TRANSSOLAR KLIMAENGINEERING

Technologies for energy efficient design
and thermal comfort in buildings
Stuttgart - Munich - New York

WAS BEDEUTET BEHAGLICHKEIT?
ERFARHUNGEN AUS ASIEN
UND EUROPA

15. OKTOBER 2015
WOLFGANG KESSLING




Al s oAy 3

IIII _évgih‘“neb ’

Voo Tsveeww

N .




Performance in Architecture: Design for Comfort - Design for the Climate

SINGAPORE
e

TRANSSOLAR KLIMAENGINEERING



= B
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NParks, Singapore [

Gardens by the Bay
Landscape: Grant Associates, Bath |

Cooled Conservatories
Architect: Wilkinson Eyre, London

MEP
CPG, Singapore and A10, London
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The Flower dome: cooled dry Mediterranean biome
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Operative Temperature - a measure for human comfort

Solar protection glazing
External shading

Shading by vegetation

[ ] [} O o [ ] —
w Floor cooling

Displacement-ventilation

W When designing for comfort consider air temperature and radiant
environment.

Controlling radiant temperature can create a more comfortable,
draft free environment that is energy efficient.
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The Cloud Forrest: Tropical Montagne Cloud Forest
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The way
we

define

comfort




Comfort envelopes

ASHRAE Standard 55 for comfort air conditioning

HUMIDITY RATIO [g/kg] MONTPELLIER, FRANCE

25 A 7 7 T~ 7
- Pressure:1012.5 hPa 100% 90% 80% 70%  60%
20 +

15 1

10 +

<

\ ASHRAE summer 0% ¢

40

AMBIENT TEMPERATURE [°C]

|:> Tight temperature and humidity range as a consequence of no air movement
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Comfort envelopes

ASHRAE Standard 55-2013, comfort air conditioning with elevated air speed

HUMIDITY RATIO [g/kg] MONTPELLIER, FRANCE

25 77 I/ T

90% 80%

- Pressure: 1012.5 hPa 100% 70% 60%

N

~ o
_,\/ASIjRAE v=0.7 mis
RIS
RAE v = 0.3 m/s
30 35 40

AMBIENT TEMPERATURE [°C]

|:> Extended temperature and humidify range as a consequence of air movement
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Comfort with elevated air speed
Sustainab%%Coon? Qoncepts for the Tropics -
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BRAC University, Bangladesh

Client
BRAC, Bangladesh

Architect
WOHA, Singapore



BRAC University, Bangladesh
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Typical BRAC office on 4t" floor east fagade
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Ventilation strategies, class rooms

1

1

1

: JFan Coil Unit

i —_X
I

| Plant

I Shading G
i 20/ 14

: /\-\y T /DP
: Infiltration

| @ Semi-outdoor Classroom
i

|

1

I Exhaust Air & 22/ 22
I over Facade T /DP
! -
1

| Plant Fans

1

I Shading —\ —\

i D

I «”

' Infiltration

| @ Semi-outdoor Classroom
1

1

Air Conditioning

@

N
H

Chilled
Water

Heat Recovery:

Tempered Air Supply

f v

Cooling
Water

Conventional design V1
of AC System

Infiltration: 0.2 /h
cooling: max. 26 °C

latent + sensible

Hybrid design V2
with tempered air

Infiltration: 0.2 /h
no cooling
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Comparison of ventilation and cooling strategies

Conventional air conditioning

HUMIDITY RATIO [g/kd]

WARM

PMV > 0.5

r 4 7 7
100% 90% 80%

7

70%

7
60%

ENERGY [kWh/m?2a]

COOLING

_, | COMFORTABLE ~ -05<PMV<05 1007 ,"
. COLD PMV < -0.5 ,,,"

8 AUXILIARY
AHU

0 ———— S A IS i~ S S ST i S S S S S S
0 5 10 15 20 25 30 35 40

ROOM AIR TEMPERATURE [°C]
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Comparison of ventilation and cooling strategies

Hybrid ventilation with tempered air

HUMIDITY RATIO [g/kg] ENERGY [kWh/m?a]
| 100°’/o 90,% 800/: 70‘% \60//0
- WARM PMV > 0.5 5% o
.o | COMFORTABLE 05<PMV<0.5 95% "
| COLD PMV <-0.5 l : 3 '
15 1 Gy COOLING
30%’
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2 20— FAN
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40

ROOM AIR TEMPERATURE [°C]
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Comparison of ventilation and cooling strategies

Natural ventilation with ambient air

HUMIDITY RATIO [g/kd] ENERGY [kWh/m2a]
WARM PMV > 05 100% 90% 80% A7OE’/,{\6O°//0 ~_
0o | COMFORTABLE -0.5<PMV <0.5 7
COLD PMV < -0.5
15 1 / 5 vt ]
10 1 // S Y o
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Comparison of concepts, Comfort and Energy in office

60 Electrical energy demand in kWh/m?a

for a/c and auxiliary
\ tempered air
and

- 50% air movement

50 A

40 +

30 A

20 +

Electrical energy [kWh/m?a]

10 ~

8 4
0 : 2 . 3
V1 V2 V3
Conventional design Hybrid design Natural Ventilation
with AC System with tempered air System only
Fan ceiling Auxiliary AHU m Cooling

I:> same comfort but 50 % energy savings V2 to V1
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significant
Impact

Buildings designed |
for adapftive
comfort consume

S07

less energy
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Comfort envelopes

ASHRAE Standard 55-2013, comfort air conditioning with elevated air speed

HUMIDITY RATIO [g/kg] MONTPELLIER, FRANCE

25 77 I/ T

90% 80%

- Pressure: 1012.5 hPa 100% 70% 60%

N

~ o
_,\/ASIjRAE v=0.7 mis
RIS
RAE v = 0.3 m/s
30 35 40

AMBIENT TEMPERATURE [°C]

|:> Extended temperature and humidify range as a consequence of air movement
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Comfort envelopes

French HQE: Certification for High Environmental Quality Buildings

HUMIDITY RATIO [g/kg] MONTPELLIER, FRANCE
100%&90“2 80°/on

25

/
60%

 Pressure:1012.5 hPa

20
15

10

AMBIENT TEMPERATURE [°C]

|:> Extended temperature and humidify range as a consequence of air movement
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Context Sensitive Comfort Strategies %
for Mediterfanean Climate... -
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Client
LUMA Foundation, Arles

Tower Building
Architect: F.O.Gehry, Los Angeles

Existing Buildings
Architect: Annabelle Selldorf, New York



Rencontres, Arles




Rencontres, Arles




Elements of climate concept, Les Forges

diffuse skylights
selective glazing 50/25
u-value glazing < 1.2 W/m?K
u-value frame <2.2 W/m*K
u-value window <1.4 W/m*K
g-value window < 25%

/ roof to outside

Option A: clay tiles
u-value roof < 0.24 W/m?K
option B: metal cover
u-value roof < 0.14 W/m?K

mech. vent. not in operation in 2014

S glazing
% selective glazing 50/25

== u-value glazing < 1.2 W/m%K

u-value frame <2.2 W/m*K

u-value window < 1.4 W/m*K

g-value window < 25%

1
va\.l>
WVV\_D
WVV\_D

SERREN

infiltration
<0.15 1/h

wall to outside
u-value wall < 0.25 W/m*K

heat bridges
<0.10 W/mK

—

SEERERR

floor heating & cooling @ © 0 © 0 © © © 0 o0 o o o zﬁ

floor to ground

floor cover: architectural concre
stone or screed

u-value floor < 0.25 W/m?K
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Begin of refurbishment 6" of March 2014, Les Forges
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Opening 7t of July 2014, Les Forges
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Outside & floor temperatures [°C]
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Room air temperature [°C]

Temperature [°C]

40

10 | | | | 1
6.Aug 11.Aug 16.Aug 21.Aug 26.Aug 31.Aug
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Porc des ' 26/112/2014
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Parc des Atelie | L 18/08/2015
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Why to design for Outdoor Comfort?

very strong heat stress

strong heat stress

Reduce heat stress

slight cold stress

moderate cold stress

TRANSSOLAR



Comfort in the Urban Space

Performing landscapes for liveable cities

: -"g\\, Qf“
.‘ o f’

=~ WKO Vienna
Austrian Pavilion, EXPO 2015, Milano

Team.Breathe.Austria
Concept, Landscape and Architecture:
Prof. Klaus K. Loenhart, Agency in Biosphere,
Hohensinn Architektur, LANDLAB,
' I_a&l, TU-Graz, Lendlabor, Graz
Mist and fan system: rain time, Vienna




Elevated air speed and dry mist to create comfort in outdoor environment

VEGETATION
Large and dense trees can provide
S excellent shade. If well irrigated
560 m* planted area 2N s R N leave surface temperatures will
12600plants ™~ gl remain close to ambient air tempe-
W ratures even when exposed to inten-
' se solar radiation. So rich vegetation
e will keep the mean radiant tempera-
| 5 ture (MRT) significantly lower as
typical building materials.

42.300 m? leaf surface \‘

PV modules 41 kWp : TECHNOLOGIE

| : Fans in combination with high pres-
sure misting system can provide
efficient adiabatic cooling effects
perceived at the position of human
beings.

z wogden shell —
130 fog nozzles

12 fog 5te'§5 27 fans
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Elevated air speed and dry mist to create comfort in outdoor environment

reduced MRT -

elevated air speed
§ >

increased humidity

reduced air temperature ﬂ
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Elevated air speed and dry mist to create comfort in outdoor environment




Elevated air speed and dry mist to create comfort in outdoor environment




Elevated air speed and dry mist to create comfort in outdoor environment




Shade, EXPO Pathway

Air temperature: 345°C
Relative humidity: 44.0%
Mean Radiant Temperature: 38.4 °C
Air velocity: 0.3 m/s

!
S

hade, Vegeta

tion

325°C
50.0%

325°C
0.3 m/s

Shade, Dry Mist Fans

27.0°C
74.0%

343°C
2.6m/s

VIP-Lounge

31.0°C
61.0%

31.0°C
1.8 m/s




EXPO2015: AUSTRIAN PAVILION
®






Strategien fiur Architektur und Klimaengineering

thermischer Komfort, Tageslicht
exzellente Frischluft

aber schaffe hohen Komfort
der technischen Systeme
durch erneuerbaren Energien

Sonne, Tageslicht, Wind,
Geothermie, Wasser

vom Gebaude zum Masterplan
ganzheitliche Losungen

Reduziere Primarenergie

,maximize impact”
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