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Abstract

A strict emission regime for marine operations in Norwegian Continental Shelf
(NCS), increasing fuel prices and tax on environmental emissions, have led to a
need to consider alternative solutions for supplying power for offshore oil and
gas installations. Conventionally, natural gas and diesel are used for the
production of electricity on offshore installations. However, this conventional
approach has developed into a real burden, as it conflicts with the aim of
achieving least emission to the environment. Electrification has been considered
as one of the alternatives to cut down the emission level to a reasonable extent as
well as to increase the power supply efficiency. This analysis deals with
electrification of new facilities, while the cost of electrification of existing
facilities has not been estimated yet. Although electrification might be selected
as the best available technique for a given field, it is necessary to assure that the
electrification technique will be fit for the purpose if it is going to be
implemented in an unknown environment. This paper will address a method to
qualify the electrification technique for a new oil field development on the NCS.
Further, this study will help to confirm that the Best Available Technique (BAT)
should be qualified prior to the implementation to avoid consequence of harm to
the environment, society, health and finances.
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1 Introduction

An important engineering challenge of today, and a vital one for the future, is
equal consideration of HSE (Health, Safety and Environment) aspects and
industrial interests in decision-making processes. This means that the companies
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must adapt the best qualified choice of installation, equipment, production
methods, management systems, barriers and emergency preparedness providing
a high level of assurance of no consequence of harm to the environment.
Recently, environmental protection has been paid major attention in the case of
evaluating power supply systems for offshore oil and gas installations.

Therefore, supplying power from the shoreline (electrification) to the offshore
facilities has been considered as one of the attractive and environmentally
friendly alternative techniques [1, 2]. But, supplying power from land-based
sources to all offshore installations for the oil and gas industry has been a
difficult technical task. Basically, most of the offshore facilities on the NCS have
been fulfilling the power requirement by using gas turbines since the beginning
of the field developments. However, some of the offshore facilities — especially
for new developments — on the NCS have been selected electrification solution
as the Best Available Technique, for instance, Troll A, Valhall, Gjea, Goliat and
Ormen Lange. Further, the petroleum sector accounts for about 25% of
Norwegian emissions of greenhouse gases based on the 2006 estimation [1].
Hence, electrification; the supply of power from land to the offshore installation
has been paid major attention in Norway in particular as 100% of electricity
generation is based on clean hydro power. In addition, there is also a possibility
to import electricity from Europe.

When electrification has been considered as the BAT for the particular field,
it is required to confirm its “fitness for the purpose” prior to the application. This
is due to the fact that electrification will be evaluated for all new developments,
and that the technical and economical issues related to electrification of new
facilities are different from those for existing facilities. This means that
technique qualification is playing a vital role. This study initially discusses the
reasons for seeking alternative power supply systems as well as the concepts of
BAT. Then, the next section describes the technique qualification and methods to
use. Its applicability will be discussed in the following section using a case study
from the NCS. Finally, results and discussions as well as conclusions are
presented.

2 Reasons for seeking alternative solutions for power supply
for offshore installations

2.1 Emission control

The most significant emission sources from the oil and gas industry are flares
and power generation, produced water discharge, cuttings from drilling activities
and crude oil spills [4, 5]. Further, CO,, NO, and volatile organic compounds are
noteworthy emissions to air on the NCS. A large part of the offshore CO,
emissions, about 75% of the total emissions to air from offshore installations,
stem from the direct drive compressors, power turbine production and
combustion engines on the platforms [3]. The emissions are about to increase as
a consequence of more energy-demanding operations, more fields entering into a
mature phase with greater water production and an increase in distances for gas
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transportation from the new field. The Gothenburg Protocol, entered into in
2005, aims that Norway shall reduce NO, emissions by 27% compared to 1990
emission levels in 2010 [3]. Furthermore, Norway’s Kyoto obligations direct that
emissions of greenhouse gases shall not surpass 50.6 million tonnes per year of
CO,-equivalents on average during the period 2008-2012 [1]. As per these tight
targets, the Norwegian government has put pressure on industries to find best
practices for their industrial activities.

Emissions and discharges from petroleum activities in Norway are regulated
by the Petroleum Act, the CO, Tax Act, the Greenhouse Gas Emission Trading
Act and the Pollution Control Act [3]. Further, CO, taxation has led to
development of new techniques and triggered initiatives that lead to considerable
emission reductions. The strict regulation of flaring through the Petroleum Act
contributes to a low general level of flaring on the NCS, compared with other
countries. Further, the BAT concept has been included in the Norwegian
Pollution Control Act, applying to installations in Norway [2]. Similarly,
implementation of BAT has been accelerating in oil and gas operations in
Norway due to the introduction of a requirement for “zero discharge to sea” [6—
8], pressure developed from stakeholders to address the environmental aspects
[1] as well as ambitious HSE policies in companies.

2.2 Other reasons

The power demand on offshore installation depends on the equipment and the
processes on the installation. On most offshore installations, power supply
generators and large compressors are driven by onboard gas turbines or diesel
engines. Many of these have total efficiencies as low as 20-25% under the best of
conditions, resulting in high emission and high power consumption [9].
However, the most of the gas turbines used in the NCS have improved to achieve
about 41% of total efficiency [2]. Further, the offshore salty environment leads
to higher maintenance costs. An increase in gas prices has also caused companies
to find economically feasible alternative power supply source.

3 Concept of BAT and requirement of qualified technique

In connection with the introduction of the IPPC (Integrated Pollution Prevention
and Control) Directive [12], the Norwegian Petroleum Directorate (NPD)
cooperated with the Norwegian Pollution Control Authority on the status,
alternatives and costs associated with increased energy efficiency and
implementation of emission-reducing measures using the BAT concept. Further,
BAT determination should be carried out by the screening and assessment of
technologies and techniques with respect to all the aspects provided in the
directives. Once the BAT evaluation is finalized, it will be used for the
determination of emission limit values and for granting of permits for
installations [10, 11]. It also allows for dynamic adjustments to new
technological achievements.
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3.1 Clarification of BAT [12]

e “Techniques” shall include both the technology used and the way in
which the installation is designed, built, maintained, operated and
decommissioned

e  “Available” techniques shall mean those developed on a scale which
allows implementation in the relevant industrial sector, under
economically and technically viable conditions, taking into
consideration the costs and advantages, whether or not the techniques
are used or produced inside the member state in question, as long as
they are reasonably accessible to the operator.

e  “Best” shall mean the most effective in achieving a high general level of
protection of the environment as a whole.

IPPC also covers environmental performance of the plant and emissions to air,
water and land, generation of waste, use of raw materials, energy efficiency,
noise, prevention of accidents, and restoration of the site upon closure. Although
the IPPC directives provide guidelines for selecting technologies and techniques
for specified industrial activities, it does not provide the guidelines for these
technologies or techniques to be qualified in order to meet the reliability and
quality requirement of its intended applications [13]. Therefore, it is necessary to
have a qualification method prior to application, which identifies the failures and
the consequences’ effects, to help in modifying the selected techniques.

4 Technique qualification

Technology qualification benefits the manufacturer, the company and the end-
user by proving the fitness for purpose, evaluating system reliability and
optimizing the investment through selecting technologies. The definitions given
in the literature for technology qualification are as follows:

“Qualification is the process of verifying and validating the system design
and then obtaining the stakeholders’ acceptance” [14].

“The process of providing the evidence that the technology will function
within specific limits with an acceptable level of confidence” [15].
“Qualification or testing shall demonstrate that applicable requirements can
be fulfilled by use of the relevant new technology or new methods” [6].

Based on the above definitions, the following definition is considered in this
paper.
“Technique Qualification” shall mean confirmation with provision of
evidence that the selected BAT in accordance with the guidelines provided
in the authority requirements meets specified requirements during design,
installation, operation and performance for the intended use.

Technology qualification procedures reveal opportunities to improve system
design, to minimize the schedule risk and to reduce risk costs during operations
by reducing uncertainties and increasing reliability. The qualification process
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identifies and documents any shortcomings of the new or improved technology
that would prevent it from fulfilling the functional and performance requirements
with respect to production, health, safety, environment and reliability throughout
its complete life cycle, and is applicable for all levels of the project (e.g. system,
subsystem, component and part) as well as all project phases.

This is the general case, although the Petroleum Safety Authority of Norway
[6] in their Facilities Regulation, Chapter 3, Section 8, prescribes qualification in
case new technology and new methods are used: “Where the petroleum activities
involve use of new technology or new methods, criteria shall be prepared with
regard to development, testing and use in order to fulfill the requirements to
health, environment and safety”. However, it should also be required to qualify
proven techniques when it is going to be applied for a new environment [15]. For
instance, in Norway, the oil and gas exploration and production is carried out
offshore and there are new fields under development. Environmental conditions
and engineering aspects are rather different from field to field. It is vital to
identify the failure modes for the techniques selected and identify mitigation
effects prior to application in the case of both new techniques and proven
techniques being applied for a new environment.

4.1 Method for qualification of techniques

A technique qualification procedure involves a technique qualification plan and
technique assessment [13]. This paper advocates using FMECA (Failure Modes,
Effect and Criticality Analysis) for technique assessment to minimize the risk
when applying the technique in a new environment. FMECA can be examined
on two levels [16]. In the first level of analysis, it consists of the identification of
potential failure modes of the constituent items (components or sub-systems) and
the effect on the system performance by identifying the potential severity of the
effect. The second level of analysis is a criticality analysis and criticality ranking
of the items under investigation. Both of these levels are intended to provide
information for making risk management decisions. This analysis should be
performed iteratively in all stages of the design and operation of a system and
figure 1 shows the basic steps involved in the FMECA process.

5 BAT; supplying power from land (electrification)

The electrical power supply on an oil production platform is regarded as an
auxiliary system, designed to supply the platform with the necessary electric
power throughout its lifetime with sufficient reliability and availability. The
power system consists of the main power system, the essential power system and
the emergency power system. In the case of the main power being supplied from
shoreline to offshore (Figure 2), there are three diferent alternative systems
HVAC (High Voltage Alternative Current), HVDC (High Voltage Direct
Current) LCC (Line Commutated Convertor) and HVDC VSC (Voltage Source
Converter) in existence to achieve offshore electrical power transmission [17].
Furthermore, the basic selection of power transmission system can be done
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Figure 1: Graphical interpretation of FMECA approach.

Offshore platform

Onshore
Power station

Subsea cable —

Sea bed

Figure 2: Overview of the electrification of offshore platform.

depending on the location of the oil field and the power requirement as shown in
Figure 3. Note that a high effect AC system is not technically feasible for long
distances.
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Figure 3: Selection of transmission method for power supply [2].

Electrification of most existing oil fields is not an economically viable
solution due to the cost level, complexity of the construction processes and field
lifetime [2]. Nevertheless, Troll A, one of the existing installations is being
electrified and annual emissions of 230,000 tons of CO, and 230 tons of NOx are
avoided. [18]. However, in the case of new oil and gas developments,
electrification is an important element in efforts to enhance power supply
efficiency and reduce CO, emissions on the Norwegian Continental Shelf (NCS).
For instance, the Gjea platform in the North Sea will be the first floating
platform to get its electricity from mainland Norway [19]. The expectation is a
reduction in emissions to the environment of 230,000 tons of carbon dioxide per
year. In addition, transmission of electrical energy from shore involves less
maintenance, longer lifetime and higher availability than gas turbines and diesel
engines.

6 Case study: technique qualification for a new oil field

The new oil field is situated in the Barents Sea (northern part of Norway) in
about 375 m water depth. The oil discovery was made through exploration wells
in year 2000 and resources have been estimated to 27.5 million scm oil and 3.1
billion scm gas [3]. In adition, the licensees have decided to proceed with a
development concept based on a Floating Production Storage and Offloading
(FPSO) facility tied to subsea level. Moreover, the electrification has been
selected as the BAT for satisfy the power demand of 60 MW for the new
installation. However, the heat demand (36 MW) is supplied by both electrical
heaters connected to power supply from shore and WHRU connected to a Dry
Low Emission gas turbine, which is running in parallel.

This means that part of the power demand is proposed to be supplied from
conventional gas turbines with heat recovery unit and recycling to provide the
necessary process heat (see Figure 3). It should be noted that it is an advantage
that the two power supply sources are independent which means that operations
can continue, at a reduced capacity, in case of loss of one power source.
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Although the most environmental friendly solution is only dependent on the
power from shore, supplying power in independent systems has been chosen for
this field based on following factors: emission reduction, independent power
sources, high thermal heat demand, availability of shore power, reduced OPEX
(Operating Expenditure) costs on power generation systems in offshore,
satisfaction of statutory requirements, company standards, international and
national standards and high energy efficiency in gas turbines (80-85%). This
provides the foundation to optimize the alternatives. However, this is not
sufficient enough to confirm its fitness for the purposes. Therefore, it is essential
to evaluate the risk and reliability aspects during design, installation, operation
and performance of this technique prior to application.

Power supply system

Emergency Waste Heat Recovery
generators Unit (WHRU)

Electrification — Gas turbines Electrical heaters

L N

Compone s Starting system

E.g

e Cable (static) Gas generator

e Cable (dynamic) | [Pt Components: air inlet
. Transformers compressor rotor, stator,
. Etc. combustion chamber, etc.

v

Control and monitoring

™ Lubricating system

Power turbine
- Components ; Rotor, stator,
casing, seals, etc.

Figure 4: Overview of the power supply system.

It should be noticed that this application of electrification poses new
challenges that must be reviewed in the technique qualification process. These
include — but are not limited to — the effect of the harsh climate of the northern
region [20], the potential limited electric energy available during emergency
situations when the onshore grid may be damaged in storms, the potential for
free spans of the cable from shore to the platform etc.

Therefore, an FMECA assessment has been illustrated to assess the technique
and to identify the modification requirement at the design phase. Figure 4 shows
the breakdown of the power supply system into subsystems and it can be further
divided into components. Figure 5 shows the risk matrix used and Figure 6
illustrates the FMECA worksheet.
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Figure 5: Risk matrix.
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Figure 6: FMECA worksheet.
7 Results and discussion

The electrification does not cover the total power requirement of this new oil
development compared to the other oil fields, which have being completely
electrified (e.g. Troll A). This is because the development is partially dependent
on the turbine-driven system for satisfying the significantly high heat demand
and the need to continue operations at a reduced capacity, in the case of loss of
one power source particular as the probability of losing the electric current
cannot be disregarded for this location. In addition, the availability of power
from national grid to the oil field is rather important to make decisions for
electrification.

Therefore, it is vital to qualify the technique selected for this particular oil
field to identify the potential failures in each system and their effect on the
overall system in the new environment. FMECA is selected as an important tool
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to identify the potential faults of the technique selected. This will help to modify
the system in the early phases of the project and serves as a platform and basis
for the further work. This risked-based approach can be considered as a value-
adding exercise to identify critical failure modes during installations, execution
and production phases of the techniques’ applications and their impact on the
environment, finance and society. The FMECA will also help to develop a
mitigation plan for the majority of the perceived risks. However, it is extremely
difficult to identify every possibility for potential failures although this
framework provides, in our opinion, the rigorous best approach. Nevertheless,
this method does not account for the consequences of co-existing, multi-element
faults and failures and human errors.
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