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* HRWKHUP DO�SRZ HU

+LJK�7�VRXUFHV�DUH�ORFDWHG�QHDU�WKH�IDXOW��FDQ�EH�XVHG�
WR�JHQHUDWH�HOHFWULFLW\
/ RZ �7�VRXUFHV�DUH�DOP RVW�HYHU\ Z KHUH�DQG�FDQ�EH�XVHG�
IRU�VSDFH�KHDWLQJ

8 VH�RI�* HRWKHUP DO�3RZ HU�LQ�,FHODQG8 VH�RI�* HRWKHUP DO�3RZ HU�LQ�,FHODQG

• 2 YHU�� � � �RI�KRXVHV�DUH�
KHDWHG�Z LWK�JHRWKHUP DO�
Z DWHU��ORZ �7

• $ �WRWDO�RI�� � �7: K�\ HDU RI
HOHFWULFDO�HQHUJ\ �LV��
HFRQRP LFDOO\ �KDUQHVVDEOH�
IURP �KLJK�7�JHRWKHUP DO�
VRXUFHV

8 S�WR�QRZ ��RQO\ �� �7: K�\ HDU�
KDV�EHHQ�KDUQHVVHG
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+ \ GURHOHFWULF�3RZ HU+ \ GURHOHFWULF�3RZ HU

· ,FHODQG�LV�P RXQWDLQRXV�DQG�KDV�VHYHUDO�ODUJH�
JODFLHUV��LQFOXGLQJ�WKH�ODUJHVW�RQH�LQ�( XURSH��DQG�
K\ GURHOHFWULF�SRZ HU�LV�P DLQO\ �JHQHUDWHG�XVLQJ�
Z DWHUIDOOV�LQ�JODFLDO�ULYHUV�XS�LQ�WKH�KLJKODQGV

· 7RWDO�HVWLP DWHG�SRWHQWLDO�RI�� � �7: K�\ HDU��FXUUHQWO\ �
RQO\ �� �7: K�\ HDU XVHG

2 YHUYLHZ �RI�HQHUJ\ �QHHG�DQG�2 YHUYLHZ �RI�HQHUJ\ �QHHG�DQG�
SRWHQWLDO�SURGXFWLRQ�LQ�,FHODQGSRWHQWLDO�SURGXFWLRQ�LQ�,FHODQG

· $ �WRWDO�RI�� � �7: K�\ HDU RI HOHFWULFDO�HQHUJ\ �LV��
HFRQRP LFDOO\ �KDUQHVVDEOH�IURP �K\ GUR�DQG�
JHRWKHUP DO�VRXUFHV

8 S�WR�QRZ ��RQO\ �� �7: K�\ HDU�KDYH�EHHQ�
KDUQHVVHG

7R�UHSODFH�DOO�LP SRUWHG�IRVVLO�IXHO�Z RXOG�
UHTXLUH�� �7: K�\ HDU�WKH�SRSXODWLRQ�RI�,FHODQG�
LV�� � � �WKRXVDQG�SHRSOH��
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7KH�8 VH�RI�) RVVLO�) XHO�LQ�,FHODQG7KH�8 VH�RI�) RVVLO�) XHO�LQ�,FHODQG

� � � RI�WKH�HQHUJ\ �XVHG�LQ�,FHODQG�FRP HV�IURP �
LP SRUWHG�IRVVLO�IXHO��RI�WKDW�� �� LV�FRQVXP HG�E\ �WKH�
ILVKLQJ�IOHHW��� �� �E\ �WUDQVSRUW�VHFWRU�DQG�� �� E\ �
LQGXVWU\ ��P DLQO\ �JUDSKLWH�HOHFWURGHV�LQ�VP HOWHUV�

,FHODQGHUV�JHQHUDWH�� � �WRQV�RI�&2 � SHU�FDSLWD�SHU�\ HDU

+ \ GURJHQ�HFRQRP \ �LQ�,FHODQG

z Use electrical energy generated from 
hydroelectric and geothermal sources to 
produce hydrogen

z Replace fossil fuels with hydrogen in 
buses/cars and fishing boats

z Benefits:  Improved trade balance, use of local 
resources, technological spinoffs and lower 
CO2 emission



z 5

+<' 5 2 * ( 1 �35 2 ' 8 &7,2 1 �&2 67+<' 5 2 * ( 1 �35 2 ' 8 &7,2 1 �&2 67

· 7KH�FRVW�RI�K\ GURJHQ�SURGXFHG�LQ�,FHODQG�DV�D�
IXQFWLRQ�RI�SODQW�VL] H��HOHFWULFLW\ �SULFH�DQG�
DVVXP LQJ�1 RUVN�+ \ GUR�WHFKQRORJ\ �LV�Z HOO�NQRZ Q��D�
IHUWLOL] HU�SODQW�KDV�SURGXFHG�K\ GURJHQ�
HOHFWURO\ WLFDOO\ �IRU�� � �\ HDUV

· $ VVXP LQJ�IRU�H[ DP SOH�� � � �0 : �SODQW�DQG�HOHFWULFLW\ �
SULFH�� �� � �8 6 � �N: K��K\ GURJHQ�SURGXFHG�LQ�WKLV�
Z D\ �Z RXOG�EH�XS�WR�� �� �WLP HV�P RUH�H[ SHQVLYH�WKDQ�
SUHVHQWO\ �LP SRUWHG�JDVROLQH�Z KHQ�FDOFXODWHG�RQ�
WKH�EDVLV�RI�HQHUJ\ �FRQWHQW��FRVW�RI�� � � �SHU�EDUUHO�

+ \ GURJHQ�SURGXFWLRQ�FRVW�YV��HOHFWULFLW\ �SULFH�

The figure shows the hydrogen production cost based on the Norsk Hydro technology. The three lowest lines show the production cost 
as a function of electricity price for plant sizes 40 MW,   100 MW and 200 MW respectively. The uppermost line shows the production 
cost for a 200 MW plant, which would be in operation at half capacity, for instance 12 hr per day, and thus could eventually be operated 

on off-peak electricity.
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3( 0 �IXHO�FHOO�3( 0 �IXHO�FHOO�

· ,Q�FDVH�Z KHUH�K\ GURJHQ�LV�XVHG�WR�SRZ HU�3( 0 �IXHO�
FHOOV��FXUUHQWO\ �LQ�UDSLG�GHYHORSP HQW��WKH�HQHUJ\ �
HIILFLHQF\ �LV�� �� �WLP HV�KLJKHU�WKDQ�LQ�FRQYHQWLRQDO�
,&�HQJLQHV

· &RQVLGHULQJ�ERWK�SURGXFWLRQ�FRVW�DQG�HQHUJ\ �
HIILFLHQF\ ��IXHO�FHOO�EDVHG�WUDQVSRUW�DQG�ILVKLQJ�
XWLOLVLQJ�K\ GURJHQ�SURGXFHG�IURP �HOHFWULFLW\ �LQ�
,FHODQG�LV�DSSURDFKLQJ�FRP SHWLWLYHQHVV FRP SDUHG�
WR�IRVVLO�IXHOV

( QGRUVHG�E\ �WKH�JRYHUQP HQW

7KH�3ULP H�0 LQLVWHU��
0 LQLVWHU�RI�,QGXVWU\ �
DQG�0 LQLVWHU�RI�
( QYLURQP HQW�VLJQHG�D�
OHWWHU�RI�LQWHQW�RQ�
� � �� � �� � � �
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- RLQW�YHQWXUH�FRP SDQ\ �RZ QHG�E\

Vistorka hf.

DaimlerChrysler AG
Norsk Hydro ASA

Shell Hydrogen  

The majority partner Vistorka (EcoEnergy Ltd.) is a holding 
company owned by public and private enterprises and 
institutions which play a vital role in research, development 
and financing of new industrial projects in Iceland

,FHODQGLF�1 HZ �( QHUJ\ �/ WG��,FHODQGLF�1 HZ �( QHUJ\ �/ WG���FRQW���FRQW��

The purpose of the company

“To set up a joint venture to investigate the potential for 
eventually replacing the use of fossil fuels in Iceland with 
hydrogen and create the world’s first hydrogen economy”
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Roadmap to hydrogen economy

Time
2000

1. 1. Fuel cell bus demonst rat ion:Fuel cell bus demonst rat ion:

2. 2. Fuel cell passenger vehiclesFuel cell passenger vehicles
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2002

3. 3. Fuel cell f ishing vessel demonst rat ionFuel cell f ishing vessel demonst rat ion
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3URMHFWLRQ�RI�K\ GURJHQ�
XVH�LQ�,FHODQG

5RXJK�IRUHFDVW�IRU�WKH�XVDJH�RI�K\ GURJHQ�DV�IXHO�LQ�FDUV�5RXJK�IRUHFDVW�IRU�WKH�XVDJH�RI�K\ GURJHQ�DV�IXHO�LQ�FDUV�
DQG�VKLSV� �7HFKQLFDO�GHYHORSP HQWV�GXULQJ�WKH�QH[ W�IHZ �DQG�VKLSV� �7HFKQLFDO�GHYHORSP HQWV�GXULQJ�WKH�QH[ W�IHZ �
\ HDUV�FRXOG�FRQVLGHUDEO\ �LQIOXHQFH�WKH�JUDSK�\ HDUV�FRXOG�FRQVLGHUDEO\ �LQIOXHQFH�WKH�JUDSK�
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Demonst rat ionsDemonst rat ions

Series product ion of Series product ion of 
Vehicles, buses and ship enginesVehicles, buses and ship engines

Mass product ionMass product ion
Vehicles, buses and ship enginesVehicles, buses and ship engines
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Why a pilot project in Iceland?

1.1. Iceland has enough energy from sustainable, nearly COIceland has enough energy from sustainable, nearly CO22 f ree free 
sourcessources

2.2. Iceland has similar standards and t ransportat ion system as most  Iceland has similar standards and t ransportat ion system as most  
other developed count ries and therefore the results can easily other developed count ries and therefore the results can easily 
be adapted elsewherebe adapted elsewhere

3.3. Iceland has experience in convert ing from one energy source to Iceland has experience in convert ing from one energy source to 
another (space heat ing with geothermal water)another (space heat ing with geothermal water)

4.4. Reasonably large scale proj ect  in a fairly isolated locat ionReasonably large scale proj ect  in a fairly isolated locat ion

5.5. New hydrogen technology needs to be evaluated under severe New hydrogen technology needs to be evaluated under severe 
weather condit ions!weather condit ions!

The ECTOS-project
(2001-2005)

.

. The ECTOSThe ECTOS--proj ect  is a 4 year proj ect  is a 4 year 
proj ect ,  2001proj ect ,  2001--2005.2005.

.

. The proj ect  can be split  into The proj ect  can be split  into 
two key phases:two key phases:

–– The f irst  two yearsThe f irst  two years
.

. Preparat ion, establishing infrast ructure, maintenance facilit y,  Preparat ion, establishing infrast ructure, maintenance facilit y,  
.

. economic/ social research, etc.economic/ social research, etc.
–– The second two yearsThe second two years

.

. The actual demonst rat ion of three H2 buses and commercial The actual demonst rat ion of three H2 buses and commercial 
infrast ructureinfrast ructure
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ECTOS-project, Infrastructure

/

/ Creat ing and integrat ing hydrogen infrast ructure into the exist iCreat ing and integrat ing hydrogen infrast ructure into the exist ing ng 
urban set t ing in Reykj avik urban set t ing in Reykj avik (2002(2002--2003)2003)

/

/ Product ionProduct ion; On site elect rolyser (using renewable elect ricit y to ; On site elect rolyser (using renewable elect ricit y to 
split  water into hydrogen and oxygen). Only supply: split  water into hydrogen and oxygen). Only supply: WATER and WATER and 
ELECTRICITYELECTRICITY

/

/ StoringStoring; ; 1 compressor units delivering hydrogen at  440 bar 1 compressor units delivering hydrogen at  440 bar 
/

/ Dist ribut ion on site of gaseous hydrogen direct ly on to vehiclesDist ribut ion on site of gaseous hydrogen direct ly on to vehicles..

ECTOS project   
Partners
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· The total project is around 
� �� �P LOOLRQ�( 8 5

· The European Commission support for the project is
� �� � �P LOOLRQ�( 8 5

· The remaining � �� � �P LOOLRQ�( 8 5 will be financed 
50% by foreign partners and 
50% by domestic companies

Stockholm

Hamburg

Stuttgart

Ba rcelona

Reykjavik

London

Luxemburg

Madrid

Porto

Amsterdam

&8 7( DQG�( &72 6
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PEM fuel cells fueled by 
hydrogen stored on 
board as pressurised 
gas in sufficient amount 
to operate the bus

a� � � �NP
on each tank filling

Three buses will arrive in Reykjavik in September

+ \ GURJHQ�3RZ HUHG�&LW\ �%XV�+ \ GURJHQ�3RZ HUHG�&LW\ �%XV��FRQW���FRQW��

· 7KLV�LV�WKH�VDP H�GLVWDQFH�DV�WKH�5 H\ NMDYLN�FLW\ �
EXVHV�DUH�UXQ�HDFK�GD\ �RQ�WKH�DYHUDJH

· $ �FLW\ �EXV�IOHHW�DOVR�FDQ�EH�RSHUDWHG�IURP �RQH�
ILOOLQJ�VWDWLRQ�Z LFK�P DNHV�QR�QHHG�IRU�FRP SOLFDWHG�
LQIUDVWUXFWXUH�IRU�GLVWULEXWLRQ�RI�WKH�IXHO�

· 1 R�IXUWKHU�SXULILFDWLRQ�RI�HOHFWURO\ WLFDOO\ �SURGXFHG�
K\ GURJHQ�LV�UHTXLUHG�IRU�XVH�LQ�WKH�3( 0 �IXHO�FHOOV�
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+\ GURJHQ�IXHOOLQJ�VWDWLRQ�RSHQHG�LQ�$SULO+\ GURJHQ�IXHOOLQJ�VWDWLRQ�RSHQHG�LQ�$SULO
Can produce 150 kg of hydrogen per day, 

delivers hydrogen gas at 440 bars

+<' 5 2 * ( 1 �32 : ( 5 ( ' �35 ,9$ 7( �+<' 5 2 * ( 1 �32 : ( 5 ( ' �35 ,9$ 7( �
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Onboard storage of 
pressurised hydrogen 
gas in hydrogen 
powered PEM fuel cell 
private cars seems 
feasible but has some  
limitations and safety 
concerns

Next step

Liquid hydrogen too expensive and the losses are too large

Main problem is storage

New hydrogen storage solutions are needed
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· ) RU�ILVKLQJ�YHVVHOV��IXHO�FHOOV�LQ�WKH�P HJDZ DWW�UDQJH�QHHG�WR�
EHFRP H�FRP P HUFLDOO\ �DYDLODEOH.

u 6SDFH�OLP LWDWLRQV�IRU�ORQJ�MRXUQH\ V�DW�VHD�VHHP �WR�P DNH�LW�
GLIILFXOW�WR�VWRUH�WKH�IXHO�RQ�ERDUG�LQ�WKH�IRUP �RI�SXUH�
K\ GURJHQ��6ROLG�VWDWH�VWRUDJH��P HWDO�K\ GULGHV��LV�EHLQJ�
FRQVLGHUHG�RU�HYHQ�K\ GURJHQ�ERXQG�LQ�P HWKDQRO�DV�D�VKRUW�
WHUP �VROXWLRQ

+<' 5 2 * ( 1 �5 ( / $ 7( ' �5 ( 6( $ 5 &+ �$ 7�7+ ( �
8 1 ,9( 5 6,7<�2 ) �,&( / $ 1 '

· 7KHUP RHOHFWULFLW\ ��VSLQ�RII�³ 9DUP DUDI´ �
· 7KHUP DO�P DQDJHP HQW�RI�P HWDO�K\ GULGH�

VWRUDJH
· 1 HZ �VROLG�VWDWH�VWRUDJH�P DWHULDOV�

�WKHRUHWLFDO�DQG�H[ SHULP HQWDO�UHVHDUFK�
· 3URGXFWLRQ�RI�P HWKDQRO�IURP �HP LVVLRQ�

JDVHV�RI�WKH�DOXP LQXP �DQG�IHUURVLOLFRQ�
VP HOWHUV
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6XP P DU\

zz 7UDQVIRUP DWLRQ�WR�K\ GURJHQ�HFRQRP \ �FRXOG�EH�7UDQVIRUP DWLRQ�WR�K\ GURJHQ�HFRQRP \ �FRXOG�EH�
UHDOLVHG�LQ�,FHODQG�GXULQJ�WKH�QH[ W�GHFDGHV�DQG�UHDOLVHG�LQ�,FHODQG�GXULQJ�WKH�QH[ W�GHFDGHV�DQG�
ILQLVKHG�DURXQG�P LG�FHQWXU\ILQLVKHG�DURXQG�P LG�FHQWXU\

zz 7KH�K\ GURJHQ�Z LOO�EH�SURGXFHG�IURP �DP SOH�7KH�K\ GURJHQ�Z LOO�EH�SURGXFHG�IURP �DP SOH�
HOHFWULFDO�SRZ HU�REWDLQHG�IURP �VXVWDLQDEOH�HOHFWULFDO�SRZ HU�REWDLQHG�IURP �VXVWDLQDEOH�
JHRWKHUP DO�DQG�K\ GURHOHFWULF�VRXUFHVJHRWKHUP DO�DQG�K\ GURHOHFWULF�VRXUFHV

zz ´ ,FHODQGLF�1HZ �( QHUJ\ µ�DQG�7KH�8QLYHUVLW\ �RI�´ ,FHODQGLF�1HZ �( QHUJ\ µ�DQG�7KH�8QLYHUVLW\ �RI�
,FHODQG�DQG�WKHLU�LQWHUQDWLRQDO�SDUWQHUV�DUH�,FHODQG�DQG�WKHLU�LQWHUQDWLRQDO�SDUWQHUV�DUH�
Z RUNLQJ�WR�UHDFK�WKLV�JRDOZ RUNLQJ�WR�UHDFK�WKLV�JRDO

3RVVLEOH�P HWKDQRO�SURGXFWLRQ�3RVVLEOH�P HWKDQRO�SURGXFWLRQ�
LQ�,FHODQG�LQ�,FHODQG��FRQW���FRQW��

· Replacing 95% of the imported fossil fuels 
presently consumed by the transport and 
fishing sectors by methanol would result in a 
total of up to more than

� � � �UHGXFWLRQ�RI�&2 � HP LVVLRQ

from the present situation
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· 3KDVH�� �
PEM fuel cell bus demonstration project. Up to 
three city buses in public transportation in 
Reykjavik

· 3KDVH�� �
Gradual replacement of the Reykjavik city bus 
fleet and possibly other bus fleets by PEM fuel 
cell buses

7UDQVIRUP DWLRQ�RI�,FHODQG�LQWR�WKH�7UDQVIRUP DWLRQ�RI�,FHODQG�LQWR�WKH�
K\ GURJHQ�HFRQRP \ �K\ GURJHQ�HFRQRP \ ��FRQW���FRQW��

· 3KDVH�� �
Gradual replacement of the present fishing 
fleet by fuel cell powered vessels

In this way, transformation of Iceland into a 
hydrogen economy could possibly be 
completed in 2030 - 2040
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· The key objective in the ECTOS project is to do 
combined demonstration and research on hydrogen 
infrastructure and operation of fuel cell buses powered 
by hydrogen

· The project consists of building a hydrogen refilling 
station in Iceland, with on-site production of hydrogen 
by electrolysis using renewable energy and operating 3 
PEM fuel cell buses in normal service by the Reykjavik 
Municipal Bus Corporation 

7KHUP RHOHFWULFLW\ �� 1 RYHOW\ �LQ�WKH�,FHODQGLF�
K\ GURJHQ�UHVHDUFK�DQG�GHYHORSP HQW

7KHUP RHOHFWULF�JHQHUDWRU��
EDVHG�RQ�VROLG�VWDWH�
P HWKRGV��LV�XVLQJ�ORZ �
WHP SHUDWXUH�JHRWKHUP DO�
Z DWHU�WR�JHQHUDWH�HOHFWULFLW\ �
IRU�K\ GURJHQ�SURGXFWLRQ�
DQG�WR�DVVLVW�P HWDO�K\ GULGH�
VWRUDJH�P DQDJHP HQW
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Assuming that the furnaces at the ferrosilicon plant and 
the electrolytic cells of the aluminium smelters could be 
enclosed, which technically seems not impossible, the 
carbon oxides in the gas emitted could be used 
together with additional hydrogen to produce methanol

In this way sufficient amount of methanol could be 
produced to replace 95% of the fossil fuels presently 
consumed by the transport and fishing sectors in 
Iceland

0 ( 7+ $ 1 2 / �2 %7$ ,1 ( ' �%<�&2 0 %,1 ,1 * �0 ( 7+ $ 1 2 / �2 %7$ ,1 ( ' �%<�&2 0 %,1 ,1 * �
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· When looking for carbon containing resources for 
methanol production the attention is drawn towards 
carbon oxides emitted from the metals industry

· In fact both aluminium smelting and ferrosilicon 
production emit vast amounts of carbon oxide 
containing gases

· Basically these gases stem from the use of carbon in 
both cases


