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                    better C02 removal. Hence, operating at higher pressure more that 4500 kPa will bring
 high CO2 removal efficiency to the plant i.e. the higher the pressure the better the
 performance would be.


Deviation for results from the simulated models using HYSYS and ICON can be


calculated as follows:


Deviation =



MDEA required on hourly bases is 175 m3/hr. A total of 330 operational days in a


year have been considered for obtaining the estimate for economic potential one.


Table 4.9: Price of Raw Materials and Products
 Material Price Amount being consumed


or produced in simulation


model


Total price
 ($ per year)


Aminated resin


(estimated)


$0.70 per lb


273 m3/hr 26,872,673


Water 
$0,337 per mj


Natural gas
 (processed)



$154.47 perm'
 206 m3/hr 252,020,894

• Note: The price for the aminated resin is considered to be a bit higher than the price of the
 reactants (solvent MDEA and Polyethylene) for making this product(aminated resin).


• Industrial water tariff for Terengganuas of 2008 is taken for the calculation


» The calculation is done for 30 mol% of C02in the sweet gas


Based on the calculation in Table 4.9, the price of the raw material seems to be higher
 
that the product price based on hourly operation. However, it should be noted that the aminated resin is being recycled so depending the life time of the resin the plant would obviously be profitable. The concept applied here is provided in the formula below


Economic Potential 1= Product cost - Reactant cost


- ($252,020,894- $27,235,673)
 -$225,148,221 per year


The calculated positive value of EP1 indicates building the C02 removal plant is
 economically viable.
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CHAPTER 5


CONCLUSION AND RECOMMENDATION


5.1 CONCLUSION



The ultimate goal of this project was to design amine sweetening plant which is capable of producing specification quality product as economically as possible. The project is

 done based on the basic engineering assumption that; the methyldiethanolamine
 functionalized resin of this project behaves almost the same way as the solvent
 methyldiethanolamine. The same assumption makes the resin to be considered as inert

 solid in the separation process apart from its contribution to enhancement of carbon
 dioxide absorption in MDEA by allowing the amine to withstand high pressure. It has

 been discussed in the earlier parts of this report that solid adsorbents ( section 1.1.4)
 have a good feature in which the porous support provides the amine with structural integrity and a surface for gas/solid contact (Leal et al. 2000).



Based on the simulation performed, the specially designed aminated resin has the expected potential to capture carbon dioxide from high CO2 loaded natural gas steam, provided the amine circulation rate and column size are large enough. The carbon dioxide content in the treated gas stream from the designed plant is found to meet the project objective of having less than 30 mol% carbon dioxide content, i.e. 11.8 mol%



from the ICON process simulator and 14 mol % from HYSYS. In addition, the best operating parameters have been identified for best performance of the resin. The higher

 the amine flow rate and concentration, the better the performance. At temperature of
 around 130 °F the plant operates very well. Operating the plant at higher pressure
 greater than 4500 kPa brings high C02 removal efficiency to the plant i.e. the higher the

 pressure the better the performance would be.
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5.2 RECOMMENDATION


Knowing more about the specially designed aminated resin of this project such as its
 reaction kinetics and other relevant physical properties of the reactions products (e.g. the
 physical properties of products resulted from the reaction between CO2 and the aminated
 resin) would help to design the plant more efficiently. For future work it is suggested to
 study the kinetic characteristics of the reaction by actual experiment and incorporate the
 result into the proposed design. Such results would allow to implement reactive
 adsorption with use of series of reactors and separators in place of the absorber (Figure
 4.5 & 4.6) for simulation. In our suggested design, the reactors are expected to capture
 newly added contribution of the resin to the C02 adsorption process when compared to
 adsorption by solvent MDEA.


A single heat exchanger the details of which has been discussed in literature review part
 
of this report (Chapter 2) is used in acid gas treatment plants as it has been simulated in

 HYSYS. The heat exchanger allows heat transfer between the lean and rich amine. For
 this particular design project, an attempt in terms specifying the pressure drop among the parts of a shell and tube type of heat exchanger has been made to include the effect

 of the heat integration in ICON simulator. However, the ICON was unable to simulate it.

Thus, further work it is recommended to do the detail heat integration analysis for the
 
system to come up withdetail design specification to provide the simulators with.
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APPENDIX 1


Table A.l Project Schedule


Gantt Chart Week dumber
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 1 Selection ofproject topic


2 Preliminary research work


3 Submission ofpreliminary report t


4 Seminar 1 i


5


1


Project work (Letrature review) 
HHm


6 Submission of proqress report e


s
 i


7 Seminar 2 a


8


Project work continues (input-output structure)2 e HHHH


9 Submission ofinterim report draft r
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0


10 Oral presentaion *
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2
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3


Identifying subprocesses/ Construct a block diagram


2


4


Selection of specific equipment


3


Developing Flowsheet5


4 Simulation/ Process evaluation
 5 Preliminary economics evaluation


6 Submission ofinterim report 0


7 Final oral presentation •


The project objective



To synthesize the feasible routes for CO; adsorption systemthat uses aspecially designed ^solvent at the

 natural gas reseives which can remove CO2 at high pressure and high CO; content ( 1,2,3 and 4)
 T?_.4^eloP Jbej^s[b[e flqwsheet and.simu(ate ynjCON_an^^ntify the be^or^ej;atjng pirameters^


for the system (5 and 6)


To perform preliminary economic evaluation for the system (7)


50


APPENDIX 2


ICON Simulation Procedures


The simulation of the plant (Figure 4.4) was carried was using the following steps. The
 
first step is to select the appropriate fluid package; here MDEA fluid package which can be found in ICON process simulator is selected. Considering the presence of the resin in the process, solid support model was also selected which can also be found in ICON

 process simulator (Figure A.l).
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Figure A.1 Fluid Package Basis (MDEA fluid Package)
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Figure A.2 Dialog Window for Components Selection
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Once the components of the fluid are selected, one can enter the simulation environment.


The simulation environment is where process flow diagram is built. The simulation of
 
the process begins with the simulation of the feed sour gas stream by specifying the gas temperature, pressure and flow rate and ICON calculates the remaining parameters as shown in Figure 4.7. As shown in Figure A.3, the percent composition of C02 of the feed gas is taken to be 70% which is above the maximum of 40 % capacity of existing


acid gas plants.
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Figure A.3 Sour Gas Specification Window



Usually the feed gas stream (the sour gas) would contain trace amount of water vapor.



Hence, separating the water vapor from the gas stream would be important to avoid operation problems due to condensation in the adsorption column. For this specific

 purpose a separator is being utilized.


Other streams specifications made are, MDEA to contactor temperature, pressure and flow rate, make up water temperature and MDEA to recycle temperature. With these specifications made, ICON make use of its flexibility of calculating forward and backward to completely simulate the process. One of the rigorous tasks is the convergence of the absorber and the regenerator. To converge the absorber (Figure A.4),


52



its top and bottom temperature and pressure were specified. Unlike HYSYS process simulator ICON does not provide users withcalculated component efficiencies (H2S and C02) in the absorber. Hence, the alternative way considered was to simulate the same plant (Figure 4.4) and get the estimated component efficiencies for the base simulation


in ICON.
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Figure A.4 Converged Window of the Absorber



The bottom product of the absorber need to go through a flash tank (separator) to remove the hydrocarbons components carried along with the rich amine. The regenerator (distillation column) is converged by specifying the condenser and re-boiler pressure, the reflux ratio (full reflux) and components efficiencies (H2S and CO2) the


column is then run (Figure A.5).
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Figure A.5 Converged Windows for Regenerator Unit
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Figure A.6 Sweet Gas Stream Conditions using ICON Process Simulation



Figure A.7 and A.8 shows the converged absorber and regenerator units using HYSYS


process simulator.
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