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การดดูซบัและการใชป้ระโยชนจ์ากผลติผล
พลอยไดใ้นกระบวนการปรบัปรงุกา๊ซชวีภาพ 

                             สมศกัดิ ์สภุสทิธิม์งคล (Ph.D.) 
 

หอ้งปฏบิตักิารวสัดแุละงานระบบเพือ่ใชป้ระโยชนท์าง
พลงังานไฟฟ้าเคม ี

หน่วยวจัิยวสัดสุ าหรับพลงังาน 

ศนูยเ์ทคโนโลยโีลหะและวสัดแุหง่ชาต ิ(MTEC) 

ส านักงานพัฒนาวทิยาศาสตรแ์ละเทคโนโลยแีหง่ชาต ิ
(สวทช) 
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Design and Engineering  
Research Unit (DERU) 

Ceramics Technology  
Research Unit (CERRU) 

Polymers Research Unit 
(PRU) 

Materials for Energy 
Research Unit (MFERU)  

Biomedical Engineering 
Research Unit (BMERU) 

Materials Reliability 
Research Unit (MRRU) 

Environment 
Research Unit (EnvRU) 

Natural  
Rubber 
(NRFU) 

Technology 
for Oil Palm 
Processing 

(TOPP) 

Fundamental R&D 

Applications Driven  R&D 

Focus Unit Application Oriented R&D 

http://www.mtec.or.th/
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      Energy/ Fuel  

     Production 
        Energy Usage 

Energy 
Storage 

Battery 

Super 
cap 

Waste 
Treatment 

Energy 
Sources 

Integration 

http://www.mtec.or.th/


6 ชื่อการประชุม 
ชื่อผู้น าเสนอ 

© MTEC 2014 
www.mtec.or.th 
 

Biodiesel  
• Standardization of fuel quality,  
• Engine testing, mechanical simulation 
• Product design and engineering 
• Energy and environmental-impact 

modeling 
• Heterogeneous Catalysis 
 

Bio-fuel Technology 
• Hydro-treating Process (HDS, HDO, HDN) 

 

Biomass Gasification 
• MSW & Agricultural Waste  

 

Wind 
• Self-starting Vertical Axis  Small Wind 

Turbines 

Battery and Supercapacitor  
• Materials and cell development 
• Cell and pack testing  
• Energy storage integration w/ other sources 
• Battery recycle 
 

Catalyst and Adsorbent 
• Powder and films fabrication via Flame 

Assisted Vapor Deposition, Combustion 
synthesis, Thermal synthesis 

• Chemical reactor design  
 

SOFC and PEMFC 
• Cell components fabrication and testing 
• Performance Evaluation 

 
 

 

  Renewable Energy Lab (REN) 
 

 

Electrochemical Materials and 
System Laboratory (EMS) 

 
Capabilities of Research Unit 

 

http://www.mtec.or.th/
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10 

Solid Adsorbent for Acid Gas Cleaning 

(H2S, CO2)  

Msorb-G 

Fabrication 

 Development of solid adsorbents for H2S and CO2 
cleaning 
 

 Development of fabrication techniques 
 

 Adsorption and regeneration at mild conditions  
     ( less than 90 oC and 1 atm) 
 

 Use more than 10  cycles without loss of capacity 
 

 High crushing strength after fabrication 

Adsorbent 

http://www.mtec.or.th/
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Renewable Energy Lab 

Electrochemical Materials and System Lab 

 

Materials for Energy Research Unit 

National Metal and Materials Technology Center (MTEC) 

Gas Treatment System  

http://www.mtec.or.th/
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Outlines 

• Background 
• Biogas cleaning  
• Biogas upgrading 
• Biogas utilisation & CO2 utilisation 
 

http://www.mtec.or.th/
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ผลติพลงังานในรูปของไฟฟ้า 
สถานภาพ กรกฎาคม-2557 

รวม 4,343 MW 
เป้าหมายปี 2564 
รวม 13,927 MW 

ท่ีมา :  กระทรวงพลงังาน 2557 

http://www.mtec.or.th/
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ผลติพลงังานในรูปความร้อน 

สถานภาพ กรกฎาคม-2557 
รวม 2,383 ktoe 

เป้าหมายปี 2564 
รวม 9,800 ktoe 

ท่ีมา :  กระทรวงพลงังาน 2557 

http://www.mtec.or.th/
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ผลติพลงังานในรูปเช้ือเพลิงชีวภาพ 

สถานภาพ กรกฎาคม-2557 

รวม 5.7 ล้านลติร/วนั รวม 19.2 ล้านลติร/วนั 

ท่ีมา :  กระทรวงพลงังาน 2557 

เป้าหมายปี 2564 

http://www.mtec.or.th/
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Why Biogas ? 

+ Clever way of Exploiting Nature, without Destroying  
+ Optimizes Farm Economy 
+ Self Reliance & Sustainable Development 

http://www.mtec.or.th/
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Biogas Production 

http://www.mtec.or.th/
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Biogas Production & Utilisation 

Sludge 

Biogas 

10% 

90% 

http://www.mtec.or.th/
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Biogas Composition 

CO2 CH4 

H2S 

Other gas 

50-5,000 ppm (0.5%) 
-- > กา๊ซกรด เป็นพษิ  

50-80% --> เชือ้เพลงิใหค้วามรอ้น 

20-50% --> กา๊ซเฉือ่ย 

N2, O2 และไอน า้อ ิม่ตวั 

Feasibility Study – Biogas upgrading and grid injection in the Fraser Valley, final Report, June 2008 

http://www.mtec.or.th/
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Gas Properties : Biogas vs Methane 

0.554 0.904 

Safety when the operating 
system leaks 
+ Methane -->100% (CH4) 
- Biogas --> 60% (CH4), 

35% (CO2), etc.  
Note: Sp.Gr. of air =1                   
         (@1.013 bar, 15oC)  

http://www.mtec.or.th/
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Heating value : Biogas vs Other fuels 

CH4 

http://www.mtec.or.th/
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Biogas Use for Renewable  
Energy 

ท่ีมา :  กระทรวงพลงังาน 2557 

http://www.mtec.or.th/
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Biogas Use Without Cleaning 

Electric generator Dehumidifier 

Blower 

Dehumidifier 

http://www.mtec.or.th/
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Biogas Use Without Cleaning 
Combustion Engine 
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Biogas specification 

Application 
Maximum 

H2S 
concentration 

Boiler 1000 ppm 

Electric Generator 500 ppm 

Vehicle Fuel 23 ppm 

Grid Injection 4 ppm 

Fuel Cell 1 ppm 

• Biogas composition 

ท่ีมา: [1] IEA Bioenergy (1999) [2] Westcoast Energy inc. (1998) 

Type 
Gas 

concentration 

CH4 50-80% 

CO2 20-50% 

NH3 0-300 ppm 

H2S 50-5000 ppm 

N2 1-4% 

O2 < 1% 

Water vapour 
(H2O) 

Sat. 2-5% 
(mass) 

• H2S level in Biogas use  

NH3 -- > NOx 
 -- > Easily treated by water scrubber and    
        condensor (<1 ppm)  

       Electricity 
CH4 (~ 70-75%), CO2 (~ 25-30%) and                
H2S (~<200 ppm) 

       NGV standard (กรมธรุกจิพลงังาน ปี 2556) 
CH4 (>65%), CO2 (< 18%) and H2S (~<23 ppm) 

http://www.mtec.or.th/
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CH4 (>65%) 

H2S (<23 ppm) 

CO2 (<18%) 

http://www.mtec.or.th/
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Biogas Treatment and Utilisation  

Cleaning 
CO2 

Utilisation 
Upgrading 

Water Scrubbing 
Technology 

Chemical 
Adsorption 
Technology 

Chemical Adsorption 
Technology 

CH4 ~ 60 – 70 % 

CO2 ~ 28-38 % 

H2S ~ >3,000 ppm 

CH4 ~ 70 – 75 % 

CO2 ~ 25-30 % 

H2S ~ < 200 ppm 

CH4 ~ >97 % 

CO2 < 2 % 

H2S ~ < 23 ppm CO2  

http://www.mtec.or.th/
http://en.citizendium.org/images/f/f1/Packed_Bed_Absorption_Column.png
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Biogas Treatment 

• Wet scrubber Technique • Dry scrubber Technique 

Water 

Solvent 

http://www.mtec.or.th/
http://en.citizendium.org/images/f/f1/Packed_Bed_Absorption_Column.png
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Biogas Treatment 

Wet scrubber 
PSA 

Water Amine 

Energy consumption 
(kWh/m3 biogas) 

0.3 0.67 0.27 

CH4 recovery 98.5% 99% 83-99% 

H2S co-removal Yes Contaminant Possible 

Liquid H2O co-removal Yes Contaminant Contaminant 

H2O vapour co-removal No Yes Yes 

N2 and O2 co-removal No No Possible 

Alternatives to remove CO2 and H2S from Biogas 

Beil/ISET 2008  

http://www.mtec.or.th/
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Advantage vs Disadvantage 

Method Advantages Disadvantages 

Wet scrubbing 
(water) 

• High efficiency (>97% CH4) 
• Changing P. or Temp -- > Capacity 
• Low costs; Elemental S is formed 

• Low flexibility 
toward variation of 
input gas 

• Disposal of 
saturated solution 

Wet scrubbing 
(amine solution) 

 
 

• High efficiency (>99% CH4) 
• Regenerative; More CO2 dissolved 

per unit of volume (compared to 
water) 

• Cost; Heat required 
for regeneration 

• Corrosion in system 

Adsorption on solid 
reagent (e.g., Iron 

oxides, ZnO, 
molecular sieves) 

• High efficiency (83-99% CH4) 
• Low cost; high selectivity  
• Operational flexibility 
• (No) Regenerative 

• Sensitive to impurity 

Ryckebosch et al, 2011  

http://www.mtec.or.th/
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Biogas Treatment System 

Biogas 
Cleaning 

Biogas 
Upgrading CH4 ~ 60 – 70 % 

CO2 ~ 28-38 % 

H2S ~ >3,000 ppm 

H2S  CO2  

Water scrubbing  • Water scrubbing 

• Selective adsorption  

http://www.mtec.or.th/
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Case study : Water scrubber (5/5) 

Bed Height            1.5 m 
Gas flow rate   240 l/min 
Liquid flow rate    80 l/min  

Measured point 

Biogas composition (%wt) 
H2S removal 

efficiency (%) 

CH4 CO2 O2 BAL 
H2S 

(ppm) 

1st 

column 

2nd 

column 
Before 74.00 21.30 0.00 4.70 2760     

1st column  77.20 14.80 0.40 7.60 687 75.11   

2nd column 75.70 11.00 0.60 12.70 240   91.30 

อนุสิทธิบัตรการประดิษฐ์ เลขที่ 9139  
จดทะเบียนวันที่ 18/09/57 

Bed Height            1.5 m 
Gas flow rate    20 l/min 
Liquid flow rate    10 l/min 
   

http://www.mtec.or.th/
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Biogas Treatment System 

Biogas 
Cleaning 

Biogas 
Upgrading CH4 ~ 60 – 70 % 

CO2 ~ 28-38 % 

H2S ~ >3,000 ppm 

H2S  CO2  

Water scrubbing  • Water scrubbing 

• Selective adsorption  

http://www.mtec.or.th/
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Selective Adsorption System 
(1/7) 

• Solid adsorbent concept 

http://www.mtec.or.th/
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• Adsorption/Desorption concept 

Selective Adsorption System (2/7) 

http://www.mtec.or.th/
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Selective Adsorption System (3/7) 

• Gas adsorption/desorption analysis 

Volume of reactor = 77 mL 

Diameter of reactor = 1.4 cm 

Bed height = 9 cm 

http://www.mtec.or.th/
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Selective Adsorption System (4/7) 

• Gas adsorption/desorption analysis 

http://www.mtec.or.th/
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• Fabrication 

Mixing Absorbent  

Fabrication 

Bulk Crushing 

Strength Test 
(ASTM method 7084-4)  

Chemical Adsorption 

Selective Adsorption System (5/7) 

http://www.mtec.or.th/
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Selective Adsorption System 
(6/7) 

ตวัดูดซบัท่ีข้ึนรปูแลว้ การทดสอบระดบัหอ้งทดลอง การทดสอบระดบัขยาย ตวัดูดซบัแบบผง 

Volume of reactor = 400 mL 

Diameter of reactor = 2.8 cm 

Bed height = 25 cm 

http://www.mtec.or.th/
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Selective Adsorbent Applied in industries (7/7) 
 

Msorb-G1 

• High H2S selectivity over gases 
(e.g., CO2, N2, Ar, CH4) 

• High H2S removal efficiency (up to 
98%) in biogas and mixed HC 

• High crushing strength after 
fabrication 

• Operating condition at 30-450oC 
for H2S separation  

Msorb-G2 

• Solid adsorbents for H2S and 
CO2 cleaning 

• High crushing strength after 
fabrication 

• Adsorption and regeneration at 
mild conditions (less than 90°C 
and 1 atm) 

• Use more than 10 cycles 
without loss of capacity 

http://www.mtec.or.th/
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Biogas Utilisation 

Cleaning Upgrading 
CH4 ~ 60 – 70 % 

CO2 ~ 28-38 % 

H2S ~ >3,000 ppm 

Biogas Treatment  

       NGV standard (กรมธรุกจิพลงังาน ปี 2556) 
CH4 (>65%), CO2 (< 18%) and H2S (~<23 ppm) 

       Electricity 
CH4 (~ 70-75%), CO2 (~ 25-30%) and                
H2S (~<200 ppm) 

http://www.mtec.or.th/
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Biogas Utilisation 
• Feed in Fuel Cell 

HC reforming 

WGS reaction 

School of Environment Engineering SUT 

http://www.mtec.or.th/
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Biogas Utilisation 
• Feed in Fuel Cell 

2H2                 4H+ + 4e- 

O2 + 4H+ + 4e-               2H2O  

2H2 + O2                        2H2O 

http://www.mtec.or.th/
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Cleaning 
CO2 

Utilisation 
Upgrading 

CH4 ~ 70 – 75 % 

CO2 ~ 25-30 % 

H2S ~ < 200 ppm 

CO2 < 18 % 

H2S ~ < 23 ppm 

Biogas Treatment  

CH4 ~ 60 – 70 % 

CO2 ~ 28-38 % 

H2S ~ >3,000 ppm 

Electricity NGV standard 

CO2  

Biogas Treatment and Utilisation  

http://www.mtec.or.th/
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Carbon Capture and Utilisation 

http://www.mtec.or.th/
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Carbon Capture and Utilisation 

Green Fuel for the Future Workshop IASS Potsdam, Germany, 2011 

http://www.mtec.or.th/
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Carbon Capture and Utilisation 

Dalton Trans., 2007, 2975-2992. 

4H2 

3H2 

+2H2O 

+H2O 

nCO2 + 3nH2         [-CH2-]n + 2nH2O 

2CO2 + 2CH4         2CO + C2H4 + 2H2O 

http://www.mtec.or.th/
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• Renewable methanol synthesis  

OHCOHCO 222 

HCOOHHCO  22

OHHCOORROHHCOOH 2

ROHOHCHHHCOOR  322

OHOHCHHCO 2322 3 

Water trap 

H2 
CO2 

Methanol 

• Methanol can be synthesized at below about 170 oC, 30 bar. 

• MCat1 showed the better catalytic activity and high stability in 

the methanol synthesis, when compared to a commercial 

methanol synthesis catalyst. 

Conventional reaction 

• Condition:  commercial Cu-based catalyst                 

      at 250 oC 30-100 bar under H2/CO/CO2 

New route CO2 hydrogenation reaction 

Carbon Capture and Utilisation 

http://www.mtec.or.th/
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Carbon Capture and Utilisation 

+ 70% Conversion to styrene carbonate by Al1Cat  
+ 90% Conversion to Styrene carbonate by A1Cat/TBAB  

• Cyclic carbonate synthesis: pre-cursors for 
poly(carbonates)     

http://www.mtec.or.th/
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Thank You 

http://www.mtec.or.th/



