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GENERAL 

This paper address cost reduction through system integration. 

In resent years cost reduction has been a key issue in the industry. Several findings are not 
economically attractive at the current cost level and for this and other reasons some of the major 
oil companies requires the suppliers to have implemented a cost reduction program to prequalify 
for projects. 

Kværner Energy (KEN), which is the centre for subsea activity within the Kværner group of 
companies, has for quite some time systematically introduced measures to reduce lead time and 
cost. 

However, it has also been realised that the equipment cost is only a part of the total cost of the 
development and a different approach is required to effectively reduce the total Life Cycle Cost 
(LCC) or the total cost of the life of field. Experience has shown that most of the LCC is 
determined at an early phase of the project as illustrated in figure 1: principles of LCC 
development. 

The graph shows that the accumulated LCC is small in the beginning of the project as this phase 
involves mainly concept development, planning of the work etc. However, the decisions taken 
during this phase has a major effect on the LCC of the field due to determination of installation 
methods and vessels, intervention philosophy, reliability, etc. 

It has therefore been realised that a system approach is required to effectively reduce both capex 
and opex (Capital and operational expenditure). 

KEN's approach to this challenge has been to gain technological control over all key elements of 
the subsea system and focus on system design and integration in both product development and 
working methods. This means: 

• Combination of contracts to reduce unnecessary coordination and allow re-use of proven 
interface designs. 

• Improve subsystem integration by "top down" system design. Prevent suboptimization by 
developing components and subsystems with the objective to improve the overall operability 
at a system level. 

• Improve communication and exchange of experience. Work in integrated project teams 
comprising suppliers, installation contractors and operators to join technological and 
operational effort and experience 

In the following each of the above is addressed in more detail with special emphasis on how cost 
can be saved. 
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COMBINATION OF CONTRACTS 

Combination of contracts is required to allow the supplier to be responsible for the system 
integration. 

Cost saving by combination of contracts have been discussed in the industry for some time and 
have been a major factor in the trend towards total system EPC contracts. 

Even though this form of contract is well known to the industry and accepted by most 
Norwegian oil companies, a review of major cost saving elements may be worth while. 

Some of the main cost saving elements achieved are: 

• Reduced administration and coordination. Most of this type of cost saving is the benefit of 
the oil companies. A traditional subsea system comprise four major subsystems: 

- control systems 
wellhead/x-mas tree systems 
tie-in systems 

- structures 

Should the total contract be split into these elements, then each package needs its own 
follow-up by planners, contract administrators, technical interface, etc. Also, most oil 
companies have local representation at the suppliers. Even though depending on internal 
organisation structure, the potential for rationalisation is evident. 

• Re-use of existing interface designs. Standardisation of interfaces has also been discussed in 
the industry at a number of occasions over the las? years. The magnitude of this topic is so 
large that it will not be addressed further in this paper. 

It seems to the author however not unfair to say that most of the standardisation achieved so 
far has either been a design produced by an oil company or a supplier in isolation and a true 
industry standard has thus not be achieved. 

It is reason to believe that the future will bring more standard interfaces to intervention 
systems, wellheads, etc, but there will also be a number of interfaces between subsystems 
that will be supplies/system specific. 

Thus re-use of interface design will also in the future result in cost savings and new 
combinations of supplier equipment will require re-design and additional cost. 

Suppliers should develop internal standard building blocks with standard interfaces. This will 
increase system flexibility and reduce delivery times. These standard building blocks may be 
standard assemblies, subassemblies, modules or even standard components. 
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• For a combined contract, experience has shown that the design process can be performed 
more efficient, especially at the preliminary design stage. 

The main reason is that for a combined contract, the concept is developed by a small team 
applying the suppliers technology to achieve the best system. For split contracts the 
preliminary design has traditionally been done by a independent engineering supplier who has 
done a supplier independent design allowing all possible combinations of equipment to be 
used. 

• More efficient testing. The main objective with testing is to verify system and related 
components before they are installed subsea. Another objective with testing is to prove that 
the equipment is according to the specifications prior to delivery. It can be argued that tests 
performed to satisfy the latter objective does not add any value to the system and is 
performed purely for contractual reasons. 

For a total system contract there is little difference between tests performed to satisfy the 
two objectives. The more the overall system is devided into subcontracts the more testing is 
done to satisfy the latter type objective. 

Thus combined contracts reduce requirement for repetitive testing, excessive wear on 
equipment, complicated equipment logistics, requirement for dummy test equipment, etc and 
hence reduce cost. 

SUBSYSTEM INTEGRATION 

Combination of contracts does also allow the suppliers to take a "top-down" approach'to the 
system and equipment development. 

This means to utilise the integration of subsystems to improve the overall system architecture. In 
other words to utilise features of subsystems to rationalise other subsystems. 

This process involves system development, where system development is defined as product 
development based on requirements or improvements of the overall system. Optimising the 
design on a component or subsystem level may result in sub-optimisation and major savings 
gained from utilising interdependencies between subsystems are lost. 

KEN experience is that this type of system development requires full control and ownership of 
the technology involved. Otherwise long term strategic development is difficult to achieve. KEN 
strategy has therefore been to achieve control of all important subsystems and can now offer a 
wider range of inhouse subsea technology than any of the competitors, see fig 2. 

An example of cost effective subsystem integration is the current work to combine the 
technologies in the Kværner Booster Station and Kværner separator equipment to dramatically 
improve flowline utilisation and reduce topside process requirements. 
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The Kværner Booster Station (KBS), see fig 3, is designed to increase production pressure by 
first separating gas and fluids and then boost pressure by a compressor and pump respectively. 
The unit has been developed and tested successfully and was awarded the ONS innovation 
award in 1992. 

Kværner together with Saga Petroleum is currently evaluating to integrate the KBS with 
Kværner separator/process technology to separate the water and oil exhausted from the KBS. 
This will allow: 

• The gas to be re-injected in the reservoir 

• The water to be purified and pumped to sea 

• The remaining oil stream to be transported to the process facilities. 

This removal of water and gas from the flowline will result in the following advantages: 

• Improved flowline utilisation allowing more wells to be brought on stream at an earlier date. 

• Major reductions in topside process requirements 

• Reduced hydrate formation as water is removed from product 

• Reduced slugging as gas is removed from product 

INTEGRATED PROJECT TEAMS 

It is important during the concept development to understand the equipment and technological 
limitations, specific field requirements as well as operational aspects to arrive at a overall cost 
effective solution. 

Also, experience data is now available from fields on the Norwegian shelf which have been 
installed, operated, maintained and abandoned. 

Suppliers, installation contractors and operators should therefore sit together in integrated teams 
and together arrive at the best overall system solution. 

Some of the areas where integrated project teams can have considerable cost saving effect are: 

• The design must be based on a minimum functional requirement analysis and a better 
understanding of the effect of requirements. Features which are "nice to have" may be more 
costly than assumed if they add unnecessary complexity to the system. On the other hand, 
additional investment to reduce offshore operational cost or improve system availability may 
be a good investment over the life of field. 
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• Design for field operations. Intervention must be planned for during the early stage of the 
design. Use of complex dedicated tools and control systems should be avoided and standard 
ROV type tools are preferred. 

• Documentation to be produced during the different phases of the development to be reduced 
to a minimum and not exceed what is required. 

KEN has resently entered a frame agreement with Norsk Hydro where the developments will be 
bases on an integrated team approach. The goal of the frame agreement is to simplify project 
execution and system solutions and hence reduce overall cost by some 30 - 50%. 
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Figure 1: Principlies of LCC development 
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Figure 2: Main elements of Kværner subsea product range 
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Figure 3: Kværner Booster Station 


