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Abstract 

When operators must decide between a traditional approach to the production 

facilities and one including multiphase flow meters (MPFM), they must 

compare the capital and operating expenditures (CAPEX and OPEX) of each 

solution. In order to achieve this, CAPEX and OPEX for the same brand of 

test separator and multiphase flow meter were obtained.  

A deterministic economic model was developed for evaluating the economics 

of MPFM and Test Separators. Two cases were considered. Case A 

considered whether it will be more economical to replace a test separator with 

a multiphase flow meter when the test separator is already in place while Case 

B considered which is more economically viable to install between the 

multiphase flow meter and test separator. 

Net Present Value (NPV) for both cases was calculated. Case A gave an NPV 

of $72,630.65 while Case B gave an NPV of $91,064.83. This shows that 

MPFM is a more cost-effective means of obtaining well-test data. Sensitivity 

studies of the economic parameters were also considered and spider diagrams 

presented. 
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Introduction 

 

Until recently, large expensive test separators have been used to separate oil, water 

and gas which are then measured using conventional technology. Multiphase metering 

delivers real-time simultaneous measurement of oil, water and gas eliminating the need for 

test separators. It provides instant information on reservoir production [1]. 

Measurement of multiphase flow is complex, made difficult by the diversity of well 

outputs, crude oil types and operating variables. Successful multiphase flow measurement 

relies on understanding not only the difficulties of measuring multiphase flow but also the 

operating environment. The operating principle of all multiphase meters is to first measure the 

flow velocity (the velocity of the combined phases) and phase fractions [2]. The two 

measurements are then used to determine the flow rates of each individual phase. Other areas 

of application of multiphase metering include: well testing, production metering, comparison 

and measurement for process control. 

This study gives a detailed comparative economic evaluation of both the multiphase 

flow meter and the test separator. This is imperative in order to decide which meter to accept 

or reject. Selecting the best meter for production operations will bring about maximum benefit 

and good return on investment.  

 

 

Assumptions 

 

The following are the assumptions made in this study: 

1. Multiphase meters have a fifteen-year service life; 

2. There is no tax implication to the investment; 

3. There is no salvage value; 

4. Base case of 15% discount is considered. 

 

 

Development of Economic Evaluation Model 

 

A general economic model is proposed to enable management compare the costs of 
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investment on the multiphase flow meter and test separator and take decision.  This model 

considers all costs involved in the evaluation life of the meters. 

The total cost for the MPFM and test separator were obtained separately as shown in Tables 1 

and 3 respectively using the equation: 

Total Cost, TC = - CAPEX – OPEX (1) 

That is, for MPFM: 

TCMPFM = -(CAPEX + OPEX) MPFM (2) 

and for test separator, TS: 

TCTS = -(CAPEX + OPEX) TS (3) 

 

The total cost, TC is then discounted at 15% to obtain the present value, PV (Tables 2 

and 4) given by: 

n)d1(
TCPV
+

=  (4) 

 

That is, for MPFM: 
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and that for test separator is given by: 

TS
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where the inflation compensated opportunity, d = i + f + if; i = interest rate. But, f = 0, hence, 

d = i. 

The Net incremental Present Value (NPV*) is then calculated. This is done by using 

the model: 

NPV* = PVMPFM - PVTS (7) 

Hence, substituting for PVMPFM and PVTS gives: 
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Since both denominators are expected to be the same, it is generally concluded that: 

∑
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n
TSMPFM*

)d1(
TCTCNPV  (9) 

 

When the NPV* is calculated, decision is made as follows [3]: 

• If NPV* is positive, select multiphase flow meter (MPFM); 

• If NPV* is negative, select Test Separator (TS); 

• If NPV* is zero, select either of them. 

Two cases were considered as discussed below.  

 

CASE A 

This section considers whether is it will be more economical to replace a test separator 

with a multiphase flow meter when the test separator is already in place. Table 1 below shows 

the undiscounted cost of both the multiphase phase flow meter and test separator. OPEX and 

CAPEX were obtained through an e-mail message from one of the manufacturers of MPFM 

[4]. 

 

Table 1. Undiscounted total cost for multiphase meter and test separator 

Multiphase Flow Meter Test separator Years  
from start CAPES 

($) 
OPEX 

($) 
Total cost 

($) 
CAPEX 

($) 
OPEX  

($) 
Total cost 

($) 
0 165,000 0 165,000 0 0 0 
1 0 27,600 27,600 0 78,000 78,000 
2 0 27,600 27,600 0 78,000 78,000 
3 0 27,600 27,600 0 78,000 78,000 
4 0 27,600 27,600 0 78,000 78,000 
5 0 27,600 27,600 0 78,000 78,000 
6 0 27,600 27,600 0 78,000 78,000 
7 0 27,600 27,600 0 78,000 78,000 
8 0 27,600 27,600 0 78,000 78,000 
9 0 27,600 27,600 0 78,000 78,000 
10 0 27,600 27,600 0 78,000 78,000 
11 0 27,600 27,600 0 78,000 78,000 
12 0 27,600 27,600 0 78,000 78,000 
13 0 27,600 27,600 0 78,000 78,000 
14 0 27,600 27,600 0 78,000 78,000 
15 0 27,600 27,600 0 78,000 78,000 
 165,000 414,000 579,000 0 1,170,000 1,170,000 
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Table 2. Discounted total cost for the multiphase flow meter and test separator 

Multiphase Flow Meter Test separator Years  
from 
start 

Total 
cost 
($) 

Discount 
Factor 

(%) 

15% PV 
($) 

Total cost 
($) 

Discount 
Factor 

15% PV  
($) 

0 165,000 1 165,000.00 0 1 0 
1 27,000 0.86957 24,000.13 78,000 0.86957 67,826.46 
2 27,000 0.75614 20,869.46 78,000 0.75614 58,978.92 
3 27,000 0.65752 18,147.55 78,000 0.65752 51,286.56 
4 27,000 0.57175 15,780.30 78,000 0.57175 44,596.50 
5 27,000 0.49718 13,722.17 78,000 0.49718 38,780.04 
6 27,000 0.43233 11.932.31 78,000 0.43233 33,721.74 
7 27,000 0.37596 10,375.94 78,000 0.37596 29,323.32 
8 27,000 0.32690 8,022.44 78,000 0.32690 25,498.20 
9 27,000 0.28426 7,845.58 78,000 0.28426 22,172.28 
10 27,000 0.24718 6,822.17 78,000 0.24718 19,280.04 
11 27,000 0.21494 5,932.34 78,000 0.21494 16,765.32 
12 27,000 0.18691 5,158.72 78,000 0.18691 14,578.98 
13 27,000 0.16253 4,485.83 78,000 0.16253 12,677.34 
14 27,000 0.14133 3,900.71 78,000 0.14133 11,023.74 
15 27,000 0.12289 3,391.76 78,000 0.12289 9,585.42 
 579,000  325,387.41 1,170,000  456,094.86 

 

The NPV* was then calculated using equation (9). Here, NPV* was found to be 

$72,630.65 (a positive figure). Hence, MPFM was selected. 

To obtain the breakeven point, the total cost of both MPFM and test separator were 

then discounted at various discount rate and the present value (PV) obtained were used to 

generate Figure 1 below. 
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Figure 1. Plot of Present Value against Discount Factor 
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Figure 1 shows that the MPFM and Test Separator have a breakeven point of 30%. 

MPFM gives a better investment proposal in less than 30% while Test Separator gives a better 

investment proposal in greater that 30%. 

Figure 2 shows the relationship between the CAPEX and OPEX for both MPFM and 

Test Separator. 
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Figure 2. Expenditure curves for MPFM and Test Separator 
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Figure 3. Incremental PV Profile 

 

Also, the incremental present value was obtained from the difference in the present 

values of the MPFM and Test Separator and this was used in generating Figure 3 below. 
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The figure above shows that a net cost of $420,000 occurs at the zero discount axes. 

The intersection of the profile with the discount axis gives a discount of 30%. This indicates 

that investment should be accepted if the cost capital is less than 30% and should be rejected 

if greater than 30%. 

 

Sensitivity Analysis 

Sensitivity analysis is a way of analyzing risk in order to answer the question: what if 

a certain input changes [5]? Thus enabling us to compare changing variables in the base case, 

identify the most critical variable and establish a confidence level in the estimation of input 

data. Below is the sensitivity plot for case A.  
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Figure 4. Sensitivity plot for case A 

 

Case B 

This section considers which is more economically viable to install between the 

multiphase flow meter and test separator. 

Table 3 below shows the undiscounted cost of both the multiphase phase flow meter 

and test separator. 
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The NPV* was then calculated using equation (9). Here, NPV* was found to be 

$91,064.83 (a positive figure). Hence, MPFM was selected. 

 
Table 3. Undiscounted total cost for multiphase meter and test separator 

Multiphase Flow Meter Test separator Years  
from start CAPES 

($) 
OPEX 

($) 
Total cost 

($) 
CAPEX 

($) 
OPEX  

($) 
Total cost 

($) 
0 165,000 0 165,000 150,000 0 150,000 
1 0 27,600 27,600 0 78,000 78,000 
2 0 27,600 27,600 0 78,000 78,000 
3 0 27,600 27,600 0 78,000 78,000 
4 0 27,600 27,600 0 78,000 78,000 
5 0 27,600 27,600 0 78,000 78,000 
6 0 27,600 27,600 0 78,000 78,000 
7 0 27,600 27,600 0 78,000 78,000 
8 0 27,600 27,600 0 78,000 78,000 
9 0 27,600 27,600 0 78,000 78,000 
10 0 27,600 27,600 0 78,000 78,000 
11 0 27,600 27,600 0 78,000 78,000 
12 0 27,600 27,600 0 78,000 78,000 
13 0 27,600 27,600 0 78,000 78,000 
14 0 27,600 27,600 0 78,000 78,000 
15 0 27,600 27,600 0 78,000 78,000 
   579,000   1,320,000 

 
Table 4. Discounted total cost for the multiphase flow meter and test separator 

Multiphase Flow Meter Test separator Years  
from  
start 

Total cost  
($) 

Discount 
Factor 

15% PV  
($) 

Total cost 
($) 

Discount  
Factor 

15% PV  
($) 

0 165,000 1 165,000 150,000 1 150,000 
1 27,000 0.86957 24,000.13 78,000 0.86957 67,826.46 
2 27,000 0.75614 20,869.46 78,000 0.75614 58,978.92 
3 27,000 0.65752 18,147.55 78,000 0.65752 51,286.56 
4 27,000 0.57175 15,780.30 78,000 0.57175 44,596.50 
5 27,000 0.49718 13,722.17 78,000 0.49718 38,780.04 
6 27,000 0.43233 11.932.31 78,000 0.43233 33,721.74 
7 27,000 0.37596 10,375.94 78,000 0.37596 29,323.32 
8 27,000 0.32690 8,022.44 78,000 0.32690 25,498.20 
9 27,000 0.28426 7,845.58 78,000 0.28426 22,172.28 
10 27,000 0.24718 6,822.17 78,000 0.24718 19,280.04 
11 27,000 0.21494 5,932.34 78,000 0.21494 16,765.32 
12 27,000 0.18691 5,158.72 78,000 0.18691 14,578.98 
13 27,000 0.16253 4,485.83 78,000 0.16253 12,677.34 
14 27,000 0.14133 3,900.71 78,000 0.14133 11,023.74 
15 27,000 0.12289 3,391.76 78,000 0.12289 9,585.42 
 579,000  325,387.41 1,320,000  606,094.86 



 

Leonardo Journal of Sciences 

ISSN 1583-0233 

 Issue 11, July-December 2007 

p. 13-24 
 

21 

To obtain the breakeven point, the total cost of both MPFM and test separator were 

then discounted at various discount rate and the present value (PV) obtained were used to 

generate Figure 5 below. Figure 5 show that the MPFM and Test Separator have a breakeven 

point of 69%. MPFM gives a better investment proposal in less than 69% while Test 

Separator gives a better investment proposal in greater that 69%. Figure 6 shows the 

relationship between the CAPEX and OPEX for both MPFM and Test Separator. 
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Figure 5.Plot of Present Value against Discount Factor 
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Figure 6. Expenditure curves for MPFM and Test Separator 
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In addition, the incremental present value was obtained from the difference in the 

present values of the MPFM and Test Separator and this was used in generating Figure 7 

below. 

The figure above shows that a net cost of $550,000 occurs at the zero discount axis. 

The intersection of the profile with the discount axis gives a discount of 90%. This indicates 

that investment should be accepted if the cost capital is less than 90% and should be rejected 

if greater than 90%. 
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Figure 7. Incremental PV Profile 

 

Sensitivity Analysis 

Below is the sensitivity plot for case B. 
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Figure 8. Sensitivity plot for case B 

 

MPFM Market 

According to the North Sea Flow Measurement Workshop (1998), the total number of 

wells worldwide is 904, 420. If MPFM is installed on 1% of wells within 2000 and 2010, it 

means that 9044.2 meters would have been installed in ten years. That is, an average of 904 

meters a year. If a meter cost $165,000 then a market of $0.149 billion exists. Meaning that 

there is enormous market for MPFM. 

 

 

Conclusion 

 

In order to gain the large benefits of multiphase metering, companies will have to 

provide the financial backing to support the development of higher performance meters. 

Multiphase metering systems are most certainty not “fit and forget” equipment in their 

present state of development. They should be developed where there are clear financial 

benefits and where there is real commitment to making them work. 

 



Economic Evaluation of Multiphase Meters 

Samuel S. MOFUNLEWI and Joseph. A. AJIENKA
 

24 

References 

 

1. Mus E. A., Toskey E. D., Added Value of a Multiphase Flow Meter in Exploration Well 

Testing, paper presentation at the Offshore Technology Conference, Houston, Texas, pp. 

1-2, 2001. 

2. Mofunlewi S. S., Evaluating the Efficiency of Multiphase Meter, M. Eng. Thesis, 

Department of Petroleum & Gas Engineering, University of Port Harcourt, p. 2, 2003. 

3. Ikoku C. U., Economic Analysis and Investment Decisions, John Wiley and Sons, New 

York, pp. 145-152, 1985. 

4. Agar Corporation, Cost Benefits of Multiphase Metering, received as E-mail attachment 

from Agar Corporation, p.4-6, 2000. 

5. Ajienka J. A., The Effects of Temperature on the Rheology of Waxy Crude Oils and its 

Implications in Production Operations, A Ph. D. Thesis, Department of Petroleum & Gas 

Engineering, University of Port Harcourt, p. 261-262, 1990. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


