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RESEARCH

“Hydrogen could be the missing link in the energy transition”

International Renewable Energy Agency

Source: Hydrogen from renewable power: Technology outlook for the energy
transition, IRENA (2018)
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RESEARCH
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Fossil Fuel Depletion
Energy Transition

2101

é 72 Years
Left

42 Years
Left

34 Years
Left

Source: CIA World Factbook.gov (2018)
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27%

19%

15%

RESEARCH

1% 8% 6% 4%

European Primary Energy
Energy Transition

-I--‘-

Source: SKY SCENARIO, Shell International B.V. (2018)
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RESEARCH

PRODUCTION PEAKS & LOWS

140%4N
120 % —
116%_+
100 %
80 %
60 %
40 %
| | |
Jan 01 June 24 Dec 31

Denmark Renewable Production
Renewable Energy Sources

Source: Denmark generates record 140% of its electricity needs from wind
power , Climateaction.org (20195)
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RESEARCH

Balancing Renewables
Renewable energy sources



RESEARCH

CURRENT ENERGY STORAGE
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Upscaling: Storage

Renewable Energy Sources
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CONCEPT

Tesla’s Powerpack 100 MW

Renewable Energy Sources
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PUBLIC HEALTH

ENVIRONMENTAL

ECONOMIC

RESEARCH

LITHIUM-ION

The Lithium-lon battery

Storage Issues
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LITHIUM-ION

RESEARCH

2100

LITHIUM DEPLETED
Based on reserves

€3 5%

to 9%
RECYCLABLE

The Lithium-lon battery

Storage Issues
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How can we rightfully store
renewable energy?

RESEARCH

HYDROGEN GAS
ENERGY STORAGE

2

i’

Hydrogen Gas energy storage
Renewable Energy Storage sollution
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RESEARCH

The Hydrogen gas storage principle
Hydrogen gas storage systems

+ SOUTHEAST
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RESEARCH

145 times more
storage capacity}

Transmission

losses equal by
2100

>

85% less resource
extraction

»

99% less polluting
4

+ @ 5 -

Hydrogen Gas energy storage
Renewable Energy Storage sollution

Vo
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RESEARCH

SCENARIO

HYDROGEN GAS ENERGY STORAGE FACILITIES WILL BE
PART OF OUR FUTURE OF ENERGY FOR THE STORAGE OF
THE SURPLUS OF RENEWABLE ENERGY.

Scenario
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PROBLEM STATEMENT

“HOW CAN THE
STORAGE OF ENERGY IN HYDROGEN BE
TRANSLATED IN A SPACIAL CONCEPTTO
BECOME PART OF THE URBAN
CONTEXT?

RESEARCH

Problem Statement

____________________

____________________
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ENERGY IN
AMSTERDAM-ZUIDOOST

“How does the concept of hydrogen energy storage
relate to the energy trajectory of amsterdam?”
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ENERGY IN
AMSTERDAM-ZUIDOOST

o) WIND POWER
+ O By2100
“®- o) SOLAR POWER
y [/ [/ I |

y/ /| |

]
1 50/ NUCLEAR POWER
O By2100

prognoses main actors Source: Source: SKY SCENARIO, Shell International B.V. (2018)
Energy Production
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306.000

MWH/YEAR

ENERGY IN
AMSTERDAM-ZUIDOOST

Residential Consumption
Southeast Energy Consumption

41%
29%
14%
15%

3%

1800

KWH/YEAR

2950
KWH/YEAR

4000

KWH/YEAR

4600

KWH/YEAR

5300

KWH/YEAR

2100

Source: Wat-is-een-gemiddeld-energieverbruik, Energiesite.nl (2018), Hu-
ishoudens; samenstelling, grootte, regio CBS (2018)

306.000
MWH/YEAR

Residential district
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ENERGY IN
AMSTERDAM-ZUIDOOST

©) >20 115
9 1 /0 El KWH/YEAR

/m2
o <20 60
9 /0 KWH/YEAR
/m2
MWH/YEAR 1.224.000
MWH/YEAR
Business district
Innovation Axis
Corporate Consumption Source: Energieverbruik kantoor, Minder.nl (2018)

Southeast Energy Consumption
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ENERGY IN
AMSTERDAM-ZUIDOOST

What if 60* percent of energy required for
consumption would be stored in Hydrogen gas )
storage facilities?

What if? *based on the Denmark case
Renewable Energy storage

HYDROGEN GAS
ENERGY STORAGE
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ENERGY IN
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Future hydrogen storage facilities
Renewable Energy storage
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ENERGY IN
AMSTERDAM-ZUIDOOST

Future hydrogen storage facilities
Renewable Energy storage

2100

918.000
MWH/YEAR

10 x 33 MW
FACILITIES

Business district

Innovation Axis

Residential district

Hydrogen gas energy
storage facilities
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CONCEPT

“How can this necessary storage of energy in hydrogen be
translated in spacial concept in symbiosis with its urban con-
text?”
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CONCEPT

A series of facilities
Urban hydrogen energy storage facility

AN ||
-

A SERIES WITH SAME PRINCIPLE
FOR WHICH ONE IS DEVELOPED
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CONVERSION OF
ENERGY

STORAGE OF
ENERGY

DISTRIBUTION OF
ENERGY
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CONCEPT

Hard Program of Requirements
Urban hydrogen energy storage facility
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RESEARCH

FEEL OF
SAFETY

DISTINCTIVE @ , -

RELATIONSHIP WITH
CONTEXT

4
i

Symbiosis

Soft Program of Requirements
Urban hydrogen energy storage facility



CONCEPT
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Energy System= reason of building
Urban hydrogen energy storage facility



SOUTHEAST

CONCEPT

02

H2

Energy System= reason of building

Urban hydrogen energy storage facility
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H2 hydrogen gas

CONCEPT

+

ENERGY STORAGE
VESSEL

Making full use of the system
Urban hydrogen energy storage facility

XX

STORAGE &
PRODUCTION SPACES
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H2 hydrogen gas

02 pure oxygen gas

0 oxvdgen

CONCEPT

+

ENERGY STORAGE
VESSEL

————————————

____________

BYPRODUCT

Making full use of the system
Urban hydrogen energy storage facility

XX

STORAGE &
PRODUCTION SPACES
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H2 hydrogen gas

02 pure oxygen gas

0 oxvden

CONCEPT

+

ENERGY STORAGE
VESSEL

————————————

____________

BYPRODUCT

Making full use of the system
Urban hydrogen energy storage facility

XX

STORAGE &
PRODUCTION SPACES

————————————————————

____________________
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CONCEPT

2019 Oxygen therapy

Urban hydrogen energy storage facility
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CONCEPT

2019 Oxygen training

Urban hydrogen energy storage facility
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CONCEPT

02

SPORTS HEALTH
Enhance endurance Relief stress & pollution
Increase concentration
Beneficial to lung diseases
Energizing

Source: The Benefits of Oxygen Therapy,

Combining applications Verywellhealth.com (2019)
Urban hydrogen energy storage facility
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CONCEPT

THE SYSTEM AS CREATOR
OF SPACES

The Concept

Urban hydrogen energy storage facility
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CONCEPT

|'|2 02
1 o .1 2 " PUBLICLY ACCESSIBLE
OXYGEN THERAPY
ENERGY STORAGE

The Concept

Urban hydrogen energy storage facility
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CONCEPT

D

What could 2100 oxygen therapy
spaces look like?
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Inflatable spaces
Urban hydrogen energy storage facility
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Inflatable spaces
Urban hydrogen energy storage facility
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CONCEPT
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2100 Oxygen therapy

Urban hydrogen energy storage facility
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H, production takes urban space,
while shaping new spaces.

CONCEPT

H,= Air

Spacial concept
Urban hydrogen energy storage facility

Air the literal base
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PHYSICAL
Accessible exercise
Relief physical strains

CONCEPT

e

SOCIETAL
Activities
adaptive to community

Aims
Urban hydrogen energy storage facility

+

ENERGY
Replacement of
lithium batteries
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Health and sport centres

CONCEPT

e

Dynamic public spaces

What does it offer?

Urban hydrogen energy storage facility

+

Renewable energy storage
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RESEARCH

Facility Sites
Urban hydrogen energy storage facility
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CONCEPT

| area
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ident

Res

use area

ixed

Business district

Sub-functions reponds to site character
Urban hydrogen energy storage facility
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CONCEPT
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Chosen Project facility
Urban hydrogen energy storage facility
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THE ENERGIZER

Project facility
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THE ENERGIZER
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Source:

Site: Innovation Axis

The Energizer
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THE ENERGIZER

Source:
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The Energizer

Site
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THE ENERGIZER

Site
The Energizer
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site disturbance

Minimal
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THE ENERGIZER

Shape

The Energizer

§nnn

A 4

Below ground to connect to the grid
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“ THE ENERGIZER

G0 0D,

HIGH H2 LOW H2
PRODUCTION PRODUCTION

Return the public space with a
distinct character

Shape

The Energizer
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THE ENERGIZER
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THE ENERGIZER
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PLAY FLOOR

GROUND FLOOR

-1 BASEMENT
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THE ENERGIZER

Routing

Ground floor
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THE ENERGIZER

Routing concepts
-1 Basement
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THE ENERGIZER

Materials
-1 Basement
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THE ENERGIZER

Routing

-2 Basement

Pressure sluice
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THE ENERGIZER

Routing

-2 Basement
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THE ENERGIZER
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~ Activities
The Energizer
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THE ENERGIZER

OXYGEN SPA’S
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How is the oxygen sport centre created?

Inflatable spaces Source:

The Energizer
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THE ENERGIZER

—AInn

(ETFE) ETHYLENE
TETRAFLUOROETHYLENE

ok

Inflatables principle
The Energizer



THE ENERGIZER
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FRESH AIR INLET

FRESH AIR INLET

THE ENERGIZER
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THE ENERGIZER

YOGA

BOULDER HALL
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THIRD FLOOR\

SECOND FLOOE§

-2 BASEMENT
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Second floor
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THE ENERGIZER

Routing
Third floor
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THE ENERGIZER
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Water squares
The Energizer

Dynamic public spaces
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STORAGE PLATFORM

ENERY STORAGE
FACILITY
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POLYMER FRAME STRUCTURE
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ANCHOR FLOOR

Pel

MAIN COLUMNS

Multi purpose column

CONCRETE BASEMENT
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APPENDIX
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HOW TO USE

i 2

ACCIDENT!
POINT [

FIRE STATION

Net Guard flew immediately to the scene
of the accident when the victim called for
help.

The Net Guard breaks down from a whole
into four parts and then forms a net in
order to catch the victims.

e

Net Guard arrives at the scene of the fire.

The victims will be safely sent to the
ground and handed over to rescue
workers.

APPENDIX

Fire safety
Appendix
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APPENDIX

Fire safety
Appendix
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APPENDIX

CURRENT EFFICIENCY FUTURE POTENTIAL
2% 100%
EE | 8: 0
V—— 1 Direct g —— ,
mangngsy AVAVAIR > i "’..-= Direct

7%

Hydrogen gas storage efficiency Issue
Appendix



DISTRICT
SPECIFIC

DISTRIBUTION
SYSTEM

ENERGY STORAGE

ELECTRICITY-TO
-HYDROGEN
CONVERSION SYSTEM

THE ENERGIZER

THUGA FALKHAGEN

VISITORS CENTRE

B N

GAS PRESSURE
REGULATOR STATION

ELECTRICAL GRID
CONNECTION

GAS PRESSURE REGULATOR

ELECTROLYSER SYSTEM

Case study program bars

The Energizer

MAINZ

I

—

| L] |

VISITORS CENTRE

ELECTRICAL GRID CONNECTION

HYDROGEN GAS STORAGE

WATER TREATMENT PLANT

GAS PRESSURE REGULATOR STATION

ELECTROLYSER SYSTEM
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THE ENERGIZER

SOUTHEAST
SQUARE ENERGIZER

- GYM, YOGA STUDIO, BOULDER HALL
SITRICT OXYGEN SPA
SPECIFIC —
L DRESSING ROOMS
DISTRIBUTION [ — —
SYSTEM — WORKER AREA General employee
spaces
ENERGY STORAGE _ -
ELECTRICAL GRID CONNECTION
DISTRIBUTION —
o SYSTEM CONVERSION FUEL CELL
GAS PRESSURE REGULATOR
» STATION
ENERGY STORAGE
HYDROGEN GAS STORAGE
ELECTRICITY-TO
-HYDROGEN
CONVERSION SYSTEM SN |
B N DIRECT CURRENT STATIONS
ELECTRICITY-TO WATER TREATMENT PLANT
-HYDROGEN
L CONVERSION SYSTEM ]
ELECTROLYSER SYSTEM
TOTAL SURFACE

Project Program
The Energizer



