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INTEGRATED SCENARIO'S MODELING FOR
POSSIBLE PATHWAYS
Z ECN TNO «/iie ™"

THE IPCC 1,5 OC REPORT: EMISSION PATHWAYS

Breakdown of contributions to global net CO2 emissions in four illustrative model pathways
0 Fossil fuel and industry @ AFOLU BECCS

Billion tonnes CO, per year (GtCO2/yr) Billion tonnes CO, per year (GtCOz/yr) Billion tonnes CO, per year (GtCOz2/yr) Billion tonnes CO, per year (GtCOz/yr)
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P1: Ascenario in which social,
business and technological innovations
result in lower energy demand up to
2050 while living standards rise,
especially in the global South. A
downsized energy system enables
rapid decarbonization of energy supply.
Afforestation is the only CDR option
considered; neither fossil fuels with CCS
nor BECCS are used.

SRS
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P2: Ascenario with a broad focus on
sustainability including energy
intensity, human development,
economic convergence and
international cooperation, as well as
shifts towards sustainable and healthy
consumption patterns, low-carbon
technology innovation, and
well-managed land systems with
limited societal acceptability for BECCS.

P3: Amiddle-of-the-road scenario in
which societal as well as technological
development follows historical
patterns. Emissions reductions are
mainly achieved by changing the way in
which energy and products are
produced, and to a lesser degree by
reductions in demand.

P4: Aresource- and energy-intensive
scenario in which economic growth and
g 1lead to d
adoption of greenhouse-gas-intensive
lifestyles, including high demand for
transportation fuels and livestock
products. Emissions reductions are
mainly achieved through technological
means, making strong use of CDR
through the deployment of BECCS.
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CLIMATE AND ENERGY OUTLOOK 2019

Emissie broeikasgassen

megaton CO,-equivalenten

) The Climate and Energy Outlook 2019 presents 250
an updated overview of the national greenhouse
gas emissions and the energy system until 2030.

200

150
Main result: 100
) The emission of greenhouse gases is decreasing. s
o 2
1990 1995 2000 2005 2010 2015 2020 2025 2030
Landbouw [ Industrie I Bandbreedte totaal
Mobiliteit I Elektriciteit Scheiding realisatie
en raming

' Gebouwde omgeving
Raming met vastgesteld en

voorgenomen beleid
Bron: Emissieregistratie (realisatie); KEV-raming

NB: Voorgenomen beleid en exclusief landgebruik. Realisaties tot en met 2018 zijn niet

4 AP A temperatuur gecorrigeerd
presentatie 7 november 2019 . . . . .
Schoots, K. & P. Hammingh (2019), Klimaat- en Energieverkenning 2019, Den Haag: Planbureau voor de Leefomgeving.
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CLIMATE AND ENERGY OUTLOOK 2019

Messages:

) The share of renewable electricity will increase
substantially.

) The use of coal for electricity production will be
phased out.

) The Netherlands will no logeer be a natural gas
exporter.

5 NAP presentatie 7 november 2019

Elektriciteitsproductie in Nederland

terawattuur
150
125
100
75
50
25
o
2000 2005 2070 2015 2020 2025 2030
Overig Gas decentraal Scheiding realisatie
en ramin
Zon [0 Gascentraal g
m Wind B Kolen Overig bestaat uit fossiele brandstoffen

centraal en decentraal anders dan
steenkool en aardgas, niet biogeen
huishoudelijk afval en waterkracht;
voor realisatie ook stoom,
voedingwater, gasexpansie

B Biomassa I Nucleair

n: CBS; bewerking PBL (realisatie); KEV-rami

Bro
Schoots, K. & P. Hammingh (2019), Kllmaat en Energieverkenning 2 19, Den H%ag Planbureau voor de Leefomgeving.



Z ECN» TNO ™

CLIMATE AGREEMENT (INDUSTRY)

The Dutch industry needs to and wants to be an important driver for the
transformation to a sustainable and circular economy.

Instruments include:

) Broadening of the SDE+ subsidy;
) A'sensible’ CO, tax;

) An innovation program;

) Regional cluster approach.

Klimaatakkoord

> Dest Hasg
28 juni 2019

6 NaPpresentatie 7 november 2019 https://www.klimaatakkoord.nl/



ENERGIEVISIE 2007

[TWh] /

0

5% windenergie
Geen zonne-
energie
energy in 2017

2000 2010 2020 2030 2040

Bron: Energievisie van ECN en NRG, 2007
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2050

25%
elektriciteit uit
zon en wind in

2050

B Geothermisch

B Biomassa zonder CCS
B Biomassa met CCS
® Wind

@ PV/CSP

O Waterkracht

@ Kernenergie

® Kolen zonder CCS
B Kolen met CCS

O Olie

B Gas zonder CCS

B Gas met CCS

33% elektriciteit
kolen met CO2-
opslag in 2050

Z ECN» TNO ™

\

\
N3G

De belofte van een duurzame Europese
energiehuishouding

Energievisie van ECN en NRG

Augustus 2007
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ENERGIEVISIE 2007 IS NIET

UITGEKOMEN =
elektriciteit uit =
zon en wind in
) ) 2050
12% windenergie \
TWh 3% = Other
4.500 0 Zzonne- N G
energie » Solar thermal
4000 energy in 2017 ) Small-scale PV
3,500 Utility-scale PV
3 De belofte van een duurzame Europese
3,000 = Offshore wind energiehuishouding
2,500 ® Onshaore wind Energievisie van ECN en NRG
Biomass Augustus 2007
2,000 = Geothermal
1,500 = Hydro
1.000 ® Nuclear
500 » Ol
" Peaker Gas
0 Gas
2012 2017 2020 2025 2030 2035 2040 2045
® Coal
Bron: Bloomberg New Energy Finance, 2018 Geen CO2-
opslag voor
elektriciteit
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WINDTURBINES ZIJN VEEL GROTER GEWORDEN

Verwachting 2007:
Windturbines op zee
zijn gemiddeld 5 MW
in 2050

300m

200m

100m

1-12kW

M

19" C 1990
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ZONNEPANELEN ZIJN HEEL SNEL GOEDKE)PER
G Ewo RD E N https://ww. pv-magazine.com/features/investors/module-price-index/

10

100.00

10.00

1.00

Module pricein €,, /Wp

0.50

0.20

010
0.001
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1980

EU spot market module prices by technology

—&— Historical data
—— Historical price exp. curve: 20.9% \
———— Historical PEC - low scenario: 19%
-——— Historical PEC - high scenario: \A
—— Modified price exp. curve .

o - cw! Verwachting 2007:

back to historical at 5.0
PV kost in 2050
1,2 €/Wp

1985

A Mo e N ey S 00 vl Decl T e M A’

@ P
i idncy e el 0 W md = M8 Mk il s ot bt
v wih Cel,PEC W, o o black fames and ated cutpats

ntac cels or combinations theseol 200Wp and 320Wp

1995

e Mainstream: Modules with usually 60 cells, === Low cost: Reduced-capacity modules, factory
standird alumiem frames, white backing and seconds, insolvency goods, used modules
260 Wp to 285 Wp — the majorty of modules on (crystalfine), products with limited or no
themaret antee
Scenario 3 * Data upto Apri 1, 209 Mose information: wwrw pulchange com

Long-term PV learning rate:
19% - 23%

Conservative assumption on
short-term learning rate: T
~10% until 5000GW Market price range for

180-260 EUR/KWp

Scenario 4

ﬁufp;lﬁ;?ﬂﬂsunm pruhcted 140-210 EUR/I(WD
IIE?ﬁ'%‘nﬁm "‘EIIIIIIIIIIIIII
III S Bron:
0.01 010 10 10,00 100.00 1,000 10,000 100,000 ;‘g;’ga L (R RIGIE

Cumulated produced capacity in GW
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NIEUWE ELEKTRICITEITSOPWEKKING IN EUROPA
IS VOOR 80% DUURZAME ENERGIE

) Energietechnologie die sterk in kosten in gedaald:
) Zon-PV
) Windenergie op Zee
) Li-ion batterijen voor o.a. elektrische auto’s

) Energietechnologie die niet veel goedkoper is
geworden:

) CO,-afvang en — opslag
) Kernenergie

) Waterstof

) Biomassa
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Nieuwe elektriciteitsopwekkingscapaciteit in Europain 2017

Large Hydro Coal csp? Waste Nuclear Small Hydro
1,085 MW 1741MW 11I8MW 8O0MW 28MW 17MW
3.8% 6.1% 0.5% 0.3% 0.1% 0.1%

Ocean
Biomass 3 MW
964 MW _0.0%
3.4%
Gas
2,612 MW

9.2%

Solar PV
6,030 MW
21.3%

Bron: Wind Europe, 2018
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ENABLING THE ENERGY TRANSITION

Economically
possible

Socially
possible

Solutiuons
that contribute to

the energy
transition
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TECHNOLOGY IS IMPORTANT
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ENABLING THE ENERGY TRANSITION

Economically u
possible

' )

Ry 4

Socially _
possible R

Pieter Elbers [ICEO
Solutiuons KLM): ¢
that contribute to ma

the energy
transition
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"~ Nations Unies
=25 Changements Clima

COP21/CMP11

=-FI

SMILEASE

Particuliere autotosse | RLJ

%7:’[//”//1/

l

e

Kostendaling
‘zonne- en windenergie
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PUBLIC PERCEPTION IS IMPORTANT

Waslijst gro 1;/Ir1!;t

KASSA

'VVD EN CDA LOSGESLAGEN VAN ACHTERBAN'

S IR
ale AN agSmﬁ%EUED T
De Telegraaf «

De rekening van het
klimaatkalifaat

Doee
? o 000 =«
Eens even kij armtepomp. Tusse 7000 euro. Besparing per J uro. Dan heb ik e
Janr of de let natuurlijk o moeten.
HEUWE KUG
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ENABLING THE ENERGY TRANSITION

Economically

possible
Socially
v pOSS|b|e Awareness Subsidies
Incentives Taxes

Solutions

_ Policy measures
that contribute to

Participation

the energy
transition
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:j.;: Naar grootschalige E% Naar een 'iﬂ Naar duurzaam % Naar een breed
; opwekking van CO,-neutrale gebruik van gedragen
WINDSTROOM INDUSTRIE ONDERGROND ENERGIETRANSITIE
Naar een overvioed aan Naar een energieproducerende | Naar CO,-neutrale Naar een duurzaam en betrouwbaar
ZONNESTROOM GEBOUWDE OMGEVING BRAND- & GRONDSTOFFEN ENERGIESYSTEEM

A T
T
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PMC CLUSTER ENERGY TRANSITION PATHWAYS

5.Energy transition in
relation.t other
domains (incl.

finance);

1. Integral energy assessments and system

integration

Energy market design and regulation

Energy transition in industry

Energy technologies and innovation

Energy transition in relation to other domains
including finance
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PMC-CLUSTER ‘SOCIAL INNOVATION &
STAKEHOLDER ENGAGEMENT’

(Concept) Portfolio elementen

Consumer choice behavior

Decision making in industry

Public perception and participation
Energy justice

Legal aspects of the energy transition
Complex decision processes
Innovation readiness engineering

N
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WHAT IS MIDDEN? £+ MIDDEN

) Manufacturing Industry Decarbonisation Data Exchange Network
) Joint initiative with PBL
) Aims to create a public dataset on Dutch energy-intensive industry ETS sites, including:
Site specific and infrastructure information
Current process flows of products, energy and emissions
Decarbonisation options of the processes, including costs and implementation conditions
Product applications, prices
) Deliverables:
) Report describing industrial site/sector with suggestions for decarbonisation options
) Dataset with technology information and CAPEX/OPEX data

)
)
)
)

21 NAP presentatie 7 november 2019
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The heavy industry has to change dramatically for the energy transition, and this cannot be solved
alone within the site perimeters.
Location-specific solutions needed (cluster approach) with customized policies and local support.

A new energy supply system will de developed with electrification, hydrogen, CCS: government, network
companies, technology suppliers and users have to find optimal choices together.

A new materials system will emerge, with more biomass and circular flows.

Public funding has to be mobilised to facilitate the large investment required.
Transparent, reliable, up-to-date and comprehensive public information is essential for these
decision processes — MIDDEN has the purpose to:

Provide a knowledge base for studying transition paths to 2050

Build a trustworthy overview of Dutch industry configuration

Support policy-making regarding CO2 reduction

Provide insights into economical perspective for industry and cleantech opportunities

22 NAP presentatie 7 november 2019
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DIFFERENT OPTIONS TO REDUCE CO,

{}0 Y —
|

CO_reduction categories

e Feedstock substitution

Process design

a. Energy efficency
b Process substitution
(X5 e

2] 29
_Q._Q__P ‘;. —rm O r-ocie

Product design

. [
a a. Reduced use
b. Substitution with
praduct with smaller
@ @ o
e Use of residual enargy
-

w 0y caplure and
STOrage of re-use

Y
|
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EXAMPLE OF DUTCH SUGAR INDUSTRY

24

Natura\gas@

3.4P1

CHP Beets (30% dmc) L
Lime kiln (900°C]
6.6 Mton )

Limestone
0.12 Mton

Cokes
0.zP)

i

Bectricty
05PR -

Lime

0.07 Mton
Steam v
[4ba
ool Sugarproduion (7013%C)  ——p V2Ste het(4060°)

23P

Biomass other sedors

Sugar Wet beet pulp(26% dmd : * Biogas —— Biogas upgrader
Swen o e
Molasses (75%dme) | Beet ends (14%dme)

0.28 Mton 0.08 Mtan N

Betacal (50% dmc)
0.37 Mton

|

Beet tops (12%dmc)
4 Mtan Drypulp
0Mton
(animal feed)

Ly N

Figure 2 Overview of material and energy consumption Dutch sugar industry in 2016
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~ % Pulp dryer (500575C) 4——— Naturalgas

Consumersof pulp
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innovation
for life
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CURRENTLY INVESTIGATED INDUSTRIAL SITES
AND PROCESSES

2018 2019
Chlor- Alumin Carbon Indust
alkali and ium, Fertilis black, rial Biofuel
salt Zinc Starch er PVC Steel tires gases s Dairy
Paper Beer Chemi High- Refiner Glass Glass Oil and Exxon
and and cals value ies wool, gas Mobil
sugar potato Shell chemic rockwo (offsho chemic
produc Moerdi als al, re) als

ts jk (Sabic) glass
fibre

Wfilled
Percentage of companies Bin process
accounted for:

Hempty
Percentage of emissions Wfilled
accounted for: MEin process

dempty
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HIGHLIGHTS (1)
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) Publications [4]:
> Aluminium
) Zinc e
) Sugar
) Paper

DECARBONISATION OPTIONS
FOR THE DUTCH ALUMINIUM
INDUSTRY

£} MIDDEN

) Finalisation stage [11]:
) Fertilizer, Salt, Glass wool, Carbon black,

ZECN)TNO [0 oy

DECARBONISATION OPTIONS
FOR THE DUTCH ZINC
INDUSTRY

Menk Kortes, Ton van Dril
1 2008

£ MIDDEN

Stone wool, Glass fibre, Tires, Chlorine, Sabic Geleen,
Shell Moerdijk, Activated carbon
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DECARBONISATION OPTIONS
FOR THE DUTCH SUGAR
INDUSTRY

K. Rademaker, M. Marsidl

Py——

£ MIDDEN

Z ECNITNO [ ooy

DECARBONISATION OPTIONS
FOR THE DUTCH PAPER AND
BOARD INDUSTRY

K. Rademaker, M. Marsidi
Ere——

£+ MIDDEN
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Publication “Inventarisatie van de behoefte van de industrieclusters aan grootschalige
infrastructuur voor transport van elektriciteit, waterstof, warmte en CO, nodig voor het
realiseren van klimaatdoelstellingen”. Author: van der Linden, N.H. Report: TNO 2019 P10550

Published on August 28, presented at the sounding board meeting of June 20 == —

ZECN) TNO ™

Industry clusters aim to become climate neutral clusters by 2050
The energy infrastructure is mentioned by all clusters as a necessary condition
Research questions:
Which energy infrastructure is essential for achieving the climate goals of the clusters?
What are important uncertainties?
Can an estimate be given of the investments required for this infrastructure?
Which technical, institutional and spatial bottlenecks are there?

27 NAP presentatie 7 november 2019
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INDUSTRY CLUSTERS NEEDS FOR ENERGY

ENERGY INFRASTRUCTURE

+  €6,8 miljard TW
+ 4 ETS instellingen
+ 14,4 MtCO2

« €13 miljard TW
+ 24 ETS instellingen
+ 18,6 MtCO2

« €23 mijard TW
+ 9 ETSinstellingen
« 1,6 MtCO2

Delfzijl en
Eemshaven

+ € 2,3 miljard TW
+ 17 ETS instellingen
+ 10,9 MtCO2

Rotterdam-
Moerdijk

+ €10 miljard TW
+ 14 ETS instellingen
¢ 4,8MtCO2

Zeeland

=

BNP NL in 2017:€ 725 miljard
BKG NL in 2017: 194 MtCO2-eq

Chemelot

28 NAP presentatie 7 november 2019

) The need of industrial clusters for

new energy infrastructure
consists of:

) CO, transport and storage
infrastructure

) Hydrogen infrastructure
) Electricity network
) Heat networks
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CONCLUSIONS MIDDEN EN INDUSTRY

29

An estimate of the investments that are required until 2030 for the necessary large-scale energy

infrastructure is in the range of € 12,1 — 18,1 billion. For comparison, PBL estimates the cumulative
investments up to 2030 for:

) Implementation of the draft climate agreement at € 56 -75 billion
) The industry: at € 2,8 — 4,5 billion

Main uncertainties / risks that make private parties reluctant to investments are:
) Financial conditions are still insufficient to arrive at a positive business case

) Legislation and regulations are not yet adapted to new energy infrastructure (energy law 1.0 and
heat law 2.0)

) Social support for some energy carriers is still insufficient

NAP presentatie 7 november 2019



IMPACT AND FOLLOW-UP

) Target audience:

) Science and consultants
Policy makers

Industry itself

Energy companies

)
)
)
) Technology suppliers

) How to reach the audience?

30

) MIDDEN website at:
https://www.pbl.nl/en/middenweb-publ

Z ECN» TNO ™

MIDDEN: Manufacturing Industry
Decarbonisation Data Exchange Network
publications

Publications

> Conference about MIDDEN results on 21 November —
Interesting for: heavy industry, sector organizations, advisors,
government, technology companies, energy & infrastructure sector,

representatives of industry clusters.
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voor de industrie

door PBL & ECN part of TNO

Over dit evenement

MIDDEN over de

ECN part of TNO en PBL in Den

NOV.
21

Energietransitie in de
industrie: hoe gaan we dat
meemaken?

M door ECN part of TNO

Gratis

Datum En Tijd

do 21 november 2019
12:30 - 17:00 CET
Aan agenda toevoegen

Locatie

Den Haag
Onbekend
2595DG Den Haag
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CONCLUSIONS
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KLIMAAT AKKOORD EN VOORTGANG

32
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Tabel 1 Emissie broeikasgassen per sector in 2018 en 2020 in actueel basispad
(KEV 2019) &n bij uitvoering van het Klimaatakkoord

Sector

Gebouwde
omgeving

Mabiliteit

Industrie

Elektriciteit
Landbouw
Landgebruik

Totaal

totaalind.
landgebruik

2018
[Mton]

24,4

33,6

57,2

45,2
26,9
5,6°

18%.2
195

2030
Raming
KEV 2019
[Mton]

19

32,9

o4.,2

13.7
24,5
36

1443
1499

2030 Klimaatakkoord
[Mton]

Redudtie Restemissie
1,3-38 152-17,7
1,3-3,6 29,3-31,7
14,34 30,99
-0,3-2,5 11,2-14
1,7-4,3 20,2- 22,8
1,5-2,4 3,2-4,1
18-28 116 - 126
20-31 119 -130

Belangrijke
aanknopingspunten
woor sturing op
onzekerheden

= Realisatie kostendalingen

= Focus op aardgasverbruil
bii doelstelling
dienstensector

= Omvang inzet
biobrandstoffen

= Omvang en criteria zem-
emissie zones

= Vormgeving autobelastingen
na 2025

= Methodiek vaststelling
traject heffingsvrije
emissieruimte op
bedriifsniveau, tarief COx-
heffing en toelatingscriteria
SDE++

= Borgen van totstandkoming
benodigde infrastrucuur

= Wel/niet CCUS-project Tata
Steel

= Bereidheid bedriiven tot
investeren

= Draagviak maatregelen
(veenweiden)
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THE FUTURE ENERGY SYSTEM IS COMPLEX

innovation
for life

, R - 'I."mg;sog;,“’“““""\r m!
e |
=H ITI IT%E ITI B = Trunk line ta large ¥ @ )
= UK offshore gas \&__‘_I
==ICINNGS oy i
. ‘ ‘ =} S E‘:_l =] N ,-‘l\ -
\E S (=11 AR /
== |[[*5] BB'e UM arielaays |
L L8 mme e e
| & dedicated lines P e U
E%j;;@u\aﬁmm
le_lé e B, e
Decentralized, heat networks, energy Passible future configuration
cooperations, consumer preferences and Of CCS infrastructure...

behaviour, new and more comptetitive
energy technologies, ICT driven, incentives,
reliability, affordabiliy, new business vs.
Current energy sector, regulation, data
security, business models...
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AND MULTI DISCIPLINARY

Technology Z ECN) TNO i
Energy models

Economic models

REGULATORY Advanced Control Modellen

Forecasting-, simulation- &

scenario analyses

...model collaboration!.

Economics
Value chains, business cases

Regulation
Impact of incentives

Social

Societal support
Consumer behaviour and
preferences.

Spatial Dimensions: factory - industrial sites — city —
province — country — multilateral — Europe — global.

34 NAP presentatie 7 november 2019



Z ECN) TNO ™

INDUSTRIAL TRANSFORMATION TO A ZERO
CARBON FOOTPRINT IS VERY COMPLEX

35

~50% of primary energy use A
Many options : (51, @

» Energy Efficiency improvement existing processes

» New processes with inherent better efficiency

» Renewable feedstock (biobased industry)

» Renewable energy carriers (green hydrogen, green power)

> Carbon Capture and Storage Figure 2 Location and size of the main industrial emission clusters.

> Recycling! re-usefcircular value chain P
Over roughly 3 decades, overall one investment cycle o o
Factory level, regional level, structural changes in economy and energy

system
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