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CARBON DIOXIDE IN OUR ATMOSPHERE




CONCEPT

FUTURE PLANS AGAINST THIS CAUSE O 1

2020-2030 EuROPEAN UNIONS CLIMATE PoOLICY - CO2 EMISSIONS
CUT GREENHOUSE GAS EMISSIONS BY 40%

o 2 5 GOAL REDUCE BY 100% oF CO2 EMISSIONS
- USING NEW/CLEANER ENERGY RESOUREGES
- CO-SITING, FACTORIES USING EACH OTHERS HEAT
- STORING CO2 UNDER THE SEA l

2030 ROTTERDAM CITY TO BECOME THE MOST IMPORTANT AND 3
INNOVATIVE HAVEN OF EUROPE (SUSTAINABLE)
PROGRESS IN MILIEU AND SPACE DEVELOPMENT - CREATIVE WAY
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CONCEPT
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- MORE THEN 72.500 ALGAL SPECIES
| SINGLE- & MULTICELLULAR EUKARYOTES
SALT- & FRESHWATER BASED SPECIES
LIVES IN DIFFERENT WEATHER CONDITIONS
CAN BE FOUND IN ANIMALS, LAKES, SWAMPS, RIVERS, RESERVOIRS,
ROCKS, S0OIL, ETC

R e

& NEEDS |3|:|2 TO CONVERT INTO Dz

b

- PURIFIES WASTEWATER
N
E' JOB CREATION ENGINE (IN THE FIELD OF ALGAE FARMING) POTENTIAL

» 220.000 uoss BY 2020




CONCEPT

ALGAE - CHOSEN SPECIES

* . , )
CHLORELLA VULGARIS
- SINGLE-CELL GREEN ALGAE BELONGING TO THE PHYLUM CHLOROPHYTA.

- CHLORELLA HAS A TOUGH, RIGID CELL WALL, AND THUS DISRUPTION OF THE

‘ CELL WALL IS REQUIRED FOR THE FACILITATION OF OIL EXTRACTION.
- IS KNOWN AS ONE OF THE FASTEST GROWING GREEN MICROALGAE.

- CAN ADAPT TO DIFFERENT TYPES OF WASTEWATERS, WITH NO LAG PHASES

. OBSERVED.
p
-

DISRUPTION METHODS

hIV|EI3HANII::AL CRUSHING, ULTRASONIC TREATMENT AND ENZYMATIC DEGRADA-
TION, CAN BE EMPLOYED FOR CELL-WALL DISRUPTION.

!REISJLIIREMENTS
LIGHTING: 60 MMOL/M2/s PPF ~ 3250 LUX
COZ2 FIXATION: 15% -> 624 MG/L.DAY
' GROWTH TEMPERATURE: 25 - 30 DEGREES CELCIUS

LIQUID CIRCULATION VELOCITY: 0,55 M/s

.
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EXISTING ALGAE SYSTEMS

e

LSS TT

PHDTDBIDREACTDRS FLAT PLATES
RACE PONDS GREEN BAGS




OBJECTIVES

ALGAE SYSTEM - PROSPECTS & LIMITATIONS

02

NS

A

RACE/OPEN PONDS

PROSPECTS

- SIMPLE AND EFFICIENT TREATMENT
- CHEAP AND EASY TO MAINTAIN

4

|

LIMITATIONS /

’- HIGH RISK OF CONTAMINATION, EASY ACCESS FOR INSECTS ,
= HIGH WATER EVAPORATION, RESULTING IN SALT PREPITATION HAZARD
= SEASEINAL, ESPECIALLY FOR THE NETHERLANDS /’
A X
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OBJECTIVES

ALGAE SYSTEM - PROSPECTS & LIMITATIONS 02

GREEN BAGS

PROSPECTS

3 LARGE ILLUMINATION SURFACE AREA, SUITABLE FOR OUTDOOR CULTURES
HIGHER BIOMASS PRODUCTIVITY MASS PER AREA AND DAY (COMPARED TO OPEN PONDS)

5 HIGHER QUALITY BIOMASS

VERY LOW RISK OF CONTAMINATION
= RELATIVELY CHEAP

= NO EVAPORATION

LIMITATIONS
-GRADIENTS OF PH
-DISSOLVED OXYGEN AND COZ2Z ALONG THE TUBES

. “
1

-FouLING
"% -SOME DEGREE OF WALL GROWTH
‘ -REQUIRES LARGE LAND SPACE

e T, ' A T R8N s o
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ALGAE SYSTEM - COMPARISON CHART

h -~ -

OBJECTIVES

02
¥

PBR RACE/OPEN POND GREEN VBAES:'

WATER MEDIA (TONS)

AREA REQUIREMENT (M?) 250 250 1200
AREAL PRODUCTIVITY (KG/M?/DAY) RN 4 0,14 0,05
CONTAMINATION RISK 43l o W 2
EVAPORATION LOSSES T, AT L S
ENERGY REQUIREMENT 2 I B
OVERHEATING POTENTIAL it - FUR B8 125 5 LRI T
STAFF REQUIREMENT _ e L SRR AP
MAINTANCE COSTS - PO, T TR -
PERIODIC MAINTANCE REQUIREMENT ++ 44+ SN FEECE
IRREVERSIBLE SYSTEM FAULTS oL, P g + - i L
MICROBIOLOGICAL SAFETY a B U e Ll |
AIR CLEANING CAPACITY + + ++
WASTE GAsS UseE CAPACITY S £ 4
PRODUCTIVITY STABILITY + + + +++

(SEASON, TEMP, SUNLIGHT, ETC)
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OBJECTIVES

ALGAE SYSTEM - REQUIREMENTS 02
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OBJECTIVES

ALGAE SYSTEM - VELOCITY REQUIREMENTS 02
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OBJECTIVES

02

ALGAE SYSTEM - TUBING REQUIREMENTS

0
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DIRECT RADIATION
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LURBAN ANALYSIS

BENEFITS OF ALGAE TO ROTTERDAM CITY O3
‘_-m- — D F W L e

Algaeculture

-~ SEED -> Algal Pond Population

-
@

Race Pond

v

Pk

e Algae oil Algal
Green Bags Harvesting Extraction Qil Refinery

i e @UT

Resulting Biomass

s
Gas and water .
Conditioning

. BUREE. ST

Photobioreactor
Recycled water

CO2 - City Pollution

B iR

Animal Feed Fish Feed Nutraceuticals Chemicals Fuel

Oxygen rich H20

e

"ROTTERDAM
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LURBAN ANALYSIS -

FUTURE DEVELOPMENT

URBAN ANALYSIS D 3
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URBAN ANALYSIS

CONTEXT FUNCTIONS ANALYSIS 03

LAT 51°53'51.83"N
Lon 4°27'48.93"E




URBAN ANALYSIS

EXPECTATIONS - VISITORS 03

waterbus=




GOALS
- ATTRACTING PEOPLE TO THE SOUTH SIDE OF ROTTERDAM.

- EXPERIENCE THE BENEFITS OF ALGAE ON DIFFERENT SCALES.
- PRODUCTION OF ALGAE BID-BASED PRODULCTS.
- CLEANER ENVIRONMENT FOR ROTTERDAM CITY.

- CONNECTING THE DIFFERENT COMMUNITIES.

SuUuB GOALS
- OFFERING NEW JOB OPPORTUNITIES.
- AWARENESS OF THIS ALGAE MOVEMENT.

- LANDSCAPE INTEGRATION IN ITS ENVIRONMENT FOR PERMANENT USAGE.




DESIGN STRATEGY

ARCHITECTURAL QUALITIES CATALOGUE 03

EXTERIOR

A_m’:

PuBLIC SPACE




DESIGN STRATEGY

ARCHITECTURAL QUALITIES CATALOGUE 03

INTERIOR

ALGAE




URBAN ANALYSIS

PROGRAM - FUNCTIONS & EXPECTATIONS 03
‘;.' . i A S B. G . '
REQL“RED AREAS EXPECTATIONS
Biolab 1000m?] Total visitors 70.000.000

¢ Exhibifion Space - IB00m?] Per day 70mil/ 180days= 390.000/day
SCofe/ Restaurant 0O m?

|nfO boofh I : ]50 |n ® pOViIiOn/dOy =

«' System Room

MBS (visotors a day/amount of pavilions)

Dock/Ferry 200m2 390.000/192 = 2031 /day in a pavilion
Conference Hall OO
Off.ic.:es Bl 400m?] |, o pavilion/hour=2031/10h= 203 /hour
Utilities [_100m*| m2/people = 7000m2/203 = 34,5 m?
-.-"TOTOI 5350m? uUser Grours
* Communication space
30% of total = 1605m? ! :
* Total 6955m? " ﬁ&
VISITORS KIDS B'OLOGISTS
# EN\PLOYEES SCIENTISTS
‘o e . N B "Wy A A




LURBAN ANALYSIS

PROGRAM - CONNECTIVITY

Exhibition
Space

Strong F
Medium 1/2F
Weak 114 F

[ 1]
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PROGRAM - ALLOCATION REANANATER I 3

Lat 51°53'51.83"N FUNCTIONS
LaoNn 4°27'48.93"E . INFO BOOTH
CONFERENCE HALL
. EXHIBITION SPACE
RESTAURANT
BioLaAaB

SysTEM Room

NDUNWN -

OFFICES




URBAN ANALYSIS

LANDSCAPE MANIPULATION 03
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DESIGN STRATEGY

FIRST ATTEMPT GEOMETRY - FORCELINES 03
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DESIGN STRATEGY

FIRST ATTEMPT GEOMETRY - FORCELINES

FORCELINES - HEIGHT OF GEOMETRY i k’ 4
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DESIGN STRATEGY

FIRST ATTEMPT GEOMETRY - FORCELINES 03




DESIGN STRATEGY

FIRST ATTEMPT GEOMETRY - FORCELINES 03
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DESIGN STRATEGY

LANDSCAPE MANIPULATION

03
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DESIGN STRATEGY

LANDSCAPE MANIPULATION

03
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DESIGN STRATEGY

LANDSCAPE MANIPULATION 03

LANDSCAPE GRID - HEIGHT OF GEOMETRY
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DESIGN STRATEGY

LANDSCAPE ANALYSIS - CONTINUOUS FLOW




RADIATION ANALYSIS -




RADIATION ANALYSIS -




DESIGN STRATEGY

RADIATION ANALYSIS - SHADOW FORECAST




DESIGN STRATEGY

RADIATION ANALYSIS - SHADOW FORECAST 03
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DESIGN VS SYSTEM

FUNCTIONS

PAVILION  m—

REQUIREMENTS

ALGACULTURE mem REQUIREMENTS m—m—

K e

CONFERENCE HALL
EXHIBITION SPACE

RESTAURANT
OFFICES
BioLAB
SYSTEM RooMm

LIGHT INTENSITY
VENTILATION
TEMPERATURE
VIEW - SIGHT
SounND (DB)

LIGHT INTENSITY
TEMPERATURE
WATER VELOCITY
TUBING

- T

DESIGN STRATEGY

= S o T
| &
W r A vl .

—— | NFO BOOTH

—=SMART GLASS
—FIBER OPTIC GUIDES
— ALGAE WATER
—S EA WATER
——DIAMETER

=D ENSITX

. P

03

.



DESIGN

EVOLUTION OF FORM O4




EVOLUTION OF FORM
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DESIGN

EVOLUTION OF FORM O4




DESIGN

EVOLUTION OF FORM O4




DESIGN

EVOLUTION OF FORM O4




FLOORPLAN O

DESIGN

04



FLOORPLAN -1
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DESIGN

04

FUNCTIONS

INFO BooTH
CONFERENCE HALL
EXHIBITION SPACE
RESTAURANT
BioLaB

SYSTEM RoOOM
OFFICES

1:500



DESIGN

ELEVATION - NORTH a4




DESIGN

ELEVATION - EAST O4




DESIGN

ELEVATION - SOUTH 04




DESIGN

ELEVATION - WEST 04
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PRINCIPLES

CLIMATE PRINCIPLES - ACTOR’'S MOVEMENT 04
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PRINCIPLES

CLIMATE PRINCIPLES - ACTOR’'S MOVEMENT
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PRINCIPLES

CLIMATE PRINCIPLES - ACTOR’'S MOVEMENT
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PRINCIPLES

CLIMATE PRINCIPLES - ACTOR’'S MOVEMENT
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PRINCIPLES

CLIMATE PRINCIPLES - ACTOR’'S MOVEMENT




PRINCIPLES

CLIMATE PRINCIPLES - ACTOR’S MOVEMENT 04




PRINCIPLES

CLIMATE PRINCIPLES - FUNCTION REQUIREMENTS 04

FUNCTIONS

INFO BoOOTH
CONFERENCE HALL
EXHIBITION SPACE
RESTAURANT
BioLAB

SYSTEM Room
OFFICES

EAUUI SR LI

2
1/15 ™M
2 DOE 1/1 g MZ NG
— 20°C
People flow per hour
1.2
1
0.8
E
0.6
~
Q.
04
0.2 N
i N
01 23 45 6 7 8 9 10/1112/13/141516 1718 19 20 21 22 23 24
— System RoOm 0.10.20.30.40.50.50.50.50.50.504040.2 0
~—=Conference Hall 004071 106021 1 108050301
Biolab 0 0.1030405050.4040.30.30.20.20.1 0
= Exhibition Space 0.10.30.50.50.50.50.50.50.50.50.50.50.40.3
== |nfo Booth & Entrance 03/1(1(1/1/142|2]2|1/1/1]|103
——=Restaurant 0.1040508 1 110303031 10602

—Qffice 0.10.10.10.10.1/0.10.10.10.10.10.10.10.10.1




PRINCIPLES

CLIMATE PRINCIPLES - INTERIOR WALLS 04

44-53 DBA

®

FUNCTIONS

INFO BOOTH
CONFERENCE HALL
EXHIBITION SPACE
RESTAURANT
BioLAB

SYSTEM ROOM
OFFICES

EROIRUIE R L

@
48-52 DBA

/

57-67 DBA /
/ 35-44 DBA

[ @

35-44 DBA

44-53 DBA

48-52 DBA



CLIMATE PRINCIPLES -

NATURAL VENTILATION

e e eyt gt

———— —
& " s rn s mi

PRINCIPLES
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PRINCIPLES

CLIMATE PRINCIPLES - NATURAL VENTILATION 04




PRINCIPLES

CLIMATE PRINCIPLES - MECHANICAL VENTILATION 04







PRINCIPLES

CLIMATE PRINCIPLES - ALGAE COMPONENTS 04

=~ ACRYLIC TUBING

~ FIBER OPTIC LIGHT GUIDES

= CODOLING UNIT

»~ FEEDING UNIT

»~ COMPUTERIZED CONTROL PANEL
= CONDUCTIVITY METER

~PH METER + ALGAE COUNTER
~ HARVESTING FILTERS

~ MOTOR PUMP

N-MOTOR PUMP

N~ PLASTIC BAGS

N~ UV STRIPS

N COMPUTERIZED CONTROL PANEL

MOTORIZED PADDLE
N\~ FEEDING UNIT

N~ COOLING UNIT

N\~ CONDUCTIVITY METER

N-PH METER + ALGAE COUNTER
N~ HARVESTING UNIT

\—GAS EXHAUST (I:Iz = CD: ANALYZER)
MEDIUM INLET
ALGAE FILTER (OPTIONAL)

HAND HELD PH METER
HAND HELD ALGAE COUNTER

HAND HELD CONDUCTIVITY METER




PRINCIPLES

CLIMATE PRINCIPLES - SEAWATER CONNECTION

w-

04

waterschap
Hollandse
Delta



PRINCIPLES

CLIMATE PRINCIPLES - SMART GLASS 04

FUNCTIONS

INFO BOOTH
CONFERENCE HALL
EXHIBITION SPACE
RESTAURANT
BioLAB

SYSTEM RoOOM
OFFICES

EROIRUIE R L




TECHNOLOGY

SECTION AA’ 05
," = ~ FUNCTIONS

1. INFO BDOTH
CONFERENCE HALL
EXHIBITION SPACE
RESTAURANT
BioLAB

SYSTEM Room
OFFICES

N




TECHNOLOGY

SECTION BB’ 05

CTIONS
INFO BOOTH
CONFERENCE HALL

EXHIBITION SPACE

R AURANT
AB




TECHNOLOGY

SECTION CC’ 05
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TECHNOLOGY

DETAIL 1:20

1. IN SITU CONCRETE FLOOR 400MM

2. INSULATION (ROockwOOL) 400MM

3. IN SITU CONCRETE WALL 700MM

4. REINFORCEMENT

5. PREFAB CONCRETE SLAB 100MM

6. PHOTOBIOREACTOR TUBING PVEC-C 100MM
7. PREFAB CONCRETE CAP 100MM




TECHNOLOGY

DETAIL 1:20

R

1. IN SITU CONCRETE WALL 400MM

2. GYPSUM PLATING 20MM

3. MAIN SEAWATER TUBING 70MM

4. MAIN ALGAE TUBING 200 MM

5. PHOTOBIOREACTOR TUBING PVEC-C 100MM
6. ALUMINUM PROFILE

7. INSULATION (RockwooOL) 400MM




DETAIL 1:5

TECHNOLOGY

05

1. IN SITU REINFORCED CONCRETE WALL 400MM
2. INsuLATION (ROCkwoOOL) 400MM

3. MAIN ALGAE TUBING 200 MM

4. FIBER OPTIC LIGHT GUIDES

5. MAIN SEAWATER TUBING. Z8MM

6. PHOTOBIOREACTOR TUBING PVEC-C 100MM

7. ALUMINUM PROFILE

8. PREFAB CONCRETE CAP 100MM
9. CONCRETE TILE 15MM

10. PREFAB CONCRETE SLAB 100MM
11. SMART GLAsSsS PD-LC

12. GLASS - WATER LAYERED




TECHNOLOGY

DETAIL 1:5 05
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1. IN SITU REINFORCED CONCRETE WALL 400MM

2. MAIN ALGAE TUBING 200 MM
3. PHOTOBIOREACTOR TUuBING PVC-C 100MM

4. SMART GLASS PD-LC + SEA WATER LAYER

5. SEA WAYER LAYER WINDOW FRAME
6. MAIN SEAWATER TUBING 70MM

7. ALUMINUM PROFILE

8. GYPSUM PLATING 20MM

9. SEA WATER CONNECTING TUBE

10. INSULATION (ROCKkwDOL) 400MM




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05

IN SITU REINFORCED CONCRETE WALL




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05

IN SITU CONCRETE FLOOR




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05

INSULATION (ROCKkwOOL)




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05

GYPSUM PLATING




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05

PREFAB CONCRETE SLAB




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05

PREFAB CONCRETE CAP




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05

IN SITU REINFORCED CONCRETE




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05

IN SITU CONCRETE FLOORS & WALLS




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05

INSULATION (ROCKkwOOL)




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05

GYPSUM PLATES




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05

ALUMINUM PROFILES




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05

SEAWATER TUBING




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05

MAIN ALGAE TUBING




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05

ALGAE TUBING




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05

ALGAE BaGs
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TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05

GLASS - WATER LAYER

—

<

/ |
. y . 7
- o y !

g\ [
\



TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05

SMART GLAass PD-LC

/
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TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05

PREFAB CONCRETE SLAB




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05

PREFAB CONCRETE CAP




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05

CONCRETE TILES




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER S

” %: : ! IN SITU REINFORCED CONCRETE WALL & FLOOR




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER ‘EIS




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05




TECHNOLOGY

05




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05

2 WATER LAYER




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05

LASS PD-LC




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05

-lb‘g CRETE SLAB




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05




TECHNOLOGY

DETAIL - FRAGMENT BUILD ORDER 05




CALCULATIONS

ALGAE SYSTEM - ARCHITECTURE VS FUNCTIONALITY 05

A & B GSWEC.
- ’ : .

s

. CONTAINING CONTAINING £,
ALGAE BAGS: 585,75 M?> (38 PCcs) ALGAE BAGS: 299,68 M2 (262 PCs)
PBR TuBING: 3995,25 M (183 PCcs) PBR TuBING: 6617,92 M (324 PCSs)

- ARCHITECTURAL INTEGRATION WITH PAVILION NO INTEGRATION WITH PAVILION

- RELATION TO FUNCTIONS BENEATH - GOES FOR OPTIMUM FUNCTIONALITY

NO RELATION WITH FUNCTIONS BENEATH

- NO RELATION BETWEEN MACRO- AND MESO

SCALE

- RELATION BETWEEN MACRO- AND MESO SCALE

e

L

T Bl Ao ™ 8N s o




CALCULATIONS

ALGAE PRODUCTION & SALES 05

Bl e, AR 0w, B ST Y

GREEN BAGS PHOTOBIOREACTOR TUBES i

AMOUNT: 38 AMOUNT: 183 (LENGTH: 3995 ™M)

VOLUME: 585,75 M* x 0,1 Mm= 58,575 m> VOLUME: T X R X L
i = 58.575 pM? (L) mTx (0,05)2x 3995= 31,38 L
ﬁPRDDUGTlDN PRODUCTION

1 DAY 1 DAY
BWITH 20% CD? FIXATION = 0,624 G/L.DAY WITH 20% CO? FIXATION = 0,624 G/L.DAY
.TDTAL: SBE7E X 0,624 = 36.551 G/L.DAY ToTAaL: 31,38 x 0,624 = 19.581 G/L.DAY
! = 36,551 KG/L.DAY = 19,581 KG/L.DAY
¥ PRODUCTION COSTS PRODUCTION COSTS

FLAT PANELS: €42,32 PER KG PBR 1 ACRE PRICE: €44 PER KG

TOTAL: 36,551 X €42,32 = €1.546 PER DAY | TOTAL: 19,581 x €44 = €861.56 PER DAY

4

l“.’SELL COST SELL COST
GREEN ALGAE PIGMENTS: €900 PER KG GREEN ALGAE PIGMENTS: €900 PER KG
ToTaL: 36,551 x €900 = €32.895,9 ToTaL: 19,581 x €900 = £17.622,9 -

PrRoOFIT: €31.349,90 PrRoFIT: €16.761,34
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THANK YOU
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