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Abstract: Frequent technological advancements demand extended qualification processes 
for newly introduced techniques. In this context, European Union’s Integrated Pollution 
Prevention and Control (IPPC) directive provides a backbone for evaluating Best 
Available Technique (BAT) and making sustainable decisions. The selection of BAT is a 
challenging process, as frequent technological advancements result in numerous 
innovative solutions. This manuscript illustrates the use of life cycle costing (LCC) as a 
tool for selecting the best available and qualified technique (BAQT) from several 
technically viable alternatives. An industrial case study is carried out to demonstrate how 
to use LCC effectively while comparing two alternatives in initial phase of a project. The 
manuscript also illustrates how to integrate health, safety and environmental (HSE) 
aspects in parallel with LCC principles and make sustainable decisions.  
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1. Introduction 

 Technical systems such as production and process plants demand significant spending 
for maintenance them during their life cycles. The significant spending necessitates that 
right decisions are made at right time to manage physical assets which their technical 
systems in an optimum level over the entire life cycle, i.e., from asset inception to 
decommissioning. In this context, technological progress helps in mitigating adverse HSE 
hazards while maintaining productivity; however, the extent of the contribution depends 
on how well HSE policies are implemented. Successful HSE policies can, furthermore, 
contribute to technological innovations while poor policies can inhibit innovation. For 
example, major attention is currently paid to the execution of the BATs principle in the 
Norwegian offshore oil and gas industry. The words “Best Available Techniques” have 
the following meanings [1]: 

• “Techniques” indicate both the technology used and the way in which the 
installation is designed, built, maintained, operated, and decommissioned 

• “Available” techniques mean that the techniques are developed on a scale which 
allows implementation in the relevant industrial sector, under economically and 
technically viable conditions, taking into account the costs and advantages which 
are reasonably accessible to the operator 

• “Best” means most effective in achieving a high level of protection of the 
environment as a whole 

 In order to minimize differences in the application of BATs across European Union 
member states, a series of BATs Reference documents (BREFs) have been introduced [2]. 
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      However, many offshore oil and gas operator companies do not have sufficient 
technical confidence or knowledge to implement new innovative techniques described in 
the BREFs on the Norwegian Continental Shelf (NCS) [3]. One of the reasons is that most 
of the BATs illustrated in BREFs are developed for onshore applications. In many cases 
the techniques will be new for application in the offshore oil and gas industry due to the 
variability of the technical challenges from field to field, the complexity of systems with 
limited physical space, and a limited experience with harsh, remote, and sensitive 
environment [4]. Hence, we have suggested that a technique qualification process may 
help to overcome some of these drawbacks in selection of the BATs. 
 A company which is responsible for the integration of a new technology into a large 
system needs to evaluate the effect on the total system’s reliability through a robust, 
effective and efficient technology qualification procedure to increase the level of 
confidence. For example, the technology classification process given by DNV–RP-A203 
[5] helps to identify the required qualification level based on the maturity level.  
 To develop confidence in technology, the offshore oil and gas industry have suggested 
extended technology qualification processes to reduce operational risks. Focus is on 
reducing uncertainties by increasing reliability [5, 6]. However, most of the extended 
qualification programs are focused on element level qualification providing information 
on the technical viability of a system [5]. Although technical viability is a conditional 
requirement to qualify a technique as a whole for a particular purpose, economic, 
environmental, health and safety are other prime important aspects to be evaluated 
according to the BATs principle [7].  
 An LCC analysis may be a cost-effective model for predicting the environmental, 
health and safety impact [8, 9]. It also provides a long-term overlook of techniques to 
compare technical viable alternatives. In general, determination of costs is an integral part 
of the asset management process. LCC is commonly used particularly in economic 
appraisal, financial appraisal, value management, risk management, and demand 
management [9, 10]. In general, the HSE aspect in terms of cost figures is often omitted in 
most conventional LCC analysis [9].   
 In this paper, our aim is to present how to integrate LCC appropriately in BATs 
assessments to determine the best available technique from technically viable alternatives. 
In addition, in this paper, LCC is used as a tool to compare the available alternative 
techniques at the initial phase of a project with respect to cost implications. Furthermore, 
we discuss the usefulness of the LCC approach for oil and gas operating companies in 
making sustainable investment decisions based on BATs. A case study related to the 
selection of power supply systems for offshore oil and gas installations illustrates the 
method.  

2. Selection of Best Available Technique at Company Level 
 
     Two widely-used BATs determination methods have been presented in the literature: 
the Reference Installation Approach [11] and the “Vlaamse Instelling voor Technologisch 
Onderzoek (VITO)” methodology introduced by the Flemish Institute for Technological 
Research [12].  In the VITO approach, considerations of technical feasibility are discussed 
as the first step in determination of BATs, followed by evaluation of environmental and 
economic aspects [12]. However, assessments of new technical solutions are not well 
addressed in the literature. 
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Figure 1: Selection of the Best Available Qualified Technique from available New and 

Conventional Solutions 

 In Figure 1, we have listed the essential steps involved in selecting the best available 
technique at company level considering the VITO approach and integrating a technology 
qualification process for new technical solutions. 
 Initially, available techniques are identified from accessible resources such as the 
BREFs and country-specific solutions. Identification of the geographical location and the 
site-specific conditions are significant in evaluating the technical viability of the 
alternatives. In this process, to streamline alternatives, analysis of the technical viability is 
given first priority. Furthermore, ongoing technology qualification procedures such as 
DNV- RP-A-203 [5] will be beneficial in assessing the technical viability of new 
techniques. Technically viable alternatives will be further evaluated using economic 
criteria and analysis to make the final decision on BATs. In this study, LCC is considered 
to identify the cost implication of the various technological and operational alternatives 
over the life cycle.  
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3. Life Cycle Costing: Definition and Applications 

 The Life cycle cost of a product/system encompasses all the economic implications 
during the life cycle, and therefore it also includes such financially measurable items as 
energy recovery, fines for pollution, operation and maintenance cost, cost for human 
safety, and decommissions [8, 14]. Life cycle cost analysis is addressed in the literature 
for different purposes. It was first used by the US Department of Defense in the mid-
1960s [8, 9]. Nowadays, such analysis is commonly used in the military sector as well as 
in the construction industry. Life cycle cost analysis involves monitoring the cost drivers 
in a selected alternative throughout its life to facilitate accurate and timely decision-
making on how these costs can be minimized [23]. It is also used in industrial and 
consumer product areas, where each user controls only a portion of the actual life cycle of 
a system [15]. Furthermore, ISO 15663-2 [15] defines Life Cycle Costing (LCC) as “the 
process of evaluating the difference between the lifecycle costs of two or more alternative 

options”.   
 LCC is also used in different phases of a project for assessing various alternative 
aspects such as the economic viability of products and projects and identification of the 
cost drivers and cost efficiency improvements, in evaluations of different strategies for a 
product’s operation, maintenance, inspection, and so on [16, 18]. Life cycle costing also 
determines the cost-effectiveness of alternative investments and business decisions from 
the perspective of the economic decision makers [13, 14]. Most system engineering and 
management decision makers seek the support of life cycle costing to estimate whether 
new systems or modified systems will meet the functional requirement at a reasonable 
cost during the system’s life cycle [17]. Therefore, it can be concluded that life cycle 
costing can be used both in monitoring the cost drivers in a selected alternative and in 
comparing alternative solutions. In this paper, the LCC method is used in the case study to 
determine cost implications and to compare technically viable alternatives. 
 Cost models used for LCC may range from simple to complex, and are essentially 
predictive in nature [8]. LCC parameters, such as the system's physical environment, 
usage demand, reliability, maintainability, labor, energy, taxes, as well as interest rate and 
inflation, may have a great impact on the life cycle cost results [9]. There are various ways 
of doing LCC, for example, by using analogy models, parametric models, or engineering 
cost models. In addition, cost estimation techniques such as the use of expert judgment, 
use of cost estimating relationships and activity based costing, can be used for the LCC of 
a system [17]. The choice of method is dependent on available resources, time, data, 
system cost assessments, and the need for accuracy. 

3.1 Costs for Environmental Threat 

 Determination of cost implications of the social and environmental aspects is 
important in the life cycle cost analysis of systems [8]. Currently, environmental 
objectives are merged with economic policies. In this paper, LCC has been suggested as a 
cost-accounting system to include environmental costs (e.g., taxes and fees on emissions, 
resource consumption costs, demolishing costs, recycling and environmental permit costs) 
that normally appear outside the boundaries of traditional accounting systems. Allocation 
of costs for environmental damage is rather difficult in practice, especially due to the 
difficulty in assigning the discount rate and the determination of time frame [8]. In 
addition, costs related to environmental pollution and the consequences of accidents are 
rather difficult to estimate. Moreover, driving forces which reflect environmental damage 
cost are case-specific. 



                Life Cycle Costing as a Tool for Selecting the Best Available and Qualified Technique for              253 
Managing Physical Assets 

 

3.2 Cost Estimation of Health and Safety Losses 

 Workplace injury, illness and fatalities continue to be a significant international 
economic issue [19]. In determination of cost figures related to health and safety 
implications, the identification of drivers is important at the early stage. In this paper, we 
consider the working hours lost due to occupational injuries as an indicator for health and 
safety performance. In an LCC analysis the health and safety loss should be measured in 
economic terms, which may face some of the same problems as for environmental 
accounting [14], since, it is rather difficult to estimate costs associated with adverse 
unplanned events such as a serious injury and accidents [20]. Better health and safety 
performance may improve a company's long-term financial performance as well as the 
goodwill of a company. Consequential costs that impact a company's image and 
reputation should be identified through a risk analysis as part of the costs for the system's 
operation and maintenance phase [8]. 
 In this paper we will assume that risk analysis be carried out to ensure that fatalities be 
limited to, say FAR (Fatality Accident Rate) values in the range of five to ten (FAR value 
of one is equivalent to one fatality per 108 working hours). We will also assume that the 
different techniques pose the same FAR values. 

3.3 Operational Expenses (OPEX) 

 The operational expenses (OPEX) consist of operation costs, energy costs, 
maintenance costs and logistic support costs [16]. Similarly, maintenance costs can 
mainly be divided into preventive and corrective maintenance. Corrective maintenance 
involves repairing or replacing a component or system that has failed according to its 
performance criteria, whereas preventive maintenance is carried out to prevent a 
component or system from incipient failures [21]. For example, maintenance costs for 
manhours can be determined using the following equations as given in NORSOK standard 
: Life Cycle cost for systems and equipments [10].  
Corrective maintenance man-hours per year = λT * 8760* MTTR* M* A,  
where, λT is the average failure rate as number of failures per hour (Equals to 1/Mean 
Time Between Failures), MTTR refers to Mean Time To Repair, “M” is Man-hour Rate, 
“A” is number of men required to do the work 

Preventive maintenance Man-hours per year = No. of times per year* Man-hours* Man-
hour rate.  
Maintenance costs can also be estimated using expert knowledge and using numerous 

predictive maintenance cost models [21]. 

3.3 Essential Steps involved in the LCC Method for Selection of the Best Available 

Qualified Technique 

 The essential steps involved in the LCC approach for comparing the available 
technique are presented in Figure 2. The available techniques include systems and 
subsystems (i.e., the technology and activities related to design, installation, commission, 
operation, maintenance and decommission). Furthermore, the physical breakdown of the 
technique will help to identify the main components in the system whereas the activity 
breakdown will describe the necessary activities involved (e.g., management, 
procurement, fabrication, construction and testing). At the beginning of a study, it is vital 
to identify the stages of the life cycle of a technique (i.e., design and planning, 
construction, transportation of equipment, equipment installation and testing, operation 
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and maintenance, and decommission). However, it is important to clarify that one is 
primarily interested in comparing techniques that result in different costs for the 
alternative solutions. The life cycle costs of a technique can be broken into cost categories 
as shown in Figure 3. The estimation of significant costs over the life cycle can be 
performed with the aid of sources such as scientific literature, databases, cost forecasting 
models, data from manufacturers and producers, technical reports, statistical data, 
parametric models, and by comparing with similar designs. Therefore, it is of utmost 
importance that a risk analysis considering the uncertainty and sensitivity of the data and 
the model itself be performed to increase the reliability and trust in the analysis [13]. 
However, the results of the LCC will be highly dependent on the accuracy and reliability 
of the cost data.  
 At the beginning of a study, the project base date (date to which the cost figures are 
discounted) and the service date (implementation date) should be established [9]. The cost 
figures related to a technique occur at different points in time and must be discounted into 
their present value at the base date. The discount factor used to transform the value of 
money spent in the future to present time varies among organizations, investors, etc. [8,9]. 
Figure 4 presents the equations used to calculate the present value at the base date. In 
summary, the life cycle cost (achieved by adding the costs required for the different 
expenditures presented in Figure 3) include elements from capital expenditure (CAPEX), 
operational expenditures (OPEX), health and safety expenditures (HSEX), environmental 
expenditures (EEX) and decommission costs (DEX). 
 

Identification of life cycle of the Best Available 

Technique

Identify the materials and services needed, 

activity breakdown structure and physical 

breakdown structure of the Best Available 

Technique

Identify  life cycle cost elements

Gather data related to cost estimation and cost 

models

Prepare a cost breakdown structure tree

 Perform risk and sensitivity analysis of high 

costs and identify causes

Study risks of high cost items

Use  results for final decision making on 

qualifying the Best Available Technique

Historical data, forecasting 

models, data from manufacturers

and suppliers, parametric 

models, experts, etc.

Select discount factor and calculate  cost

 
Figure 2: Steps in LCC for comparing Available Techniques 
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Figure 3: Breakdown of Various Cost Figures 
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Figure 4: Equations for LCC [9] 

4. Case Study: LCC of Alternative Power Supply Solutions 

4.1 Background  

 The power supply system of an offshore oil and gas production facility is addressed by 
the IPPC directive under the category of “combustion plants over 50 MW capacity” [1]. 
Power for an offshore production facility is conventionally supplied using gas or diesel 
driven turbines. However, most gas or diesel turbine applications have low efficiencies 
under the best operating conditions, resulting in high emission and high power 
consumption. As an alternative, “Power from shore to offshore” is one of the country-
specific new BATs currently being under implementation on the NCS to overcome some 
of these drawbacks [3]. Figure 5 illustrates the conceptual technical solution. It consists of 
an onshore power station connected to a substation on an offshore platform via a (100 km 
length) subsea cable.  
 For this case study analysis, we assume that the new oil and gas field is located in the 
northern part of the NCS, electricity power demand to the production facility is 100 MW 
per year, and one of the technical solution alternatives is to receive power from the 
Norwegian national power grid. We consider “Power supply from shore to offshore” as a 
technically viable solution by assuming that the technique is qualified using a 
qualification procedure. For example, ongoing qualification processes used in the offshore 
oil and gas industry may help to confirm its technical feasibility. 
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Figure 5: Overview of a Technical Solution selected in a BATs Case Study  

4.2    Data Collection 

 Informal and formal interviews and reviewing of archival data on the technique (e.g., 
BATs assessment reports, management reports, minutes of meetings, annual reports, and 
BREFs [2]) were carried out at the start of this study. To get feedback from experts for 
improvements, the research idea of posing a requirement to technique qualification in the 
BATs assessment was presented to companies, at conferences and to governmental 
bodies, such as the Norwegian Petroleum Safety Authority in Stavanger. Thereafter, the 
estimation of cost implications was supported by historical data, UK HSE databases [19], 
manufacturers’ data, literature, technical reports, statistical data, suppliers’ and operator 
companies’ annual reports as well as expert judgments.  

4.3   LCC Analysis of the Power from Shore System 

 In performing an LCC analysis, it is quite vital to identify the stages in the life cycle 
(e.g., design and planning, construction, installation and testing, operation and 
decommission). In addition, parameters such as the discount factor and the lifetime of the 
system must be established prior to the start of the cost estimation. The discount factor can 
be either the real discount factor, which excludes the rate of inflation, or the nominal 
discount factor which includes the rate of inflation [15]. In most LCC analysis, to 
eliminate the complexity of accounting for inflation within the present value equation, the 
real discount factor is used. In this case study, we use the real discount factor. When the 
LCC is concerned with  social and environmental perspectives, the real discount factor 
lies between 2 % and 7 % [23]. In this study, we assume 5 % as the real discount factor 
and the lifetime as 16 years. Companies often use higher discount factors to gain more 
benefits on their investments [9]. 

4.3.1 Capital Expenditure (CAPEX) 

 The CAPEX includes material costs (e.g., equipment and machinery, building, 
engineering) and service costs (e.g., cost for planning, construction, installation, and 
testing). The estimated costs for the system’s materials and the services are about 1100 
MNOK with ±25 % accuracy. Table 1 shows how the material and the service costs are 
distributed in accordance with the physical breakdown of the system (as percentages). 
However, the cost figures may vary depending on the type of equipment selected, 
manufacturer, etc.  
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Table 1: Contributing Percentage from each activity as estimated in 2010 (Example) 

 

4.3.2 Cost for Operational Expenditure (OPEX)  

 The operating costs mainly include the costs of energy and maintenance. The energy 
costs are dependent on the pricing of electricity from the regional grid. The production 
facility requires 100 MW power per year (876 GWh per year). The average electricity 
wholesale price in Norway is considered as 320 NOK per MWh (2010) [24, 25]. This 
results in a total energy cost of 280 MNOK per year. However, the estimated value may 
deviate based on the power demand and electricity price changes due to seasonal 
variations. 
 Maintenance costs can be estimated using expert judgment of costs incurred for 
various activities. Preventive maintenance is not performed for the subsea cable unless the 
seabed is unstable and there is a specified requirement for periodic inspections of the 
buried cable. Bresesti et al. [26] estimate that the total maintenance costs for all subsea 
cable systems is 0.2 million Euro per year (about two million NOK per year in 2010) for 
both alternating current and direct current transmission systems. The yearly maintenance 
costs of the substations are assessed at 0.4 % of the total investments for the transmission 
link [26]. In this case study, the investment cost for the transmission link is 84 % of 1100 
million NOK. Therefore, the maintenance cost for the substations is approximately four 
million NOK per year. Hence, the maintenance cost for the total system is six million 
NOK per year in 2010. However, subsea cable owners must have a well developed 
preparedness plan to minimize the costs related to delay in necessary corrective 
maintenance.   

4.3.3 Costs for Environmental Pollution (ENEX) 

 The environmental pollution  costs have been estimated from environmental pollution 
penalty taxation owing to emissions from  the source of power supply. Moreover, about 
99 % of the Norwegian electricity supply to the Norwegian national grid is from 
hydropower [27]. However, 100 % hydropower generation is not possible during six 
months per year (winter). Hence, to satisfy the demand during the winter, power is 
commonly imported from Nordic countries (Sweden, Denmark, and Finland). 
Furthermore, the power availability during the winter season is dependent on consumers’ 
demand as well as the reliability of the grid.  
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Figure 6: Kilograms of CO2 released per megawatt hour of Power Generation from 2000 to 2007 in 

Nordic countries 

 The calculation has been done considering that the oil and gas installations can receive 
100 % of the total supply needs from the grid for  six months in a year and  50 % of the 
total supply for the remaining six months. Figure 6 shows the pattern of  CO2 emission in 
producing one MWh in Nordic countries from 2000 to 2007. The expected value of kg 
CO2/MWh can be obtained considering  the average value over the period of eight years. 
For example, for power imported from Finland, the average CO2 emission  is 298 kg 
CO2/MWh. We assume that the winter season lasts for six months in a year, the CO2 tax 
paid to the government is 340 NOK/t, the power demand for the installation is 100 MW 
including transmission losses, and CO2 emission from Norwegian power generation 
technologies is  2.13 kg CO2/MWh [22]. Table 2 shows the results of the calculations for 
power imported from Nordic countries. In addition, in this study, power imported from 
Finland has been considered for comparison of alternatives.  

Table 2: Penalty Tax Cost for CO2 Emission for supplying 100 MW in the case of Power Import 
from Nordic countries (CO2 Penalty Cost) 

 
Yearly electricity supply combination 

Average 
CO2 

(kg/MWh) 

Required energy 
(MWh/ per year) 

CO2 emission  
(t/year) 

CO2 penalty 
cost  (million 

NOK /per 
year) 

Electricity imported from Finland (50 % of  
total supply for 6 months) 

298 216 000 64 368 22 

From  Norwegian grid (50 %  of  total 
supply for  6 months  and 100 % supply for  
6 months) 

2.13 660 000 1 380 - 

Electrcity imported from Denmark (50 % of  
total supply for 6 months) 

632 216 000 13 6512 46 

From  Norwegian grid (50 %  of  total 
supply for  6 months  and 100 % supply for  
6 months)  

2.13 660 000 1 380 - 

Electricity imported from Sweden (50 % of  
total supply for 6 months) 

47.7 216 000 10 303 4 

From Norwegian grid (50 %  of  total 
supply for  6 months  and 100 % supply for  
6 months) 

2.13 660 000 1380 - 
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4.3.4 Cost for Health and Safety Losses (HSEX) 

 It is a challenge to identify key indicators which reflect the health and safety 
performance. One of the major reasons is difficulties in allocating a value for human 
fatalities and injuries. In this analysis, we have only considered the associated costs for the 
lost working hours as a result of injuries in offshore operations. Furthermore, the 
occurrence of accidents may be modeled as a homogenous Poisson process resulting in 
the expected number of accidents being equal to the mean number of accidents [8]. We 
have therefore considered the average value of hours lost due to all injuries per million of 
working hours over  a period from 2001 to 2008 as shown in Figure 7.  
 Figure 7 is developed based on the data provided in the Norwegian Petroleum Safety 
Authority [28] by assuming daily working hours of 12 hours per day and 100 work-hours 
lost per injury [19]. According to Figure 7, on average 2200 working hours are lost per 
million working hours due to injuries in operation and maintenance tasks. Considering 
average working hours per year as 2.2 million hours, it can be calculated that the total 
working hours lost in operation and maintenance tasks is about 5000 hours per year. 
Hence, for operation and maintenance tasks, costs can be estimated by assuming an hourly 
skilled labour rate of 1100 NOK resulting in a cost for health and safety loss of  six 
million NOK per year (in 2010). The six million NOK includes costs for helicopter 
transportation (one million NOK), assuming that the costs for one helicopter travel is 6500 
NOK and  the number of travels per year is 50. 

 
Figure 7: Lost working hours due to injuries during 1999-2008 in the offshore oil and gas 
operations on the NCS for operation and maintenance 

4.3.5 Decommission Costs (DEX) 

 Complete removal, partial removal and re-use for other purposes are commonly 
practiced decommission options. Moreover, abandonment strategy has to conform with 
the national or international laws. For instance, the regulations of disposal at sea in 
Norway (including decommissioning of offshore installations), is governed by the Oslo 
and Paris Commission (OSPAR) and the Norwegian Petroleum act of 1996. However, the 
authority requirements for possible removal of subsea pipelines and power cables is still 
unclear. In addition, the decommission cost is highly dependent on the abandonment 
strategy. Experts in an engineering service providing company in Norway estimate that 
approximatley three million NOK (2010) is necessary for the removal of one km length of 
a subsea cable. In this case, we assume that the authority requirement is to remove the 
subsea cable completely. Since, the subsea cable is 100 km in length, 300 million NOK is 
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required for complete removal of the subsea cable. To calculate the decommission costs of 
the offshore substation, we use the data from a recent decommission project (i.e., Ekofisk 
decommission plan) in which the complete removal of a metric ton on a platform costs 
50,000 to 55,000 NOK (2010) [29]. Hence, the decommission cost for complete removal 
of the offshore substation (e.g., transformers on the platform) can be calculated as six 
million NOK (assuming that the weight of the substation is 110 metric tons). Therefore, 
the decommission cost of the system is estimated at 306 million NOK. The operator 
companies can estimate the cost figures more accurately based on their abandonment 
strategy and authority requirements. 

5. Gas Turbines with Waste Heat Recovery Unit (WHRU) System 

 In this study, to compare the alternatives, we have considered a system consisting of 4 
X 25 MW capacity gas turbines with WHRUs as the base case. Similarly, the life cycle 
cost of a gas turbine system is estimated using the essential steps given in Section 3.3. 
Table 3 provides the necessary data used in calculation of the life cycle costs of the 4 X 25 
MW capacity gas turbines with WHRUs and Table 4 presents the summary of the 
calculations. 

Table 3: Parameters and Values used in Calculation of LCC of Gas Turbines with WHRUs 

Table 4: Summary of the Life Cycle Costs of 4X 25 MW Gas Turbines with WHRUs 

Capital expenditure (CAPEX) 1170 MNOK 

Operational expenses (OPEX)  
Maintenance costs (16 million NOK/year X 4)  64 MNOK/year 

Fuel costs   

     Required energy ( see section 4.3.2) 876 GWh/year 
     Required amount of fuel per year (876 GWh/(10.8 kWh/sm3) ) 81.1 million sm3/year 
Estimated fuel cost (1.57 NOK/sm3 X 81 million sm3/year /40 %) 318 MNOK/year 

CO2 penalty costs (EEX)  
 CO2 emission  218750 t/year 
Estimated  costs for CO2 (340 NOK/t X 218750 t/year) 75 MNOK/year 

Costs for health and safety loss (HSEX)  
 Lost working hours  7000 hours/year 
 Cost for helicopter transportation 1 MNOK/year 
Estimated costs for health and safety loss (1100 NOK X 7000 h/year + 1 
MNOK/year) 

8 MNOK/year 

Decommission costs (DEX)  

 Weight of the gas turbine system 440 t 
Estimated decommission costs (55000 NOK/t X 440 t) 25 MNOK 

Parameter Value Reference 

Life cycle of the system (Years) 16  

Real discount rate (%) 5  

CO2 tax or trade value (NOK/t) 340  
Average exchange rate ( NOK/Euro) 8.00  

Average exchange rate ( NOK/US dollars)  5.65  

Size of the gas turbine unit (t) 110 [19] 

Gas turbine maintenance costs per 25 MW unit with WHRU in 2010 (million 
NOK/year) 

16 [24] 

Gas turbine efficiency under improved performance 40 % [24] 

Fuel sales value in 2010 ( NOK/sm3) 1.57 [24] 

Fuel to electricity conversion at 100 % efficiency (kWh/sm3) 10.8 [24] 

Decommission cost (NOK/t) 55000 [29] 
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6. Comparison of Alternatives  

 The significant life cycle costs are presented in Table 5 for both systems. Moreover, 
the equations presented in Figure 4 are utilized in discounting the costs to the base year.  

Table 5: Comparison of Alternatives considering Cost Categories and Present Values 

Present values for real discount rate 5 % (2010)  
Cost categories Base case: Use of 4 x 25 MW gas turbines 

(MNOK)  
Power from shore 
(MNOK) 

CAPEX 1170 (19 %) 1100 (24 %) 

OPEX  4163 (67 %) 3100 (67 %) 

EEX 813 (13 %) 228 (5 %) 

HSEX 87 (1 %) 65 (1 %) 

DEX 11 (less than 0.5 %) 140 (3 %) 

Life Cycle Cost 6244 (100 %) 4633 (100 %) 

Note: EEX refers to environmental pollution costs, HSEX refers to health and safety loss costs and DEX refers 
to decommission costs 

 In Table 4, we observe that the OPEX is the major cost driver in both systems 
accounting for about 67 % of the life cycle costs. In the alternative, the electricity pricing 
can be considered as the major cost driver in the OPEX, contributing to 98 % of the 
OPEX. It can also be seen that the alternative has 5 % of total cost for EEX where that of 
the base case has 13 % of total costs. From the environmental point of view, the results 
indicate that the alternative helps to reduce the pollution due to CO2 emission to a certain 
extent. The uncertainty of the calculation can  be assessed in relation to the confidence of 
the input data using the following equation, assuming that cost elements  are independent 
and normally distributed [15]: 

 
where,  = the total standard deviation,    = standard deviation for a cost element “e”.  
 To estimate the risk, it is important to conduct a sensitivity analysis on the results 
finalizing the decision regarding the best available technique. Moreover, consideration of 
the effect of variation in the real discount factor and accounting for the change of cost 
implications will help to improve the robustness of the final solution. Figure 8 shows how 
cost figures are varying with the discount factor (between 2 % and 9 %) and with + or – 
25 % changes in cost items. Increasing the discount factor results in a decrease in the cost 
difference between alternatives. A 25 % decrease in the life cycle cost of GT (Gas 
Turbines) overlaps with the life cycle cost of the PFS (Power From Shore). Similarly, 
further analysis can be carried out to find the effect on the selected alternative due to 
variations of CO2 tax, electricity pricing, decommission options, gas turbine efficiencies, 
and fuel prices before making the final decision. Furthermore, uncertainties can be further 
analyzed using a method like Monte Carlo simulations.  
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Figure 8: Comparison of the net present costs when varying the discount rate from 2% to 9% 

7. Conclusions and Discussion  

 Selection of the best available technique at company level has become a challenging 
task when dealing with new techniques. A technique qualification process should initiate 
the BATs selection process by identifying technically viable options. Subsequently, the 
LCC methodology provides a clearer overview of each technique before making the final 
decision. LCC can serve as a measuring tool in the evaluation and includes the 
environmental, health and safety, and financial measures required to move towards a 
sustainable development. However, the majority of risks stem from uncertainty or lack of 
data, especially in the case where a new technique is introduced. In the short to medium 
term, the availability of a reliable operating and supporting cost data basis is seen as a 
potential obstacle for successful introduction of LCC. Moreover, most key cost figures are 
not publicly accessible. In addition, LCC is a time-consuming task since it involves case 
by case analysis of the techniques to be considered.   
 The case study has been carried out to illustrate how cost items can be estimated in 
different stages of a system’s life cycle. It also identifies additional activities required for 
comparing alternatives. In this case study, the environmental aspects have been evaluated 
only with respect to penalty tax costs due to the CO2 emission. The analysis would be 
more accurate if other emissions such as NOx, SO2 and solid waste penalty costs were 
included as well. Furthermore, site-specific cost evaluations based on the characteristics 
of the physical operating environment are quite important, especially in safety-critical 
systems in the offshore oil and gas industry.  
 Based on the analysis it can be concluded that LCC analysis may be a helpful tool in 
making decisions at initial phase of a project regarding the best available and qualified 
technique considering economical aspects. Among different qualified techniques, LCC 
analysis can be used as a tool for comparing the available qualified techniques that 
satisfies the conditions given in the IPPC directive.  
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