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S1 –  Kinetic calculation 

Table 2 shows the pre-exponential factor and activation energy of each reaction constant for 
methanol synthesis reaction calculation, which A1 is the rearranged parameter. 
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 ,R is the gas constant which equals 8.314 
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Then the formula is written as below to keep consistency with the data table in the first reactor: 
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DME Reverse Reaction: 
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S2 – Mass balance 

This appendix discussed the mass balance calculations of the proposed DME synthesis 
technology. The general mass balance equation is show by Eq. S1. 

 In – Out + Production – Consumption = Accumulation Eq. S1 

The mass balanced was calculated based on the following basis: 

 A feed rate of 100 kmol/h of CO2. 
 A feed rate of 300 kmol/h of H2. 

Mass Balance on methanol synthesis phase:  

Excel spread sheet was developed to carry out the mass balance of the surrounded area as 
shown in Figure S1. 

 

 

Figure S1: Methanol synthesis phase mass balance. 

Just to recall, methanol conversion rate of 33% and purge ratio of 10% were used. The degree of 
freedom was carried out to determine the number of required equations as shown in Table S1. 

 

 



Table S1: Degree of freedom analysis over methanol synthesis phase of the project. 

Unit Unknowns 
Number of 
unknowns 

Number of required 
equations 

MIX-
101 

FH2, FH2O, FCO2, FN2 4 4 

R-101 
FH2, FH2O, FCO2, 

FN2FCH3OH 
5 5 

V-101 
FH2, FH2O, FCO2, FN2, 

FCH3OH 
5 5 

TEE-
101 

Purge: FH2, FCO2, FN2 

6 6 

Recycled: FH2, FCO2, FN2 

Total 20 20 

DoF 0 

F represents the molar flow rate of component i in (Kmol/hr) leaving the unit. 

Mass balance at MIX-101:  

 H2 Mass balance: FH2,2 + FH2,14 = FH2,6 
 CO2 Mass balance: FCO2,5 + FCO2,14 = FCO2,6 
 N2 Mass balance: FN2,5 + FN2,14 = FN2,6 
 H2O Mass balance: FH2O,2 + FH2O,14 = FH2O,6 

 

Mass balance at R-101:  

Operating conditions: T=483K and P=78 bar 

Conversion rate: 33% 

 H2 Mass balance: FH2,8 = FH2,7 – (3*FCO2,7*X) 
 CO2 Mass balance: FCO2,8 = FCO2,7 – (FCO2,7*X) 
 N2 Mass balance: FN2,8 = FN2,7 
 H2O Mass balance: FH2O,8 = FH2O,7 + (FCO2,7*X) 
 CH3OH Mass balance: CH3OH,8 = FCO2,7*X 



Mass balance at V-101:  

Operating conditions: P=65 bar and T=303K 

Separation: pure methanol and water are collected in liquid stream (S15), whereas unreacted 
gases are collected from the top.  

 H2 Mass balance: FH2,10 = FH2,11 
 CO2 Mass balance: FCO2,10 = FCO2,11 
 N2 Mass balance: FN2,10 = FN2,11 
 H2O Mass balance: FH2O,10 = FH2O,15 
 CH3OH Mass balance: CH3OH,10 = CH3OH,15 

Mass balance at TEE-101: 

Purge ratio: 10% 

 H2 Mass balance: FH2,12 = FH2,11 * 0.1 | FH2,13 = FH2,11 * (1-0.1) 
 CO2 Mass balance: FCO2,12 = FCO2,11 * 0.1 | FCO2,13 = FCO2,11 * (1-0.1) 
 N2 Mass balance: FN2,12 = FN2,11 * 0.1 | FN2,13 = FN2,11* (1-0.1) 

 

A screenshot of the excel spreadsheet is shown in Figure S2. 

 

Figure S2: Methanol synthesis excel spreadsheet. 

 

 

 



Mass Balance on DME synthesis phase:  

Excel spread sheet was developed to carry out the mass balance of the surrounded area as 
shown in Figure S3. 

 

Figure S3: DME synthesis phase mass balance. 

Just to recall, DME conversion rate of 78% was used. The degree of freedom was carried out 
to determine the number of required equations as shown in Table S2. 

Table S2: Degree of freedom analysis over DME synthesis phase of the project. 

Unit Unknowns 
Number of 
unknowns 

Number of required 
equations 

MIX-
102 

FCH3OH 1 2 

R-102 
FCH3OH, FH2O, 

FCH3OCH3 
3 3 

T-101 
FCH3OH, FH2O, 

FCH3OCH3 
3 3 

T-102 FCH3OH, FH2O 2 2 

 



Total 10 10 

DoF 0 

F represents the molar flow rate of component i in (Kmol/hr) leaving the unit. 

 

Mass balance at MIX-102:  

 H2O Mass balance: FH2O,15 = FH2O,16 
 CH3OH Mass balance: FCH3OH,15 + FCH3OH,24 = FCH3OH,16 

 
 
 
 

Mass balance at R-102:  

Operating conditions: T = 573K and P = 17.5 bar 

Conversion rate: 78% 

 H2O Mass balance: FH2O,18 = FH2O,17 + (2* FCH3OH,17 * X) 
 CH3OCH3 Mass balance: FCH3OCH3,18 = (2* FCH3OH,17 * X) 
 CH3OH Mass balance: FCH3OH,18 = FCH3OH,17 - (2* FCH3OH,17 * X) 

 

Mass balance at T-101:  

Operating conditions: T = 393 K and P = 10 bar 

Separations:  pure DME (99.99 mol%) was collected from the top.  

 H2O Mass balance: FH2O,21 = FH2O,19 
 CH3OCH3 Mass balance: FCH3OCH3,21 = FCH3OCH3,19 
 CH3OH Mass balance: FCH3OH,20 = FCH3OH,19 

 

Mass balance at T-102: 

Operating conditions: T = 393 K and P = 1 bar 

Separation: pure methanol (99.99 mol%) was collected from the top.  

 H2O Mass balance: FH2O,21 = FH2O,22 
 CH3OH Mass balance: FCH3OH,21 = FCH3OH,23  



A screenshot of the excel spreadsheet is shown in Figure S4. 

 

Figure S4: DME synthesis excel spreadsheet. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



S3 – HEN Diagram Construction 

The first step in HEN diagram constricting was to draw streams from the initial/supply 
temperature towards the desired temperature as shown at Figure S5. Then, calculate enthalpy 
at above and below the pinch using Eq.S2. Cold and hot pinch temperatures were used as 
reference temperatures. 

 Q = �̇ ∗ Cp ∗ ∆T   Eq. S2 

 

Figure S5: HEN diagram building. 

Multiple conditions were taken into consideration while stream matching as listed below:  

 The number of hot streams above the pinch is greater than or equal to the number of 
cold streams, and vice versa at below the pinch.  

 Above the pinch, the heat capacity mass flow of the cold stream is greater than or 
equal to the hot stream’s heat capacity mass flow, and vice versa at below the pinch.  

 The minimum temperature differences between hot and cold streams is greater than or 
equal to the minimum approach temperature (∆Tmin = 20 C).  

 

Above the pinch matching 

 S6-S1 match 

Conditions  S6-S1 

CP TRUE 

dT min TRUE 

 
S6 SATISFIED 



 S1 REM  
38,288,367.98 
kJ/h  

 S1 outlet temperature  227.47 C 

 
  

 S2A-S1 match 

Conditions  S2A-S1 match 
 

CP TRUE 

dT min TRUE 

 
S1  SATISFIED 

 S2A REM  
-794,318.05 
kJ/h 

 S2A outlet temperature  121.67 C 

 
  

 S2A-S4 match 

Conditions  S2A-S4 match 
 

CP TRUE 

dT min TRUE 

 
S2A SATISFIED 

 S4 REM  
1,194,681.95 
kJ/h 

 S4 outlet temperature  179.96 C 



 

 

 S2-S4 match 

Conditions  S2-S4 match 
 

CP TRUE 

dT min TRUE 

 
S4 SATISFIED 

 S2 REM  
-25,666,181.15 
kJ/h 

 S2 outlet temperature  244.30 C 

 

 

 S2-S11 match 

Conditions  S2-S11 match 
 

CP TRUE 

dT min TRUE 

 
S2 SATISFIED 

 S11 REM  
30,433,059.97 
kJ/h 

 S11 outlet temperature  99.46 C 

 

 



 S3-S11A match 

Conditions  S3-S11A match 
 

CP TRUE 

dT min TRUE 

 
S3 & S11A SATISFIED 

 

Hence, the total amount of heating external utility must be supplied externally 

 = (30,433,059.97 kJ/h) + (559,300.00 kJ/h) + ( 20,216,674.65 kJ/h) = 51209034.62 kJ/h.  

Matching our result showed in the cascade table.  

 

Below the pinch matching  

 S10-S1 match 

Conditions  S10-S1 

CP TRUE 

dT min TRUE 

 
S1 SATISFIED 

 S1 REM  
-53,004,367.98 
kJ/h  

 S10 outlet temperature  62.17 C 

 

  



 

 S10-S6 match 

Conditions  S10-S5 

CP TRUE 

dT min TRUE 

 
S5 SATISFIED 

 S10 REM  
-40,181,042.64 
kJ/h  

 S10 outlet temperature  47.54 C 

 

Hence, the total amount of cooling external utility must be supplied externally 

 = (40,181,042.64 kJ/h) + (44,756,450.86kJ/h) + (10,689,240.92kJ/h) + (2,553,000.00kJ/h) + 
(6,282,000.00kJ/h) 

 = 104,461,734.42 kJ/h.  

Matching our result showed in the cascade table. 

  



S4 – Cost optimization  

The GAMS model builder is show in Figures S6-S10. 

Figure S6: Hot streams deficit energy. 

Figure S7: Cold streams deficit energy. 



 

Figure S8: variables definition. 

 

 

Figure S9: Energy balance equations. 



 

 

Figure S10: Selected solver. 

 

The obtained Results is shown in Figure S11 and S12. 

 

Figure S11: Cost results and recommended utilities amount. 

 

 



 

Figure S12: Interval balance. 

 

 

 


