Alsidighed - nye og renoverede bygninger behagelige temperaturer; filtrering

Tilpasning - fordele ved TABS og stralingspaneler E;sﬁjagrelser - mindre kole- og varme

Baeredygtighed - hgj temp. kglesystem, RES Komfort og luftkvalitet -

Effektivitet og fleksibilitet - fleksibilitet der imgdekomme personlige gnsker;
gavner energisystemet og forbedrer effektiviteten effektiv ventilation

@konomi - marginalt dyrere (2%) end et
ventilationssystem ved hgje kalebelastninger
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Yderligere undersggelser

Optimering

Test og simulering

Enkel gennemfgrelse

Showcase

Konkurrenceevne og baeredygtighed
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Tak!

"danvak®

Vejledere: Assoc. Prof. Ongun B. Kazanci, Ph.D.
Prof. Bjarne W. Olesen, Ph.D.
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Kontakt

Dragos-loan Bogatu, drabo@dtu.dk

International Centre for Indoor Environment and Energy — ICIEE, Institut for Miljg- og
Ressourceteknologi (Sustain), Danmarks Tekniske Universitet (DTU), Kgs. Lyngby, Denmark
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