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Conditioning of a Plus-energy House using Solar Systems for both Production of Heating and Nighttime Radiative Cooling 27



v
ﬁ
c

Comparison standard - HEAT?2

Case of the tiles as floor covering

I

Introduction

. SDE2014 -
EMBRACE

I1. HVAC q (W/mz) A9 heating = 7,9°C A9 cooling = 8,6°C
III. Radiant floor EN 1 2 64‘ 50’1 39’5

IV. Performance

V. Nighttime HEATZ 4‘6 39,9

radiative cooling

Discussion

Conclusion 8 %

bk
AN
5

(IYCY1YE)

g
'ﬂ Conditioning of a Plus-energy House using Solar Systems for both Production of Heating and Nighttime Radiative Cooling 28



DTU Results - Yearly Electricity consumption
Introduction
I. SDE2014 -
EMBRACE [ [DA-ICE Simulation ] 4+ [ SCOP; EER ]
II. HVAC
[11. Radiant floor '
IV. Performance
razi/i.;\iii\%:}eltct(i)rc?lfng Paris 32 kWh/ mz/ year 13 kWh /rn2
Discussion (net area) for
Conclusion Copenhagen 38 kWh/m? /year appliances
(net area)

T
L7
55

(YY1 TE)

g
'ﬁ Conditioning of a Plus-energy House using Solar Systems for both Production of Heating and Nighttime Radiative Cooling 29



=
—
—

i

Introduction

. SDE2014 -
EMBRACE

II. HVAC
I11. Radiant floor
IV. Performance

V. Nighttime
radiative cooling

Discussion

Conclusion

g
AN
e

DeNGO

Results - Energy consumption: cooling mode

Simulation Competition

Copenhagen (%) Paris (%)

® Appliances m Ventilation + DHW M Rad. Fl. Cooling m Lights ® Pumps

Conditioning of a Plus-energy House using Solar Systems for both Production of Heating and Nighttime Radiative Cooling 3(



v
q
c

Results - Energy production

i

N
o

Introduction

w
€3]

. SDE2014 -
EMBRACE

B Production B Consumption

w
(e}

II. HVAC

N
ol
1

I11. Radiant floor

IV. Performance
V. Nighttime
radiative cooling
Discussion
0 1 T T T T T T T T T T T
30-6 1-7 2-7 3-7 4-7 5-7 6-7 7-7 8-7 9-7 10-7 11-7

N
()

[UnN
vl
1

Energy (kWh)

[EnN
o
1

ol
1

Conclusion

=> Plus-energy house

g
A
wy A

A
ﬂﬁﬁ .ﬁ Conditioning of a Plus-energy House using Solar Systems for both Production of Heating and Nighttime Radiative Cooling 31



v
ﬁ
c

i

Introduction

. SDE2014 -
EMBRACE

II. HVAC
I11. Radiant floor
IV. Performance

V. Nighttime
radiative cooling

Discussion

Conclusion

7
L7
55

AYeYiTerD
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Operative Temperature
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range (¥1°C) not
Range based on considered
EN15251
Percsentage of time 27 % 204
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Relative
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Competition rankings

Sub contest

Points earned by Team

Ranking of Team

DTU DTU
Electrical Energy Balance 79,22 / 120 #7
Energy Efficiency 71,84 / 80 #9
Comfort Conditions 99,23 /120 #8
TOTAL 780,01 / 1000 #8
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Theory - Longwave thermal radiation
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G-
o
o
100
Introduction
90
I. SDE2014 - 80
EMBRACE
— Total
NE 70 g\
1. HVAC E j\"‘n‘\:\M
E 60 A 4 — A
I1I. Radiant floor & I/‘JV \/\/\/‘\
3 50 -v v - v, VR
e .
IV. Performance ; / Radiation A
V. ightime £0 >
V. Nighttime '§ 30 __Uj
radiative cooling © \ .
20 LI\, Convection
Discussion M
10 ALy
Conclusion } W
0 T T T T T T T T T T T T 1
19:00 20:00 21:00 22:00 23:00 00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00
Time

£

August 20t - Clear sky
LA
ﬂﬁﬁ'ﬁ'ﬁ Conditioning of a Plus-energy House using Solar Systems for both Production of Heating and Nighttime Radiative Cooling 45



Experiment results: Radiation vs. Convection
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Experiment results
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I

Introduction Unglazed

PVT
1. SDE2014 - collector

EMBRACE
Cooling power (average per night) | 28to 74 W/m? | 20 to 72 W/m?

II. HVAC

111, Radiant floor Cooling power (literature) 60 to 65 W/m? ~50 W/m?

IV. Performance Cooling COP 19 to 58

V. Nighttime
radiative cooling

Discussion Heating power (average Aug 28t™) 247 W/m? 241 W/m?

Conclusion Heatlng energy (Aug 28th) 9,25 kWh 5;74 kWh
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TRNSYS: flow rate sgl_ection
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II. HVAC ézo s C - Flow 0,6 I/min.m2
[1I. Radiant floor i S~ / Flow 1,7 1/min.m2
18 . = = e SUPply temperature
IvV. Performance | el
6+ Tt
V. Nighttime et
radiative cooling 14
. . 18:00 20:00 22:00 0:00 2:00 4:00 6:00 8:01
Discussion
Time (h)
Conclusi :
onciusion Inlet temperature fixed at 22°C
Flow rate (I/min.m?) 01({03]0,61| 1,7
Cooling power per average night (W/m?) | 30 | 53 | 63 | 72
)
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TRNSYS vs. Experiment
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Introduction

. SDE2014 -
EMBRACE

II. HVAC
I11. Radiant floor
IV. Performance

V. Nighttime
radiative cooling

Discussion

Conclusion
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Discussion
EMBRACE

« Reliability of simulations = supported by Standards-Experiment
« Time issues/ difficult central control =»changes

* Competition rules

« High consumption per m? =» consumption per person

Nighttime radiative cooling

e Inaccuracies in the measurements (VFS, rain)
e Limited potential in Denmark
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Discussion

Conclusion
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Conclusion
EMBRACE

 EMBRACE ranking: #8
* Good performance in Comfort Conditions, Energy Efficiency
and Electrical Energy Balance

Nighttime radiative cooling

High savings potential in cooling (high COP)

* Economical potential (PVT, unglazed)

o Possibility of utilizing existing solar installations
o Residential use in Southern climates

o Public buildings use in Denmark
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Future research
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* Sheltered garden
* Potential of nighttime radiative cooling in different climates
I SDE2014 - * Coupling with PCM

EMBRACE
* Coupling with heat pump condenser
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