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Global contributors towards CO2 emissions 
Contribution of GHGs 

towards global warming  

 CO2 emissions in India by sectors 

Contribution of India towards CO2 emissions (%) 

Per capita CO₂ emissions in 

India have soared in recent 

decades, climbing from 0.39 

metric tons in 1970 to a high 

of 1.91 metric tons in 2022. 
 Source: Niti Aayog 
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India’s “PANCHAMRIT TATVA”   
at COP-26

Common challenges US DOE  
Post combustion 
capture metrics 

High 
 Temperature  

Selective  
removal of CO2   

Ambient  
pressure  

Typical CO2 Emissions from Various Industrial Point Sources 
 

High energy 
demand 

Technological 
solution should be 
aimed at solving 
the challenges 

Energy requirement 
for maintaining the 

ΔT/ΔP for carbon 
capture and 

regeneration adds 

on 60-70% of total 

operating costs   



Technology transfer to 
SUMMITS HYGRONICS PVT. LTD.,  

Coimbatore, Tamil Nadu  
on 17-06-2022 

Merits 
 Highest carbon capture capacity under flue 

gas conditions 
 Flexible operating window 
 Faster adsorption and desorption kinetics 
 Selectivity towards only CO2 in flue gas 

mixture 
 Multi-cycle stability 
 Scalable and cost effective sorbent 

Market Potential 
 
 CO2 capture from flue gas (power 

plants, cement and automobile 
sectors)  

 Syngas purification in steel 
industries 

 Direct-air capture 
 Biogas enrichment 
 CO2 capture from space-shuttle and  

submarines 

Indigenous CO2 sorbent demonstrating benchmark characteristics   10 kg/day- CO2 adsorption pilot plant  



Merits 

Highest carbon capture capacity under 
flue gas conditions 

Flexible Operating Window 

Faster adsorption and desorption 
kinetics 

Selectivity towards only CO2 in flue gas 
mixture 

Multi-cycle stability 

Scalable and cost effective sorbent 

Market Potential 

CO2 capture from flue gas (power 
plants, cement and automobile sectors) 

Syngas purification in steel industries 



Technology transferred to Summits Hygronics Private Limited, 
Coimbatore  



 Industrial level testing at Summits Hygronics private limited, Coimbatore 

Bulk scale production of adsorbent 
(5kg/batch) at CECRI 



PILOT PLANT DESIGN FOR PRODUCTION OF ADSORBENT 







10 kg/day- CO2 adsorption unit  Fabricated gas adsorption units (50g, 1 kg, 25 kg) 
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Direct air capture 



The levels of CO2 in the air and potential health problems are: 

•400 ppm: average outdoor air level 

•400–1,000 ppm:  good air exchange 

•1,000–2,000 ppm:  drowsiness and poor air 

•2,000–5,000 ppm: headaches, sleepiness, and stagnant, stale, stuffy 

air. Poor concentration, loss of attention, increased heart rate and 

slight nausea 

•5,000 ppm: Toxicity or oxygen deprivation could occur. This is the 

permissible exposure limit for daily workplace exposures. 

•40,000 ppm:  Immediately harmful due to oxygen deprivation.       

Alarming effect of PM 2.5 and CO2 on air quality  
 

Motivation behind CSIR’s initiation towards abating indoor air 
pollution (IAP) 
 
•WHO designated IAP as one of the foremost critical global 
environmental problems in developing countries. 
•This contributes ~28% (i.e. 2 million) of all deaths.  
•~80-90% of our total times are spent in indoor. 
•However, a far less attention has been paid to the IAP, though an 
equally important issue.  
•However, sensing the importance of IAP studies in India, an effort 
has been made by CSIR to map the indoor air quality in different 
indoor environments as well as heavy foot-fall areas in the city of 
Delhi, which is on the top of the list of 20 most air polluted cities 
across the globe. 

 
• Immediate solution for purified air in open atmosphere is 

challenging  in terms of short-term goaI, as it depends on 
controlling the industrial emissions, automobile emissions etc. 

Challenges 
 

Immediate option for improving air quality 



The levels of CO2 in the air and potential health problems  
 

 400 ppm: average outdoor air level. 

 400–1,000 ppm: typical level found in INDOOR with good air exchange. 

 1,000–2,000 ppm: level associated with complaints of drowsiness and poor air. 

 2,000–5,000 ppm: level associated with headaches, sleepiness, and stagnant, stale, stuffy air. Poor 
concentration, loss of attention, increased heart rate and slight nausea may also be present. 

 5,000 ppm: this indicates unusual air conditions where high levels of other gases could also be 
present. Toxicity or oxygen deprivation could occur. This is the permissible exposure limit for daily 
workplace exposures. 

 40,000 ppm: this level is immediately harmful due to oxygen deprivation. 
 >100,000PPM: oxygen deprivation in seconds: convulsions, coma and death 

Source: Wisconsin Department of Health Services 

IQ air Impregnated activated carbon  Activated carbon from coconut shell BLUE AIR COWAY 

Development and Demonstration of Ambient Fine Particulate Matter (PM) and 

Carbon-di-oxide (CO2) Mitigation System  
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SOLETAIR POWER 

Development and Demonstration of Ambient Fine Particulate Matter (PM) and 

Carbon-di-oxide (CO2) Mitigation System  



 CO2 Level Monitoring in Palika Bazaar, New Delhi, 04.11.2023 

 exceeds 7000 ppm 
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Monitoring results of CO2 level in classroom - day 3 

A 

CO2 Level Monitoring in AC classroom 

Initial 

Starting of 
class 

End of class 
 exceeds 3500 ppm 

CO2 Level Monitoring in AC Car 

4 persons 

 exceeds 6500 ppm in 20 min 



CSIR scientist apartment, 
Maharani Bagh (Open), 

 New Delhi. 

CO2 Capture in AC 
waiting hall (closed), 
Nizamuddin railway 
station, New Delhi 

CO2 Capture in AC waiting 
hall (closed), Nizamuddin 
railway station, New Delhi 

Particulate matter concentration in AC waiting hall, Hazrat 
Nizamuddin railway station, New Delhi. 

 “Development and demonstration of 
ambient air  particulate matter (PM)  
and carbon dioxide (CO2) mitigation 

system” 
Activity start date: 31.07.2023 
Activity end date: 31.03.2024 

Current status: To be launched in market 

Outcome of the project 

Developed CO2 mitigation unit that can purify air in 
closed, semi-open and open heavy footfall areas  

Product has been certified as per OSHA & ASHRAE, 
United States of America   

PM & CO2 mitigation study in AC waiting hall, Nizamuddin station, New Delhi 

DIRECT AIR CAPTURE VIDEO 



Certification for indoor and semi-indoor air purification system (CO2 capture)  



Commercialization of standstill Indoor and semi-indoor air purification system (CO2 capture) 

Indoor and semi-indoor air purification system will be available in the market from next 
month  





 
• Offers flexibility in sitting the plant in any location as compared to CO2 capture from 

point-sources 
 
 
 
 
 
 

Challenges in adopting DAC  
 

Advantage of DAC  
 

• High energy penalty for drawing air to DAC units 
through compressor/blower and hence cost of DAC 
systems ranges from $250/Ton to $600/Ton of CO2 
capture depending on the technology used, energy 
choice, and scale. 

Can Rail 

 Abate CO2? 
 

           Merits of CO2 Capture RAIL 
• Overcomes the necessity for drawing air via blower and hence major energy penalty could be avoided 
• Avoids land requirement and CO2 transportation cost 
• >20,000 trains (including passenger and freight) running in India per day. If ~0.5 ton of CO2/day is captured per 

train, ~4 million tons of CO2 can be abated per year using carbon capture rail system 



• Implementation can be feasible with simple infrastructure  

•  CO2 storage tank can be unloaded and delivered at collecting points 

•  Transportation cost for delivering CO2 to end users like industries could be avoided 

N2,CO2 
and 

Water 
vapour  

CO2 capture system 

 

Cost of diesel/litre  =  Rs. 90 
CO2 produced/ liter of diesel   =  2.64 kg 
Average running time of truck = 450 km/day 
Diesel required/ day   = 150 liter 
CO2 produced/day                     = 150*2.64
                                         = 396 kg 
CO2 price/kg  = Rs 20 
CO2 selling price/day   = Rs 7920 
CO2 selling price/year (300 days) = 300*7920 
   = Rs 23,76,000 
Cost of diesel per year                   = 45000*90      
                                                           = Rs 40,50,000 

BS6 Engine Model 
 

Benefit of CO2 capture on trucks 

Advantages of CO2 capture on trucks 



CECRI Honey well Clime 
works 

Global thermostat BASF Svante 

Surface area 
m2/g 

1200  1500  - SBA-858,  
Aziridine-SBA-75 

150-200 550 

Pore size (nm) 2-50  - 10 μm 
Diameter 
250 μm 
length 

- 12-20 - 

Pore Volume 
(cc/g) 

2.78  - - SBA-0.80 
Aziridine-SBA-0.11 

0.8-1.2 - 

CO2 capacity 3.3-4, 1.8 
mmol/g 

9.8 lbs 
CO2/ft3 

1-2.5 mmol/g 5.55, 1.72 mmol/g 0.86 mmol/g 1.3 mmol/g 

Composition 20%, 400 ppm - 400 ppm 
CO2, 60% RH 

10% CO2, 400 ppm - 100%  

Ads temp (℃) 75 , 30 - 30 ℃ 25 20 90 

Des temp (℃) 
 

105 - 90 ℃ 110 45-65 - 

Ads Pressure 1 bar 20-50 bar 1 bar 1 bar 1 bar - 

Des pressure 1 bar 5 bar 1 bar 1 bar 1 bar - 

Data Sheet of CECRI Adsorbent  



CECRI Honey well Clime 
works 

Global thermostat BASF Svante 

Limitations Limitations 
associated with 
large scale 
capture plant is 
yet to be studied 

Adsorption 
process 
occurs at high 
pressure 
conditions 

Tested only 
under direct air 
capture 
conditions. 
Capture under 
flue gas 
conditions have 
not been tested 

Energy intensive raw 
material storage (0 ℃), 
Tedious and multi step 
synthesis procedure 

Low CO2 adsorption 
capacity and 
maximum working 
temperature is 65 
℃ 

Low CO2 
adsorption 
capacity at high 
temperature 
conditions  

Plant size - 15 million 
tons/year 
(absorption & 
membrane) 

Orca- 1900 
tons/year 

1 kiloton/year 70,000 tons/year  
(400 plants) 

URSA 1000- 
500 tons/year 

Reference Patent 
Submitted  

Patent No- 
WO2007/1117
3 A3 

Patent No- 
EP3319998B1 

Patent No-  
US 8.491,705 B2 

Patent No-  
US 11,229,897 B2 

https://doi.org/1
0.1038/s41467-
024-48136-0 

 



BIOGAS ENRICHMENT TO BIO-FUEL 



CH

4 

CO
2 

Inlet 
concentration:  
65 % CO2 
35 % CH4 
Outlet 
concentration:  
0 % CO2 

SWMS Bio-CNG plant, Chennai 

BIO-GAS ENRICHMENT VIDEO  

Industrial problem statement 
•  In existing bio gas 

enrichment plants 20-30 %  
methane loss  occurs during 
raw biogas purification 
process due to lack of 
technology towards 
selective CO2 capture 

Outcome of field trials 

Indigenous 
sorbent arrests 
methane loss 



CO2 adsorption capacity at different composition Purity of hydrogen in outlet CO2 adsorption capacity at different T 

Selectivity Breakthrough curve Multicycle stability 
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AAM  introduces several advantages over conventional process. 

Advantages of AAM 

1. Integration with Carbon Capture and utilization (CCU): AAM often part of CCU strategies, directly converting captured CO2 
into valuable products. 

2. Enhanced reaction kinetics: Increasing the solubility of CO2 with increasing the rate of carbonation 

3. Reduced CO2 loss : Due to more solubility of CO2 it will decreses the CO2 loss  

4. Lower Energy Requirments: AAM system can operate efficiently under ambient conditions 

5. Improved Control Over Particle Morphology 

6. High purity 

7. Reduced CO2 loss  

Features  AA Mineralization Normal Mineralization 

CO2 Solubility High Low  

Reaction Kinetics Faster Slower 

Energy Requirements Lower Higher (for Pressurization) 

Control Over Morphology High Limited 

Purity of Minerals High Moderate 

CO2 Utilization Efficiency High Moderate 

Industrial Integration Easy  (with CCU system) Standalone process 

AA Mineralization Process (AAM)
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