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Offshore Oil and Gas Activities in Arctic areas 

-An Investigation of Best Available Techniques for Reducing Environmental  

Master’s Thesis within the Industrial Ecology and Mechanical Engineering programme 

 

EMMA KARLSTRӦM THYLANDER  

Department of Shipping and Marine Technology 

Division of Maritime Environment 

Chalmers University of Technology 

 

Abstract 

The aim of this thesis report is to investigate how existing Best Available Techniques 

(BAT) for some key systems are affected by Arctic conditions and future expected 

requirements in Norway. The thesis report is focusing on assessing three systems with 

the most planned emissions to air and discharges to sea in oil and gas production 

facilities; Power and Heat generation, Flare system and Produced Water system. The 

thesis has been conducted in cooperation with Det Norske Veritas in Høvik, Norway 

during spring of 2013. 

This report consists of two parts; the first part involves the context and general settings 

on the Norwegian Continental shelf and the Arctic areas. This includes the oil and 

natural gas industry in Norway, identified environmental impacts and Arctic conditions. 

The existing regulation and guidelines on the Norwegian Continental shelf have been 

summarized and future requirements and guidelines for the Arctic areas have been 

considered and assessed to as large extent as possible. The second part consists of the 

findings of existing BAT and expected changes due to Arctic conditions for the key 

systems studied. By comparing the technical constraints and the environmental 

requirements the alternatives have been assessed if appropriate for Arctic conditions. 

The findings include expectations of stricter requirements for the Arctic areas in 

Norway at present and, depending on case, probably even stricter in the future. This will 

affect the existing BAT when applied with the expected requirements and the Arctic 

conditions. In general there are increased requirements when it comes to discharges to 

sea where the target of zero discharges is emphasized. Norway has both long term target 

to reduce emissions to air and to be carbon neutral in the future and to protect flora and 

fauna in the Arctic areas. What in general can be said from the findings are that there 

will probably be changes and effects on the existing BAT alternatives with Arctic 

conditions, mainly due to lower temperatures, remoteness and increased requirements 

regarding emissions and discharges to sea. There is also the question whether or not 

BAT is good enough for the Arctic? What is considered BAT is changing with time and 

perhaps there is a need for developing and implement techniques which currently are 

not presently regarded as BAT.  

There are large uncertainties when it comes to impacts and effects from offshore 

activities on the Arctic environment. What is considered BAT today might not be the 

same tomorrow and collaboration between different stakeholder such as governments, 

companies and nations are important for the future to be able to decrease the 

environmental impacts from oil and gas industry. 

Keywords: Best Available Techniques, BAT, Arctic, Environment, Offshore, Oil and gas 

production, Power and Heat generation, Energy efficiency, Flare system, Produced 

Water 
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Abbreviations and Definitions 

AC   Alternating current 

Albedo   Ability to reflect sunlight 

Arctic area In this thesis report referred to the Arctic areas which are 

officially and legally under Norwegian boarders. This includes 

parts of the Barents Sea, Greenland Sea and the northern part of 

the Norwegian Sea 

Arctic council An intergovernmental forum which addresses issues faced by the 

Arctic governments and indigenous people of the Arctic. There 

are eight member counties: Canada, Denmark (Greenland), 

Finland, Iceland, Norway, Russia, Sweden, United States 

BAT   Best Available Techniques 

Black Carbon (BC) Pure carbon in different forms which absorbs heat in atmosphere 

when left on snow and ice, this reduces albedo which leads to 

warming of the Earth 

BREF   BAT Reference document 

BTEX Benzene, toluene, ethyl benzene and xylenes are included in 

VOCs (Volatile organic compounds) and found in petroleum 

derivatives  

CH4    Methane 

CO2    Carbon Dioxide 

CO2-equivalents  Describing the amount of CO2 a certain mixture and amount of a 

GHG would be equivalent to, with the same GWP under given 

time 

DC    Direct current 

DNV    Det Norske Veritas 

Downstream process  Further use of the produced oil and gas, e.g. refineries 

Energy efficiency  Can be considered at different levels. In this thesis either a 

system’s energy efficiency, thermal energy efficiency or the 

overall energy efficiency have been considered. 

Existing situation Today in year 2013 

FEED    Front End Engineering and Design 

FPSO    Floating Production, Storage and Offloading 

FPU    Floating Production Unit 

Future situation  In this project assumed to be the nearest future of about 5 to 7 

years 

GHG   Greenhouse gas 
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GWP    Global Warming Potential 

HFCs    Hydrofluorocarbons 

Hydrocarbons  Organic compound consisting of hydrogen and carbon, majority 

found on earth in crude oil from decomposed organic matter 

IEC   International Electro technical Commission 

IMO   International Maritime Organisation 

IPCC    Intergovernmental Panel on Climate Change 

IPPC Directive  Integrated Pollution Prevention and Control, first adopted as EU 

Directive 96/61/EC 

ISO    International Organization for Standardization 

Klif  Klima- og Forurensningsdirektoratet (Climate and Pollution 

Agency in Norway) 

MARPOL International Convention for the Prevention of Pollution from 

Ships 

N2O   Nitrous Oxide 

Natural gas   Naturally occurring hydrocarbon gas mixture 

NCS    Norwegian Continental shelf 

NH3   Ammonia 

NMVOC   Non‐methane Volatile Organic Compounds 

NORSOK  Standards developed by the Norwegian petroleum industry 

NOx    Various nitrogen oxide compounds, mostly NO and NO2 

Oil Also called Petroleum or Crude oil is naturally occurring 

hydrocarbon liquid mixture 

OSPAR  Oslo- Paris Convention for protection of the maritime 

environment of the North-East Atlantic 

PAH   Polycyclic aromatic hydrocarbons, which occurs in oil and coal 

PFCs    Perfluorocarbons 

PLONOR List over chemicals which are considered to Pose Little Or No 

Risk to the Environment 

PM Particulate matter 

Ppm   Parts per million 

PTIL    Petroleumstilsynet, in English Petroleum Safety Authority (PSA) 

Reserves   Discovered economical and technical available natural resources 
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Resources  Total resources is estimations of both discovered and 

undiscovered natural resources 

SF6   Sulphur Hexafluoride 

Sm³ o.e.  Standard cubic metres of oil equivalents is used for example in 

summarizing resources of oil, gas and condensate   

SOx    Various compounds, SO2 mostly 

Techniques  Refers to the way of doing an activity, operation as well as 

including the technology concept. 

Technology  Refers to complex processes and principles of science used in 

devices and applications. 

Upstream process Oil and natural gas production 

VOC   Volatile organic compounds 
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1 Introduction 

This introduction chapter is divided between four parts to give the reader an outline for 

this master thesis investigation project. 

 

1.1 Project background 

This master thesis project was initiated due to the present interests in possible future oil 

and gas activities in the Arctic areas. Because of the unique environment and conditions 

in the Arctic, new challenges have to be faced to preserve the environment and 

minimize risks of impacts from future offshore activities.  

The increasing energy demand worldwide has led to increased renewable energy 

production besides further extraction of fossil fuel. The increased demand has also lead 

to increasing oil price and it is now more economically viable to extract previously 

unavailable oil and natural gas reserves and new discovered resources. Oil is a non-

renewable energy source which is very competitive when it comes to energy content, 

economy, transportation and storage. At present there are no alternatives which can 

fully work as a substitute, and therefore there is still a high demand for this resource. 

Moreover, the increasing global emissions to air which are leading to climate change are 

high on the agenda and something which should be addressed at present time. It is 

important to extract and produce oil and natural gas in the best possible way when it 

comes to both environmental and safety issues, in order to reduce the risk of affecting 

the surrounding environmental. Since the offshore and marine activities in the Arctic are 

expected to increase in the coming years there is a need for sustainable and safe 

technologies and operations. The increasing demand of energy in addition to increased 

oil and gas prices have led to previously unrecoverable resources becoming 

economically and technically feasible. The Arctic has a rough condition in form of low 

temperatures, ice, hard winds and currents, remoteness and darkness in the winter it 

offers other challenges when having increased activities in the area. The Arctic also 

possesses one of the least affected ecosystems in the world and combining preservation 

and petroleum activities at the same time in a sustainable way might be challenging. 

This project was initiated by Det Norske Veritas (DNV) in Høvik, Norway, when seeing 

an increased discussion and a need for knowledge around the future potential of the 

Arctic areas. Especially the Barents Sea has been an interesting area for many years and 

several international and national research projects and initiatives have been conducted 

for the area.  

Norway is one of the major oil and natural gas exporter nations and has from its first 

production facility Ekofisk in 1969 developed several offshore regulations, standards 

and guidelines for the Norwegian Continental shelf (Olje- og Energidepartementet & 

Oljedirektoratet, 2012).  

One of the EU-directives regarding the environment is The European Integrated 

Pollution Prevention and Control (IPPC) which states that the Best Available 

Techniques (BAT) should be used to minimize the impacts for the “environmental as a 

whole” (European Parliament and Council of the European Union, 2008). The IPPC-

directive regarding BAT is integrated in the Norwegian regulations in the guidelines for 

Activities Regulations (Aktivitetsforskriften) from Petroleum Safety Authority, 

(Petroleumstilsynet, 2012-12-20).  
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1.2 Objective and Purpose 

The main purpose of this project is to get a deeper knowledge and overview of the 

future potential techniques, for some key systems, according to BAT when considering 

the Arctic conditions and expected policy instruments.  

This includes studying existing regulations, standards and guidelines applicable to 

environmental issues for petroleum production, and how these are associated to existing 

Best Available Techniques on the Norwegian Continental shelf. Further on, the project 

investigates the expected future guidelines and regulations as well as management plans 

and recommendations for offshore production in the Arctic areas. Subsequently, an 

addition can be performed to the existing BAT for each system, with Arctic condition 

and issues. By comparing the existing setting at the Norwegian Continental shelf and 

the Arctic setting, challenges can be identified. 

The following key systems will be evaluated on a conceptual level: 

 Power and Heat generation and Energy Efficiency, 

 Flare system, 

 Produced water treatment system. 

Following activities are performed: 

 Listing existing environmental regulations applicable to offshore production in 

Norway, 

 Register existing guidelines and standards concerning environmental issues 

applicable and frequently used for the Norwegian continental shelf,  

 List the BAT and alternative techniques for each key system, 

 Collect environmental recommendations and expected present and future 

guidelines with regards to Arctic offshore production, 

 List the additions and changes to the BAT and alternatives for each key system. 

For the Arctic conditions the area of focus is the Barents Sea, Greenland Sea and the 

northern part of the Norwegian Sea, see map in Figure 1. 
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Figure 1: Map over the studied Arctic areas; Barents Sea, Greenland Sea and the northern part of the 

Norwegian Sea. The map includes the Norwegian maritime boundaries (--) and the present division of 

quadrants and blocks, (Source: © Esri Data & Maps/DeLorme and Kartgrunnlag: Kartverket). 
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1.3 Limitations 

Some limitations have been drawn to this project mainly due to time constraints. This 

investigation will only look into Norwegian regulations and directions. International 

guidelines and standards which are applicable and commonly used for the Norwegian 

Continental Shelf will also be included.  

 The time frame is defined as the near future of 5-7 years (approximately 2013 to 

2020) and involves the available technologies and techniques within this time.  

 This project will only involve oil and natural gas production operation and does 

not include other operations such as drilling or transport.  

 This thesis is aimed to get an overview on a conceptual basis over the areas of 

legislations, standards, environmental science and technology. 

 Mainly, planned environmental discharges (such as emissions to air, discharges 

to sea) are included. 

 Risks due to unplanned events may be incorporated in BAT, but no clear risk 

assessment will be included in this project. 

 The base case which has been studied is an oil and natural gas production 

facility on the Norwegian continental shelf with production under regular 

operation.  

 

1.4 Research questions and investigation areas 

The following questions will be answered in the master thesis project.  

The existing situation is referring to the current condition, which is the spring in 2013. 

The future situation is referring to a time horizon of up to seven years, which means to 

the year 2020.  

 

Research questions for the existing settings: 

1. What kind of existing environmental regulations and requirements are currently 

present for offshore projects on the Norwegian continental shelf (overview)?  

2. What are the environmental and BAT guidelines in addition to the law 

requirements that can be seen as recommendations?  

3. What are the existing BAT-techniques for some common systems (earlier 

described as key systems) in oil and natural gas production facilities on the 

Norwegian Continental shelf?  

 

Research questions for the future situation: 

4. What is the probable and expected development of the existing regulations, 

guidelines and standards for future projects in the Artic areas?  

5. What is the likelihood of changes to BAT-techniques (previously studied) due to 

the Arctic challenges and conditions? 
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2 Method 

This project investigation has been performed by comparing the existing technologies 

and techniques considered BAT and the future requirements and guidelines for the 

Arctic area and its conditions. This is to evaluate if there are any difference in the 

environmental impacts, performances and constraints for future BAT.  

2.1 Execution 

This master thesis is part of the master programme Industrial Ecology as well as the 

master engineering programme Mechanical Engineering at Chalmers University of 

Technology. 

The project was performed at the DNV head office in Høvik, Norway and at Chalmers 

Lindholmen in Göteborg at the division of Maritime Environment and performed from 

February to June in 2013.  

 

2.2 Theory and Background research 

This investigation first involved literature search and reading general information about 

the oil and natural gas industry, technologies and techniques, the industry in Norway 

and the Arctic. This was mainly performed by information research, various articles and 

reports, mini-workshops and discussion sessions.  

Information gathering for the study was involving literature search, published articles 

and reports, regulation documents and guideline documents. Also various publications 

from the Norwegian Government, Klima- og Forurensningsdirektoratet (Klif), DNV and 

Oil and gas companies along with other organisations such as the Arctic Council were 

reviewed.  

Background about the BAT concept was investigated by studying the IPPC directive 

and several other reference documents produced by the EU Commission.   

Both general as well as more technical document have been studied to get a deeper 

knowledge and background about the oil and natural gas industry, on-going debate and 

discussions in addition to future innovations. 

 

2.3 Procedure 

The procedure, as a form of multi criteria analysis, has been developed during the first 

period of the project and concluded in a number of steps. These steps are also being 

visualised in a chart showing the different phases and their interconnection, see Figure 

2. 
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Figure 2: Methodology chart over the methodology of the performance for the thesis.  

 

These steps can be concluded as following points:  

 Background information collection of the oil and gas industry, the technical 

systems, BAT guidelines and recommendations for assessments. 

 Existing regulations, guidelines and standards collection. 

 Systemize and organize the information using MS Excel. 

 List different alternative techniques and technologies for each system and 

emphasize those considered as BAT. This is achieved by assessing each system 

and possible subsystems with DNV’s BAT Guidelines. Each alternative’s 

performance will be compared by the use of a base case alternative. 

 Background information collection on Arctic areas. 

 Collection of information and expectations with regards to future regulation, 

guidelines and standards. 

 Re-evaluate the BAT assessment list for the systems with regards to the Arctic 

conditions and the findings of expected future regulations, guidelines and 

standards. 

 Provide answers and findings referring to the research questions. 

 Analyse and draw conclusions from the findings. 

 Discuss and make recommendations for further work and include aspects which 

might not been covered furthered in this thesis. 
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3 General settings and context 

To understand the background settings and context is an essential part of this project. 

Since there are several different areas to cover, it is important to get a holistic overview 

to cover the essentials. This chapter includes an introduction to the oil and gas industry 

in Norway, environmental aspects and impacts, Arctic conditions and challenges, BAT, 

regulations, standards and guidelines. This background chapter will also include an 

adapted BAT assessment plan due to the fact that this project thesis is only including 

BAT at a more conceptual level without any location-specific details which are needed 

to conclude a fully BAT assessment.  

One of the parts of this project was to gather and summarise the national regulations, 

international guidelines and standards referring to environmental issues, see Chapters 

3.53.6 and 3.7. 

3.1 Oil and gas industry in Norway 

This chapter has been divided into the history of the oil and gas activities in Norway and 

a general description of oil and gas facilities and processes.  

3.1.1 Norway’s oil and gas history 

The oil and gas industry in Norway started in the 1960’s when the exploration of the 

North Sea started. The first oil and natural gas field was Ekofisk which started 

production in 1969. In the beginning of the 1970’s Norwegian government established a 

principle of a 50% state participation in each license, which has led to unique financial 

benefits for the country as a whole. Also several state-owned companies were formed; 

one of the largest is Statoil, (Olje- og Energidepartementet & Oljedirektoratet, 2012).  

The Norwegian Continental shelf is divided into blocks for which national and 

international companies can apply for exploration and production licenses, individually 

or in collaboration with each other. Norway was, as a nation, in 2010 the second largest 

natural gas exporter and the sixth largest oil exporter in the world. The incomes from oil 

and gas industry stands from about 25 % of the total governmental revenue per year 

(and over 20% of GDP) and are placed in a governmental pension fund to secure a long 

term plan for the use, (Olje- og Energidepartementet & Oljedirektoratet, 2012).  

To get an overview and idea of the future possibilities of oil and natural gas exploration 

there are estimates of the total resources and reserves made for the Norwegian 

Continental shelf. Often the total resources are the total quantity of a substance, both 

discovered and those yet undiscovered. The reserves are the amount of discovered and 

recoverable part of the resources, see Figure 3. The reserves can increase due either to 

new discoveries or to new technology and/or economic feasibility. 

 

Figure 3: Reserves and Resources connection. 



     

 

8 

 

The total estimated resources (both discovered and undiscovered) on the Norwegian 

Continental shelf are 13,1 billion standard cubic metres of oil equivalents (billion Sm³ 

o.e.), where already produced and delivered are 5,7 billion Sm³ o.e. (about 44 %) of the 

total and 56% are still to be produced and discovered. From the contingent and the 

estimated, yet undiscovered resources there are approximately equal distribution 

between oil and natural gas (3,9 and 3,5 billion Sm³ o.e.), see Figure 4, (Olje- og 

Energidepartementet & Oljedirektoratet, 2013). However these numbers may change in 

the future depending on new findings or reviewed estimations.  

 

 

Figure 4: Distribution of Total Estimated resources in Norway, numbers from Norwegian Petroleum 

Directorate, (Olje- og Energidepartementet & Oljedirektoratet, 2013). 

 

At present there are about 70 producing fields on the Norwegian Continental shelf. The 

most north situated are the natural gas field Snøhvit and the forthcoming oil field Goliat 

in the Barents Sea, (Olje- og Energidepartementet & Oljedirektoratet, 2012).  

3.1.2 Oil and gas production facilities and processes 

Fluids extracted from the subsurface usually consist of a mixture of oil, natural gas and 

water together with traces of sand and sometimes naturally-occurring radioactive 

materials and other compounds.  

Oil and natural gas reserves in the world are getting more and more located in the deep 

ocean. In Norway, the activities are moving towards the north parts (northern 

Norwegian Sea and Barents Sea), although there have been new discoveries in 

developed areas in the North Sea, (Vandenbussche, Introduction to the offshore Oil and 

Gas industry, 2013-02-06).  

There are a large range of options when it comes to exploration and production facilities 

design. These can be fixed, jack-ups (movable platforms) or floating (e.g. semi-

submersible or drilling ships) for a drilling facility. This depends on for example depth, 

other design choices and location-specific conditions, (Vandenbussche, Introduction to 

the offshore Oil and Gas industry, 2013-02-06). Some of the different platforms designs 

are shown in Figure 5. 
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Figure 5: Various platform designs. From left: Fixed Platform (FP), Compliant Tower (CT), Floating 

Production System (FPS), Tension leg Platform (TLP), SPAR Platform (SP), Floating Production Storage and 

Offloading (FPSO). 

A future scenario is that floating and moveable platforms are getting more common due 

to increased production in deeper areas (Vandenbussche, Introduction to the offshore 

Oil and Gas industry, 2013-02-06). This is also beneficial in terms of re-use and lifetime 

of installations, as the mobility of the installation may enable it to be used on a new 

field when the original field is ending its production. 

A typical process, see Figure 6, starts with a mixture coming up to the production 

platform from the production well by the high pressure in the reservoir. The mixture 

consists of oil, natural gas, water and some other substances which are then separated 

through a process system. The different separated substances may be treated further on 

board, such as removing water from gas. After treatment, the natural gas is either 

exported trough e.g. subsea gas lines or injected back to the wells (for increased well 

production). The oil is transported either to a storage facility or directly exported by 

transportation units. The produced water is, after the treatment, either re-injected back 

to the well (to increase oil and gas production and avoid discharge to the environment in 

sensitive areas) or discharged to the sea. The produced water can only be discharged to 

sea, after appropriate removal of oil, so that regulatory and project specific limits of the 

oil concentration are reached. For most of the processes in Figure 6, there is a need for 

sufficient and secure energy supply in form of electricity and heat (Vandenbussche, 

Introduction to the offshore Oil and Gas industry, 2013-02-06).  
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Figure 6: General process for offshore oil and gas production, after interview, (Vandenbussche, Introduction 

to the offshore Oil and Gas industry, 2013-02-06). 

The environmental impacts from oil and gas production (not including drilling, 

transportation or downstream processes, like refineries) mostly consists of emissions to 

air and discharges to sea. The oil and gas industry in Norway stands for 29% of the 

national CO2 emissions in 2011 and also stands for the largest increase in CO2 –

emissions from 1990, see Figure 7, (Statistics Norway, 2013-02-07). 

 

 

Figure 7: Sources to CO2 emissions in Norway 2011, numbers from Statistics Norway, (Olje- og 

Energidepartementet & Oljedirektoratet, 2013). 

 

Other emissions to be mentioned are NOx (mainly NO2 and NO) and NMVOC, 

particular matters (PM, including Black Carbon) and SO2. These emissions lead to both 

local and global impacts, such as global warming (from GHG emissions), acidification 

and poor air quality. Discharges to sea are mainly oil-compounds and chemicals from 

produced water and drilling, which can have an impact on the local environment (algae, 

corals, fungus, fish etc.) and animal life which will affect the ecosystem. One of the 

main issues in the oil and gas industry is also to reduce the risk of acute discharges such 

as oil spill, (Olje- og Energidepartementet & Oljedirektoratet, 2012).  
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Other aspects in the oil and gas industry are waste minimization, energy efficiency 

measures and safety. In recent years, Norway has focused on environmental 

technologies, within both the oil and gas industry and in the shipping industry. This 

with the intention that "The use of environmental technologies shall contribute to the 

demand of economic growth is met without increasing the environmental impacts", 

(SINTEF - Teknologi og samfunn, 2008). 

 

3.2 Environmental aspects and impacts 

To be able to identify important environmental impacts, different environmental 

stressors have been identified relevant to the scope of this project. Since the project is 

concentrating on a conceptual level and is not referring to any site specific material, the 

stressors and performance are limited. It is recommended that for each case there should 

be a thoroughly investigation of possibly environmental stressors and performance-

specific issues.  

The structure to organising performance measures with environmental stressors, impacts 

and sustainability issues have been built upon the report of DNV’s BAT guidelines, 

(Karlsson & Westin, 2010) and following number of issues have been evaluated in the 

BAT, both for existing conditions on the Norwegian Continental shelf and addition to 

Arctic specific conditions. 

 

Figure 8: Connection and links between Aspects, Performance, Stressors, Impacts and Issues. The additions 

due to the Arctic conditions are presented in Chapter 3.3. 

Main drivers are the technical and physical aspects of the production process and the 

Arctic conditions. They will lead to release of stressors or performance which will give 

rise to different Environment impacts or Sustainability Issues and Environmental risks, 

see Figure 8. 

Some technical and physical aspects have been identified which will result in central 

stressors and their following environmental impacts, shown in Figure 9. 
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Figure 9: Different aspects, stressors/performances and their primary effects, identified in this project. 

The different classifications of aspects, stressors and their effects are explained as 

followed. 

 

Environmental Aspects are defined as a component of an organization’s activities, 

products or services that can interact with the environment, (International Orgianization 

for Standardsization, 1996). The environmental aspects considered in this project are: 

 Energy use, 

 Volume of flared gas, 

 Oil concentration, 

 Chemical use in processes, 

 Chemical concentration, inputs form production operations, 

 Release of warmer water. 

 

Environmental Stressors or Performance are defined as discharges of substances that 

lead to environmental impacts. The stressors can be divided into a number of impact 

categories (e.g. acidification), (Karlsson & Westin, 2010). The Environmental 

Performances are measures of performances which can lead to consequences of a 

sustainability character. Some of the most relevant stressors and performances of this 

thesis are shown above in Figure 9. There is a division between Emissions to Air and 

Discharges to Sea as following: 
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Emissions to Air: 

 CO2, 

 Black carbon (in this project report also included in Soot and Particulate matter), 

 CO, 

 NOx, 

 SOx. 

Discharges to Sea: 

 Oil (including substances like Benzene, toluene, ethyl benzene and xylenes 

(BTEX) and Polycyclic aromatic hydrocarbons (PAH)), 

 Release of chemicals, 

 Heat release (warmer water). 

 

The Primary Environmental Effects have been divided into Environmental Impacts 

and Sustainability Issues. The Environmental Impacts are a more direct measure of the 

consequences from stressors while the Sustainability Issues are another type of effect 

which can lead to environmental effects in their next stages. Some deeper explanations 

of Sustainability Issues and different Environmental Impacts are described in the 

following paragraphs.  

 

Sustainability Issues are classifications which can be evaluated from performance 

measures, (Karlsson & Westin, 2010). Sustainability can be defined as “development 

which meets the needs of the present without compromising the ability of future 

generations to meet their own needs” in the Brundtland report (also called Our Common 

Future) from 1987, (International Institute for Sustainable Development, 2010). The 

term Sustainability consists of three pillars; Environmental, Economic and Social, 

(International Institute for Sustainable Development, 2010). Some of the sustainability 

issues mostly relevant to this project are shown in Figure 9. The sustainability impacts 

considered in this thesis are:  

 Energy efficiency, 

 Waste, 

 Effects and losses in Biodiversity, 

 Local effects and footprint (such as noise, smoke/fire disturbances, light spill).  

The sustainability issue of increasing global energy demand puts focus on the 

importance of increasing energy efficiency and energy management. Noise, such as low 

frequency noise from engines and turbines, can have a local effect on the environment 

in form of disturbing different kinds of animals, fish and mammals. This might be an 

issue in new exploration areas which have relatively low existing disturbances from 

activities like petroleum production, shipping and increased transports, (Giampaolo, 

2006). There might also be an increased noise issue affecting sea animals and fish with 

further development of subsea techniques.  

 

Environmental impacts are defined as any change to the environment, either adverse 

or beneficial resulting fully or partly from activities, products or services, (International 

Orgianization for Standardsization, 1996). These impacts can both have shared stressors 

or separate stressors.  



     

 

14 

 

The following Environmental Impacts have been evaluated in this project: 

 Global warming, 

 Human and Aquatic toxicity, 

 Eutrophication, 

 Acidification (here mainly to Sea). 

 The impacts can have several connecting stages as for example:  

Increased albedo (“whiteness” and possibility to reflect)     Increased radiative 

forcing  Increased short wavelength absorption     Increased mean 

temperatures  Global warming e.g. melting ice and increased sea level   

Increased albedo 

As demonstrated here, often one environmental impact is a part of a chain reaction and 

can result in even higher and exponential rate degree of the impacts. There are several 

other environmental effects and impacts but not all of them have been included, see 

earlier presented, Figure 9 for impacts considered in this project.  

Following are explanations of the considered environmental impacts: 

Global warming: Emissions from GHGs, like carbon dioxide (CO2) and methane 

(CH4), released from example burning of fossil fuels are emitted to the atmosphere. 

In the atmosphere the GHGs are absorbing the outgoing radiation from the Earth and re-

emits radiation back to the earth surface. With increasing GHGs the re-emitted radiation 

back to earth surface are increasing and this will cause an increased temperature on 

earth, see Figure 10. Another way to explain what can lead to global warming is an 

increase in radiative forcing, which is the difference between the energy radiated to 

earth and the energy radiated back to the atmosphere. When this radiative forcing is 

positive the temperature is increasing and when it negative the temperature is cooling. 

When there is an imbalance in the radiative forcing, this is not due to naturally causes 

but anthropogenic, positive radiative forcing leads increased temperatures and global 

warming.  

 

 

Figure 10: A simplified figure of Global warming. The radiation reflected back to Earth from GHG by IR 

radiation can occur at any height in the sphere and altitude.  
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For example release of Black Carbon can result in increased radiative forcing, by 

settling on white surface (ice, snow) the albedo (“whiteness” and possibility to reflect 

sunlight) will decrease. This will lead to less energy reflected back to atmosphere and a 

positive radiative forcing. The global warming is a natural process with an increasing 

global average temperature as a result. The issue concerns the acceleration of this 

increased global average temperature due to human-caused (anthropogenic) emissions. 

Within the last 25-50 years this rate has doubled compared to earlier measurements. 

More information and details can be found from the Intergovernmental Panel on 

Climate Change (IPCC) web page and especially in their report about the physical 

science basis on global warming, (IPCC Fourth Assessment Report (AR4), 2007).   

Toxicity - Human and Aquatic: Toxicity is a way to explain the harmfulness of 

substances which cause effect on humans, animals and other organisms. Such 

substances can for example be oily compounds, chemicals, metals, particulate matters 

(PMs). These substances can be released by operational emissions and discharges, waste 

water release, oil spill and other acute or unplanned events. A severe incident can lead 

to losses in biodiversity and contamination of sea and land areas.   

Eutrophication: Is caused by increased inflow of phosphorous and nitrogen from for 

example fertilizers, burning of fossil fuels and discharges of waste water. The increased 

inflow leads to increased growth of microorganisms and toxic algae species which 

affects the balance in the ecosystem. 

Acidification: In water areas there is a risk for aquatic acidification which is a result of 

SOx and NOx emissions released from for example burning of fossil fuels, which are 

chemically transformed to sulphuric and nitric acids in the atmosphere and transported 

by rain down to the earth surface. The acids, with a lower pH than the area are then 

reacting and effecting ecosystem organisms in a negative way. 

 

These environmental impacts are to large extent global issues. Requirements and 

guidelines have been developed both on a global level but also a national level in 

Norway. The Kyoto protocol, signed and ratified by Norway, has set targets for the 

GHG emissions, such as CO2, CH4, N2O (nitrous oxide), HFCs (hydrofluorocarbons), 

PFCs (perfluorocarbons), SF6 (sulphur hexafluoride), (United Nations Framework 

Convention on Climate Change, 2008). The OSPAR convention concerns Prevention 

and elimination of pollution from offshore sources (Annex III) and assessment, 

protection and conservation of the ecosystems and biological diversity of the marine 

environment (Annex IV and V), which has been signed and ratified by Norway. The 

OSPAR convention includes discharges to sea and the use of Best Available Technique 

and environmental practice for the environment, (OSPAR Commission, 2013). The 

Gӧteborg protocol treats and regulates emissions, SO2, NOx, NH3 (ammonia) and 

NMVOC, which affect acidification, eutrophication and ozone depletion. Norway as 

well as most European countries and the U.S., have ratified the protocol and with a 

revised protocol in 2012, which includes targets for emissions until 2020 which also 

includes PM, (Miljøstatus , 2012-05-31). 
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3.3 Arctic challenges and conditions 

The Arctic sea areas are covering the most northern part of the globe. For a long time 

this area has been undisturbed and untouched but the recent years of melting ice, make 

operations in the Arctic areas more easily accessible. The challenge to preserve the 

Arctic biodiversity and nature at the same time as increasing the activities is a 

significant issue for the Arctic states, (Barents Observer, 2012-11-23).  

 

Figure 11: An overview map over the Arctic areas including Arctic boundaries and Sea ice extent (one 

randomly chosen month in summer season and one in winter season). Boundary according to AMAP (an 

Arctic Council working group), a regional extent based on a compromised among various definitions and 

essentially includes terrestrial and marine areas north of Arctic Circle (66°32ˈN) and north of 62° in Asia and 

60° in North America, (source: http://www.amap.no/AboutAMAP/GeoCov.htm). Boundary according to 

EPPR (another Arctic Council working group) is based on their focus on emergency, prevention, preparedness 

and response, (source Arctic council and GRID-Arendal). The Sea ice extent boundaries are a way to show the 

Arctic areas which are ice-covered and non-ice-covered under certain seasons, (Source: Fetterer, F., K. 

Knowles, W. Meier, and M. Savoie. 2002, updated 2009. Sea Ice Index. Sea Ice Extent 2011. Boulder, Colorado 

USA: National Snow and Ice Data Center). 
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The international interest is high for the Arctic; one example is to use the Northern Sea 

Route for transportation all year around between Europe and Asia thanks to melting 

icecaps (Barents Observer, 2012-11-23). 

The Norwegian part of the Arctic basically exists of the northern part of the Norwegian 

Sea, Greenland Sea and the Barents Sea which includes the land areas of Svalbard, 

Lofoten and the Jan Mayen Islands see Figure 1 in Chapter 1.2.  

These areas consist of mostly untouched nature and unique biodiversity (Norwegian 

Polar Institute, 2013). The Arctic ice sea cover is decreasing rapidly. With increasing 

demand for energy in the world and increasing oil and gas prices, this opens up for more 

new offshore and marine activities. The Arctic paradox is when the melting ices opens 

up for more activities, such as oil and gas production, which emits GHGs and other 

pollutants that leads to even further ice melting, (DNV, 2012-09-24). 

The Arctic areas can roughly be divided into the ice covered areas and the non-ice 

covered areas, see Figure 11. This can be permanent but also change during the time of 

the year. Most of the Norwegian part of the Arctic is non-ice covered areas. Since there 

is a large difference between different Arctic areas, there shall also be differentiated 

between the areas conditions and the risks of future environmental impacts. In this 

thesis, focus will be on the Arctic areas most easily accessed and which will probably be 

explored in the nearest future. 

The Arctic’s characteristics, which could impact future potential activities and also be a 

major challenge, are for example the low temperatures and the risk of icebergs. Icebergs 

can lead to severe misfortunes, due to collision with offshore assets. The most specific 

features and conditions for the Arctic area are: 

 Extreme climate with low temperatures and snow, 

 Ice and icebergs (seasonal ice calls, sea ice hydrology), 

 Darkness under winter season (Lightness under summer season), 

 Strong winds (Polar laws), 

 Permafrost, 

 Remoteness, 

 Sensitive ecosystems and nature, 

 Rapid changed conditions, e.g. fog and waves, 

 Unique biological ecosystems involving fish, mammals, sponge, algae etc. 

References: (Klima- og Forurensningsdirektoratet, 2013-01-10), (Arctic Council - 

EPPR, 2012). 

These characteristics and conditions lead to some major challenges for offshore 

activities in the Arctic area.  
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Figure 12: Arctic conditions’ different on Environmental Impacts and Sustainability Issues. 

All of these challenges should be assessed and evaluated in order to reduce the possible 

impact from offshore activities. In Figure 12, the different inputs from Arctic conditions 

are shown in connection to Environmental impacts and Sustainability issues. There is a 

division between Accidental events and Change in performance. 

Accidental events, is, in this project, defined as unplanned and unintentional 

event/events caused undesirable harm to humans or to property or have negative effect 

on the environment, (Arctic Council - PAME, 2009-04-29). These accidental events are 

related to risk management and to minimize the risks of an activity. The Arctic 

conditions can both be a cause of the accidental event as well as affecting a barrier. 

Arctic conditions can also affect mitigation barriers which role is to minimize 

environmental impacts or issues. As an example, darkness (Arctic condition) can affect 

the visual detection (mitigation barrier) of an oil spill (accidental event), which can lead 

to increased environmental impact.  

Change in performance, is, in this project, defined as deviations in operational 

performance which can have either a positive or negative effect on the environmental 

impacts or sustainability issues. This is not related to risk handling but instead treating 

the effects on continuing, regular operations. Arctic conditions can here be a component 

causing a change in performance or affecting any control technique causing change in 

performance. The Arctic conditions might also affect any existing environmental 

impacts or sustainability issue. An example is that the colder temperatures and icing can 

affect the performance of measuring instruments and require anti-icing equipment 

which might demand extra energy. This extra energy will then decrease the overall 

energy efficiency and also increased emissions from power generation.  
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The main challenges identified for offshore activities in the Arctic areas include: 

 Low temperatures risks (e.g. icing, snow), 

 Increased technology demand (e.g. material choice, structures), 

 Increased risk of accidents and the severity of consequences (e.g. due to 

icebergs), 

 Affecting factors on humans: darkness, remoteness, lack of access, 

 Lack of infrastructure and support facilities, 

 Increased preparedness for rapid changed conditions, 

 Impacts from oil spills release, 

 Impacts from discharges to sea, 

 Impacts from emissions to air, 

 Particular matter release (e.g. Black carbon and soot, also see Chapter 3.2). 

References: (Klima- og Forurensningsdirektoratet, 2013-01-10) (Arctic Council - EPPR, 

2012). 

The Arctic conditions offer additional environmental effects, also see Chapter 3.2. 

There is still further research which can be performed assessing environmental impacts 

in Arctic areas, on for example oil spill effects on ice. There is lots of focus on risk 

assessment on accidental events, but environmental issues are also linked to impacts 

from operational performance activities such as emissions to air from power generation 

and flaring.  

 

3.4 Best Available Techniques (BAT)  

Best Available Techniques or BAT is mentioned in the European Union’s Integrated 

Pollution Prevention and Control (IPPC) - directive (96/61/EC) from 1996 and later 

updated in 2008 (2008/1/EC), (European Parliament and Council of the European 

Union, 2008). 

3.4.1 IPPC-directive on BAT 

The purpose of the IPPC-directive is to minimise pollution from different industry 

sectors by controlling and preventing discharges and effluences. In Article 2 in the 

IPPC-directive (2008/1/EC), BAT is defined as: 

“‘Best available techniques’ means the most effective and advanced stage in the 

development of activities and their methods of operating which indicate the practical 

suitability of particular techniques for providing in principle the basis of emission limit 

values designed to prevent and, where that is not practicable, generally to reduce 

emissions and the impact on the environment as a whole”, (European Parliament and 

Council of the European Union, 2008). 

‘Best’ is defined with the meaning of being the most effective way to achieve a “high 

general level of protection of the environment as a whole”, (European Parliament and 

Council of the European Union, 2008). 

‘Available’ is defined as the techniques which are in that stage of development so that it 

is both economic and technical viable for the operator, (European Parliament and 

Council of the European Union, 2008).  
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‘Techniques’ is defined as both the technology being used as well as the design of the 

installation, its construction, maintenance, operation and decommissioning, (European 

Parliament and Council of the European Union, 2008).  

To implement this, the European IPPC Bureau (EIPPCB) has published a series of BAT 

Reference Documents (BREF) to provide easier information exchange between nations, 

experts, industries and environmental organisations. Different BREFs are published for 

different industries or certain processes. There are at present no BREF concerning 

offshore oil and gas production. In this thesis project the BREF for Large Combustion 

Plants and Energy Efficiency will be considered (European IPPC Bureau, 2006). 

3.4.2 BAT in Norway 

The IPPC-directive was implemented in Norwegian legislation as a result from the 

EEA-agreement between EU-member states, Norway, Iceland and Lichtenstein, which 

were entered into force in 1994. The BAT is mentioned in the guidelines for the 

Pollution Control Act (Forurensningsloven) and the Activity Regulations 

(Aktivitetsforskriften) for the oil and gas industry. Besides this BAT is also being 

included in the standard NORSOK S-003 which considers the environmental concerns 

within the oil and gas industry (Petroleumstilsynet, 2012-12-20), (NORSOK S-003, 

2005-12-03). 

In practice, BAT is used for comparing and assessing different alternative techniques 

based on their environmental performance and including economical and technical 

availability, to be able to choose the alternative which reduces the overall impact on the 

environment as a whole.  

3.4.3 DNV’s BAT methodology  

DNV has developed their own methodology to assess BAT for oil and gas industry 

activities through a master thesis. The methodology includes a tool and guidelines to 

compare different alternative, see Figure 13. In the oil and gas industry a BAT 

assessment can be performed during several stages and phases of a project. The main 

phases used for new development offshore project, as an example, are the conceptual 

phase, the pre-engineering (FEED) phase and the detailed engineering phase. BAT 

should be introduced and used as early as possible to avoid late changes and extra costs, 

(Karlsson & Westin, 2010).  
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Figure 13: DNV's BAT structure of the guidelines, (Karlsson & Westin, 2010). 
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In this project the BAT methodology is applied to a more conceptual phase, both for a 

base case on the Norwegian Continental shelf and for a potential case in the Arctic area. 

This project will therefore use a modified variant for the DNV methodology guidelines, 

to a more applicable structure due to the conceptual level of the scope, see Figure 14. 

 

 

Figure 14: BAT-methodology for this project. Key aspects retrieved from (Karlsson & Westin, 2010). 

 

3.5 Existing regulations and laws in Norway 

In Norway there are several acts and regulations applicable to the oil and gas industry. 

Different agencies and directorates are responsible for different areas within the 

petroleum production and some of the most central for this project are presented here. In 

Appendix I, Norwegian regulations and acts are listed connected to environmental 

issues.  

Klima- og Forurensningsdirektoratet, Klif, (The Climate and Pollution Agency) is 

responsible authority for making sure that pollution, waste and other harmful substances 

do not negatively affect health, well-being and production and reproduction of nature. 

Klif are also responsible for authorizing and controlling the industry for emitted 

substances like emissions to air, discharges to sea and chemical use. Klif administrate 

amongst other the Forurensningsloven (Pollution Act), Produktkontrolloven (Product 

Control act) and Klimakvoteloven (Trading Act) and the relating regulations. Klif and 

Direktoratet for Naturforvaltning (Directorate for Nature Management) are merging to 

become Miljødirektoratet (Environmental Directorate) from 1
st
 of July 2013, (Klima- og 

Forurensningsdirektoratet, 2013). 

Oljedirektoratet (Norwegian Petroleum Directorate) is responsible for setting 

frameworks and regulations for the oil and gas industry to create the greatest possible 

values for society by careful resource management based on safety, emergency 

preparedness and protection of the external environment. Oljedirektoratet is subordinate 

the Olje- og Energidepartementet (Norwegian Ministry of Petroleum and Energy) and 
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responsible for a number of regulations and acts, including Petroleumsloven (Petroleum 

Act), (Oljedirektoratet, 2011-02-22). 

Petroleumstilsynet (PTIL, Petroleum Safety Authority Norway (English abbreviation: 

PSA)) is the governmental supervisory authority. It is subordinate Olje- og 

Energidepartement, and is responsible authority for safety, emergency preparedness and 

working environment within the oil and gas industry in Norway. The regulatory 

responsibility covers all phases, from the planning and design phases to the 

construction, operation and potential disposal, (Petroleumstilsynet, 2013), (Klima- og 

Forurensningsdirektoratet, 2013). 

 

Figure 15: Overview of Environmental requirements for offshore production in Norway. 

 

In Norway there are different acts which are applicable for the petroleum production, 

see overview in Figure 15. 

Some of the most central to be mentioned are, (Petroleumstilsynet - Lover, 2013): 

 Petroleum activities Act (PTIL/PSA), 

 Pollution Control Act (Klif). 

The most central regulations for offshore petroleum activities in Norway are set under 

the HMS-forskrifter (HSE-regulations: Health, Safety and Environment). The HMS-
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regulations consists of five underlying regulations (forskrifter) which are applicable to 

offshore petroleum activities as well as certain onshore activities.  

The five regulations are: 

 The Framework Regulations (Rammeforskriften), 

 The Management Regulations (Styringsforskriften), 

 The Activities Regulations (Aktivitetsforskriften), 

 The Facilities Regulations (Innretningsforskriften), 

 The Technical and Operational Regulations (Teknisk og Operasjonell forskrift – 

applicable to onshore activities). 

To each of the regulations, there are Recommendations/Guidelines (Veiledninger), 

which are not legally binding but shall be seen as guidelines for what the authorities 

want to achieve, (Petroleumstilsynet, 2013). In Appendix I, different regulations are 

listed which can refer to environmental issues, BAT and Arctic areas (mostly Barents 

Sea, Lofoten area and Svalbard) in Norway. 

Some of the regulations and statements, from the Norwegian Government which can be 

specially mentioned, are: 

 Oil content in discharged water may not exceed 30 mg/litre water (roughly 30 

ppm), stated by the OSPAR Convention and ratified by Norway in 2002, (Olje- 

og Energidepartment, 2002-06-28). Even a lower concentration can be expected 

in future, about 10-20 ppm, due to availability of technical solutions and 

environmental effects observed at concentration lower than 30 ppm, (DNV, 

2007). 

 An aim from the Norwegian Government to have Zero discharges to sea of 

environmental harmful substances from the petroleum industry. For the Arctic 

areas there is a stricter requirement for Zero discharges to sea, though this is 

most certain to mean that there shall be Zero environmental damages or 

consequences from discharges to sea, (DNV, 2007), (Miljøverndepartement, 

2011-03-11). 

 In general emissions to air and discharges to sea should be avoided as much as 

possible. Norway has ratified the Kyoto-protocol and has a goal to reduce GHG-

emissions in year 2020 with 30 % compared to the emissions in 1990. 

(Miljøverndepartement, 2007-06-22). 

 BAT assessments should be performed to ensure that the best available 

technique for the environment as a whole, (Lovdata - Forurensningsforskriften, 

2004-07-01). BAT shall be used for systems within the petroleum industry. 

See Appendix I for further listing of the regulations and details. 

 

3.6 Existing standards and guidelines 

Within the petroleum industry there are different associations developing and managing 

standards and guidelines to follow. This project has concentrated on the most common 

standards and guidelines for environmental issues, which are applicable to the 

Norwegian Continental shelf and the associations are presented here. See Appendix II, 

for listing of some of the most relevant standards and guidelines. 

Det Norske Veritas (DNV) is one of several classification societies, which has 

classification rules for floating production, storage and loading units. DNV also have 
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certain standards when it comes to safety and environmental conditions for offshore 

activities.    

European Integrated Pollution Prevention and Control Bureau (EIPPCB), is an 

action setup to provide organised information exchange between member states and the 

industry on the Best Available Techniques. The EIPPCB had produced several reference 

documents (BREFs) which can be used as guidance for governments and industry on 

BAT in different sectors and areas. For the petroleum production industry, the BREF on 

“Large Combustion Plants”, which refers to combustion installations with a rated 

thermal input over 50 MW, is the most interesting. The BREF on “Energy efficiency” is 

also of relevance for the offshore production industry. There are no specific BREFs for 

the oil and gas industry related to drilling, production or transportation, although there 

seems to be some future interest from the European Union to work with offshore 

platform safety, (European Union, 2012-01-19). 

International Maritime Organization (IMO) is the United Nations specialized agency 

in control for the safety and security of ship transports and prevention of marine 

pollution. Since some petroleum production consists of floating drilling rigs and 

platforms, these standards and conventions are applicable to the oil and gas industry as 

well. The MARPOL, the International Convention for the Prevention of Pollution from 

Ships, is the main convention concerning pollution of the marine environment from 

emissions, waste and discharges.  

NORSOK standards are developed by the Norwegian petroleum industry to “ensure 

adequate areas like safety, value-adding and cost effectiveness for developments and 

operations”, (Standard Online AS, 2013). The standards are to replace company 

specifications and to be used in regulatory qualifications, (Standard Online AS, 2013). 

Standards relating to Safety, Health and the Environment are listed with preface S and 

specially to be mentioned is the Standard S-003 – Environmental Care, which is stating 

the use of BAT, emissions to air and discharges to sea, (NORSOK S-003, 2005-12-03). 

The International Electrotechnical Commission, IEC, is an organization who 

publishes international standards for the areas electrical, electronic and its related 

technologies. IEC is a sister organisation to ISO and are to complement each other, 

besides having collaboration, (IEC, 2013). 

The International Organization for Standardization, ISO, is an international developer 

of standards within several areas and industries.  

In Figure 16 a summary of the guidelines and standards often used for offshore 

production on the Norwegian Continental shelf. Also see Appendix II for further 

information of the standards and guidelines for environmental issues applicable on the 

Norwegian continental shelf.  
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Figure 16: Overview over recommendations and standards for offshore production. 

Some standards which could specially be mentioned are: 

 NORSOK S-003 – Environmental care, 

 ISO 14001 – Environmental management systems, 

 ISO 19900 – Petroleum and natural gas industries - General requirements for 

offshore structures, 

 ISO 19906 – Arctic offshore structures, 

 ISO 50001 – Energy management.  
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3.7 Expected requirements and recommendations for Arctic 

Potential and expected new regulations adapted to Arctic conditions are probably not 

going to be implemented the coming years. Norwegian authorities are more likely to 

make decisions from a case to case basis.  

Klif has stated that there are more stringent requirements for activities in the Barents 

Sea, so activity applications will most likely have firmer demands to follow specific 

guidelines and objectives. For example the zero discharges to sea target is one of the 

requirements which might be harder followed in the Arctic. Klif will probably focus 

more on Black carbon emissions in the far northern parts, which previously generally 

not have been addressed offshore as an issue being more local. However, as previously 

mentioned, for each case an individual assessment has to be concluded for what 

alternative will have the least impact of the environment as a whole, (Klima- og 

Forurensningsdirektoratet, 2013-05-21), (Nesse, 2013-03-25).  

In the Barents 2020 project (collaboration between Norway and Russia), report 3 

discusses and lists standards and guidelines which are recommended to be updated to 

the Arctic conditions and challenges (Barents 2020 Project, 2010). Also the Arctic 

Council has several recommendations to future activities in the Arctic areas, especially 

when it comes to oil spill prevention, (Arctic Council - EPPR, 2012).   

In general there are some expected guidelines and recommendations which would 

probably be applied for future Arctic offshore activities.  

Discharges to Sea:  

 Harder compliance with the requirement of Zero discharges to Sea, (Klima- og 

Forurensningsdirektoratet, 2013-05-21), (Miljøverndepartement, 2011-03-11), 

(DNV, 2007). 

 Higher demand of substitution of hazardous substances and chemicals (Black 

and Red categories according to PLONOR) or chemicals which can lead to 

pollution of the environment if combined with another substance, 

(Miljøverndepartement, 2011-03-11) (Oljedirektoratet, 2010), (Klima- og 

Forurensningsdirektoratet, 2013-05-21).  

 Lower requirement for oil concentration in water than present regulation of 30 

ppm (about 30 mg/l), (Klima- og Forurensningsdirektoratet, 2013-05-21), (Eni 

Norge AS, 2008).  

 A demand of 100 % re-injection of produced water under normal, continuous 

operation. A maximum of 5 % produced water can be discharged at operation 

disruptions and downtime for the re-injection system, if sufficient treated prior 

the discharge, (Oljedirektoratet, 2010) (Miljøverndepartement, 2011-03-11).  

Emissions to Air: 

 In general, the aim to reduce GHG emissions to air, especially emissions of CO2, 

SO2, NOx, VOC and Black Carbon, (Miljøverndepartement, 2011-03-11), 

(Klima- og Forurensningsdirektoratet, 2013-05-21). 

 Flaring shall be minimized and recirculated as much as possible and shall 

basically only be performed due to safety reasons. Flaring in Arctic can lead to 

soot pollution and higher GHG emissions, (Klima- og Forurensningsdirektoratet, 

2013-05-21), (Miljøverndepartement, 2011-03-11). 

 Increased energy efficiency shall be an aim, (Miljøverndepartement, 2011-03-

11). 
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 For the power generation, electrification should be considered if possible. Also 

the design shall be as efficient as possible and the BAT shall be used, (Klima- og 

Forurensningsdirektoratet, 2013-05-21), (Miljøverndepartement, 2011-03-11). 

 Waste heat recovery shall be used as much as possible. Due to Arctic conditions 

there might be an increase in heat demand, (Miljøverndepartement, 2011-03-11), 

(Klima- og Forurensningsdirektoratet, 2013-05-21). 

Ecosystem 

 Petroleum activities shall not harmfully affect flora and fauna. Areas with 

possible effect shall be mapped before any activities, (Miljøverndepartement, 

2011-03-11). 

 Due to biodiversity in Barents Sea and Lofoten: “The areas shall be managed so 

the diversity of ecosystems, habitats, species and genes are conserved and the 

productivity of the ecosystem is maintained. Human activities shall not damage 

the ecosystem function, structure, productivity and dynamics.” 

(Miljøverndepartement, 2011-03-11).  

Recommended standards and recommendations to be used: 

 ISO 19906 – Arctic offshore structures, 

 NORSOK S-003 – Environmental care, 

 BAT assessments are recommended to be used, not only for power plants, but 

also for other systems to be evaluated, (Arctic Council - EPPR, 2012). 
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4 Findings of existing BAT and changes due to Arctic 
conditions 

Conceptual assessments on BAT alternatives, for three technical systems, have been 

performed with the existing regulations and guidelines applicable on the Norwegian 

Continental shelf. These alternatives have then been assessed with addition to Arctic 

conditions and challenges. The alternatives are assessed according to the methodology 

described earlier; see Chapter 2.3, Figure 2. In this following chapter, the findings from 

these assessments are presented.      

BAT for the Norwegian Continental shelf  

This project investigation has first looked at a base case on the Norwegian Continental 

shelf and what a BAT assessment and its alternatives could look like. The base case is a 

petroleum production facility at a typical location in e.g. the central North Sea, 

producing both oil and gas. Since this investigation only is at a conceptual level, more 

location specific information such as production profile and local environmental status 

are not possible to include at a detailed level.   

For each system studied, there is a reference alternative used, to be able to compared the 

environmental performance between alternatives. The most common type of technology 

used at present is chosen as the reference alternative.  

Changes to BAT due to Arctic conditions 

The changes that Arctic conditions might contribute to the BAT alternatives are here 

investigated and presented. These additions are evaluated both from the physical 

settings of the Arctic region as well as the expected requirements and guidelines 

applicable to the Arctic areas.  

 

4.1 Power and Heat generation and Energy efficiency  

The power and heat generation system are closely connected with the energy efficiency 

of a platform and therefore these two aspects are treated in the same chapter. 

Scope: 

The system boundaries have been limited to look at only the power generation on the 

platform itself and the operational production. Environmental aspect of designing, 

manufacturing, transportation and building of the different systems are not taken into 

account.  

The main purpose of the power and heat generation is to provide sufficient, secure and 

safe power to the platform to meet the power and heat demand.   

In Norway, the requirement to use BAT for large combustion plants (over 50 MW) are 

applicable to power and heat generation systems offshore. There is also the available 

reference document (BREF) for Large Combustion Plants, (Petroleumstilsynet, 2012-

12-20) (European IPPC Bureau, 2006). 

4.1.1 Power and Heat generation  

The power and heat supply on an offshore production facility have several 

requirements, especially when it comes to safety and secure energy supply. The power 

supply needs to be stable and reliable to avoid possible accidents and sudden production 
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stops. The power and heat production must also be applicable to the offshore conditions. 

The power demand is closely connected with the production profile of the site. The 

power production is generally designed according to the maximum production value, 

although this production value lasts for only a limited time compared to the lifetime of 

the field.  

The most common power generation today for new installations is gas turbines with 

waste heat recovery system. The largest part of the CO2 emissions from the petroleum 

activities in Norway comes from the turbines, see Figure 17.  

 

 

Figure 17: CO2 emissions from Norwegian petroleum activities in 2011, numbers from Oljedirektoratet, (Olje- 

og Energidepartementet & Oljedirektoratet, 2013). 

Normally the power demand for an offshore production facility can be between 20-80 

MW, but varies depending on the site and facility. The biggest power users are gas 

compressors, oil export/booster pumps, water injection pumps to mention some. The 

heat demand for a facility is normally around half of the power supply, but this also 

differs depending on location and the activity. Some of the heat users are process 

systems and cargo heating, (Vandenbussche, Introduction to power and heat generation, 

2013-02-18). 

Some of the environmental issues regarding power and heat generation are the 

emissions released to air, mainly CO2, NOx and SOx. This is depending on type of fuel, 

the consumption and the thermal energy efficiency used in the power and heat 

generation system, (Vandenbussche, Introduction to power and heat generation, 2013-

02-18). 

In general, the energy demand on Norwegian Continental shelf is increasing as a result 

of the increasing amount of mature fields. Mature fields most of the times demand more 

energy due to e.g. increased amount of produced water in the reservoirs as well as 

reduced pressure in the wells. The overall increased demand also depends on 

development for more natural gas production than oil production, which in general are 

more energy demanding, (SINTEF - Teknologi og samfunn, 2008). 
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4.1.2 Energy efficiency  

There are two ways to look at energy efficiency on a platform. A first approach is to 

view the energy efficiency at separate systems and operations. Another way to view the 

energy efficiency is to look at the overall efficiency, where measuring the produced 

amount of oil and/or gas per unit of total energy input. 

Some of the main areas where energy efficiency has the most potential are the design of 

the power generation system and the waste heat recovery system. However the venting 

and flaring activities on a platform can have a large impact on the overall energy 

efficiency. For higher overall efficiency, the fuel gas can be recovered instead of being 

flared and vented.  

Increasing the energy efficiency means both economical savings and less environmental 

impact, in particular when looking at the whole life cycle and long-term use. Energy 

efficiency is a central discussion point within the industry and improvement requires 

both new technology development and operational management and control. 

4.1.3 BAT for Power and Heat generation 

To demonstrate some of the different alternatives and the BAT for power and heat 

generation, an assessment was carried out by using the methodology in Chapter 3.4.3, 

Figure 14.  

The assessment considers some of the different subsystems for the heat and power 

generation system, as following: 

 Power generation, 

 Heat production, 

 NOx reduction techniques. 

These are the key subsystems within the power and heat production on a platform and 

combined with energy efficiency measures these systems can be optimized to have the 

least environmental impact with technical feasibility and economic availability. For 

each subsystem, a base case alternative has been chosen to be able to compare the 

different alternatives. 

Environmental Aspects, Stressors and Performance 

The identified key environmental stressors and performance relevant for the existing 

Power and Heat generation system are: 

 CO2, 

 CO, 

 SOx, 

 NOx, 

 Energy use, 

 Energy efficiency (thermal). 

The impacts and sustainability issues from these are presented in Chapter 3.2. In 

Appendix IV the different subsystems are shown with additional information and their 

BAT evaluation.  
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Power generation 

For the power generation subsystem, the following alternatives have been assessed, see 

Appendix IV:  

 Gas turbines (single cycle) – Base case alternative: Often two to three turbines 

and one spare turbine on platforms in Norway. Generally dual fuel (gas or 

diesel) is used on turbines and uses gas from e.g. the platform’s own gas 

production. The overall energy efficiency depends on load and turbine 

configuration.   

 Gas turbines – Combined cycle (including Heat Recovery Steam Generation, 

HRSG): Combination of a gas turbine and a steam turbine and is generally run 

with duel fuel (gas or diesel) in Norway. Uses the excess heat for extra 

electricity production which increases the energy efficiency up to 50%. 

Drawbacks for offshore are space demanding (more compacts exists), more 

weight and more complex than single cycle gas turbines (the base case 

alternative). 

 Power from shore (Electrification): Electrification by cables from shore, AC (for 

shorter distances) or DC (for longer distances). Applicability depends on 

closeness to shore. This will create larger electricity demand in Norway might 

need supply from non-renewable sources from the Nordic mix including e.g. 

some coal which would influence the total emissions accounting. This 

alternative also demands extending and possible modification of the grid and 

power and long distance subsea cables which could result in other impacts.  

 Centralised Power generation (combined gas turbines): A “hub” between 

platforms to supply power by cables to each platform. Demands closeness 

between the platforms and the hub can have different alternatives for electricity 

production, here is combined gas turbines considered. The centralised power 

supply will increase overall energy efficiency and decreases the total emissions. 

Other electricity sources might also be considered, such as electricity from shore 

to a platform hub.   

 Engines: Can be designed for different types of fuel; gas or diesel, dual fuel or 

multi fuel (also including oil). Can reach quite high thermal energy efficiency, 

but have heavy weight. Often diesel engines are used as a back-up system on 

platforms.  

The techniques which are considered to have the least overall environmental impact and 

considered the Best Available Technique are presented in Appendix IV and summarized 

as: 

 Combined cycle (HRSG): Due to the increasing the thermal energy efficiency 

and the use of waste heat, which also mean less emissions to air.  

 Electrification from shore: Considered to have low emissions due to main 

electricity source in Norway comes from the renewable hydropower. 

 Centralised power generation (platform hub): Increases the overall energy 

efficiency between the platforms and decreases the total emissions.   

The alternative considered BAT for a specific site depends on the specifications and 

location which needs to be included when performing a full BAT assessment. 
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Heat generation 

For the heat production subsystem, following alternatives has been assessed, see 

Appendix IV: 

 Waste Heat Recovery Unit system (WHRU) – Base case alternative: In 

combinations with turbines (engines also a possibility) and use the excess waste 

heat transferred through heat exchangers to transfer the heating medium to 

various heat users on the platform. Increases the overall energy efficiency. 

 Electricity: Either from platform production or onshore electrification. Will 

increase the overall energy use and so also the overall energy efficiency. 

 Boiler and Burner: With oil or gas fuel which provides the heating system with 

sufficient heat for the platform.  

The technique which is considered to have the least overall environmental impact and 

considered the Best Available Technique are presented in Appendix IV and identified 

here as: 

 Waste Heat Recovery Unit system (WHRU): The use waste heat increases the 

overall efficiency and using waste energy means less total energy is needed. The 

waste heat recovery may also be used in combination with other power 

generation solution. 

 

NOx reduction 

For the NOx reduction techniques a couple of different alternatives was evaluated. NOx 

reduction techniques are used for power generation from gas turbines (and possible also 

for engines), which is now a standard procedure in Norway, (European IPPC Bureau, 

2006). 

Following alternatives have been compared, also see Appendix IV: 

 No NOx reduction – Base case alternative: No reduction of the NOx gases from 

the gas turbines at all.  

 Direct Steam injection: Injection of steam which lowers the temperature and 

decreases the creation of NOx. Have some drawback for offshore application 

regarding weight, space, complexity and need of feed water with certain 

qualities.  

 Direct water injection: Injection of water which lowers the temperature and 

decreases creation of NOx. Offshore constraints with weight, space, complexity 

and need of feed water with certain qualities. 

 Dry Low NOx – Combustion chamber (DLN): Mixing of air and fuel before 

combustion which leads to a homogeneous temperature distribution, lower flame 

temperature and as a result lower NOx emissions.  

 Selective catalytic reduction (SCR): Using ammonia as a cross media effect. 

Offshore constraints with space, weight, health issues from ammonia storage and 

handling.  

The technique which is considered to have the least overall environmental impact and 

considered the Best Available Technique is presented in Appendix IV identified as: 

 Dry Low NOx (DLN): This alternative has the highest reduction level and at the 

same time available for offshore installations (weight, space and complexity 

constraints) compared to the other alternatives. 
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4.1.4 Changes to BAT for Power and Heat generation with Arctic 
conditions 

There are increased general concerns for the environment and potential risk with 

offshore activities in the Arctic areas, this will affect the power and heat generation 

system. This together with the additional Arctic properties can change the BAT for the 

different subsystems. 

Additional Environmental Aspects, Stressors and Performance 

 Low temperatures 

 Remoteness 

 Darkness 

 Black carbon (soot/particulate matters) 

 Noise 

There are also some other essential additions for higher requirements when it comes to: 

 Decrease emissions to air 

 Zero discharges to sea compliance 

 Increased energy efficiency  

The impacts and sustainability issues from these are presented in Chapter 3.2. In 

Appendix V, the different subsystems are shown with additional information and their 

BAT evaluation. 

 

Power generation 

For the power generation, there are probably going to be increased expectations 

regarding decreased emissions to air and the zero-discharges to sea target. The Arctic 

conditions which can be considered the most relevant to the power generation system 

are the low temperature, remoteness and darkness, black carbon and other particulate 

matter effects and noise disturbances due to local environmental effects.  This also sets 

and increased demand for energy efficiency, both through the amount used and the 

means of use, i.e. more efficiency use, for an overall higher efficiency.  

There are some special considerations regarding power generation in Arctic climate. 

One of them is the concern with low temperatures. This might be an issue for some of 

the power alternatives but for alternatives with gas turbines, this will probably not be 

the case since gas turbines get an increased effect in cold climate due to compressed air 

having a higher density which is the input air (with a slight increase the thermal 

efficiency of the turbine), (Utengen, 2013-04-09). 

There will probably be increased interests for electrification from shore or/and from 

other nearby production units. The first oil production unit in Barents Sea is going to be 

Goliat, with planned production start in 2014. In the impact assessment report for Goliat 

there are different alternatives assessed for power generation, and the chosen solution 

was electrification from shore combined with one gas turbine with WHRU, (Eni Norge 

AS, 2008). This alternative might therefore also be higher considered for potential 

future production units in the Arctic areas.  

Some alternatives which might be applicable in the future are, see Appendix V: 

 Electrification from Wind energy (in combination of other renewable energy 

sources e.g. wave): Have operational and intermittency issues. 
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 Electrification from Solar energy (in combination of other renewable energy 

sources e.g. wave): Have operational and intermittency issues and might not be 

applicable for the seasonal dark Arctic areas. 

 Nuclear energy: Currently used in Russian Arctic ships. Have other waste, 

safety and public acceptance issues (nuclear radioactive waste). 

 Fuel cells: Still in developing stage. 

In general, there are difficulties with deciding which power generation alternative is 

BAT for the Arctic area due to need of site specifications, though what can be seen is a 

trend towards electrification from shore (from mostly hydropower) and/or combinations 

between different other alternatives. What is not yet available, and thus BAT, are 

combinations with renewable energy sources such as wind energy, wave energy, solar 

energy and fuel cells have been mentioned as a potential BAT alternative in the future. 

Combinations with CCS (Carbon Capture and Storage) are also considered as potential 

alternative in the future which would decrease emissions but demands energy which 

will affect the overall energy efficiency. This is tested at present on the Norwegian 

Continental shelf at the Sleipner field where CO2 is removed from the natural gas (not 

from the fuel gas), (Oljedirektoratet, 2010) (SINTEF - Teknologi og samfunn, 2008) 

(SINTEF Energy Research, 2011).  

 

Heat production 

With Arctic conditions, lower temperature, snow, ice and risk of icing will most likely 

lead to higher demand of heating. Increased heating is needed to avoid human injuries, 

equipment damages, material failure, and reduced performance. Same general 

expectations regarding decreasing emissions to air and zero-discharges to sea target are 

applicable for the heat generation. The alternative Waste heat recovery will probably be 

future BAT as well for Arctic, due to easy access of excess heat, see Appendix V. With 

increased heat demand there is a need to evaluate if the waste heat available on the 

platform is sufficient and secure due to the Arctic conditions. If not, other heat solutions 

or combinations are required like heat pump alternatives might be a solution using other 

sources for operation. Another aspect is when waste heat is unavailable due to e.g. 

power generation selection of power from shore, then electricity heating will probably 

be used which would decrease the overall energy efficiency on the platform.  

 

NOx reduction techniques  

There is more or less an industry requirement to use NOx reduction techniques existing 

on the Norwegian Continental shelf today. With Arctic conditions this is probably going 

to be even more reinforced. The BAT alternative already identified, Dry Low NOx, will 

probably be suitable for Arctic conditions. Other alternatives which are now under the 

developing stage might be available with evaluation of the Arctic conditions, see 

Appendix V.   

For the NOx reduction techniques, the Cheng Steam injection cycle might be a future 

possible BAT alternative which can be included in the evaluation for future use. This 

alternative could provide a higher overall energy efficiency compared to other 

alternatives. Overall, there is no concrete evidence of that the Arctic conditions and 

constraints will affect the present BAT for NOx reduction techniques when looking at a 

conceptual level.    
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4.2 Flare system 

The flaring system is closely connected to many different systems on a platform and it 

is used in order to release gaseous forms of hydrocarbons involved in the process. This 

release is either out of safety reasons or out of continuous removal of unwanted gas.  

Scope: 

The scope for the flare system has been to look at some of the subsystems working 

under an operational situation. The safety issue with ability to vent and flare under 

emergency situations are of course essential, but this study does not include a risk 

assessment. The focus has been on operational flaring system. Environmental aspects of 

designing, manufacturing, transportation and building of the different systems are not 

taken into account due to time and information limitations.  

4.2.1 The Flare system  

The flaring and venting system is a way to release hydrocarbon gases (natural gas) and 

vapours on oil and gas platforms, see Figure 18. Venting is when excess gas is directly 

released to the surrounding air, without being burnt. Flaring is when the excess gas is 

released to the surroundings by first being burnt, so that dangerous (very reactive) gas 

compound is transformed into another less dangerous gas compound (e.g. with lower 

global warming potential), both for safety and environmental reasons, (Haukebø & 

Vandenbussche, 2013-02-21).  

The flaring can be divided into two separate types of activities; continuous flaring and 

the non-continuous flaring. The continuous flaring mostly exists at platforms where 

there is no economic gain or technical possibility in using the excess natural gas or re-

injection to the reservoir; this does not apply normally in Norway today. The non-

continuous flaring is mainly results from testing, servicing, start and shut-downs and 

maintenance. The flaring is also a key safety system for the offshore platform, 

(Clearstone Engineering Ltd., 2008-09-18). On offshore platforms the flaring is located 

to a flare tower, (Argo Flare Service Ltd, 2013). 

 

 

Figure 18: Schematic illustration of an offshore platform with flaring. Provision is taken against improper 

detailed content and dimensions.  

There is a lot of global flaring which contributes to GHG and other emissions to the air. 

Estimations of natural gas flaring is approximately 150 billion cubic meters and stands 
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for about 1.2% of the global CO2 emissions. For some oil producing countries the 

flaring itself can stand for up to a third of the country’s CO2 emissions. There is a large 

volume of the non-renewable source of natural gas which is flared instead of being 

recovered, sold or used. The World Bank has started a partnership program to reduce 

worldwide flaring. Reducing flaring both contributes to higher energy efficiency as well 

as performs mitigating measures in climate change. At the same time reduced flaring as 

a result of recovering the natural gas creates revenues and increased available energy, 

(The World Bank, 2012-07-03) (The World Bank, 2011).  

In Norway the flaring has reduced the last decades due to mainly regulatory measures as 

policies and taxes, especially the Carbon tax introduction in 1990. Today about 10% of 

the CO2 emissions from petroleum production comes from flaring, see Figure 17, (Olje- 

og Energidepartementet & Oljedirektoratet, 2012).  

There are no specific regulation regarding limits of flaring in Norway, but flaring is 

restricted and only permitted for safety reasons, (The World Bank - GGFR). The CO2 

emissions from flaring are together with energy production from petroleum production, 

within the quota accounting in Norway, (Oljedirektoratet, 2010).  Instead excess natural 

gas shall be either sold, which needs infrastructure and transportation, or re-injected to 

the reservoir, (Norwegian Petroleum Directorate, 2008-08-25).  

4.2.2 BAT for Flare system 

The different alternatives considered BAT today are alternatives reducing the amount of 

flaring. The other parts of the flare gas system are working towards a more reliable flare 

system which would result in less flare gas volume. The flare system has been divided 

into three parts treated in this project, which are following: 

 Flare design, 

 Ignition system, 

 Flare management. 

The only one mentioned in the SINTEF report is flare gas recovery, (SINTEF - 

Teknologi og samfunn, 2008). 

Environmental Aspects, Stressors and Performance 

The identified key environmental aspects relevant for the existing flare system are: 

 Volume of Flared Gas, 

 CO2, 

 NOx. 

The impacts and sustainability issues from these are presented in Chapter 3.2. In 

Appendix VI the different subsystems for the flare system are shown, with additional 

information and BAT evaluations.  

 

Flare design: The flare design part includes Low Pressure (LP) and High Pressure (HP) 

flaring and the recovery of these systems. Also the design of the flare tip can be 

included in the design part, though not considered in this project. (Argo Flare Service 

Ltd, 2013). Following flare design alternatives have been assessed, also see Appendix 

VI: 
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 Open flare system (both LP and HP system) – Base case alternative: Both low 

and high pressure gases are flared and no recovery is implemented. The open 

flare system needs a pilot flame system.  

 Closed flare system: LP recovery, HP open: The low pressure gas is recovered 

 Closed flare system: LP recovery, HP recovery 

The techniques considered BAT are the two closed systems,  see Appendix VI:  

 Closed flare system: LP recovery, HP open, due to availability and often HP is 

less used. This alternative reduces the volume of flaring and therefor also the 

amount of emissions compared to the base case alternative. 

 Closed flare system: LP recovery, HP recovery, probably more technological 

challenging but still possible. This alternative reduces the volume of flaring and 

therefor also the amount of emissions compared to the base case alternative.  

Since the high pressure (HP) system is normally used for unplanned operations, the 

alternative Closed flare system with only low pressure (LP) recovery can be considered 

well enough for some sites.  

 

Ignition system:  

Historically it has been less common with a combined system ignition system and pilot 

system. In this project the ignition system and the pilot system is differentiated into two 

separate systems. The pilot’s function is to maintain a stable flaring and re-igniting the 

flare if needed. In Norway where flare recovery is common, the pilot system has 

sometimes been removed or is not installed. The ignition system purpose is to light the 

flare gas, either the flare directly or the pilot, (Argo Engironmental Engineering - 

Jonathan Miles, 2004).  

The flaring system is mainly considered a safety system for offshore facilities. In 

Norway there is an aim for no flaring operations, where a pilot is not necessary. This 

project is not looking into the pilot system, only ignition system where it is mentioned if 

pilot or not is necessary. 

The ignition system includes different alternatives. Either a pilot flame is used to ignite 

the gas or, for non-pilot systems, a pellet driven ignition or a direct spark ignition 

system can be used, (Argo Flare Service Ltd, 2013).  

The following ignition alternatives have been evaluated: 

 Flame front generator with Pilot based system – Base case alternative: 

Compressed air and fuel gas are metered through control valves into a mixing 

chamber. Further downstream of the mixing chamber there is a sparking device 

to initiate the flame front (fire ball) which travels to the pilot where it ignites the 

pilot.  

 Pellet based ignition with Ballistic based system: Ignition pellet is launched 

through a guide pipe and ignites when the pellet emerge from the guide pipe. 

Different types of pellets exists which has a relatively high reliability. 

 Electric spark ignition with/without Pilot based system: Two basic forms of 

electronic ignition system; high energy and high voltage. Possible both with and 

without pilot.  

The techniques which can be considered BAT are all three alternatives; further 

assessments are needed depending on the site specifications, see Appendix VI: 
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 Flame front generator with Pilot based system; depending on site specifications. 

 Pellet based ignition with Ballistic based system; depending on site 

specifications. 

 Electric spark ignition with/without Pilot based system; depending on site 

specifications. 

The latest development has been towards designing pilot-free systems. The pilot has 

traditionally been the most common system due to the high reliability.  

 

Flare management: Also to be mention is the Flare management, which are mainly 

different kinds of operational routines and procedures of the production. By planning 

and managing planned shut downs the flaring volume can be reduced, (Oljedirektoratet, 

2010). The flare management part has not really been evaluated according to BAT, 

since it is more of a management approach than a specific technique. Since there seems 

to be significant emission reduction possibilities with flare management this has been 

brought up for attention in this thesis report. 

 

4.2.3 Changes to BAT for Flare system with Arctic conditions 

No particulate technical change in performance for the considered BATs with Arctic 

conditions has been discovered. However, there might be a higher focused on the local 

environment and impacts on ice covered areas from emissions like soot (black carbon).   

Additional Environmental Aspects, Stressors and Performance 

 Black carbon (soot/particulate matters), 

 Fire and smoke impact (possible impact on birds), 

 Light spills from flare (possible light pollution in the partly very dark Arctic 

area, which could affect certain species). 

The impacts and sustainability issues from these are presented in Chapter 3.2. 

The main solution to minimize the impacts in Arctic areas is to reduce the overall 

flaring. The no-flaring technique by recovery decreases the emissions from flaring. The 

flaring today cannot be totally avoided, but only allowed due to safety and emergency 

reasons. Since the no-flaring exists already on the Norwegian Continental shelf, is this 

probably something which is going to be even more required.  

The direct changes in BAT alternative for the flare systems are difficult to assess though 

increasing expectations of reduced flaring will probably enhance the alternatives with 

gas recovery and no-pilot flame. These techniques also need to be evaluated further due 

to Arctic conditions as e.g. risk of icing, see more details in Appendix VII.  

According to some investigations, Black Carbon (BC) emissions in the Arctic area are 

very small part compared to the total global emissions today. Flaring from shipping and 

other production as oil and gas, seems to have a large impact on low-altitude BC 

concentrations in the Arctic. With increasing activities this will probably increase if no 

measures are taken. BC emissions from flaring are estimated to 12% in year 2000 from 

the Arctic Council nations (high contribution from Russia), (Arctic Council - AMAP, 

2011). 
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4.5 Produced water system 

The produced water system is related to the separation process, which separates oil, 

natural gas and produced water from the reservoir on the platform.  

Scope: 

The system boundary for the produced water system is to only look at the handling of 

produced water from the oil and gas extraction. No other sources of waste water 

production are included in this thesis, as this is normally a separate system. The 

produced water system has been divided into re sub-systems. Environmental aspect of 

designing, manufacturing, transportation and building of the different systems are not 

taken into account.  

4.5.1 Produced water system 

The produced water is extracted together in a mixture of oil and natural gas from the 

reservoir, mostly from oil production and less with gas production. The volume of 

produced water from the well increases with the age of the well. When the well age 

increases so does also the amount of energy needed to handle the produced water, both 

for treatment and potential reinjection, (Miljøverndepartement, 2011-03-11). 

In addition to water, the produced water also contains: 

 Solid particles, like sand, in different sizes which can bond with oil particles in 

different ways, affecting the oil density in the produced water.  

 Dispersed oil; oil droplets in different sizes and types. The small the droplets are 

the more difficult it is to separate them from the produced water.  

 Natural occurring dissolved organic compounds, like PAH.    

 Natural occurring dissolved inorganic compounds, for example heavy metals 

like barium and strontium and radioactive substances.   

 Treatment chemicals which are added during drilling and extraction processes. 

The separation process which separates oil, natural gas and the produced water from 

each other is divided into several steps as shown in Figure 6. After the main separation, 

the produced water continues for treatment. In the treatment process different 

techniques can be used to reduce the concentration of oil droplets and other substances 

(see bullet point list above). When the water has been treated to required concentrations 

it can either be discharged to the sea or re-injected to the reservoir again.  

As a result of the re-injection, recovery from the well can be enhanced in addition to 

disposal of the produced water. The re-injection of the produced water can either be to 

the same well or to a pressure well (a drilled well nearby to increase the well pressure). 

This is especially welcome since the reservoir pressure declines over time and there is a 

need for increased pressure to continue production. It is important for the re-injected 

water to undergo treatment prior to the re-injection. This mainly reduces the re-injection 

problems compared to non-treated water and decreases the amount of solid particles, 

(Oljedirektoratet, 2010).  

In Norway, the limit for oil concentration in discharged produced water is 30 mg/l, 

(Olje- og Energidepartement, 2002). The average oil concentration in discharges 

produced water was 11,5 ppm, in 2011, which is substantially below the required 30 

ppm, (Norsk Olje & Gass, 2012). For the Barents Sea there it is expected to have 95% 

re-injection of the produced water volume, under operation. This takes into account 5% 

of planned and un-planned shutdown of the injection system. The produced water still 

needs to undergo treatment, (Miljøverndepartement, 2011-03-11).  
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4.5.2 BAT for Produced water system 

The different subsystems considered in this project for the produced water system have 

been: 

 Produced Water Treatment Technique; different treatment for reducing 

hazardous substances in the produced water mixture.  

 Produced Water Reduction Technique (above sea level/top side); are different 

techniques to reduce the volume of produced water reaching the platform for 

treatment. 

 Produced Water Disposal (also included Recycling) after Treatment; is the 

management of the treated water at either the platform or subsea treatment 

system. 

The treatment techniques today are focused to reduce the oil content in the produced 

water. Though there are also other smaller concentrations of low radioactive material 

and metals which will be released if the produced water is discharged, which is not 

further discussed in this project report (DNV, 2007).  

Environmental Aspects, Stressors and Performance 

The identified key environmental aspects relevant for the existing Produced water 

system are: 

 Oil concentration (after treatment) 

 Oil content: PAH concentration 

 Oil content: BTEX concentration 

 Use of chemicals 

 Production chemicals concentration 

 Energy use 

 Waste generation 

The impacts and sustainability issues from these are presented in Chapter 3.2. In 

Appendix VIII, the different subsystems for the produced water system are shown, with 

additional information and BAT evaluations.  

 

Produced water treatment 

There are lots of different techniques to treat produced water for especially oil content. 

In this project about twenty different techniques have been identified, not all of them 

might be yet economical available. The different techniques is also treating different 

substances, this project have been focused on the BAT treating oil content. This means 

that a produced water treatment system can include several different treatment 

techniques to remove different substances. For more information and the different 

alternatives, see Appendix VIII.  

For the produced water treatment, the following alternatives have been assessed: 

 Hydrocyclones – Base case alternative: A physical method which separates 

solids from liquids based on density. The performance of the cyclones depends 

on the cone angle. This method can remove particles in range 5-15 μm and 

reduces dispersed oil concentration up to 75-80%. 

 C-tour: Uses liquid condensate to extract dissolved components from the 

produced water. Reduces the dispersed oil content up to 60-70% and 

BTEX/PAH by 70-95%. This method needs condensate.  
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 Compact Floatation Unit (CFU): This is a modernized hydrocyclones method 

with an addition of injected gas to lift the oil droplets. Can reduce the dispersed 

oil content up to 70% and can also reduce other non-dissolved substances.  

 Macro Porous Polymer Extraction (MPPE): A one step process to remove 

dissolved and dispersed oil by a liquid-liquid extraction technology. This 

alternative needs pre-treatment by e.g. hydrocyclones. Can achieve reduction of 

BTEX up to 99% and PAH up to 98%. 

 Membrane filtration: Four different membrane separation processes, for 

example microfiltration and ultrafiltration. Can be combines with other 

treatment techniques. 

 Drop emerging technologies (e.g. PECT-filter or Mares Tail): A fibre 

technology to merge oil droplets. Can be combined with hydrocyclones.  

There are several other techniques to be used for produced water treatment of different 

substances; these are not assessed further in this thesis. Different techniques can either 

be supplementary or used separately. Some of the other alternatives which can be 

mentioned are Thermal technologies (distillation), Biological aerated filters, Gas 

floatation, Physical adsorption and Media filtration, see Appendix VIII for further 

details. 

For the Produced water treatment techniques, the technologies considered BAT for the 

Norwegian Continental Shelf are summarized in following listing, for further details see 

Appendix VIII, (DNV, 2007):  

 C-tour: Oil content is lower than base case and can come down to 1-5 ppm of 

dispersed oil substances after treatment. This alternative is today used on some 

installations on the Norwegian Continental shelf today. 

 Compact Floatation Unit (CFU): Oil content after treatment is 10-15 ppm of 

dispersed oil, which is lower than base case. This alternative is probably the 

most commonly used alternative on the installations on the Norwegian 

Continental shelf today. 

 Macro Porous Polymer Extraction (MPPE): Oil content after treatment is < 1 

ppm of dispersed oil substances, which is lower than base case. This technique is 

presently tested on some installations today. 

Amongst the other treatment techniques, not further assessed in this project, there are 

other potential BAT alternatives such as media filtration. These have been tested 

offshore, but are still not used significantly offshore, (National Petroleum Council, 

2011-09-15). Depending on the individual specification of an installation, these other 

techniques can probably also be considered BAT. 

 

Produced water reduction  

Reduction techniques main function is to minimize the volume of produced water. This 

can be done both by shut-offs or reducing the volume to the topside platform by 

separation and re-injection of the produced water earlier in the process. 

For the produced water reduction, the following alternatives have been assessed, also 

see Appendix VIII: 

 No Produced water reduction (topside) – Base case alternative: This alternative 

includes no reduction measurements to reduce the volume of produced water 

transported to the platform. 
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 Water shut-offs: This includes a chemical or physical shut-off on different 

production zones in wells. Can have possible issues with finding non-hazardous 

and approved chemicals. Can reduce produced water volume up to 40% per 

well. 

 Subsea separation and Re-injection: This alternative needs power supply and a 

subsea compression station. Can reduce the produced water volume up to 90%. 

 Downhole separation and Re-injection: A special separator which divides the 

water from oil and gas in the well. Can reduce the produced water volume up to 

90% and exists in both vertical and horizontal designs.  

The alternative which can be considered BAT today for this subsystem is presented (see 

Appendix VIII): 

 Water Shut-offs: Due to this is available today and reduces the produced water 

volume to the platform by up to 40% compared to the base case.  

The alternatives, Subsea and Downhole separation techniques, which can reduce the 

volume of produced water up to 90 %, but these alternatives are today under 

development. 

 

Produced water disposal 

The two alternatives for disposal (or potential usage) of the treated produced water, is 

basically either to discharge or to re-inject it. Most of the produced water is discharged 

after treatment today but recently injection and re-injection have an increasing interest. 

This can be profitable both for the advantage of using the produce water for further oil 

and gas recovery and decreasing the discharges to sea.  

For the produced water disposal, the following alternatives have been assessed, see 

Appendix VIII: 

 Discharges to Sea – Base case alternative: The produced water is discharged to 

sea after treatment.  

 Produced water Re-Injection (PWRI): The produced water is injected or here re-

injected in the used wells or in a formation for storage or for enhanced oil and 

gas recovery. This alternative is energy intensive which will increase the energy 

demand for the installation and as a result also the emissions to air. Therefor 

there is a trade-off between discharges to sea and emissions to air with this 

alternative. 

Both of the alternatives are considered available, (SINTEF - Teknologi og samfunn, 

2008), see Appendix VIII: 

 Discharges to Sea: After sufficient treatment this can be an alternative for some 

sites. 

 Produced Water Re-Injection (PWRI): Injection or re-injection will minimize 

the volume of discharged produced water to sea. This alternative can also lead 

another value in enhanced oil and gas recovery.  

In the future more focus will most likely be on injection and re-injection due to the aim 

for zero discharges to sea. There is a difference in cost between the alternatives, which 

can make the discharge option more attractive to operators if there is no regulatory 

instrument which can boost the technical development and to reduce the cost.  
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4.5.3 Changes to BAT for Produced water with Arctic conditions 

For the produced water system in Arctic areas there will be more stringent requirements 

for zero discharges to sea. This means that there should be no discharges of produced 

water, and everything has to be handled through injections and disposal techniques or 

possible other re-use. In Appendix IX, the different subsystems and their alternatives 

have been evaluated due to some of the relevant Arctic conditions. The impacts and 

sustainability issues from these are presented in Chapter 3.2. 

Additional Environmental Aspects, Stressors and Performance 

 Zero discharges to sea 

 Warm water release to sea 

 Energy use 

The produced water volume is expected to be minimized though this is defined as one 

type of waste, especially in the Arctic areas. This mean increasing interest in 

minimizing the produced water volume transported up to the platform. This can mainly 

be achieved by separation and reduction measures, (Arctic Council - PAME, 2009). 

This mainly requires re-injection of all produced water in Arctic areas, according to 

governmental requirements of the zero discharges to sea target, (Miljøverndepartement, 

2006-03-31) (Miljøverndepartement, 2011-03-11).  
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5 Technical and physical challenges 

In general there are challenges with any activity in the Arctic area, since this is an area 

in an extreme environment which there is still limited knowledge about. There are large 

uncertainties both when it comes to the environmental impacts and the risks with 

increasing activities. This project has aimed at summarizing and getting an overview of 

different areas including regulations and expectations from the Norwegian government, 

Arctic physical environment and some offshore production systems. There are several 

of the areas which could be examined more into details. This report provides an 

overview of some of the challenges we stand in front of.  

Power and Heat generation: 

The largest part of emissions released from offshore production today come from the 

power and heat generation system, which for the Norwegian Continental shelf mostly is 

from gas turbines. It can be concluded that increased focus on mitigation measures and 

higher energy efficiency will be even more important for potential future activities in 

the Arctic. New alternative technology for heat and power generation have been 

developed the last years and will probably continue in the future as a result to policy 

instruments as carbon tax and due to the constraints existing in the Arctic. The 

increasing energy demand for the production operation means that there shall be more 

focus on the total energy efficiency for each platform and possible energy re-use.   

The coming BAT technologies for Arctic areas are of course not sure but will most 

likely be alternatives which increase the energy efficiency and decreases emissions to 

air. At the same time it is necessary to remember constraints as weigh, size and possible 

maintenance limitations existing on offshore facilities. Future alternatives such as 

electrification, combined gas cycle with heat recovery system and possible also some 

renewable energy sources in combination with Carbon capture and Storage (CCS) are 

highly possible in the future.  

Flare system: 

As discussed earlier, continuous flaring is not performed on a regular basis on the 

Norwegian Continental shelf. Since the flaring is not only a way of releasing unwanted 

gas, flaring is also a safety system. In the future, focus will most likely be more 

intensified for reducing the amount of continuous flaring and avoid flaring for 

emergency reasons. This can be achieved by including flare management and also by 

gas recovery, where the gas is re-circulated, in the flare system and operation. One 

challenge is to avoid operational shutdowns or emergency situations to minimize 

flaring, through management measures and new technology.  

Produced Water Treatment: 

The Zero discharges to sea requirement which is mentioned in the management plan for 

Barents Sea and Lofoten will mean increasing re-use or handling the produced water 

without discharge it to the sea. Although there will probably be some discharges from 

operational deviations and these discharges will need to be treated beyond compliance 

of concentration limits.  
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BAT challenges: 

What is considered BAT in general, highly depends on the site and location 

specifications. Although BAT assessment is also a continuing process during different 

phases of a production project, there are new technologies coming up and what is 

considered BAT might change over time. The techniques demonstrated in this project 

might not be the only alternatives, but can be seen as a listing of the most common 

alternatives on the NCS.  

The Arctic conditions, both physical and technical, which can affect and challenge the 

production facility and the operations, should be taken into consideration when 

assessing future BAT. There is also a question regarding whether or not BAT, best 

available technique, is good enough for the Arctic areas.  

There is also a time perspective which should be accounted for, BAT is something that 

changes over time and continuously developing, so preparing for the future is something 

which should be considered. 
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6. Conclusion 

The scope of project has been performed with a broad perspective, looking into different 

aspects within the petroleum activity in Norway as well as future activities. Different 

aspects have been included such as regulation, guidelines and expectations, 

environmental conditions and impacts but also technological aspects.  

To performing any activities which would have social and economic benefits and at the 

same time trying to preserve ecosystems in the world is a challenge which might not 

have a complete solution.  

To reconnect to the research questions stated in the beginning, following 

summarizations are made. 

 Environmental regulations and requirements in Norway are mostly performance 

based when it comes to petroleum activities, but instead Klif has high demands 

on activity applications and assessing on individual case level. There is in 

general an aim for zero discharges to sea and for Norway to become carbon 

neutral in 2050, set by the Norwegian Government. For further listing of 

regulations, guidelines and standards see Appendix IAppendix II, and Appendix 

III. 

 

 When it comes to BAT (Best Available Technique) practices in Norway is this 

mentioned as something which should be used in the petroleum sector. The BAT 

concept has not been further defined form the IPPC-directive in Norway and 

interpretations about what is “available” economically and technically, can be 

discussed further.   

 

 For the three different technical systems studied; power and heat generation, 

flare system and produced water system, the alternatives considered BAT have 

been assessed on a conceptual level. Due to assessing BAT on a complete level 

requires site specific consideration for each individual case, this project can only 

give an indication towards alternatives to be considered, see Appendix IV, 

Appendix VAppendix VI, Appendix VII, Appendix VIII and Appendix IX. 

 

 Any future activities in the Arctic areas will impact the environment, to what 

degree is yet to be answered. Stronger requirements for the areas can be 

expected. Though Arctic activities could affect several nations and environment 

impacts, not just within one country’s boarder but also other Arctic nations. 

There is global interest for international collaboration when it comes to the 

Arctic areas between the Arctic states, and this can only be positive for the area 

in achieving sustainable development.   

 

 Any changes in applying existing BAT in Norway’s Arctic areas is concerning 

zero discharges to sea requirement and minimizing emissions to air. This affects 

the power and heat generation with more focus on electrification and waste heat 

recovery system compared to the traditionally use of gas turbines. Though a 

question from where this electricity comes from and the capacity of providing 

enough, secure electricity in the future are areas which needs further 

investigation, technology development and discussions. There are plans for 

developing and expanding the Norwegian grid, which also includes possible 

electrification from onshore to offshore installations in the future. When it 
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comes to the flare system, an increased expectation for no-flaring techniques is 

high on the agenda. Though there is still an issue with flaring for safety reasons. 

Techniques to reduced continuous flaring by recovery are today available; this 

can hopefully be further developed and used globally. For the produced water 

system, the zero discharges to sea requirements for Barents Sea (and probably 

for the rest of Arctic areas in Norway as well) will prevent any discharges to sea 

during normal operation. The focus lies on developing technology for reducing 

the volume and re-injection of the produced water rather than treatment though 

this is still necessary. There are available technologies today, but these can be 

further developed to gain even more competiveness towards the discharge 

alternative.  

  



     

 

49 

 

7. Discussion and future recommendations 

This thesis has been performed on a conceptual level which also means that there have 

been lots of different areas to cover and to get an overview of, from regulations to 

environmental and science and from the oil and gas industry to technology systems. 

There seems to be deepened natural scientific articles and technical reports written in 

some areas but few which connect both the Arctic conditions and environmental in 

addition to offshore activities. This is something which might be further assessed in 

order not to miss the whole picture and to avoid unnecessary area conflicts.  

In general, there are reports and articles about some physical scientific, detailed area, 

but very little information about the connection science-environment-technology on a 

conceptual level. Of course there should always be topic-deep reports and knowledge, 

but if there is no overview or any area connecting science and technology there might 

be some things we could oversee.  

There are both ethical and moral issues regarding any future petroleum activities in the 

Arctic. The society today is depending on oil as an energy source and since this is a 

non-renewal and finite source which also have high emission levels this is not 

sustainable in the future. The benefits and advantages of especially oil as a transport 

energy source are today superior and there is no full substitution for this energy source. 

In other industries, e.g. automotive industry, there is often a lifetime perspective (e.g. 

performing Life-cycle assessments) for a product and its processes; this might be an 

interesting view to apply for the oil and natural gas extraction and production activities.  

For the future development in the oil and gas industry there seems to be focus on more 

subsea solutions such as extraction, separation and production processes. This demands 

less energy and can provide enhanced recovery as well as providing unmanned 

solutions. Carbon Capture and Storage (CCS) are another area of interest and future 

potential of handling and storage emissions form oil and natural gas extraction and 

production.  

When it comes to the largest source of air emissions at petroleum production facilities, 

the power generation system, there is an increased interest in electrification. This can be 

provided from onshore but also in the long-term future include offshore renewable 

sources like wind or solar energy, in locations with suitable conditions. To electrify 

future production facilities also demands a grid system able to provide the electricity as 

well as increased supply of electricity and infrastructure.  

For the Arctic there are still uncertainties about the impacts any activities will have on 

the environment. What can be said is that the global impact on Arctic is still going to be 

constant and as an effect have increased temperature and melting of ices, independently 

of any petroleum activities. The importance of evaluating the base line in the Arctic 

areas is significant for any future evaluation of impacts and possible mitigation 

measures. This is in order to assess any negative effects from petroleum activities which 

is mostly a local issue while there are also continuous global issues, such as global 

warming, affecting the Arctic environment. It is hard to say that the possible impacts 

and its consequences are from the petroleum industry and therefore it is also very 

important to continue with research and studies including different scenarios and 

aspects. Any decision making should include facts and include a sustainability view and 

the initiations to start petroleum activities would probably be most profitable to the 

environment if it is performed and evaluated on a step to step basis.  
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Since this project has involved several different areas of interest with lots of material 

there has been a challenge to navigate between the information and how deep into the 

details I should investigate. To be able to evaluate on a more detailed level is something 

more common to use, but in this case the challenge was mainly to concentrate on a 

higher level during a certain time period and trying to get an overview rather than a 

detailed picture.  

 

Figure 19: To the left, a top-down approach getting into detailed studies to reach a final target. To the right, a 

more circular approach, this connects different areas of interest to reach the final target. The approach on the 

right hand side has been more used in this thesis project. 

 

The Arctic continent, potential oil and gas exploration and technologies and how to 

manage these are definitely an area to look more into; the combination of politics, 

economy, natural science and technology have too few connecting synergies and often 

parallel investigations and a full view including all these aspects are rarely found. 

Norway has the chance to take a lead when it comes to developing policy instruments 

regulating emissions and discharges from petroleum production and to take a lead 

within environmental technologies, especially for the Arctic areas. Collaboration 

between nations instead of competing is something which could be beneficial and 

increase the speed of technology development to find sustainable solutions. 

One can have arguments both for and against any further explorations and activities in 

the Arctic areas. This is not an easy statement to make when considering all aspects and 

having a global view. What can be stated is that any decisions shall be performed with 

sufficient information and facts as well as discussions. The concept of continuous 

improvement and minimize the environmental impact should be integrated in any 

decisions as well as the environment around us. This is not a static but a dynamic 

process.  
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Appendix II. Existing Standards and Guidelines  
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Appendix III. Expected requirements and guidelines for Arctic 
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Appendix IV. BAT for Power and Heat generation 
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Appendix V. Changes to BAT for Power and Heat generation due 
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Appendix VI. BAT for Flare system 
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Appendix VII. Changes to BAT for Flare system due to Arctic 
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Appendix VIII. BAT for Produced water system 
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Appendix IX. Changes to BAT for Produced water system due to 
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