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Introduction

The aim of the DEEDS project is to provide the DG R&l and thé&élighPanel with statef-the art
knowledge about decarbonisation pathways.

The knavledge base developed in Task 1.3 constitutes the quantitative backbone on which the

different activities of this project ( WPL 0 OF'y NBfe&d . Se2yR (GKS RANBOG N
activities, the HLP and the DG R&l, the knowledge base intends to oeato the academia and the

broader audience interested in European decarbonisation pathways and key technologies that could

deliver deep and rapid reductions in emissions.

The knowledge base may help stakeholders from industry, policy making and socetess
detailed information about expected European emission limits, technology markets and energy
prices, to develop lorterm strategies based on this information, and understand the market
potential for technologies consistent with decarbonizatiathpways

The knowledge base consists of two components: the scenario explorer and the technology
database. This document presents both databases, shows the various applications of the tools and
how to withdraw useful information from them
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1 The DEEDS Scenario Explorer

The DEEDS Scenario Expldnépé://data.ene.iiasa.ac.at/deedsxplorer/), hosted by IIASAand
published on the DEEDS webghéps://deeds.eu/results/workshopeport-decarbonisinghe-
energysectorthroughresearchinnovation17-june-2019brussels2-2-2/) comprises interactive,
accessible and powerful visualization tools for the dissemination of scenario results displaying
European decarbonization pathwayadditionally, it includes a video tutorial and thméeport
documentation.

The DEEDS database collects 184 scenarios and 90 variables. Most scenarios available in the DEEDS
scenario explorer were first available on tHgVIC 1.5°C Scenario Explorer and Data hosted by IIASA

or on theCDLINKS Stock Taking Datab¥ée however made sure that the Europeaegion is

represented explicitly in the DEEDS database, which was not necessarily the case in the original
databases. Most of these scenarios have benefited from a European fuedipngDVANCE or €D

LINKS scenarios). We are very much indebted to thaefting teams which kindly agreed with the

transfer of their scenarios.

In the table below, we provide some information on the scenarios available in the explorer and on
the projects they originated from. More information is available on the originalldetasiAMC
1.5°C Scenario Explorand the CDLINKS Stock Taking Database

Study/model Scientific
Key focus
name references
Riahi et al.,
SSPs9 Development of new community scenarios based on the full SS||2017

framework limiting enebf-century radiative forcing to 1.9 W  ||Rogelj et al.,
2018

Aggregate effect of the INDCs, comparison to optimal 2°C/1.5°(
scenarios ratcheting up after 2020. Vrontisi et
Decarbonisation bottlenecks and the effects of following the IN[jal., 2018
until 2030 as opposed to ratcheting up to optimal ambition level|Luderer et
after 2020 in terms of additional emissions locked in. Constraint|al., 2018
400 GtCQemissions from energy and industry over 2E100.

ADVANCE

Exploring interactions between climate and sustainable
development policies with the aim to identify robust integral poli
packages to achieve all objectives. McCollum et
Evaluating implications of sherérm policies on the migtentury ||lal., 2018
transition in 1.5°C pathwayiking the national to the global scalg
Constraint of 400 GtG@missions over 2022100.

CDLINKS

Study of the bioenergy contribution in deep mitigation scenariog
EMF33 Constrant of 400 GtC@emissions from energy and industry over
2011-2100.

Bauer et al.,
2018
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https://data.ene.iiasa.ac.at/deeds-explorer/
https://data.ene.iiasa.ac.at/iamc-1.5c-explorer/
https://db1.ene.iiasa.ac.at/CDLINKSstocktakingDB/
https://data.ene.iiasa.ac.at/iamc-1.5c-explorer
https://data.ene.iiasa.ac.at/iamc-1.5c-explorer
https://db1.ene.iiasa.ac.at/CDLINKSstocktakingDB/
https://doi.org/10.1016/j.gloenvcha.2016.05.009
https://doi.org/10.1016/j.gloenvcha.2016.05.009
https://doi.org/10.1038/s41558-018-0091-3
https://doi.org/10.1038/s41558-018-0091-3
https://doi.org/10.1088/1748-9326/aab53e
https://doi.org/10.1088/1748-9326/aab53e
https://doi.org/10.1038/s41558-018-0198-6
https://doi.org/10.1038/s41558-018-0198-6
https://doi.org/10.1038/s41560-018-0179-z
https://doi.org/10.1038/s41560-018-0179-z
https://doi.org/10.1007/s10584-018-2226-y
https://doi.org/10.1007/s10584-018-2226-y

DEEDS§ 736646 D1.4¢ DEEDS Knowledge base

Study/model Scientific
Key focus
name references

Singlemodel studies

Understanding the dependency of 1.5°C pathways on negative [|[Van Vuuren

IMAGE 1.5 emissions. etal., 2018
PIK CEMICS . .. R Strefler et
(REMIND) Study of CDR requirements and portfolios in 1.5°C pathways. al. 2018
PIK PEP . - . o :
(REMIND Exploring shorterm policies as entry points to global 1.5°C Kriegler et
MAGPIE) pathways. al., 2018

The DEEDS Scenario Explorer proposes dhiesadly interface. In the following, we introduce some
of the features of the Scenario Explorer.

International Institute for
s Applied Systems Analysis // DEED

I TAS A www.iiasa.ac.at

DEEDS Scenario Explorer hosted by IIASA

© IIASA 2019

The scenario ensemble is protected by EU Sui generis database rights.

Summary

This Scenario Explorer presents an ensemble of quantitative, model-based climate change mitigation
pathways underpinning the DEEDS project. The scenarios have a special focus on Europe. The Scenario
Explorer allows to explore cost-effective European decarbonisation strategies, challenges and
opportunities from an integrated, cross-sectorial and dynamic perspective. The scenario ensemble Password
contains more than 150 emissions pathways with underlying socio-economic development, energy system

transformations and land use change until the end of the century, submitted by several research teams Login
from around Europe.

N . - Register __Fo.’qct password?
Copyright and License

The scenario ensemble is made publicly available . The Scenario Explorer allows for the re-use of
scenario data by other research communities. Please read the guidance note and the license terms on the | Guest login
License page before downloading data or figures.

Username

<

Terms of use

Latest release: version 1.0 (February 25, 2020)

Please read the release notes on the About page for details.
Figurel Login interface

After loggingn (by registering NJ Sy (i S NA y 3 adhighlighteduz®a figurej2zieuBEE can

create a new workspace. A workspace is a collection of panels. Each panel can display a bar plot, a
line plot, a table or some text. A workspace is a useful tool to investigate the different facets of a
topic. Each workspace can be saved so that the user can continue the analysis in a subsequent
session.
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https://doi.org/10.1038/s41558-018-0119-8
https://doi.org/10.1038/s41558-018-0119-8
https://doi.org/10.1088/1748-9326/aab2ba
https://doi.org/10.1088/1748-9326/aab2ba
https://doi.org/10.1088/1748-9326/aac4f1
https://doi.org/10.1088/1748-9326/aac4f1
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Downloads Documentation License About

% DEEDS Scenario Explorer

Welcome to the DEEDS Scenario Explorer hosted by IIASA

Select an existing workspace or create a new one...

Create new workspace Showing all workspaces ~ Ordered by name ~ Enter to filter... @

Electricity Detail

No description

Demo #1

Final Energy, Carbon Emissions, ...

160000

Edyr

Ediyr

Figure2 Overview of workspazes accessible to the user

Downloads Documentation License About

DEEDS Scenario Explorer

New workspace

Workspace name New workspace

Workspace description Enter workspace description

& Private Unlisted

Workspace visibility

Workspace is only visible to its owner

Panels

New panel

New panel
1 region

0 scenarios 0 variables

Select Scenario Regions Data Selection Ranges Options

Additional metadata filters

Select from list

Figure3 Creation of a new workspace
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% DEEDS Scenario Explorer Downloads Documentation License About

ASh

New panel
0 scenarios 0 variables 1 region =
Select Scenario Regions  Data Selection Ranges  Options
Sl o 2R Selected models and scenarios Switch to advanced view
Apply metadata selection  Reset fiters  Deselectall  Update to latest
Add all scenarios
Seect = | Model = | Scenario =
0 REMINDL7  ADVANCE.2020 15C-2100 &
D REMIND 1.7 'ADVANCE_2020_Med2C
D REMIND 1.7 'ADVANCE_2020_WB2C
D REMIND 1.7 'ADVANCE_2030_1.5C-2100
D REMIND 1.7 'ADVANCE_2030_Med2C
D REMIND 1.7 'ADVANCE_2030 Price1.5C
D REMIND 1.7 'ADVANCE_2030_WB2C
D REMIND 1.7 ADVANCE_INDC
=] REMINDLT  ADVANCE NePolicy
« Apply

Figure4 Creation of a new panel. The user may select the scenarios of interest

When creating a new panel within a workspace, the user may choose among the list of scenarios,
variables and regions available in the database.

5 DEEDS Scenario Explorer Jownloads Documentation License About

New panel
3 scenarios 0 variables 1 region
SelectScenario  Regions | DataSelection | Ranges  Options
Groups

All  Energy Emissions Others

Timeseries variables

Capacity (1)

Carbon Sequestration (1)

Emissions (2)

Final Energy (13)

GDP (1)

Land Cover (5) I

Population
10+ Price (1)
51 * Primary Energy (7)
.| Secondary Energy (6)

04

Figure5 Creation of a new panel. Selection of variables

The user may then choose how the data should be displayed. The default is set to line plots, but bar
plots and tables may also be selected. In addition, the time range and thes ssaiebe arranged
according to the needs of the user.
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& DEEDS Scenario Explorer

3 scenarios 1 variable

Select Scenario  Regions  DataSelection  Ranges  Options

2000

Years

2010 2020 2030 2040 2050
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Documentation  Li

1 region

+ Apply

4500

4000 \

3500

3000

2500

Wt Coziyr

2000

1500

1000

500

_

2010 2020 2030

Years

epEEDs &, data.ene iisss ac atids.

acio Exgplorer htips:

2040

2080

Figure6 Selection of the range

enario Explorer entation  Li
Show as ) Linechart © Barchart () Table
Type of visualization for data (can be also changed on panel toolbar)
Show datasets All +
Show only variables selected on legend panel or all available variables from data selection
Update
« Apply
4500
4000
3500
3000
g 2500
8
3
£ 2000
1500
1000
500
0
2005 2010 2020 2030 2040 2050
Years

Figure7 Bar chart display
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ﬁ DEEDS Scenario Explorer Downloads Documentation  Li
TSk

New panel

Panel description

Enter panel description

Line chart Bar chart © Table

Show as

Type of visualization for data (can be also changed on panel toolbar)
Show datasets All *
Show only variables selected on legend panel or all available variables from data selection
Update
« Apply

Source Vears

Model Scenario Region Variable Unit 2005 2010 2020 2030 2040 2050

REMIND 1.7 ADVANCE_2020_1.5C-2100 EU Emissions|CO2 Mt CO2/yr 425337 384347 345919 212794 1373 31288

REMIND 1.7 ADVANCE_2030_1 5C-2100 EU Emissions|CO2 Mt CO2/yr 425337 384347 345019 250991 1150 1399

REMIND 1.7 ADVANCE_NePolicy EU Emissions|CO2 Mt CO2/yr 425337 384347 374155 398669 403551 384688

Figure8 Table display

Additionally to plots and tables, tepanels may be included into workspaces. These are especially
helpful to comment the analysis that has been done.

% DEEDS Scenario Explorer Downloads Documentation License About
11354
Nothing to add
~ Apply

Source Years

Model Scenario Region Variable Unit 2005 2010 2020 2030 2040 2050

REMIND 1.7 /ADVANCE_2020_1.5C-2100 EU Emissions|CO2 Mt CO2/yr 425337 384347 245019 212794 11373 31288

REMIND 1.7 ADVANCE 2030 1.5C-2100 ] Emissions|CO2 MeCO2yr 45337 34T U0A9 /WA 150 1329

REMIND 1.7 /ADVANCE_NoPolicy EU Emissions|CO2 Mt CO2/yr 425337 384347 374155 3986.69 403551 3846.88

" Text panel
Panel Content

- This panel shows emissions pathways from the DEEDS Scenario Explorer

## Panel Content

This panel shows emissions pathways from the DEEDS Scenario Explorer

Figure9 Addition of a text panel

The ensemble of panels can be accessed from the workspace overview. The oeathefiolots and
tables may also be downloaded.
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& DEEDS Scenario Explorer

Downloads Documentation License About

Emissions Text panel

3 scenarios 1 variable 1 region Panel Content

This panel shows emissions pathways from the DEEDS Scenario Explorer

=

-
vezel p— fegon | varabe une o5 | am | mm | am | am | me
DBDLT  ANANGIE 2 o Grenifl  WCOYe SR WSS M®G  Hpa  ums bW
wwonir s imnicam o fmmenscor  wmcoyp  amy  mes  wee  mee om0 0w
EEDLT ADVANCE ooy o frmenscor  mcowy  4EE mes  TaS  mee  ans s

Emissions

3 scenarios varisble 1 region

meozyr

0
0
)
2
150
0

Figurel0 Workspace overview

o[ i

Emissions E v uummgn B & =

3 scenarios 1 variable

4000
3500
3000
£ 2500
3
8
% 200
1500
1000 II
. |
220 203
‘ean

2005 2010 2040 2080

Figurell Download of data
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Timeseries variables

Population X

Clear selection | Show only available variables from scenario selection

Downloads

Documentation License About

11000

10000

million

9000

3000

7000

6000

2010 2020

2030 2040

2050 2060 2070
Years

Variable Unit Min/Max Seale

Population million Linear (per unit) +
 Apply

13000

12000

2080 2090 2100

Figurel2 Example of a line plot, here for population dynamics
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2 The Technology database

¢tKS 5995{ a¢ S CéKayallablg ghdhe RHEDS websiisS://deeds.eu/results)
consists of two main elements, both covering technology options for decarbonizing the economy of
the EU within the next decades:

1. { LINBFRaAKSSia 6AGK awlg RIFEGE YR AXSTilBsNY I GA2YE:
the DEEDS website
2. aCl Ol a K &rRifigikhe coatealyoYthese spreadsheets on an aggregated level, to be
provided for download as pdf files (in an appropriate format for prints) on the DEEDS
website Additionally,the Factsheets also provida introductionproviding a perspective of
the context and currenstatusof the sector in the context of decarbonization aad

discussion on the futurpotential of each of the technologies.

All decarbonization technologies and options are categorized into one of the following sectors:

1. Industry
2. Mobility
3. Power generation
4. Residential sector

Industry is subdivided into:

Aluminum

Ammonia

Cement

Ceramics

Copper

Ethylene and other olefins
Glass

Hydrogen, methanol and synfuels
Iron and steel

Lime

Nitric acid and other chemicals
Others

Pulp and paper

Refineries

Mobility is subdivided into:

E R I I R

9 Aviation

1 Passenger vehicles
1 Rail

1 Shipping
9 Trucks and buses

Power generation is subdivided into:

1 Noncombustible renewables and Nuclear power
9 Fossil and combustible renewable power

The residential sector is divideddn

9 Heating, ventilation and air conditioning

10
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1 Lighting and appliances
i Passive means

The fact sheets (examples showrFigurel3 - Figurel6) as well as the spreadsheets contain brief
general overviews of each sectand its subdivision and more specific data and information
regarding each of the identified technology options for decarbonisation. The relevance of each
(subsector in terms of contribution to the overall EU greenhouse gas emissions is visualized in the
fact sheets. The spreadsheets contain the complete list of data sources used for establishing both
spreadsheets and fact sheets, while the fact sheets only list the main references.

The type of information and data provided is not entirely uniform amoragoss, subsectors and
measures due to inhomogeneous data availability. Whenever possible, i.e. in case of available data,
investment and operation costs as well as levelized product or service costs are quantified for
individual decarbonisation technologidetween today and 2050. Technology Readiness Levels (TRL)
and potential market entries are also covered, as well as potential reductions of
energy/electricity/heat demand and GIGHG emissions.

In addition, results from selected, recent and relevandédg are shown (examplés Figurel7 and
Figurel8).

11
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Power Generation - Non-combustible Renewables and Nuclear

Introduction €02 emissions of EU electricity and heat sector (2017)

The EU is aiming to cut emissions by 80-95% below 1930 Total CO2 (energy&industry-processes): 3,810 Mt
levels by 2050. To achieve this goal, the power sector
needs to be decarbonised with upgrading and phasing
out fossil power plants and installation of renewable
and/or nuclear power generation. In 2017, the structure
of installed electrical capacity of combustible fuels in
the EU-28 was equal to 45%, while the share of hydro
was at 15%, nuclear at 12%, wind at 17% and solar at
11%. The remaing technologies like geothermal, tide

and wave were negligible. Total gross electricity
production in the EU-28 was 3,294 TWh in 2017, with the
highest share of electricity produced from renewable

= Electricity + heat (public) = Mon-enectricity/heat

sources (31%), nuclear power plants (25%), gas fired power plants (22%) and coal fired power plants (20%]).
Additionally, EU-28 total gross production of heat in 2017 was 670 TWh. The highest share of heat was produced from
natural gas and manufactured gases (39%), followed by renewable energy carriers {27%) and solid fossil fuels (23%]).

Discussion: Substituting coal and gas power plants by renewables and/or nuclear power is an effective decarbonization
strategy, since direct GHG emissions of renewables are usually zero or low; taking into account indirect (i.e. those due
to e.g., production, transport and disposal based on the entire life cycle) GHG emissions of renewable and nuclear
power plants, these technologies can still be categorized as "low-carbon": hydro, wind and nuclear power exhibit the
lowest life-cycle GHG emissions in the order of 5-30 g/kWh; solar PV, C5SP, marine and geothermal generation can
cause life cycle GHG emissions of up to 100 g/kwh. Wind (on- and offshore) power and solar PV (roof-top and open-
ground) exhibit the largest generation potentials within the EU and their Levelized Costs of Electricity (LCOE) are
sometimes already competitive with low-cost fossil generation. Further cost decreases are expected in the future.
However, both technologies require additional measures and//or technologies in order to guarantee stable supply due
to their intermittent nature - these include electricity storage, demand side management, additional power
transmission and distribution, etc. Hydro, nuclear and geothermal power can provide baseload generation; however,
their potentials for additional generation is - due to different reasons - lower and expected future cost reductions are
also modest.

CAPEX (€/kW) = OPEX (FOM (€/kW=a) & VOM (€/MWh)] *
Technalogy 2020 2030 2040 2050 Comments
2020 2030 2040 2050
FOM ‘VOM FOM|VOM FOM‘V{)M F{)M‘ vom
Wind Onshore
LCOE are expected to

Wind 015 13- loas-| 13- loas 12 |o1s- decrease from &-8

onshore 1200-1400 | 990-1260 B40-1110 7B0-1040 |13-22 DlE n DlE n D.?j 20 d?j £cents/kWh today to
large scale ’ ’ . . 4-7 €cents/kWh in

2050.

Wind ]

{ndsma 2850 1850 1750 1650 25 (01| 21 |01 |18 |o1| 17 | 01 | Nichetechnology
scale rooftop

* numbers are rounded

Page 1
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Figurel4Example ofdl SOKy 2f 23& T Ol &genSr&tianz Nobdd A0 ded 2 X0 6% 2wSWEs 6t S | yR
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