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Gdgn. exr vardar stdrf vinnuhdéps um vetni og vetnissambdnd

A vegum vinnuhdps um vetni og vetnissambdnd er radgert ad gefa

Gt 4litsgerd og nokkrar skyrslur. P1l3gg bessi hafa a8 geyma heimilda-
skrdr er syna margar peirra heimilda sem vinnuhdpurinn hefur studst
vid {1 stérfum sinum. Vegna dframhaldandi starfsemi & sviéi tilbiins
eldsneytis pykir rétt ad halda saman beim g&gnum og upplysingum

sem aflad hefur verid. DPess vegna eru birt hér nokkur plégg sem

geta komid ad gagni vié frekari athuganir & innlendri eldsneytis-
gexrds.

1. "Norrzn samvinna um ny brennsluefni: Fundur { Stokkhdlmi
27.april 1979". JSG mai 1979.

2. "Production and utilization of synthetic fuels and electric

cars in USA: A report on a study-travel 20 April to 9 June
©1979". BA & JMM 3ja41i 1979.

3. "Al eda eldsneyti". GJ &gust 1979.
4. "Frekari heimildir um eldsneytismal". JSG mai 1980.

Ut hafa komid tver ferdaskyrslur (JSG mai 1979 JSG & RD desember
1979) { tengslum vid stdrf vinnuhdpsins. bessar skyrslur hafa aé
geyma razkilega skrd yfir bar heimildir er aflad var { ferdunum.
Pessar heimildir eru 1 vdrslu JSG og getur hver sem er fengid aé
skoda pér. 1t 4litagerd vinnuhdpsins (BA,GJ,JSG,RP mai 1980) er
heimildaskrd sem synir helstu gégn er hépurinn notadi. Flest
bessara gagna eru { vdrslu JSG, en adrir medlimir vinnuhdpsins
hafa lika eintdk. BA skrifar sérstaka skyrslu fyrir vinnuhdpinn
um framleidslu og notkun vetnis og vetnissambanda i staé ntverandi
eldsneytis. Dessi skyrsla verdur gefin Gt & svipudum tima og alits-
gerd vinnuhépsins. Skyrslan hefur a8 geyma um 100 heimildir og

er besta samantektin & beim g8gnum sem vinnuhdpurinn hefur notaé.

BA o.fl. geyma eintdk af bessum heimildum.
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Norrzn samvinna um ny brennsluefni: Fundur i Stokkhdélmi 27. april 1979
' o
1. Inngangur

Ad tilhlutan Svensk Metanolutveckling AB (SMAB) var efnt til "Conference
for the Constitution of a Scandinavian Cooperation Within the Field of
Synthetic Fuels" i Stokkhélmi 27. april 1979. Um 80 manns fri Nordéur-
16ndunum (adallega) sétti bennan fund. Fra fslandi mattu Finnbogi Jéns-=

son Ur Idnadarrdduneytinu og undirritadur sem fulltr(i Orkustofnunar.

SMAB er "rikisfyrirtaki" (80% Studsvik Energiteknik, 10% Statsfdretag og
10% Volvo) sem var stofnad 1975 til aé standa fyrir rannsdkna- og brdéun-
arstarfsemi & metandli sem eldsneyti. 1 tengslum vié SMAB starfar Sform-
legur vinnuhdpur~ (Kaupmannahafnarhépurinn) sem i eru fulltriar fyrirtzkja
og stofnana fra Nordurldndunum (nema Finnlandi og fslandi), pyskalandi,
Hollandi og Bretlandi er hafa ahuga fyrir metandli og &&6rum brennsluefn-
um. Hépurinn kemur saman nokkrum sinnum & ari til ad rzéa ymis mal er
vardéa ny brennsluefni. Fundurinn i Stokkhélmi var m.a. bosadur til ad
athuga hvort grundvdllur veri fyrir pvi ad breyta eéda utvikka ba starf-
semi og samvinnu sem n begar a sér stad. Vegna fundargesta £ra 1ldndum

utan Nordurlanda var fundarmalidé enska.

2. Fundurinn

Fundargestum var skipt {1 5 umrméuhépa sem raddu: Fuels and lubricants;
Engine developmént and fuels system; Production of methanol; Distribution,
market introduction; Environment, health and safety. Finnboéi ték -patt 1
umredunum um dréifingu en undirritadur um framleidslu. - Fyrir hadegi rzddu
hoparnir. tzknileg atridi sins héps en eftir hddegi hugmyndir aé norranni
samvinnu um ny brennsluefni. Eftirmiddagsumradurnar snérust um: Definition
of national-goals; Definition of goals for cooperation/coordination; For-
mulation of cooperation/coordination; Proposals for action. Formenn umrazdu-

hépanna skyréu &llum fundargestum fra helstu nidurstdéum sins hops baéi fyrir

og eftir hadegi.

Pad er skodun undirritads aéd fundurinn hafi verid illa skipulagdur pvi mjég
1itis var um gddar umradur. Dad ma segja ad fundurinn hafi verid of skipu-

lagdur. Auk pess matti heyra & félki ad bad veri 1itill grundvdéllur fyrir
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samvinnu bvi orkublskapur Nordurlandanna vari svo &likur nema pa 1 svi- °
pjds og Finnlandi. DO svo ad 1litid hafi komid Gt Ur umraedunum var ndg
af hafu folki til ad leggja ord { belg. DPar 18gbéust & eitt slamt skipu-
lag (ofskipulag) og takmarkadur grundvSllur fyrir samvinnu. 0

! umraduhdépi undirritads var gengid a linuna og einn fra hverju Nordur-
landanna Utskyréi st8éuna i orkumdlum heimafyrir og greindi fra afstdéu
sinni til metandls og nyrra brennsluefna.- Undirritadur sagéi fra vinnu-
hépi Orkustofnunar um vetni og ny brennsluefni og rakti Astzdéuna fyrir
dhuga okkar fyrir pvi aé nyta innlendar orkulindir sem enn varu litid
~notadar. Afstada Svipjosar kemur vel fram i arsskyrslu SMAB fra 1978

sem var 18gé fram & fundinum. Skyrslan "Methanol as Motor Fuel" er 76
bls. og faanleg & bdkasafni Orkustofnunar. DPeir hafa mikinn Ahuga & aé
blanda metandli i bensin og dieseloliu til aé minnka oliuinnflutning og
draga Ur verdsveiflum og erfidleikum vegna timabundis skorts. Metandlid
verda beir ad framleida sjalfir Gr innlendum hrdefnum eda flytja pad inn.
bPeir tala um ad framleida metandl Gr dreggjunum frd oliuhreinsunarstddév-
um. Finnar hafa mikinn dhuga & aé framleida metandl Gr innlendum md.
Deir hafa gert tilraunir bar ad lGtandi og telja bazr hafa tekist vel.
DPeir flytja inn 72% (1978) af heildarorkunotkuninni. A seinusta ari unnu
beir 6 milljénir rimmetra af md sem jafngilda 600.000 tonnum af oliu. Mik-

id var taladé um ad Finnland og Svibjod hefdu svipud orkuvandamal.

Allt annad hljéé var i peim fra Noregi og Danmérku. I Noregi hafa peir
dhuga fyrir metandli til bess ad losna vid blyid Or bensininu. Metandlid
er bvi "umhverfisvandamil" en ekki "orkumdl". Undirrituéum fannst nordan-
mennirnir hafa hitt naglann a h&fudid. Endé attu beir SMAB-menn 1 sifell-
um erfidleikum ad Utskyra ba stefnu sem beir vinna eftir i Svipjds. Med
bvi ad blanda 15-20% metandls { bensin eykst octan-talan bas mikid aé bly
verdur ekki naudsynlegt. I Danm&rku hefur 1itid verid gert i metandlmil-
um og engar sérstakar hugmyndir & lofti par a& litandi. £ umreéum kom ;
fram aé Sviar horfa hyru auga til porana Norémanna fyrir nordan 62. breidd-
arbaug en par telja menn ad von sé & miklu jardgasi. Detta jardgas maetti

nota til metandlframleidslu. Danir eru éekki med neinar hugmyndir um aé

framleida metandl Ur sinu jardgasi fra Nordursjdnum.
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3. Metandlrannsdknir o 2

Svensk Metanolutveckling AB hefur stadid fyrir miklum rannséknum og préf- 9
unum 4 notkun metandls i farartzkjum. Skyrsla SMAB sem 16g& var fram a
fundinum greinir fra pvi helsta sem peir hafa gert. Dessar tilraunir hafa
synt ‘ad audvelt er ad nota 15-20% metanolblédndu & bar bensinvélar sem tidk-

ast 1 dag og hagt er ad keyra dieselvélar a allt ad 85% metandlblédndu.

Til pess ad keyra venjulega bensinvel & 15-20% metandli parf litilla breyt-
inga vié. Nu eru aé hefjast i Svibjod prdéfanir & um 50 einkabilum sem
keyra & 15% metandlbldndu. Settar verda upp brjar bensindelur med metan-
6lbléndu par sem "venjulegu" bilarnir fa & tahkinn. Hugmyndin er $u aé
préfa hvernig hlutirnir (dreifikerfid, bensinstddin, bilarnir) haga sér i
reynd begar venjulegir Skumenn nota metandlbléndu & bilana sina. Takist

betta vel & ad Gtvikka bessar préfanir til um 500 bila.

Til pess ad geta notad metandlbldndu a dieselvélar hafa beir SMAB-menn burft
ad proa nyja tzkni. DPad er "dual" eldsneytiskerfi. Metandl springur alls
ekki vié bjSppun eins og dieselolia gerir. Deir leysa petta vandamil med
bvi ad hafa tvdfalt eldsneytiskerfi. 1 Hzgagang brennir vélin adéeins
dieseloliu. Vi& meira &dlag er metandl spytt inn i brennsluhdlfid um leid
(eda rétt a4 eftir) og dieselolian springur. Metandlidé getur pannig skaff-
ad ba orku sem pbarf umfram hzgagang - en dieselolian er alltaf til stadar
til ad koma sprengingunni af stad. Dieselvélar hafa verid keyréar med 85%

metandlbléndu med gddum arangri.

4. Nidurstodur

Ein helsta nidurstada fundarins var si ad ekki patti Aastazda til ad breyta
nuverandi fyrirkomulagi um samvinnu. Lagt var til ad Kaupmannahafnarhdp-
urinn yrdi Afram brennidepill norrznnar samvinnu a sviéi nyrra brennslu-

efna. SMAB-£f61kid =tladi ad taka saman pad helsta sem fram kom & fundin-
um og senda fundarmdnnum. Dad kom fram hja fjdlda fundargesta aé fundur-
inn haféi verid gagnlegur til ad kynnast einstaklingum sem vinna aé proun

eldsneytismala a Nordurldndum.

Undirritadur telur ad viss innsyn hafi fengist inn i pessi metandlmal a

Nordurldndum. Svo virdist sem Noregur og Svipjdd stefni i pa att aé losna




vié bly Gr bensini meé pvi aé blanda 15-20% metandls i stadinn. 1&g bar
aé lUtandi bidi bara pess tima ad tazknin (dreifning og notkun) sé préud

og reynd vid eiginlegar adstzdur. Detta metandl verdi innflutt eda fram-

leitt Gr oliurestum i Svipjdd og hugsanlega gasi i Noregi.

Hvad Island vardar telur undirritadur bad afar mikilvegt ad Svipjod seé

ad brda og profa ba tekni sem gerir okkur mdgulegt ad brenna metandli i
dieselvélum. Syni nidurst8éur vinnuhdps Orkustofnunar um vetni og ny
brennsluefni aé bad sé hagkvemt ad framleida metandl innanlands getur bad
skipt 81lu mali fyrir bata og togaraflotann adé brennslutzknin sé fyrir
hendi. Dad sama md segja um bensinvélarnar. Undirritadur leggur til ad
sem mest sambanq verdi haft vid Svensk Metanolutveckling AB og Kaupmanna-

hafnarhépinn til aé fylgjast med framprdéun bessara mala & nastu arum.

Mal 1979
‘ |
Jén Steinar Gudmundsson
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Foreword

This report contains a sumary of information and impressions-obtaineq;on
a study tour to the United States that we, the undersigned, undertook in the r
April 29th-June 9th, 1979, The purposc of the tour was to study the preseﬁ%
state of the art of manufacturing synthetic fuels and electric cars with the
main emphasis on the former. The study tour also encompassed visits to the

chemical departments of three universities to learn about their undergraduate

chemistry programs.

The study tour was funded by the Independence Foundation, Philadelphia
and the National Power Company, Iceland and was organized by the Eisenhower

Exchange Fellowships, Inc. (EEF).

The whole excursion proved to be very instructive and the valuable inform
‘tion gathered will be useful in our future work. We were able to make persona
contacts with scientists, engineers and other experts which undoubtedly will
result in further exchange of information and collaboration in the future,
The tour also gave us a unique opportunity to get to know the American people

and the country.

We are very grateful to the numerous people that helped to make our tour
successful. We QES especially grateful to Mrs. Marqguerite Perrone, the progran
officer, and Mr. Nicolas Ludington, the executive director of the EEF for the
extremely well organized tour. We also want specifically to thank the
Icelandic selection commitee under the chairmanship of dr. Jdéhannes Nordal,
for having nominated us for the study tour and the commitee’s administrative
secretary Ms, Agﬁsta Johnson, who put a great effort in her endeavour to make
our tour as successful as possible. At last but not least, we want to thank
the Independence Foundation under the presidency of Mr. R. Maes and the
National Power Company, Iceland for providing the necessary funds and making

the study tour possible.

In the following our more detailed account of the information and impressi

obtained during the tour is given.

Reykjavik, July,,1979.

[~ y
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Bragi Arnason Joéhann Mar Mariusson




Production of synthetic fuels

o
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Iceland possesses no fossil energy sources, except for peat and small
amounts of lignite. On the other hand, it is relatively rich in the renewable
energy sources, hydropower and geothermal energy. The hydroelectric power
potential available in the country has been estimated to be approximately °
30 TWh/year, of which only 10% have now been utilized. The power potential
of geothermal energy has not been fully assessed but it is believed that
this energy source can yield at least another 20 TWh/yr of electricity as

well as provide vast amount of energy for domestic heating and process heat

for industry.

In spite of the fact that only a small fraction (less than 10%) of the
avallable power potential has been utilized, Iceland imports oil and gasoline
amounting to approximately 50% of the total encrgy consumption of the country.
In the year of 1978 some 600,000 tons of refined oil products (4.4 million
barrels) were imported. 1In value, about 12% of the total imports of the natior
in that year was fuel. 1In 1979 this value is expected to be much higber

{approximately 25%).

Technically the energy sources available in Iceland could be used to
produce fuel, which could substitute for the presently importéd fuel.
Electricity can be used to produce hydrogen from water. The hydrogen could
then eithexr be used d&gectly as fuel or it could, together with some carbon
species e.g., carbon diéxide from seashells, carbon from peat or from imported
coal, be converted to methanol, gasoline, or some other types of fuel. -Until
recently such synthetic fuels would have been much more expensive than imported
fuel. Rising oil prices as well as recent developments in the production of
hydrogen and other hydrogén based fuels, however, indicate that this will

probably not be the case much longer.

Many of the world’'s leading experts in the production and utilization of
synthetic fuels are working in the United States. On our trip to U.S.A. we
were able to visit many of the institutions where these experts are working

and to meet them personally.

The main conclusions which we have been able to draw from the informa-

tion we gathered are as follows:
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There is no doubt in our mind that with the already availa@}e technigues
it is possible to produce synthetic fuels in Iceland in sufficient amount to
fulfili the nation’'s fuel demand. However, the economics of such an under-
taking have to be studied further as discussed later in this report, °

The simplest fuel to make in Iceland and most likely also the cheapegt
one is hydrogen, which can be produced electrolytically. Due to its high
energy content and low pollution, hydrogen seems to be one of the most attract
fuels of the future. However, liquid hydrocarbon~fuels appear for various

reasons to be the most fitting near term solution.

At present there is a significant research effort in the United States
in hydrogen storage and transmission, as well as in making conventional
combustion engines run on hydrogen., Although the already obtained results are
promising, thére are still various problems to be solved before hydrogen can
be considered as a convenient fuel, especially in the transporation sector.
The most serxious probiems seem to be in the storage of hydrogen, both on a
large and a small s&ale e.g. in boats, land vehicles, and aircraft. Hydrogen
needs storage technidues, quite different from the ones used presently for
liquid fossil fuels, gpd these techniques are étill in the stage of develop-

.ment.

Most of the experts we met on our study tour expressed the belief that
hydrogen is not going to be one of the main fuels for mankind until sometime
in the next century. However, there is a possibility that because of the
still growing interest in hydrogen research, the breakthrough for hydrogen
as a fuel might come somewhat earlier than expected, especially in countries
like Iceland witﬁ its potential to produce inexpensive hydrogen. We, there-
fore, think it strongly advisable that the proper authorities in Iceland
should pay increasing attention to the worldwide development in hydrogen

research.

According to our opinion the time is now ripe to initiate serious studies
of the feasibility of producing synthetic fuels in Iceland. At present it
seems most logical to concentrate on the possibility of producing hydrogen
eleétrolytically and then to use this hydrogen, together with some carbon
species, to produce liquid carbonaceous fuels. Such liquid fuels could, for

example, be methanol, gasoline or some other liquid hydrocarbons (diesel fuel}.
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The two main carbon sourxces available in Iceland are COy (from carbonate
from the ocean or from the atmosphere) and elementary carbon fronf peat. o
From our discussion with experts at the Brookhaven National Laboratory and
at the Institue of Gas Technology, Chicago, we understand that the technique
to produce methanol, gasoline or some other liquid hydrocarbon fuels, by
using hydrogen together with COp or carbon from peat and coal, is already i
.available. The question seems not to be whether it is technically possible,
but rather which method is the most economic one. Without ruling out any

other possibilities, it seems to us that peat could prove to be an economic

carbon source for Iceland and that a study of this aspect should be emphasizec

In the years 1939-1940 extensive studies were made on the quality of
the available peat resources in Iceland. The studies also involved loose
estimates as to the quantity of the peat. From these studies it seems that
Iceland possesses sufficient peat resources for production of synthetic
fuels to cover the dation’s demand for a long future. This, however, needs
to be carefully assessed taking into consideration environmental aspects as

well as other pertinent matters.

-~

On a dry basis, Icelandic peat contains up to 64% carbon moétly in
its elementary stage (oxidation stage zero). From the avallable information
"peat seems to have significant advantages over COp as a carbon source for
production of synthetic carbonaceous fuels. The carbon in the peat is
relatively concentrated and mostly in its elementary form. In case that
COy were to be used, a considerable amount of energy would be used both
ﬁo concentrate it from the ocean or the atmosphere, and to release it from
the carbonate., The main advantage of peat over CO2, however, seems to be
the fact that due to the higher oxidation state of carbon in COp (+4},
than in peat (0), extra hydrogen will be needed to reduce the carbon in COj3.
This has to be kept in mind as the cost of hydrogen is the main cost factor

in the production of synthetic fuels.

One further possibility to produce synthetic fuel in Iceland would be
to import coal as a carbon feedstock. The Institute of Gas Technology has
already carried out some studies where peat is used to produce synthetic
natural gas and liquid hydrocarbons and has compared the results obtained to

those obtained by using coal‘as carbon source. Their conclusion is that
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peat might even have some advantages over coal. Peat mining seems to causéD
less environmental problems than coal mining at the surface, Péaz also e

seems to be an even cheaper carbon sources (0.75 $/GJ) than coal (1-2 $/GJ).
Peat appears to be a more reactive material than coal, which might result “in
less capital cost of fuel plants producing synthetic fuels from peat, than o
from coal. The total yield of fuel produced in gasification processes is
higher for peat than for coal. The fraction of liquid hydrocarbone that

can be obtained by such processes is much higher for peat.

In the classical gasification processes where coal or peat is converted
to synthetic fuel, a part of the carbon content is used to produce hydrogen,
which then reacts with part of the remaining carbon to produce synthetic
fuel. The coal or peat thus both acts as a hydrogen and a carbon source.
Here in this country the hydrogen can be produced electrically so that the
peat is only needed as a carbon source. This raises the question whether
it might even be more économic to use some kind of liquifaction processes
instead of gasification processes to produce synthetic %uel in Iceland.

In liquifaction processes the carbon is dissolved in organic solvents and
then reacted with hydrogen at high pressure and temperature in the presence
of a catalyst. After the solvent has been recovered from the solution,

the resulting product is crude oil.

As already mentioned we are of the opinion that before peat can be used
with hydrogen to produce synthetic fuels in Iceland on a large scale, much
more detailed studies need to be carried out. With the present knowledge,
however, this method seems to be rather promising, and we think that the
immediate initiation of the necessary studies in this respect is fully

justified.

As mentioned before, the use of hydrogen as a fuel will require storage
techniques and distribution techniques quite different from thé present ones
used for liquid fuels and will also require modifications of the present
'power engines. The main advantage in production of liquid synthetic fuels
are that the same distribution system and storage technique as presently
used to distribute and store gasoline and diesel oil, can be used further

without any significant changes. In the case that methanol will be produced,




. 0
the present engines used in boats and land vehicles can still be used with
[+Y
some modifications. In case that synthetic gasoline or diesel 511 will °
be produced, the present transportation system will need no modification
o

at all.

Hitherto in this report we have shied away from giving any numbers
to indicate the price of the synthetic fuel that could be produced in this
country, becauée we know that there are still too many unknowns for any
reliable estimates to be made at present in this respect. However, we feel
it is justified to illustrate the matter with the following example. Very
loose estimations indicate that with the available technology it might be
possible to prdduce gasoline in Iceland for approximately 480 $/ton compared
to 400.$/ton we now (July 1979) have to pay for imported gasoline Cif unloaded
in Iceland. The production cost of the synthetic fuel is derived assuming
the price of electricity at 15 mills/kWh, the price of carbon feedstock at
2.5 %$/GJ (equivalent to approximately 70 $/ton of coal), and a gasoline
production plant of 1000 tons output per day. The véry preliminary nature
of the above comparison must be kept in mind and it is reemphasized that only
a thorough feasibility study taking into account all aspects of the matter
can yield the basis for a proper judgment on the desirability of making

synthetic fuels in Iceland.

With regard to what is stated above and our other impressions from
the tour, we have concluded that the possibility of making synthetic fuels
in Iceland deserves the full attention of our nation. It is possible that
at present it is still somewhat less expensive to import fuels from abroad,
compared to producxng the same in this country, but the difference now seems
to be small and there are indications that the gap may close within the
next few years. Therefore, our final conclusion is that time is now ripe

to provide the necessary funds to initiate and complete feasibility study

in the shortest possible time. We believe that the cost of such a study

will be insignificant and fully justifiable considering the importance of

the matter.




ELECTRIC CARS o
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The main advantages of electric cars over those run on fossil fuels are
that electric cars use energy much more efficiently and that there are

practically no pollution problems attached to their usage.

During the last few years there has been a world wide upsurge in the
interest for electric cars and the viability of their substitution for the
present conventional fossil fueled vehicles. The interest has been mainly
concentrated on the possibility of running cars on electricity that do not
require long operating range, like company cars or buses on short routes and
family cars mostly for use within cities étc. This reflects the fact that

present and prpven technology will not provide such cars with an operating

range on par with the present oil powered vehicles.

For a country like Iceland with abundant hydroelectric power and no oil
deposits the electric car represents a special attraction since it could make
it possible to substitute a significant part of the imported fuels with rela-

tively inexpensive indigenous energy.

The U.S. government is now ardently supporting development programs and
_promoting the usage of electric cars and there are a number of companies in
the USA that are actively working with the government or on their own on the
development and production of electric cars. On our study tour, we were able
to visit some of these companies and to meet government officials and technica:
experts working in this field. We were, also, able to visit some companies

using electric cars,

Our main impressions from our visits and discussions relating to this

matter are the following,

Electric cars are already replacing conventional combustion cars
at a growing rate in some special fields, such as postal and park services and
utility maintenance and there seems to be little doubt that electric cars
will offer a viable transportation option on a much larger scale in the

future.. The question is, therefore, when and to what extent,

At present there is no mass production of electric cars in the United
States. Most of the electric cars that have been built until now are

prototypes or small fleets custom built, e.g. for the U.S. Post Office or




the National Park Service.i All these cars are originally designed as gasofzne
cars, but have been modified to run on electricity from lead aéidjbatterieg.
Most of these cars are bullt for special purposes and seem not to be attractiv
for general public use. There are very few companies at present in the URited
States that are making electrically driven family cars for sale to the gen%fal
public., We visited one of these firms (Electric Vehicle Association Inc.,
Ohio) and saw the product. They are converting on a very limited scale a
gasoline fueled car from American Motors (PACER, four passengers) to run on
lead acid batteries. This car has the looks and gomforts of conventional
gasoline cars. It is familiar to operate and meets the U.S. federal safety
"standards., It has an acceleration of O - 30 mph in 13 seconds, maximum speed
over 55 mph and an operating range of minimum 35 miles. These characteristics
seem to be adequate for metropolitan driving. It takes approximately 8-~10 hou

to charge the batteries on 120 Volts electricity (4-5 hours on 220 volts).

We obtained the following cost data on the above electric PACER. The
purchasing cost of this car is § 13,800 Fob Cleveland, Ohio. The batteries
(20 pieces weighing 700 kg altogether) cost $ 1,400 per car and need to be
replaced every two yvears. The cost of operation and maintenance (excluding
capital cost) is 5-6 cents/mile. This figure includes cost of electricity,

-the changing of batteries, and all normal maintenance. The figure fdr the
same type of car run on gasoline was said to be somewhere around 15 cents/mile
The above cost figures reflect the present price of gasoline, 40 mills/kWh

for electricity and the present value of the dollar.

Regarding the future of electric cars, there seems to be a consensus
among the people we talked to that for a long time to come the batteries in
these cars will be of the lead acid type. THié type of battery has been stead:
improved over the years with regard to the energy storage capacity and 7
durability. Also, there secems to be room for significant img;ovements yet,
which are now diligently being worked on. The most advanced lead acid batteric
commercially available weigh 30 kg and store approximately 1.2 kWh and cost

about $50, (Electric cars presently in use require between 0.22 and 0.35

kWh/tonmile,)

Long term studics on other types of bhatteries arc beingfﬁarried out, such
as the alkaline types Nickel-Iron and Nickel-Zinc and the high temperature typc

Lithium - Sulfid and Natrium - Sulfid. These batteries will have greatly




improved energy/weight ratio over the lead acid type but a number of technig%i
and economical problems in their manufacture and usage have yet %oobe solved
before they will offer a viable alternative to the lead acid batteries.
However, it is firmly believed that these problems will be solved within the
next twenty years. The optimists maintain that electric cars having a drivigg

range comparable to gasoline driven ones will be available and commercially

competitive within the next decade.

As stated above the existing electric cars in use arc almost entirely
medified conventional gasoline cars. Everyone in the business seems to agree
that the advantage of the electric car will not be fully realized until we
have a car that has been specifically designed as such. We were aquainted
with two prototypes of family cars designed as electric cars. These were
funded by the U.S. Department of Energy. One of the prototypes is an all
electric car developed by General Electric and Chrysler, the other prototype
is a hybrid car (i.e. it is provided with a fly wheel as well as batteries)
developed by the Garret Company of California. Both these prototypes seem
to have significant advantages over the existing commercially available
electric family cars regarding driving perfoimance, operating range, style
and comforts. There are, however, a number of improvements to be made on

these cars and until mass produced they will remain prchibitively expensive.

In summary the information we were able to gaﬁher seems to indicate that
the electric cars offer some definite advanﬁages.already in limited sectors
of the transportation system. We, however, believe that another decade will
pass before electric cars start replacing gasoline propelled caks for the
generalpublic to any significant extent. This, noﬁ@ithstanding, we think
that the future of electric cars looks very promising and that Icelanders
should start giving the matter a serious attention. We are of the opinion
that a testing program of existing electric cars may be justifigd in order to
gain a first hand acquaintance with this technology and also to study the
effects of the special Icelandic conditions on such cars. However, before such
a program is started we think that a thorough study of other nations’' test pro-
grams with regard to this should be undertaken. In this respect we can point
out that at'least one research institution we were able to visit in the usa,
EPRI (Electric Power Research Institute in Palo Alto, California) is about to

release a comprehensive study (safety, economics etc.) of a number of commerciall

available electric cars in the USA and abroad.
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Undergraduate programs in chemistry departments of Minerican universities
[5) - 3

On the study tour dr. Bragi Arnason was able to visit the chemistry
departments of three universities in order to learn about their undergraduat:
chemistry programs. These universities were: The Massachusetts Institute o
Technology, Boston; The University of California, Berkeley; and The Univeisit
of Utah, Salt Lake City. At all these universities dr. Bragi was received.
with a great hospitality and a very valuable information was gathered. In
connection with the visit to Berkeley, dr. Bragi Arnason gave a lecture on
"Origin and Nature of Geothermal Systems in Iceland, traced by stables
isotopes". The lecture was followed by 30 min. film showing the Qolcanic

eruption of Heimaey, Iceland.
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List

of Institutions visited

o )
EISENHOWER EXCHANGE FELLOWSHIPS, INC., PHILADELPHIA.
prics: Welcome and orientation. 9
Appointments with: Ms. Marquerite Perrone, the program officer, )

Mr. Nicolas Ludington, the executive director of the
Eisenhower Exchange Fellowships and Mr. Maes, the

president of the Independence Foundation,

ESB TECHNICAL CENTER, YARDLEY, PA.

Topics: Electrical vehicles program. Batteries.

Appointment with Mr. George Hartman.

AIR PRODUCTS AND CHEMICALS, ALLENTOWN, PA.

Topics: Production and liquefaction of hydrogen. Storage and

transportation of liquid hydrogen.

Appointments with:dr. Novis Smith and Mr. E. Louis Wilkinson.

U.S. POSTAL SERVICE, WASHINGTON D.C.

Topics: Experience with electric cars.

Appointmentswith:Mr. Dick Bowman and Mr. Tom Norman.

U.S. NATIONAL PARK SERVICE, WASHINGTON D.C!

Topics: Experience with electric cars.

Appointmentswith:Mr. Edward J. Drotos and Mr. John Hooke.

U.S. DEPARTMENT OF ENERGY, WASHINGTON D.C.

Topics: Electric and hybrid vehicle system. Hydrogen energy program.

Appointmentswith; Mr. Paul Brown and Dr. James H. Swisher.




10,

11,

12.

o

N.A.S.A. - LANGLEY RESERACH CENTER, HAMPTON, VA o
2 [+]

Topics: Hydrogen and other possible synthetic aircraft fuels,

Appointment with: Dr. Robert D. Witcofski.

BROOKHAVEN NATIONAL LABORATORY, UPTON N.Y.

Topics: S§nthetic carbonaceous fuels. Production of hydrogen.

Storage of hydrogen in hydrides. Fuel cells.

Appointmehts with:dr. Frank J. Salzano, Mr.  Mezzina, Dr. Meyer Steinberg,
dr. Jim McBreen, dr. Strickland, dr. J.J. Reilly,

dr. J. Johnson, dr. Vi Duong Dang.

MASSACHUSETTS INSTITUTE OF TECHNOLOGY, CHEMISTRY DEPARTMENT, BOSTON,

Toplcs: Undergraduate programs in chemistry. Synthetic fuels.

Apéointments with: Prof. Ralph Staley and dr. William A. Peters.

GENERAL ELECTRIC COMPANY, WILMINGTON, MA.

Toplcs: Solid polymer electrolysis, Fuel cells.

Appointmentswith:dr. Leonard J. Nuttall, dr. John H. Russel,
Mr. Lloyd E. Chapman.

CLEAN ENERGY RESEARCH INSTITUTE, UNIVERSITY OF MIAMI, CORAL GABLES,

Topics: Hydrogen as energy carrier of the future. Synthetic fuels.

Appointments with:dr. Nejat Veziroglu, dr. John W. Sheffield, and
dr. K.T. Rhee.

JET PROPULSION LABORATORY, CALIFORNIA INSTITUTE OF TECHNOLOGY, PASADENA, C]

Topics: Hydrogen energy systems technology.

Appointments with: dr. James H. Kelly, dr. Joe Hanson, dr. Christopher

England.




13.

14.

15.

16,

17,

18.

Q

AIRRESEARCH MANUFACTURING COMPANY OF CALIFORNIA, DIVISION OF THE

GARRETT CORPORATION, TORRANCE, CA,

Topics: Electric cars.

Appointments with: Mr. Beb Rowlett and Mr. Hal Morgan. 0

ELECTRIC POWER RESEARCH INSTITUTE, PALO ALTO, CA.

Topics: - Hydrogen energy systems technology. Electric cars.

Appointmentswith:dr. A. John Appelby, dr. Ralph J. Ferraro,
dr. Arnold A. Fickett, dr. Bhupen Mehta,

UNIVERSITY OF CALIFORNIA, RERKELEY.

Topics: Undergraduate programs in chemistry.

Appointmentswith:Prof. Samuel Markowitz, Prof. Ian Carmichael,

dr. Harold Wollenberg,

UNIVERSITY OF UTAH, DEPARTMENT OF CHEMISTRY, SALT LAKE CITY.

Topics: Undergraduate programs in chemistry.

Appointment with:Prof, William Guillory.

' /
BILLINGS ENERGY CORPORATION, PROVO, UTAH.

Topics: Hydrogen as a fuel in the transport sector. Storage

of hydrogen in hydrides.

Appointmentswith:Mr. Barrie C. Campell and dr. R.L. Woolley.

-

DENVER RESEARCH INSTITUTE, UNIVERSITY OF DENVER, CO.

Topics: Storage of hydrogen in hydrides. Hydrogen as a fuel in the

transportation sector.

Appointmentswith:dr. Charles E., Lundin and Dr. Frank E. Lynch.




19,

20.

INSTITUTE OF GAS TECHNOLOGY, CHICAGO. o
2 o

Topics: The role of hydrogen in the energy future. Manufacture
of hydrogen or other synthetic fuels from coal or peat. 5

Storage and transmission of hydrogen.

Appointmentswith:dr. Derek P. Gregory, dr. Paul B. Tarman,

dr. Dharam V. Punwani, dr. William J.D. Escher.

ELECTRIC VEHICLE ASSOCIATES, INC., CLEVELAND, OHIO.

Topics: Electric cars.

Appointmentswith:Mr. Warren Harhay and Mr. Edward Sarian.
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SAMANBURPUR A VETNISIBNAPI OG ALIPNAPI FRA DJOPHAGSLEGU SJONARMIBI

Orkulindir fslands eru miklar midad vid nuverandi orkunotkun bpjddarinnar,
en mjdg takmarkadar midaé vid orkubiskap heimsins, sem sést best

a4 pvi ad ef vié nyttum alla vatnsorku og alla jardhitaorku landsins

til aé framleida 50 TWh af rafmagni, pa myndi pad duga til framleidslu
milljén tonna af vetni me& niverandi tzkni. Detta vetni samsvarar

3 milljénum tonna af oliu ad orku, eda einungis einum plsundasta af
oliuframleiédslu heimsins. 50 Twh samsvara aftur & méti 7 bisundustu af
raforkuframleisslu heimsins. Midad vid orkubtskap heimsins er bvi

vegl raforkunnar mun meira en vagi hugsanlegrar eldsneytiéframleibslu.
Pad er pvi rétt ad staldra vid &dur en lengra er haldid .og reyna ad
meta hvort bad sé bjéshagslega rétt as breyta raforku i vetni, eéa

hvort pad leynist aérir mdguleikar til ad nyta raforkuna & hagkvemari

hatt.

Pad er 6llum 1ljdst ad verdmazti hverrar kildwattstundar raforku er mest
1 almennum idnadi, pjidnustu og til heimilisnotkunar, bessir notendur
greiéa mest fyrir raforkuna, og peir skapa mest verdmati a4 hverja
kilovattstund. Geta bpeirra til ad nyta raforku er aftur a méti tak-
mérkud og verdlagning raforkunnar hefur ekki urslitadhrif & pad hvort
bessar greinar eflast hér & landi eda ekki. DPad eru adrir pattir,

svo sem tazknlkunnatta, adgangur ad mdrkudum o§ hrdefnum, sem rada bar

rslitum.

Til bess ad verd raforkunnar hafi ahrif 4 stadsetningu og hagkvamni
iénééar barf raforkunotkun aé vera bad mikil ad verd hennar hafi afger-
andi ahrif & verd v&drunnar og samkeppnisadstdéu. Eini idnadurinn sem
uppfyllir bessi skilyrdéi er svokdllud orkufrek stéridja. Ekki pd

611 stéridia, pvi mikill hluti stdridju fer orku sina Gr kolum og

jardgasi, sem eru miklu &dyrari orkugjafar en rafmagn.

Ekki er venlegt ad @tla ad keppa vid pessa orkugjafa med dyru rafmagni.
Medal peirra patta stjorisdju sem helst koma til greina ma nefna raf-
greiningu hvers konar, kisiljarnsvinnslu, pungavatnsvinnslu og isétopa-
greiningu urans (skilja Up3s5 fra Uji3g), en pessi stéridja notar 611

mjég mikla raforku. 1 bessum stutta samanburéi verdur pé ad takmarka




pa mdguleika sem athugadir eru, og hef ég vallé ad bera saman raf-
greiningu strals, til framleidslu & ali, og rafgreiningu vatns til
framleidslu a vetni. Dessi samanburdur er tiltdlulega audveldur,

pvi tsal hefur nd starfaé { 10 &r ad dlframleidéslu og bad ma pvi

segja ad si taknikunnitta sem til bess barf sé til { landinu.

Ennfremur hefur Aburdarverksmidjan i Gufunesi starfad { 25 ar ad
idburdarframleidslu, en hluti af beirri framleiéslu er vetnisframleidsla.
Pad eru pvi engin tzknileg vandkvadi & bvi adé bera saman pjdshagslegar

sterdir vid vetnisframleidslu annars vegar og alframleidslu hins vegar.

VETNISFRAMLEIDSLA

T8kum sem demi starstu og hagkvamuétu vetnisverksmidju, sem dztlun
var gerd fyrir i pessari skyrslu. Verksmidjan framleidir 1.000.000
Nm3 af vetni & dag, eda 90 tonn. Til bess notar hun 4,56 GWwh raforku
4 dag, eda 1596 GWh & Ari til ad framleida 31.500 tonn af vetni a
350 dégum. Mannafli 107 menn. Gerum ennfremur rad fyrir beim mbgu-
}eika (petta verl hagst®dasti mdguleikinn fyrir innlenda eldsneytis-
framlei&slu) ad hagt sé ad nota vetni beint sem eldsneyti &n alls
aukakostnadar fyrir pjdsarbiid, og aé eitt kg vetnis jafngildi 3 kg
af peim bliuvéium, sem fluttar eru inn a4 hverju ari, en orkuinnihald
1 kg af vetni er samkvemt pvi 36 kwh midad vid lagra hitagildid, sem
er almennt notad af OECD og EBE (harra hitagildid inniheldur pétti-~
varma pelrrar gufu sem myndast vid bruna eldsneytisins, og er 5%-8%
harra). Til a8 framleida 1 kg af vetni barf verksmidjan 50,7 kWh
raforku, og er nytni hennar pvi 71% mid vié lagra hitagildié (um 75%
misad mié herra). A mynd 1 og td6flu 1 ma sja hvert hefur verid inn-
flutningsverd & hverja kWh eldsneytis C.I.F. fra 1969-1979 (Hagtisindi,
Orkumal). Ef vié hefdum notad innlent vetni { stad innflutta elds-
neytisins, ba heféi gjaldeyrissparnadur a4 hverja kWwh raforku verid
71% af bessu (nytni vetnisframleidslu er 71% eins og adur segir),

og er ba ekki reiknad med neinum aukakostnadi, eda tzknilegum erfid-
leikum vid ad nota vetni { stad oliu. Misad vid medalinnflutnings-
verd 4 oliu fyrstu 6 manudi arsins 1979 nami verdmaztaskdpun slikrar
vetnsiverksmiéju 5,65 milljérdum & ari eda 3,54 kr/kwWh raforku.

Raforkunotkun & hvern starfsmann nemi 14,9 GWh.

o.




ALVERXSMIBJA

Sem dzml um Alver mad taka fsal, sem eftir niverandi stazkkun mun
framleida 85.000 tonn af 4li & &ri og nota til bess 1360 Gwh rafor
eda 16 kWh raforku & kg als. Til pessarar framleidslu parf ad me¢
tali 730 menn. A mynd 1 og t3flu 1 m4 sja atflutningsverdémeti als
4 hverju ari, raforkunotkun pess, og utflutningsverdmzti a hverja
kWh raforku. Dad kemur i 1jos ad drlegur Utflutningur &lversins
F.0.B. er ad verdmeti svipadur og allur innflutningur eldsneytis
C.I.F., enda pétt verulegar sveiflur séu & milli ara. DPad verdur
aé hafa bad i huga ad hrdefniskaup 1sal nema helmingi af Gtflutnin

verémetinu, og verdur bad raztt nanar sidar.

Raforkunotkun alversins t.d. arid 1978 hefdi adeins dugad til ad
framleida 11% af pvi eldsneyti, sem vié fluttum inn baé ar. Midad
vi& Gtflutningsverd fyrstu 6 manudi Adrsins 1979 nam uUtflutningsver
fsals & 4li sem svaradi 26,63 kr/kWwh raforku. Raforkunotkun & hve
starfsmann nemur 1,7 GWh, en eftir stzkkun & alverinu verdur hﬁn
1,9 GWh. Til samanburédar vidé vetnisverksmidjuna hér asé ofan vari
;éttara aé taka nytt dlver, en bad myndi nota 170-200 kA rafgreini
ker i stad 100 kA og vid pad minnkar orkunotkunin { 13,5 kWh rafor
4 kg 4ls, en framleidsluverdmetis vex i 31,56 kr/kwh raforku. S1i

alver myndi vantanlega nota 2,5 GWh raforku a starfsmann.

SAMANBURPUR A ALFRAMLEIPSLU OG VETNISFRAMLEIDSLU

oliunotkun landsmanna er n um 600.000 tonn & ari, og samkvemt drd
ad spa um "Oliunotkun 1979-2000% mun notkunin haldast ad mestu ley
Sbreytt til aldaméta, ef forsendur um oliusparnad eru réttar. Jafi
pessarar oliu er 200.000 tonn af vetni, sem hagt er ad framleida m
rafgreiningu med 10140 GWh af raforku (svipad og fyrirhugud Austur:
landsvirkjun, eda 3,5 sinnum naverandi raforkuframleidsla). Verduw
hér reynt ad gera grein fyrir helstu hagfraéilegu stzréum i pessu

demi, og tekid til samanburdar dlver, sem nyttu sému raforku.

Stofnkostnadur hagkvemustu virkjana landsins er ni $ 166.700 a GWh,
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Midadar vid Hrauneyjafossvirkjun, sem d@tlad er ad kosti § 150 milljon
og gefi af sér 900 Gwh/4ari. Er ba reiknad meé hlut virkjunarinnar {

stofnlinukerfinu.

Vetnisverksmidja sem nytir 1596 GWh & ari kostar $ 78,5 milljdénir, eda

$ 49.200 & GWh/ari (sj& a=ztlun i pessari skyrslu).

Alver mun nu kosta um $ 2.000 & arstonn, en til aé framleida eitt

tonn af ali barf ni 13,5 MWh. Stofnkostnadur er‘pvi $ 148.100 4
GWh/4rd.

Tafla 2 er unnin upp Ur ofangreindum upplysingum, og er ba reiknad
med ad vatnsorkuver kosti sama og Brauneyjafoss 4 GWh/ari, og aé

bad burfi 1 mann & hverjar 50 GWh/ari til ad reka vatnsorkuverih

og dreifikerfid.
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TAFLA 1

Innflutt eldsneyti (olia)

o.

[+

Ar Magn-tonn Orka-GwWh Verémaetli C.I.F. ‘Verd kr/kWh s
1969 432.853 5210 937 0,18
1970 515.689 6224 1138 0,18
1971 511.680 6162 1365 0,22
1972 512.060 6164 1322 0,21
1973 653.558 7878 2219 0,28
1974 612.742 7383 5816 0,79
1975 544.045 6567 8557 1,30
1976 485.969 5847 9510 1,63
1977 611.490 7354 14061 1,91
1978 599.808 7218 20029 2,77
1979% 293.418 3521 17556 4,99

% jandar til jini

Utflutt Al

Ar Magn-tonn

Raforka-GWh

Verémati F.O.B.

Verd kr/kWh*x

1969 10.536

1970 33.520
1971 16.719
1972 " 59.237
1973 ©79.843
1974 63.070
1975 43.636
1976 78.625
1977 74.245
1978 77.349
1979% 38.574

% Januar til juani

162
614
672
771
1172
1171
1027
1068
1147
1135

519
1708
888
2716
4441
4788
5047
12364
14933
23652
16437

xx Midad vid 16 kWh raforku a kg. als

3,08
3,18
3,32
2,87
3,48
4,74
7,23
9,83
12,57
19,11
26,63

Heimildir: Hagtidindi, Orkumal.




TAFLA 2

Samanburdur & framleidslu &ls og vetnis

Vetnisverksmidja

Alver

Framleidsla.
200.000 tonn vetni/ari

Framleidsla.
751.000 tonn a&l/ari

Alls

Orkunotkun 10140GwWh Orkunotkun 10140GWh
Stofnkostnadur: Stofnkostnadur:
Raforkuvirki 1609 M$ Raforkuvirki 1690 M$
Vetnisverksmidja 499 M3 Alver 1502 M$
Alls 2189 M$ Alls 3192 M$
Mannafli: Mannafli:
Raforkuvirki 203 Raforkuvirki 203
Vetnisverksmiédia 681 Alver 4259
» 884 Alls 4259

Stofnkostn. & starfsmann 2,48M$

Stofnkostn. & starfsmann O,75M$

_Tekjur, m.v. medalverd innfl.
oliu Cc.I.F. jan.-jun. 1979
og 71% nytni:

10140 GWh 3,54.Mkr/GWh 34900Mkr

Tekjur, m.v. meSalverd als F.O.F.
jan.-jan. 1979, og 13,5 kWh/kg
ali:

10140 GWh 31,56 Mkr/GWh 320000Mkr |

Medalgengl 1§ = 320 kr; 112,2M$ 1000M$
Veitutimi stofhkostnaéar. veitut{mi stofnkostnadar.
2189/112,2 19,5 ar 3192/1000 3,2 ar

Hlutur arsveltu i stofnkostnadi.
112,2/2189%100 5,1%

Hlutur arsveltu { stofnkostnadi.
1000/3192=% 31,3%




VANGAVELTUR HOFUNDAR

bPessi lauslegil samanburdur 4 tveim hugarflugsdemum, bar er annars
vegar framleidsla 200.000 tonna af vetni og hins vegar 751.000 tonna
af 4li synir aé pratt fyrir verulegar hakkanir 4 oliu & heimsmarkadi
4 fyrra helmingi Arsins 1979 pa er ennpa langt i land med ad vetni
framleitt med rafgreiningu til eldsneytis getl keppt vid annan orku-
frekan iénad eins og t.d. &lidénadé um hagkvamni. 0

Alidnadurinn skapar nazr fimm sinnum fleiri atvinnutazkiferi en vetnis-
framleidsla, miéad vié raforkunotkun og rimlega brisvar sinnum fleiri

midad vié fjarfestingu.

Alidnadurinn veltir ner niu sinnum meira fjdrmagni misas vié orkunotkun
en vetnisiénadurinn, og eykur bar af leidandi pjédarframleidsluna mun
meira. Veltuhradi midad vid fjarfestingu og velta sem hlutfall af
fjarfestingu er einnig mun hagstadari fyrir 41 en vetni, og munar par
miklu, eda margfeldingu sex. Ekki eru pessar tdlur pd einhlitar,

og verdur bar ad gata bess ad adkeypt hraefni til fsal eru um 50% af
F.O.B. ﬁtflutningsverémaﬁi og myndi fradrattur peirra helminga bessar
tdélur, en & mépi kemur a& vetni er ekki afurd, sem hagt er ad nyta
beint sem eldsneyti & farartzki. Naudsynlegt er aé binda vatnid
kolefni til framleidslu methanols eda gervibensins. Pessi binding vid
kolefni kallar & rekstrarvdrur og aukna fjarfestingu, auk pess sem
blast ma vid nokkru orkutapi vié bessa vinnslu.

pas er 41lit hdfundar ad &l, sem ekki verdur framleitt med 68yum adferdum
en rafgreiningu og &nnur svipud framleidsla, sem krefst mikillar raf-
orku, muni nastu dratugina vera mun hagkvzmari idnadur & Islandi en
framleidsla vetnis sem hagt er ad framleisa Ur jarégasi og kolum, &
mun édyrari hatt. Rafmagn mun um langan aldur vera mun dyrari orka

en vetni, jardgas eda olia, bvi h=gt er a¢d framleida vetni, jardgas

og gervibensin dr kolum meé yfir 50% nytni, en samsvarandi nytni kola
til rafmagnsframleidslu er 35-40%. Stofnkostnadur raforkuvers er enn-
fremur meiri en stofnkostnadur verksmidju sem framleidir vetni, gas
eda gervibensin Gr kolum. Vandinn er einungis 54 ad fram til bessa

hefur gas og olia verid pad o&dyr aé erfitt er fyrir kol ad keppa.vid

°.
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pau { rafmangsframleiéslu, og enn s{dur ad bad borgi sig ad breyta

kolum i oliu eda vetni.

Adstzdur hafa ni breyst med hakkudu oliuversi, oliu- og gasorkuver
munu i framtisinni keppa vid raforkuver um kolin, og bad mun leida
til hzkkandi verds & allri orku, en pd mun rafmagn um langan aldur
vera fjdlhefara, hagkvamara i notkun og dyrara en adrir orkugjafar

{ 31lum helstu idnrikjum heims. Afurdir sem krefjast mikillar raforku

s

framleidslu munu bvi enn um sinn vera dyrari en afurdir sem hagt
er ad framleida Gr eldsneyti, kolum eda jardgasi. Talid er ad kola-

birgéir heimsins nzgi i nokkur hundrud ar.
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