SOLAR DESICCANT COOLING INTEGRATED FACADE DESIGN

Exploration potential for minimizing cooling energy consumption
in office buildings in hot-humid climate
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Introduction



Growth of global energy consumption to 2050

Residential Lighting Heating
Appliances

25.5% 187 12.47

(Source: IEA, The Future of Cooling, 2018)



Energy consumption in buildings

50%

-~
“A/C systems in Facades
Heat Gain

EOfflce Buildings . =
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(Source: Qi, 2006; Prieto, 2018; Dall’O’, Galante, & Pasetti, 2012)
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A potential alternative to conventional A/C

Cooling Output

3

1 1 1 ]
Solar

Cooling
Tech

Facades
T

Conventional A/C



Benefits of solar cooling technology

4 g

Renewable solar energy Refrigerant-free Cooling energy antonomy
payback cooling by facades




Research question:

“In hot-humid climate, how can the design application of solar cool-
ing infegrated facades minimize the cooling energy consumption for
office buildings and optimize the indoor thermal comfort? ”
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Research methodology

Research — Literature Review Design Design

Framework = & Case study ) Integration ) Evaluation
Problem Solar energy Design Performance
statement ' technology > plan —  assessment
Research Solar cooling Design Quantitative
objective ' technology strategy evaluation
Research Facade Design S Qualitative
question BN infegration scenarios evaluation
l ' l
I
Design
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Define the key 2‘;22 . Bose - Design
|, design factors Case Design finalization
with adjustable scenario b .
parameters Re-define (if available) |



Research methodology

[ CONCLUSION ]
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What to consider when designing solar cooling integrated facades?

N

Solar Energy Systems

Multi-system integration

Cooling Systems

13



Climate



The target city - Shenzhen, China

The People’s
Republic of.China

Q

Indian Ccean

Oceania

Target city: Shenzhen, China

Sﬁenzhen

Pacific Ocean

[ Humid subtropical climate (Cwa) |

‘Cwa’ climate
Humid subtropical
Hot summer and warm winter

| Cold desert climate (BWk)

[ Warm semi-arid climate (BSh) ?;C I tinental climate/
~|Cold semi-arid climate (BSk) O At cT e (Dfc)

. Subarctic climate (Dfc)
- Warm oceanic climate/ Il Temperate continental climate/
Humid subtropical climate (Cfa) Mediterranean continental climate (Dsb)
| Temperate oceanic climate (Cfb)

B Cool continental climate (Dsc)
[l Cool oceanic climate (Cfc)

[ Warm continental climate/

- - - Humid continental climate (Dwa)
[IHumid subtropical climate/

Subtropical oceanic highland climate (Cwb)
[ Oceanic subpolar climate (Cwc) [ Temperate continental climate/
""IWarm continental climate/ Humid continental climate (Dwb)
Humid continental climate (Dfa) [l Cool continental climate/
I Temperate continental climate/ Subarctic climate (Dwc)
Humid continental climate (Dfb) |Tundra climate (ET)

Koppen climate classification
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July Harsh month
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Daily mean °C (°F)
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Climate data for Shenzhen (1991-2020)

(Source: Wikipedia and Climate Consultant v6.0 program)
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Solar radiation analysis

kWh/m2

845.02
760.52
676.02
591.52

507.01

422.51
338.01
253.51
169.00
84.50

0.00

Annual analysis

(Source: Grasshopper plug-in - Ladybug)

Summertime analysis (Jun-Sep)

kWh/m2

273.08
245.77
218.46
191.15
163.85
136.54
109.23
§1.92

24.62

27.31

0.00
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The weighting of the climate strategies for indoor comfort

RELATIVE HUMIDITY

80%

DESIGH STRATEGIES: JUNE through SEPTEMBER

THILS i
2.3% 2 Sun Shading of Windows{882 hrs)

4 Direct Bvaporative Cooling(0 hrs)
6 Two-Stage Evaporative Cooling{D hrs

0.1% 7 Natural Ventilation Cooling{1 hrs

8 Fan-Forced Yentilation Cooling{0 hrs)

9 Internal Heat Gain{0 hrs)
10 Passive Solar Direct Gain Low Massi{0 hrs)
11 Passive Solar Direct Gain High Mass(0 hrs)
12 Wind Protection of Outdoor Spaces(0 hrs)

094.8% 15 Cooling, add Dehumidfication if heeded(11567 hrs)
16 Heating, add Humidification if heeded{0 hrs)

e

72.3%
Sun shading

100.0% Comfortable Hours using Selected Strategies
(1220 out of 1220 hrs) 15

Comfort Zones show:
Summer clothing on right, 10

Winter clothing on left.

AN

-10

-5 0 5 10 15

=

<

20 25

DREY-BULB TEMPERATURE, DEG. C

30

(Source: Climate Consultant v6.0 program)

7 71.028
e
. 024 Oo‘l %
WET-BULB / y Natural ventilation
TEMPERATURE
DEG.C  rim, 2. <25 ) /Eﬁ-uzu
1 97 94.8%
- ? '""EE Cooling + Dehumidification
1 =
= 012 T
£ 23.6-28.2 °C,
10008 Max 66% Humidity
/ | The range of comfort zone
- 004
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Solar Cooling Technology



_____________________________________________________________________________________________

THEMOELECTRIC

cooling

_____________________________________________________________________________________________

HEAT ABSORBED
(COLD SIDE)

TCold

Ceramic Substrate Conductor Tabs

P-Type
Semiconductor
Pellets
N-Type
Semiconductar
Pellets

Temperate-dry

How to choose the suitable solar cooling technologies?

SORPTION

(absorption/adsorption) cooling

Hot-acid

Temperate-dry

(Source: Prieto, 2018)

DESICCANT

(solid/liquid desiccant) cooling

Regenerator

Conditioner

Hot-humid (Tropical)

Temperate-humid (Sub-tropical)
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_________________________________________________________________

SOLID DESICCANT LIQUID DESICCANT J

e

e.g. CHKO, solution

\ Higher performance

t_ Lower performance
/ A in Dehumidification

in Dehhunidification

e.qg. Silica gel |

Lower material cost

‘ Desiccant rotors ’

Heavy, large size,
complicated system for facade integration

Lightweight, more compact size
good for facade integration

_________________________________________________________________

(Source: Prieto, 2018; Vivek et al., 2018; ElImer et al., 2016;
Kohlenbach & Jakob, 2014; Daou et al. 2004)
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LDEVap - Liquid Desiccant Enhanced Evaporative Cooling

__________________________________

Released air e e e e Solar heat i = ON i
) ° ¢ ¢ ¢ : ""|@| i
g O |
® | Pumps and fans powered |
=== | Regenerator | by solar electricity :
/": remove the moisture
=== | out of desiccant solution

:;;;; desiccant desiccant ‘
pumped back pumped in

Input air Processing air Supplied air
(warm, humid) (warm, dry) (cool, dry)

—

Dehumidifier Evaporative cooler
moisture out by desiccant cooling by water evaporation




LDEVap cooling unit by Eimer et al. (2014)

Compact size:
1200(h)x420(w)x240(d) mm

Cooling capacity: 1.1 kw (avg.)

Dehumidifiation ability:
approx. 40% (avg.)

COP . 0.72 (avg.)

thermal *

(Source: EImer et al., 2016)

1000 mm

200 mm
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‘Wet film’ channels

_____________________________________________

Humid
airflow

______________________________

Functioning water

Dehumidification in
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Happening inside the cooing core

Micro-porous
membrane




Centralized cooling

Cooling modes conversion
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Decentralized cooling
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Modular ‘Plug & Play’
facade product

Frame-box facade with ...

enough internal room

Design concept

Opaque segments

Transparent panels

Integration of
decentralized cooling
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Facade Integration



Design plan

28



Base
Case

LLLL J J“jJ

E Base case E
- building facade |

Design plan
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Design plan

Base Improved
Case ——-———= Base

Case

Base case
building facade

Passive design
strategies




Base
Case

________________________________________

5 Base case 5
- building facade |

________________________________________

Improved
Base
Case

n
m

Passive design
strategies |

_____________________________________________________________

Design plan

Design
Scenario
A

______________________________________________________________________________________________

""""""

FIPV Design Conventional A/C

(Facade Integrated
Photovoltaic design)

______________________________________________________________________________________________
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Design plan
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Design plan

______________________________________________________________________________________________

Design é +

r——== Scenario
l A
I FIPV Design Conventional A/C
I (Facade Integrated
: Photovoltaic design)
I ______________________________________________________________________________________________
I
I
I
I
I
Base Improved I .
______________ . VS Sub-Scenarios
Case Base !
Case ]
I
I
i ! I
! : I
! I
.................... I
I FIPV & FIST Design
i I (Facade Integrated Solar
CERLELREGRRE 2t s | .
it I thermal collectors design)
e kit
S W f;iail’p’“ ‘ ‘ I ‘ ‘ %
.~ Basecase | | Passive design |
- building facade | | strategies | | ,
e Solar desiccant
cooling

______________________________________________
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Facade Integration
Base Case
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A high-rise
office building
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Facade typology of base case building

SIS

NN T

Il system

In wa

frame - glass curta

inium

Unitized alum

Representative office buildings’ facade typology

36



The target room

_________________________________________________________________________

N A The target room >
| 2 | #
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N AN - Bl
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Regulation limit to window-to-wall ratio (WWR)

Window
® The whole wall

Area

window

< Z -
Area 707

wall

Wall Window

(Source: Chinese national design regulation -
GB 50189 Design standard for energy efficiency of public buildings)
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BASE CASE

Facade divisions for the target room

Facade suface of the target room
g/ . Facade division
=1 1 (input WWR <70%)

WWR for daylight estimate

MNumber Slider
ek

Basic size of window unit

eq | eq | eq ; eq ;| eq ;| €g

4200

3000 3000 3000 3000 3000 3000
18000

Result: WWR__ =69%

(Source: Grasshopper-Honeybee)

Solar Desiccant Cooling Integrated Facade Design Page 39



BASE CASE

Facade module for base case

Modular dimension: Facade module for the base case building
3000(w) x 4200(h) x 150(d) mm

Solar Desiccant Cooling Integrated Facade Design Faoe 40



Facade Integration
Improved Base Case



IMPROVED BASE CASE

Passive design strategies

Adjustment of Design of
window-to-wall ratio sun shading elements

Solar Desiccant Cooling Integrated Facade Design Fooe 42



Regulation limit to window-to-floor ratio (WFR)

Window area (above working plane height)
® Floor area

Area

window

S o
Area 21/6

floor

Window

working plane height

Floor area

(Source: Chinese national design regulation
GB 50033 Standard for daylighting design of buildings)



IMPROVED BASE CASE

WWR adjustment for the target room

Facade suface of the target room

WWR adjustment
(input WFR = 1/6)

Number Slider

WWR for daylight estimate

Number Slider
e =

e

Basic size of window unit

eq | eq | eq ; eq ;| eq ;| €g

|

4200

|

3000 3000 3000 3000 3000 3000

18000

Result: WWR . =29%
(when WFR=1/6)

Solar Desiccant Cooling Integrated Facade Design

Fooe 44



WWR optimization

Base case

WWR 69%

Improved Base Case

» WWR 29%

45



Sun shading analysis

30
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(Source: Climate Consultant v6.0 program)
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/
/

/

Vertical shadow angle

Sun shading elements design

Fixed overhang shading panel

Non-fixed sun blind

—_——— = —
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IMPROVED BASE CASE

Facade module for Improved base case

AN

2250

m

Modular dimension: 3000(d) x 4200(h) mm Facade module for Improved base case

Solar Desiccant Cooling Integrated Facade Design Fooe 48



Facade Integration
Design Scenario A



Option P1:

Available area: 2.1m?2

FIPV (Facade Integrated PV) design options

Option P2: Option P3:

Available areaq:; 3.45m> Available area:; 5.29m?

Option P4.

Available areaq: 8.83m?
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Photovoltaic glazing panels

Front Glass

Adhesive Fil

Back Glasé\

Solar Cell

N

o E B
R L
4 Il ﬁh%ifzf'i_

Photovoltaic glazing facade
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DESIGN SCENARIO A

Facade module for design scenario A

L\

4200
2250

=\

Full-coverage PV integration Facade module for design scenario A

Solar Desiccant Cooling Integrated Facade Design Fooe 52



Facade Design Integration
Design Scenario B



Add exira components

Re-sizing o accommodate the cooling systems

Create larger ‘room’

Hot water cylinder
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Sub-scenarios based on different PV/ST coverage ratio

Sub-Scenario B1 Sub-Scenario B2 Sub-Scenario B3

ST 100% Facade coverage ST Shading top ST 40% Facade coverage
‘ PV 100% Facade coverage ‘ PV 60% Facade coverage

55



Design proposal for
Sub-Scenario B1

Design proposals for all sub-scenarios

Design proposal for
Sub-Scenario B2

Design proposal for
Sub-Scenario B3
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Performance Assessment



Design
T Scenario
|
! A
I
|
|
|
|
|
I
Base Improved |
Case > Base 77 i
Case




What to compare?

Summer design week

Duration:

£
(o
(o]
S
e
Q
O
S
O
e
O
(]
e
O
e
=
2
S
o

The west-

Object:

129.14m?

Areaq:

Solar Fraction Assessment,

Simulation
ltems:

Cooling Demand,

Cooling Electrictity,

Renewable Energy Generation
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1,80
1,60

Solar fraction assessment

1,40 Los

1,20

100 ———— ..

0,80
0,60
0,40
0,20
0,00

Scool out

SF =
Coolreq

Solar fraction (SF) is used to measure whether a
solar-powered cooling system meets the cooling
requirements under the corresponding condifions.

(Line of SF 1.0)

053

__________________________________________

Design Design Design
Scenario B1 Scenario B2 Scenario B3

________________________________________________________________
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Cooling Demand [kwh/week]

450,00

389,10

400,00

312,66

350,00

287,76

2978

300,00

250,00

-2%

-6.1%

-19.6%

200,00
150,00

100,00

50,00

||||||||

|||||||

IIIII

0,00

|||||||||||||||||||||||||||||||

Design
Scenario B3

Design
Scenario B2

Design
Scenario B1

|||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||

Design
Scenario A

|||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||

Improved
Base Case

|||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||

61



Cooling Electricity Consumption [kwh/week]

01

94

100,00

82,26

90,00

67,44

71,30

80,00

70,00

54,06

60,00

50,00

-5.4%

-24.2%

40,00
30,00
20,00

|||||||||||||||||||||||||||||||

Design
Scenario B3

Design Design
Scenario B1 Scenario B2

|||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||

Design
Scenario A

|||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||

Improved
Base Case
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700,00
600,00

500,00

400,00 - — ———

300,00
200,00

100,00

0,00

Solar Electricity

Solar Heat

Baseline of required heat

for cooling purpose

Baseline of required electricity

for cooling purpose

Renewable Energy Generation [kwh/week]

628,72

_______________________

Design
Scenario A

___________________________________________________________________________________

Design Design Design
Scenario B1 Scenario B2 Scenario B3
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1,80
1,60
1,40
1,20
1,00
0,80
0,60
0,40
0,20
0,00

100,00
90,00
80,00
70,00
60,00
50,00
40,00
30,00
20,00
10,00

0,00

1,57
(Line of SF 1.0)
(0,53
Design Scenaro B_B1 Design Scenaro B_B2

Solar fraction assessment

94,01
71,30
67,44
-24.2% -5.4%
q q
Base Case Improved Base Desigh Scenario A Design Scenaro
Case B_B1

Cooling electricity consumption

Comparisons of performance

Design proposal for Scenario B3 has
the best comprehensive performance

Design Scenaro B_B3

82,26

Design Scenaro
B_B2

Design Scenaro
B_B3

450,00
400,00
350,00
300,00
250,00
200,00
150,00
100,00

50,00

0,00

700,00
600,00
500,00
400,00
300,00
200,00
100,00

0,00

389,10
312,66
293,70
-19.6% -6.1% -2%

Base Case Improved Base Case Design Scenario A Design Scenario B

]
Cooling demand

628,72

Design Scenario A Design Scenaro B_B1 Design Scenaro B_B2

Renewable energy generation

Design Scenaro B_B3

64



Conclusion



Response to the research question

“In hot-humid climate, how can the design application of solar cooling
integrated facades minimize the cooling energy consumption for office
buildings and opfimize the indoor thermal comfort? ”

vs | | -26% -42. 5%

Facade of Facade of Cooling Cooling Cooling Offered
Design Scenario B3 Base Case demand electricity energy indoor
consumption payback comfort

VS -2% -19.8%
Facade of Facade of Cooling Cooling Other
Design Scenario B3 Design Scenario A demand electricity benefits

consumption
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Experimental design guide

/@]"‘ =
-y | e | ---» - -
. @

Step 1

Step 1
Step 2
Step 3
Step 4
Step 5
Step 6

Step 7

Step 2 Step 3 Step 4

Check the background conditions

Define cooling strategy

Design the core systems

Define design scenarios (optional)

Assess the performance of the design proposal
Evaluate the simulated results

Finalize the design proposal

Step 5
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Design Outcomes
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i T

Conditioned air

Outdoor fresh air

—~_- Returmnmed air
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4200

1200

2250

H
10

I

140
1

4200

==

1200 |750

2250

4200

1200 |[750

==

2250

750

1

1

=13

|
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Thanks






