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Toyota FCV-R - Fuel Cell Concept Car (2015)

Fascination
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Fascination

Electrolysis Electrolyser
>

2 H,O + Energy = 2H2 + OQ

Liquid Electricity

<
Oxidation Fuel Cell
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Experimental in Architecture
Hydrogen Technology Research feasibility and usage in architecture

Energy self-sufficient (different than energy neutral)
Using the hydrogen technology
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Experimental in Architecture
Hydrogen Technology Research feasibility and usage in architecture

Energy self-sufficient (different than energy neutral)
Using the hydrogen technology

Facts

+ Lightest gas (H2)

* Electrolysis: H20 (Liq) > 2H2 (gas) + O2 (gas)

*+  Water is abundant on the surface of Earth

* No CO2 emission during the production and use of hydrogen

How? Energy Storage i -
e

* In combination with renewable energy (Solar, Wind)
+ Lighter than battery system
* No toxic metals

*+ Large gas volume > Compression required
+ Extremely explosive > Strong tank required, save place
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Hydrogen Technology in buildings

[ ] 1 1 |
s ) ) | |
e el
— | |
et
l Hz ‘+—|—QO—-::. I___S
Hydrogen
Inverter
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Restaurant & Exposition

Feasibilty tested in Pavilion Mscl project
. Restaurant

*  90m2 Wind Turbine

e 80 m2 Solar Panels

Compressed Hydrogen stored in “legs”
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Hydrogen Technology - examples

Progressive in hydrogen technology. We want to become Hydrogen City!

Projects:
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Hydrogen Technology - examples

Progressive in hydrogen technology. We want to become Hydrogen City!

Projects:
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Map of Amsterdam
NDSM
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Map of Amsterdam

NDSM
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Amsterdam North-West
NSDM - east
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NSDM - east

NDSM-East
Amsterdam North
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Impressions
NDSM-East
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Impressions
NDSM-East
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NDSM-East
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Impressions
NDSM-East
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Energy experimental site

. ‘De Broedplaats’ wants to be energy self-sufficient : De energie maatschappij, dat zyn wij!
. Energy experimental site > Kunst en energieroute
. There are already some projects

. Heatpump & heating + cooling storage

. Passive solar energy
. Electric charging point

. Bio fuel tank station

. Wind turbine in the old crane
. Heating network
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Energy experimental site

. ‘De Broedplaats’ wants to be energy self-sufficient : De energie maatschappij, dat zyn wij!
. Energy experimental site > Kunst en energieroute
. There are already some projects

. Heatpump & heating + cooling storage

. Passive solar energy
. Electric charging point

. Bio fuel tank station

. Wind turbine in the old crane
. Heating network

Environmental conditions

. - Good view over the IJ-river, harbor, Amsterdam Center
. - Open site: sun, wind, water > energy experience

Add1t1on for NDSM-East
Active Solar & Wind energy + Hydrogen Storage
. Hydrogen Research and Business Center
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Location
NDSM-east
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Location
NDSM-east
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Location
NDSM-east
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Location
NDSM-east

Winter > Higher velocity > Energy

2
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Location
NDSM-east

Summer >
Office Ventilation
Cold air over wat7
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Location
NDSM-east

2
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Location
NDSM-east

2
( \ Amsterdam view, 1J
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Building
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Building

Concept
Building as a machine What kind of machine?

Specific: ) Works as a machine &
Hydrogen Technology Structuring Demonstrates the Hydrogen Technology
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Start building desing
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Wind blowing through building
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Wind blowing through building
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Wind blowing through building

Wind simulation test
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Bird’s-eye perspective

Bird’s-eye
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Location
Near the building
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Near the building
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Location
Near the building
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Near the building
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Location
Near the building
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Location
Near the building
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Usage of the building

Offices Labs

Conference

Expo
Amsterdam + Technology

Building itself

Business Research

/A B

Researchers Visitors Business
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One possible company

DutchHy

Collaboration between several companies, research centers and cities, without a clear location.

The goal of DutchHy it to stimulate the hydrogen and fuel cell technology in the Netherlands.

1

. Active developement of the hydrogen technology
. Support Dutch hydrogen iniatives
. Express the Dutch expertise in hydrogen technology

. Advice and information about the hydrogen technology

Du rcﬁHy

0
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Quality & Functionality
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Quality & Functionality

Quality:
+ Light
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Quality & Functionality

Quality:
+ Light
*  Materialisation
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Quality & Functionality
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Quality: Functionality:
+ Light * Catch Rainwater = 6 Degrees

*  Materialisation
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Quality & Functionality

Quality: Functionality:
+ Light * Catch Rainwater = 6 Degrees
* Materialisation
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Quality & Functionality

\

Quality: Functionality: Bring to the core
+ Light * Catch Rainwater = 6 Degrees *  Purify H20
* Materialisation * Catch Solar Energy = 30 Degrees south * Electrolize to H2 & O2
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Produce / use Hydrogen

Public

H, Architecture :
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Entrance / Auditorium
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Entrance / Auditorium
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Installations: Air handling, Heat pump
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Building Section

Entrance / Auditorium
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Building Section

Entrance / Auditorium
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Building Section

Entrance / Auditorium
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Building Section

Entrance / Auditorium
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Auditorium
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Auditorium
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Model impressions
Auditorium
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Layout Ground Floor
Im+Z

Entrance

2H2 +02 = Electricity + H20

Multifunctional
Room
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Entering the building
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Entering the building
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Entering the building
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Entering the building
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Model impressions
Entering the building
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Layout Ground Floor
Im+Z

Multifunctional
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Impression
Arriving by boat, around the building
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Layout Ground Floor
Im+Z

Multifunctional
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Layout Ground Floor
Im+Z
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Layout Ground Floor
Im+Z
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Entrance

Restaurant
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Layout Ground Floor
,l Hov A 1m +Z
' f N

Mliiiggy
_—'lllllmm
Uil

Wardrobe

Entrance

O

O \’ll Restaurant . i i
X st \ 2H2 +02 = Electricity + H20

H, Architecture . Design & Research Hydrogen Technology in Architecture 26/37



Layout Ground Floor
Im+Z
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Detail Building Shaft

Indoor/Outdoor - Material
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Layout Fifth Floor
18m +Z
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Layout Fifth Floor
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Layout Fifth Floor
18m +Z

H, Architecture . Design & Research Hydrogen Technology in Architecture 28/37



Layout Fifth Floor
18m +Z
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Layout Fifth Floor

18m +Z

Offices

Business Exposition
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Corridor Impression
Routing/ lighting/ ducting/ materials

H: Ar chitectur € . Design & Research Hydrogen Technology in Architecture 29/37



Layout Fifth Floor
18m +Z
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Layout Fifth Floor

18m +Z

Business Exposition
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inblazen voorverwarmde buitenlucht

Quality & Installations

afvoer naar buiten

» Lighting corridor, auditorium

*Decentralized office ventilation

: toevoer buitenlucht
*Slow extraction of air 4

*Fast trench heating

temperatuur sensor
ijnstoffitter

*Constant concrete floor activation afvoer gebruikte lucht
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30 Degrees - south
Solar
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30 Degrees - south

Albert France-Lanord - Stockholm - Bahnhof Pionen
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30 Degrees - south
Solar
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30 Degrees - south
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6 Degrees
Rainwater collection

Installations
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6 Degrees e
Rainwater collection

Installations
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Installations
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Construction auditorium

Construction auditorium 0 Thermal bridge interuption
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e KALZIP THERMAL
e INSULATION
d

~2 KALZIP VAPOUR
/ CONTROL LAYER

ST.CLIPWITH (&
THERMAL BARRIER
SCREWED/RIVETTED TO >
DECKING e

KALZIP ALUMINIUM ROOFING SYSTEM
TO ACHIEVE MINIMUM 'U' VALUE OF

0.25 Wim*K

Uni-solar

Kalzip Aluminium
amorphous solar cells

Hydrogen Technology in Architecture 34/37
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jan
Heating Demand kWh
Cooling kWh {electrical)
Electricity kwh
Wind Kwh
Full solar hours per day
Yield 80% verlies (accu) kWh
Electr: Surplus/shortage energy kWh?
TRANSFORMED into hydrogen kWh

Electrolyser kW needed

USED FROM STORAGE by Fuel Cell kWh

Heat released kwh

Shortage/surplus Heat? k\Wh

Additional Heating (USED FROM STORAGE) kwh

Fuel cell kW needed

Remaining stored H2 Kwh

Heating/m2a
Cooling/m2a
Electricity f/m2a

Efficiency Solar Panels

Burning hydrogen efficiency
Fuel Cell efficiency
Electrolyser efficiency r=

o

=
Building operating hours
Heat pump system? 1=yes, 0=no

COP Heating
COP Cooling

5315,0
22,5
13500,0
0,0

1,0
7344,0
-5178,5
0,0

0,0
15446,3
3707.1
-1607,8
1607,8

17,2

Feasible? FEESiblE!

H2 Architecture : Design & Research

feb
4619,3
150,5
13500,0
0,0
2,0
14688,0
1037,5
518,8

1,4
0,0
518,8
-4100,5
4100,5

0,0
0

mar apr may jun jul aug sep oct nov dec
34144 20231 818,2 122,5 122,5 818,2 2023,1 34144 45159,3 5315,0
372,1 627,9 849,5 977,53 977,35 849,53 6279 372,1 150,5 22,5
13500,0 135000 135000 13500,0 135000 13500,0 135000 13500,0 13500,0 135000
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
3,0 4,0 4,5 5,0 4,5 4.0 3,0 3,0 1,0 1,0
22032,0 29376,0 330480 36720,0 33048,0 29376,0 22032,0 22032,0 73440 73440
8159,9 15248,1 18698,5 22242,5 18570,5 15026,5 7504,1 8159,9 -b6306,5 -6178,5
4080,0  7624,0 9349,2 111213 9285,3 7513,2 3952,0 4080,0 0,0 0,0
11,3 21,2 250 30,9 75,8 20,9 11,0 11,3 0,0 0,0
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 15766,2 15446,3
4080,0 76240 93492 11121,3 9285,3 75132 39520 4080,0 3783,9 3707,1
6656 5600,9 8531,0 10998,7 9162,7 66950 19289 6656  -8354 -1607,8
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 8354  1607,8
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 17,5 1?}2
4079,968 7624,03 934924 11121,27 9285,268 7513,236 3952,032 4079,968 ] o
40000,0
35000,0 —
Solar+ Wind Yield
30000,0
e Cooling Demand
25000,0
— Hegting Demand
20000,0
Electricity Demand
150000
' m— Heat from fuel
cel+electrolyser
10000,0 /f"\\ Extra Heating
5000,0 — e = Remaining stored H2
N
0,0 === —————
jan feb mar zpr may jun jul aug sep oct nov dec
-5000,0
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35/37



jan
Heating Demand k'Wh 5315,0
Cooling kWh [electrical) 22,5
Electricity kWh 13500,0
Wind Kwh 0,0
Full solar hours per day 1,0
Yield 80% verlies (accu) kWh 7286,4
Electr: Surplus/shortage energy kwh? -6236,1
TRANSFORMED into hydrogen kWh 0,0
Electrolyser kW needed 0,0
USED FROM STORAGE by Fuel Cell kwh 15590,3
Heat released kWh 3711,7
Shortage/surplus Heat? kWh -1573,3
Additional Heating (USED FROM STORAGE) k\Wh 1573,3
Fuel cell kW needed 17,3
Remaining stored H2 Kwh 0

Heating/m2a
Cooling/m2a
Electricity /m2a

Efficiency Solar Panels 0,069
Burning hydrogen efficiency
Fuel Cell efficiency
Electrolyser efficiency

4/

Building operating hours

Heat pump system? 1=yes, 0=no
COP Heating
COP Cooling

Feasible!

Feasible?

H ) Ar chitectur € : Design & Research

feb
4619,3
150,5
13500,0
0,0
2,0
14572,8
922,3
451,2

1,3

0,0
461,2
-4158,1
4158,1

0,0
0

mar apr may jun jul aug sep oct nov dec
34144 20231 818,2 122,5 122,5 818,2 2023,1 34144 4619,3 5315,0
72,1 627,9 849,5 977,55 977,55 849,5 627,9 372,1 150,5 22,5
13500,0 13500,0 13500,0 135000 135000 13500,0 13500,0 13500,0 13500,0 13500,0
0,0 0,0 0,0 0,0 D,D’ 0.0 0,0 0,0 0,0 0,0
3,0 4,0 4.5 5,0 4.5 4.0 3,0 3,0 1,0 1,0
21859,2 29145,6 32788,8 364320 327888 291456 21859,2 21859,2 7286,4 7286,4
7987,1 15017,7 18439,3 21954,5 18311,3 14796,1 77313 7987,1 -6364,1 -6236,1
3993,6 7508,8 92196 109773 9155,7 7398,0 3865,6 3993,6 0,0 0,0
11,17 209 256 30,5 25,4 20,6 10,7 11,1 0,0 0,0
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 15910,2 15590,3
3993,6 7508,8 9219,6 109773 9155,7 7398,0 3865,6 3993,6 38184 3741,7
579,2 54857 34014 10854,7 9023,1 6579,8 1842,5 579,2 -B00,9  -1573,3
0,0 0,0 0,0 0,0 0,0 0.0 0,0 0,0 800,9 1573,3
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 17,7 17,3
3993,568 7508,83 9219,64 10977,27 9155,668 7398,036 3865,632 3993,568 0 0
40000,0
350000 —
Solar+ Wind Yield
30000,0
s Coroling Demand
250000
m— Hegting Demand
20000,0
Electricity Demand
15000,0
' = He gt from fuel
cell+electrolyser
10000,0 /f\\ Extra Heating
50000 — — s Remaining stored H2
A"
0,0 - — —
jan feb mar apr may jun jul aug sep oct nov dec
-5000,0
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2,

Sustainable Choice Amorphous PV
Flexible

Multicrystalline Amorphous
Efficiency: 15-18% 5-8% (12-20% in 2020)
Needed roof surface: 2550 m2 4400 m2

Lightweight

UNI-SOLAR®: More efficient and ecological production process
based on a lower expenditure of material and energy

e

S e
0] o
2 =X
@ @

Process temperatures Material expenditure
1000 °C
to =300 um
1500 °C
Shadow Tolerant
300 °C
——
Thin-layer cells Crystalline cells Thin-layer cells Crystalline cells .
Crystalline module Amorphous module More kWh
(e.g. Kalzip® AluPlusSolar)
Performance record in case of increasing temperatures Amorphous silicon cells have a lower annual yield per m2, but
Place: Urbino, Italy (2003-2004) they have a better annual yield in kWh/kWp. This means that
F 08 (poly) the crystalline cells are less efficient per installed kWp.
£ ors St Linsar(poty) The reason of this is that amorphous cells can handle high )
" A ST e temperatures, low light levels, and shading better. So crystalline High Temp
. . L - . g
e es o L'::g:: e solar cells are better in laboratory conditions, but the Performance
0.65 T amorphous solar cells are more efficient (25%) per kWp in
06 © UNI-SOLAR® (amorphous) outdoor conditions.
Linear (UNI-SOLAR® (amorphous))
0.55
05
20 25 30 35 40 45 50 55 60 65 T(°C) Low Light

Performance
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Thank you for your attention

Bernard Aukema
Architectural Engineering | Lab06



Building installation scheme

60% Heat

%

[
L
02
Fuel Cell

40% Electricity

(& Y [ & ¥

E

Solar enery

Enough electricity?

No Yes, too mucl

Wind energy

h

——> Purify

Electrolyser

50% Gas Production

50% Heat

Rain |harvesting

H: 0:
Extra O2 for Ventilation ﬂ o) ﬂ <7
2
-l
— &
ﬁ H2 ﬁ Compression
— —
S ——, Winter Summer
Floor heating Floor cooling IN IN
COP 8 (basin) or 3 (soil) COP 12 (soil)
Y
Combustion
(
N
» EI
Cooking & . Extra Base ‘r
Extra heating Rl N N Nl Sl
=] = —
[
our Water Basin
Heat 35°C
Pump
Winter heating * )
|
S cooling |
lj-river Soil
0-25°C 11°C
Extra heat input
Air Handling Unit
Recycled air with Extra O2 option e
>
A
Input Heat recovery Output
Fresh air Waste air

Twin coil v

H2 Architecture : Design & Research
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Building ventilation scheme
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Centrfutlet Central Intake
>
Heat Recovery - Twin coil system 70%
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P3 (october 2011) - Entrance
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Zaha Hadid - Wenen - Learning Center
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Jan Feb Mar
Wind & turbines : ‘
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H, Archltecture . Design & Research Hydrogen Technology in Architecture 42/45



Market investigation

;‘.".'.-, PROTON

N ON SITE GAS GENERATION

70 - 150 KW P
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Warmte & Koude opslag NDSM Scheepsbouwloods

Kunst & Energieroute NDSM-east

Y - helling

- ekt
Kunst- en Energieroute van opgewekt.nu o)
EEN PLAN VOL INFORMATIE, INFORMATIE MET EEN PLAN Op NDSM-werf Amsterdam
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