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Title Green Methanol Production from Atmospheric CO 2

Awa rd No. DE-FE0032397
Pe riod of Pe rforma nce 12/20/2023 – 12/19/2024

Proje c t Funding DOE: $400,000                     Cos t-Sha re : $100,000

Ove ra ll Proje c t Goa l

Deve lop a n inte gra te d proce s s  to utilize  ca rbon dioxide  
(CO2) a nd wa te r (H2O) extra c te d dire c tly from a ir us ing 
ca rbon-fre e  e le c tric ity to e ffic ie ntly produce  
s us ta ina ble , ca rbon ne ga tive  me tha nol a t a  production 
cos t of le s s  tha n $800/me tric  ton. 

Proje c t Pa rtic ipa nts Sus te on Inc. a nd J ohns on Ma tthey

DOE/NETL Proje c t Ma na ge r Mr. Akhil Sa this h



Gre e n Me tha nol Production – Inte gra te d Proce s s

3

Ambient Air
Steam for Heat 
Recovery

MeOH  + H2O

CO2 Lean Air

Renewable 
Electricity

Water
Purification

DAC CO2 
Purification

MeOH
Synthesis

Water
Electrolysis

Direct Air Capture

O2 

DAC Subs ys te m

H2 Subs ys tem

Me OH Subs ys tem



Proje c t Obje c tive s
•  Develop an integrated process to achieve <$800/t green methanol production at 

the 50,000 TPY scale
• De s ign the  proce s s  for the  re fe re nce  pla nt. The  prototype  will de mons tra te  the  c ritica l compone nts  

of the  full-s ca le  proce s s . 
• Deve lop flows he e ts  for e a ch s ubsys te m: CO2 production, H2 production, a nd me tha nol synthe s is
• Deve lop a n inte gra te d proce s s  mode l
• Optimize  proce s s  to a chieve  cos t ta rge t while  ma inta ining ne t ne ga tive  ca rbon e mis s ions

• Design an integrated bench -scale prototype to produce carbon negative methanol 
at 10kg/day scale.

• Deve lop flows he e ts  for e a ch s ubsys te m: CO2 production, H2 production, a nd me tha nol synthe s is
• Deve lop a n inte gra te d proce s s  mode l
• Deve lop ma s s  a nd e ne rgy ba la nce s , P&IDs , ma jor e quipme nt s pe cs
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DAC Te chnology Ba ckground
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Developed under FE0032243



DAC Subsys te m Compa ris on

DAC Case 1
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DAC Case 2
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Cos t Compa ris on be twe e n DAC 1 & DAC 2 (50,000 TPY)
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Te chno-e conomic  a na lys is  
(DAC1 vs  DAC2)

DAC1
DAC2

Variables Unit DAC 1DAC 2
CO2-Sorbe nt Mola r 
Ca pa city mmol/gSorbe nt 1.3 1.3

H2O: CO2 Pickup Ra tio gH2O/gCO2 2 2
Ave ra ge  Adsorption Ra te molCO2/kgSorbe nt/min 0.028 0.028
Ave ra ge  De sorption Ra te molCO2/kgSorbe nt/min 0.152 0.152

Variables Unit DAC 1 DAC 2
Tota l CO2 Ca pa city tonne /da y 256 262
CO2 Product Purity
(Mole  Fra c tion) 0.9462 0.9467

Ene rgy Inte ns ity (Tota l) kWh/tonne -CO2 3074 3066
De sorption Ene rgy 2671 2673
Unit Fa n 384 374
Air Eva cua tion Pump 12 12
Ins trume nt Air Compre s sor 4 4
CO2 Re cove ry Pump/ Blowe r 3 4

Le ve lize d Cos t of Ca pture $/tonne -CO2 352 329



CPU: Compre s s ion a nd Purifica tion (Us ing Dis tilla tion)
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CPU: Compre s s ion a nd Purifica tion (Us ing Dis tilla tion) 
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STREAM UNIT RAW CO2 FEED VENT-OFF GAS REMOVAL WATER CO2-ENRICHED GAS
Te mpe ra ture  °C 47.02 1.71 47.02 43.92
Pre s s ure ba r 1.10 29.00 1.1 21.54
Flowra te tonne /day 259.87 8.12 4.51 247.24
Mole  fra c tion
CO2
O2

0.9465
0.0026

0.6473
0.0738

0
0

0.999992
7.27E-6 (7 ppm)

Ar 0.0001 0.0033 0 2.77E-7
N2 0.0095 0.2756 0 8.51E-7
Wa te r 0.0413 0 1 0

COST COMPONENT UNIT VALUE PERCENT CONTRIBUTION (%)
Ca pita l $/tonne -CO2 15.71 38.41
Fixe d $/tonne -CO2 22.14 54.13
Va ria ble* $/tonne -CO2 3.05 7.46
Tota l $/tonne -CO2 40.90 100.00

*$0.03/kWh



Purifica tion: Configura tion 1: CO2 De Oxo Unit w/Gua rd be d
• Approach 1:  Oxygen Scavenging 

Guard bed
• Approach 2:  Combustion

• Co-feed H2 to DeOxo Unit to 
reduce O2 concentration and 
producing water

• Approach 1 + 2: Combining 
Oxygen Scavenging Guard bed 
and Combustion

11

Oxygen Scavenging 
Guardbed Example



PEM Ele c trolyze r PFD 
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PEM Ele c trolyze r
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S40 Series M5000 Series (X3)
Me tha nol Ca pa city 10 kg/day 50,000 TPY
H2 re quire me nt 2.2 kg H2/day 27 tonne s  H2/day
Powe r re quire me nt 6.4 kW 56 MW
Wa te r re quire me nt 0.94 L H2O/h 12,000 L H2O/h



Wa te r Purifica tion PFD
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CO2
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Variables Unit Reference plant capacity Bench scale capacity
Temperature C 74.32 74.37
Pressure ba r 1.20 1.20
Flow rate ga l/min 114.60 0.0075 (0.5 gal/hr )
Mole Fraction
N2 3.08E-09 3.13E-09
O2 1.16E-08 1.18E-08
Ar 4.99E-10 5.07E-10
CO2 0.000020 0.000020
H2O 0.999980 0.999980



Me tha nol Synthe s is  PFD
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CO2- Ba s e d Me tha nol Synthe s is  PFD
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50,000 metric tonnes of methanol per year



Summa ry
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• Deve lope d a  proce s s  conce pt inte gra ting Sus te on’s  DAC te chnology with 
PEM e le c trolyze r a nd J M’s  CO2-ba se d me tha nol synthe s is  te chnology.

• Es ta blishe d cryoge nic  dis tilla tion cos ts  to compa re  with oxyge n de ple tion 
te chnology for CO2 purifica tion

• J M is  comple ting the  me tha nol synthe s is  PFD

• Comple te d wa te r purifica tion a nd e le c trolys is  PFDs



Community Be ne fits  Pla n (CBP)
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Sus te on’s  CBP goa l is  to incorpora te  e quity a nd jus tice  princ iple s , community e nga ge me nt 
a nd pa rtne rs hip deve lopme nt into our R&D a nd s ubs e que nt te chnology deve lopme nt s o 
tha t ove ra ll proje c t outcome s  a re  improve d.
Sus te on ha s  pa rtne re d with The  Equity Pa ra digm to he lp guide  CBP deve lopme nt
Diversity, Equity, Inclusion, and Accessibility Plan
• Dive rs ity of expe rie nce , ba ckground, thought a nd pe rs pe ctive  a re  key compone nts  of Sus te on’s  

compa ny culture  a nd va lue s .

• Empha s ize s  corpora te  policy, working e nvironme nt a nd loca l MSI re la tions hips

Justice40 Initiative Plan
• Long te rm: e nvironme nta l be ne fits

• Short te rm: MSI s tude nt proje c t involve me nt a nd ide ntify MWBE ve ndors

Community and Stakeholder Engagement Plan
• Outre a ch to loca l a ge ncie s  a nd EJ  orga niza tions  re ga rding community dyna mics  for va lida tion proje c ts

• Outre a ch to loca l MSI’s  for ca re e r pla nning opportunitie s .

Quality Jobs Plan
• Compe titive  tota l compe nsa tion a nd be ne fits  pa cka ge s . Asse s s  a re a s  for improve me nt.



Next Ste ps  
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• Comple te  proce s s  mode ls  for subsys te m configura tions .

• De te rmine  CAPEX for e a ch subsys te m configura tion a t 50,000 TPY sca le .

• Deve lop proce s s  mode l for the  50,000 TPY inte gra te d proce s s .

• Deve lop Life  Cycle  Ana lys is  for 50,000 TPY sca le  pla nt.

• Comple te  be nch-sca le  (10 kg Me OH pe r day) de s ign pa cka ge.

• Submit proposa l for Pha se  2.
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Reimagining the carbon ecosystem

Tha nk  You!

www.s us te oninc .com Re ima gining the  ca rbon e cosys te m
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