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Hydrogen Fuel Cell Demonstrations

¢ Residential heating & ¢ Golf-carts

electricity (CHP) & Forklifts
& Back-up power (UPS) & Utility vehicles
# Portable power & Space vehicles
# Distributed power generation & Airplanes
¢ Cars & Locomotives
& Buses & Boats

& Scooters & Underwater vehicle

# Bicycles @ Portable devices (lapt )
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BIOGRAPHY OF SPECIAL GUEST

Prof.Dr. Robert Steinberger-Wilckens
Chair Hydrogen and Fuel Cell Research
School of Chemical Engineering

University of Birmingham

Birmingham B15 2TT

UK

Telephone: +44 121 415 8169

E-mail: r.steinbergerwilckens@bham.ac.uk

Robert Steinberger-Wilckens is a Physicist by training with a specialisation in renewable
energies. He co-founded engineering consultancy PLANET in 1985 and has been active in the
areas of renewable energy, energy efficiency, hydrogen, fuel cells, and electric vehicles over
the past 35 years. From 2002 to 2012 he was the Programme Manager for SOFC at Research
Centre Jilich, the largest German research campus. In Feb 2012 he accepted the Chair as
Professor for Fuel Cell and Hydrogen Research at the University of Birmingham, leading a
group of 45 researchers and PhD students. He is director of the Centre for Doctoral Training
in Fuel Cells and their Fuels and member of the Birmingham Energy Institute.

He has proposed and coordinated a large number of international research projects and
authored over 225 scientific and technical publications and book chapters. His current
research interests include SOFC materials development, reversible SOC and co-electrolysis,
synthetic zero-carbon fuels, carbon recycling, direct ethanol fuels, biomass conversion to
hydrogen, IT-PEFC and membranes, novel GDL/electrode structures, battery electric and
fuel cell vehicles, power flow optimisation, human-vehicle interfaces, charging and fuelling
infrastructure, new mobility concepts based on electric vehicles, market introduction of fuel
cells and hydrogen, and Life Cycle Assessment and Inventories.

He is chair of the Scientific Committee of the EU Fuel Cell and Hydrogen Joint Undertaking,
director of the annual JESS Summer School on Fuel Cell, Electrolyser, and Battery
Technologies, and organiser of the series of Bruges Fuel Cell System Workshops. Within the
EU project TeacHy he is setting up a European MSc course in Fuel Cells and Hydrogen.
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Renewable Energy Benefits

stable energy prices
improved public health
improved environmental quality
vast and inexhaustible energy supply
more reliable and resilient energy system
creation of jobs and other economic benefits
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Figure 1.4 Expected Hydrogen Demand in 2050
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CCU = carbon capture and utilisation, DRI = direct reduced iron.
Source: Hydrogen Council (November 2017).
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Hydrogen as a zero-emission energy carrier needed to overcome the challenges around the
energy transition.
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Table 13- Biomass potential of Bangladesh.

Biomass type Generation Recoverable Dry mass Energy Coal

of biomass  biomass (million potential  equivalen

(million (million tons) tons) (pet joule) t

tons) (million

tons)

Agricultur  Crops 111.064 48.466 41.99 674.497 23.028
al Animal 85.173 50.967 29.980 414.43 14.149
residues s
MSW 14.318 10.022 5.512 102.303 3.493
Forest residues 17.084 17.084 14.031 206.319 7.044
Total 227.639 126.539 91.513 1397.54 47.71
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Hydrogen Storage methods

Physical-based Material-based
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Gas Compressed
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Table 9 Summary of hydrogen and fuel cells uptake targets. Data from ref. 325, 334 and 340

CHP Fuel cell cars Refuelling stations

Country 2020 2030 2020 2025 2030 2020 2025 2030
Japan L4m 5.3m 40000 200000 800 000 160 320 900
Germany - 100% ZEV* by 2040 400 -
China — 30007 50000 Im 100 1000 —
US - 0 3.3m - 100° - -
South Korea - L2 MW 10000 100000 630000 100 Al 520
UK - 100% ZEV* by 2040 30 150 -

* Zero emission vehicle. " Shanghai only. * California only.
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HYDROGEN INFRASTRUCTURE
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Current policy support for hydrogen deployment
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International Average Price Between
Aprill and April 30, 2018

Fuel Price Utimats Soal
Biodiesal (B2 $2.67gallon

Biodiezel (BO9 -B100; $3.46/gallon

Electricity $0.12/kWh

Ethanal (EG &5 $2.21agallon

Matural Gas (CHG) $2.15/5GE

Liquefied Natural Gas $2.57rG5GE

Propane $2.63rgallon

Gasoline $2.67gallon

Diezel $3.03rgallon

Hydrogen $ 3.50-5.0505 & 2.00-250,GGE
iBiomass Derived)
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Ultimate Goal..

Fuel Cell RED Hydrogen R&D
Systom Production, Delivery & Dispensing | Onboard Storage
$180/kwW* $16/gge’ S$24/kWh
to
$10/gge
i '
S8/

[

2020 Yargots B High-Volume Projection B Low-Volume Estimate
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Strong Govermnment R&D Rolé

Transitiomal Phases 2010 2020 2030 2040

Technology Development

ROED
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Initial Market Penetration
Poabis power and stasonangd
rEssport Epsiems begin
oM TR e
Infrastract s irvestmant beging
wilh gowsrmmenlal polices

Transition bo
thie Markeiplace

PHASE Il

Infrastructure Investment
H2 powees dnd hhwsﬂrﬂm'fﬁ Expansion of Markets
ks s ais and Infrastructure

Fully Developed Market
and Infrastructure Phase
! Realization of the Hydrogen Economy
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;
¥
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, PHASE V
Mabilizatiog Maturation

2018 2019 2020 2024 2031 || 2050

Master plan Base production and Proof of value leading to
' infrastructure capacity further commitments

Stakeholder management
Infrastructure development
Market development

Production development
Project development /Consortium formation

Regulatory framework

Large scale realization of renewable Energy
1 1
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W ALAI: IPHE (International partnership for Hydrogen & Fuel Cells
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Y0. STIIRS G ATITS TRTYITOH SIS STFS TITTZ

Hydrogen fueled combined Heat & Power (CHP) Production device

Hydrogen Fuel Cell Generator
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. @Tiﬁ'ﬁ?f ZswW AN 8 TofIfVNT (*10y Hydrogen Refueling station <<
TAIR FIEF WRAA, (GO, [ITITRE, TIFl 8 Professor Dr.
Joricsson, Head of Fuel Cell centre, ZSW Germany| 2. NOW, GmBH, Germany
fIear @ oY NFITT |

Fuel Cell & Hydrogen research Centre, University of Birmingham, UK (\©
Hydrogen Fuel Cell fabrication Training & Establishment of Hydrogen energy

Laboratory- Project “q @ﬁ@lﬁ[



Y. Research Collaborartion meeting (®*( Fuel Cell Resaerch Lab members, Institute of
Chemical Engineering and Environmental Technology, Graz University of Technology,

Inffeldgasse 25C, 8010 Graz, Austria CJ NIIP 3 ﬁ%@i“’( | 2. GINIF (W18 *18F© W'Iﬁ)[,

AN (sz) AT ISTES GIHT Handed over a Token of Appreciation to Alexander
Trattner, CEO, HyCenta, GRAZ, Austra.

. Infrong of Biomass to CHP Plant; Mark Johnson, Kew-tech, Birmingham,UK & Dr Md
Abdus Salam <. Project Director visited to Prof. John Jostin, CEO, MicroCab Coventry
University, UK. for meeting of technology transfer to HELC, Bangladesh.
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HEATY ATHHE RYRVIATT DS WS GF FVFICI ICMER 2019 -4

"Hydrogen Economy in Bangladesh; Prosp[ects and challenges" GHNF invited speech
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Instrumental Facilities of "Establishment of Hydrogen Energy Laboratory -Project," BCSIR,
Chittagiong.

Pyroliser

FTIR with ATR Handheld XRF




Density meter H2 generator




Grinder

Precision balance

Oven <1200 °C
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Hvdrogen production plan

Hvdrogen Refueling Station(under construction)



