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Renewable Energy = 25%
= 61.27 TWh incl. Hydro

gross Consumption = 320 TWh
0,9 EJ~882280TJ)= 245 TWh
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Final Energy Consumption 2012
(Total: 882'280 TJ)

245 TWh = 30 NPP a 1GWei @ 8000
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Energy source

n %

2012

Petroleum products 53,3

Electricity 241

Gas ™ 12,9

Coal 0.6

Wood 472

District heating 1,9

Waste 1,2

Other renewable Energy 1,8

thereof Biofuels 0,06

Biogas ** 0,20

Solar thermal 0,21

Ambient heat from soil, 1,38
groundwater, air, efc.

Total final consumption 100
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Switzerland

Electricity Consumption @1o0pryy= 58 TWh

Electricity consumption

Terajoules
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Source: Federal Office of Energy © FSO 2014

Between 1990 and 2012, electricity consumption in Switzerland increased by 27%. [n 2012,
59% of electricity was produced by hydropower and 36% by nuclear energy. The remainder
came from conventional thermal power plants (4%) and various renewable sources (1.4%).
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Switzerland

RENEWABLE ENERGIES

Renewable energies
Share of renewable energies in gross energy consumption

20%

RE increase +3.9 %

15% .—_Q?_—l
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to overall energy consumption 2020
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Source: Federal Office of Energy © FSO 2014

In 2012, 18.9% of gross energy consumption came from renewable sources. 66% of renew-
able energies were obtained from hydropower, followed by and energy
generation from renewable waste with 11.8%. Ambient heat (5.6%), biogas (1.7%), solar
energy (1.4%), biofuel (0.2%) and wind energy (0.1%) were involved to a lesser extent in
the production of energy.
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General policy made by Swiss Federal Office of Energy (SFOE) since 25
years

 High efficiency
 Increasing renewable energy
CO, Act (Kyoto) signed
» emissions reduction of 10% by 2010 (aim not fulfilled)
» and of 20% by 2020 compared to 1990 levels
Approved action plans by Swiss Federal Council 2008 and 2011
* 50% renewable energy to overall energy consumption 2020
» reduce the consumption of fossil fuels by 20 per cent by 2020
» 2010-2020 max 5% increase of electricity consumption
» After 2020 stabilise electricity consumption
Long-term vision for sustainability
» The 2000 Watt society (per capita energy consumption)
Federal council decision 25.5.2011 to go out of nuclear power production
» Federal office of Energy presents new Energy strategy 2050
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Energy Strategy 2050: Costs

+ Investment in efficiency

- Savings in energy costs / imports
+ Investments Costs of production
+ Grid enforcement

Total CHF 39 000 000 000.-

Angebotsvariante C&E | Quellen: Prognos 2012, Consentec 2012
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Swiss Energy Research

Energy Strategy 2050

Solutions to problems arising from the “energy revolution”
Research plays a strategic role

Coordinated Energy Research in Switzerland Action Plan
Swiss Competence Centers for Energy Research (CHF 72 million) 201_%';?16
R&D projects in the energy field (CHF 46 million) 142 Mio CHE
Funding schemes for young scientist (CHF 24 million)

Swiss Competence Centers for Energy Research (SCCER)
Inter-university research networks
Seven predefined action areas

supervised by the Commission for Technology and Innovation (CTI) and
the Swiss National Science Foundation (SNF)
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SCCER Action Areas

Efficiency

SCCER FEEB&D
Future Ensrgy Efficient Buildings & Districis

Efficiency

SCCER EIP
Efficiency of Industrial Processes

Grids and their components, energy systems
R -

SCCER FURIES
Future Swiss Electrical Infrastructure

Storage
-
H’ Storage
SCCER HaE Swies Competence Centers
Heat & Electricity Storage for Enargy Ressarch
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Power supply (supply of electrical energy)

SCCER SoE
SCCER SoE i mpdopi s
Supply of electricity
Economy, environment, law, behavior __.ﬁ
SCCER CREST SCCER CREST

Competence Center for Research in Energy, Society and Transition

Efficient concepts, processes, components in mobility

Bl Swini Comastimer Caati for Enacgy Rrssarch
SCCER Mobility mobiity Effiner Teimisalogies ane Systems for Moty

Efficient Technologies and Systems for Mobility

Biomass

o) biosweet

B omees for Swss Enengy Fuburne

SCCER BIOSWEET Swiwi Campaiarce Cenber for Enirgy Rusaarch
Biomass for Swiss Energy Fuiures
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biosweet

Biomass for Swiss Energy Future

Swiss Competence Center for Energy Research

Biomass for Swiss Energy Future
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SCCER Biosweet

R&D field

Pretreatment of biomass

AiiqeeAe pue [eiusiod ssewoig

Energy system integration and design
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Thermal Gasification of Biomass

Research Activities Situation November 2014

PSI

» Gasification of dry biomass (wood, grass)
» Co-firing in NGCC for power generation
* High & low temperature fuel cells for CHP
» Gas processing for SNG production
* Dr. Serge Biollaz
» Gasification of wet biomass (manure, algae)
* For SNG production
» Dr. Frédéric Vogel

WWW.DpSi.ch

» EU Infrastructure Project, collaboration with: BRISK
(Biofuels Research Infrastructure for Sharing Knowledge)

http://www.briskeu.com/
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CCEM Competence Center Energy and Mobility (PSI)

3 Projects related to "Thermal Gasification of Biomass".

«  ARRMAT (Attrition Resistant Reactive Bed Materials in Fluidised Beds)
« WOODGAS-SOFC Il

SYNGAS Diagnosis

http://www.ccem.ch/MediaBoard/CCEM Annual Activity Report 2013.pdf

NFP66 (National R Program) 3 Projects related to "Thermal Gasification of Biomass

1. Hot gas cleaning of producer gas from wood gasification for production
of bioSNG and electricity from wood (Hot gas cleaning wood gasification) (PSI)

http://www.nfp66.ch/E/projects/wood-source-energy/gas-cleaning-economical-energy-wood/Pages/default.aspx

2. Predicting the complex coupling of chemistry and hydrodynamics in
fluidised bed methanation reactors for SNG production from wood (PSI)
(bio-SNG - fundamentals of methanation)

http://www.nfp66.ch/E/projects/wood-source-energy/synthetic-natural-gas-wood/Pages/default.aspx

3. Distributed production of ultra-pure hydrogen from woody biomass (ETHZ)

http://www.nfp66.ch/E/projects/wood-source-energy/production-ultra-pure-hydrogen-wood/Pages/default.aspx
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® BR Engineering GmbH CH'6006 Luzern www.br-engineering.ch

» Engineering and commissioning of thermal Gasification plants
and gasification components (Holzstrom Stans)

» Development of new Gasifier

® SChm|d Energy SOlUt'On CH-8360 Eschlikon http://www.holzfeuerung.ch/
* Representation for Switzerland and south Germany E SCH MI D
Burkhardt turnkey biomass gasifier plants energy solutions

(taken over from Olmiihle Mériken)
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® XyIOPOWGr AG www.xylopower.com

» Supplier for turnkey biomass gasifier plants
(BMG Technique similar to WILA)

XyloFower

® CTU http://www.ctu.ch/de/home.html
» Supplier for turnkey biomass gasifier plants, gas cleaning....

UMWELT & ENERGIETECI—!N.K / | CTU

CLEAN TECHNOLOGY UNIVERSE

* Foster Wheeler AG
 Foster Wheeler AG in Baar Switzerland
» Foster Wheeler Engineering AG Basel

» Foster Wheeler Management AG in Geneva Switzerland
no gasification activities in Switzerland

EELERY

Engineering for a Better Warld

M Riegsegger ETECA GmbH; CH-3617 Fahrni Karlsruhe Germany
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O Thermal Gasification of Biomass
Swiss Technology

info@br-engineering.ch BR Engineering GmbH

Maihofstrasse 95 B

' CH 6006 Luzern
Telefon: +41 44 58 68 78 2

BR Engineering www br-engineering.ch

Reaktor SIRION

Procedure:
Fixed-bed double-fired co-current flow
Performance:

764 kWh heat output comprising

571 kWh cold gas perfermance

107 kWh heat input HT »130°C

ot kWh residual heat for the dryer

31 kW h loss gas scrubbing

Efficiency:

75% cold gas effectiveness

Bo% complete effectiveness
without wood drying

6% complete effe cliveness
with wood drying

M Riegsegger ETECA GmbH; CH-3617 Fahrni Karlsruhe Germany
IEA Bioenergy: Task 33 Thermal Gasification of Biomass November 2014 16



Aerni in Holzstrom in A. Steiner +
Pratteln Stans Cie. AG
Gasifier Wegscheid 8 Pyroforce Spanner
Type downdraft 2-zone downdraft downdraft
. 1 x 130 KW 2 x 690 kW
Gas engine Adapt. MAN Jennbacher 45 kW el
230 kW for 1,2 MW for district

Waste heat therm

district heating

heating

district heating

2MW wood chip

1,6 MW W'chips +

extra Boiler district heat 1,7 MW oil for yes
Istrict heating district heating
... 20009 first
Commissioning 2013 second 2007 2012/2013
in testing 24h_7d p week plant in
Remarks operation operation operation
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Aerni in
Pratteln

Holzstrom in
Stans

A. Steiner +
Cie. AG

Dry clean wood

Dry demolition

Dry waste wood

Fuel Siios wood/scrap wood chips
chips
Moisture 8% 10% Max 15%
Operating hours Block 1: 2 494
Not decleared 2523 h
last 6 months Block 2: 2 843
Declared revision i
. . Gasifier = -
| modification
Total live time Since April 2013 Block 1: 32 450 7593 h
operation h 1000h Block 2: 39 538
New wood dust Plant in normal Plant in normal
Remarks

remover

operation

operation
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Wood chips Storage  Intermediate Silo  Reactor Raw Gas Heat Exchanger Adsorbent  Filter Scrubber Compressor Unit  Flare CHP
and Feeding Dosing Unit
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DWANDEN®

lahr Bh BHKW1 Bh BHKW 2 operating operating operating

hoursCHP1 | hoursCHP 2 | hours CHP
1+2

2008 2800 3800 2800 3800 6600

2009 5300 9050 2500 5250 7750

2010 7900 13800 2600 4750 7350

2011 14200 21537 6300 7737 14037

2012 21384 27808 7184 6271 13455

2013 27551 34127 6167 6319 12486
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Pratteln Switzerland
Thermal Biomass Gasification CHP-Plants
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* Bucher Josef AG Escholzmatt Sawmill => under construction
110kW el. /230 kW th Wegscheid Gasifier
7500h warranty Commissioning 2014

» Gasification Riggisberg CHP unit for forest waste chip => building permission
requested
220kWel/436kWth EAF Austria/Xylogas.com
Location Riggisberg

 Gasification CHP unit for forest waste chip => ready for final decision
1-2 MW fuel input Gasifier typ in evaluation
Location Koniz/Gasel
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2 Plant in stable operation (Stans and Ettiswil)

1 Plant in testing operation (Aerni)

1 Plant under construction (Escholzmatt Bucher (Wegscheid)),

1 Plant building permission requested (Riggisberg Balsiger (Xylogas))

several small in discussion (Spanner, Burkhardt, Agnion)

Facts of the past 5 years:
2 Plant closed down (Wila, Spiez)
4 Projects abandoned (Empa, E Hup Baden, Brickfactory, PSI)
2 Main Gasifier supplier out of business (EKZ, Pyroforce)

Politics: strong renewable energy promoting, but weak increase of projects

Frame: - Cost-covering remuneration (KEV) existing
- Thermal gasification is technically complex (higher costs)
- Risk investments for biomass-energy projects not existing
- CO, -certificates, -contributions and -compensations unsecure in the future
- Public and private frames not in line with political visions
- Volatile biomass-fuel-price
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