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1 Additional information on the synthesis pro-
cesses

1.1 Carbon Capture.1™

In the present work, we analyzed post-combustion
capture (PCC) and direct air capture (DAC) tech-
nologies. In the following, both technologies are
discussed.

Most PCC technologies rely on chemical absorp-
tion. The most popular technology is the amine
scrubbing via monoethanolamine (MEA) which is
already available in industrial scale.©10

DAC technologies rely on a variety of different
operating principles to separate carbon emissions
from air. The most important ones are physi-
cal absorbents (e. g. the commercial products
Selexol, Rectisol, Sepasolv MPE), chemical ab-
sorbents (e. g. hydroxides, carbonates), adsor-
bents (e. g. amines on SiO carriers, microporous
materials) and croygenic air separation. DAC sys-
tems can be installed apart from power plants.
This allows for great freedom in the search for ad-
equate operation sites. 8211

Both electricity and heat demand for several CC
technologies are given in Table

Table 1 Energy demand for state-of-the-art CC plants

CC Type Technology E / MJ per kg CO,
PCC MEA® 1.3
PCC MEA!2 3.2..4.1
PCC MEAU3 3.4
PCC Amine? 2.3
DAC Class-3-Amin'14 6.3 (thy + 0.9 (a)
DAC NaOH/ Ca(OH),® 9.9
DAC NaOH/ Ca(OH),1L 10...17
DAC NaOH, KOH!> 10.8...18.0
DAC Ca(OH),/ CaCO51d 241

As PCC reference we chose the MEA process
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with the lowest energy demand.® As DAC refer-
ence we chose the only commercially available
technology in Europe.14

1.2 FA synthesis.

In order to derive a material balance from the in-
formation in the original work, the following as-
sumptions are used:

The product is assumed to contain 55 wt.-% FA
(the original work1® suggests 40-55 wt.-%). Fur-
thermore it is stated that the yield of the process
is 90 mol-%. The composition of the waste gas is
given in vol-%. We assumed that:

e The liquid feed is pure methanol.

e The gaseous feed contains exactly the stoi-
chiometric amount of oxygen.

e The waste gas contains neither MeOH nor FA.

e There are only small traces of water in the
waste gas.

Since the pressures of the units were not given
we assumed a pressure of 1.4 bar for reactor and
column. This assumption is based on data from
comparable silver processes.”

1.3 TRI synthesis.

The material balance for the TRI synthesis was
calculated based on grafics given by Griitzner
et al.1® and the lever rule. To calculate the mass
flows m; of all streams we used the following
levers from Fig. 6 of the original work8, indexes
reffering to Fig. 5 of the original work1®.

Column K1:

The lever rule of the leaving streams is
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Where M describes a fictitious mixing point. M
has exactly the same mass and concentration as a
mixture of 13 and i1y or riy and ris.

The lever rule of the entering streams is
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With the correlation between the line segments
containing the mixing point M

M,4=M,3+3,4 3)
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and the material balance of the column

myo + m3 = nirg + s (Y]
follows
45 3,10
ih = s - —— +nn- | 22— +11). 5
m3 = rits 3’4+m10(3,4+) 5)

Based on Equation ri3 is known. Equation (4]
is then used to calculate riy. g follows from the
lever rule of column K2

5,7
T 6
mg = rits 57 (6)
ri1yo follows from the lever rule of column K3
9,8
1y = ritg 510 7

Based on these equations, the mass flows of all
streams are available. The concentrations of
streams 4, 7, 9, and 10 were taken from the
ternary diagrams. Based on mass flow and con-
servation of mass, all other concentrations are cal-
culated.

1.4 MeOH synthesis

Since the flowsheet of the MeOH production pro-
cess in the original work!® is complex and de-
tailed, we show a simplified flowsheet to describe
only the in- and outgoing streams, see Fig.
However, in our calculations we used the detailed

-
Air B Waste Gas

HX3

Figure 1 Simplified flowsheet of the MeOH synthesis plant (route A and
B) based on Van-Dal and Bouallou'3, Pérez-Fortes et al.™®: R = Reactor,
HX = Heat exchanger, B = Burner.

data given by Pérez-Fortes et al.1?. In the original
work, pinch analysis is performed for the MeOH
production as a standalone process. We also con-
sider heat integration between the processes of

route A and B. To do so we extracted the heat du-
ties and respective temperature levels of the pro-
cess from the pinch analysis in the original work.



2 Overall material balance

Tables |2/ to 6 show the full material balance for the complete process chain. Stream numbers refer
to Fig. 1 in main manuscript. Stream 1 is always comprised of (diluted) CO;. Since three different
forms of CC are considered, there are various possible compositions for stream 1. These compositions
are not investigated further in the present work. All processes are scaled to the production of 1 kg

OMEg3_5 per second (equals to 3600 kg OME3_5 per hour).

Table 2 Idealized material balance for route A, stream numbers referring to Fig. 1 in main manuscript.

1 2 3 4 5 6 7 8 9 10 11 17 18
Mass flowrates ri1; / kg per hour
OMEj3 5 - 0 0 0 0 0 0 0 0 0 0 3600
H,0 - 7070 0 0 0 2357 0 0 1513 0 0 422 0
FA - 0 0 0 0 0 0 0 0 0 2522 0 0
MeOH - 0 0 0 0 0 1500 2690 0 0 0 0 0
0, - 0 6285 0 0 0 0 0 0 1345 0 0 0
H - 0 0 0 786 0 0 0 0 0 0 0 0
CO, 5761 0 0 5761 0 0 0 0 0 0 0 0 0
Table 3 Material balance for route A based on reference processes, stream numbers referring to Fig. 1 in main manuscript.
1 2 3 4 5 6 7 8 9 10 11 17 18
Mass flowrates ri1; / kg per hour
OME3 5 - 0 0 0 0 0 0 0 0 0 0 0 3600
H,0 - 8096 0 0 0 3000 0 0 1660 868 447 868 0
FA - 0 0 0 0 0 0 0 0 0 2520 0 0
MeOH - 0 0 0 0 0 1501 3005 0 0 0 0 0
Oz /kg/h - 0 7197 879 0 449 0 0 0 1251 0 0 0
Hp/kg/h - 0 0 0 900 0 0 0 70 0 0 0 0
CO, 6583 0 0 6583 0 408 0 0 411 0 0 0 0
CcO - 0 0 0 0 0 0 0 16 0 0 0 0
N, - 0 0 2784 0 2784 0 0 4116 4116 0 0 0
Table 4 Idealized material balance for route B, stream numbers referring to Fig. 1 in main manuscript.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Mass flowrates ri1; / kg per hour
OME3 s - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3600
H,0 - 7070 0 0 0 2357 0 0 1513 0 0 0 422 0 0 0 0 0
TRI - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1819 0 0
MAL - 0 0 0 0 0 0 0 0 0 0 0 0 0 1781 0 0 0
FA - 0 0 0 0 0 0 0 0 0 703 1819 0 0 0 0 0 0
MeOH - 0 0 0 0 0 1500 2690 0 0 0 0 0 0 0 0 0 0
02 - 0 6285 0 0 0 0 0 0 1345 0 0 0 0 0 0 0 0
Hy - 0 0 0 786 0 0 0 0 0 0 0 0 0 0 0 0 0
CO, 5761 0 0 5761 0 0 0 0 0 0 0 0 0 0 0 0 0 0
co - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
N, - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 5 Material balance for route B based on reference processes, stream numbers referring to Fig. 1 in main manuscript.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Mass flowrates rii; / kg per hour
OMEj3. 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3600
H,0 8117 0 0 0 3008 0 0 1160 871 420 536 840 517 2 18 0 20
TRI 0 0 0 0 0 0 0 0 0 0 0 0 5 0 1819 0 0
MAL 0 0 0 0 0 0 0 0 0 0 0 0 0 1781 0 0 0
FA 0 0 0 0 0 0 0 0 0 706 1825 3 0 0 0 0 0
MeOH 0 0 0 0 0 1499 3018 0 0 0 0 0 0 0 0 0 0
0> 0 7215 882 0 450 0 0 0 1256 0 0 0 0 0 0 0 0
Ho - 0 0 0 902 0 0 0 70 0 0 0 0 0 0 0 0 0
CO, 6600 0 0 6600 0 409 0 0 412 0 0 0 0 0 0 0 0 0
Cco - 0 0 0 0 0 0 16 0 0 0 0 0 0 0 0 0
N> 0 0 2791 0 2791 0 0 4134 4134 0 0 0 0 0 0 0 0




Table 6 Idealized material balance for route C, stream numbers referring to Fig. 1 in main manuscript.

1 2 3 4 5 6 7 8 9 10 11 17 18
Mass flowrates i1; / kg per hour

OME3.5 0 0 0 0 0 0 0 0 0 0 0 3600
H,0 7070 0 0 0 2357 0 0 0 0 0 422 0
FA 0 0 0 0 0 0 0 0 0 2522 0 0
MeOH 0 0 0 0 0 1500 2690 0 0 0 0 0
0, 0 6285 0 0 0 0 0 0 0 0 0 0
Hy - 0 0 0 786 0 0 0 168 0 0 0 0
CO, 5761 0 0 5761 0 0 0 0 0 0 0 0 0

3 Pinch analyses for route A

Pinch analysis is used to evaluate the heat integration potential of the investigaed processes. Fig. |2[to
show the respective composite curves. A splitting of the composite curves was not considered.
3.1 Scenario 1: All processes separately.
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Figure 2 Hot and cold composite curve of the MeOH synthesis plant (route A): Hot Composite Curve (red) and Cold Composite Curve (blue).
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Figure 3 Hot and cold composite curve of the FA synthesis plant (route A): Hot Composite Curve (red) and Cold Composite Curve (blue).
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Figure 4 Hot and cold composite curve of the OMEj3 5 synthesis plant (route A): Hot Composite Curve (red) and Cold Composite Curve (blue).




3.2 Scenario 2: Two blocks.

(a) CO, supply via CPS
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Figure 5 Hot and cold composite curve of the first block from CC to MeOH (route A): Hot Composite Curve (red) and Cold Composite Curve (blue).
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Figure 6 Hot and cold composite curve of the second block from FA to OMEgz_5 (route A): Hot Composite Curve (red) and Cold Composite Curve (blue).



3.3 Scenario 3: One block.

(a) CO, supply via CPS
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Figure 7 Hot and cold composite curve for overall heat integration (route A): Hot Composite Curve (red) and Cold Composite Curve (blue).
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4 Pinch analyses for route B

Pinch analysis is used to evaluate the heat integration potential of the investigaed processes, Fig. |8|to
show the respective composite curves. A splitting of the composite curves was not considered.
4.1 Scenario 1: All processes separately.
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Figure 8 Hot and cold composite curve of the MeOH synthesis plant (route B): Hot Composite Curve (red) and Cold Composite Curve (blue).
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Figure 9 Hot and cold composite curve of the FA synthesis plant (route B): Hot Composite Curve (red) and Cold Composite Curve (blue).
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Figure 10 Hot and cold composite curve of the TRI synthesis plant (route B): Hot Composite Curve (red) and Cold Composite Curve (blue).
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Figure 11 Hot and cold composite curve of the MAL synthesis plant (route B): Hot Composite Curve (red) and Cold Composite Curve (blue).
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4.2 Scenario 2: Two blocks.

(a) CO, supply via CPS
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Figure 13 Hot and cold composite curve of the first block from CC to MeOH (route B): Hot Composite Curve (red) and Cold Composite Curve (blue).
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4.3 Scenario 3: One block.

(a) CO, supply via CPS
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Figure 15 Hot and cold composite curve for overall heat integration (route B): Hot Composite Curve (red) and Cold Composite Curve (blue).
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5 Overall energy balance Table 10 LHV efficiency of route B for different scenarios of heat integra-
tion and different carbon sources

Tables [7] and [§] give the overall energy balance for

. . . S1 S2 S3
routes A and B for three heat integration scenarios Ffficiency T, to-OME
and three CC methods. = S
DAC 0.327 0.420 0.430
Table 7 Energy balance of different scenarios for route A lég‘sdencyp"wer't"'OME I —03A——03E7
PCC 0:281 0:342 0:354
] Energy / kJ per kg OME; 5 DAC 0.243 0290 0.295
Scenario/ Processes Gdeficit Gexcess Wt
S1
0 1 0031 .
e o e 7 Physical property data
CC(PCQ) 2400 0 0 .
CC(DAC) 11500 0 1646 Correlations for the vapor pressures (TRI<Y,
MeOH 0 8071 1400
A o s MALZY, FA%, MGn*Y, HFq%%, Hy0%, OMEy 52,
OB 8888 9991 0 OMEg 19%%) were adopted from literature. The
EL 0 14987 50031 same holds for enthalpies of vaporization (FAZ%,
MeOH+CC(CPS) 0 8071 1400 24 24 93 95 95
MeOH +CG(PCC) 0 5639 1400 TRI<*, MAL<* OMEs10%?, MeOH<2, H;0<2,
MeOH+CC(DAC 8223 4773 3046 .
eoms 4388 11257 P HF,2°, MG,%>, FA%>) and the ideal gas heat
53 o 24 24 24 23
> o 14987 50031 capac1t21§s (FA2 . TR%5 X %IAL - OME;._10%7,
Al co(ped) 170 14286 1443 MeOH™, Hy0%, MGy ™2, FA®, HF, ™). .
all+CC(DAC) 10174 13593 3089 Enthalpies of formation are adapted from the lit-

erature as well (FA%%, TRI2% MAL4% OME,. 194,
MeOH4!, H,0%Y, MG, %L HF,21).

Table 8 Energy balance of different scenarios for route B

Energy / kJ per kg OME3.5
Scenario/ Processes Gdeficit Gexcess Wt
S1
EL 0 15024 50158
CC(CPS) 0 0 0
CC(PCQ) 2432 0 0
CC(DAC) 11520 0 1650
MeOH 0 8090 1404
FA 0 5865 43
TRI 7445 7867 0
MAL 4351 4633 0
OME 1396 1539 0
S2
EL 0 15024 50158
MeOH+CC(CPS) 0 8090 1404
MeOH+CC(PCC) 0 5658 1404
MeOH+CC(DAC) 8211 4781 3054
FA + TRI+ MAL+ OMEs.5 3691 10424 43
S3
EL 0 15024 50158
all+CC(CPS) 0 14804 1447
all+CC(PCC) 1851 14223 1447
all+CC(DAC) 10875 14159 3097

6 LHV efficiencies of route A and B
Tables [9] and [10] give the overall energy efficiency
for all investigated cases.

Table 9 LHV efficiency of route A for different scenarios of heat integration
and different carbon sources

S1 S2 S3
Efficiency Ha-to-OME
CPS 0.469 0.528 0.591
PCC 0.443 0.528 0.570
DAC 0.354 0.414 0.437
Efficiency power-to-OME
CPS 0.313 0.339 0.363
PCC 0.301 0.339 0.355
DAC 0.257 0.288  0.299
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8 Stream tables (MeOH to OMEj3_5)
8.1 Stream tables for single processes in route A.

Tables [11] to [13| show the stream tables of all pro-
cesses in route A.

Table 11 Stream table of the MeOH synthesis plant (route A) based on
Pérez-Fortes et al.'¥, for stream numbers of Fig. [1| (asterisk indicating a
different temperature in the case of heat integration of the process into
preceding or subsequent process)

1 2 3 4 5 6 7
p / bar 1.0 30.0 1.0 1.0 1.0 1.0 1.0
T/K 298 298 293 525 298 298/ 312* 298
litoral / %’ 6583 900 3664 4081 3005 1501 2592

Mass flowrates ri1; / kg per hour

CO; 6583 0 0 408 0 0 0
H, 0 900 0 0 0 0 0
03 0 0 879 449 0 0 0
Ny 0 0 2784 2816 0 0 0
H,0 0 0 0 408 0 0 2592
MeOH 0 0 0 0 3005 1501 0

Table 12 Stream table of the FA synthesis plant (route A) based on Reuss
etal.'® stream numbers referring to Fig. 3 (a) in main manuscript (asterisk
indicating a different temperature in the case of heat integration of the
process into preceding or subsequent process)

1/2 3 4 5 6 7 8
p/ bar 1.0/14 1.4 1.4 1.4 1.4 1.4 1.4
T/K 298 298 298 298 346 483 298
titeoral / *8 5367 3005 3005 8372 8372 8372 868
Mass flowrates sii; / kg per hour
CcO 0 0 0 0 0 16 0
CO, 0 0 0 0 0 411 0
O, 1251 0 0 1251 1251 0 0
N, 4116 0 0 4116 4116 4116 0
Hy 0 0 0 0 0 70 0
MeOH 0 3005 3005 3005 3005 0 0
FA 0 0 0 0 0 2520 0
H,O 0 0 0 0 0 1239 868
9 10 11 12 13 14 15
p/ bar 14 14 14 14 14 14 14
T/K 348 381 382 382 298 416 298/ 343%
Mo / % 4658 4581 1615 1615 1615 2967 2967
Mass flowrates ri1; / kg per hour
CcO 16 0 0 0 0 0 0
CO, 411 0 0 0 0 0
0O, 0 0 0 0 0 0 0
No 4116 0 0 0 0 0 0
Ha 70 0 0 0 0 0 0
MeOH 0 0 0 0 0 0 0
FA 0 2520 0 0 0 2520 2520
H20 45 2062 1615 1615 1615 447 447
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Table 13 Stream table of the OME3_5 synthesis plant (route A) based on Schmitz et al.?®, stream numbers referring to Fig 3 (b) in main manuscript
(asterisk indicating a different temperature in the case of heat integration of the process into preceding or subsequent process)

1 2 3 4 5 6 7 8
p/ bar 1.5 1.5 1.5 1.5 1.5 1.5 1.5 0.3
T/K 298/ 343* 343 298/ 312* 343 343 343 343 357
Tileoral / ka 2967 2967 1501 1501 4468 23562 23562 18713
Mass flowrates riy; / kg per hour

FA 2520 2520 0 0 2520 10475 7957 7956
MeOH 0 0 1501 1501 1501 4661 3154 3154
H,O 447 447 0 0 447 659 1083 1083
MAL 0 0 0 0 0 3766 3766 3766
OME2 0 0 0 0 0 2754 2754 2754
OME;3 0 0 0 0 0 0 1796 0
OME,4 0 0 0 0 0 0 1105 0
OME; 0 0 0 0 0 0 698 0
OMEg¢ 0 0 0 0 0 471 471 0
OME; 0 0 0 0 0 330 330 0
OMEg 0 0 0 0 0 212 212 0
OMEg 0 0 0 0 0 141 141 0
OME;>10 0 0 0 0 0 94 94 0

9 10 11 12 13 14 15 16 17

p/ bar 1.5 1.5 1.5 0.3 1.5 0.03 0.03 0.3 0.3

T/K 309 343 470 523 343 309 298 404 298

Mo / % 17845 17845 4847 1248 1248 868 868 3600 3600
Mass flowrates ri1; / kg per hour

FA 7956 7956 0 0 0 0 0 0 0
MeOH 3154 3154 0 0 0 0 0 0 0
H,O 215 215 0 0 0 868 868 0 0
MAL 3766 3766 0 0 0 0 0 0 0
OME, 2754 2754 0 0 0 0 0 0 0
OME3 0 0 1796 0 0 0 0 1796 1796
OME4 0 0 1105 0 0 0 0 1105 1105
OMEs 0 0 698 0 0 0 0 698 698
OMEg 0 0 471 471 471 0 0 0 0
OME; 0 0 330 330 330 0 0 0 0
OMEg 0 0 212 212 212 0 0 0 0
OMEy 0 0 141 141 141 0 0 0 0
OME;>10 0 0 94 94 94 0 0 0 0
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9 Stream tables for Single processes in route B Table 16 Stream table of the TRI synthesis plant (route B) based
on Griitzner et al®, stream numbers referring to Fig. 4 (a) in main

manuscript (asterisk indicating a different temperature in the case of heat
integration of the process into preceding or subsequent process)

Tables [14] to [18] show the stream tables of all pro- 1 2 3 3 5 6
. p/ bar 1.0 1.0 1.0 1.0 1.0 1.0
cesses in route B. T/K 298/ 343* 343 343 343 375 343
titgoral / % 2360 2360 20842 20842 18482 18482
Mass flowrates rir; / kg per hour
TRI 0 0 0 1825 0 0
FA 1825 1825 15871 14046 14046 14046
H,0 536 536 4971 4971 4436 4436
Table 14 Stream table of the MeOH synthesis plant (route B) based on i 8 9 10 11 12 13
Pérez-Fortes et al.'9, for stream numbers of Fig. [1| (asterisk indicating a p/ bar 1.0 4.0 4.0 4.0 2.0 20 20
different temperature in the case of heat integration of the process into T/K . 365 430 298/ 338* 407 384 393 298
preceding or subsequent process) fiw / % 10173 1838 1838 8336 7813 522 522
Mass flowrates rir; / kg per hour
TRI 7059 1819 1819 5240 5235 5 5
- 1 2 3 - 4 5 6 - 7 FA 781 0 0o 781 781 0 0
p / bar 1.0 300 1.0 010 1.0 0 H,0 2333 18 18 2314 1797 517 517
T/K 298 298 293 525 298 298/ 312% 298
foml / % 6600 902 3673 4091 3018 1499 2599
Mass flowrates si1; / kg per hour
g(z)z 6608 90(2) 8 403 8 8 8 Table 17 Stream table of the MAL synthesis plant (route B) based on
0, 0 0 882 450 0 0 0 Weidert et al.2” and28, stream numbers referring to Fig. 4 (b) in main
N, 0 0 2791 2823 0 0 0 manuscript (asterisk indicating a different temperature in the case of heat
H0 0 0 0 409 0 0 2599 integration of the process into preceding or subsequent process)
MeOH 0 0 0 0 3018 1499
1 2 3 4 5 6 7
p / bar 2.0 2.0 2.0 2.0 2.0 2.0 2.0
298/ 298/
T/K 333* 333 312% 333 333 333 333

Mo /% 1126 1126 1499 1499 2625 7282 7282
Mass flowrates i; / kg per hour

FA 706 706 0 0 706 708 58
MeOH 0 0 1499 1499 1499 5880 4485
H,0 420 420 0 0 420 694 1085
MAL 0 0 0 0 0 0 1653
8,9 10 11 12 13 14 15
Table 15 Stream table of the FA synthesis plant (route B) based on Reuss p/ bar 20 10 10 1.0 40 40 40
tal. e stream numbers referring to Fig. 3 (a) in main manuscript (asterisk r/K 341 373 298 313 358 361 298/338
etaL™, _ g o Fig. _ p Mow /% 4657 843 843 4573 2793 1782 1782
indicating a different temperature in the case of heat integration of the Mass flowrates 7i; / kg per hour
process into preceding or subsequent process) FA 2 3 3 0 0 0 0
MeOH 4381 0 0 310 310 0 0
H,0 274 840 840 1 0 1 1
A R R B I B MAL 0 0 0 a2 2 s s
T/K 298 298 298 346 483 298 348
titeoral / % 5390 3018 8407 8407 8407 871 4678
Mass flowrates ri1; / kg per hour
CO 0 0 0 0 16 0 16
CO, 0 0 0 0 412 0 412
0, 1256 0 1256 1256 0 0 0
N> 4134 0 4134 4134 4134 0 4134
H, 0 0 0 0 70 0 70
MeOH 0 3018 3018 3018 0 0 0
FA 0 0 0 0 2530 0 0
H,0 0 0 0 0 1244 871 45

10 11,13 14 15,16 17 18,20 21,22

p / bar 1.4 1.4 1.4 1.4 1.4 1.4 1.4
394/ 404/

407/ 333* 381/ 343*

T/K 381 298 394 298* 394 298 298*

Tigotal / ,‘,Tg 4601 567 4033 1126 2907 547 2360
Mass flowrates ri1; / kg per hour

CcO 0 0 0 0 0 0 0
CO, 0 0 0 0 0 0 0
O, 0 0 0 0 0 0 0
Ny 0 0 0 0 0 0 0
Hy 0 0 0 0 0 0 0
MeOH 0 0 0 0 0 0 0
FA 2530 0 2530 706  1824,4 0 18244
H,0 2070 567 1503 420 1083 547 536
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Table 18 Stream table of the OMEj3_5 synthesis plant (route B), according to Burger et al.23, stream numbers referring to Fig. 3 (b) in main manuscript
(asterisk indicating a different temperature in the case of heat integration of the process into preceding or subsequent process)

1 2 3 4 S5 6 7 8
p/ bar 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
T/K 343 327 298/ 338* 338 298/ 338* 338 338 338
tiot / % 12252 6460 1781 1781 1819 1819 3600 12252
Mass flowrates ri1; / kg per hour

FA 32 32 0 0 0 0 0 32
TRI 491 490 0 0 1819 1819 1819 2310
MAL 3155 3155 1781 1781 0 0 1781 4936
OME, 2559 2558 0 0 0 0 0 2558
OME;3 1905 209 0 0 0 0 0 209
OME,4 1357 14 0 0 0 0 0 14
OME; 937 1 0 0 0 0 0 379
OMEg 635 0 0 0 0 0 0 635
OME;, 421 0 0 0 0 0 0 421
OMEg 275 0 0 0 0 0 0 275
OME,g 178 0 0 0 0 0 0 178
OME; o 114 0 0 0 0 0 0 114
OME, > 10 192 0 0 0 0 0 0 192

9 10 11 12 13 14 15 16 17

p/ bar - 1.0 1.0 0.3 1.0 - - 0.3 1.0

T/K - 338 458 506 338 - - 404 298

Mo /% - 6460 5792 2192 2192 - - 3600 3600

Mass flowrates riy; / kg per hour

FA - 32 0 0 0 - 0 0

TRI - 490 1 0 0 - 1 1

MAL - 3155 0 0 0 - 0 0

OME; - 2558 1 0 0 - - 1 1

OME; - 209 1696 0 0 - - 1696 1696

OME,4 - 14 1343 0 0 - - 1343 1343

OME;s - 1 937 378 378 - - 558 558

OMEg¢ - 0 635 635 635 - - 0 0

OME; - 0 421 421 421 -

OMEg 0 275 275 275 - 0 0

OMEg 0 178 178 178 - 0 0

OMEg 0 114 114 114 - 0 0

OMEn>10 0 192 192 192 - 0 0
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10 Energy demand tables (MeOH to OMEgs.s)

In the following subsection, the energy demands
of all individual processes are given. Depend-
ing on the level of heat integration, process in-
puts/ outputs are either heated up/ cooled down
from/ to 298 K (indicated by a) or directly inte-
grated from/ into the preceding/ subsequent pro-
cess (indicated by b). For the MeOH produc-
tion, the data of the given pinch analysis in Pérez-
Fortes et al.1? is extracted graphically (Hot/ Cold
Composite Curve (HCC/ CCC) sections) and aug-
mented with additional heat sources that can be
used for heat integration. The combustion tem-
perature during burning the waste stream will ex-
ceed the normal process temperatures. Hence, the
heat can be used for heat integration in any case.
As the specific temperature is of no further inter-
est, it is arbitrarily set to 900 K. The descriptions
of the energy streams are referring to the units in
Fig. 3 and Fig. 4 of the main manuscript.

10.1 Energy demand tables for single processes in
route A.

Table 19 Energy demand for the synthesis of MeOH (route A) based on
Pérez-Fortes et al.™®. Tj . inlet/ outlet temperature, g/wy: specific heat/
electricity demand

g Or w¢
Energy stream Tin/K Tow/K / kg()j\\dijES_S
HCC section 1 563 433 -3763
HCC section 2 433 343 -5563
HCC section 3 343 338 -3027
HCC section 4 338 308 -1391
CCC section 1 308 333 164
CCC section 2 333 343 327
CCC section 3 343 353 1963
CCC section 4 353 373 573
CCC section 5 373 376 1309
CCC section 6 376 483 3272
B (Combustion of waste product) 900 900 -1644
HX1a (MeOH as input for FA process) 312 298 -41
HX1b (MeOH as input for FA process) 312 298 -41
HX2a (MeOH as input for OMEj3_ 5 process) 312 298 -19
HX2b (MeOH as input for OME3 5 process) 312 312 0
HX3 374 298 -230
Compression of educts 298 298 1400

Table 20 Energy demand for the FA synthesis plant (route A) based on
Reuss et al.™8. T;,0.: inlet/ outlet temperature, g/wy: specific heat/ elec-
tricity demand

Energy stream Tin/K  Tow/K gqorw/ %
Column and evaporator HX2

fully heat-integrated - - 0
Reactor R 483 483 -3268
Combustion of waste product 900 900 -2333
TFE1 (thin film evaporator) 416 416 1127
CON1 382 382 -1015
HX1 298 298 0
HX3 382 298 -158
HX4a (FA input for OME3 5 process) 416 298 -100
HX4b (FA input for OMEj3_s process) 416 343 -62
Compression of educts 298 298 43
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Table 21 Energy demand for the OME3_5 synthesis plant (route A) based
on Schmitz et al.28. T, inlet/ outlet temperature, g/wy: specific heat/
electricity demand

Energy stream Tin/K Tow/K qorw/ kgak#}s
Reactor R 343 343 -1123
Reboiler at C1 470 470 8488
Condenser at C1 357 357 -7969
Reboiler at C2 523 523 427
Condenser at C2 404 404 -525
CON1 298 298 -587
HX1la 298 343 38
HX1b 343 343 0
HX2a 298 343 66
HX2b 312 343 47
HX3 343 343 372
HX4 523 343 -115
HX5 404 298 -180




10.2 Energy demand tables for Single processes in Table 25 Energy demand for the MAL synthesis plant (route B) based on

route B Weidert et al.?” and Drunsel et al.?8. T, o4 inlet/ outlet temperature,
q/wy: specific heat/ electricity demand
Energy stream Tin/K Tou/K gorw/ W
Reactor R 333 333 -310
Table 22 Energy demand for the synthesis of MeOH (route B) based on Reboiler at C1 373 373 3109
Pérez-Fortes et al."2. Tj,ou: inlet/ outlet temperature, g/wy: specific heat/ g:ggﬁgf‘;rt agzm géi’ gg 'ﬁ‘gg
electricity demand Condenser at C2 358 358 -1027
CON1 341 341 -1506
q or wy HXla 298 333 26
) M HX1b 333 333 0
Energy stream Tin /K Touw/K /gours HX2a 208 333 51
HCC section 1 563 433 3772
: HX2b 312 333 31
HCC section 2 433 343 -5577 HX3 373 208 73
HCC section 3 343 338 -3034 XA 361 208 '72
HCG section 4 338 308 -1394 1Y 4;‘; 201 338 98
CCC section 1 308 333 164 -
CCG section 2 333 343 328
CCC section 3 343 353 1968
CCC section 4 353 373 574
CCC section 5 373 376 1312 Table 26 Energy demand for the OMEg.5 synthesis plant (route B), accord-
CCC section 6 376 483 3280 ing to Burger et al.<8. T, . inlet/ outlet temperature, g/wy: specific heat/
B (Combustion of waste product) 900 900 -1648 9 o Y -+ Lin/out- p » g/t SP
HX1la (MeOH as input for FA process) 312 298 -41 electricity demand
HX1b (MeOH as input for FA process) 312 298 -41
HX2a (MeOH as input for MAL process) 312 298 -19 Energy stream T /K Tou/K orwe /) —&
HX2b (MeOH as input for MAL process) 312 312 0 Reaci’; = ‘“338 0“‘338 q4OT W/ & OM_?Z.%
2)(3 ion of 374 298 231 Reboiler at C1 458 458 1067
ompression of educts 298 298 1404 Condenser at C1 37 327 784
Reboiler at C2 506 506 371
Condenser at C2 404 404 -422
HXla 298 338 44
HX1b 338 338 0
HX2a 298 338 32
HX2b 338 338 0
. HX3 327 338 42
Table 23 Energy demapd for the FA synthesis plant (routg ‘B) based on HX4 506 338 187
Reuss et al.™®. Tj,,.: inlet/ outlet temperature, g/wy: specific heat/ elec- HX5 404 298 -181
tricity demand
Energy stream Tin /K Touw/K_ qotwi/ gom— 11 Abbreviations
Column and evaporator HX2
fully heat-integrated X X 0 B Burner (in Flowsheets)
Reactor R 483 483 -3282 s . .
Combustion of waste product 900 900 -2343 C ReCtlﬁcatlon COlumn (ln FlOWSheetS)
TFE (thin film evaporator) 393 393 702
CON1 373 373 702 CC Carbon Capture
1 298 298 0 CCC Cold Composite Curve (in Pinch Analyses)
HX3 381 298 55 p y
HX4 381 298 54 CCU  Carbon Capture and Utilization
HX5a (FA input for MAL process) 394 298 -70 .
HX5b (FA input for MAL process) 394 333 -45 CPS CO, from Point Sources
HX6a (FA input for TRI process) 404 298 -106 . .
HX6b (FA input for TRI process) 404 343 -61 DAC Direct Air Capture
Compression of educts 298 298 43 DME Dlmethy1 Ether

FA Formaldehyde
FCV Fuel Cell Vehicle
HCC  Hot Composite Curve (in Pinch Analyses)

Table 24 Energy demand for the TRI synthesis plant (route B) based on HF Hemiformal .
Gritzner et ald8. T, inlet/ outlet temperature, g/wy: specific heaty ~ HFp Polyoxymethylene hemiformal
electricity demand MEA  Monoethanol amine

MeOH Methanol

Energy stream Tin /K Touw/K —qorwe/ moy 0553,5

Reactor R 343 343 407 MG Methylene glycole

Reboiler at C1 375 375 4165

CondenseratCl 364 364 3965 MG,  Polyeoxymethylene glycole

Reboiler at C2 430 430 3758

Condenser at C2 407 407 -3423 MAL Polyoxymethylene ether

Reboiler at C3 393 393 2992 1

Reboler at C3 _ 2 oA 292 OME, Polyoxymethy}ene dimethyl ether
HXla 298 343 4 PCC Post-Combustion Capture

HX1 4 4 )

HX2 375 343 -276 R Reactor (in Flowsheets)

HX3 430 298 -124 : . .

X 420 328 o1 TFE Thin Film Evaporator (in Flowsheets)

HX4 393 298 -57 TRI Trioxane
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