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Norway’s Hydrogen and Ammonia History



Initial Process – Nitric Acid

”Burning air” -> NO + H2O -> HNO3

Early power station dedicated to make fertilizer Ovens with ”standing arcs” to produce NO



In 1928 – Hydro converted to make fertilizer via hydrogen and ammonia

Electrolysers installed at Rjukan 1930,  150 units, 30 000 Nm3/hr, 150 MW



In 1928 – Hydro converted to make fertilizer via hydrogen and ammonia

Electrolysers installed at Rjukan 1930,  150 units, 30 000 Nm3/hr, 150 MW



Hydrogen and nitrogen transported down the valley
to Rjukan and made into ammonia



Ammonia transported 150 miles by rail across inland lakes to the
shore at Porsgrunn

Hydro  gradually converted to natural gas based ammonia production from the late 60’s
Kept electrolysers going as a a separate business, sold the fertilizer unit in 2004 (now  Yara).



Ammonia Powered Truck - Rjukan
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The Midwest’s H2 and NH3 History



The Midwest’s H2 and NH3 History
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Key Challenge and Opportunity

200?

Wind / Grid energy 
6 cents/KWh

NG 12 USD/MMBtu
4 cents/KWh as heat
8 cents/KWh converted to el

Fossil (NG)

Renewable (Wind) or Grid



Security of Energy Supply
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Renewable Hydrogen Research and Demonstration

+ N

Refrigerants



7/&"92"(Z&@/-?9"#/&5
A#289,$(B,,:,
P#-,2"/-R(B,&,K9D$,(+&,-'.
),:"(7,&"-9$(B,:,9-28(C(;1"-,928(7,&",-
!&#J,-:#".(/@(A#&&,:/"9
XOFHY(^`IREeEE
-,,:,?g?/--#:L1?&L,*1
http://renewables.morris.umn.edu



)#&*("/(>??/&#9(P,"9#$:

o A/*#@#,*(S9D,-(T/:28(0-/2,::

o )#&*(,&,-'.(K#$$(*-#J,(,$,2"-/$.:#:(/@(K9",-

o S.*-/',&(@/-?,*(J#9(,$,2"-/$.:#:(K#$$(D,(2/?D#&,*

K#"8(&#"-/',&(@-/?(9#-

o SF(9&*(3F(K#$$(D,(2/?D#&,*(#&(9(-,92"/-(9&*(<9::,*

"8-/1'8(9(29"9$.:"(D,*

o 7/&"-/$$,*(8,9"(9&*(<-,::1-,(<9-9?,",-:



)#&*("/(>??/&#9(P,"9#$:

o M?9$$(-,92"/-(@/-(<#$/"(@92#$#".(Xh:#%,(/@(^H('9$$/&(*-1?Y

o M#?<$,(-,92"/-(*,:#'&(9&*(2/&:"-12"#/&

o 0-/2,::(#:(J,-.(:29$9D$,(XMAB(-,i1#-,:($9-',(@92#$#"#,:Y

o 0#$/"(@92#$#".(K#$$(<-/*12,(9(?9a#?1?(/@(E("/&(<,-(*9.

o B,92"/-(<-,::1-,(=HR`H(>"?/:<8,-,:(X`HH("/(IHH(0MZY

o M28,*1$,*("/(D,(/<,-9"#/&9$(49$$(FHEH

o 0#$/"(@92#$#".(K#$$(D,(9*9<"9D$,("/(-,:,9-28

o 0-/@,::/-(N9&&.(M28?#*"(W(A/*#@#,*(-,92"/-

o 0-/@,::/-(B/',-(B19&(W(3/&R"8,-?9$(<$9:?9(-,92"/-



)#&*("/(>??/&#9(P,"9#$:

o +&,-'.(,@@#2#,&2.G(K9",-(1:9',G(2/:"(/@(<-/*12"#/&G(.#,$*(/@

9??/&#9G(:.:",?(/<,-9"#/&(9&*(?9#&",&9&2,G(29"9$.:"

<,-@/-?9&2,(9&*($/&',J#".G(9&*(/"8,-(J9-#9D$,:(K#$$(D,

",:",*

o +2/&/?#2:(K#$$(D,(?/*,$,*

o M.:",?(K#$$(D,(/<"#?#%,*(@/-(2/??,-2#9$#%9"#/&

o P9"9(K#$$(D,(1:,*("/(*,",-?#&,(9<<-/<-#9",(</$#2.

o )#&*("/(>??/&#9(0#$/"(7/:"(j(kOLe^(?#$$#/&

o 41"1-,(M.:",?(Z&",'-9"#/&(W(T#/?9::(M.:",?G(+"2



Cost of Energy / Ton of NH3 – Single Price

Cost/
kWh

NH3 $/t

$.020 $240
$.025 $300
$.030 $360
$.035 $420
$.040 $480
$.045 $540
$.050 $600
$.055 $660
$.060 $720

*Electrical process….not limited to wind energy!  



Wind to Ammonia Business Models

. V+8458=)7K6)':5)62'87956)<58'2-2P58)H54+6H)+=)K5--)+=)':5
-+6H)26)K:2>:)':5)K26H)D-7K=)+>87==

. a58'2>+--O/26'598+'5HI)-7>+--O)7K65H)=O='54=)K2--)+--7K)<78
47H58+'5-O)382>5H)62'87956)<58'2-2P58)7Q58)+)-769)H,8+'276

. b--7K=)<78)4+8C5')3565'8+'276)26'7):OH87956)=5>'78)+6H
5-5>'82>+-)56589O)95658+'276

. *7==2D-5)26'598+'276)K2':)D274+==)=O='54=)K2--)+--7K)<78
,85+)+6H)45':+67-)387H,>'276

. ?O6+42>)47H5-)4+O)+--7K)<78)+44762+)387H,>'276)26)7<</
35+C):7,8=)+6H)5-5>'82>+-)56589O)=+-5=)H,8269)35+C):7,8=



)#&*("/(>??/&#9(Z?<$#29"#/&:

. $356=)+)65K)4+8C5')<78)+6)5='24+'5H)T)929+K+''=)7<
6+453-+'5)K26H)>+3+>2'O)K2':26)':5)='+'5)='24,-+'269)K26H
56589O)H5Q5-73456')+>87==)L2665=7'+)+6H)':5)L2HK5='(

. ?24262=:5=)':5)655H)<78)+HH2'276+-)'8+6=42==276)>+3+>2'O)'7
+>>7447H+'5)K26H)56589O(

. L+O)56+D-5),'2-2'25=)'7)4+6+95)':5)Q+82+D-5)6+',85)7<)K26H
56589O)+6H)5-5>'82>+-)H54+6H(

. *87Q2H5=)=,D='+6'2+-)5>76742>)H5Q5-73456')73378',62'25=
<78)<+8458=)+6H)8,8+-)>744,62'25=(



)#&*("/(>??/&#9(Z?<$#29"#/&:

. ?5>85+=5=)98556):7,=5)9+=)542==276=)DO)5-2426+'269)<7==2-
<,5-=)>,8856'-O),=5H)26)':5)387>5==(

. *87Q2H5=)+)=5>,85I)H745='2>+--O)387H,>5H)62'87956
<58'2-2P58)=7,8>5)+6H)387'5>'=)+)Q2'+-)+982>,-',85)26H,='8O
K2':26)':5)Y62'5H)&'+'5=(

. V284-O)5='+D-2=:5=)':5)L2HK5=')+=)+)K78-H)-5+H58)26
8565K+D-5):OH87956)387H,>'276)+6H)K26H)56589O(

. "85+'5=)+)=7-2H)<7,6H+'276)<874)K:2>:)'7)987K)L2HK5='
4+6,<+>',8269)>743+625=)+6H)+''8+>')>743-2456'+8O
:OH87956)85-+'5H)26H,='825=(


