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Bids for Saudi Arabia’s
300 MW Solar Plant

October 2017

”g I I I I I I I

$ct/kWh

1.75

Masdar/ ACWA Marubeni JGC/ Mitsui Total Engie Cobra/
EDF Trina Canadian Solar
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Levelized Cost of Electricity

Onshore wind Solar PV Offshore wind Concentrating solar
power
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Source: IRENA Renewable Cost Database and Auctions Database. IRENA, January 2018, Renewable Power Generation Costs 2017
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’ ‘roeic of Cancer
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Surface needed to produce all the
world’s energy 556 EJ = 155.000 TWh

10% SOLAR AUSTRALIA 1.5% WIND PACIFIC OCEAN
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Tokyo Olympic Games 2020

TOKYO
- METROPOLITAN
GOVERNMENT

Hydrogen

B - i b Shipping
T (~2025)
t ,,‘I H\\

1 — T —

S

S {'

Hydrogen
Pipelines
(~20395)
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Offshore Wind Development Germany

by

) e
|
i
i "
i y
[
| ——
|
bt
| -
=
Offshore-Windkraftanlagen L b s
in der Deutschen Bucht " S aonsand
oféh e,
B in Betrieh ®  Konverter in Betrieb
B Telinbetriebnahme ~
inBau ©  Konverter in Bau
genehmigt ©  Konverter in Planung
beantragt * Umspannplatiiorm
in Kanzeption -
st
Kabelanbindungen
—— Hochspannungs-Gleichstrom-Obertragung (HGU)
Orehstromubertragung ——— =
= Weterfuhrungin Onshore Zielstation
Natura 2000-Schutzgebiete o

(dargestelt sind nur die Gebiete in der deutschen Nordsee)
FlorarFauna-Habitat FFH)
EUVogelschutzgebier

Grenzlinien
—— Staatsgrenze

ungeklsrte Grenzlage im Gebiet des Ems-Astuars
tdeutsche und niederlindische Grenzauffassung)

Grenzlinie des Hoheitsgewissers (12-Seemeilenone)
<< Grentlinie der Ausschlieflichen Wirtschaftszone (AWZ)

5

Kilometer

B m Gesidogen | .
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VATTENFALL BUILDS WIND
FARM WITHOUT SUBSIDY

19 March 2018

* Chinook, daughter Vattenfall

* 700 MW wind farm

* Operational 2022

* Location Hollandse Kust (Zuid)
* 22 km from the coast

Delft
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Eemshaven; The Energy Harbor

Norned Cable 700 MW
| Cobra Cable 700 MW (2019)
| Gemini Offshore Wind Farm 600 MW
- Onshore Wind Farms > 275 MW
- = Nuon Magnum power plant 1,320 MW
== RWE Coal fired power plant 1,560 MW
=< Engie Gas fired power plant 2,450 MW

Cable Inland 4,000 MW
Expansion to 5,610 MW

TU Delft H“.'ogyf Waterstof; Waarom en Waarvoor 9
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Electricity and Gas Transport Grid

COBRAcable (Denemarken)
NorNed (Noorwegen)

e
— \
v

; | Eemshaven
l

| e Diele (Duitsland)
‘ eaden
) \

Hollandse Kust (noord) Alpha e,

Hollandse K : 17 \ : Hengelo/ NE__ Gronau (Duitsland)

Borssele Beta e-- 4
Borssele Alpha

X

o]l
-\

Van Eyck (Belgig) e=—= a‘
Zandviiet (Belgié) Maasbracht /3y A "
/ Ny Bommerskirchen (Duitsland) :
4“ Siersdor (Duitsiand) 02040 80 120 160 B ctie
- e ™ (il ometers 4‘ —— Pijpleiding
©EBN 2012
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European Gas Infrastructure

MORO

e
e

>

)

mm— Trans-Saharan

Maghreb-Europe
——— Medgaz
e Galsi

s Trans-Mediterranean

LIBYA

— Greenstream

s Others ALGERIA
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Cable versus pipeline cost

Cable Pipeline (BBL)
(BritNed)
Capacity 1 GW 15 GW
Construction € 500 mln € 500 mln
Cost
Volume (year) 8 TWh 120 TWh
1,';U Delft ‘e Waterstof; Waarom en Waarvoor 12



Hydrogen production

Efficiency HYDROGEN
TOday Production technologies

Natural gas Steam reforming 72%
Bio Gas Solid Oxide Fuel Cell 80% (40-40)

Coal/Oil Gasification 56%+ (=syngas)
Biomass Gasification 44%+ (=syngas)
Electricity + Electrolysis 75-80% (90% exp.)
Water Alkaline and PEM

Sunlight + Photoelectrochemical 14% (lab)

Water Energy source @

4 Delft
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Elektrolyse van Water

WATERSTOF @ Waterwordt O  Water

MAKEN gesplitst met @ @ HO0
groene stroom
in zuurstof en
waterstof. ( )
HH
Zuurstof (0Os) Waterstof (Hz)
0o Ha
9 Het water-
stof wordt
opgeslagen.
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B NEL 400 MW Alkaline Electrolyzer

* Working on GIGA factory concept for renewable
hydrogen production to outcompete natural gas

reforming
* Largest electrolyser plant ever designed

» Addressing a USD ~ 150 billion market

(1!q '
. - [3 l‘i ’ ' :
* International industrial customer ]H,i.i’ ;
i
> 'il ] 4
 Tied to solar power by (

* CapEx of USD ~175 million

* Benchmark CapEx ratio:
« 0.45 MUSD/MW <

nel* July 2017

ry Del
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\ IMAGINETHE | 3
B WALLSORYOUR | 3
HOME COUT'DW !

B GENERATE | ¢

WY ENERGY.

‘l“ ’f..
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Hydrogen Cost development

Investment | Efficiency | Electricity Price | Hydrogen

cost Offshore Wind
Euro/kW Euro/MWh

600-900 72-75% 40-50 3-4
300-600 75-78% 30-40 2-3
= Blue H,
250-400 78-80% 25-35 1.5-2.5
After <250 >80% 20-30 1-1.5
2030 = Grey H,

4 Delft
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Hydrogen storage
in Salt Caverns

N?lﬂl gas 2
Brlne
pmducﬁon

SALT CAVERNS

Hydrogen

Depleted 4
RESERVOIRS '

1 salt cavern can contain 6,000 ton hydrogen
Equivalent of 17 million Tesla Power walls

Salt formations and
caverns in Europa

Atlantic Ocean

TU Delft $2;ni:§.'.§yg$f
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Roof versus Desert Solar

ROOF
ELECTRICITY
y per 100kWh
100 kWh -
5-9 €ct/kWh
ONLY DURING DAYTIME
HOME
—
ELECTROLYSIS TRANSPORT FUEL CELL DESERT
50 kWh per kg H, 10 kWh per kg H, 60% efficiency, ELECTRICITY
DESERT input 4.25 kg H, €59-9
A\ A\ ¥ —
y‘\“ﬁ_\- ENERGY COSTS ENERGY COSTS ENERGY COSTS -
255 kWh 0.5 €/kg H, 0.1 €£/kg H, 5.1-8.9 €ct/kWh per 100kWh
1 €ct/kWh INVESTMENT INVESTMENT INVESTMENT W ¢
COSTS COSTS COSTS S e
0.3-0.5 €/kg H, 0.3-1.2 €/kg H, 0.1 €ct/kWh o
‘EU‘J‘JER‘A\‘D WINTER
(; De!ft .
TUDelft s Waterstof; Waarom en Waarvoor 19
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Hydrogen Coalition Gasunie

3-4 GW electrolyser capacity 2030  Backbone Hydrogen Infrastructure
pr— o 2030, 15 GW capacity, 1 billion Euro

&2TenneTr i GROEP T
AP de natuur en ,i- /T\ =
\’ milieufederaties ()u
oci ﬂ ENEXIS
NITROGEN BROEE %
¥U Delft -0
Q‘ N X~
(«( GasuHe |
YARA N@ VNO + 4 (@ )
2 . CNGIC NCW T)/LL AL @
(| INNogy T &
AkzoNobel - ©
TUUR SPECIALTY CHEMICAL 'T' :
MILIEU TATA STEEL  thyssenkrupp @ )

5 . GRONINGEN SEAPORTS
necoGroep r U
Port of / e

g Rotterdam

Enéiiy
The Netherlands
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TUDelft yesoer Waterstof; Waarom en Waarvoor




Green Hydrogen Markets

Chemical Feedstock/ Steam Electricity Balancing

AkzoNobel S [ Residentialarea NUON Magnum power plant

SPECIALTY CHEMICALS [ 4.7 g G, § o B 2 SRR | e ®- 777

________

Excess
Electricity
in case of|

H, refueling p
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Power

Air/Oxygen
Inlet

Toyota Mirai; Fuel cell car

Battery

Hydrogen
tanks

Fuel cell

(; Delft
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Fuel cell cost TOYOTA

- Fuel cell cost @ 500.000 units
120 +
100 — r_:f'f U.S. DEPARTMENT OF
: @ ENERGY

80 1

Weight  volume Power

-48% -43% +26%

P

2016 FUEL CELL STACK

TU Delft = Onersiy of Waterstof; Waarom en Waarvoor 23
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Targets

60 -+

40 +

FC System Cost ($/kWnet)

20 +




Hydrogen versus petrol safet

0 seconds

3 seconds (ignition)

Hydrogen Petrol Hydrogen Petrol

g ——

- _—
b et _—,

60 seconds
s Hydrogen Petrol

|
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Toyota Fuel Cell Hydrogen
Truck and Bus




Fuel cell Hydrogen versus Diesel

N7

Toyota Fuel Cell Heavy Truck
Side-by-Side Acceleration
Demonstration
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Fuel Cell Hydrogen
Train, Ferry, Drone

~

pi ¢

\ I I
- J’Y
I \T
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City Groningen vehicles on hydrogen

Copn Holthausen converts vehicles to fuel hydrogen;
Garbage trucks and sweepers for the city of Groningen, may 2017
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Holthausen converted Tesla in Hesla

;l.‘PR@\Il rfv(_"l FHUIS
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Hydrogen fuelling stations
Rhoon Hamburg

=
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Germany 400 hydrogen fueling
stations in 2023

w

L ¢

400 hydrogen fueling stations in 2023, at
exisiting fueling stations.

¥ _° Investments: 350 million Euro, half
> government, half companies.

Consortium: Shell, Total, Linde, Air Liquide,
OMV, Daimler, BMW, Volkswagen, Toyota,
Honda, Hyundai, NOW (German government)
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Energy for heating buildings

 Energy use for heating and cooling our buildings is roughly
25% of all energy.

 But why do we use energy in our buildings?
« In winter time it is too cold and we have to heat our buildings
* In summer time it is too hot and we have to cool our buildings

* It is not an energy problem it is a storage problem
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Gas and electricity consumption Solar power production

in the Netherlands in Germany
e Bl SOLAR POWER GENERATION IN GERMANY 2015
10 Solar energy sets a new all-time summer record and beats peak power output
- Trendlijn gasverbruik 2016
= Elektriciteitsverbruik 2016 ' * Summer record
= Gasverbruik strenge winter (2012) 14.1 bn kwh
5 Peak power
25.8 mkw

PJ per dag

A A § pm A
vV a' (T T, - - S P vV VVV) »
NV WYYV NN RANVVV VN ARV a2 n AAAA VY VYV |.‘\

Bron: EnTranCe, 2017
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

jm'feb'maa'apr'mei'iun'jul'wg'sep'okt'nov'aec

A‘ Source 2014, 2015: Fraunhofer ISE, EEX @@@) STROM-REPORT.DE
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own Gas production Utrecht 1862-1959

>.50% hydrogen in town gas
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Leeds City Gate
Project

Ift

4 De. "
TUDelft sy

Liquid Natural
Gas Storage

Compressor
Station

Section 6
Hydrogen
Transmission
System
Compressor

Saton Section 3
Gas Network Pressure
Capacity Reduction

Station

District
Govemnor

Section 2
Demand

Waterstof; Waarom en Waarvoor

Section7
Carbon Capture
and Storage

Section 2
Supply
Carbon Capture
and Storage

Steam
Methane
Reformer

Section 2
Salt Supply
Cavern {intraday Storage)

Section 2
Supply
(inter-seasonal
Storage)
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beveiliging  regelaar

diverse beveiligings
sensoren in meagcontains

appartementencomplex
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gasmeter

aardgas
PVC|Staall PE | pvc|staall PE |

referentienet beproevingsnet

‘ Delft
TUDelft sy Waterstof; Waarom en Waarvoor 36




Verder Lezen over waterstof
www.profadvanwijk.com

hydrogen

the key to the energy transition

The Green

Hydrogen

Economy
INn the Northern
Netherlands
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Gratis downloaden in Engels en Nederlands
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Defying Death Valley
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