
PRICING NORTH SEA NATURAL GAS 

The discovery of gas: 

Natural  Gas was f i r s t  extensively discovered i n  North-IJestern Europe 
under the s a l t  beds a t  Slochteren near Groningen, North-East Holland 
i n  1959. Before t ha t  date,  there  had been considerable speculation among 
geologis ts  about the  poss ib i l i t y  of o i l  o r  na tura l  gas deposits i n  t h i s  
p a r t  of Europe s ince  it was an area of marine deposits  of a type judged 
favourable to  o i l  formation. I n  the U.K. alone over 900 hydrocarbon 
wells have heen d r i l l e d  s ince 1914 but  they produced only minimal f inds - 
of na tu ra l  gas a t  Eskdale i n  the  East  Riding i n  1937 and south-east of 
Edinburgh i n  the same year -and of o i l  i n  Nottinghamshire (1939), Lincolnshire 
(1958) and Dorset (1959). The Groningen discovery i t s e l f  came a f t e r  15 I 
years of d r i l l i n g ,  and i n  i t s  case the reserves were outstanding. By 
1969 i t  was acknowledged as  probably the grea tes t  gas f ie ld  i n  the  world 

12 with agreed reserves of 58 t r i l l i o n  cu. f t .  (58 X 10 ). 

The ex ten t  of the  discovery a t  Groningen switched a t t en t ion  to  the 
North Sea. Already i n  1958 an In te rna t iona l  Convention had been s e t  
up t o  s e t t l e  control  of the continental  she l f  among the countries involved, 
and provide a framework f o r  nat ional  l eg is la t ion .  The Groningen discovery 
added pressure f o r  the sett lement of t h i s  convention, and a divis ion 
vas  f i n a l l y  agreed on and cause i n t o  force on 10th July 1964 (see exhib i t  3). 

Br i t a in  was quick t o  a c t  once t h i s  agreement had been reached. The 
Continental Shelf Act of 1964 declared publ ic  sovereignty over mineral 
resources on o r  under the Continental Shelf and fur ther  provided t h a t  
any na tu ra l  gas found there  should b e  offered t o  an Area Gas Board before 
being disposed of otherwise than f o r  the so l e  use of t h e  f inder  o r  for  
chemical purposes. Only i f  the Board refused gas a t  a reasonable pr ice ,  
which i n  the absence of an agreement was to  be s e t t l e d  by the Minister 
of Power, was the f inder  to  be f r e e  t o  o f f e r  it f o r  s a l e  d i r ec t ly ,  and 
then only t o  i n d u s t r i a l  users .  O i l ,  however, could be offered d i r ec t ly  
t o  the  market. The 1965 Gas Act r e c t i f i e d  the  omission of the  Gas 
Council from the '64 ac t ,  a t  the  same time as  i t  gave the Council powers 
to  d i s t r i b u t e  gas and s e l l  i t  t o  Area Boards. 

The Br i t i sh  sec tor  i n  the  North Sea covers some 100,000 square miles, 
and t h i s  has been divided i n t o  blocks of about 100 square miles each. 
It was decided tha t  blocks would be a l located t o  d r i l l i n g  companies o r  
groups.of companies, and the f i r s t  a l locat ions  were made i n  September 
1964 6f 348 blocs t o  22 concerns. In November 1965 a fur ther  122 blocs 
were a l loca ted  i n  the North Sea, and 5 i n  the  I r i s h  Sea. (See Exhibit 1 and 2) 



A t  the time there was some d i s sa t i s f ac t ion  a t  the way the 1,linistry of 
Power conducted the a l locat ion.  Under the terns  of the  l icence each 

l icensee was to have a r i gh t  to  the or ig ina l  licenced area for  s i x  years,  
a t  an annual rent  of £6,750 (or £25 per sq. km.), c i t h  an option thereaf ter  
on not more than ha l f  the or ig ina l  area  for  a fur ther  34 years a t  an annual 
ren t  r i s i n g  from E40 per sq. km. i n  year 7 by annual jmps  of E25 to  a 
maximum of £290 per sq.  km. i n  year 17, ( i . e .  to about f78,300 p.a. per 

bloc) Most companies were in te res ted  i n  the blocs which 
extended from the Schlocteren l i n e  ( there  were as nany as  8 applicants 
t o  a bloc i n  t h i s  area) as wel l  as  those t o  the East  of the Scot t ish  
mainland where i t  was hoped t o  find o i l .  h%ere there was more than 
one applicant,  the Ministry a l located on the bas i s  of 5 c r i t e r i a ,  the  
mst important of which was the d r i l l i n g  programe contained i n  the  application 
I n  s p i t e  of th i s  i t  was claimed that  unfair  preference had been given 
t o  Br i t i sh  companies i n  the f i r s t  a l loca t ion  (302 of the blocs had gone 
t o  U.K. companies, but  considerably more than 302 of the  most sought 
a f t e r  blocs) and t o  d r i l l i n g  concerns which included nat ional ised industr ies  
i n  the second (both the Coal Board and the Gas Council extended t h e i r  
i n t e r e s t s  -the Gas Council which had had a 31Z share i n  the Amoco group 
on the f i r s t  round raised t h i s  to  50% on the second.) Severtheless,  
the Ministry of Power appeared to  have accomplished i t s  aim of encouraging 
development. The North Sea operators agreed to  spend a minimum of El l0  
mil l ion on explbration, and by 1968 they were claining tha t  f a r  more 
than tha t  sum had already been committed for  developzent work. 

The d r i l l i n g  platform ' M r  Cap' s t a r t ed  work on the f i r s t  well  on 

Boxing Day 1964. By January 1969 over 170 wells had been d r i l l ed  i n  
Br i t i sh  waters, about ha l f  of these being 'wildcats ' .  Four major f i e ld s  
have been discovered, West Sole, by B.?. i n  b loc  4816, Hewett by Arpet 
and Ph i l l i p s  i n  blocs 48/29-30, and 52/5, Indefatigable by Amoco i n  49/18 
and 49/23 and Leman Bank by Shell-Esso and Amoco i n  49/26-27. Two fur ther  

discoveries were announced i n  Ifay 1968, by the Xational Coal Board 
Continental Group i n  bloc 49/17 ( th i s  appears to be a pocket on the edge 
of the Indefatigable f i e ld )  and by Gulf i n  bloc 47/8. I t  is not ye t  
c l ea r  as to  the s i z e  of these l a s t  two f inds ,  but  they are  both reported 
t o  be c lear ly  conmiercial. (See Exhibit 4). Estimates fron the o i l  

industry put t o t a l  reserves a t  2,000 m.c.f.d. by 1975 or  20 t r i l l i o n  
c.f. (Nest Sole 2, Hewett and Indefatigable 4 each, and Lenan Bank 10) 
but  t h i s ,  the industry acknoriledges , is a conservative forecast .  Tne 

Ministry of Power estimates the four f i e l d s  a t  25 t r i l l i o n  C.£ . ,  O r  3,000 
m.c.f.d. with a depletion period of 25 years.1 These are  o f f i c i a l  
estimates. Unofficially David Barran of Shell  has said  tha t  there w i l l  

probably be 3,000 m.c.f.d. flowing by 1975, and the Gas Council and 
Area Boards a r e  basing t h e i r  investment plans on 4,000 n.c.f.d. by the 

mid 701s, ( the  Bacton terminal on the Norfolk coast for  exanple has . 



been planned f o r  a  4,000 m.c.f .d. capac i ty ) .  EviZently tlie Gas Council  

s t i l l  b e l i e v e  t h a t  t h e r e  i s  a  good p o s s i b i l i t y  of  achieving 8,000 m.c.f.d. 
From i n t e r n a t i o n a l  exper ience  i t  i s  unusual  f o r  a n  a r e a ' s  r e s e r v e  p o t e n t i a l  
t o  b e  f u l l y  discovered i n  t h e  f i r s t  fou r  y e a r s .  

I n  any case  whatevei- t h e  f i n a l  r e se rves  d iscovered ,  t h e  B r i t i s h  
p a r t  of  t h e  North Sea i s  a l r e a d y  acknowledged as  one of  t h e  major gas 
f i e l d s  i n  t h e  world. (See E x h i b i t  6 .  ) 

Beach-pricing dec is ion:  

Of key importance i n  the  development of  t h e  North Sea r e se rves  has  
been t h e  p r i c e  which t h e  Gas Council and d r i l l i n g  concerns have nego t i a t ed  
f o r  d e l i v e r y  of  t h e  gas t o  t h e  shore .  I n  t h e  case  of the  B.P. f i n d  t h e  
Gas Council  o f f e r e d  from 21d. t o  4d. p e r  therm depending on q u a n t i t y  and 
b u i l d  up, whi le  B.P. argued f o r  a  p r i c e  i n  the  reg ion  of  6d. t o  7d. The 
p r i c e  was f i n a l l y  f i x e d  by t h e  M i n i s t e r  of Power a t  5d. a  therm. 2 

Yet t h i s  agreement was reached j u s t  a f t e r  t h e  gas  supply breakdown i n  
t h e  West Midlands i n  t h e  win te r  196516, and b e f o r e  o t h e r  gas had been 
found i n  the  North Sea. A s  a  r e s u l t  of  t h e s e  excep t iona l  c i r c m s t a n c e s  
this f i r s t  s e t t l e m e n t  was n o t  regarded a s  a guid ing  l i g h t .  I n s t e a d ,  
a t t e n t i o n  s h i f t e d  t o  t h e  n e g o t i a t i o n s  which t h e  Gas Council  s t a r t e d  i n  

December 1966 w i t h  i t s  own d r i l l i n g  p a r t n e r  Amoco on t h e  one hand, and 
Shel l /Esso  on t h e  o t h e r .  The Gas Council  proposed a  p r i c e  t o  b o t h  of  
3d a therm f o r  t h e  f i r s t  100 m.c.f. p e r  day. For  a  f i e l d  of  500 m.cu. 
f t .  t h i s  would have wcrked o u t  a t  1.8d. a  therm, and f o r  one of  1,000 
m.cu. f t .  p e r  day a t  1.65d. Both d r i l l i n g  groups r e j e c t e d  t h e  proposa l ,  
and were r e p o r t e d  t o  b e  p res s ing  f o r  a  pri.ce i n  t h e  ranoe of  3.5d. - 
4d. a therm f o r  a l l  s i z e s  of de l ive ry .  

I n  t h e  t a l k s  t h a t  fol lowed c e r t a i n  c o n f l i c t s  of p r i n c i p l e  and f a c t  emerged. 
The fol lowing c o n s t i t u t e s  a  summary of t h e i r  d i f f e r e n c e s  which have been used 
by t h e  Gas Council and t h e  o i l  companies, and adds smne f u r t h e r  cons ide ra t ions  
which,.bear on t h e  case  from t h e  o o i n t  of view of t h e  Min i s t e r  of Power. 
1. Normally product ion  f r o n  a  gas f i e l d  b u i l d s  up g radua l ly  a s  i n i t i a l  

w e l l s  and p i p e l i n e s  a r e  i n s t a l l e d ,  cont inues  on a  p l a t e a u ,  and then 
d e c l i n e s ,  thus : 

The p l a t e a u  l e v e l  of product ion is maintained e i t h e r  by d r i l l i n g  e x t r a  
h o l e s  when the  p res su res  f a l l ,  andlor  by i n s t a l l i n g  cosp res so r s .  I t  
is usual  t o  express  the dep le t ion  per iod  a s  i f  the p la t eau  leve l  of 
product ion  were maintained throughout.  Tnus a  twenty yea r  dep1e:ion 
pe r iod  would i n d i c a t e  t h a t  on rhc p l a t e a u  on? twent ie th  of  recoverable 
reserves  were being r e a l i s e d ,  even thoush the  process of recovery z l i ~ h t  
cont inue f o r  t h i r t y  y e a r s ,  acd p l a t e a u  p r o d u c ~ i o n  fo r  only twelve. 
(Sec a l s o  E x h i b i t  5 ) .  

2. 1 tnrm equa l s  100 cub ic  f e e t .  



The Gas Council Case 

The Gas Council's proposals have been based on a cost  plus pr inciple .  
Their aim has been to s e t  a pr ice  which would encourage fur ther  exploration 
i n  the l e s s  promising as well  as  those more promising areas of the North 
Sea which have been concentrated upon till now. Thus the Council have 
been aware tha t  a simple cost-plus pr ice  taking account only of the actual  
costs  incurred by a par t icu la r  company i n  finding and developing the 
gas i t  of fe rs  for  s a l e  would be insuf f ic ien t .  Companies must have an 
expectation of su f f i c i en t ly  high rewards i f  exploration and development 
are  t o  continue. 

Accordingly the Council have worked out a p r ice  based on discovery, 
development and operating costs ,  and including opportunity costs  f o r  
cap i t a l  and a r i s k  factor .  One independent estimate of these costs has been 
made by Peter  Hinde who himself was connected with the Gas Council. H i s  
f igures ,  excluding an opportunity cost  for  cap i t a l ,  are  given i n  Exhibit 7. 
The o i l  companies have agreed with most of the s t r a i g h t  f igures.  They 
put the cost  cjf a well  a t  £0.75 m. r a ther  than 20.63 m. and production costs ' 

of 0.17d. per therm i n  a small f i e l d  as against  0.13d. (For the sake of 
comparison, Appendix I contains some estimates of costs based on conversations 
with the o i l  industry).  I n  deriving a cost  plus pr ice  the main problems a t  
i s sue  have been: ( i )  the load factor ;  ( i i )  the r i sk  fac tor ;  

i i i i )  the opportunity cost  of cap i ta l .  

The load fac tor  is  defined as the r a t i o  between the average dai ly  
take f o r  a year and the maximum dai ly  take expressed as a percentage. 
Hinde's f igures  assumed 100% load fac tor ,  but  the Gas Council were a t  
one time suggesting taking 'three times as much gas i n  winter as i n  summer. 
The o i l  companies argued tha t  t h i s  could make a considerable di.fference to  
the pr ice .  . Either  the Gas Council would have to  incorporatg ffie f luctuat ions  
i n t o  t h e i r  offered pr ice  o r  maintain a high Load fac tor  through. s e l l i n g  to 
industry on an interruptable  bas i s  a n d o r  developing extensive underground 
storage.  

A s  f a r  as r i s k  i s  concerned, Shell-Esso have consis tent ly  emphasised 

tha t  only one wel l  i n  37 i s  commercially viable 0n.a world scale .  This 

appears to  be close t o  the A.A.P.G. finding tha t  only one i n  every nine new 
f i e l d  wild-cats f ind anything and only one i n  30 o r  more finds anything 
worth finding. Bat t h i s  f igure  re fe rs  t o  both gas and o i l  and i f  we take 

p r o f i t a b i l i t y  a f t e r  6 years as a measure of "comercialness", the A.A.P.G. 
study estimates tha t  while by 1951-3 only 23% of o i l  s t r i k e s  were commercial, 
the f igure  for  gas was 50%. This would bring the global r i sk  figure for  

gas down t o  1:18. Yet as  f a r  as the North Sea i s  concerned, the Gas 

Council has argued t h a t  the success r a t e  has been more l i k e  1 i n  4 -  



To allow a r i s k  element of 1:18 would thus be great ly  over-estimating 
the poss ib i l i t y  of fa i lu re .  Exhibit  8 gives the r a t e  of success for  

wild-cats i n  the North Sea up t o  mid 1968. 

These r i sks  are  only the finding r i sks .  Shell-Esso have argued 
tha t  there are  other r i sks  as well .  The North Sea weather has already 
caused the loss  of the r i g s  Sea Gem and Ocean Prince, the evacuation of 
one of Phi l l ipps  r i g s ,  and the d r i f t i ng  off  location of a number of semi- 
submersibles. There i s  the poss ib i l i t y  cf s t ruc tu ra l  f ractur ing i f  the 
gas pressure f a l l s  away. There are  geological and p o l i t i c a l  r i sks .  
These, too, i t  has been argued, should be added in .  

Final ly ,  there is the question of the opportunity cost  of cap i ta l ,  
or  p ro f i t .  The Fsderal Power Commission i n  .:ts regulation of natural  

gas pr ices  i n  the United States  allow f o r  12% r a t e  of re turn a f t e r  tax 
and th i s  i s  considered as roughly equivalent to  16% before tax. I n  

Br i ta in  the tax s t ruc ture  is  d i f fe ren t .  The o i l  companies have to  pay 
roya l i t i e s  of 121% of the well-head value of the gas, while corporation 
tax runs i n  the region of 40%. Esso estimated tha t  about 50% of a l l  p r o f i t  
would go to  the Br i t i sh  government and both She l l  and Esso have accordingly 
been pressing f o r  the minimum of 15% return on cap i ta l .  

One attempt to  calculate  a supply pr ice  f o r  natural  gas i n  the North 
Sea, bearing i n  mind the above considerations, was made by Messrs. Odell 
and Thackery and i s  i l l u s t r a t e d  i n  Exhibit  9. They assume a discount 
r a t e  of 20%, composed of 15% f o r  the cost  of cap i ta l  and 5% f o r  engineering, 
geological and ~ o l i t i c a l  r i sks .  They fur ther  assume a depletion r a t e  of 3%, 
a load fac tor  of loo%, probabi l i t i es  of 1 i n  5 and 1 i n  10 f o r  f inding 
f i e l d s  below and above 200 m.cu. f t .  per day respectively. They a l so  
allow f o r  a three year period of exploration (four years f o r  the large 
f i e ld s )  and a fur ther  two years before any revenue i s  received. I t  can be 
seen tha t  the supply pr ice  f a l l s  rapidly as the s i z e  of f i e l d  increases, 
so tha t  any f i e l d  over 200 m.cn.ft. per day (with wells of 12 m.c.u. f t .  per 
day located some 50 miles offshore) would have a supply pr ice  of under 2d. 
a therm. The importance of the assumption about the discount f a t e  can be 
gauged from the f a c t  t ha t  i f  we reduce i t  to 15%, then the supply pr ice  f o r  
100 m.cu. f t .  per day becomes 2.7d. per therm ra ther  than 3.6d. and for  
1,000 m.cu.ft. per day f i e l d  the supply pr ice  i s  reduced from l . ld .  to  0.84d. 



Apart from the pr inciples  and estimates of the Gas Council's proposed price: 
the two council1 negotiators,  S i r  Henry Jones and A.F .  Hetherington, 
have supported the i r  case by reference to  the s t a t e  of the energy market. 
I f  the reserves of gas are  as large as  the Council hopes they w i l l  y i e ld  
not only gas f o r  the t rad i t iona l  gas market, the  public d i s t r ibu t ion  
sector ,  but  the base energy market or i ndus t r i a l  sector  as well .  Natural 
gas would begin to  assume the importance i t  has internat ional ly .  (Exhibit 10). 
Entering i n t o  the indus t r ia l  sec tor ,  however, would bring them i n t o  competition 
with fue l  o i l  and coal. A t  anything below 4d. a therm gas would be 
a very e f fec t ive  competitor with fue l  o i l  (or below 3d. i f  the fue l  o i l  
tax were removed), and the E lec t r i c i t y  industry has even sa id  t ha t  i f  
i t  could buy gas a t  anywhere near the  current 43d. a t h e m  equivalent 
which it pays for  i ts  f u e l  i t  would do so  because of the  convenience 
of gas i n  comparison with o i l  or  coal.  Yet f o r  a pr ice  i n  th i s  range 
the beach pr ice  of natural  gas would have to  be 2d. a therm, and considerably 
l e s s  than t h i s  i f  it was to  compete e f fec t ive ly  throughout the base energy 
market . 
The Shell-Esso case: 

Shell-Esso have conflicted with the Gas Council or three main points: 
the  supply pr ice  which would encourage them to  explore throughout thcir  
a l l o t t e d  blocs; the pr inc ip le  on which pr ices  should be based; and the 

iaarkct on which the Gas Council should concentrate. 

As  regards the supply ~ r i c e ,  we have already mentioned the d i f f e ren t  
assessment of r i s k s  put  forward by the  o i l  companies and the Gas Council. 
It addi t ion to  t h i s  David Barran has argued t h a t  any p r i ce  should include 
a r e tu rn  f o r  the several  hundred mil l ion do l la rs  which the o i l  industry 
has spent over the l a s t  ten years i n  developing sub-marine exploring 
techniques, and a re turn  for  the  experience of companies like Royal Dutch/ 
She l l  who a re  a t  the  moment exploring shelf  regions of the U.S.A., Canada, 
Nigeria, Alaska, the Caribbean, the Persian Gulf, Borneo, Spain, Austral ia ,  
New Zealand, East  Pakistan, e tc .  I n  short  the  costs  of apprenticeship 
should be recognised and rewarded. (Some idea of the technical  d i f f i c u l t i e s  
i n  d r i l l i n g  can be gauged from Exhibit 11). Adding these t o  h i s  own 
estimates of costs  (15 mil l ion on del ineat ion and exploration, £20 mil l ion 
f o r  2 pipelines from the Leman bank, and £25 mil l ion for  50 production wells) 
Barran estimated tha t  h i s  concern would have invested up t o  £100 mil l ion on 
the Leman Bank. With a flow of some 800 m.cu.ft. per day by 1973, t h i s  
would y i e ld  a supply pr ice  of 34d. t o  4d. a therm. 



This pa r t  of the  argument has,  however, been hard t o  examine for  

Shell-Esso have not released detai led f igures  of t he i r  costs.  One of the 

reasons f o r  t h i s  i s  tha t  they have argued throughout tha t  the pr inciple  on 
which pr ices  should be s e t  i s  not cost-plus but  market pr ices .  As Barran 

sa id ,  "The problem is  to  es tab l i sh  a pr ice  a t  which demand w i l l  equal but 
not exceed ult imate supply potential ."  

Yet i t  is one thing to  suggest the pr inciple  of market pr ic ing for  
gas, and another t o  derive actual  prices.  One method i s  t o  calculate  the 
cost  of meeting the increase i n  demand for  gas i n  exis t ing markets when 
North Sea gas i s  unavailable. David Barran quoted a current in-holder 
pr ice  of 10d. a therm, but t h i s  seems unlikely to  hold i n  the present 
rapidly changing conditions of gas manufacture. 

Tradi t ional ly  the gas industry was based on coal which u n t i l  the  
mid-50's supplied over 95% of the industry 's  needs (see Exhibit  12);  

by 1965-6 t h i s  had f a l l e n  to approximately 50% chief ly  because of the 
s teep r i s e s  i n  the pr ice  of carbonising coal. O i l  r e f iner ies ,  however, 
were found to  present a l te rna t ive  supplies; ref inery t a i l  gases were 
the f i r s t  to  be harnessed, followed by heavy o i l ,  medium o i l s  and l i qu i f i ed  
petroleum gas. The advantages of the l igh te r  hydrocarbons soon became 
evident, leading t o  a swing towards the low-octane l i g h t  petroleum d i s t i l l a t e s  
which were being thrown up as surplus i n  the ref inery production balances. 
Forecasts suggest tha t  supplies of t h i s  par t icu la r  material  may not be 
unlimited, and accordingly the Gas industry is  giving some p r i o r i t y  t o  
the  development of gasaaking  processes capable of gasifying crude o i l  
whose supply can be considered unlimited. It should a lso be noted tha t  
the cost of transportation of o i l  and coal as sources for  gas manufacture 
is  lower i n  the  former than the l a t t e r  case and s ince we may expect not 
only the trend t o  o i l  from coal i n  gas manufacture t o  continue, and a l so  
storage costs t o  f a l l ,  it i s  probably j u s t i f i a b l e  to forecast  a f a l l  
of in-holder pr ice  of gas i n  1975. 

A second a l te rna t ive  is t o  buy na tura l  gas from abroad. Already 10% 
of current gas supply i n  the U.K. i s  derived from l iqu i f i ed  natural  gas 
from Algeria. The scheme for  transportation,  i n  which the Gas Council 
have invested £54 mill ion,  involved the building of two refr igerated 
tankers, and del ivers  gas a t  about 51d. a therm. Developments i n  the 
technology of transportation could lower t h i s  cost ,  and Hinde has estimated 
t h a t  l i qu i f i ed  natural  gas could be transported from Venezuala and Nigeria 
a t  a delivered pr ice  of 44d. a therm. Re also suggests a subsea pipeline 
delivering gas from Holland a t  2d. a therm, but t h i s  source has been 
considered l e s s  favourably by the Gas Council both on account of transportation 
cost  (which would imply a higher cost  than Hinde estimates) and because 
some of the Dutch deposits have a high nitrogen content. Indeed for  the 
foreseeable future ,  the Gas Council have not placed much rel iance on 

a l t e rna t ive  natural  gas supplies becoming avai lable  i n  Br i ta in  a t  anything 
below the 54d. a therm of the  Algerian supply. 



," A precise estimate of the cost  of a l te rna t ive  supplies can be derived 
from Table 2 of Exhibit  12. Here l i qu i f i ed  natural  gas, l iqu i f ied  petroleum 
gas, ref inery gas and naptha are  taken on the basis  of present costs 
o r  estimates no:< available,  a l l  c . i . f .  a t  port  o r  delivered works. Carbonisatio~ 
gases have been taken a t  8d. a therm. A s  can be seen, and as  ShellfEsso 
have pointed out,  no source of fe rs  a supply a t  a cost  per therm of the 
4d. they are  proposing for  natural  gas, and th i s  does not take account 
of the addi t ional  efficiency of natural  gas over exis t ing processes which 
would lead t o  a reduction i n  d i s t r ibu t ion  and overhead costs per un i t  
of thermal sa les .  I n  Barran's own words: "Because natural  gas has 
twice the heat value of town gas, the same volume represents twice the 
energy, which doubles the capacity of the d i s t r ibu t ion  system, and permits 
a s ign i f i can t  expansion of sa les  i n  present areas served with no addi t ional  
cap i t a l  expenditure. The na tura l  gas, delivered under high pressure, 
requires no fur ther  compression, and the cost  of gas pumping is reduced 
great ly .  As i t  i s  f r e e  of gum-forming consti tuents and sulphur servicing 
the metering costs  are  lower. Although the thermal leakage may increase 
temporarily due t o  higher d i s t r ibu t ion  pressures and the higher heating 
value, the experience of most companies has been tha t  the newer techniques 
of detection soon reduce leakage t o  town gas d i s t r ibu t ion  leve ls ,  and 
the higher pressures fur ther  increase the d i s t r ibu t ion  capacity." 

To s e t  against  t h i s  is  the cost  of conversion of present applicances 
t o  those which a re  able to  use natural  gas - a process which Barran acknowledges 
could take from 5-7 years and cost  roughly E20 per house, or  a t o t a l  
of E500 mil l ion including addit ional pipelines.  Even a t  the  Gas Council's 
f igure  for  conversion cost  of up t o  E30 per household, the gains from 
conversion appear considerable. To take the North Thames Gas Board 
as an example, t he i r  d i s t r ibu t ion  system including gas-holders has been 
valued a t  E160 mill ion for  nearly 2 mil l ion consumers, tha t  is E80 per 
consumer as against  the  £25-30 expenditure on doubling capacity by converting 
t o  natural  gas. 

It i s  the high cost  of a l te rna t ive  supplies,  and the savings i n  
d i s t r i bu t ion  and storage, as  well a s  the s i z e  of the  d i s t r ibu t ion  and 
s torage costs i n  t o t a l  cost  which led a Sunday Times report  to  sum up 
what has been one of the  pr incipal  arguments of the  o i l  companies i n  
the  following way: "Sir  Kenneth Hutchinson, the  Gas Council Deputy Chairman, 
has calculated tha t  a 24 d. landed pr ice  for  4,000 mill ion cu. f t .  a 
day of gas would r e s u l t  i n  an average cost  a f t e r  overheads and d is t r ibu t ion  
of 10id. a therm. This would mean average pr ices  of 6d. to  industry 
and 1s. 2d. t o  householders. An ex t r a  penny on top of t h i s  is of minor 



importance i n  gas economics compared with the chance to  encourage more 
intensive exploration." (Sunday Times 18.12.66) (A copy of Hutchinson's 
o r ig ina l  calculations a r e  shmm i n  Exhibit 13 Table 5.) 

An a l te rna t ive  method to the opportunity cost approach t o  market 
p r ice  i s  to  calculate  a pr ice  a t  which the market for  gas w i l l  be cleared, 
and t h i s  leads us t o  the t h i rd  point of conf l ic t  between ~ h e l l l E s s o  and 
the Gas Council mentioned above, i . e .  the market on which the Gas Council 
should concentrate. Whereas the Gas Council want to  challenge coal 
and o i l  i n  the base energy market, Shell/Esso argue that  the  3,000 m.cu. 
f t .  per day of na tura l  gas forecasted for  1975 should be devoted primarily 
t o  meeting the growing demand of the public d i s t r ibu t ion  sector .  

Total  energy demand i n  the  U.K. i n  1964 was 286 mil l ion tons of 
coal equivalent. The National I n s t i t u t e  of Economic and Social Research, 
aggregating energy forecasts  for  individual industr ies  and sectors ,  have 
projected tha t  t o t a l  demand w i l l  have r i sen  to  325 - 365 mil l ion tons of 
coal equivalent by 1970, and 370 - 410 m.t.c.e. by 1975. The National 
Plan assuming a r a t e  of growth of 2.1% p.a. f o r  energy up t o  1970 estimated 
a demand of 324 m.t.c.e. by 1970, and a s imilar  growth r a t e  would bring t h i s  
f igure  up t o  362 m. t .c.e. by 1975.' (See Exhibit 14) . One can also use 
the rough measure of energy coeff ic ients  (See Exhibit 15) which allows one 
t o  make adjustments t o  these forecasts  to  allow for  changing growth ra tes .  

The share of gas i n  t o t a l  energy i n  the  U.K. i s  7%, and th i s  is  
directed en t i r e ly  t o  the public d i s t r i bu t ion  market. A breakdown by 
regions and sectors  of gas production and consmption i s  given i n  Exhibit 16. 
I n  terms of current sa les ,  57% goes t o  r e s iden t i a l  gas in specialised 
applications.  (The balance of 3% is  used by public administration and 
by the area gas boards f o r  t he i r  own purposes). Recent annual percentage 
increases of the  ove ra l l  publ ic  d i s t r i bu t ion  market a r e  given i n  Exhibit  17. 

Residential demand has been growing even f a s t e r  than t h i s ,  as.  the 
r e s u l t  of the rapid increase i n  the s a l e  of gas fuel led room heaters ,  
warm a i r  systems, and hot water cen t ra l  heating in s t a l l a t i ons .  Some 
idea of the increase can be gained by looking a t  Exhibits 18 and 20. 

I n  overal l  terms, i n  1965 the r e s iden t i a l  sector  accounted for  26% 
of f i n a l  energy demand, and though by 1975 it w i l i  have roughly the same 
r e l a t i ve  posit ion i n  gross terms, i t s  demand for  effect ive heat w i l l  
be half  as much again. 2 

1. 1,000 m.c.f.d. of natural  gas equals 13.5 m. tons of coal per year 
( a t  270 therms per coal ton) o r  8.6 m. tons of o i l  per year ~. . 
(424 therms per o i l  ton). 

2. Effective heat  takes i n to  account the efficiency i n  use of the  
various fuels  . 



To make one further' sub-division, we can dist inguish four broad 
groups i n  the res ident ia l  demand - cooking, water-heating, re f r igera t ion  
and space-heating. Of these it i s  the prospects of space-heating which 
seem most s t a r t l i n g .  The Deputy Chairman of the  North Thames Gas Board 
recent ly  forecast  tha t  i n  North London the proportion of homes heated by gas woul 
r i s e  from 174% i n  1966 t o  47% i n  1970. He a l so  pointed out two trends 

encouraging gas consumption i n  space-heating, f i r s t l y  the increase of 
whole-house heating ra ther  than individual room heating, and secondly 
the tendency for  the leve l  of temperature adopted i n  homes to  r i s e  from 
the current 65' F to the region of 70' F current i n  the  U.S. He consequently 
forecasted a r i s e  of 48% i n  space-heating i n  North London by 1970, a 
r i s e  which would r a i s e  the share of gas heating i n  t o t a l  gas output i n  
North London from 40% to 76%. The current p r ice  of a l te rna t ive  fue ls  
fo r  l i v ing  room heating is shown i n  Exhibit  19. 

The indus t r i a l  market is  much la rger  than the domestic one, currently 
demanding some 25,000 mil l ion therms per annun of a l l  fue l s .  I n  the 
United States  over ha l f  na tura l  gas goes to  industry,  par t icu la r ly  as 
industry demand i s  more s t ab l e ,  and with 200,000 miles of pipeline,  constant 
loqd factors  a r e  par t icu la r ly  important. I n  the U.K. gas has been confined 
t o  the  premium markets, those where gas h a s  a special  advantage over other 
fue ls  e i t h e r  because i ts  temperature can be accurately controlled ( in  glass  
melting and br ick burning t h i s  i s  par t icu la r ly  important) o r  because of 
c leanl iness  (the food, and pot tery industr ies  a r e  examples of t h i s ) .  The 
t o t a l  s i z e  of t h i s  market i s  2,500 m. therms per annum or  10% of the 
i ndus t r i a l  market. Currently i t  is supplied by manufactured gas, l iqu id  
petroleum gas, gas o i l s  and i n  some cases by e l e c t r i c i t y .  Gas o i l s  a t  74d. 
a therm a re  the most serious competitors, but i t  i s  generally agreed tha t  
cos t  pr ices  of 5d. a t h e m  would allow gas to  compete e f fec t ive ly  and 
increase her  market share. 

The r e s t  of the i ndus t r i a l  market buysfuels basical ly  on the value 
of the  heat  content. Coal and o i l  a r e  the bas ic  fuels  f o r  t h i s  purpose. 
(See Exhibit 21). Bulk users of heavy o i l  pay 44d. - 5d. a therm with 
some regional var ia t ion,  and coal is s imi la r ly  priced to  large users. For 
power s t a t i ons  coal is sold a t  4id. a therm with up to  a penny a therm 
discount for  favourable locations.  I f  the d i s t r ibu t ion  costs of na tura l  
gas l i e  between l i d .  and 3d. a therm, c lear ly  the beach pr ice  would have 
t o  be very low t o  compete, par t icu la r ly  a s  o i l  could probably lower her  
pr ices  considerably and s t i l l  make adequate returns.  I n  the U . S .  the 
average pr ice  of gas t o  i ndus t r i a l  consumers is about 3d. a therm, and 
Dutch pr ices  range from 4.2d. to  4 . 5 d .  a therm for  large users. Shell- 
Esso have argued however t ha t  t h i s  market i s  i r re levent  f o r  the  gas industry. 



a * 
I f  gas demand i n  the public d i s t r ibu t ion  sector  continues to grow 

a t  10 % p.a. ( the Gas Council puts the f igure  a t  74% between 64 and 70) 
then 2,700 m.cu. c t .  per day of na tura l  gas equivalent w i l l  be demanded 
by 1975. Even assuming an 8% - growth ra te ,  the t o t a l  demanded by 1986 

would be 4,500 m.cu.ct. per day, and th i s  would require na tura l  gas 
deposits a t  l e a s t  as large as those a t  Gronigen. 

One could add, too, the market for  natural  gas f o r  non-fuel uses 
which is  estimated to  amount to  2,000 m. therms p.a. by 1970. The 
petro-chemical industry i t s e l f  consumes the equivalent of 1,400 mill ions 
therms p.a. i n  manufacturing amonia, methyl alcohol, hydrogen cyanide, 
acetelyne, and methyl chloride. This f igure  is expected t o  double i n  
a few years. However, fo r  much of t h i s  market delivered pr ices  would 
have t o  go below 4d. a therm though North Sea Gas producers could s e t  
up t h e i r  own petro-chemical complexes on the East  Coast. 

I 

It is on the bas i s  of these considerations tha t  Shell/Esso bel ieve 
tha t  the public d i s t r ibu t ion  sector  can absorb the great  majority of 
the natural  gas from the North Sea, and tha t  pr ices  should therefore 
be s e t  i n  terms of ex is t ing  pr ices  i n  t h i s  sector .  Pr ices  could be 
cut i n  order t o  achieve the assumed increase of demand i n  the  sector ,  
fo r  as David Barran himself remarked, "Even r e l a t i ve ly  modest p r ice  reductions - 
of the order of 20-25% would ensure continued expansion of the  res ident ia l  
market, with corresponding advances i n  commercial and premium indus t r i a l  
sa les ."  Having thus established pr ices  t o  c lear  the public d i s t r ibu t ion  
market, a beach pr ice  f o r  natural  gas can be obtained by subtract ing 
d i s t r i bu t ion  and overhead costs  sustained by the Gas Council. On the 
bas i s  of current pr ices  (see  Exhibit  13) the beach pr ice  under t h i s  method 
would come out well  i n  excess of 4d. a therm. 

The Minister of Power: 

The Minister of Power imposed a compromise i n  the  case of the B.P. 
negotiations over West Sole. He c l ea r ly  played an important though 
l e s s  evident ro l e  i n  l a t e r  p r ice  negotiations. H i s  interventions have 
had. to  take i n t o  account considerations which were not relevant to  e i t he r  
the Gas Council o r  the o i l  companies. To begin with the Minister of 
Power shapes Bri ta in 's  energy policy and i s  responsible for  four of the 
f i ve  sources of energy supply, coal,  e l e c t r i c i t y ,  atomic energy and gas. 
Bri ta in 's  fue l  indus t r ies  are  current ly  spending over £1,100 mil l ion 
a y e a r t o  provide ex t ra  capacity - tha t  i s  a s i x t h  of national t o t a l  
cap i t a l  spending of iihich the e l e c t r i c i t y  industry alone i s  spending 
£700 mil l ion on new capacity. Consequently i t  is of prime importance 
from the Minister's point  of view t o  avoid any over-capacity. Indeed 



even before it was known tha t  the North Sea would y ie ld  considerable 
amounts of Gas, the  fue l  industr ies  were reckoning on se l l i ng  a t o t a l  

of 337 mill ion tons of coal equivalent by 1970 whereas the Ministry of 
Power forecast ,  on the basis of the opt imist ic  3.8% growth r a t e  of the 
National Plan, a f igure  of only 324 mill ion.  

The most de l ica te  area of consideration for  the Minister is the 
e f f e c t  which na tura l  gas w i l l  have on the coal industry.  I n  evidence 
to  the Select  Committee on Nationalised Industr ies  (see the Committee's 
Second Report, the volume on "Exploitation of North Sea Gas" no.372 
25th July 1968) the Coal Board argued tha t  the e f f e c t  of the introduction 
of North Sea Gas in to  Br i ta in  as envisaged i n  the White Paper on Fuel 
Policy (Cmnd 3438) would be to  reduce demand for  coal by some 24 mil l ion 
tons. This would mean tha t  a s se t s  to the value of £100 m. would have 
t o  be wr i t ten  o f f ,  and tha t  there  would be a r i s e  i n  the coal t ha t  continued 
t o  be produced i f  overheads could not be reduced f a s t  enough to  keep pace 
with reduced ~ r o d u c t i o n .  On top of t h i s  should be added a fur ther  £70 - 
£85 mil l ion cost  to  the Exchequor, i f  the manpower displaced through the 
competition of North Sea gas were ass i s ted  on the same sca l e  as the soc ia l  
costs of redundancy a re  a t  present under the Coal Industry Act 1967. There 
was an even more serious long term consideration. The power s t a t i o n  market 
i s  the one market where coal sa les  were r i s ing  (See Exhibit 23). The N.C.B. 
s t a t ed  tha t  they were confident tha t  they could produce coal su i tab le  for  
power s t a t i o n  use a t  a cost  of about 3fd. a them ex-pit i n -quan t i t i e s  of 
70-80 mil l ion tons. (These figures a r e  considerably below the average 
cost  of coal as i t  stands a t  present, see  Exhibit 22). I f  the power 
s t a t i ons  were converted to  na tura l  gas, and the low cost  general coal could 
not f ind  an ou t le t ,  "it would not be possible to  produce the high qual i ty  
coal which wouli: be available from the same p i t s ,  becuase it  would not be 
possible t o  keep a p i t  open ju s t  to  produce the quar ter  of i t s  production 
which represented the high qua l i ty  coal ." 

These considerations underlay the Minister 's  public energy decision 
i n  October 1968 not t o  allow Hams Hall power s t a t i o n  to  convert t o  natural  
gas i n  s p i t e  of pressures from both the C.E.G.B. and the Gas Council. They 
may also l i e  behind the Minister's re fusa l  to  allow d r i l l i n g  in the I r i s h  
Sea (outside Gulf's f i ve  blocs).  Here there is the added p o l i t i c a l  
d i f f i cu l ty  of piping gas on to  Welsh. shores. Certainly the 26 mining 
M.P.s have been one of the s t rongest  pressures i n  the House of Commons 
fo r  a high beach pr ice  for  North Sea Gas. 
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There is  a l so  the question of the balance of payments. I n  1965 Br i ta in  
imported 65 mil l ion tons of o i l  and about 36 m.cu.ft. of na tura l  gas. Total 

expenditure on ne t  o i l  imports added up to E500 mil l ion i n  the same year and 
the f igure  is  growing (see Exhibit  24). For every 430 mil l ion therms of 

na tu ra l  gas, there i s  a saving of about 1 mil l ion tons of crude o i l ,  i n  

money terns  from £6-8 mill ion.  The threa t  to  the o i l  industry i t s e l f  i s  

c l ea r ,  and t h i s  l i e s  behind the suggestion tha t  the solut ion t o  the na tura l  
gas pr ic ing problem would be a market arrangement whereby the Gas Council 
could have low beach pr ices  on the condition t h a t  they did not  challenge 
the o i l  industry  i n  the base energy market. 

On the other  hand, the  Minister is  a l so  aware tha t  a low gas p r i ce  
i n  Br i t a in  implying a squeezing of the d r i l l i n g  companies, might have 
adverse e f f e c t s  on She l l  and B.P. i n  the  Middle East ,  causing the Middle 

East  governments t o  r a i s e  t h e i r  taxat ion r a t e ,  and thus reduce the re turn 
flow of p r o f i t s  i n t o  the U.K. 

Last ly ,  the Ministry of Power have been pressed to  consider both the 
regional implications of na tura l  gas, and the importance f o r  the Br i t i sh  
industry  as  a whole t o  have cheap energy. The proportion of fuel  to  t o t a l  
costs  va r i e s  from almost nothing to  30% i n  some industr ies .  For 
manufacturing as  a whole the f igure  is 34%. Acheap pr ice  for  na tura l  
gas i t  has been argued tgould increase the competitivity of Br i t i sh  industry.  
The same argument goes f o r  the cost  of l iv ing  f o r  heat and l i g h t  account 
f o r  5Z of the household budget and the f igure  is  grotring. 

On what pr inc ip les  would you base your estimation of a beach pr ice  for  
na tu ra l  gas i f  employed as an advisor by Shell/Esso? Would these pr inciples  

a l t e r  i f  you were asked the same question by the Gas Council or  the Minister 
of Power? Can you suggest a p r ice  i n  each of these cases, and if not ,  what 

fu r the r  information would you need? 



APPENDIX 1 

THE COSTS OF NORTH SEA GAS PRODUCTION 

This appendix i s o l a t e s  the stages i n  the process of bringing North Sea 

Gas t o  the  beach, and assigns costs where possible.  

1. Seismic research. This may continue say two years p r io r  t o  
d r i l l i n g .  Cost E0.5m. - 1.25 m. * 

2. Exploration s t r i ngs .  Exploration d r i l l i n g  i s  of two kinds,  
'wildcat' and appraisal  a f t e r  the  i n i t i a l  find. Both a r e  done 

from a f loa t ing  barge, boat or  r ig .  The annual cost  of such a 
r i g  is E3 - 3.5m. Exploration wildcats take about 3 months t o  

d r i l l ,  appraisal  wel ls  2 months, the difference being explained 
by the f a c t  t h a t  with appraisals the d r i l l e r s  already know the 
nature  of the s t ruc tures  through which they are  working. Thus 
i t  is  possible t o  d r i l l  4 wildcats a year a t  a cost of f0.75m. each, 
o r  6 appraisals a t  a cost  of f0.5m. each. The production t e s t  fo r  
a wildcat which has s t ruck gas is over a very l imited area. It i s  

usual therefore  t o  d r i l l  say half  a dozen_appraisal wells to  judge 
the  extent  of the  f i e ld .  One d r i l l i n g  company recent ly  offered gas 
a f t e r  only four appraisals ,  but  the  government concerned wanted s i x  
d r i l l e d  before any contract .  

3. Production wells.  These a r e  d r i l l e d  from a platform whose 
construction time i s  10 months and whose cos t  is Elm. A derr ick 
is then moved i n t o  place. It costs  about E0.5m. to  move a derr ick 
to a platform from any other platform, and E0.h .  t o  move the derr ick 
from one s ide  of the  platform t o  the other.  A der r ick  can d r i l l  say 

5 wells from one posit ion.  A well  takes 14-2 months, a good deal 

depending on the 'depth of water. The annual cost  of d r i l l i n g  over 

and above the cos t  of the  platform is £2-2im. The number of wells 

d r i l l e d  from a platform is  usually i n  the  range 10-15. While d r i l l i n g  

i s  i n  progress, no wells already d r i l l e d  by the derr ick i n  tha t  posi t ion 
a r e  used, because of the danger of f i r e  a r i s ing  from the  c o l l a r  f a l l i ng  
down onto the d r i l l  head. 

The number of production wel ls  needed f o r  a f i e l d  depends on the 
capac i ty  of the  wel ls ,  r a t e s  of breakdown, the  load fac tor  and the 
timing of production. Each well  i s  capable of producing 15-20m.c.f .d. 
Hinde estimates 15 m.c.f.d., Amoco have sa id  t ha t  20m.c.f.d. is a 
maximum, She l l  est imate ra ther  above t h i s .  On top of t h i s ,  allowance 
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must be  made fo r  wel ls  which a re  out of order. Since it i s  expensive 

t o  move a derr ick,  the  d r i l l e r s  a r e  unwilling t o  repa i r  every wel l  the  
moment it breaks down, pa r t i cu l a r ly  during the  peak of the  summer months 

which a re  the most su i t ab l e  months f o r  replaceuient and repairing.  A 

generous allowance fo r  t h i s  would be 25% more wells  than t o t a l  estimated 
wel l s .  

The load f ac to r  r e f e r s  to the  range of flow r a t e s .  A t  a 60% 

load f ac to r ,  a company contracting f o r  a r a t e  of 500 m.c.f.d. 
must b e  prepared t o  produce 167% of t h i s  a t  any time and over 
any period. I f  the  load fac tor  was 80% then the  f i gu re  would 
be 125% and s o  on. Clearly t h i s  has  t o  b e  taken i n t o  account i n  
the  es t imate  of the  number of wel ls  necessary. 

The f i n a l  f ac to r  a f fec t ing  the  cos t  of production wel ls  i s  the  
timing of the  d r i l l i n g .  According to  one pa t te rn ,  j u s t  under 
a ha l f  the  estimated t o t a l  wel ls  would be  d r i l l e d  i n  the  build-up 
period,  say four  years.  The derr icks  would then be removed and 
brought back again i n  21 years time t o  add another h a l f .  I n  
the  14th and 15th year derr icks  and platforms might re turn  f o r  
replacements, and possibly a few addi t iona l  wells  as the  pressure 
drops. 

4. Observation wells .  These a r e  t o  monitor t he  reservoir  i n  the  
process of production, check pressure  and s o  on. They take roughly 
the same time a s  appraisal  wel l s  t o  d r i l l .  It is  usual t o  have two 
f o r  f i e l d s  i n  the  range re levant  t o  the  North Sea. 

5. Compression. Compressors come i n t o  operation i n  the  Lat ter  p a r t  
of the  l i f e  of the  well .  They require  a platform a s  wel l  a s  the  
compressors themselves. 

6 .  Pipel ine .  B.P. used a 16" p ipe l ine  from West Sole because of 
a v a i l a b i l i t y .  Since then there  have been developments i n  p ipe l ine  
production, and Shell/Esso a r e  using a 30" pipe,  which is the  l a r g e s t  
they can obtain. For the  l a rge r  and now the more common pipe, the  
main costs  would be  spread over two years and amount t o  say E10m. 
f o r  a f i e l d  50 miles out.  There would be  fur ther  cosrs both i n  
connecting new wel ls  t o  the  main p ipe l ine  (EO.Sm.), and i n  cleaning 
and repa i r ing  the  ex is t ing  pipes. These would cer ta in ly  not exceed 
the  i n i t i a l  cos t s  of the  main pipel ine .  B.P. have had considerable 
d i f f i c u l t y  with t h e i r  p ipel ine ,  and say t h a t  they w i l l  require  a 
survey before  laying the  next one. Hinde's f igures  a r e  acknowledged 
as too low by a l l  s i de s ,  though doubling them would probably be 
overdoing i t .  
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7. Operating costs .  It i s  wise t o  allow a 5% p.a. increase i n  operating 

costs to  cover i n f l a t i o n ,  and ex t r a  costs  incurred i n  increasing pressure. 

8. Insurance. I n  general the o i l  companies aim t o  remove the difference 

between land and sea  operations, ra ther  than to  insure  everything. The 
insurance of the r i g  is  included i n  the r en t a l ,  o r  estimated running 
cos t .  Marine Insurance a t  f i r s t  came t o  about 3.75% of i n s t a l l e d  cap i t a l  
(excluding p ipe l ines) ,  and covered the loss  of the cap i t a l  and the cos t  
of removal of the  wreckage. I t  did not cover the cos t  of gas 
foregone through the wreckage. After the s e r i e s  of mishaps t o  r i g s  
Lloyds increased t h e i r  r a t e  on skmi-submersibles to  9% i n  1968. 

Insurance on i n s t a l l e d  cap i ta l  of the p'ipeline is 1.5%, which covers 
burs t s  and breakages. Most equipment of the major o i l  companies 
tends t o , b e  uninsured, s ince i n  e f f e c t  they a c t  as  t h e i r  own insurers .  
One estimate has suggested O.ld. per t h e m  to  cover insurance costs  
of the kind discussed here.  

9. General. Very broadly one can weight costs  i n  the following 
way: exploration 1-2, f i e l d  f a c i l i t i e s  (observation and 
production f a c i l i t i e s ,  not pipelines) 1, pipel ines  1, operating 
costs  1. 

10. Tax. Cash investment grants a r e  receivable on a l l  c ap i t a l  
a t  the  r a t e  of 20%.  heo ore tic all^ they should be pa id  
immediately. I n  f a c t ,  there is  usually one year's delay. 
Royalt ies of 124% a re  payable on the  well-head value, which 
equals the beach pr ice  minus the transmissions costs.  They a r e  
regarded as an expense before tax. P r o f i t s  a r e  subject  t o  
corporation tax  of 40%. 

11. Contract timing. The contract  i s  usually signed a f t e r  the  
survey, the  wildcats,  and appraisal  wel ls .  Pipelines a r e  usually 
post-contract, though i n  the case of Shell-Esso the protracted 
negot ia t ions  and interim agreements mean tha t  ce r t a in  of the  
development wells,  and the pipel ine a r e  pre-contract. 





U 0 Mdar 50 

Belfast . . .  .. 

, .:, , . .. 

Dublin 

. , . I  

! .  

E x h i b i t  2. B r i t i s h  a r e a  o f  the  
I r i s h  Sea wi th  b l o c  
a l l o c a t i o n s .  

Exh ib i t  3.  Divis ion  of t h e  North 
Sea among t h e  surrounding 
coun t r i e s  wi th  regard  to  
prospect ing  f o r  o i l  and 
gas. 



Exhibit 4 .  Thc Main Fields Discovered in the North Sea. 



Exhibit 5. 

RESERVES - TO - DAILY TAKE RATIO 

1. This r a t i o  i s  always based on "originally reooverable reserves". It i s  
expressed i n  t cms  of 1 million cubic feet  per day of contracted take fo r  
every ~tX"OOO,OOO,OOO cubic feet  of originally recoverable reserves. 'To take 
an example, a nominal depletion period of sixteen years contains 5840 days: 
the ra t io  i n  th i s  case is 1:5.84 (i.e. 2.0 million cubic fee t  day for  each 
5,840,000,000 cubic fee t  of originally recoverable reserves: the probable 
economic f i e ld  l i f e ,  comprising a build-up period, offtake plateau and tail- 
o f f ,  would be between 20 and 25 years. 

2. The following table gives other examples o f  t h i s  relationship between 
recoverable reserves and oontracted daily take: 

l 

1 Probable Economio Field Life (years) 
Nominal Depletion Period 

1 Reserves: Take Ratios 
! 
i Daily T&e ( ~ l c f / d )  



Exhibit 6 .  

. GAS F I E L D S  - FREE WORLD OUTSIDE S O R T '  &'.ERICA 

Maximum 
f i e l d  s i z e  

l 1012 L3.c.f. 

MTAL : 

Number 
of f i e l d s  

Total 
ultimate 
recovery 

Average 
u l t i n a t e  
recovery . 

1012 S.C.f .  



Exhibit 7. Estimated Production Costs of 
North Sea Gas. 

COST OF &U ESPLORATION WELL 
One Mobiic Rig O?c=ion 

(Thrce 12,000 fr wclk per =.--=urn) 

OW6:inf Colu 
Mud . . . .  . Cuing . . . .  
Tubing . . . .  
Cementing .. 
Wcll equipment 
O h  . . . .  

. . -  . . .  .- . 
lMELY AVERAGE COSTS OF NORTX S= GAS . , 

(ISycar wnsm) 

: NOTES: (a) Half of total =U cmu 
@) With 20% C& invcrmcnt gran& 

100 4 o n  2CO mi!!ion i 5CO r:i!Con 
~ b i c f c e t  subt fcct ; c&it ices 

&#&rat% Corll 
~ u r v y  and exploration licacc .. JOO. 
Zrplomtion %'c&: 

Nine dry W& (ac L630,OOO) . . 5,670 
OncsuccarfvlweU. . . . .  6iO 

Sub Total 

DWC&J%WII h& 
Stepaut w c h  (2@g670.000) .. 1,340 
Oben+ztion %VC& (2@L500,G00) . . 1,GOO 1,000 
O h a t i o n  and stepout pla6orrm.. 4 0  404 440 
Aoducwn: plarforms . . . . .  1,000 2.000 3,030 

W& . . . . . .  17,500 
Dshyrkation . . . . . . . . .  
Separation 60 . . . . . . . . .  
I n r ~ u m m u  . . . . . . . .  43 80 

i submtal 7,320 12,020 23,840 
l 

P i p r l t u m d ~ p r ~ C l u r r  . . . .  6300 7,000 9,s 00 - 

100 cubic feet of n a n d  gy contain abut 1 thcrm of hat. 
.. . .  ........... . . . . . . . . .  . -. -- . . 

Source: P. Hinde. Fortune i n  t h e  North Sea. London 1966. pp.163-5. 

TOTAL CAPITht COST 

Annual ula (million th-) . . . . . .  Capital cost per hcrma 
Pr&ionCoN@crthcrm) . . . .  

~ T A L  COST PER TIE=< 

20,720 1 25,260 1 ;0,1EO , 
363 

0.73d 
0.13d 

O.EM 
A 

7 3 :  
0.Gd 
O.I.?d 

:,E25 
0.3Jd 
O'lild 



Exhibit 8 

SUCCESS R$.T;TIO U.::.?.:CIRTbl E A  C,?ILL!XG 
. I.-.-I. SUCCESS RATIO r m m ~ ~ W m ~ ~ i ~ a o ; * n ~ , ~  

,-m SUCCESS RATID Cmvmd k-&n“w'coSs.a ~ R U l  

N&dbn,,,eriaoW 

Number of drl "&m I 

Exhibit 9 .  

Cost schedule for the supply o f  natural gas. 

pehce .' qhlr- . . . . 
4b.  , .SUGGESTED GAS CBUNC!L 3 U ' i i N ~  . nib@ t . . . . 

. . ' . . . . . . . . . . . . . .  . . . . . .  . b ..:.... ; .. . . ..... ..... . . . : .  . . .  . . . .  . . .  . . . . . . .  -\ . . . . . . . . ... . . .  . . 
: >\ . . ...... . . .  3 - . . . . , I .  . . .... . . . . I .  . . . . . . . . < . '. . . : ' S '  . . . .  

\ .  ' SHADED AREA' REPRSCES7S CALCULAiED : 
RANGE OF SU??LY PFtiCtS 2 - FIRST . . .  . .,  . . 

l00 .. .:.._ .. . . . . ' I .  

3'2Sd. CU.FT. 2 0 0 - 3 5 0  
l - 2-50d.  M I L L I O N  3 5 0 - 6 0 0  

CU.FT. 
l -85d. MILLION 

CU.FT. 1.225d. OVER 1 0 0 0  MILL!OE 
,i .S75 d. CU. FT. UN5ER Id. 

l00 
' 

8 0  $0 



E x h i b i t  10. I n r e r n a t i o n a l  Comparisons o f  Natura l  Gas 
Consmpt ion. * ' W  . . 

COSSU~fPTIOS OF S,:TUX+.L G.>S - 15% 

% 
1.2 30.4 57.4 

35,475 0.9 3.7 86-8 
5,045 - 32.4 51.0 . . . .  2,720 4.3 15.3 78.8 

Fruce . . 1,8S3 26.0 8.6 c.i.4 
c-my (F.K~:)' 50.4 - 49.6 
Am&% . . 21.5 1.2 76.9 
Poland. . . . .  2 a4 7.6 87.3 
Xun;~ 8.6 3.1 87.1 csea,?OVa:: - 4.1 53.2 
E;cthcr%r& .. 22.6 26.4 45.4 

SOURCES: 
I. Annual Bulletin of G= So.tiri5cr for Europe - U.S. 
2 Gas Fasb - Amaican Ga'Auociation 

..~. - 
< 

. . . . . . .  
Natural Gas as Progortion of . Total Energy co&rnprion 

1964 

U.S.A. ... ... ... 
U.S.S.R. ... ... ... 

. Canada :... ... ... 
Italy ... ... ... . France ... ... ... .. Netherlands .... ... 

. W. Germany ... ... ... ........ U.K. 
Wgiun ... ... ... 

*lgSthan+% 

NOTES: (a) Utility da - L q c  luen b.+{ 
@) 1ncll;dir.: na?-Ci:.-aw me& . - -.- . -. __ 

I 
. . .  . . .  .. . . .  . .  .-: .. - . .. -- 

-- . . . .  . . - . -.- - - DlRECI' IP4DUSTN.42 W Of? XATERAL GAS - 1E34 . . . . .  
I (P--) 

Source: P. Hinde. op. c i t .  p?. 167-173. 
+.. 

I .  

1 

I 

i 
I 

l . 

.. 

F-CC 1 Italy 

100 105 j 103 1 IW 1 . i 1GO I 

EIcaridty genention S1 
Iron a d  steel 7 . . . .  ., 43 
Ckn, cuamio . . . . . . . .  7 

Ccmmt .. ,.. . . . . . .  4 

Food a d  drink . . . . . a  - /'" . 
0 . , . . . . . . . .  8 

UW(*j 

35 . 
9 ; 

14 

14 

39 
8 

4 
4 

17 

I 
Poland USSB 

26 

32 
3 5  

l8(b) - 22 
7 - 

13 

11 I 19 : 
I 1 

. 6  . 6 I 
7 

4 
19 

3 4  
4 



Exhibit 11. 

Exhibit. 12. 
PROPORTIOS OF GAS AVAILAB1.E 

COAL BASED A b D  OIL B,\SLD 

% S.  
. m  

. . .  
COAL BASED GAS hl,\DE 



Exhibit  13. Two forecasts  by the Gas Cocncil of t he  d ~ ~ a n d  
and supply of gas a t  an unspecified date.  

Annvnl Conrumptxon : Ikmand 
! I (thcrmlr) pp* 9'' 1-1 (Ihermlu) 

b*44wlrOn /Nun%.1 Rate / TO'.. *far I , ~~~~l 
W. 

. l K.10 I W,O,EI /summ.r 
I .  

. . . .  .. .. 
... 

Rn" l I Mill. 

1 1  1 ; I !  * : - x~S ,.sw mcli rh.im t': 3.:w. i 4.r xr.iio 
LX.0. .. 1 7:O mtiL thrtm uL 954. 1ivS . 720 
-P.C. .. 3 m h L I .  . 9 . 16l 
RcClrnr Oar I JhO mill. lnelm ini .W. , 7 4  j 360 I I W maiL tlurnl in: w. t> , ~ r r ~  

rhlhr .. I 6 mill. ton UI, i7 i U I U W  

' pfd~rlt/~ 4 SlOr<m? 
bOjO mill. aZld Rciorrnra ; 120 I 
PG).WGlton Liould Stonso 8 41 
UnJcrvound S10r.m . . 1 20 as l,,? 32% I 330 

rrrucn-oa I 
DIr,&~tlm mJ Tp1~1~1~1ilria 

IOyonQi6GrniiLIa . . j  
l 

OlLn Srn"1.-., 
10 FC.R DI LIS d l i l a  .. I % ~ s s  l l ) %  I 131 

w1iim l - Toru . . . . . .  I 1 I S 6  

LIL De2rc~illioo P r o f i ~  i U% 
Cumnt *UY L 1 6 0 A i ~  B 8% , IEJa 

i 
I _ .  . ~ . - . . . . . . . .  1 Gm %Id m a d  Accounlctl-for . . . . . .  7.600 mill. thcrm 

. . . . .  
JO 1.6 . . . .  . . . .  . . . . . . . . . .  

Tolrr 
M d 6 % I w v r u ~ u n l c d g a  . . . .  

l ; arrcavr c mill. 
Domolir 4.XOO mill. therm * 2W. > . . .  a . b m n r r c i a ~  . 1.m~ rntll. therm m 11*1. . . . .  67 1 I ~ w ~ .  I d W  rndi.thum @. IW. . . . .  71 

Table 1. Annual load and seasonal 
var ia t ion  i n  demand. 

Table 2. Cost of gas and feedstock. 

Table 3 .  Capital  requirements. 

Table 4 .  Revenue Account. 

Here manufacturing cos t s  a r e  assmed 
t o  remain a t  t he  present level  (twice as  
much gas and half  as  cos t ly  t o  produce); 
d i s t r i bu t ion  costs  have been doubled t o  
take account of t ransfer r ing  t o  na tura l  
gas; consumer se rv ice ,  co l lec t ion  and 
welfare a r e  assuned to  remain t h e  sm.e; 
conversion cos t s  a r e  estimated on the 
bas i s  of £30 per consumer. 



2nd study. 

......... . . . .  ... . . d *  " 
-..W. 

I f AI,. (n)  I All. Ifs) : :- . (L mill.) I (i mdl.) 
. , .  

.U---.- l L ! ' 
I l:%l.linz .\,.cl. '1.34f.Ie~., 3;: .. 0 ;  S I d ' I  3 ,  i ; L.o1U .. c I I .  l l . . . .  i 
l Tr~n.s~li-~iun 121) mill. thcmn~ld a L5 .. LW; ! I 1.311 1 . h ~ 1 4 : :  . . . .  . l  S S  ! 5 s  

.- . . ...... ~ . .  .......... 7.~. 7 % .  .- 
Cou of G- and Malrridlr: 

Mill. 
'hCrn3 d.lUcrm L mill. ' . North Sea .. 14.400 24 150 ... . G . . .  120 5.5 1- LP.G. .. )M) 

RcSmvGu .. 360 J6. 9 1.5 , . .  
hpblkn .. (6 mill. ton) a . . .  C - .  ' 

I 

Table 5. Cabital  Requirements. 

i n  (a) i t  i s  assumed tha t  ha l f  the 
d i s t r i bu t ion  network has been renewed 
o r  replaced a t  a cost  of £100 per 
consumer. 
i n  (b) assumed tha t  t he  whole system 
has been rsplaced. 

Table 6. Revenue Account. 

assumed that a l l  appliances have been 
converted to  natural  gas. 
assumed also that  r e s iden t i a l  demand 
has doubled as t he  r e s u l t  of lower prkes. 

Exhibit 14 
ForWs of inland mcrw dmnnd in thc United KIngdam for 1970 and 1975 

milllon tom coal cqeivalen~ 

poklion 
far 1970 

Iron and Siccl' . . . .  
General Industry . . . .  
Railways . . . .  . . . .  ~ther~ranrpdri . . . . . .  Domatic 
Other inland . . . .  

. . . . . .  



Exhibit 15. 
J?ACJ'~J' cosEcicnts (i.e. PCF cent rise In cncrcy Canmlpti~n for cn& 

1 p:r ern1 rise In GDP) far industrial comMn 

Gcnnany 
Belgium 
France 
Ilaly 
Ncthcrlands 
Tolal. E u r o p ~ n  Economic Community 
United States 
Unitd  Kingdom -..- ---- ..-. 

&arc% &U-Tm P<r:prcrlrrtfar Encrsr. ECSC. 1962. 
Lnrrw h the FUIWI, S. Schurr md B. Nots~h~Rurmrcaror  ihe Fotur~Ws~hinnon. 
1961. 
2'k.NaWPln. Cmd 2764.196s. . . 

rou;umptfon and cwnornic cronih. 1951-U - ~. 
Average Average EMrgy/ 
rfse In rfse h GDP 
GDP energy use c o s f i c l e ~  

per cent 
1951-55 28  1.8 0.68 
L95ES9 . 1.8 0.1 0.05 
195963 ' 35 28 0.80 
1959-64 3.7 27 0.73 

. (195364) . SA 2.6 0.a 
. . 

Souroe: P.E.P. 
AFuibl Po l i cy  f o r  Bri ta in  ?g66 

I .  





* . B  V Exhibit 17. 

Y' Growth of Demand for Gas, Actual and Forecast, . 

Perantage Increase in Annual Demand for Gas Over Previous Year 

Year Domestic Industrial Commercid Total 1 I 1 and Olhcr / 

, Forecast 
1967-68 ...... 
1968-69 ...... 
1969-70 ...... 
1970-71 ...... . 1971-72 ...... 
1972-73 ...... 

- 
Exhibit 18. 

1 ...... - -- . Pcrccntaxc of NOW Houses equipped rvirh Gas Applia~rccs. .. --. .- ..... - - -- .. p ..-. .... 
I 
! Gas 

82.7 151' 1 24.3 
' 

2.7 
79.6 15.4 21.2 3 4  
80.1 13.4 20.2 1.1 ' - .  1'1 , m.0 13.2 . 17.3 . ' 2.1 1.4 . - .  
7S.6 1.4 

11.3 12.5 2.5 1.8 . .' - 
7 4 9  1.8 

5.1 I961 74.4 120 
1962 76.5 7.8 I33 

t 
I 5.3 

. . . . l '1. .inL ware &!!M plw MO rnu~tipo~ar mtw,huc& ~ u r  e i r m ~ n t e n  -- 

i 
I Exhibit 1.9. 

. ~.~ ... ...... . - - . - -. - - -- - 
b o ~ t t e s r i c  L i v i r t ~ - r o o t ~ r  Hcor i t l x  Cost per UseJiri Tlicrnr of Alrcrnarivcfuek. 

I _ _ ___-_H' ----.- -- Winter Prices (jrot,r i s 1  Dccer~~bcr. 1965) - l 
Fvrl i 7 

. . . . . .  37 'l 27.0 . . . . . .  21.7 
214 . . . . . . . . . . .  . . . . . . . . .  14.49 32.2 22.3 . . . . . . . . .  15.55 43.0 34.6 23.9 

. . S . . .  12.21 a7.l . . . . . .  11.51 . . . . . . . .  13 9 12.03 - - .- .  .IH.l . . . . . . . .  n 10 14.16 - - 22.1 
' 1 ?Gas (Gmcral TwevatI  tatcl . . - %.W. I - - .a 

I tGu(s;nnJird rats) . . . .  I - ( i7.W - ..... ! 
pu unir 

51.8 . . . .  17.8 

. . . . . . .  is.M' j - 1 .  , -  

W.. 

Xr-The ranomy of this a o o l i i w  wrmitr conlin&ur.w. a% rovEhly rho w e  ~ u t  u miirleu fuels ud inlumittinrly on n *mole modcm a ~ p i i w r r  tanwiu, Pmarnr *D STI*DI*CI C~IIICIU:- 
.c%: Ourt!rrlr ' . Zimm&ity: Q u n r d ~  

h n l  Twc-Pm Rate 361. W. solldang Charge ~ c l o r i a g  to PC- oft* not - e J i t  hW h' L1 (rr. ,b. 
H.DJ.rtJ Rate 101. W. Ditto I.fa i t 1  i: :S<. 14 . .. DiIto 1 :W it' i.1 :I.. 
~ l l o  eommodi~r char L rot ihs Hulios  a d  X ~ I  W ~ W  Ditto I + ~ J  n* i t  17'. I:;!. 
T-PU, R.'* L L J I ~  Dill* r:wn8 U 2. W. -. Slorane Healon I@. Ok,mu& 



Exhibit 20. 

CENTRAL HEATING AND SPACE HEATERS 

)ICATISG BORERS IWTALLED 

W,\RU AIR GSlIS ISSTAUCD 



i Exhibit 21. 

Delivered cost (Pence per Therm) 
Analysts of Dolivered Coal Costs Eased on Current Requirementr (1966167) 

l e h e  Fucl cop~nptlon 

l 
! 
I 

CoIL'erh 19% 
1955 
1960 
1964 

Ilr&rrlu: 1950 
1955 
1960 

1 
1964 

&manddeel: 19% 
1955 
1960 
1964 

OIlv? . hdvrlry: 1950 
1955 
1960 

. 1964 
.JWIunya: 1950 

1955 
1960 
1964 

otha 
ffawporl: 1950 

1955 
1960 
1964 

l . DomuIIc: 1950 
1955 i 1960 
1964 

Mh@) 1950 
1955 

1 1960 
' 1964 

l Torol 1950 
. 1955 

1960 
1964 

- .  MYllrnr ofPenr  

i Mlnron I c a  ofsoll qvlrllmt. L1 P n b l i C M = l a l 8 m t l o s , ~ ~ . t l d ~ ~ ~  
~ ~. 

1 M. Tons ~xhibit 22. . . 
. . per 

i Annum - .. 

j 
i5 r . . 

Total 
con- 

surr.?tion 
(3) 

12.1 
11.0 
7.8 
6.6 

t 1.2 
3.7 
6.1 
7.4 

292 
325 
24.8 
36.1 

73.0 
628 
772 
S3.8 
15.8 
14.0 
11.0 
7 2  

13.8 
18.6 
22.5 
29.1, 
63.6 
66.3 

. 71.5 
78.7 
25.7 
29.9 
328 
36.4 

224.2 
243.0 
263.7 
2853 

h tile UK by &or and or fuel, 19344 

Cod.coko 
and othcr 
solid fuel 

87.6 
79.1 
62.8 
54.5 
- - - . - 

78.1 
7L3 
64.1 
54.0 

65.0 
60.0 
44.8 
333 
93.0 
93.6 
86.4 
59.7 

9.4 
5.4 
1.8 

1.0 
65.9 
&.l 
56.4 
44.5 

59.1 
522. 
36.6 
26.9 
65.7 
59.5 
47.0 
35.4 

Stab11cd 

P e r c ~ t n ~ t  of 
. 

Gas 

0.8 
0.9 
13 
1.5 - - - - 
7.2 . 8.6 
9.5 
9.1 

. 5.9' . 
6.0 
6.0 
5.4 

- - - 
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