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Appendix A  
The single phase assumption for the calculation of chemical exergies (mentioned in Section 

3.1.4) was tested to see what effect it would have on the total exergy of a stream. The 

wellstream in the gas plateau case was tested. First, the gas-to-liquid ratio was determined 

for each component ‘i’ in the flow as in the equation below.  

 

(Gas to liquid ratio)i =
(𝑔𝑎𝑠 𝑝ℎ𝑎𝑠𝑒 𝑚𝑜𝑙𝑎𝑟 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒)𝑖
(𝑙𝑖𝑞𝑢𝑖𝑑 𝑝ℎ𝑎𝑠𝑒 𝑚𝑜𝑙𝑎𝑟 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒)𝑖

 

 

Components with a ratio less than 0.1 were considered to be liquid, and those with a ratio 

over 0.9 were considered to be gases. For the remaining ‘two-phase’ components (C8 – C11 

in this test), standard chemical exergies were calculated as described in Section 3.1.4 (for 

their gaseous phases) or found in tables (for their liquid phases). The total exergy of the 

wellstream (including thermomechanical exergy) was determined for the case where the 

‘two-phases components’ were considered liquids and the case where the ‘two-phase’ 

components were considered gases. The difference in exergy flows of the streams was 

calculated to be 0.005% (9666.003 MW vs 9666.52 MW). A negligible difference. It is 

assumed that this effect of the single phase assumption, will be of a similar order of 

magnitude in the other platform cases.  
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Appendix B  
When calculating the standard chemical exergy of a hydrocarbon, the absolute entropy of 

the hydrocarbon is needed. This information was not available for the hydrocarbon chains 

C19 and C20 in the liquid phase, requiring an extrapolation of the liquid phase absolute 

entropies of C11 to C18. The absolute entropy of the C11 – C18 increased linearly in relation 

to the increasing number of hydrocarbon carbon molecules as shown in the figure below. 

This trend was assumed to continue for C18 and C19.  
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Appendix C  
Reference library for the calculation of standard chemical exergies of hydrocarbons. 

 

 

 

The chemical exergy calculation worksheet on the next page was created in order to 

calculate the standard chemical exergies of those hydrocarbons not included in Kotas’ 

tables. The chemical exergies of a number of the components that are included in Kotas’ 

table are also calculated in order to check the calculation method used. 

The chemical exergies have been calculated (using Equations ( 3-10 ),( 3-11 ) and ( 3-12 )) for 

both the gas and the liquid form of each component, when possible, in order to check the 

magnitude of the phase change exergy and evaluate whether this is necessary to include. 

  

Library: reference

20170 kJ/kmol Kotas

3120 kJ/kmol Kotas

3970 kJ/kmol Kotas

213.69 kJ/(kmol*K) M&S

69.95 kJ/(kmol*K) M&S

205.03 kJ/(kmol*K) M&S

-393520 kJ/kmol M&S

-285830 kJ/kmol M&S

0 kJ/kmol M&S

    T0 298.15 K

where:

ΔFH° = Enthalpy of formation

ΔCH° = Enthalpy of combustion

ΔS° = Entropy change

= Specific chemical exergy

= Absolute entropy

= Enthalpy of formation

𝒆̅ 
  
𝐶𝑂2

𝒆̅ 
  
𝐻2𝑂 (𝑙)

𝒆̅ 
  
𝑂2

𝑠̅𝐶𝑂2

𝑠̅𝐻2𝑂 (𝑙)

𝑠̅𝑂2

ℎ̅ 𝐶𝑂2

ℎ̅ 𝐻2𝑂

ℎ̅ 𝑂2

𝒆̅ 
  

𝑠̅

ℎ̅
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Chemical exergy calculation worksheet. 
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Appendix D  
Calculation of the kinetic and potential exergy of the oil export pipeline flow on the oil 

platform. 

  

  

 

  

Kinetic exergy negligible

Appropriate pipe dimensions and flow velocity for oil platform oil export pipe 

calculated using internal Aker Solutions calculations software: 

Diameter: 10", giving V = 6m/s

Ek = (V^2)/2 = 18.22 J/kg

 = 3679 J/kmol For M = 201.9 kg/kmol

 =3.7 kJ/kmol

 = negligible

m2/s2 = (kg.(m/s2).m) /kg = (Nm) /kg=J/kg

Potential exergy negligible

E
P
 = gz         = 9.82 m/s2 x 30m

= 294.6 J/kg

= 59479 J/kmol For M = 201.9 kg/kmol

= 59.5 kj/kmol

= negligible



6 
 

Appendix E  
Mass, energy and thermal energy balances for each of the cases, calculated by subtracting 

the outlet streams from the inlet streams. It can be seen that the mass and energy balances 

are very close to zero. The in-out difference is negligible. The thermal energy balances do 

however have a small differential due to the way the thermal energy is calculated. The 

ramifications of this are mentioned in Section 5.4. The mass and energy balances are the 

same, independent of the electricity’s source which is why the ‘Nor. Hydro’ and ‘German CC’ 

balances have been left blank.  

 

   

Mass balance Energy balance "Thermal Energy balance"

kg/h % Inlet MW % Inlet MW % Inlet

2a - Oil plateau 0.78 3E-05 0.00360 -5E-05 -8.07 -0.093

2a - Oil late-life -0.15 -7E-06 0.00302 -3E-05 -5.71 -0.194

2a - Gas plateau 1.94 1E-04 -0.00003 2E-07 -12.56 -0.145

2a - Gas late-life -0.06 -2E-05 -0.00008 1E-06 -7.46 -0.258

2b - Oil plateau 0.10 4E-06 0.00360 -5E-05 -6.61 -0.076

2b - Oil late-life -0.15 -6E-06 0.00302 -3E-05 -2.40 -0.081

2b - Gas plateau 0.21 3E-05 -0.00003 2E-07 -10.25 -0.118

2b - Gas late-life -0.06 -2E-05 -0.00008 1E-06 -3.65 -0.125

2b_O_p + N Hydro -6.61 -0.076

2b_O_ll + N Hydro -2.40 -0.080

2b_G_p + N Hydro -10.25 -0.117

2b_G_ll + N Hydro -3.65 -0.125

2b_O_p + German CC -6.61 -0.075

2b_O_ll + German CC -2.40 -0.080

2b_G_p + German CC -10.25 -0.117

2b_G_ll + German CC -3.65 -0.124

2c - Oil plateau 0.70 3E-05 0.00364 -5E-05 -2.60 -0.030

2c - Oil late-life -0.15 -6E-06 0.00302 -3E-05 -0.87 -0.029

2c - Gas plateau 2.71 4E-04 -0.00219 2E-05 -8.15 -0.093

2c - Gas late-life -0.94 -4E-04 0.00023 -4E-06 -2.69 -0.092

2c_O_p + N Hydro -2.68 -0.031

2c_O_ll + N Hydro -0.90 -0.030

2c_G_p + N Hydro -8.18 -0.094

2c_G_ll + N Hydro -2.71 -0.093

2c_O_p + German CC -2.68 -0.030

2c_O_ll + German CC -0.90 -0.030

2c_G_p + German CC -8.18 -0.093

2c_G_ll + German CC -2.71 -0.092



7 
 

Appendix F  
CO2 emission data for all platform cases. An average of 347 production days per year is 

assumed when calculating yearly production rates. 

 

  

  

Tonne/day Tonne/year

Average lifetime CO2 

emissions/year

2a - Oil plateau 433 129787

2a - Oil late-life 390 116989 123388

2a - Gas plateau 755 226483

2a - Gas late-life 360 108107 167295

2b - Oil plateau 71 21230

2b - Oil late-life 32 9645 15437

2b - Gas plateau 34 10190

2b - Gas late-life 18 5383 7786

2b_O_p + N Hydro 71 21230

2b_O_ll + N Hydro 32 9645 15437

2b_G_p + N Hydro 34 10190

2b_G_ll + N Hydro 18 5383 7786

2b_O_p + German CC 404 121269

2b_O_ll + German CC 305 91431 106350

2b_G_p + German CC 554 166060

2b_G_ll + German CC 262 78568 122314

2c - Oil plateau 0 0

2c - Oil late-life 0 0 0

2c - Gas plateau 0 0

2c - Gas late-life 0 0 0

2c_O_p + N Hydro 0 0

2c_O_ll + N Hydro 0 0 0

2c_G_p + N Hydro 0 0

2c_G_ll + N Hydro 0 0 0

2c_O_p + German CC 660 197894

2c_O_ll + German CC 401 120416 159155

2c_G_p + German CC 676 202729

2c_G_ll + German CC 319 95639 149184

Platform CO2 Emissions
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Appendix G  
Exergy lost and exergy destroyed in all of the cases, both as an absolute value in MW, and as 

a percentage of the exergy entering the control volume. 

 

  

  

MW % of Inlet energy MW % of Inlet exergy

2a - Oil plateau 92 0.98 52.28 0.56

2a - Oil late-life 130 4.07 37.27 1.17

2a - Gas plateau 169 1.81 118.07 1.26

2a - Gas late-life 76 2.44 41.12 1.31

2b - Oil plateau 96 1.02 38.71 0.41

2b - Oil late-life 118 3.67 13.33 0.41

2b - Gas plateau 143 1.52 54.41 0.58

2b - Gas late-life 61 1.94 15.03 0.48

2b_O_p + N Hydro 96 1.02 47.89 0.51

2b_O_ll + N Hydro 118 3.66 20.84 0.65

2b_G_p + N Hydro 143 1.52 68.71 0.73

2b_G_ll + N Hydro 61 1.94 21.74 0.69

2b_O_p + German CC 101 1.08 65.18 0.69

2b_O_ll + German CC 123 3.78 34.98 1.08

2b_G_p + German CC 152 1.60 95.64 1.01

2b_G_ll + German CC 65 2.05 34.39 1.08

2c - Oil plateau 83 0.89 34.82 0.37

2c - Oil late-life 114 3.52 11.86 0.37

2c - Gas plateau 137 1.46 52.60 0.56

2c - Gas late-life 59 1.86 14.19 0.45

2c_O_p + N Hydro 83 0.89 56.40 0.60

2c_O_ll + N Hydro 114 3.50 23.53 0.73

2c_G_p + N Hydro 137 1.45 71.96 0.76

2c_G_ll + N Hydro 59 1.85 23.32 0.73

2c_O_p + German CC 94 1.00 88.75 0.94

2c_O_ll + German CC 120 3.67 44.34 1.35

2c_G_p + German CC 149 1.56 106.99 1.12

2c_G_ll + German CC 64 2.00 39.85 1.24

Exergy lost Exergy destroyed
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Appendix H  
Design basis for the four platform cases. 

 

Project Design Basis 

Specification Unit Typical oil field Typical gas field 
Plateau Late-

Life 
Plateau Late-

Life 
Volume flow rate (After 

processing) 
Barrels/da
y 

130000 43333  -  - 

Volume flow rate (Before 
processing) 

   -  - LHV flow equal 
to oil 
counterpart 

Inlet valve Pressure bara 20 20 200 120 
  Temperature °C 50 50 60 60 
1st stage 
Separator 

Pressure bara 16 16 70 70 

Gas export: Pressure bara 180 180 180 180 
  Temperature °C 60 60 60 60 
  Max Cricondenbar bara 105 105 105 105 
  Water Dew point °C @70 

bara 
-20 -20 -20 -20 

Oil/condensate 
Export: 

Pressure bara 105 105 105 105 

  True Vapour 
Pressure 

bara @ 
37.8°C 

≤ 0.95  ≤ 0.95 ≤ 0.95  ≤ 
0.95 

  Max Water 
content 

Vol % 0.5 0.5 0.5 0.5 

Process cooling  temperature °C 30 30 25 25 
Sea water temperature °C 15 15 15 15 
Non-Process power requirements MW 6.5 6.5 6.5 6.5 
Non-Process heat requirements MW 4.5 4.5 4.5 4.5 
Non-Process cooling requirements 
(HVAC) 

MW 3 3 3 3 

Drilling MW 5.5 4 5.5 4 
Water injection pressure Bara 150 150 - - 
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Appendix J  
Reservoir compositions for the four platform cases. 

Oil reservoir plateau composition 

Component Mole Fraction 

Nitrogen 0.65% 0.006516416 
CO2 0.09% 0.000940666 
Methane 19.15% 0.191538166 
Ethane 5.62% 0.056176432 
Propane 6.32% 0.063199894 
i-Butane 1.23% 0.012331632 
n-Butane 2.69% 0.026866789 
i-Pentane 1.13% 0.011319333 
n-Pentane 1.41% 0.014130122 
C6 1.96% 0.019616961 
C7 3.01% 0.030077670 
C8 3.26% 0.032610631 
C9 2.36% 0.023603416 
C11 6.14% 0.061362038 
C14 5.86% 0.058553859 
C17 4.42% 0.044158862 
C20 16.34% 0.163377605 
H2O 18.36% 0.183619508 

   

 

Oil reservoir late-life composition 

Component Mole Fraction 

Nitrogen 0.02% 0.000177089 
CO2 0.00% 0.000025563 
Methane 0.52% 0.005205211 
Ethane 0.15% 0.001526642 
Propane 0.17% 0.001717510 
i-Butane 0.03% 0.000335123 
n-Butane 0.07% 0.000730128 
i-Pentane 0.03% 0.000307612 
n-Pentane 0.04% 0.000383998 
C6 0.05% 0.000533107 
C7 0.08% 0.000817386 
C8 0.09% 0.000886221 
C9 0.06% 0.000641443 
C11 0.17% 0.001667565 
C14 0.16% 0.001591250 
C17 0.12% 0.001200054 
C20 0.44% 0.004439924 
H2O 97.78% 0.977814172 
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Typical Gas - Plateau & late-life 
composition 

Component Mole Fraction 

Methane 81.42% 0.8142 
Ethane 4.77% 0.0477 
Propane 2.42% 0.0242 
n-Butane 0.60% 0.006 
i-Butane 0.38% 0.0038 
n-Pentane 0.23% 0.0023 
i-Pentane 0.27% 0.0027 
n-hexane 0.32% 0.0032 
n-heptane 0.35% 0.0035 
n-octane 0.29% 0.0029 
H2O 1.04% 0.0104 
CO2 4.84% 0.0484 
Nitrogen 2.40% 0.024 
n - nonane 0.12% 0.0012 
Benzene 0.06% 0.0006 
Toluene 0.08% 0.0008 
M xylene 0.05% 0.0005 
N-decane 0.12% 0.0012 
N-undecane 0.05% 0.0005 
N-dodecane 0.05% 0.0005 
N-tridecane 0.04% 0.0004 
N-tetradecane 0.03% 0.0003 
N-pentadecane 0.02% 0.0002 
N-heksadecane 0.01% 0.0001 
N-heptadecane 0.01% 0.0001 
N-oktadecane 0.01% 0.0001 
N-nonadecane 0.01% 0.0001 
N-eicosane 0.01% 0.0001 
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Appendix K  
Gas platform HYSYS simulation 
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Oil platform HYSYS simulation 
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Appendix L  
Data from GE used to model the gas turbine operation. The fuel gas mass flow rate given 

here is for a certain gas composition. By using the LHV for this gas (also supplied by GE), 

together with that of the fuel gas in HYSYS, the required fuel gas flow rate is determined.   

 

GT power loading (%) 
60 70 80 90 100 

Fuel gas mass flow (kg/h) 4734 5088 5408 5792 6346 

 

 

 

  

y = 0.01700000x3 - 3.74857143x2 + 306.87142857x - 3,855.54285715
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Appendix M  
The table below is the chemical exergy ‘library’ used in all of the exergy analyses. The values 

have a number of sources – primarily Kotas’ textbook on the subject of exergy analysis [14]. 

Some of the values have been calculated using the method described in Section 3.1.4. The 

unshaded values have been neither calculated nor found in reference material and have 

thus been assumed to have the same value as for the other phase. 

 

 

 

* Value for 0-xylene from Szargut paper [31] is used here. M-xylene is 1,3- dimethylbenzene, 

while 0- xylene is 1,2 – dimethylbenzene. 

  

Reference

Gas Liquid

n-C20 C20H42 13288207 13288207 Calculated 

n-C19 C19H40 12633853 12633853 Calculated 

n-C18 C18H38 11981110 11981110 Calculated 

n-C17 C17H36 11321692 11321692 Kotas

n-C16 C16H34 10703325 10678810 Kotas, gas phase calculated

n-C15 C15H32 10023870 10023870 Kotas

n-C14 C14H30 9368970 9368970 Kotas

n-C13 C13H28 8714200 8714200 Kotas

n-C12 C12H26 8076850 8059340 Kotas, gas phase calculated

n-C11 C11H24 7418096 7404520 Kotas, gas phase calculated

n-Decane C10H22 6749750 6749750 Kotas

n-Nonane C9H20 6093550 6093550 Kotas

n-Octane C8H18 5440030 5440030 Kotas

n-Heptane C7H16 4786300 4786300 Kotas

n-Hexane C6H14 4134590 4130570 Kotas

n-Pentane C5H12 3477050 3475590 Kotas

i-Pentane C5H12 3477050 3475590 Kotas

n-Butane C4H10 2818930 2818930 Kotas

i-Butane C4H10 2818930 2818930 Kotas

Propane C3H8 2163190 2175145 Kotas, liquid phase calculated

Ethane C2H6 1504360 1504360 Kotas

Methane CH4 836510 836510 Kotas

Toluene C7H8 3952550 3940240 Kotas

Benzene C6H6 3310540 3305350 Kotas

m-Xylene C6H4(CH3)2 4573100 4573100 *

H2O H20 11710 3120 Kotas

Argon Ar 11690 11690 Kotas

CO2 CO2 20140 20140 Kotas

CO CO 275430 275430 Kotas

NO NO 89040 89040 Kotas

Nitrogen N2 720 720 Kotas

Oxygen O2 3970 3970 Kotas

Chem. Ex (kJ/mol)Component

Chemical exergy library
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Appendix N  
The following table was used in the quality assurance process. Exergy and energy 

calculations for the wellstream of the 2a - Gas plateau case were compared to that of Rian’s 

[5] wellstream, both of which have the exact same composition.  

 

 

  

Gas plateau Wellstream data Snøhvit article wellstream data Ratio Differential

Specs Composition: identical Composition: identical

Pressure: 1.013 bar Pressure: 70 bar

Temperature: 25 C Temperature: 0 C

Exergy Ch Ex /kmol 921694.1 kj/kmol

Mol. Weight 21.4 kg/kmol

Ch Ex/kg 43049.7 kj/kg Ch Ex/kg 43506.8 kj/kg 1.0106 1.06

TD Ex/kmol 11905.3 kj/kmol

Mol. Weight 21.4 kg/kmol

TD Ex/kg 556.1 kj/kg TD Ex/kg 419.5 kj/kg 0.7543 -24.57

Energy LHV (mole basis) 898941.2 kj/kmol

Mol. Weight 21.4 kg/kmol

LHV (Mass basis) 41987.0 kj/kg LHV (Mass basis) 41590.0 kj/kg 0.9905 -0.95

TD En/kmol -2223.6 kj/kmol

Mol. Weight 21.4 kg/kmol

TD En/kg -103.9 kj/kg TD En/kg -130.6 kj/kg 1.2576 25.76
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Appendix O  
Table of assumptions. 

 

Assumption 

No flaring of gas 

Equipment pressure losses: 
LP – 0.3 bar 
MP – 0.5 bar 
HP – 1 bar 

Pump adiabatic efficiencies: 65 % 

Compressor polytropic efficiencies: 75% 

Process heating and cooling media: water. 

Kinetic and potential energy/exergy of all platform mass flows is negligible. 

Exergy reference environment: Temperature – 25 °C, Pressure 1 atm, 60% humidity 

Sea and air temperature: 15 °C 

Platform behaves as a black box, i.e. there is no heat transfer to or from the platform (apart 
from that contain within the mass flows) 

Both liquid and gas mixtures are ideal mixtures 

Complete removal of all hydrocarbons from the produced water stream is achieved. 

Absolute entropy of hydrocarbons increases linearly with increasing carbon number. 

The chemical exergy of i-butane is equal to that of n- butane. 

Internal power transmission losses are accounted for in simulation for all cases 

Chemical exergy is calculated for each component assuming it single phase – where that 
phase is the actual phase that has the highest fraction of the molar flow rate 

Sea water is pure H20 

When calculating CO2 production per year, an average of 347 production days per year is 
assumed 
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Appendix P  
Platform power, heat and cooling duties for each of the power supply options. Oil and gas 

production rates have also been included, showing the differences in oil and gas production. 

 

Platform Duty table (MW) 

 Power 
Duty 

Heat 
duty 

Cooling 
duty 

Production rate (BOE*/day) 

 Oil Gas 
2a - Oil plateau 31.8 31.7 28.3 130000 10012 
2b - Oil plateau 32.9 31.5 28.4 130000 10617 
2c - Oil plateau 32.0 31.6 28.6 130000 11329 

 
2a - Oil late-life 26.4 12.6 11.0 43333 2818 
2b - Oil late-life 26.9 12.5 11.2 43333 3502 
2c - Oil late-life 26.6 12.5 11.2 43333 3775 
      
2a - Gas 
plateau 

50.2 15.3 50.4 13440 124588 

2b - Gas 
plateau 

51.3 15.1 50.9 13440 126549 

2c - Gas 
plateau 

50.9 15.1 51.0 13440 126888 

      
2a - Gas late-
life 

23.6 7.3 21.5 4368 41299 

2b - Gas late-
life 

24.1 7.2 21.8 4368 42246 

2c - Gas late-
life 

23.9 7.2 21.8 4368 42404 

 

*Where the value of one BOE is assumed to be 5.4GJ. 
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Appendix Q  
Sensitivity analysis of gas turbine par load performance’s impact on energy and exergy 

efficiencies of the cases.  

 

  Act. 
Load 

Adj. 
Load 

 Differential Change in 
efficiency 
per 10 % 
change in GT 
load 

2a_O_p Load 99.758 80  -19.758   
 GT eff. 

% 
0.3926 0.3594  -0.033   

 Ex 98.279 98.389  -0.110 0.056 
 En 99.435 99.544  -0.109 0.055 
       
2a_O_ll Load 82.74001 100  17.260   
 GT eff. 

% 
0.364429 0.393  0.029   

 Ex 94.289 94.012  0.276 0.160 
 En 96.302 96.025  0.277 0.160 
       
2a_G_p Load 78.77509 98.78  20.005   
 GT eff. 

% 
0.357108 0.391157  0.034   

 Ex 96.761 96.600  0.161 0.080 
 En 98.838 98.592  0.246 0.123 
       
2a_G_ll Load 73.87656 93.88  20.003   
 GT eff. 

% 
0.347673 0.383483  0.036   

 Ex 95.776 95.422  0.354 0.177 
 En 98.017 97.661  0.355 0.178 

 


