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= |ndividual perception of thermal sensation and thermal comfort
differs

-> Integrated heating and cooling function to fulfill individual needs
and preferences

= |ncrease of the HVAC dead band T Tu
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-> Reduction of energy consumption 249C  ysg
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Heaﬂng:
Heating wires

Cooling:
Fans

smart office space

living

- )
I B TECHNISCHE UNIVERSITAT
= KAISERSLAUTERN

The office chair

- heat transfer by conduction
- reduction of heat loss of the body

- heat transfer by convection
- increase of sensible heat loss of the body
- latent heat loss
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The office chair

- heat transfer by conduction

- reduction of heat loss of the body heating 1: sW
heating 2: 12 W

cooling 1: 2 W

- heat transfer by convection cooling 2: 4 W

- increase of sensible heat loss of the body
- latent heat loss

pressure sensor

rechargeable battery

level1/2

heating / no func. / cooling
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= office building, 50 % window-to-wall ratio
= exterior shades, manually operated

= operable windows

® no air conditioning

= S-E-E and N-W-W oriented

= mid-July through mid Oct 2015
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Thermal sensation

o O
10 16 Very Hot
female males Hot
Warm
. Slightly warm
average age: 38.7 years (26-56)
average duration: 21.4 days (min 5 d) Neutral
Slightly cool
. Cool
online survey at 11:00 am and 3:30 pm
Cold
Very cold
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Thermal comfort

Very comfortable
Comfortable
Slightly comfortable

Just comfortable

Just uncomfortable
Slightly uncomfortable
Uncomfortable

Very uncomfortable

Hoffmann, Sabine and Katharina Boudier. 2016. "A new approach to provide thermal comfort in office
[iving smart office space buildings: A field study with heated and cooled chairs." In Proceedings of Indoor Air Quality Ventilation &
Energy Conservation in Buildings (IAQVEC), Incheon Songdo, Republic of Korea, October 2016. 6




Outdoor and room temperatures of two example office rooms
45
42.5
40
37.5
35
325 i
30
27.5
25
© 225
2 20
>
©175
[0}
Q 15
§
@125 NoW-W
10
75 —S-E-E
5
2.5 outdoor temperature
0
S =) oo a0 oo 0o oo [} aQ a a 5 B 5
T 2 & 2 2 2 2 & & & & o o o
5= 8 & & g 2 g © 4 g K Y g 4 7
Department of 1 1 7% TECHNISCHE UNIVERSITAT
Civil Engineating Operation of chairs [ = KAiSERSUAUTERN
Chair of Built Environment
4 7 r4a
3 1 r3
£ 2 r2 t
8 8
? 0 I T T IH T ‘V*H 0 g
2 -1 1 ' F1E
-2 1 ﬁ' - -2 §
-3 1 < 3
4 - F 26—
&
S C4 g
6 . -2 2
heating 1 g
7 heating 2 e
. eating | 5 §
299 309 1.10 210 3.10 4.10 5.10 6.10 7.10 8.10 Foot warmer
Sensation heating A\ : 85 % (n=67)
Comfort heating A\ : 83% (n=64)
Uvmg smartofficespace  ACCEptable room temp.: 0, =19-20°C
8




Department of
Civil Engineering

Chair of Built Environment

Operation of chairs

- 3
I B TECHNISCHE UNIVERSITAT

= KAISERSLAUTERN

B -4
b 3
n X -2 %a
A A Y
i i 0 S
Rigimanit
. y % F -2 §
. -3
b P 30 —
- am - | (9]
A\V“‘/‘M Y -E-
] cooling2 | * &
7 K | Table top fans |
- -2 8
10.8 11.8 12.8 13.8 14.8
sensation cooling \Z 35% (n=228)
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COOLING
Impact on sensation 228 31% 623% 34.6 %
Impact on comfort 219 61.6 % 7.3%
HEATING
Impact on sensation 67 85.1% ) 149% 0%
Impact on comfort 64 828% ) 14.1% 31%

living
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Overall sensation (1) Overall comfort (1)
Local sensation (16) Local comfort (16)
Adaptive
building controller
Sensation and Comfort
BCL34 / BCL34_*
Model
PhySCo ESP-r
Physiology Model Dry Bulb Temp. /\
Skin temperature (16) Relative Humidity
Clothing |/ ' Mean Radiant Temp.
Metabolic rate
. Boudier, Katharina, Massimo Fiorentini, Sabine Hoffmann, Raghuram Kalyanam, and Gergios Kokogiannakis. 2016.
living smart office space ncopiing o thermal comfort model with building simulation for user comfort and energy efficiency." In Proceedings of the
Central European Symposium on Building Physics (CESBP) and BauSIM, Dresden, Germany, September 2016, 481-487 11
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Chair of Built Environment Office chair with heating and
cooling function Controller

ChairTemp_1 0 teq

ChairTemp_2 “ teq

back, pelvis, thighs

0,41
m/s
. ¢ 0,24 — 0,757 (o]
@ (cqi = 0,550, 0,456+ £(36,5 — t5)

,Modellierung der Interaktion von Gebdudenutzer*innen und Gebdudetechnik - Potenzialanalyse
living smart office space dezentraler Heiz- und Kiihlsysteme hinsichtlich der thermischen Behaglichkeit und des Energieverbrauchs

auf Basis eines adaptiven Gebdudereglers —“ Dissertation Katharina Boudier, 2021, TU Kaiserslautern
https://kluedo.ub.uni-kl.de/frontdoor/deliver/index/docld/6390/file/ Dissertation_BoudierKatharina.pdf
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BCLOO BCL34 BCL34 _ BCL34 _BCL34 _ BCL34 _ BCL34 _ BCL34 _ BCL34 _
Thw Chair ThW_ Chair_ Chair_ Thw_ Thw_

Chair Vent26 Vent30 Chair_ Chair_

Vent26 Vent30

Endenergy
. [kwWhg] 278 243 342 273 357 274 -- 358 --
Winter .
Reduction
[%] 0,0% - -23,1%  1,8% -28,3% 1,5% - -28,9% -
Endenergy
Sorin [kwh,] 76 76 94 79 100 79 69 100 92
pring Reduction
[%] 0,0% -0,6% -24,6% -3,8% -32,3% -3,7% -32,5% -
Endenergy
[kWh,] 326 320 344 321 347 300 276 333 327
Summer .
Reduction
[%] 0,0% 1,9% -5,5% 1,5% -6,4% - -2,0% -0,2%

. Boudier, Katharina, and Sabine Hoffmann. 2022. "Analysis of the Potential of Decentralized Heating and
living [E]9] smart office space . it .
Cooling Systems to Improve Thermal Comfort and Reduce Energy Consumption through an Adaptive 13
Building Controller" Energies 15, no. 3: 1100. https://doi.org/10.3390/en15031100
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= The field study showed promising results: Increase in thermal comfort

particularly in heating mode (> 80 %), less in cooling mode (> 30 %)

= The modeling approach showed potential to reduce energy consumption

while maintaining thermal comfort

Development of a commercial product
= Significant barriers for greater market penetration

= New potential with energy crisis and lower indoor temperatures

livin gm smart office space Sabine Hoffmann: ,Personal Comfort Systems: Lessons from the creation of the ‘Klimastuhl” Commentary
https://www.buildingsandcities.org/insights/commentaries/personal-comfort-systems-lessons.html| 14




