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Intrcduction

In this paper we examire, in the spirit of a Technology

Assessement study, second order consequences of the
introduction of Substitute Natural Gas (3¥) processes
using 01l as feed-stock, whese develcpment started in
Great 3Britein about 2C vears 2ge and has now reached
1ts indus:irial maturity.

These SIC plants arc & kind of reforming refineries

where 01l fractions and even crude oil are in a sense
"burned" in steam acccerding te the overall reacticn:

The symbcl / - CE;, -_/ 13 mIant to represent the
building block cf an aliphatic molecule, that without
meaning that only aliphatic mclecules can be used.

The reaction 1s slightly =xothermic,

Alternative processeé:%re basad on straight hydrcgena-

b}

tion, hydrogen being produced in the usual way by
steam reforming part ofF the fo

cd.

A very important feature of these 3NG plants 1s that
thelir invcdment and operating costs, and their
afficiency 1s comparable to that of a current refinery
producing the usual mix of oil products if we include

desulfurisation.
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The energy D1igTur

nly 2C years age tThere was no Juesticn of protblems
about . procuremnent ©f anergy 1n Surcepe., The
r2coverable coal reserves were surficient £or at
lzast 200 years and only a small fracticn of the
arnergy neasds was Laported as ¢©ll from tha very
T X1sting in the HMiddle Zast.
al mining industry, the intrinsic
13, and the '"cheap c¢1l 'bolicy
125 brought a profound change 1a the

in fact thz pregent pictura of the Duropean anergy
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casts show a high

r

T

role of petrolewm as the main sourcg Of ensrgy
oan 95% of this petroleum ig now imperted: the
dependence of the Zurdpean Jomaunity on a highly
unstable and politically conditicned market, so heavy
tocay, will still grow in the Zuture,

ING SCTIONMLT UEas0ns Coal conswmpticn 18

o
s
o

nuclear energy,
o tia production of electricity, will not
be able T2 cover more tihan a snmall fraction of the

energy marke:t in ths near term (about =% of the energy
delivered to the consumer 1s feracasted toc come by

1955 from nuclear plants).

alrly recently natural gas nas entered the pictures,

i
i1 fixed installatiors, the degres of subst
depending essentially from its availability.
The elasticity of a system in accepting natu
iz shown 1n Fig. 1 giving the iacrease 1n Jas

consumption in the Hetherlands following the discovary

cf the Sroningen gas fields. It shows that, Jas belng
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available, one capn arrive easlly to subply esséntizlly
all Fixed installations.

U“
o
o

vil and gas reserves in [urone are given 1n

1though Durope cannct clearly rely only on thes

ﬂ)

scurces for 1its energy supply, we Observe that
proved gas reserves are eguivalent tc about five years

tctal ©11 consumption at the creseat rate.

That watural gas is 2 prawmium fuel for fixe
installaticons 1s shovnm oy the rapid and vast

accentance Dy The consumer vhenevar avallabls, Avallabli
lity in fact zeadc o gonstitats the only limit to a
widespread - a

The advantzjes of nethant az a fuel are the following:

1) It is the least pellutanc of nydrocarbons, because

i sulthur and hecausze 1t burns
2) It needs sinple burners, and the furnaces ¢an
onerzte unattended for long pesriods,

3} The distributicon is made through uadergound piping!

i1t 15 static and unchrrusive,.

rt

The c¢il distpibuticon systen, based =2

§ot.
W

s
Tucks, Jreatly contributes instead to the

congestion of surface treffic.

arge guantitices tend
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gthane may be used as a fuel feor vehicles. In Italy
about 5U,00C cars run orn mcethane, essentially for
fiscal reascns, carrying 1t in heavy steel bottles.
The use of Ffiber wound plastic contailners nay greatly
improve the situatiocn.

Jus and trucks using LHG are experimented in Italy,
Switzerland and Germany. ¢ The progress in low temperature
insulation makes the losses due to boil off auite

negligible {c.g. 1% mer day).

However the polnt we want to make 1s that a perfectly
usable, i1f ncot perfect, tachinclogy exists Te run cars
with Hatural Gas. It may become conpulscry to use

NHatural Gas in towm as an antipellution measure as 1t

has been prceposed for the Los Angceles area.

The 3NG Plants

Plants to produce SNC starting from an ©il Feedstock,

{mainly naphtha Fractions) were originally developed

"

by the Brirtish Gas Councifjgnd are now licenced around

{

the worlad, Fiqg, Evg%ves the simplified flowsheet for

a SNG plant using =2 naphtha fesdsteck., We cbserve that
a dzsulfurisaticn stem is part of the process,
Following the evolution of the market the Brivish Gasg
Council did extend its SiG processes to use all class
of 0il fractions as feedstock, 1in lwding stralght
crude o1l.

) .
Table 4 éives an economic comparison of these plants
in relation to the fesdstock used, It will be cbserved
that the cconomy of using cheaper feedstocks tends ©O
be balanced by morz expensive plants and lower transfor
wation efficicrcy.
e mUST make Two comments to this table, onc that it is

00 schomatic in the sense that allowing <.g. 104 of
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the heaviest ©art of the crude tc be usad for cther
ri

Surpesss like firing a pcwer staticn, the efficiency

and eccnomics would be Jreatly improved, the otnsr that
the processes who handle crude are lateccomersin the pro-
c=2ss of technological maturation.

It 1s impertant to observe taat !

1) The invcctw”nt cost f

cr 2 plant and ror a
refinery of similar capacity ar t

ne same bracket.

2) The efficiency, defined as the ratio between the
heat vzlue of the products and that of the fzed ars
very near Oor arn 011-30G plant and For a refinery.

3) 3UG comes ocut sulphur frea. This is facilitated by
the complete breakdown of the fezd molecule.,

CEficiency and investement costs appear at present less
advantagceous for tiae heavy fractions with a substantial
discontinulty for a 2.P. of 3C0°C. See fig. 5 ref.(8).
Above this walue capital costs ilncrease by a factor of
almest three, and energy losses alitost double. I
authors opinicn this 1s essentially due to the nrimiti-
ve state of 3iG technology for this grade of feedstock,
and this explain their tendency tc use data referring
mors pertinently to naphtha reforming

4

Distributicn costs of Hatural Sas vs 01l nroducts

It is somehow difficult to assess the distribution

s

ccsts of gas and cil in a really comparablid basis duc

able scatter of these process, the varia-

01l products, and geography.

The 1deal situation Ior Our TUXDCS:s 1S tO compare
C

rCco oA roflpery serving 2

a) the refinery produces the usual mix of oil preducts

st3 have been estimed, with the
, TOr a typlcal eurcpean

C S
situation and raecorted in Table 5. Thoeze Costs are
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Clearly of the same order with an advantage for natural
Jas when consumption is increasing because the fine
distribution nets are designed with an important
overcapacity.

~

SNG as the main fuel

The previcus data led us to ceonsider the possibility of
using SNG in the place of ¢il products, gradually
substituting refingries with 3NG plants and gradually
extending the gas transport and distribution net.

Qur analysis i3 a First order approximation aiming

at evaluating the lavestment ccsts and the relaxation
time of the systaen.

Taking as a roforeonce the data from table 1, the
increas: of refinery capacity £or the next tun years
in Jurone 1s expected to be 95 per year. Rencwal time
for =zquiznment, =2xcluding infrastructures and general
faciiities has been sstimated conservatively to be
about 16 years.

ith tacse hypothesis, by inserting 3¥G plant in the
natural turncver of refineries, an i1mportant fraction
of the energy supply can be provided in form of SHG
aftcr faw yvears (table €),

Assuming that the sites of the SNG plants will be the
saie as thos2 of the cxisting refinerics, an hypothesis
certainly non optimal, the length of the large bore
pipeline network during these years will increase by
about 2000 km/year. Compared with the already.fast
increase of the gas: distribution .net during the last
y2ars in Burcpe (Fig. 3) it i3 not expected that the
capacity cg fabrication and laying of pipclinas bocomes
cverstretched.

This means that ir the limit of our approximation the
gradual s bsitution ¢f o0il - ¢il precducts '

~3

-
]


http://www.fastio.com/

ClibhPDF -

-

W& have not included here the cost of the transformations
at the consumer’s cnd, ¢.g. for burners, because from the
Previcus experience with natural gas we suppese thoe
consumer has many marginal advantages which compensate
for the exponsce of the subsuitution, <¢.g. simpler

coulpment, prcheating of the fucl not nccassary,

n

torage tanks and stocks nct nocessary, automatic

Fu

elivery.

ANl CHnergy SUpply strategy based on natural gas and 3G

The Fact that 95% of all oil ccnsumption is At present
imporc: . implies that the Iurcopecan Comuunity depends
Cry strongly on tnz liiddic Iast. This depondoncy will
inCrease in tae future since the dumand oF o1l is ever
increasing. The threat of a sudden interruption is 2
real possibllity and such an eventuality could be very
dangcorenes to tho Community. Morcover, the threat until
1t Is 00T carricd out wmay be used for several purpesaes

1

nd wany tines, @.9. for increaging the oll price.

1

- -
How the systan works is shownl by the recent increases
of thoe crude ¢il nrices.

ey aDCAT TWR-InT e monthsq These stocks have a2

tactical importancs as thoy can Take care 2.9. of a
0f the 01l carriers, Or similar short ternm

CCCUTCnCls., 1T 1s necvevar <asy to domonstrat

they have no strategle imnortanco, bocauss they are

<
e P 1 - - v m Tage e s Ty e T T A £o- T ey
Lo eXporting countirils Iy wsling Tial. (I fz2ct taese

countrics will bunoefit fron larie oLl stocws by
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properly investing tic cerresponding money and becausca
nc measure of rcal importance, cxcept war perhaps, can
be taken in such a short lapse of time).

In our opinion 2 rcally important element of strength
in bargainirg with the exporting countries would bo
instead the ability for Durcpe to withdraw from the
01l markct for a substantial length of time, ¢.g. 5
tC 1 ycars,

TC gst this capacity we propesc a strategy based on
the following measuracs:

2} Compulsory constructicn of 3HG rcefincries instead
Ccf the current rofineries to mect new capacity and
to replace obsolcte onces. '

b) Use EBuropcan gas ficlds as strategic reserves. The
rate of depletion should rapidly go to zere and
Propery compensaticn measurcs be taken for the
Qyners,

c) Construct an cmergency trunkline system linking those
gas ficlds to the gas transport ncetwork, with
sufficient capacity to taoke carce of the shutdewn
of 211 the 3NG rofinerics,

Abcut the possible rates of extracticn from the gas
Fieclids, very high rate can be reached by gradually
filling depleted gas fields and artificial rescrves,
Z.5. "bubblesg" in thne water table.
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The cost of the strategy

neferring to peint. a): as we have seen in the preceeding
discussion the differential cost
for manufacturing and distribution
can be considered zero for the SHG
producad to substitute oil products.
30 nc coest should be charged to the
strateqgy.

Referring to point b): 1f the gas reserves are "frozen®
as strategic reserves a scheme has
to be devised to compensate the
owners of the ficlds and to keep
research active. A very straight-
forward, 1f aot subtle, form of
compensation 1s that the Community
buys the gas at the rate it would
be oxtracted, €.g9. 3% per year cf
the proven recoverable reservas,
Ye estimato this compensation
running at about 2.10%/year. This
money 1s not really lost but in a
sense frozen as 1t will be
recuperated when this jas will be

finally used.

Referring to point c¢): a possible emergency systen is
indicated in fi3. - and the cost
is evaluated at arocund 3 8 109

(table 7)., The systcm 1s not

cptinmlzed.

Table 8 shows the total not cost of the strategy assuning
it has to bas operative for 20 years, under the set of
conditions deseribod in the tablc. As a rule of thumbd
chis cost rcferred to the oil consumption 1s ejulvalent

ClibPDF - www .fastio.c :
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TO an increase in the o0il cost of apbout » C.3/Dll. It
is certainly a not negligible amount but 1t should be

compared with the recent increascs of the oll pricces,
amcunting to more than $ 1/bll. Ia other words if the
only result of the strategy was to avold a single

increase in o1l price of  U.3/bll., 1ts costs would
be completely paid.

Possible Improvements on the Basic 3trategy

The boundary conditions we used belng the most conservative,
cne can imagine improved versions of the strategy. E.g. tae
Horvagian gas, the Russiarn gas, LNG imports, coal fluidifi
cation and gasification, not to speak of new gas disco-
veries 1n Zurcne and of recal optimiczaticn on the layout

and the operation of the gas grid, arc all strateglc

assets in the sonse they can reduce the costs for
impiementing the strategy and increase the length of

time the Comunity is able to withdraw from the market.

- The importance of Horveglan and Russian Jas are
obviocus, and sone details arc given in £i1g. 5.

—~ LNG imports make SNG plants unneccssary for ths
relative share of thc market, although specific
investments arc net very different for the two chains.
However a LNG tanker flect can be precicus if the
strategy should inciude all oil importing countries
(URIC).

£ o
7
|

~ IFf coal fluidification could mecbilize, at competitive
prices, even part of the 1CC billion tons of coal
present in the Community, its impcrtance 1s also
obvious.
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- About the gas grid, the relative lccation of gas fields

and 3HG plants is cbvicusly SENs1TivVe paramctey in

a
the tetal cost of thne grid. A non Obvicus polnt 1s
that, thanks to the encrgency trunklincs, the gas
ficlds can be uscd as back up cr as daily and
seasonal ‘flungs" for the SNG plants whe can opcratc
always at full capacity and without rescrves. The
resulting ccenomies in capital and operating costs
should be written of £ the costs of the euergency
grid.

- Dividing Eurcpe in blocks of consumption and natural
gas rescrves, we find a fairly good match between
them coxcept for the scuthern block, so this block
requires very long and largc smergency lines comlng
down from thc north, The size of these lincs could
be strongly roeduced 1f thoy were used to becf up
the local emergency rEserves by slowiy replenishing
more cr less depleted local gas fields, or aven
reservoirs artificially created, <.9. 1n acquifers.
This will alsec facilitate high rates of gas supply

TO the cnergency nlTwerk.

DR/ Cm13,/ w97,/ 73 <
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Conclusicns

Qur analysis, although based cn first order approximation
shows c¢learly that SNG technology can bring in the
advantages of MNatural Gas: lcow pclluticn, unobtrusive
distribution, and simplicity in use; with marginal cost
differentials by respect to the present system.

- 1t shows als0o that the SNG systam can rapidly penetrate

the energy market by taking advantage of the rapid
turnover of raefinery cquilpment and of the expansion

of the market itself,

As a kind of fall out, tie technical possibility of
acquiring a much ncceded bargaining strength toward
the 0il exporting countrics, 1s indicated and its
cest gvaluated. In the authors opinion the
implementaticn of such a2 strategy would take nmuch
steam Off the hystzria from impctencz, that now
Characterize the attitudes of the cil importing
ccuntries, And the 011 exporting countries would
certainly benefit, in the long taerm, 1f the counter-
part, s0 stroag 1ln s¢ nany ways, facls reasonably
secure,

Still in the authors opinilon however, TAC N&Cessary
degrez of political coordinaticn necessary for the
actual implementation of the strategy 1S A PLOUS

dream,

At T /S a s I R T
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atural Gas Reserves and 011 Doserves of in the European

Community for tiie Yecar 1572

% . .5
g Gas (107 m°) cil (15°t)

Confirmed ; Sstimated,; Total i confirmed

3 ’ ;

! |
iletherlands 1990 ! 342 2332 | 37.3
: : L
Cr, sritain 700 ; 300 | 1000 686.9

|

|
W, Germany 202 i 72 27 t 81.6

| I

|
Italy 130 180 32,9

l
France 215 ; 55 3CC 12,8
&
Denmark 50 5C { 33.3
- P"O- — 3
3237 | 829 i w135 $5(=1248

L J‘(=“.5SC \,4 M C\_)

' ! | iitcs) N

7
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TABLE 2

Pcllutants from o1l and gas-rired equipment

(¥g of pollutant per ton of Ffuel)

Fucl oil | Natural gas

|
. - i
| | i
| Sulphur oxides f{as 3U0,) | 3C /
: 2
| Nitrogen oxides (as IC,) 13.5 5.9
I 2
| Crganic acids (as ZH,CUCH) 1345 7.3
| aldehydes (as HCHO) 1.3 1.0
|
\ Cther organics L.6 1.4
E )
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TABL.
SSonie o

T‘
Ld

=
&

Fatural gas transmort and distribution cost for a

typical situaticn

Transport cost (from the harbour to the city gates)

! Natural gas

L

Cil

|( by pipeline)i(by plpeline): (by tank car)

4

| For an averagel
+distance of ! 350
; 30C Im(%/Tcal) |

200 €00

Distribution cost (from the city gates)

g Natural gas Heating 011
se ('f 'Tcal) I . : ‘
v (5/Tcal) | 5/t
Regidential 2100 1500 15
Commercial 1350 15C0 15
Industrial 200 120 - 50C 1.2 = 5
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The energy consumpticn in Surope in 1982 under three dif-

&

ferent circumsztances, Units are 10° toe,

CASE

S b b ma

{011

Nat. Gas

Prim. El.

258
1275

Solid fuel

327

206

—— v ——

i T i
i ! .
; CASD II : CA3E III i
z T :
! Solid fuel 253 1 3¢lid fuel 253
01l 271 ¢ cil{lord Sea) 3CC
I SHG from dl 10C< | §
i i i
. Nat. Gas 327  DNat. Gas 104G
i . ! ) L
y  Prim. 1. 2Ce | Prim. I1. 208 ]
e T ! T
20645 i 20€6 1 17 Q<

Case II

Case IIT

Under ncrmal conditions., Derived from table |

If oill-refineriss are started to be replaced
by 3HG refineries in 1975 according to the

hypotheses described ir the text.

As 1n Case II, but the oil imports are inter-
upted starting from 15t Jan. 1922 and the
energy consumption reduced by 2¢%. The Hord-
sca ¢il from the territory of the Community

will completely be used For transport.

EUR/C=I3,479/73 &
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Additlonal trunk lincs notwork =a

cada
cenditiors {and 1980)

Pipeline Length. additional ; Cecst of the

i {100 Knm) . capacity i additional

i | (Gcal/sec) ! line (169 %

, Ircningen-Amsterdam 1.2 155 241
Amsterdan-Retterdam C.5d . 1au G.53
Rotterdan-K8ln 2.40 : 36 .52
LCln~-I'rankfurt 1.63 25 .32
rrankfurt-Karlsruhe 1.52 18 Ca21
Karlsruhc~3Stutigart C.745 19 C.I1G
stuttgart-tiinchen 2.2 18 U.CC
Rotterdan~Antwerpen 0.37 54 C. 3«
antwerpen-Charleroi 1.08 24 0.13
Charlcreoi-Lille 1 3z C.23
Lille-Paris 3 14 C.3
North Sca-London 2.9 25 0.51
liorth Sea-Liverpocl 3.6 37 C.96
North Sca-Danemark 3 7 0.15
Cortenaggiore-Fircnze TeD g .50

!Fir@nze—Napoli 4,0 5 C. 12

f Total ! 7.71

The investment cost for the pipelines, Ffor their installation
and for the pumping stations has becn calculated following
the optimization proczdure indicate in rof, 10 . HOwWEver no
effect of scals has boen taken into account for heat flows
higher than 10 Gcal/s2c (corresponding to a maximuwm pipe
diameter of about 1.7 mcters).
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