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De opgave [Tromtmma

To keep warming below 2°C we can emit a total of around 3.6 trillion tonnes
of greenhouse gases. But this only gives us a 66% chance. For a better
chance, or for a lower warming limit, we'll have to emit much less.

Other future
emissions
138 billion

|

Remaining fossil fuel emissions
(after 2030)

285 billion

With the world’s present CO, emission, the
1,5 °C Paris goal will become impossible
within a few years. 40

i i Pledged
Rest of World[__| e
35 1 Ch!na- i Historical (22 lws ;.\2\\(‘)‘?:)
: S — s
The Paris agreement at a glance 30- USAEE | e S

40 billion

25

20

Including lossil fuels, non-CO? emissions
and land-use

below 2.0°C

aim for 1.5°C

151

T

(in tonnes of emissions)

Source: Peters et al 2015, iopscience.iop.org; and Le Querre et al 2015, www.earth-sysl-sci-data.net

CO. emissions (GtCO,/yr)

The agreement commits nations to keep temperatures
“‘well below 2°C above pre-industrial levels and to pursue
efforts to limit the temperature increase to 1.5°C”.

: : The Paris Agreement calls for global emissions to peak “as soon
0 as possible”, and for a balance to be achieved between the rate
1990 2000 2010 2020 2030 2040 2050 of greenhouse gas emissions and the removal of these gases from
the atmosphere by some time between 2050 and 2100.
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De haven roert zich...

ngzghsiil;‘ggﬂ Haven wil uitstoot CO,

zet eer _
naar schonere veel duurder maken
toekomst

De internationale scheepvaart belooft de
uitstoot van broeikasgas per 2050 te hebben

eehalveerd. Maar de echte test komt nog

1

= % )
==‘Schepen & O Vervyilipng
— moeten Rotterdam komt met zmoe. o
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( Onderzoek: Wuppertal |I: Decarbonisering industrie

CLOSED CARBON CYCLE BIOMASS AND CCS TECHNOLOGICAL PROGRESS

98% 98% 75%

REDUCTION €O, REDUCTION €O,
2050vs.2015 2050vs.2015 2050vs.2015

BUSINESS AS USUAL
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Onderzoek: Wuppertal Il: Decarbonisering transport
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Onderzoek: Wuppertal Il: Decarbonisering transport

RETAIL
LOCATION

TRUCKING

OPERATIONAL
EFFICIENG)

PORT OF

ROTTERDAM

- m

‘& ™ pPort of
M~ Rotterdam



Long term Challenges
y

Port of

LONG TERM CHALLENGES FOR FUTURE LAND UISE= PORT OF ROTTERPAM Rotterdam
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Koploper in Concurrerend Toonaangevend
onfwizlt

Energietransitie: Op weg i B - ey
markten en clusters

naar CO,-neutraal

o

STAP 1 STAP 2 STAP 3 2050
EFFICIENCY; INFRA VOOR EEN NIEUW EEN NIEUW GRONDSTOFFEN- BEPERK OPWARMING
WARMTE, STOOM, CCUS ENERGIESYSTEEM EN BRANDSTOFFENSYSTEEM  AARDE TOT 1,5°C A 2°C
NOW - WASTETO-CHEMICALS
» PILOTS CIRCULAIRE ECONOMIE
- BIO-KEROSINE
» EMISSIELOZE BINNENVAART
(ELEKTRISCH, Hz)
COMING + VERZWARING ELEKTRICITEITSNET * AFVAL
SOON - WIND OP ZEE . momssA} » BRANDSTOFFEN
+ POWER TO HEAT “E > Hy - CHEMIE
« WATERSTOFNET - €Oz

* GEOTHERMIE
* ENERGIEOPSLAG
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INDUSTRIECLUSTER ROTTERDAM/MOERDIJK IN 2016

ENERGIESTROMEN

15,9 ELEKTRICITEITS-
€02 OPWEKKING
BIOMASSA KOLEN

o, O

ENERGIE
CENTRALES

18,6mr INDUSTRIECLUSTER

GRONDSTOFFEN

ROTTERDAM/MOERDLK EN PRODUCTEN

RAFFINAGE

L (o
0 OUEPRODUCTEN

KETELS, FORNUIZEN,
WARMTEKRACHTCENTRALES

WARMTE P
NET €O4-NET

EN WATERSTOFFABRIEKEN
=
ENERGIE 120 PJ RESTGASSEN
OPWEKKING
INDUSTRIE
] CHEMIE
iII PRODUCTEN
m
BIOFUELS
'E: CHEMIE
. AGRIBULK
= & BIOMASSA

28 PJ
RESTAFVAL

2]

s 5,5PJ
VERERANDINGS :
INSTALLATIES -0,5 MT €02 RESTWARMTE
0 @ EE BEDRLIVEN
@ WONINGEN
¥ ¥
HORTICULTUUR

R
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STAP 1 (2018-2025) 1. ONTWIKKELING
INFRASTRUCTUUR

EFFICIENCY, ONTWIKKELING Soome
VAN INFRASTRUCTUUR EN CCUS COmnal

In deze fase siaat de levering en hergebruik van overtollige energie alsmede - Waterstofnet
opslag/gebruik van afgevangen CO, ceniraal. - Verzwaring elekiriciteitsnet
12mr ELEKTRICITEITS- 14,5mr INDUSTRIECLUSTER
o OPWEKKING €O ROTTERDAM/MOERDIJK
BIOMASSA MINDER KOLEN

O O

KETELS, FORMUIZEN,
WARMTEKRACHTCENTRALES
EN WATERSTOFFABRIEKEN

ENERGIE
CENTRALES

o

4

9 PJ STOOM UITWISSEUNG
0,5 MT COr)

o 2. STOOM UITWISSELING

3. WARMTELEVERING AAN
KASSEN EN STEDEN

A 4. CARBON CAPTURE,
USAGE & STORAGE (CCUS)

GRONDSTOFFEN
EN PRODUCTEN

0 OLIEPRODUCTEN

CHEMIE
PRODUCTEN

= BIOFUELS

AGRIBULK

& BIOMASSA
RESTAFVAL

AFVAL o

VERBRAMNDINGS 3&2‘;‘&)%?! 40 I?__J |L;jTT.J-\.‘3.F1MTE

INSTALLATIES 2 Co)

BEDRUVEN

WONINGEN

NET CO4-NET

GEOTHERMIE

HORTICULTUUR

ccus

0000 ® 000
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STAP 2 (2020-2030) ELEKTRICITEITSOPWEKKING o 5 CO2-NEUTRALE WATERSTOF @ 6. EL‘KTRiFiCATIE

Kolen stopt, wordt vervangen door 1,4 MT CO, REDUCTIE| MT C

NAAR EEN NIEUW gas en oﬁsiiore wind.
ENERGIESYSTEEM

in deze fase goat het met name om de verduur-
zaming van energiegebruik door de indusirie

EDUCTIE)

din ELEKTRICITEITS- 10,6m INDUSTRIECLUSTER GRONDSTOFFEN
CO- OPWEKKING g ROTTERDAM/MOERDIJK EN PRODUCTEN

KETELS, FORNUIZEN,
HORE WIND WIND SOLAR BIOMASSA KOLEN STOPT WAIIMTEKRA HTCENTRALES

.....

ELEKTROLYSERS EM
WATERSTOFFABRIEKEM
£20 PJ {14 MT CCh|

ENERGIE
ENERGIE OPWEKKING
CENTRALES INDUSTRIE

P

a

G O -
0 QLIEPRODUCTEN

CHEMIE
PRODUCTEN
¢ Ll
BIOFUELS
AGRIBULK
£ BIOMASSA

e RESTAFVAL

) seoruvEN

WATERSTOF

AFVAL

VERBRANDINGS
INSTALLATIES -5 MT CO2 RESTWARMTE

O O

WONINGEN

) HORTICULTUUR
S5TROOM p o

NET WARMTE
NET CO,-NET

WATERSTOF
MNET

GEOTHERMIE
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STAP 3 (2030-2050) ELEKTRICITEITSOPWEKKING e 7. RECYCLING
- Grote vitbreiding offshore wind

VERNIEUWING VAN HET . Utbreiding solar & wind in havens 8. BIOCHEMICALS/BIOFUELS
+ Back-up op groene waterstof
GRONDSTOFFEN-EN 9. WATERSTOF EN CO/CO; VAN
BRANDSTOFFENSYSTEEM HERNIEUWBARE BRONNEN
Omr ELEKTRICITEITS- 2mr INDUSTRIECLUSTER GRONDSTOFFEN
€O OPWEKKING €O ROTTERDAM/MOERDIJK EN PRODUCTEN

OFFSHORE WIND WIND SOLAR BIOMASSA

G660 © —S

OLIEPRODUCTEN
& SYNFUELS
ENERGIE
ENERGIE OPWEKKING
CENTRALES INDUSTRIE
Lot CHEMIE
A PRODUCTEN
¢ L]

BIOFUELS

AGRIBULK

& BIOMASSA

SYNGAS VAN
RESTAFVAL

_ & RECYCLl
& RECYCLING

CO2 RESTWARMTE
BEDRUJVEN
0
WONINGEN
¥ A4

6 HORTICULTUUR

100 PJ WATERSTOF

STROOM
MNET WARMTE
MNET CO,-MNET

WATERSTOF
MNET

GEOTHERMIE

ccus

R
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Renewable Energy - Wind at sea

The port’s need: 175 PJ renewable energy:

That means:

- 12000 MW wind at sea

- 1500 Wind turbines (8 MW each)
— 2500 square kilometers

The challenge: how to get all that power to shore

The Solution:
— Large windfarms at sea,
— Connected to an artificial island
— Transport of power:
— as electricity
— or power-to-X

7 - ™Y Port of
14| 19 september 2019 ”
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Van Petrochemie....

Raw Commodity Sewndaly commodity
materials chemicals chemicals Intermediates

Finished Products and Consumer Goods

®

p= resins
M,y Methanol —— + Phanok formaldehyds ssins

! a8 | BE% |In 9 Styrene * Polystyrene
L
Ressie: | 4 Cyclohoaner— > AdipicAdd___® " Nyiongs R
6 — * Polyurethanes
e - &
® | Caprolactam * Nylon6 E——
— - e
| Cumene @ | I'Iunnl @ :};-“thﬁ,q feine
o — 2 Carolactam
Acetone * Salicylic acid
& \ * Methyl methacrylate T,
[ ‘ |_Xylene | : Terephthalic] * Biaphanel
Xyl —_— —' ic * Bi A
i zili * Plormiacentinals
\
Toluene ‘ L b o
& 'Tnll!n!dn_
—— e polyurethan,
—— |l'm-lmhr|¢n! @ el ucu
Butanes | g : * MTBE | S
| Butadiene | G + Pulybutadiene, neoprene
l + Styrene butadiene nibber
[ EIJI)‘I.!!!L‘ + Anftifrecze
i ne | ———— | + Polyester films, fibers.  S—
—L i
Propylene —- ("= ¢ Febyp
. Pol ylem lycol —
& i em el
_ @ Acrylonitile g
Chlorine . A( ic fibers
and SA plastics
Etiylene | @ [ vy . :d’.;hm.nr —
ichlori Chlorid. * Acrylami
“ — TR .
+ Polyvinyl chloride
|
|

[Formaldehyde & {.._.( —

MTBE

* Oxygenated gasoline additive | I

Antichid O, Vil [1RPVISSS |
=~ Hyvi
— | . Polyvinyl butyral

Ammonia & Nitric Acid |, | ; Ammonium nitate
——— * Fertilizers, explosives
e
all Sulfupic
_““r * Phosphate fertilizes
* Ammonium sulfate fertilizer f—————p

* Refining, leaching

TEXTILES

* carpets * foam cushions

* fibers * upholstery
faly coatings, . Lycrm, spandex
i, Gorlex T

SAFE FOOD SUFPPLY

* food packaging, * beverage bottles.

servatives * appliances
5 e " S c
. mztn,putnde- beverage can coatings

TRANS'POKTA'I'ION
* tires
» anti-frecze ® beb- and hoses
molded plastics * wiper fuid
WMegl;lﬂ'a * bumpers
N
HOUSING
: ;sm : coatings, varm
. insulation * adhesives
RECREATION
= athletic footgear * wet suits
sy gl
« bic .
- mm * camm ear
G)MM'UN[CATIONS
- n:dded ils
. pham:nma m’: -
pnnl fiber coatings
* liquid crystal displays . P-P!rlmd-ﬂﬁ
HEALTH AND HYGIENE
* plastic eyeglases * sunkan kotion
. i + medical P
* detergents * disinfectant
* phanmaceuticals * awpinin

Petroleum product line ————»
K’ Natural gas product line
E SO, productline —

Catalytic Process L

Figure 2 — An Example of a Flow-Chart for Products from Petroleum-based Feedstocks
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Naar biobased Chemie?

Biomass
Feedstocks

Starch

Intermediate
Platforms

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ Biobased
\ Syn Gas

Hemicellulose

Sugars
Glucose

oil |

Fructose
Xylose
Arabinose
Lactose
Sucrose

Starch

Protein |

C5

Building
Blocks

Secondary
Chemicals

Intermediates

Armanis 1yreais hydoganatan smdecn

Fst anpaesnes

Mty maties, Farmatoapon, Acatis azid Dimaitryinitar
Sy, Wethy| amires. WTRE, akfion. gasalae

[ —

"

Antiace and destes

ey, cme, asi

Fr—

e p——

[EES——

“atefion, quaine wakes, ditel

[} specionty commicat memecan

P restisn arodecs, Propyce giynl, manis, 1300, e,
‘ool skatal daehyde, spexdes

r—

Aeryinins, L-Prapplans gycss, ecamms, Selymrinss, Lactide

Aesylaton, Rcrymeviies, 5w, 1 3-Prapanadal, Naines 3 ana
ey

Amines

Fugurt. rsavinol acylatn

[N

[ —

oo, 1-POD, amicansans, |amne-3

Paspaiing! scetaes

B S —
A a-nmen, myCrsTyneynE 60

B saas aganis

Fumaric acid

Fatisa. cmauinkars

Malic acid

Unemarated wecimaln Sarisstsen ams 3bovel

‘Aspartic acid

Sarivatsess laren),

Paspuimyl mished

S-Hydroxy.

Arsin muczine dechiatives jusa 3ae)

Fasyacryiams

Hydraay bty 208, 000wy T butymiineg. buterais aeid

Posyacyiamsten

Q
Threonine b}
\
\I

Butanadicls, Butensin

Fasathers

Macomc acd

Disin. kasana Sovkentves, indatsminan

Potypyeraiicanes

Furfural

Brnaine aiyesars

Levulinic acid

Mary fuan dectustiven

Glutamic acid

PEIT poymer

Scarmingeeulivate, 3 Mot THE, T A0, ilers, susstivata

Poyryaraypayasien.

"' Nz fpatyamiten)
i

[ e——

Biazhans A reslacamar:

Fosysarbonates

| Pospurstiars

Wtol/Arabitol Armi dise, gtarc ackiaubettuted pyeraikionss
T — JST— |
5 £5. PG, ghpcaess actatn, byday furane, augar acide

[TV ——
[Cysine 8
o o5 Mismaccson Furae daricatons, muccinstn, sasars, vl seie
| Glucaric acid Caneniaitan, e seonan 1 Saimnaseting
Sorbitol Il

Tiucaeciacscnes, s

Phanoefrmabouryze s

Ditastnnas, mosalactnnes, ather praducts.

\f poiymyrayaliansame

Gayesis (EG, PG}, glycaml, lactstn, nscrbide

poysacearides

ot —>| [— :

Products/Uses

Industrial

Corrosion inhibitors, dust control
boiler water treatment, gas
purification, emission abatement
specialty lubncants, hoses. seals

Transportation

Fuels, oxygenates, anti-freeze, wiper
fluids molded plastics, car seats, belts
hoses. bumpers, corrosion inhibitors

Textiles

Carpets, Fibers, fabrics, fabric
coatings, foam cushions, upholstery,
drapes, lycra, spandex

Safe Food Supply

Food packaging, preservatives,
fertilizers, pesticides, beverage
bottles, appliances, beverage can
coatings, vitamins

Environment
Water chemicals, flocculants,
chelators, cleaners and detergents

Communication

Molded plastics, computer casings,
optical fiber coatings, liquid crystal
displays, pens, pencils, inks, dyes

paper products

Housing

Paints, resins, siding, insulation,
cements, coatings, varnishes, flame
retardents, adhesives, carpeting

Recreation

Footgear, protective equipment,
camera and film, bicycle parts & tires,
wet suits, tapes-CD's-DVD's, golf
equipment, camping gear, boats

Health and Hygiene

Plastic eyeglasses, cosmetics,
detergents, pharmaceuticals, suntan
lotion, medical-dental products
disinfectants, aspirin

Figure 3 — Analogous Model of a Biobased Product Flow-chart for Biomass Feedstocks
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CCUS

— To reduce large CO2 emissions now, CCS COz STORAGE IN GAS FIELDS
is a must.

— It will give the present industrial clusters a way to
continue to produce, while developing new ways to
become fossil-free.

— Later, the CO2 can be used as a valuable resource

&Y Port of
” Rofterdain




CCUS - Porthos project

* Loop system for transport and
storage of CO, in empty offshore Storage field
gas fields {40 Mton)

 Feasability study EBN, Gasunie and
Port of Rotterdam Authority —in
consultation with EZK and
companies

Storage fleld
(2.5 Mion)

» CO,-reduction: 2-5 million ton p/a

21 19 september 2019

CCus

Westland

Existing pipeline (OCAP)
Shell- Alco — Westland for CCU
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Alles op waterstof?

380
60
3o
< 0.2
39 =illl] 0.0 .
280 Global warming i 1
1850 1900 2000 - _J
Ifwe do nothing the giobal e .
temperature will rise by i | ‘
SNOLher4SChy2100 = - Ieh:u?rzzrg:wtr?:::;o:f - Ty @ Northsea
- o s s, Wind Power Hub
| infrastructure and | ’ Anisland whi
2Pl 206 intelligent use of f Shiathetals
Paris Agreement e | f power from
Global warming setata ; existing networks. | [15] . offshore wind
max. 20C. This requires | Gasunie wants to invest | e farmsis partially
COz-reductions in new infrastructure | et converted into
inthe Netherlands of: for renewable gases = "’!“""99';‘_23‘ is
* q0-50% by 2030 { such as hydrogen. L plsiotaas
» 85-100% by 2050 I Rubrgebled )
Hydrogen as a fuel and as ] | b i i
araw material can helpto | Hydrogen is a clean energy | N e \
‘achieve COz-reduction % | carrier: Hz combustion ] A National hydrogen
targets ::;i_- ‘,_-‘____ | yields only water vapour. ¢ ela rt network
v 4 | T Hz-pipeline network
gen pipeline 4 v links major industrial
industries irlZeeia_nd g otz 5 % “ _ Chem‘elui, Zeeland 4
and the Delta region _ e ! P Y Chemelot : S tHER il rared
W i \ 5
Pilot project HyStock e A Lo 4 Further deployment
Converting solar ene| urther me
iohycrgenin 2020 m q w !EEF m ﬂ 2027 | 2028 | 2020 Jadiinvmied
Zuidwending v € & 16 networkZeeland
Wind Hydrog 20-40 MW L ] h-vision Magnum
turbine buses  Hydrogen  Electrolyser Gasunie/ hydrogen storage ) 2 Large-scale switchto power station
generating station Province plant Green power TenneT / value chain insalt  First turbine . hydrogen for power Allthree turbines
hydrogen test network  ofGro- includinga intoH2. Thyssengas ~ withEngie:  caverns  onhydrogen 55il stations and chemical ‘on hydrogen:
centre  Northofthe ningen hydrogen 100 MW powerto-gas towardsaioo (£700,000 3 processes. Capture > 2million homes
Netherlands fuel station  in 2024 pilot MW electrolyser households) and storage of CO2 supplied with power

@ Gasunie 3comg
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Nederland op LNG?

TRANSPORTnline®
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Nederlnd op Ammoniak?

Soms wordt er te
veel geproduceerd.. ; AR -..en op een ander
moment te weinig

Chemical precursor

Feedstock i Production | Storage Application . " —
| : NH, storage - & o etwits
i ] i (=} Direct Ammoria Fuel Cell (DAFC)
i I Fertilizer -
! ! —r B —— o1 Operats at80 °C " _
| | I . fms
| i » £ 054 o mE
Power2 Ammonia | ! > ) - g
I : ; o 4 |
| — — i— PNy BE—— = = . "
H,0 electrolysis i iy P A ,I, oo W n
’ " || e — ol RIAlR B
: " - —— v Current density (nA cm ) -
! : Bidracti
| A44
1 Solar Farm

i NH, synthesis s i
% i .w:.," —}%[1 | o
] . ST 1 3
o, - — —.m iﬁ o =Nl g
Gas2Ammonia === Wina Farm i .AQ

NH, cracker Fuel (land or marine)

— edth

Power generation

g i N, | fi (SMR)
L & % atural gas reformer

NFUEL® system

Waste2Ammoania

Source: Proton Ventures
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Transport? - niks nieuws - wel eng

v/

AT

i Cahi

A K

Bouwers en bewoners bang voor
meer giftreinen door Eindhoven en
Helmond

EINDHOVEN - De mogelijke toename van het aantal giftreinen door de regio leidt
tot onrust binnen de bouwwereld en bij bewoners langs het spoor.
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Nederland op Methanol?

g

J r_ 2 !’-'i ar
Stena Line
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Wat valt op?

 Nieuwe ontwikkelingen komen soms zeer
snel tot wasdom, bv LNG

« Regelgeving loopt daar soms op achter...
« Basisnet: geen LNG, geen CO2, geen..
« Laden naast een waterstofstation

« Door opleven van de economie is er
behoefte aan nieuwe bebouwing.
« Extra druk op ruimtegebruik
 Veiligheid staat daarbij soms/vaak niet voorop
« Transport delft het onderspit?

&% Port of
” Rotterdam



Alan Dirks

ac.dirks@pofofrotterdam.com

0622604581




