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A proton, H*
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Energy conversion
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Hydrogen as an energy carrier

H, + 120,
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Purification Equipment Research
Institute of CSIC

Electrolyzer
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Fuel cell
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Inside
the cell
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Signal A = SE1 EHT = 8.00 kV Signal A = SE1 | Probe = 200 pA
Mag= 46X WD = 8.0 mm Mag= 1.01KX Date :26 Mar 2010

=SE1 | Probe
Mag = 100.00 K X Date :26 Mar



Catalyst



Single cell
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Stacking
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Hydrogen energy

1874 Jules Verne predicted in “The
Mysterious Island” (chapter 33):

Cyrus Harding:

“Yes, my friends, | believe that water will one day be employed as fuel, that
hydrogen and oxygen which constitute it, used singly or together, will
furnish an inexhaustible source of heat and light, of an intensity of which
coal is not capable.”
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The first ICE powered vehicle

Francois Isaac de Rivaz
(Switzerland),

In 1807: First vehicle driven by
an internal combustion engine.

Driven by a mixture of hydrogen
and oxygen.
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The fist hydrogen society ?
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Fig 149. Koaldluftslampe fra Askan

Askov Hgjskole, 1897 (a folk high school) Poul la Cour
Mills + electrolysis for gas light (1846-1908)
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The space missions
| 'l e 1) Joeeece

Apollo AFC 1964 | EF

N -

Apollo 11
x/g !‘! 1969
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Early applications

Kordesch Auto
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Gulf Stream

an ConVeyorBelt

e
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d Global anthropogenic CO, emissions
(d) - Quanmative information of CH4 and Nzo emission time seties from 1850 to 1970 is limited
35 . Fossll fuels, cement and flarlng |
30 b '™ Forestry and other land use I
T 5E 0
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The window for action is rapidly closing

65% of our carbon budget compatible with a2° C goal already used

1900 Year 1950 2000
Total Carbon
Budget: AR5 SYR SPM
2900

GtCO2 1870-2011:
1900
GtCO2

‘AR5 WGI SPM D ‘ : ’ ’j
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Solar influx

incoming solar radiation spread over surface of
rotating Earth

Total solar influx:

~ 10 000 times our
energy demand.

Energy for one year
In less than one hour
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Energy figures for Denmark
Energy consumption 2013

Total consumption 799 PJ  sinisw b
Extraction, convers., distrib. 150 PJ ENER E?’N .
Final consumption 609 PJ

- Hereof transport 202 PJ

Potential for renewable energy (utilized)

Electricity 1460 PJ (26)

Heat 147 PJ (7) KumAxommissionen
Bio mass + waste 310 PJ (89)

Total: 1917 PJ (122)
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Energy storage technologies

UPs TE&D Grid Support Bulk Power Mgt

Power Quality Load Shifting
Pumped
Hydro

CAES

Hours

Flow Batteries: Zn-Cl Zn-Air Zn-Br

VRB PSB New Chemistries
Na$S Battery

Hieh-E Advanced Lead-Acid Battery
igh-Energy .

Li-lon Battery

Minutes

Lead-Acid Battery

MiMH

Discharge TIme at Rated Power

Seconds

High-Power Supercapacitors m

1 ki 10 kw 100 kw 1 MW 10 Mw 100 MW 1 Gw
System Power Ratings, Module Size
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Energy storage density

40
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Renewable electricity = Fuel

\ \ \ Water electrolysis
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Fuel cell/electrolyzer temperatures
Alkaline (H* via OH")

()

PEM (H*) High temperature

< > > cells

Phosphoric acid (H*)

<:> Molten carbonate

(0% as CO;?)

Low temperature <:>

cells Solid Oxide (0%)
RT 100°C 200°C 600°C 1000°C
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Why high temperature PEM fuel cells

Low temperature ' CHEMISTRY OF

— a key advantage of PEMFC MATE RIALS

« Many materials available

* Limited degradation (?)

* Easy start-up

* Limited heat losses for micro-cells

Advantages of higher temperature

* Better kinetics (cheaper catalysts?)

* Higher CO tolerance

* No water management - No liquid water
« Higher value of excess heat

* Easier cooling

* Alternative fuels?

DU
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Reformer Fuel cell stack

Nat. Gas, H,
Methanol CO,

Humidification

. of the air

Air in Air out

CO clean-up
to 0,001 %
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PURE Project (EU FP7)

Desulfurization

Reformate/ air cooler

pure N\

Ref. cooler/ steam generator

Water gas shift reactor

Fuel cell stack

ATO/ steam generator

Control box

Glycol cooler

Auxiliary power unit for boats (on propane)

ENGINEERING FOR SUSTAINABLE GROWTH
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Single cell durability

2 X 12 channel test bench (cells 10 cm?)
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Research in fuel cells and electrolyzers
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Why not make electrolyzers ?

High temperature PEM fuel cells ===) High temperature PEM electrolyzers

CHEMISTRY OF

MATE RlA”Ls
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Elemental abundance
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Efficient low cost electrolyzers

A

Cost

>
Efficiency, compactness, rate capability...
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//upload.wikimedia.org/wikipedia/commons/a/a5/PEM_electrolyzer.jpg

Improvement of alkaline water electrolysis

Diaphragm Anion exchange
membrane
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« Low current « High current
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Ways to anion conducting polymer membr.

b
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Platinum free catalysts
Fermcene ,H

Fe N=C—N

\
@ Cyanamide H

Starting material

Autoclave

D5

500-800°C
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Act|V|ty experlments

da o0 =p O
[ Fe,C/CNT-700 Fe,C/CNT-800 (initial)
3 —Fe,CICNT-700-L (initial) - Fe,C/CNT-800
" -14+—Fe,CICNT-700-L v ®-141  (after 4500 cycles)
- (after 4500 cycles) £ [P
T _F—PiC <
= 2 1—PuC E
= (after 4500 cycles) 2
(O] n
2 -3 3
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£ o
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E vs. RHE E vs. RHE
Acidic (0.1 M HCIO,) Alkaline (0.1 M KOH)

Y. Hu, J. O. Jensen, W. Zhang, L. N. Cleemann, W. Xing, N. J. Bjerrum, Q. Li,
Angew. Chem. Int. Ed. 53 (2014) 3675.
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Fuel cell driving in Denmark
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Toyota FCV from 2015

Froo
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Meet the Proton Conductors

PhD students Secretary  Guest
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Danmarks Tekniske Universitet DTU

Inaugural Lectures

On 1 December 2014 |ens Oluf Jensen and Qingfeng Liv | professors at DT

We cordially invite 1,,"::”_ 1o their ingugural lectures on Friday, 17 April 3

1 230-4.15 PM at Technica
Jniversity of Denmark in Lyngby, building 101A, meeting room 1, Anker Engelundsvej 1, 280C ngby
First, Jens lensen will talk on "Hydrogen Energy by Means of Proton Cor rs’, followed by Qingfeng
Li's lecture "Proton Conducting Fuel Cells where Electrochemistry Meets Material Science”

After the lectures there will be a ption.
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Microsoft appearance wizard

The MS Appearance wizard has detected a
sentimental content in this presentation.

You're a scientist. Don’t do it again, or the
application will be terminated.
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