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INTRODUCTION 

This report is the result of a request trom A/S Norske Shell to assist in an analysis of 
operating expenditure (opex) in Norway (NOCS). The objective was to find trends, if 
any, and to explain these. The results would be used as background material for the 
OTC conference in Houston this year. 

We received field data from the operators and The Central Bureau of Statistics in 
Norway (SSB). Time limitations forced us to concentrate on the data from SSB. 
These were anonymous with regaids to field names. We also used official aggregated 
data from SSB. 

All values in this report are given in real 1991 USD. However, we did not use the 
actual exchange rate between USD and NOK in each year. The reason for this is that 
the exchange rate has fallen dramatically in recent years, from about 8,6 NOK/USD in 
1985 to 6,5 NOK/USD today. The effect of this is not of interest in this project We 
have therefore used a exchange rate of 6,5 NOK/USD in every year, and used the 
Norwegian consumer price index to calculate 1991 values. 

We will like to thank Kjell Agnar Dragvik in SSB for his excellent assistance in 
acquiring and explaining the various components in the data. 
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SETTING THE SCENE 

Norway has produced oil since 1971 and natural gas since 1977. The contribution to 
gross domestic product from the petroleum sector has been about 13% during the last 
three years. In 1991 the export value of oil, natural gas and pipeline services 
accounted for about 30% of the total Norwegian export (OED 1991). Figure 1 shows 
the total of investment ("capex") and operation expenditures ("opex") compared to the 
gross value of production from 1984 to 1990. This figure illustrates the effect of the 
oil price recession from 1986 to 1988. The drop in gross value of production from 
1985 to 1986 was about 40%, even though the production (in barrels of oil 
equivalents) increased 10% in the same period. 

IIIKKIlflllKilllflfllllllllllllllllfllllffffllllllflllllllllflllJIIIIffJIll 
1984 1985 1906 1987 1988 1989 1990 
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production 

Figure 1: Principal figures for petroleum production in Norway. Source: SSB (1988), SSB 
(1991). 

Figure 2 shows crude oil production in Norway compared to United Kingdom and the 
Gulf of Mexico. Figures for 1992 to 1995 are forecasts. 
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Figure 2: Crude oil production in Norway, United Kingdom and Gulf of Mexico. Source: 
OED (1992), DoE (1991), Off-shore (December 1984), Off-shore (January 1989). 
OIT-shore (January 1991), Off-shore (January 1992). 

Norwegian oil production has increased by about 62 million barrels/year from 1984 to 
1990, an annual average increase of about 15 %. In 1991 Norwegian oil production 
exceeded UK oil production for the first time. 

Oil production in United Kingdom has decreased since the peak in 1985, while oil 
production in the Gulf of Mexico reached a peak in 1971 and in 1986. It has fallen 
since. Norway is expecting a peak in 1996. 

Norway is a major gas producer. Figure 3 shows the Norwegian natural gas 
production compared to the same countries. 

If we add crude oil and natural gas production in these three countries we get the 
figure shown below. This figure shows the total production in barrels of oil 
equivalents. 
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Figure 3: Natural gas production in Norway, United Kingdom and Gulf of Mexico. Source: 
BP (June 1991), BP (august 1991), Off-shore (December 1984), Off-shore (January 
1989), Off-shore (January 1991), Off-shore (January 1992), SSB (1991), Euroil 
(1992). 

This figure shows that Norwegian natural gas production has been about 15 to 20 
billion Sm3 below production in United Kingdom during the last five years. 
However, Norway exports all of its production, while the United Kingdom has 
consumed 50 to 55 billion Sm^ natural gas per year during the last 5 years. 

Figure 4 shows the total production of oil and gas in these three countries in barrels of 

oil equivalents. 
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Figure 4: Crude oil and natural gas production in Norway, United Kingdom and Gulf of 
Mexico. Source: same as in figure 3. 

Figure 5 illustrates Norway's future as petroleum producer. Here we see proven 

reserves compared to those in the United Kingdom and USA. Proven reserves are 

quantities that with reasonable certainty can be developed given existing economic and 

operating conditions. 

Figure 5: Proven reserves in Norway, United Kingdom and USA. Source: BP (June 1991). 
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OPEX IN NORWAY UP TO NOW 

In this chapter we will look at the development in operating expenditures (opex) over 
the past few years. First we will look at investments, exploration and production 
compared with opex. This is shown in figure 6. The numbers are aggregates for 
Norway. 

Hil l , barri l l >.• 
T «00 
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I Exploration I Optmtinfl cotti 

Figure 6: Investments, exploration, operating expenditures and production in Norway. Source: 
SSB (1988), SSB (1991). 

Investments do not include expenditures on-shore. We can see from this figure that 
investments and exploration expenditures have decreased slightly, while production 
and opex have increased. This reflects that Norway is becoming more of a "producing 
nation". Opex has on average increased by about 69 million 1990 USD/year. This 
corresponds to an average annual real increase of about 4 % per year. The increase in 
production for 1986 is mostly due to the commencement of new fields, as shown in 
figure 7. 



7 

1984 1985 1906 1997 1989 1919 

• EhofUk «raa D Fngg • Sta Hjord • Murchiton. VaJheH 
andHamdpj 

DOMbørg D Gol Hak» Quia, Tommtlitan, 
VaUafnfth. Gyda, 
Hod md Mim* 

Figure 7: Production from fields in Norwjy. Source: SSB (1991). 

We will now turn to opex in greater detail. In figure 8 we have split opex in three 

components. These are: 

1. Maintenance: Materials, control and inspection, wells, sub sea work, surface 

treatment, repair and other unspecified items. 

2. Services and commodities: Consumption of services, consumption of 

commodities, hire of operating capital, administration and other unspecified 

items. 

3. Remuneration: Off-shore and on-shore employees. 
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Figure 8: Aggregated opex for fields in production in Norway. Source: SSB (1988), SSB 
(1991). 

Note that the wages to those employed in service companies may also be included in 
Maintenance and Services and commodities. We have not been able to ascertain 
whether this is the case or not. 
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3.1 Maintenance costs 

Maintenance costs as a proportion of opex has varied lilile over lime. On average is it 
about one third of the opex. Figure 9 shows a cost split for maintenance. 

m Materials D Control, inspection fl Wells 

• Subsea work 0 Surface treatment D Repair 

Figure 9: Aggregated maintenance costs for fields in production in Norway. Source: SSB 
(1988), SSB (1991) 

One obvious observation is that Repair has increased the last few years. On the other 
hand Control and inspection and Sub sea work have decreased slightly the last few 
years. Total maintenance costs have been quite stable and slightly increasing. 
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3.2 Services and commodities 

A cost split on services and commodities is shown in figure 10. 

1 Consumption of D Halicopttr H Suppty vaasala 
CornmoditiM transport 

1 Ottiar transport and ØCattring D Tacnical assiatanca 
communication 

B Hirt of oparating DB Administration Botnar coats 
capital COM 

Figure 10: Aggregated services and commodities for fields in production in Norway. Source: 
SSB (1988), SSB (1991) 

It is obvious that Technical assistance is of particular interest in thr figure. This has 

fallen during the oil price drop in 1986, and risen thereafter. It might also be 

influenced by the Ekofisk jack up or water injection. We have not been able to identify 

this in the official data from SSB. This figure also shows that administration costs are 

a major part of Services and commodities. 



3 . 3 Remunerat ion 

I I 

Remuneration includes wages to those who are employed off-shore (as an average 
over the year) and the costs of on-shore employees that the operator can charge the 
licensees for. Figure 11 shows these two cost elements. 

600.00 -r 

1984 1985 1986 1887 1988 1989 1990 

Figure 11: Aggregated remuneration for fields in production in Norway. Source: SSB (1988), 
SSB (1991) 

We can see from this that off-shore renumeration exceeds on-shore, and that it has 
increased at a greater rate compared to 1984. 
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4. FUTURE DEVELOPMENT IN OPEX IN NORWAY 

We have up to now found that both opex and production in Norway have increased 
during the last years. Since the increase in production exceeds the increase in opex, (he 
opex/barrel ratio has decreased in Norway. It's likely that this reduction is due more to 
new fields coming in, than to increased efficiency. We have compared opex/b.o.e 
ratio in Norway with the United Kingdom, Denmark and US off-shore to illustrate 
that opex/b.o.e. in a area will first fall, and then increase when more fields produces 
off plateau1. Opex per barrel for US off-shore have gone up and down in this period. 
The trend is however quite stable. 

The total production in barrels of oil equivalents has increased by about 80% from 
1984 to 1990, while the total opex has increased by about 30%. This leads to a 
decrease of about 40% in opex per barrel. Opex per barret for all fields in production 
in Norway is shown in figure 12. 

1983 1964 1985 1986 1987 1988 1989 1990 

Norway — " - " " "United — - - — Denmark "~" "" "~ US off-
Kingdom shore 

Figure 12: Opex per barrel for fields in Norway, United Kingdom and Denmark. Source: SSB 
(1988). SSB (1991), Energistyrelsen i Danmark (1990). 

1 We have not been able to find cost data from Gulf of Mexico. Mr. Richard Karplus, Conoco 
Houston, have kindly provided the API data for US off-shore. 
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Opex in this figure is without transportation and processing tariffs. A crucial question 
is when the opex/b.o.e ratio will increase in Norway. To answer this we need 
information about future costs and production. We have created an "average" mature 
Held in Norway based on information about representative mature fields. Future costs 
and production are estimated by County NatWest WoodMac (1991). The fields which 
form the basis for the average field are the Ekofisk area, Valhall, Odin, Frigg and 
Statfjord. Based on these we get an average field with increasing opex/b.o.e. from 
about 1991/1992. Figure 13 illustrates this. This figure shows investment as a annuity 
over the whole field life, calculated with a 10% real discount rate. Tax is not included. 
There are two oil price scenarios. Scenario A is the historical Brent blend spot price 
with a future price of 25 USD/barrel. Scenario B is a 15 USD/barrel scenario from 
1990. If this low (real) oil price continues we will have problems with the profitability 
of the field from about 1995. Note that producing after 1995 is still profitable, since 
the investment is sunk cost, and will not be paid for at that time. Investment is an 
annuity here to illustrate its magnitude compared to opex, and to illustrate the overall 
profitability. Remember that tariffs must be covered by the difference between oil price 
and opex. 

Investment ^^^^m Opex Oilprice A Oilprice B 

Figure 13: Investment/b.o.e., opex/b.o.e. and oil price for an average mature field in Norway. 
Tariffs are not included. 

It is obvious that a reduction in opex must be viewed as an important task in the 
future. 



14 

5. TRENDS AND POTENTIAL FOR FURTHER REDUCTIONS 

The realisation (hat operational expenditure over the life-cycle of a field may severely 
affect profitability (in an often unforeseen way) has forced operators to investigate and 
implement measures to reduce operating costs. These measures must, however, meet 
the requirements of increasingly stringent safety and environmental standards. 

In this section we will present our compilation of some articles and speeches, given on 

different occasions, with regard to cost saving measures. 

When presenting this compilation on cost saving measures, we find it convenient to 

separate between two phases in the field life, viz. design / planning and production. 

In the production phase of the field life we see that it is common to split operating 

costs into the following elements: 

* off-shore and on-shore operations 
* equipment 
* transport and maritime services 

* maintenance 

* support 

First we will focus on opex saving potential in the design phase, then move on to the 

production phase along the organisation indicated above. 

5.1 The design phase 

In the literature we have reviewed, little attention has fc*;en paid to opex saving 
potential through life cycle planning in the design phase. vVhen going through our 
material we find that the focus is on the cost saving potential in the producing phase. 
There can be no doubt that this potential is decided on the basis of the decisions made 
in the design of the field, and the lack of literature is surprising. But we have found 
some exceptions, and they will be referred in the following. 

Endresen (1991) 2 , when reflecting on operations and maintenance on the Frigg and 

Heimdal fields, points to how easy it is to be blinded by the fact that the opex only 

Elf Aquitaine Norge A/S 
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amounts to 5% of income. This was the case in the earliest phase of the Held life. He 
says that Elf, and others, should have been more sober when planning the fields. 
Operations and maintenance must been seen in a life cycle perspective of 12-15 yean, 
and must be reflected in a strategy for maintenance over this period. 

Based on life-cycle analysis one must evaluate whether it is possible to substitute 
investments for opex. Taking into consideration uncertainty regarding reservoir, 
equipment qualities etc., this type of substitution may give a flexibility which has 
economic value. Langset (1980) estimate 30% of total life-cycle costs to be a direct 
consequence of decisions taken in the planning and construction phase. Often, it is 
too late to optimise operations and maintenance when the field is in the production 
phase, if this option was not considered in the design phase. 

"Design practice drives Norwegian platform costs", claims Zeiner-Gundersen (1990) 
when referring to a study comparing typical Norwegian, UK, and Gulf of Mexico 
topside designs. The study revealed a substantial potential for simplification of 
Norwegian topside design. Assuming the same production rate and off take 
specifications, a US platform designed according to Gulf of Mexico regulations and 
design practice would be almost half the price of a similarly functioning Norwegian 
platform if they were both built in Norway. This was mainly attributed to different 
technical solutions. One of the conclusions was that the differences in legal 
requirements between the coastal waters of Norway, the UK, and US is not the prime 
cost driving factor in the Norwegian North Sea. According to the study, the 
differences due to these general Norwegian design practises could be categorised into 
the following areas: 

* excessive emphasis on reliability and production availability. 
* tendency to accept prior conservative designs. 
* traditional interpretation of regulations 
* high accommodation standards 

Although the study focuses on investment costs, it is obvious that the areas listed 
above have implications for opex. 

Kvinnsland and Terdre (1°90;2) point to co-operation between operators and greater 
flexibility among operators and government in the planning phase as necessary in 
order to optimize cost efficiency and reduce overhead. They refer to one example, 
which stands out as justification for pooling facilities in a co-operative venture. This is 
Elf's Gabonese operations. Elf sought and gained approval from both associates and 
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local authorities for combined dehydration and metering facilities for several fields. 

Instead of having a facility for each platform off-shore, it built an on-shore plant to 

replace the several off-shore facilities needed. The move did require acceptance of 

non-regulatory metering on the part of Elf's partners and the Gabonese authorities but, 

as was pointed out, the cost reductions meant greater profits for all; profits for the 

partners and for the government, which as a result had greater fiscal revenue. 

Kvinnsland and Terdre in their article say that a similar approach in the North Sea is 

feasible but would require flexibility of the same nature, which, they say, is less 

forthcoming. Nevertheless, the tendency is changing as operators realise that the gains 

from such a system can be significant3. 

5.2 The production phase 

5 . 2 . 1 Operation off-shore and on-shore 

One area, which relates to the operation of the platform both on-shore and off-shore, 

are planning and management. Mohrfeld (1980) points to cost reduction possibilities 

through operation-oriented planning and management. Mohrfeld says in his speech: 

"Some fundamental differences appear to exist between the Norwegian and US. 

people and their respective work environments. Except in some export-oriented 

industries, high productivity has not been the way of life in Norway, and therefore it 

is not a basic orientation of the work force." 

Ynnesdal (1989) is concerned about field management and operating philosophy when 

he discusses Statoils plans for cost reductions. According to Ynnesdal, Statoil has 

changed their field operating philosophy from dedicated to integrated operating 

organisations. Dedicated operating organisations take care of operating one field while 

integrated operating organisations are multi-field oriented. But in the long run more 

changes have to be implemented to bring costs down, i.e.: 

* Allocation of decisive powers off-shore vs. on-shore 

* Transferral of tasks off-shore to on-shore 

* Simplified use of technical arrangements 

* Multiskilled labour force off-shore 

3 How to share the profits due lo cooperation between operators is a problem which may 
effectively stop attempts to cooperate. This problem is discussed in Hallefjoid, Helming and 
Jømsten (1988). 
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The last proposed change in this list, a multiskillcri labour force is also pointed to in 
OED (1990) as a cost reducing factor. Actually, we are here drawing on experience 
from the shipping industry, where this has been an important factor in improving 
efficiency and reducing costs for many years. Also Drangeid (1988; 1) refers to multi-
discipline off-shore employees when he presents Shells efforts to reduce operating 
costs at the Draugen field. The effect of this is based on the fact that reducing the 
number of off-shore man-hours will increase profitability, even more so now than 
before. According to Drangeid; "Today, man costs represent a comparatively larger 
share of a fields overall operating costs than before 1986. While the cost of wells, 
vessels and off-shore IRM services decline almost proportionally with the oil price, 
the cost of off-shore man hours unfortunately does not follow this pleasant curve". 
Obviously, the shift to fewer and multi-discipline off-shore workers creates a number 
of new requirements, particularly related to the simplicity and effectiveness of systems 
and operations. Computers have been introduced to assist organization of all vital 
information and to provide rapid access to this information when requested. Also 
emphasized is the need to define which operations can be run unattended by human 
operators. 

But the debate between employers and unions on the issues of losing jobs and 
educating multi-discipline workers is a hot one according to Kirby and Hillier (1989). 
Oil companies and contracting employers alike maintain that no correlation exists 
between reducing manpower and reducing safety. Contrary to this, the present 
working week arrangement in Norway of two weeks on/three weeks off followed by 
two weeks on/four weeks off - brought in to keep off-shore workers in line with on
shore colleagues who work a shorter daily shift - is alleged by employers as 
constituting a direct threat to the safe running of a plant. Workers take longer to adjust 
back to work routines after spending a month ashore. 

Again referring to Drangeid (1988;1), and his review of the cost reducing efforts of 
Norske Shell, we see that the company is also considering moving certain maintenance 
and repair work from off-shore to on-shore, where the work can be done at less cost. 

Off-shore suppliers, contractors and oil companies have reached the point where their 
documentation and verification services and operations are so extensive as to be nearly 
absurd. Drangeid (1988;2) discusses this issue, while referring to Jacob Bleie, who 
set the goal of reducing documentation for a typical fixed platform to about the same 
level as an advanced ship. While a typical fixed off-shore platform has 30 to 50 tonnes 
of documentation, a drilling rig requires only 500 kilos, and a modern ship 20-50 
kilos of documents to satisfy owners, authorities and classification institutions. 
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Numerous ideas have been introduced for trimming the volume and making 
documentation more relevant; such as increased standardisation, product 
simplification, improved information management techniques and more distinct 
specifications on what - and why - documentation is needed. 

Manning is obviously an important cost factor in the total picture, and the Hod 
development must be seen as the ultimate solution to reducing this cost element to a 
maximum extent. Hod is the first unmanned platform on the Norwegian shelf, which 
involves telemetric control from the Valhall field, fiscal metering with compact 
instruments, temporary shelter accommodation, utilization of a jaclc-up rig for 
development drilling and new technology for reservoir management and two-phase 
flow to Valhall. 

In its search for cost-saving measures the Phillips Petroleum Company Norway 
initiated engineering studies into a redesign for the unmanning of platforms while at 
the same time trying to establish a new philosophy for operation and maintenance of 
the Ekofisk area. For the Albuskjell field alone, unmanning could mean a reduction in 
operational costs of around 60% according to Sletten (1988). Operational costs for the 
entire Ekofisk area in 1988 are estimated at NOK 1.8 Bn. 

5 .2 .2 Equipment 

This category includes: 

Electrical, EDP, communication equipment 
Pipe, flanges 
Turbines, motors, valves, other mechanical 
Hoisting equipment 
Materials, chemicals, paintings 
Safety / fire fighting equipment 
Bunkers, fuels 

The challenge of the materials and equipment segment of the operations market is 
clearly related to technology and reliability. Operators are screening the market for 
equipment of proven reliability and low maintenance costs. However, the extreme 
demands for references, preferably off-shore references, sets a barrier for suppliers of 
new products. According to Kvinnsland and Terdre (1990;1) the stringent demands 

* 
* 
* 

* 
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for references limit the use of new and applicable technology, to the disadvantage of 
the industry itself. 

Olmstead (1984) foresees increased demand for chemicals: one factor favouring 
increased demand for chemicals is the trend toward drilling wells greater than 15 000 
ft The chemical costs for drilling deep wells is almost 10 times the cost for wells of 
average depth. Faster drilling rates to minimize cost, and the length of time it takes to 
drill a well, and enhanced recovery methods also favour increased expenditures on 
chemicals. But Ynnesdal (1989) is of die opinion that through optimalized chemical 
treatment the company can achieve some cost reductions within this area. 

Measurement and stringent demands concerning accuracy also, drives investment 
operations and maintenance costs. Nansve, Nyhus and Haugland (1992) show that 
high cost and high precision metering is not optimal seen from the governments point 
of view, since approximately 80% of the bill is paid through the tax system. 

5 .2 .3 Transport and maritime services 

Aviation services include helicopter transport of personnel to and from off-shore 
installation, and fixed wing services for domestic transport of personnel and 
equipment. According to Euroil (October, 1990) transport and maritime services 
amounts to 11% of total opex. Reductions in off-shore personnel may lead to a 
reduced market for aviation services, but economies of scale in this area may imply 
that die cost saving potential not should be exaggerated. 

The most important part of the maritime services required in the operations phase is the 
transport of bulk materials and consumables, particularly for drilling and well 
services. New regulations preventing dumping of oil based drilling muds could 
enhance the maritime transportation business, if used oil based muds have to be taken 
on-shore4. 

In the areas helicopter transport and maritime services several authors point to a 
considerable potential for cost reductions through increased co-operation between 
operators, among them Ynnesdal (1989) and Horvei et al. (1987). 

4 Oil Industry A^sosiation (1991), page 69. 
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5.2 .4 Maintenance 

This category includes: 

Well maintenance 

Testing/logging services 

Maintenance of platform, modules etc. 

Maintenance of equipment 

Inspection and testing 

Quality control and training 

Modifications 

Significant repair 

Instrumentation 

Downhole services, such as well maintenance and testing/logging services amount to 

9% of operating expenses, and is expected to grow as increased weight is put on 

improved / increased recovery. 

Horvei et al. (1987) and OED (1990) assume that the costs connected to inspection 

will decrease over time as more of these functions will be subject to amnirrøji«mrinn and 

changes in technology , i.e. increased use of ROV's. But on the other hand, ageing of 

installations implies increased underwater inspection etc., which again implies 

increased inspection costs. 

Due to ageing of installations in the North Sea the need for modifications and 

maintenance will increase over time, but change in maintenance philosophy is one 

factor giving a significant potential for savings in opex over time. According to OED 

(1990) 50-60% of opex are maintenance related. They estimate half of this to be so 

called preventive maintenance. OED expects that by the year 2000 systems for efficient 

state-based maintenance will be developed. This may imply savings up to 30% 

compared to today's preventive maintenance systems. But a counter-example lies in 

the Gullfaks divisions new approach to painting, whereby the new philosophy of 

abandoning preventive maintenance in favour of corrective has been scrapped and 

longer lasting products, which requires less care, have been purchased. Another 

evaluation necessary at any time, is whether it is optimal to scrap equipment with high 

maintenance costs and instead purchase new equipment based on new technology with 

lower maintenance costs. 

* 

* 
* 
* 

* 
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Well organised maintenance procedures are crucial. We have already referred to the 
Phillips Petroleum Company Norway, which initiated engineering studies into a 
redesign for the unmanning of platforms. At the same time they have tried to establish 
a new philosophy for operation and maintenance of die Ekofisk area. Referring to 
Kjell Jørgensen, Phillips manager of process and mechanical engineering9, Sletten 
(1988) brings forward the idea that, even before a total unmanning, one could 
establish permanent specialist crews for maintenance operations on all Ekofisk 
platforms. These crews could be shuttled by helicopter from platform to platform to 
undertake tasks such as turbine checks, upgrading of equipment and exchanging 
electrical components. 

5 .2 .5 Support 

Supply bases, catering and medical services are important elements in the support 

category. 

Plentiful availability of base services has been reflected in the shortening of contract 
terms in recent years, most exploration support is fixed on a well-to-well basis while 
general contracts witii off-shore operators now come up for renewal annually. The 
state of the market can be characterized by oversupply, and that will always bring a 
pressure on the prices/rates which it is possible to charge, reports NOROIL in 
February 1986. 

Traditionally North Sea operators have contracted catering services from external 

companies, and contracts have been put out for bidding in the same manner as for 

other jobs to be performed off-shore. This is still the pattern, but some changes have 

occurred. NOROIL, in the above mentioned issue, reports that some operators plan to 

run this service under their direction6. This may lead to over capacity and press prices 

down for diis type of service. 

The costs connected to catering and medical services may be reduced over time as 

manning decreases, according to Horvei et al. (1987) 

At least at Ihat time, that is to say 1988. 
Statoil, Gullfaks. 
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