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Motivation

* Bygnings sektoren—> ca 30 % globale energiforbrug

e 40-50 % af dette kommer fra Heating Ventilation
and Air Conditioning (HVAC)

* Kglebehov er stigende

* Konventionel kgling har hgjt energiforbrug og
bruger milijgbelastende kglemidler

* PCM har vist stort potentiale i mange typer af
termiske lgsninger
» Aktive/passive Igsnigner

* For at opna benyttelse er aktive lgsninger ngdt til at vise at de
kan vaere kompetitive
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Faseaendringsmaterialer
(PCM)

3 faser

* Fast

* Flydende

* @Gas
Alting
Salthydrater

* (salt hydrates)

e uorganiske
Parafiner

* Organiske




Hgjt energiindhold
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Discnafing oFPCM | Absorbing heat Liquidification
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Hysterese —
opfersel under | rusifery
faseskift
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Partiel faseskift

Ikke garanteret fuldt faseskift
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* Heating data
* Cooling data
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Rum model & ventilation N

system integration
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e Resistor-capacitor termisk model af zonen - | | |
Ce
* Energibalancer og varme koefficient korrelation baserede
ventilation model Re

System modeling
e Klima modul model
* Ventilation system model
e Rum model Ambient

Supply

Simulering med klima data —
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Case study

“I |

L f|

2 G610 142 6B

DELNQUIYE
* Design Reference Year (DRY)

Internal varme generation fra skole
Skemalagt CO2-generation

25 mennesker
* (08:00-16:00

Varmeindstralingsprofil fra sol

Bygning
* 6x10x3.5m

Temperatur set point: 21°C + 2°C

CO2 set point: 800-1200ppm




Mal

* Modeling af systemet

* Numeriske PCM model Konventionel
« Resistor-capacitor rum Ventilation system kaling PCM
model (Reference) (Kompressor

baseret)

) Energi balance' ventilation Arligt elektricitets forbrug - - -
system model [kWh]

e Klima modulets performance Yearly termisk comfort brud - - -

* Energi performance [°Ch]

Gennemsnitlig CO2 niveau - - -

e Termisk komfort
[ppm]

performance

o Hgjeste rum temperatur [°C] - - -
* Indendgrs miljg performance



Scenarier

* Referencer
* Ventilation baseret operation

* Kompressor baseret
teknologi

* PCM baseret kgling
* Forskellige kontrol strategier
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Accumulated energy consumption Accumulated fans energy use Cooling consumption
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» Reference - 16-19 % forgget elforbrug
* Oftere benyttelse

E ne rgl fO 1 b ru g - * Benyttelse om natten til regenerering

. . * Konventionel kgling - 27 % reduktion i elforbrug
sammenligning

* Hgjere elforbrug associeret med kgling.




Termisk
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Reftemp Ref CO2 DX PCMtemp PCMCO2 Schedule
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» Reference - Reduceret max temperatur med 1.4-1.6 °C

e Reference — 30-59 % reduktion | termisk komfort brud



Indend@rsmiljg

* Gennemsnitlig CO2-
koncentration

* Hgjeste CO2-koncentration

Room CO2 concentration
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Table 3: Indoor environment violations for each of the scenarios

DRY
Reftemp Ref CO2 DX PCMtemp PCM CO2 Schedule
Average CO2 concentration [ppm] 2097 1050 2156 2110 1050 1093
Highest CO2 concentration [ppm] 15,617 1056.2 15,906 14,805 1056.2 1093.1

Extreme Conditions

Average CO2 concentration [ppm]
Highest CO2 concentration [ppm]

Reftemp Ref CO2 DX PCMtemp PCM CO2 Schedule
875.1 1047 899.6 886.5 1047 1086
892 1056 1368 1760 1056 1093




{a) Thermal comfort violation {phase ¢change temperature) {b) Thermal comfort violation (PCM mass)
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Ambient profile in the selected climates {a) Ambient temperature profile in the selectad climates {b)
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Fremtidige
undersggelser

e Klimaundersggelser

* Klimaer med stgrre
kolebehov

* Temperaturdistribution
e Optimal design
* PCM masse

* Faseskifttemperatur
* Luftkanalstgrrelse
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Konklusion

Bedre kgling end
Koling med med ventilation, men
energibesparrelse et gab i forhold til
konventionel kgling

Parameter studie Muligvis bedre
viser at der er hgjere business case i
potentiale varmere klimaer
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