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Development of installed capacity for renewables-based electricity generation in Germany
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Il Hydropower Wind energy offshore Il Biomass* Photovoltaics Il Deep geothermal energy
Wind energy onshore

* incl. solid and liquid biomass, biogas incl. biomethane, landfill gas and sewage gas, excl. biogenic fraction of waste; BMWi based on Working Group on Renewable Energy-
Statistics (AGEE-Stat); as at February 2017; all figures provisional

https://www.erneuerbare-energien.de/EE/Redaktion/DE/Downloads/development-of-renewable-energy-sources-in-germany-2016.pdf?__blob=publicationFile&v=13
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Development of electricity generation and installed capacity of biomass plants in Germany
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Il Biogenic solid fuels * Biogas ** [ Landfill gas Sewage gas ® Installed capacity of total biomass
Biogenic liquid fuels B Biogenic fraction of waste

* from 2010 incl. sewage sludge; ** incl. biomethane; BMWi based on Working Group on Renewable Energy-Statistics (AGEE-Stat); as at February 2017; all figures provisional
https://www.erneuerbare-energien.de/EE/Redaktion/DE/Downloads/development-of-renewable-energy-sources-in-germany-2016.pdf?__blob=publicationFile&v=13
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Regulation:

EEG - The Renewable Energy Source Act

2258 Bundesgesetzblatt Jahrgang 2016 Teil | Nr. 49, ausgegeben zu Bonn am 18, Oktober 2016

- putinto force in 2000, adapted in 2004, 2009
- novelled in 2012 and 2017
- Sustainable, environment- and climate-friendly

energy supply
- Reducing cost for energy supply

- Protect fossil resources

- Funding the development of renewable power
producing technologies

- Increase ratio of renewable energy

Reduce CO, emissions
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Karlsruhe Institute of Technology

zur Einfliihrung von Ausschreibungen
fiir Strom aus erneuerbaren Energien und zu
weiteren Anderungen des Rechls der erneuerbaren Energien

Vom 13. Oktober 2016

Der Bundestag hat das folgende Gesetz beschios-
san

Artikel 1
Anderung des
Emeuerbare-Energien-Gesetzes

Das Emeuerbare-Ensrgian-Gesetz vom 21, Juli 2014
[BGBI. | 5. 1086), das zulstzt durch Artiksl 15 des Ga-
setzes vom 20. August 2016 (BGEL | §. 2034) gedndert
wardan ist, wird wia falgt gesndert:

1. Die amfiche Abkiirung des Gasstres wird wis
folgt gefasst:
JEEG 2017".
2. Dis Inhattsibersicht wird wie folgt gedndert

a) Die Angaben zu dan §§ 3 bis 5 werden wia falgt
gefasst:

.§3 Begrifishastimmungen
§4 Ausbauptad
§5 Ausbau im In- und Ausland”.
b) Die Angabe zu Teil 3 wird wie folgt gefasst
oTeil 3
Zahlung von
Marktprimie und Einspsissvargiitung
Apschnitt 1
Antan des Zahlungsanspruchs
§19  Zahungsanspruch
§20 Marktpramie
§21 Einspaisevargiitung
§21a Sonstige Direktvermarktung
§21b Zuordnung zu siner VerduBerungsform,
Wechsal
§21c Verfahren fir den Wechssl

Abschnitt 2
Allgameine Bestimmungen zur Zahiung
§22 Wettbewarblicha Emnittlung der Markt-

préimia
§22a Piotwindenargisaniagen an Land

§23 Algemaina Bestimmungan zur HGha der
Zahlung

§24
§25
§26

§27
§27a

Zahlungsanspriche fr Stom aus meh-
reran Anlagen

Baginn, Daver und Bsandigung des An-
spruc

Abschisge und Falligsit

Aufrechnung

uch und Ek

Abschritt 3
Ausschreibungen

Unterabschnitt 1

528
§29
§30
§30a
§31
§32
533
§34
§35

§35

Ausschreibungsvoluman
Bekanntmachung
Anforderungen an Gebote
Ausschreibungsverfahren
Sicharhaiten
Zuschiagsverfshren
Ausschiuss von Geboten
Ausschiues von Biatem

Bekanntgabe der Zuschidge und anzu-
lsgender Wart

Entwertung von Zuschidgan

Unterabschritt 2
Ausschrsibungen fir
Windenergieantagen an Land
Gebote fiir Windenergieaniagen an Land
Sicherheiten filr Windenergisaniagen an
Land

Hachstwert fir Windenergieanlagen an

Basondere Zuschlagsvoraussetzung fir
das Netzausbaugebist

Ausschluss von Geboten fiir Windanergie-
arlagen an Land

Erschen von Zuschlagen fir Windener-
gisanlagen an Land

Anderungen nach Etelung des Zu-
schiags fir Windenergieariagen an Land

4§36
§23a Besondere Bestimmung zur Hohe der gen fiir Birgerenargiegessllschatten
Markipeimie § 360 Wert fir Wi
§230 Antsilige Zahlung genan Land
D5 Bundesgessizbiatt Im Intemet: www our 2 | EIn Senos des Bur ‘Vertag waw.ou s [¥ :..‘qu el

Source: https://www.erneuerbare-energien.de/EE/Redaktion/DE/Standardartikel/EEG/eeg-2017.html
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Regulation: ﬁ(l'l'

Karlsruhe Institute of Technology

EEG 2017 a paradigm change for the ,,German Energiewende*
Before EEG 2017

- feed-in tariff for renewable energy determined by law
- market premium additional to price from direct marketing

EEG 2017

competitive bidding for the most economic renewable energy projects
- more coordination of capacity development with power grid infrastructure

- cost efficient expansion of RE capacities

EEG-Novelle 2017

- Linking the expansion of renewable energy
with development of the power grid

Thomas Kolb - Mark Eberhard - IEA Bioenergy: Task 33 , _Engler-Bunte-Institut, Fuel Technology
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Regulation:
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EEG 2017 a paradigm change for the ,,Energiewende*

RE-Technologies affected by competitive bidding and corridor of assembling

Wind onshore

Wind offshore

Photovoltaik
Biomass

2017-2019
from 2020
2017-2021
2021

2022

2023-2025
from 2026

2017-2019
2020-2022

- 2800 MW/a

- 2900 MW/a

no biddings, market premium from 2016
- 500 MW/a only in Baltic sea

- 500 MW/a

- 700 MW/a

- 700-900 MW/a

- 600 MW/a

- 150 MW/a (in 2017 only 28 MW applied)
- 200 MW/a

Excluded projects < 750 kW (for biomass < 150 kW)

80% of all new RE-installations are affected by this regulation

Thomas Kolb - Mark Eberhard - IEA Bioenergy: Task 33
Task meeting, Oct 24th 2017, Skive, Denmark
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Regulation: ﬁ(IT

EEG 2017 a paradigm change for the ,,Energiewende” e
Corridor for assembling for biomass:

- In 2017, 2018, 2019 150 MW will be announced (in 2017 only 28 MW applied)
- In 2020, 2021, 2022 200 MW will be announced

Possible for projects > 150kW

New biomass plants have to demonstrate flexibility of power production.
They get a flexibility premium for surplus capacity over the rated capacity.
(40€/KW and year surplus capacity)

Existing plants (also below 150kW) can get a 10-year continuing promotion if
power production also fulfills the flexibility efforts of the new plants.

They get a flexibility premium for surplus capacity over the rated capacity.
(130 €/kW and year new installed surplus capacity)

7 Thomas Kolb - Mark Eberhard - IEA Bioenergy: Task 33 , _Engler-Bunte-Institut, Fuel Technology
Task meeting, Oct 24th 2017, Skive, Denmark Institute for Technical Chemistry, Gasification Technology



Regulation: S(IT

EEG 2017 a paradigm change for the ,,Energiewende* T
Market premium for biomass plants

2016 5,73-13,59ct/kWh

2017 14,30 ct/kWh mean after bidding
(Range from 9,86 ct/kWh to 16,90 ct/kWh)
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State of the biolig®-Project T

Karlsruhe Institute of Technology

Since Commissioning: 740h of Slurry operation and 560t of
Slurry converted into Syngas

& Thomas Kolb - Mark Eberhard - IEA Bioenergy: Task 33 , _Engler-Bunte-Institut, Fuel Technology
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State of the biolig®-Proiect AT
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2 campaigns in 2017

— operation of the gasifier with slurry in 2 week March-April campaign
— Validation data for CFD-modelling with surrogate fuel (glycol and glass)
— influencing of slagging behavior with sodium additive

— Producing syngas for pressured cylinders for other R&D plants

— campaign for the whole process chain in November 2017
— New catalyst in DME and gasoline syntheses
— New ramming mass on cooling screen

— Integration of a slag crusher in the gasifier quench bath

Thomas Kolb - Mark Eberhard - IEA Bioenergy: Task 33 , EngflEr ENTE sl Fusl sl
Task meeting, Oct 24th 2017, Skive, Denmark Institute for Technical Chemistry, Gasification Technology
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Entrained Flow Biomass Gasification

The first five years of Research & Development
16t March 2017, Karlsruhe, Germany
Workshop with 80 participants

Iﬁ HELMHOLTZ
| GEMEINSCHAFT




Industry Activities
SWU Stadtwerke Uim/Neu-Ulm CHP Demo Plant ﬁﬂ!

'
Institute of Chemical Engineering bloen er 2020+
Working Group Synthetic Biofuels

Biomass gasification plant Senden/UIm, DE

Betriebsstunden und Erzeugung HGA 2012 - 2017
10000 h 98,26% . 100%
84,47%
8000 h 80%
re O‘I'ec Start of the construction 12/2009
6000 h 60% p e | Actual status commissioning
Fuel Wood chips
Input 14,3 MWyl
4000 h 40% Output 50 MW,
6,2 MW,;,
2000 h 20% Total efficiency 78 %
Overal investment 33 Mio. €
2012 2013 2014 2015 2016 2017 Up date 201 7
mBetriebsstunden ~ —Durchschnittsleistung el.  —Durchschnittsleistung th.
In 2015 and 2016 -- 6000 hours in operation
2017 power and heat production nearly like
lay out design
Source: Energie aus Pflanzen 3/2017
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Industry activities:
BioTfueL-Projekt hﬁmsflel:

up date September 2017: (}

Biolfue

o R @

PROJECT

commissioning starts in IV-2017:
feed system / start-up with coal
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15 MWth 10 % of syngas <<10 %

Dunkirk Site (France)

Quelle: R. Abraham, N. Ullrich, ThyssenKrupp: An update on the BioTfuel project and other activities of TKIS-PT in the area of biomass
gasification; IEA-Workshop Liquid biofuels; Karlsruhe 04 Nov.2014

15 MWth
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BioCoal from Biomass - but why?

Feedstocks Pretreatment w Gas Treatment ‘ Synthesis

Second Generation Synthetic Biofuels

Wood

Straw, etc. CO-Shift Synthesis

—> Product-

Final upgrading:
Purification
Bio-diesel,
Bio-kerosene
> auid POLTORR
__Residues " |77
Coal/ e B
Grindina =
Petcoke Od_—zms complete 016
Installation: Nov./DecC-

Thyssenl(rupp

n WP/ Group Technologies
Co mm\ssmn\ w iy inilie
14 23.03. 2017] ProcessNet HTT Frankfurt POLTORR — Anlagenkonzept zur Herstellung von Biokohle| @)
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