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MELISSA regenerative life support systems
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S | BIOFACADE: CONTEXT

Minerals

MELISSA regenerative life support systems
Non Edible Parts of Higher Plants
0 . . -
S5 photosynthetic organisms (compartment 1V) ability to
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u Water degradation . . . .
produce edible biomass while enabling to treat gas
and liquid effluents
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BIOFACADE: CONTEXT

Terrestrial application of MELISSA loop concepts

A vertical flat-panel photobioreactor (PBR), on external
building wall to connect building metabolism and

microalgal metabolism
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Challenges : 1. Cost-efficiency of microalgae cultivation systems - .ﬁ,l_-;‘;.

. Land competition

Moroccan phosphate mine Eutrophication of aquatic environment

Annual Global CO, Emissions

1
2
3. Pollution from the use of synthetic nutrients
4

. Buildings : about 30% of greenhouse gas (GHG) emissions

1 27% spuse

BUILDING MATERIALS
1 0% & CONSTRUCTION

b 10% REBETRUCToN

© Architecture 2030. All Rights Reserved.
Data Sources: Global ABC Global Status Report 2021. EIA



Challenges :

Solutions :

Cost-efficiency of microalgae cultivation systems

Land competition

Moroccan phosphate mine Eutrophication of aquatnvironment
Pollution from the use of synthetic nutrients

Annual Global CO, Emissions

Buildings : about 30% of greenhouse gas (GHG) emissions

.. 27% SRS,

Sharing construction materials of buildings and cultivation systems

Using illuminated building walls .........

BUILDING MATERIALS
1 0% & CONSTRUCTION

Recycle the nutrients produced by the building

e e 10% RSB TTor

Heat and matter exchanges

© Architecture 2030. All Rights Reserved.
Data Sources: Global ABC Global Status Report 2021. EIA



Challenges :

Solutions :

Ambitions :

WHY CULTIVATING MICROALGAE ON BUILDING FACADE ?

Cost-efficiency of microalgae cultivation systems

Land competition

Moroccan phosphate mine Eutrophication of aquatic environment

Pollution from the use of synthetic nutrients

Annual Global CO, Emissions

Buildings : about 30% of greenhouse gas (GHG) emissions

1 27% 3eiiens

Sharing construction materials of buildings and cultivation systems [

BUILDING MATERIALS
’ 10% Ecorsrrucrion

Using illuminated building walls

Recycle the nutrients produced by the building 10% R CoNsTRUCTION

Heat and matter exchanges

Decrease human footprint by improving building energy performances thanks to the biofacade
that can act as an insulator and a waste treatment plant (wastewater and flue gas)

Produce high quality and quantity of biomass with a cost-effective and sustainable process 7
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European patent: « Curtain walls for the industrial optimized production of microalgae on building walls »
By X-Tu Architecture and GEPEA (UMR CNRS / Nantes université / ONIRIS / IMT Atlantique)

Building

Wlnd_-'______

Steel plate with integrated
heat exchanger

PBR

Protection window

Outside
PBR 1 Window PBR 2

Double layer ventilated fagade on the building to cultivate microalgae



MICROALGAE-BASED BIOFACADE: OBJECTIVE

How to create a symbiosis between the microalgae culture and its host building and
evaluate the impact towards the implementation of a sustainable system?

Thermal symbiosis Effluent recycling
Biofacade Microalgae growth Building effluents
thermal model Weather data
. icrgaIGrowthJadA.
Difor;, - - weaHE} HBiFer —— | 4
é?;l ade%— e |>'_ T ﬁ
/ - E FE e et —
_m_l
PU =
P |
B :
stoechiometry |
ool P
> [nutrient] volume
g ; :o Nutrient
Building MODELICA consumption Mass balance Screenshot of the system
thermal model

model in Dymola 2021

Dynamic model of the biofacade-building system to study and size the exchange loops between the
building and the facade PBRs
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OUTLINE OF THE PRESENTATION

|. Thermal model
Il. Effluent recycling model

lll. Conclusion: system model

Pt e
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Wetter et al. (2014) Todisco et al. (2022)
Modelica Buildings library : Room model Biofacade thermal and optical model
: . . . Steel plate with
gcon} ] Qrad Qlossycc integrated heat exchanger
. S A A
HE N,/ : B dT,
I I | [ Exterior bulldmg
_ Outer wall ¥, ! : ﬂ , - flux + Qreg
Qrad L Qeon [ Qcdnvyeen a
QCOI’[V L | Acc Wall | I‘ dT
- : o l | : \ Incident angle ; Sky culture Z flux + Q
Inside of the building = | = reg
g | ACC* =
— I =
= = [ =
N = - :
Qconv Ji& [ Qconv E | N
Jg g o =S T
bl - ANV, 4 IH'&F
=1 = QC Cultur C Q z QCOH\" o .
<) e I ® | Z\ Ext/W1 Jj=365
c =N I < B .
QCONVyiging/wa ) \ E Annual consumption = f Qreg
- Irade e s Irads,. j=1
deond Qconv 2 : e - Qradsis with Q. is the heating/cooling capacity required to
S | maintain building air temperature and culture medium
Outer wall I = : u I m " temperature within the set point ranges
£ 3 (cond : QwindAcc\—Vﬁ )
Qconv . | PBR Double glazing
(Jrad | 100L flat panel
*Air Cooling Channel (ACC) wind atpane

Calculate the energy consumption for thermal regulation of the air inside the building and of the
culture medium temperature according to the location
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A

Simulation conditions :
48m? standard heavy weight building with thermal regulation 20°C-27°C
8m?2 microalgae biofacade (alternating windows and PBRs) with thermal regulation 15°C-35 °C
Locations : Nantes (France) and Los-Angeles (USA) o1

o5

Tom

A) Standard building B) building with a microalgae biofacade
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Simulation conditions :
- 48m? standard heavy weight building with thermal regulation 20°C-27°C
- 8m? microalgae biofacade (alternating windows and PBRs) with thermal regulation 15°C-35 °C

- Locations : Nantes (France) and Los-Angeles (USA) oL A IM I I

osm om omm

o5
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A) Standard building B) building with a microalgae biofacade
E== Building heating

100 - Lo Building cooling
[III1] PBR heating
PBR cooling
& 80 PBR mixing
=
&=
i 60
>
o
g
3 40 3
5
[§)
< 204 | #1 41
0 T T

Standard building  Building with
And stand-alone PBR  a biofacade

Annual electric energy consumption for building and PBR
thermal regulation and culture mixing by air injection
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Simulation conditions :
- 48m? standard heavy weight building with thermal regulation 20°C-27°C
- 8m? microalgae biofacade (alternating windows and PBRs) with thermal regulation 15°C-35 °C

- Locations : Nantes (France) and Los-Angeles (USA) oL A IM I I

osm om omm

o5

b\

NN

A) Standard building B) building with a microalgae biofacade
E== Building heating

100 q == =——————————— 1 Lo Building cooling
H [ PBR heating
: PBR cooling
"7;'; 804 1 PBR mixing
K~ 1
< :
= .
= 60+ 1 Thermal regulation
& e ————————
> 0 A
§ 40 i
g A 2 0
£ [ ey =S | I I
@ 5
o 204 | 41 41
30 30
0 T T T T
Stand-ak PBR and and || Stand-al PBR and and
| ‘ standard building its building ' ‘ standard bu\ldmg' its building '

Oceanic climate Semi-arid climate
Nantes, France Los Angeles, USA

Annual electric energy consumption for building and PBR
thermal regulation and culture mixing by air injection
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6.0m

A o B

Simulation conditions : aon
- 48m? standard heavy weight building with thermal regulation 20°C-27°C =l — - - g o

- 8m? microalgae biofacade (alternating windows and PBRs) with thermal regulation 15°C-35 °C — Iﬂ I I 5

- Locations : Nantes (France) and Los-Angeles (USA) ol A A

osm om omm

A) Standard building B) building with a microalgae biofacade

100 qF=====53~===
R heating
PBR cooling
PBR mixing

80 +

Thermal regulation
p ¢\ Building cooling demand

(curtain wall effect)

electric energy [kWh.kg;']

| PP spp—— _3- [ mp—p——
0 Ll T T T
Stand-alone PBR and  Biofacade and || Stand-alone PBR and  Biofacade and
standard building its building standard building its building
Oceanic climate Semi-arid climate
(Nantes, France) (Los Angeles, USA)

Annual electric energy consumption for building and PBR
thermal regulation and culture mixing by air injection
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A son B som

Simulation conditions : aon
- 48m? standard heavy weight building with thermal regulation 20°C-27°C =l — - - g o

- 8m? microalgae biofacade (alternating windows and PBRs) with thermal regulation 15°C-35 °C — Iﬂ I I 5

- Locations : Nantes (France) and Los-Angeles (USA) ol A A

osm om omm

B Building heating A) Standard building B) building with a microalgae biofacade

100
80 +

60-
¢\ Building cooling demand

(curtain wall effect)

40 -

electric energy [kWh.kg;']

20 H

\4\4 PBR heating demand

0 Ll T T T
Stand-alone PBR and  Biofacade and || Stand-alone PBR and  Biofacade and
standard building its building standard building its building
Oceanic climate Semi-arid climate
(Nantes, France) (Los Angeles, USA)

Annual electric energy consumption for building and PBR
thermal regulation and culture mixing by air injection
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6.0m

A o B

Simulation conditions : oo
- 48m? standard heavy weight building with thermal regulation 20°C-27°C

- 8m? microalgae biofacade (alternating windows and PBRs) with thermal regulation 15°C-35 °C — - - / Iﬂ I I
- Locations : Nantes (France) and Los-Angeles (USA) ol a N

E== Building heating

o5

NN

A

o5m

A) Standard building B) building with a microalgae biofacade

100 - 1 Lt Building cooling
1 - PBR heatin [ Standard building and stand-alone vertical PBR
1 " g 18 - I Building with biofacade PBR
! PBR cooling 17
= 801 1 PBR mixing 18
2 1
£ i - M 80% mixing
2 &l 1 Thermal regulation 3 . 5
= - §12 E 5% PBR cooling 80% mixing
g’ £ 101 . / 20% PBR cooling
S 40 R o]
o g 7
£ [T e S e g 6
g T z %]
o 204 =
30 30 44
24
0 T T Ll T
Stand-alone PBRand  Biofacade and || Stand-alone PBR and  Biofacade and 0
standard building its building standard building its building Nantes, France Los Ange\es USA
Oceanic climate Semi-arid climate
(Nantes, France) (Los Angeles, USA)

Ratio of the annual energy consumed by the system

Annual electric energy consumption for building and PBR g
over the energy produced by the biomass

thermal regulation and culture mixing by air injection

Thanks to the biofacade the energy consumption of the system is halved in temperate climate and unchanged in semi-arid climate
Perspectives: optimization of culture mixing and passive PBR cooling 17
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Simulating the use of building effluents as nutrient source for microalgae culture

Yellow water as nitrogen and phosphorus resource for microalgae production
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U L EFFLUENT RECYCLING MODEL: DEFINITION

Simulating the use of building effluents as nutrient source for microalgae culture

Yellow water as nitrogen and phosphorus resource for microalgae production

e owpw

Light flux
Yellow wastewater

L Bisinella et al. (2020)
Flow
Nutrient concentrations

Pt e



,g;l:ij EFFLUENT RECYCLING MODEL: DEFINITION

Simulating the use of building effluents as nutrient source for microalgae culture

Yellow water as nitrogen and phosphorus resource for microalgae production

e owpw

* Light flux *  Microalgae growth = Pruvost et al. (2012)
*  Yellow wastewater

|9 Bisinella et al. (2020) < Tapm > =< TX S [NH,) x [POs] x [Cr]
: Ky +[NH,]  Kp+[PO4] K¢+ [Cr]
Flow Photolimited Nutrient limitation
Nutrient concentrations growth

with < rx > biomass productivity in light limited condition:

X =< x> —(D X Cx) and Ky=1.75 mM, K,=0.11 mM, K.=0.03mM




M m§g A EFFLUENT RECYCLING MODEL: DEFINITION

Simulating the use of building effluents as nutrient source for microalgae culture

Yellow water as nitrogen and phosphorus resource for microalgae production

e owpw

* Light flux *  Microalgae growth = Pruvost et al. (2012)
*  Yellow wastewater

|9 Bisinella et al. (2020) < Tapm > =< TX S [NH,) x [POs] x [Cr]
’ Ky + [NH,]  Kp +[POs] K¢+ [Cr]
Flow Photolimited Nutrient limitation
Nutrient concentrations growth

with < rx > biomass productivity in light limited condition:

X =< x> —(D X Cx) and Ky=1.75 mM, K,=0.11 mM, K.=0.03mM

. Nutrient consumption—-> Hadj-Romdhane et al. (2012)

1,832 0,119 0,028



M m§g A EFFLUENT RECYCLING MODEL: DEFINITION

Simulating the use of building effluents as nutrient source for microalgae culture

Yellow water as nitrogen and phosphorus resource for microalgae production

e owpw

Light flux *  Microalgae growth = Pruvost et al. (2012)
Yellow wastewater

|9 Bisinella et al. (2020) < Tapm > =< TX S [NH,) x [POs] x [Cr]
’ Ky + [NH,]  Kp +[POs] K¢+ [Cr]
Flow Photolimited Nutrient limitation
Nutrient concentrations growth

with < rx > biomass productivity in light limited condition:
dcx

HCO, + 0,495H,0 + 0,159NH,* + 0,00650,% + 0,007P0,> >

o T<rx > —(D x Cx) and Ky=1.75 mM, K;=0.11 mM, K.=0.03mM
Stoichiometry

Chlorella vulgaris :

CHy,75000,413No,15950,006P 0,007 + 1,1290, + 0,8740H-

. Nutrient consumption—-> Hadj-Romdhane et al. (2012)

1,832 0,119 0,028




M m§g A EFFLUENT RECYCLING MODEL: DEFINITION

Simulating the use of building effluents as nutrient source for microalgae culture

Yellow water as nitrogen and phosphorus resource for microalgae production

Light flux *  Microalgae growth = Pruvost et al. (2012)
Yellow wastewater

|9 Bisinella et al, (2020) <o > ol 7 oh [NH,] « [PO,] y [Cr]

! 'l : i Ky +[NHy] " Kp +[PO,] " K¢ +[Cr]

F OW. . Photolimited Nutrient limitation

Nutrient concentrations arowth
with < rx > biomass productivity in light limited condition: i
X =< x> —(D X Cx) and Ky=1.75 mM, K,=0.11 mM, K.=0.03mM Mass balance:

Stoichiometry 1]
Chlorella vulgaris : T D X [Iijn=D X [I] = Y; X <Xy >
HCO, +0,495H,0 + 0,159NH,* + 0,00650,* + 0,007PO,> > Microalgae consumption

CHy,75000,413No,15950,006P 0,007 + 1,1290, + 0,8740H-

. Nutrient consumption—-> Hadj-Romdhane et al. (2012)

1,832 0,119 0,028




1.Thermalsymbiosis  [2.Efluentrecyding  |3Conclusionandperspectives
V) LQRiRS \ EFFLUENT RECYCLING MODEL: DEFINITION

Simulating the use of building effluents as nutrient source for microalgae culture

Yellow water as nitrogen and phosphorus resource for microalgae production

. Light flux . Microalgae growth = Pruvost et al. (2012) * Biomass productivity (g.m2d?)
*  Yellow wastewater * Purification efficiency (%) :
|9 . _ [NH,] [PO,] [Cr] Nww — [1]
Bisinella et al. (2020) STim > =S T >N e X K [POL] Ko  [Cr] n:%xmo
ww
FIow. . Photolimited Nutrient limitation * Environmental impact (kgco,.,)
Nutrient concentrations arowth

with < rx > biomass productivity in light limited condition:
% =< rx > —(D X Cx) and Ky=1.75 mM, K;=0.11 mM, K.=0.03mM
Stoichiometry din
Chlorella vulgaris : T D X [I]jn=D X [I] =Y; X < 1rxipp >
HCO; + 0,495H,0 + 0,159NH,* + 0,00650,* + 0,007PO,* >
CHy,75000,413No,15950,006P 0,007 + 1,1290, + 0,8740H-

Mass balance:

Microalgae consumption

. Nutrient consumption—-> Hadj-Romdhane et al. (2012)

1,832 0,119 0,028
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EFFLUENT RECYCLING MODEL: CASE STUDY

0\
loniaation <—|Harvesting < ....
0\

W-E:I't—':rct]ank [NH4]=5 g.L'1

[PO43"1=0.64 g.L"1
Yellow water

Dilution of yellow
water (dWW)

Process for recycling yellow water for cultivation of microalgae on a building facade

Simulation conditions:

(L]

- 1000 m? office building (AFNOR 100 people), yellow water
collected at 100% without dilution with flush water

- 350m? biofacade: alternating PBRs and windows
(67 100L PBRs)

- PBRs operated at constant light =270 umole,,.m=2.s!
(annual average in Nantes, France)

120
100
80
60
40
20

0
0 1 2 3 4 5 6 7
time [d]

Avg=34,70L/day

Yellow water production of a 1000 m? office building and
average weekly flow

Objective: maximal purification efficiency and biomass productivity
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Biomass productivity

. ._ Photolimited growth

n
=3
1

Purification efficiency

=} o
n L

Surface productivity (g.m-2.d-1)
o
L

o

5‘() 160 1\;){] 200
Retention time (h)

=}

Environmental impact
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s’

. .. A
Biomass productivity | _=»{ & —
L Photolimited
5115- -
E 104 -
@
0 T T T
0 50 100 150 200
Retention time (h)
B 12 ] Luminostat
The shorter the z - -
retention time, the A i
lower the biomasse N " b
concentration hence 2o : 1 i
the lower the dark ‘cEncm‘ i: ‘ z —'”‘/ ﬁ - Theoretical A) surface productivity and B) biomass concentration of
: s 2G=L Chlorella vulgaris as a function of retention time for a 3,8 cm deep PBR
volume in the reactor . | ‘ | operating at q=270 umole,, m 2.
0 50 100 150 200

Retention time (h)
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s’

Biomass productivity

. ._ Photolimited growth

n
=3
1

Purification efficiency

=} o
n L

Surface productivity (g.m-2.d-1)
o
L

o

T T T
50 100 150 200

=}

Retention time (h)

Environmental impact
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s’

Biomass productivity | _={ &, e~ | J Purification efficiency

5 b 4 dWW=10

b2 £a® v dWW=30
The more diluted the F B .
yellow water, the lower the £ )
biomass productivity = 3" .
nutrient limited growth §

2] ;

00 2‘0 4’0 6’0 5’0 160 1&0 14“0 1('50 1é0 200
Retention time (h)

Environmental impact
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EFFLUENT RECYCLING MODEL: RESULTS

Biomass productivity | _={ &, = w1 |
3 '.": 4 dWW=10
The more diluted the S <1 =
yellow water, the lower the £ I
biomass productivity = 91 e T
nutrient limited growth g / ’ E
00 2‘0 4’0 6’0 Bb 160 1&0 14“0 1('50 1é0 200

Retention time (h)

Purification efficiency

The more diluted the yellow
water, the higher the
purification efficiency

Purification efficiency (%)

@
=

@
=
1

B
o
1

N
o
I

o

= R v
AMAA A A A
] emes e o *
" dWW=1 | |
. o dWW=5
(R} - A dWW=10
1 - v dWW=30
T T TRt T B T T
0 20 40 60 80 100 120 140 160 180 200

Retention time (h)

Environmental impact
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Biomass productivity

The more diluted the
yellow water, the lower the
biomass productivity =
nutrient limited growth

EFFLUENT RECYCLING MODEL: RESULTS

20 = dWww=1 |
= " s dWW=5
5 N 4 dWW=10
‘\é‘ =g v dWW=30
o 15 oy A . i
e Al 2
2 1
2 |4
S 1  §

_§10 |v"
a ¥ v
g .l .
€ 54 v -
=3
(%) 1 1
vl
1
v
T S S SR
0 20 40 60 80 100 120 140 160 180 200

Retention time (h)

Purification efficiency

The more diluted the yellow
water, the higher the
purification efficiency

Purification efficiency (%)

804

60+

40 4

204

oty ¥ 1 v
——pas 4 a
e :
1
1
1
1
1
1
1
1
1
1 i
1 " dWW=1
: - * dWW=5
(B} A dWW=10
"r v dWW=30
B T !
0 20 40 60 80 100 120 140 160 180 200

Trade-off between purification efficiency and biomass productivity

=16 h, dWW-= 10 = biomass productivity about 15g.m>2.d"%, yellow water purification efficiency about 90%

Retention time (h)

Environmental impact
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Biomass productivity

The more diluted the
yellow water, the lower the
biomass productivity =
nutrient limited growth

EFFLUENT RECYCLING MODEL: RESULTS

204 = dWw=1 |
= " . s dWW=5
5 N 4 dWW=10
q |=Spae v dWw=30
S5 M Ay :
- Al 2
2 1
z |«

S 1  §
_§10 |v"
a ¥ v
g |
(%) 1 1
vl
1
v
T S S SR
0 20 40 60 80 100 120 140 160 180 200

Retention time (h)

Purification efficiency

The more diluted the yellow
water, the higher purification
efficiency

Purification efficiency (%)

804

= R v
-*AA A A

+-. ™ L4

1

1

1

1

1

1

1

1

1

1 i

1 " dww=1

: - * dWW=5

am = A dWW=10

"r v dWW=30

.l T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200

Trade-off between purification efficiency and biomass productivity

Retention time (h)

=16 h, dWW-= 10 = biomass productivity about 15g.m>2.d"%, yellow water purification efficiency about 90%

Environmental impact

With 90% yellow water purification: 60% of the annual nitrogen and 40%

of phosphorus is recovered for biomass production
=» Reduce the need for synthetic nutrients

ez p

o0 | N

quantity (kg.an-1)

\\
§ 1

]

Annual nutrient production of
the building annual nutrient
consumption of the microalgae

T
Building production

T
Microalgae consumption




,gﬂ'l:x

—

Conclusion | System model calculates:

* Energy consumption for building and PBRs thermal
regulation

* Optimal operating parameters to maximize biomass
productivity and yellow water purification

Promising terrestrial application of the MELISSA process to develop sustainable
buildings and microalgae cultivation systems

Perspectives | Use the system model for:
* PBRs optimization (passive cooling and mixing)
* Simulating building flue gas as a source of inorganic carbon for microalgae culture
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Renovation: SymBIO2 (2019)
CSTB Champ sur Marne

Pilot : 200 m2biofacade

SymBIO, consortium: JHEWID

O AlgSource o

BIOFACADE: PROJECTS

Construction: ALGUESENS (2023)
Paris 13

17 450 m? building
(housing and laboratories)

500 m?biofacade
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FAYAT GROUP Séché global solutions

KALITEC

MR CHRS G144
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Prices:
- Biofacade: 2000-3000 €/m?

- Technical room: 50 K€-500 K€

BIOFACADE:

- Biomass sales price: 450 (dry) -10000 (molecules of interest) €/kg

Maintenance: automation
+ 1 technician

Bubbling
5000

4000
3000
000
1
coz2 Warm

Staff Cold

Chemicals Water

Auxiliaries

Repartition of OPEX per PBR over a year (€)

PHOTOSYNTHESE

co,

PRODUCTION DE MICROALGUES ET PHOTOSYNTHESE

LABORATOIRE DE PREPARATION
DES SOUCHES ET DU MILIEU DE CULTURE

CUVE DE MILIEU DE CULTURE

APPORT D'EAU CLAIRE O
RECUPERATION DES EAUX PLUVIALES

PHOTOBIOREACTEURS

ALTERNANCE DE VITRAGES CLAIRS POUR
L

vk

a " g
i B
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Equation-based and object-oriented system modeling language

Objective: unify the object-oriented language by designing a new language for the representation of system models

[Mattsson, Sven Erik, et Hilding EImqvist. (1997)]

. . Libraries of standard or Interoperability
Multi-physics
new components (FMI standard)
* Thermal *  Mechanical
* Electrical * Biology

[ Euler Fixed step

DASSL: Runge Kutta }

Dopri45: Backward Differentiation Formulas
etc.

Solver: Integration algorithm types Variable step




M -Mg A YELLOW WATER FOR MICROALGAE CULTURE

— ﬁ‘&
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Biomass productivity = 11 g.m=2.d? Litterature :
With microalgae on good physiological state Tuantet et al. (2013, 2014, 2019)




dib PASSIVE COOLING POTENTIAL OF THE ACC

—

Simulation conditions :
- 48m? standard heavy weight building with thermal regulation 20°C-27°C

- 8m? microalgae biofacade (alternating windows and PBRs) with thermal regulation 15°C-35 °C

- Locations : Nantes (France) and Los-Angeles (USA)

Thermal balance on ACC

C . . . .
i = QCcoNVpyjiaing + QConvppr + Qwind

m X Cp X

QWind = dpir X Ashutters X C0 X Uwind gyt X Fying X (Tacc — Text)

with dAir air density [kg.m™3], A, ., Shutter area of the ACC [m?], Uwind,,, outdoor wind speed
[m.s71], F,ing = 0.025 empiric adjustment factor measured on the Symbio2BOX pilot

t=i
ACC energy saving = f |Qwind|

t=0

A) Standard building B) building with a microalgae-based biofacade

I Nantes, FRANCE
777 Los Angeles, USA

18 H 17

energy saving [kWh.m2.y™]

Annual energy savings by natural ventilation in the ACC,
in Nantes and in Los Angeles

In that case, the passive cooling effect provided by the ACC represents 16% of the system
cooling energy consumption in Nantes and 9% in Los Angeles




- Carbon: Gaz liquid transfer Microalgae consumption Supply

out
Ycoz *XPcop, Cr

Balance on liquid phase Lr kiax )
Hco, K

dt

i t
B YCOZ/X X< 1 > +D X (Cg)ltal - Ctooltl:al

WithK =1+ % + IZIZKZ chemical equilibrium constant of carbon
H H+
out
dac Ycoz *Pco [ Ge
Balance on gaseous phase —<22 = —k,a X [ =2—-2 — L) 4+ = X Aycoz
dt Hco, K Vi

Ycoz
dco,

With Aycg, = yib), — y2a¢ and yif,= , Ge gaz flow and VI liquid volume of the PBR

Calculation of the boiler flue gas flow as a function of the heating demand to regulate the
temperature of the building and the culture medium
Methodology : EN 12952-15

Hypothesis :
- 48m? standard heavy weight building with thermal regulation 20°C-27°C

- 8m? microalgae biofacade (alterning window and PBR) with thermal regulation 15°C-35 °C

Calculation :

Stoichiometric flue gas flow (m3.s) =S x P,
With $=0,240 m3.MJ* for natural gas and 0% O, dry 273.15K & 101.325kPa
And P, (MW) is the process heat release calculated with the thermal model of a building equipped with a biofacade

CO, FROM FLUE GAS AS A CARBON SOURCE FOR MICROALGAE CULTURE

o Gas flow (Ge)

Dilution of the
culture medium (D=1/1)

Flue gas from natural

- - o
gas boiler ycgfco}?;glo\id' %

Biomass for .
) -1
2 =!
WH o ) [N§_4] 59.L :
ater tan P04 =064 g.L
Y ellow wastewater
Dilution of yellow
wastewater (AWW)
Air i
Dilution of HC o3
flue gas(dCO,)) :
2 Carbonatation tank

flue gas flow (L.min-1)

7
6
5
4
3
2
1
0
0 100 200 300 400
time (d)

Stoechiometric flue gas flow produced by a natural gas boiler for
heating a building and its biofacade over a year in Nantes
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